
Series Editor: Eric A. Klein
Current Clinical Urology

Hadley M. Wood
Dan Wood    Editors 

Transition and 
Lifelong Care 
in Congenital 
Urology



   CURRENT CLINICAL UROLOGY

ERIC A. KLEIN, MD, SERIES EDITOR

PROFESSOR OF SURGERY

CLEVELAND CLINIC LERNER COLLEGE OF MEDICINE HEAD,
SECTION OF UROLOGIC ONCOLOGY

GLICKMAN UROLOGICAL AND KIDNEY INSTITUTE

CLEVELAND, OH    

 More information about this series at   http://www.springer.com/series/7635     

http://www.springer.com/series/7635


     



                Hadley   M.   Wood     •      Dan   Wood     
 Editors 

 Transition and Lifelong 
Care in Congenital 
Urology                        



       ISSN 2197-7194       ISSN 2197-7208 (electronic) 
   Current Clinical Urology  
 ISBN 978-3-319-14041-4      ISBN 978-3-319-14042-1 (eBook) 
 DOI 10.1007/978-3-319-14042-1 

 Library of Congress Control Number: 2015935946 

 Springer Cham Heidelberg New York Dordrecht London 
 © Springer International Publishing Switzerland   2015 
 This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or 
part of the material is concerned, specifi cally the rights of translation, reprinting, reuse of 
illustrations, recitation, broadcasting, reproduction on microfi lms or in any other physical way, 
and transmission or information storage and retrieval, electronic adaptation, computer software, 
or by similar or dissimilar methodology now known or hereafter developed. 
 The use of general descriptive names, registered names, trademarks, service marks, etc. in this 
publication does not imply, even in the absence of a specifi c statement, that such names are 
exempt from the relevant protective laws and regulations and therefore free for general use. 
 The publisher, the authors and the editors are safe to assume that the advice and information in 
this book are believed to be true and accurate at the date of publication. Neither the publisher nor 
the authors or the editors give a warranty, express or implied, with respect to the material 
contained herein or for any errors or omissions that may have been made. 

 Printed on acid-free paper 

   Humana Press is a brand of Springer  
 Springer International Publishing AG Switzerland is part of Springer Science+Business Media
(www.springer.com) 

 Editors 
   Hadley   M.   Wood   
  Center for Genitourinary Reconstruction 
 Glickman Urological and Kidney 

Institute 
  Cleveland ,  OH ,  USA 

     Dan   Wood   
  Adolescent and Reconstructive Urology 
 University College London Hospitals 
  London ,  UK   

www.springer.com


v

 The genitourinary tract is one of the systems most frequently affected by 
congenital defects. Such defects can be solitary (e.g., hypospadias) or involve 
multiple organ systems (e.g., myelodysplasia or cloacal exstrophy). In addi-
tion, patients with neurological conditions of childhood like cerebral palsy 
(CP) and neuromuscular diseases often have substantial urological comorbid-
ity that is progressive with age. For a small subset of this group (e.g., exstro-
phy), the urologist is often the most knowledgeable care provider about the 
patient’s condition, anatomy, and long-term medical risks. As such, the urolo-
gist may serve an important role in the facilitation of primary care role for 
some of these individuals. However, as these patients now are surviving to 
adulthood with excellent health, issues of sexuality, post-pubertal genital 
appearance and function, urinary and fecal incontinence, fertility, and preg-
nancy are becoming important health and quality of life issues. Many of these 
issues largely fall outside the spectrum of pediatric urological practice. 
Moreover, with aging and development of other medical comorbidities, 
patients with congenital anomalies experience typical urological age-related 
problems (like BPH and prostate cancer) that are often more complicated by 
their coexisting anomalies and prior operations. 

 Many patients who have these conditions will have undergone complex 
surgery. This represents a contract of care between parent, patient, and health-
care systems—duty bound to provide lifelong care for these patients who are 
now surviving into middle life and beyond. This means that surgeons and 
 others looking after these patients in adult life must have an understanding of 
both the conditions and their pediatric treatment in order to provide appropri-
ate long-term care. 

 This book covers many of the most prevalent challenges for the urologist 
caring for adult congenital patients. The fi rst part provides a framework for 
 transition to an adult care model  as well as a general approach to patients 
with three of the most common conditions encountered in congenitalism: 
myelodysplasia, hypospadias, and exstrophy. The remainder of the parts 
cover topics by anatomic category. Sexuality, fertility, and genital issues are 
discussed in Part II, followed by lower tract management issues in Part III, 
and fi nally upper tract management issues in Part IV. Part V addresses 
urological care of the pediatric cancer survivor. 

 We would like to extend our sincere appreciation to all the contributors to 
this book—their collective experience represents the only real “data” upon 
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which we can make treatment recommendations, since there is a dearth of 
scientifi c literature in this area. In addition, we would like to thank Patrick 
Carr for his persistence and skill in bringing each chapter to life. And fi nally, 
we would like to thank our mentors and friends, Eric Klein, M.D. and 
Professor Christopher Woodhouse, for their support and encouragement for 
this project and in our careers.  

  Cleveland, OH     Hadley     M.     Wood, M.D., F.A.C.S.    
 London, UK     Dan     Wood, Ph.D., F.R.C.S. (Urol.)     
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            Introduction 

 Young adulthood is well recognized as a time of 
life with low utilization of health care and preven-
tive services. Economic and social norms of the 
past have been in part to blame. In the US prior to 
2010, insurance coverage through state- funded 
Child Health Insurance Programs and dependent 
coverage through private insurers often ended at 
age 18 or 21. If the emerging adult (age 18–25) 
has a health condition from childhood, insurance 
coverage was historically even more diffi cult or 
expensive to obtain. The Affordable Care Act 
(ACA), in mandating dependent coverage up to 
age 26, expanding health care options for lower 
income patients, and expanding care options for 
patients with preexisting conditions, has facili-
tated health care provision to many emerging 
adults with special health care needs. 

 Access aside, transition from a pediatric care 
model to an adult-care model requires that the 
patient assume responsibility for independently 

accessing health care providers, understanding 
and implementing health care plans, and commu-
nicating changing conditions back to those pro-
viders. This is all done within the context of a 
period of life traditionally subjective to risky 
health behaviors, including experimentation with 
drug and alcohol use and sexuality.  The goal of 
transition is to provide uninterrupted ,  develop-
mentally appropriate transfer of medical care to 
an adult - care model . Achieving this goal requires 
establishing a step-wise process whereby the 
patient is assessed for transition readiness regu-
larly, transition is planned by engaging the patient 
and all stakeholders, and then care is transferred 
to the new care team. The US Department of 
Health and Human Services has incorporated this 
process into the core elements of Health Care 
Transition (Fig.  1.1 ).  

 The costs associated with non-transition of 
this population are both fi nancial and human. 
Human costs include lost productivity of caregiv-
ers of persons with disabilities as well as lost pro-
ductivity of the patients themselves. Caregivers 
of myelomeningocele patients reported a reduced 
productivity of 6.2–13.3 h per week [ 1 ]. Financial 
costs to the health care system, although poorly 
quantifi ed, are substantial. These come in the 
form of increased costs of reactive versus preven-
tative care, increased morbidity of disease, and 
increased utilization of costly emergency ser-
vices. Estimates suggest that 34–47 % of admis-
sions for adult myelomeningocele patients were 
for potentially preventable conditions, including 
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urinary tract infections and wound problems. 
These estimates amount to approximately 
$364 M over a 2-year period [ 2 ,  3 ]. In an era of 
ever-expanding costs, focused preventative care 
of this population may provide reduced fi nancial 
burden on the health care system and improved 
overall quality of life for patients. 

 The public health industry recognizes that 
lack of coordinated transition leads to substan-
tially increased medical and societal costs and 
therefore has supported implementation of transi-
tional programming in many public policies. The 
ACA has called transitional services as an “essen-
tial health home service” and the US Health and 
Human Services identifi ed transition as one of 
six core performance outcomes necessary for 
comprehensive care of children with special 
needs. Despite a substantial amount of public 
health resources aimed at bolstering transition of 
care for emerging adults with special needs, it is 
estimated that only about 40 % of this patient 
group met the national standard for transition of 

care [ 4 ], a number that has shown essentially no 
improvement over the past 4 years [ 5 ]. As of 
2005, 76 % of adults with chronic congenital 
anomalies did not have or could not identify a 
primary care doctor [ 6 ]. 

 While the bulk of the burden of transition rests 
with the primary care provider, the urologist is not 
immune. The genitourinary tract is one of the sys-
tems most frequently affected by congenital 
defects. Such defects can be isolated (e.g., hypo-
spadias) or involve multiple organ systems (e.g., 
myelodysplasia). In addition, patients with neuro-
logical conditions of childhood like cerebral palsy 
(CP) and neuromuscular diseases often have sub-
stantial urological comorbidity that is progressive 
with aging. For a small subset of this group of 
transitioning individuals (e.g., those born with 
exstrophy), the urologist is often the most knowl-
edgeable care provider about their condition, 
anatomy, and long-term medical risks associated 
with the disorder. As such, the urologist may 
indeed serve an important role in facilitation of 

  Fig. 1.1    Summary of the recommended steps for transition of care       
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primary care needs for some of these individuals. 
An additional two subgroups that should be con-
sidered for transition are survivors of pediatric 
and pelvic cancers and renal transplant recipients. 
While these individuals may not have primary 
congenital urological issues, their urological 
needs in adult life may be very different from 
those in pediatric life, a long-term result of their 
childhood medical story, and they may have 
delayed acquisition of adult milestones of inde-
pendence [ 7 ]. 

 Traditionally, the pediatric urologist has served 
this diverse population throughout childhood and 
adulthood. Pediatric urologists are well equipped 
to do so with their knowledge and experience with 
congenital anatomy, their lifelong relationships 
with the patients and families, and focus on inte-
grative care. However, as these patients now are 
surviving to adulthood with excellent health, 
issues of sexuality, postpubertal genital appear-
ance and function, urinary and fecal incontinence, 
and fertility and pregnancy become increasingly 
important health and quality of life issues. 
Moreover, with aging and development of other 
medical comorbidities, patients with congenital 
anomalies experience typical age-related urologi-
cal problems, such as BPH and prostate cancer, 
which are often complicated by their coexisting 
anomalies and prior operations. The fi eld of uro-
logical congenitalism requires a knowledge base 
and skillset that pool the assets of both pediatric 
and adult urology (Fig.  1.2 ).  

 While the approach to a typical adult urologi-
cal patient is one problem: one solution, the 
patient with a congenital urological problem 
rarely presents in that manner. These patients 
have a lifelong history of treatment by other med-
ical care providers and those experiences, both 
good and bad, often infl uence their expectations. 
Other limitations, including ambulation status, 
cognitive defi cits related to lifelong hydrocepha-
lus (for some), or nutritional challenges may 
make treatments more diffi cult or risky. Finally, 
these individuals may have variable dependence 
on other care providers at home and in the com-
munity, so it is critical to ensure that their input is 
part of the initial assessment. For some who have 
had a parent assist with self-care for their whole 

lives, the aging parent may be dealing with his/
her own medical and physical constraints as well 
as the (often unspoken) distress about who will 
care for their child in the future. 

 As such, one should provide adequate time for 
careful consideration of the problem, patient edu-
cation, and consideration of the patient’s and fam-
ily’s needs (Fig.  1.3 ). Every evaluation should 
follow a step-wise approach. These include: (1) 
defi ning the patient’s baseline, (2) understanding 
the patient’s goals, resource constraints, executive 
and cognitive assets and defi cits [ 8 ,  9 ], and social 
constraints, (3) characterizing the “new” or “wors-
ening” complaint, (4) determining the appropriate 
diagnostic tests to defi ne the problem, and (5) 
developing a menu of treatments that will address 
the concern and delineating the associated per-
sonal “costs” or risks of each. Oftentimes, devel-
opment of a care plan may involve careful 
negotiation, a substantial amount of investment of 
time educating the patient about expectations, and 
communication with other medical providers.   

    Step 1: Defi ning Baseline 

 While the population about which we write is 
heterogeneous, most will require a baseline 
assessment of urological function. This includes 
renal function, continence status/use of  protective 
garments, urinary infections, sexual function and 
activity, fertility (past and present), and prior uro-
logical medical and surgical treatments. 
Assessment of renal function may be symptom 
based, require noninvasive evaluation like renal 
ultrasound and serum electrolytes, or may be 
more involved. For those with neurogenic blad-
der, whether related to spinal dysraphism on non- 
neurogenic bladder dysfunction related to 
posterior urethral valves or exstrophy complex, 
baseline function is ideally established using uro-
dynamics or video urodynamics and then fol-
lowed symptomatically and with periodic repeat 
studies every 2–5 years depending on baseline 
results. For patients with continent pouches who 
may have some baseline renal insuffi ciency, 
involvement with a nephrologist early is helpful 
to help manage complex metabolic challenges 
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and secondary problems related to chronic acido-
sis and chronic kidney disease (CKD). It is now 
well recognized that renal insuffi ciency at all 
stages has substantial downstream effects, 
 including increased systemic infl ammatory 
markers and lipids, and results in higher all-cause 
mortality and cardiac mortality [ 10 ]. Slowed pro-
gression of CKD may not only prevent the bur-
den and cost of renal replacement therapy (RRT), 
but may also prevent early death due to cardiac 
disease. Consideration of non-creatinine-based 
methods of estimation of GFR (iothalamate renal 

scan or cystatin C) may be warranted for patients 
for whom creatinine production is not normal; for 
example, patients who are non-weight- bearing, 
have short stature, or atypical body habitus. 

 Urinary continence and urine management with 
catheters often changes as a young person pro-
gresses through puberty, related to weight gain and 
other factors. Moreover, the social implications of 
incontinence may also change. This is particularly 
relevant for young individuals who are progressing 
from a home environment to a shared-living envi-
ronment such as a college dorm. Understandably, 

  Fig. 1.2    ( a ) Graphic portrays relative importance of 
urological needs for a male patient with myelomeningo-
cele throughout his lifespan. ( b ) The fi eld of urological 

congenitalism combines the specialty skillset of pediat-
ric and adult urology       
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compliance with self- catheterization may be diffi -
cult when a new  living situation does not allow the 
individual to do this discreetly. Assistance with 
troubleshooting these challenges is relevant for 
some of our emerging adult patients. 

 For many patients transitioning to adult care, 
issues of sexual function and fertility may be of 
paramount concern. Many of these individuals 
will not have discussed these topics openly with 
their pediatric providers, even if sexual health 
topics were raised at annual visits. The urological 
congenitalist plays an important role in sexual 
counseling, particularly for the latex-sensitive 
patient or a female patient with a urinary reser-
voir who present a unique pregnancy risk, and 
optimization of sexual function. Female patients 
who are on prophylactic antibiotics for UTI pre-
vention and sexually active should be assessed 
for the continued need for prophylaxis, and coun-
seled regarding the least teratogenic prophylactic 
antibiotic available. Likewise, young women 
affected with myelodysplasia should also be 
counseled to be on high dose folate (4,000 μg) 
throughout reproductive years regardless of their 
intention to become pregnant. Vaginal and uter-
ine anomalies are common among women with 
cloacal malformation or cloacal exstrophy and 
may require counseling related to expectations 
for pregnancy. Many female patients with com-
plex urological disease who choose pregnancy 
will require collaboration with Maternal Fetal 
Medicine regarding adequate bladder drainage 

and delivery strategies. For men, particularly 
those with genital abnormalities (hypospadias, 
exstrophy-epispadias complex), sexual dysfunc-
tion may extend well beyond erectile dysfunc-
tion. Baseline semen analysis should be offered 
to young men with history of undescended testi-
cle and hypospadias, as well as others who may 
be at elevated risk for infertility. 

 If appropriate, patients should be screened for 
bladder or colon cancer. Patients identifi ed to be at 
highest risk for lethal bladder cancers include those 
with augmentation cystoplasty or continent diver-
sion and prior renal transplant/viral cystitis, more 
than four UTIS per year, gross hematuria, pelvic or 
bladder pain, radiographic abnormality seen, or his-
tory of bladder exstrophy. The lifetime risk is esti-
mated to be 1.2–4.6 %, with a median time to tumor 
development 19–32 years [ 11 ,  12 ]. Patients with 
gastrocystoplasty and those who have had prior or 
existing ureterosigmoidostomies have special can-
cer screening considerations as well (see Chap.   11    ). 
Optimal screening recommendations for these 
special populations have yet to be developed. 

 Baseline bowel function also merits evaluation 
because of the strong effect it has on urinary conti-
nence and UTI risk, and because some congenital 
neurogenic patients have less frequently accessed 
care through adolescent and early adult years. 
Some may require surgical management if the 
colon has been permanently affected from life-
long distention. Success of prior and current use of 
stool softeners, oral stimulant laxatives, fecal 

  Fig. 1.3    Summary of key 
components of initial 
evaluation of an adult with 
congenital urological needs       
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d isimpaction or digital stimulation, and antegrade 
or retrograde enemas or suppositories should be 
documented to guide effective management.  

    Step 2: Understanding the Patient 
Goals and Resource Constraints 

 Many patients come to an adult urology clinic 
with clearly identifi ed goals, which may be dif-
ferent from the goals of the provider. This is 
especially true for the congenital patient, for 
whom questions about sexual function, fertility, 
or genital appearance may have been purpose-
fully or involuntarily deferred in pediatric life 
when under the watch of parents or caregivers. 
On the other hand, renal preservation and other 
issues that may be deemed more “pressing” by a 
treating physician may be at the top of the physi-
cian’s mind in developing a treatment plan. It 
goes without saying that taking the time to hear 
the patient’s concerns and limitations, as well as 
being clear about your own medical opinion, is 
critical to ensuring that the patient feels satisfi ed. 
It is also important for the provider to infer 
whether the substance of the conversation is 
understood or simply accepted politely. 

 In addition, treatments which may be consid-
ered “standard” for one patient may not be rea-
sonable for another in a different environment. 
For example, for a patient with an obstructed ure-
thra in a wheelchair, a suprapubic tube may impair 
a patient’s ability to be mobile or transfer from his 
chair, or if he has limited lift-assist in his daycare 
environment, a perineal urethrostomy may result 
in high risk for urinary accidents and ulcer forma-
tion. For this reason, a clear understanding of 
what the patient’s care and support environment is 
both day and night is mandatory in determining 
which options may be on the table for an individ-
ual who requires assistance. Treatments should 
emphasize patient independence and competence 
with self-care, with avoidance of treatments that 
may result in outcomes that can be further dis-
abling. Unless a patient is critically impaired with 
limited duration of life, an indwelling urethral 
catheter should never be considered a long-term 
option for urinary management.  

    Step 3: Characterizing the “New” 
or “Worsening” Complaint 

 While pediatric patients are growing and poten-
tially changing urologically over time, adult 
patients tend to have more stable presentations. 
A new or worsening complaint should be recog-
nized as a marker of changing physiology and 
should warrant complete investigation. For many 
individuals with congenital urological problems, 
escalation of urinary infections or worsening 
leakage problems are the most common reasons 
for visits to the urologist. Because many factors 
infl uence both these problems, full characteriza-
tion of all risk factors for both may help direct 
diagnosis. For example, an individual with con-
genital neuropathic bladder on intermittent cathe-
terization who is experiencing escalating 
frequency of infections may be due to behavioral 
factors (noncompliance with catheterization or 
bowel regimen, hygiene, sexual intercourse), 
medical factors (increased susceptibility from 
immunosuppression by medications), or surgical 
factors (bladder stones, diverticulum, fi stula, etc.). 
Characterization of such a problem requires a 
review of symptoms, behaviors, medications, 
recent and distant medical and surgical problems, 
and a complete physical exam.  

    Step 4: Determining 
the Appropriate Diagnostic 
Tests to Defi ne the Problem 

 This step seems self-explanatory. However, it is 
important to note that diagnostic evaluation should 
be driven by unique patient physiology. Some 
patients may require special positioning for testing 
due to anatomic limitations or may require addi-
tional interventions to fully characterize a prob-
lem. For example, while placement of a Foley 
catheter is not standard for adult patients undergo-
ing nuclear renal scan, a patient with known or 
suspected VUR should have a catheter placed in 
order to accurately assess upper tract drainage. 
Individuals with CKD may have limitations in 
terms of imaging options as well.  

H.M. Wood and E.B. Yerkes
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    Step 5: Developing a Menu 
of Treatments that Will Address 
the Concern and Delineating 
the Associated “Costs” or Risks 
of Each 

 Finally, and most importantly, congenital urolog-
ical patients often have multiple, sometimes 
competing, urological and medical needs. 
Treatment of one may represent a risk to another. 
For many of these patients, surgery is more likely 
to result in morbidity and will require longer to 
recover than for an otherwise healthy patient. 
For a patient with prior heart valve replacement 
and recurrent UTIs, nontreatment and subsequent 
urosepsis may represent a risk for infectious 
endocarditis, while treatment may require a 
patient stop anticoagulants and therefore present 
a risk for thrombotic events. Consideration of the 
whole patient and all the associated risks of treat-
ment require medical knowledge and careful 
evaluation of the medical and surgical history fol-
lowed by an in-depth discussion of the potential 
benefi ts and pitfalls of each treatment paradigm. 

 A transition plan for emerging adults with 
congenital or acquired urological conditions is 
challenging but essential. They are entering a 
phase of personal development, perhaps with 
new autonomy in decision-making, liberty to 
forge new social relationships, and willingness to 
discuss concerns related to sexual health. These 
liberties coexist with ongoing medical needs but 
potential risk-taking behaviors. Many, particu-
larly those with myelomeningocele and hydro-
cephalus, will have limited experience with 
self-management or limited executive or cogni-
tive assets to help them own these adult-type 
steps, but there is evidence that their psychologi-
cal health is linked to competence with self-care 
[ 7 – 9 ,  13 ]. 

 Most pediatric urologists feel a strong com-
mitment to their patients with congenital urologi-
cal anomalies, as they have invested energy and 
watched them grow and shepherded both the 
individual and family through diffi cult times. 
That said, many also recognize that the physical, 
medical, and psychosocial transition to  adulthood 

will bring concerns that deserve long-term uro-
logical care with a capable caring adult urologist. 
Details of prior care, particularly relevant recon-
structive details, may not be adequately recalled 
by the patient and family caregivers. With this 
investment in mind, obtaining a transfer sum-
mary and surgical records should be routine or 
available upon request. Scheduling the initial 
visit to allow adequate time to fully assess the 
global situation and to formulate a preliminary 
plan is essential for the urologist accepting care 
of these complex individuals. 
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         The Spina Bifi da Association reports that 7 of 
every 10,000 children born in the United States 
have myelomeningocele (MMC) and that there 
are more than 166,000 people currently living 
with MMC [ 145 ]. Today, survival into adulthood 
is reported as high 85 % (at age 34 years, 94 % of 
those without shunts, and 75 % of those with 
shunted hydrocephalus are alive) [ 32 ]. With 
decreases in birth prevalence of MMC after the 
introduction of prenatal diagnosis and mandatory 
folic acid fortifi cation of grain products in the 
United States, there may be more adults currently 
living with MMC in the United States than chil-
dren [ 23 ,  32 ,  59 ,  107 ,  136 ,  140 ,  161 ]. Despite a 
large number of people living with MMC, there 
are no randomized controlled trials regarding 
urologic care in this group, and there is a paucity 
of literature describing long-term urologic out-
comes in adults with MMC [ 153 ]. 

 Children born with MMC are very readily 
identifi ed. Many children have been diagnosed 
antenatally and few have had closure of the spinal 
defect before birth. MMC results in varying 
degrees of disability including paraplegia, ortho-
pedic and neurologic abnormalities, and bowel 
and bladder dysfunction. Cognitive function may 

be affected in varying degrees as well. Once born, 
these children are promptly treated for their neu-
rologic lesions by pediatric neurosurgeons and 
are quickly evaluated by the multiple subspecial-
ists that will carefully monitor their progress and 
treat them over the course of their childhood. 
This group of medical specialists often includes 
developmental pediatricians, pediatric neurosur-
geons, pediatric neurologists, pediatric physiat-
rists, pediatric orthopedists, and pediatric 
urologists. Many centers offer meticulous and 
successful multidisciplinary care for the child 
with MMC. 

 Such meticulous care has led to much advance-
ment in the management of MMC. As survival of 
those affected has improved, concerns over tran-
sition of youth to adulthood and care for the adult 
with MMC have increased. Transition of care has 
been advocated by many individuals and multiple 
organizations. Each has identifi ed variable impor-
tant components and potential barriers to the 
ideal process, consequently a good model transi-
tion/transfer of care remains elusive [ 3 ,  4 ,  17 ,  49 , 
 51 ,  52 ,  114 ,  121 ]. 

 Earlier studies have shown that up to two- 
thirds of adults with MMC do not routinely seek 
regular urological follow-up [ 60 ]. Bladder func-
tion may change with aging and complications 
after reconstruction may occur into adulthood. 
Little is known of urologic outcomes after trans-
fer of care and the majority of literature evaluat-
ing the neuropathic bladder in the MMC patient 
focuses primarily on pediatric patients. In a center 
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with an established adult MMC clinic, Cox et al. 
found that the experience at the adult MMC clinic 
and the patients’ perspective on the transition 
process were independent of urological and neu-
rosurgical medical outcomes. Additionally, care-
givers preferred the care received at the pediatric 
center [ 29 ]. Regardless of patient/caregiver senti-
ment, concerns that arise with aging such as those 
associated with sexual function, fertility, benign 
urologic disease (e.g., BPH), and screening for 
urologic cancer may be better addressed by 
“adult” urologists. Successful transition/transfer 
programs will likely require formal exchange of 
medical records including past management 
strategies such as catheterization schedules, need 
for anticholinergics, attention to the upper uri-
nary tract, prior surgeries, and surgical recon-
struction. For successful transfer, the patient 
must be agreeable to the change and the accept-
ing urologist must be interested and knowledge-
able in the care of the aging MMC patient 
regardless of the patient’s level of function or 
dependency on a caregiver. 

    Evaluation 

 Careful attention and preservation of renal func-
tion remain most important across the lifespan. It 
remains the responsibility of the urologist, adult 
or pediatric, that this is not forgotten. Those with 
untreated neuropathic bladders secondary to 
MMC are at risk for complications including uri-
nary tract infections, urinary incontinence, and 
deterioration of the upper urinary tract with 
potential loss of renal function. Most urologists 
would agree that the management of the neuro-
pathic bladder and the reconstructed urinary tract 
require yearly and lifelong follow-up [ 2 ,  63 ,  116 , 
 147 ,  153 ,  164 ]. This would include physical 
examination, renal ultrasonography, abdominal 
radiograph, and serum creatinine measurement. 
Despite this general agreement, there are no stan-
dardized recommendations for the follow-up 
interval or what follow-up would involve [ 13 , 
 116 ,  151 ,  155 ]. In a systematic review of people 
with MMC over 18 years old, Veenboer and col-
leagues found that 58.4 % performed CIC, 

13.8 % voided normally, 10.5 % had incontinent 
diversions, 5.9 % had complete incontinence, 
4.3 % had an indwelling catheter, and 2.9 % 
empty by Crede [ 153 ]. This heterogenous group 
may contribute to the diffi culties of standardizing 
follow-up protocols. 

 The European Association of Urology (EAU) 
Guidelines on Neurogenic Lower Urinary Tract 
Dysfunction recommends urodynamics (UDS) 
every 1–2 years [ 112 ]. In a recent study, Veenboer 
et al. reported that unfavorable urodynamic 
fi ndings are very unlikely in asymptomatic indi-
viduals who are not wheelchair bound. They 
concluded that it is probably not necessary to 
perform UDS as frequently as is currently rec-
ommended by the EAU [ 155 ]. UDS may be 
most useful if new symptoms, e.g., urinary 
incontinence, increased leakage between cathe-
terization, and recurrent urinary tract infection, 
occur. Unfortunately, as management protocols 
differ and follow-up differs, the effects of inter-
vention and evaluation remain largely unclear. 

    Attention to Renal Function 

 Since the introduction of the ventriculoperitoneal 
shunt (VPS), renal failure and its consequences 
became a leading cause of mortality in children 
with MMC surviving infancy, accounting for 
20–30 % of deaths [ 61 ,  93 ,  141 ,  164 ]. Renal 
function is typically normal at birth, but may 
deteriorate over the patients’ lifespan due to the 
functional abnormalities of the neurogenic blad-
der and/or recurrent infections [ 44 ]. Untreated, 
up to 50 % would develop chronic kidney disease 
(CKD) [ 165 ]. Urodynamic risk factors for the 
development of CKD include detrusor sphincter 
dyssynergia, detrusor overactivity, high detrusor 
leak point pressure, and high intravesical pres-
sure. UTIs in childhood were also linked to renal 
dysfunction later in life [ 63 ,  150 ]. Thirty to forty 
percent of children with myelomeningocele have 
been reported to have some renal impairment [ 18 , 
 105 ]. In an analysis of 52 adults with lumbar 
myelomeningocele, Persun and colleagues found 
that only 38 % had a normal ultrasound and a 
serum creatinine level less than 1.5 mg/dl despite 
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performing CIC and being dry between catheteriza-
tions [ 116 ]. In a systematic review, 72 % of peo-
ple with MMC were found to have well- preserved 
function, 25.7 % with CKD stages 1–5, 1.3 % 
with ESRD. Up to 20 % were found to have VUR 
[ 153 ]. Veenboer estimates that ESRD was the 
cause of death of 8.9–28.6 % of the patients 
included in the review [ 153 ]. In a cohort of chil-
dren born in the modern medical era, i.e., after 
the introduction of CIC for bladder emptying and 
widespread use of anticholinergics, Misseri and 
colleagues found renal failure was a rare cause of 
death in people with MMC after bladder aug-
mentation. Mortality from renal failure was 
0.5 % at 10 years after augmentation, lower than 
historical cohorts. The most common cause of 
death was non-urologic infection [ 98 ,  99 ]. In a 
separate birth cohort of 160 children with MMC 
managed in the modern era, no deaths were 
observed related to renal failure by age 20. This 
supports the notion that death from renal failure 
in well-managed MMC is now rare [ 91 ]. 

 Estimated GFR (eGFR) using serum creati-
nine has been most commonly used to determine 
renal dysfunction in the MMC population. 
However, because of low muscle mass and under-
developed musculature of the legs, creatinine- 
based methods to evaluate renal function are of 
poor sensitivity in this group. Once an abnormal 
serum creatinine level is noted, a loss of more 
than two-thirds of nephrons may have already 
occurred [ 119 ]. In the general population, the 
American Society of Nephrology suggests refer-
ral to a nephrologist if the estimated glomerular 
fi ltration rate is 60 mL per minute per 1.73 m 2  or 
less (stage 3 chronic kidney disease) or if macro-
albuminuria is present. However, no specifi c rec-
ommendations exist for patients with 
MMC. Cystatin C- or iothalamate-based eGFR 
may assess global renal function in this group of 
patients, but this is not widely available for clini-
cal use [ 117 ]. Despite its ability to estimate GFR, 
these modalities have never been compared with 
each other or with creatinine-based methods for 
MMC patients. In addition, these methods do not 
provide any information on renal scarring [ 1 ]. 
This knowledge is best gained with dimercapto- 
succinic acid (DMSA) scan. Up to 25 % of people 

with MMC have been reported to have scarring 
on long-term follow-up. A history of vesicoure-
teral refl ux history and febrile urinary tract infec-
tions were most commonly associated with 
abnormal DMSA scan in follow-up of patients 
older than 10 years with MMC [ 137 ]. 

 Careful attention to changes in continence, 
recurrent UTI, weight gain, hypertension, and 
urolithiasis is very important as they may inde-
pendently affect renal function. In addition, 
some of these conditions may also indicate a 
change in bladder dynamics. Each may ulti-
mately lead to upper tract changes and renal dis-
ease. With each episode of pyelonephritis, 
nephrons are lost and renal failure may ensue. 
Antibiotic prophylaxis may be helpful in care-
fully studied patients. Kidney stones are also a 
risk factor for CKD and progression to ESRD 
[ 127 ]. Screening for and treatment of hyperten-
sion is important as well. Treatment with angio-
tensin-converting enzyme inhibitors may prevent 
progression to CKD [ 65 ,  162 ].  

    Attention to Bladder Function 
and Continence 

 Changes in continence, recurrent UTI, and uroli-
thiasis are important indicators of bladder 
dynamics. Worsening continence may be related 
to poor adherence to catheterization schedules or 
anticholinergic use, changes in bladder function, 
or tethering of the spinal cord (though less com-
mon after periods of rapid growth) [ 164 ]. 
Incontinence of urine affects many life domains 
including the physical and the emotional. Skin 
breakdown, infection, poor self-esteem, social 
isolation, and underemployment/unemployment 
are often a consequence of incontinence [ 104 ].  

    Anticholinergics 

 Since the 1980s, “proactive” management of the 
neurogenic bladder has included CIC and anti-
cholinergic therapy starting at in infancy  [ 36 ,  41 , 
 44 ]. The necessity of long-term anticholinergics 
and the effects of long-term use of this class of 
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drugs have not been critically evaluated in adults. 
However, evidence suggests that management 
with CIC and anticholinergics through puberty 
may result in improved maximal bladder pres-
sure, bladder capacity, and detrusor leak point 
pressure in adults [ 2 ]. The most commonly used 
anticholinergic in children is oxybutynin both for 
its effi cacy in the treatment of detrusor overactiv-
ity and urinary incontinence and because it is the 
only anticholinergic to be approved for use in 
children by the U.S. Food and Drug 
Administration. Oxybutynin is a nonspecifi c 
antimuscarinic agent blocking M1, M2, and M3 
receptors. In blocking efferent parasympathetic 
M3 receptors innervating the detrusor muscle, 
bladder contraction is inhibited. Many side 
effects encountered by patients are due to its non-
specifi c nature. Due to its high lipophilicity, neu-
tral charge and small molecular structure, 
oxybutynin crosses the blood–brain barrier. The 
side effects of anxiety, somnolence, hallucina-
tions, and cognitive dysfunction are related to its 
action on the M1 receptors in the brain [ 154 ]. 

 Concerns regarding cognition in adults using 
anticholinergics have recently been raised; how-
ever, little is known regarding long-term use in 
people with MMC whose use often begins in 
childhood. Only one study has examined behav-
ior and long-term use of anticholinergics in chil-
dren with MMC. Veenboer and colleagues 
explored possible associations between long- 
term antimuscarinic use (from birth to median 
age 10.6 years) and behavioral problems in chil-
dren with MMC and neurogenic bladder. No sig-
nifi cant differences in behavior between children 
with MMC with and without long-term use of 
antimuscarinics were found [ 154 ]. In a double 
blind, placebo controlled crossover study, the 
use of anticholinergics was found to impair cog-
nition in older adults without MMC [ 70 ]. A sub-
sequent systematic review and meta-analysis 
could not determine if antimuscarinics effect 
CNS function since standardized measurement 
of age-stratifi ed CNS outcomes are lacking 
[ 113 ]. Two pediatric case–control trials have 
examined the effects of oxybutynin on cognition 
and short-term memory in neurologically intact 

children and neither study has found any untow-
ard effects on short- term memory of cognition 
[ 53 ,  143 ].  

    Recurrent Urinary Tract Infection 

 Despite improvements in the management of the 
neuropathic bladder with respect to renal preser-
vation, the incidence of urinary tract infection in 
people with MMC remains very high and contin-
ues to be a common cause of morbidity and 
impaired quality of life for patients with 
MMC. Unfortunately, defi nitions for UTI are 
variable and are infrequently applied in studies 
resulting in diffi culties assessing the true UTI 
rates in this group [ 90 ]. Filler and colleagues 
report that up to 50 % of children will experience 
a UTI by 15 months and 44 % will have more 
than 5 UTIs by age 15 [ 46 ]. Other studies have 
demonstrated that the annual incidence of UTI in 
patients with neurogenic bladder is as high as 
20 % [ 160 ]. The high incidence of UTI may be 
associated to intermittent catheterization, incom-
plete emptying, constipation, anatomic abnor-
malities, and calculi. Due to altered sensation, 
people with MMC may not have typical symp-
toms of UTI [ 166 ]. By the time most patients 
reach adulthood they are well aware of individ-
ual, specifi c symptoms that indicate UTI, e.g., 
lethargy, headache, increased mucous produc-
tion. Differentiating asymptomatic bacterial col-
onization from true infection is important 
particularly in people performing CIC [ 132 ]. 
Cautious therapy of positive cultures is important 
to help prevent multi-drug-resistant organisms in 
this patient population. Treatment with multiple 
courses of antibiotics may lead to more virulent 
bacteria and a requirement for more toxic antibi-
otic treatments.  

    Catheterization 

 Clean intermittent catheterization is often intro-
duced very early in life and remains necessary 
throughout the entire lifetime of a patient with 
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MMC. It is generally well accepted and becomes 
routine both for the child and his/her caregivers 
[ 44 ,  85 ]. Hematuria, false passages, urethral 
stricture, and epididymitis may occur as a conse-
quence of repeated and long-term catheteriza-
tion. Reports of such complications range from 0 
to 40 % [ 20 ,  167 ]. 

 Over a median of 16 years, Lindehall and col-
leagues found 25 % of boys had major urethral 
complications including false passage, urethral 
stricture, and metal stenosis. To prevent compli-
cation, the authors recommend the use of as large 
a catheter as the urethra can accept and to start 
training children in self-catheterization early 
[ 84 ]. The use of lubrication may also decrease the 
complications associated with catheterizations. 
In a similar study reviewing the complications in 
young females, the authors found very few com-
plications. These included gross hematuria, tem-
porary diffi culty catheterizing, and urethral 
polyps in two patients. Diffi culty inserting the 
catheter and hematuria resolved spontaneously or 
by the use of lubricant [ 86 ]. With aging, progres-
sion to wheelchair-bound status, increasing inde-
pendence, and weight gain associated with 
adulthood, some patients (particularly females) 
may have increasing diffi culty accessing their 
urethra for CIC, which may require formation of 
a catheterizable channel or supravesical 
diversion.  

    Mobility 

 Mobility is affected in most people with MM 
and is an important determinant of quality of life 
[ 134 ]. The ability to ambulate is affected by the 
level of the lesion and often deteriorates over 
time. Decreased ability to ambulate appears to 
be related to a deterioration of the neurologic 
level of the lesion, increased spasticity, contrac-
tures of the knee and hip fl exors, back pain, and 
lack of motivation. Major medical events such as 
surgeries, stroke, and lower limb edema were 
also found to contribute to the decline in ambu-
lation [ 9 ].  

    Weight 

 Limitations in mobility, orthopedic deformities, 
cognitive impairment, and psychosocial issues 
may lead to an inactive lifestyle and resultant 
obesity. Dosa and colleagues found the obesity 
rate among adults with MMC at 37 %. This is 
more than twice the rate for children and adoles-
cents with MMC. Extreme obesity was found in 
11 % of adult women and 4 % of adult men with 
MMC [ 42 ]. Obesity may lead to further deterio-
ration in function due to a decline in ambulatory 
status, diffi culties with transfers, wheelchair pro-
pulsion, increased risk of pressure sores and 
other obesity-associated complications [ 6 ]. 
Obesity is a strong and independent risk factor 
for urinary incontinence in women and may con-
tribute to worsening continence in MMC [ 159 ]. 
Peristomal hernias may occur in those with uros-
tomies. Revisionary surgery and recovery 
becomes increasingly diffi cult in the obese 
patient.  

    Dexterity 

 Upper limb function is impaired in about two- 
thirds of children with MMC and may worsen 
with aging. These motor defi cits include weak-
ness, hand and fi nger dexterity, motor speed, and 
bimanual coordination [ 37 ]. Diffi culties with dex-
terity increase dependence on others for activities 
of daily living including catheterizations.  

    Memory 

 Functional independence in people with MMC 
may be diminished due to problems with mem-
ory and defi cits in executive function, e.g., plan-
ning, initiating, problem solving, affects [ 37 ,  89 ]. 
These defi cits may be related to hydrocephalus, 
shunt malfunction, Chiari Type II malformation, 
dysgenesis of the corpus callosum, hypoplasia of 
the cranial nerve nuclei, gray matter ectopia, and 
diffuse microstructural anomalies [ 24 ,  38 ]. Such 
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diffi culties may lead to poor adherence to cathe-
terization schedules, medication regimens, and 
follow-up.   

    Postsurgical Considerations 

    Bladder Augmentation 
and Diversions 

 Bladder augmentation is a widely used and suc-
cessful surgical option for the neuropathic bladder 
when medical management has failed. With 
refi nements in medical management and improved 
techniques for augmentation, urinary diversion is 
rarely used [ 100 ]. Augmentation leads to improve-
ments in continence, bladder capacity, and upper 
tract changes such as refl ux and hydronephrosis/ 
hydroureteronephrosis secondary to the hostile 
neuropathic bladder [ 26 ,  76 ,  88 ,  120 ]. A reduction 
in the incidence and severity of symptomatic uri-
nary tract infections has been reported, and even 
when refl ux persists, Krishna and colleagues 
found no evidence of deterioration of the upper 
tracts or progressive renal scarring [ 75 ]. Urinary 
tract reconstruction has been shown to lead to 
improvements in quality of life, self-image, self-
esteem, and the ability to cope in women with 
neurologic impairment [ 158 ]. 

 Despite the benefi ts, augmentation is a major 
surgical procedure with signifi cant long-term 
surgical and nonsurgical complications. The 
most common and serious surgical complications 
are at the bladder level and include chronic bacte-
riuria, mucus production, formation of bladder 
calculi, metabolic abnormalities from exposure 
of the bowel to urine, bladder perforation, bowel 
complications, and the potential risk of bladder 
or bowel patch malignancy. Despite improve-
ments in technique and advances in tissue engi-
neering, the ideal technique and tissue for bladder 
augmentation and the creation of a functional 
bladder remain unknown. 

 Given that potential complications may occur 
at any time after surgery great care is mandatory 
when identifying and counseling surgical candi-
dates. Lifelong attention to the surgically altered 
urinary tract is imperative. In a review of the fi rst 

500 bladder augmentations performed at Indiana 
University, complications were identifi ed in 169 
patients (34 %) resulting in a total of 254 surger-
ies. The cumulative risk of further surgery at the 
bladder level was 0.04 operations per patient per 
year after augmentation [ 94 ,  95 ].  

    Stones 

 Bladder calculi are increasingly recognized as a 
complication of bladder augmentation, affecting 
11–52 % of patients and usually requiring an 
operative procedure [ 14 ,  35 ,  92 ,  94 ,  95 ,  109 ]. 
Stones tend to form in bladders that are incom-
pletely emptied via catheterizable channels, those 
augmented with ileal or colonic segments rather 
than stomach and those made using absorbable 
staples [ 67 ,  77 ]. Recurrent urinary tract infec-
tions and noncompliance with irrigations, cathe-
terizations and routine follow-up are other 
potential predisposing factors [ 27 ,  71 ]. While 
most stones are considered to be infectious, up to 
30 % of cultured bladder calculi have been found 
to be noninfectious [ 98 ,  99 ]. This may be related 
to metabolic abnormalities such as chronic acido-
sis related to the augmentation or to chronic kid-
ney disease. Hypercalciuria from osteodystrophy 
related to wheelchair dependence and poor 
mobility may also contribute to the high rate of 
calculi. Once a bladder stone is treated, the risk 
of recurrence is high, ranging from 15 to 29 % in 
less than 2 years [ 111 ]. Although open cystoli-
thotomy is often used in cases of large or multiple 
stones, endoscopic management has gained pop-
ularity. Endoscopic therapy offers high stone 
removal rates and low complication rates [ 129 ]. 
The approach avoids an abdominal incision and 
entry into the peritoneal cavity and may obviate 
suprapubic tube placement in some patients 
[ 123 ]. However, endoscopy via the urethra or a 
channel carries the risk of damaging the urethra, 
catheterizable channel or BN repair when 
 performed to treat a large stone. In addition, 
residual fragments left in the bladder after stone 
fragmentation can become a nidus for bladder 
stone recurrence. This risk may be decreased by 
using ultrasonic lithotripsy inside an endoscopically 
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introduced entrapment bag [ 78 ] or by removing 
calculi intact by an open or percutaneous 
approach. Previous attempts at comparing recur-
rence rates by surgical technique did not detect a 
statistically signifi cant difference but were per-
formed in small series (up to 31 patients) and did 
not account for method of stone fragmentation 
[ 67 ,  77 ]. In a recent study, Szymanski and col-
leagues found that bladder stones recurred in 
nearly half of patients within 9 years after fi rst 
stone surgery, independent of treatment tech-
nique and patient characteristics [ 148 ].  

    Malignancy 

 Several case studies of bladder cancer developing 
after bladder augmentation have been published 
[ 7 ,  8 ,  21 ,  47 ,  55 ,  79 ,  106 ,  142 ,  156 ]. Soergel et al. 
reported transitional cell carcinoma in 3/260 
patients with neuropathic bladder who had under-
gone bladder augmentation [ 142 ]. Tumors in gas-
tric segment appear to occur more frequently and 
sooner after augmentation when compared to 
ileal segments [ 21 ,  156 ]. In a review of 153 aug-
mented patients with a minimum of 10-year fol-
low- up after augmentation, Husmann and 
Rathbun found a 4.5 % incidence of bladder can-
cer [ 62 ]. Patients with coexisting carcinogenic 
stimuli (prolonged smoking/chronic immunosup-
pression), or the inherent risk of malignancy as in 
bladder exstrophy, had a higher risk of cancer in 
their series. 

 A full review of this topic can be found    in 
Chap.   11    .  

    Perforation 

 The spontaneous perforation of an augmented 
bladder is an uncommon but very serious compli-
cation. The prevalence of spontaneous bladder 
perforation is reported between 6 and 13 % [ 11 , 
 34 ,  48 ,  76 ,  94 ,  95 ,  135 ]. Perforation can result in 
peritonitis, sepsis, and death. The diagnosis may 
not be straightforward due to impaired sensation 
and varying levels of developmental disability in 
many people who have had an enterocystoplasty. 

Perforation may be due to traumatic catheteriza-
tion, overdistension, chronic infection, ischemic 
necrosis of the intestinal segment, and increased 
intravesical pressure [ 5 ,  10 ,  30 ,  45 ,  125 ,  128 ]. 
Treatment usually requires emergent laparotomy, 
but conservative management has been successful 
in select cases. This approach has usually been 
reserved for patients without ventriculoperitoneal 
shunts [ 118 ]. In a review of 500 patients with aug-
ments, spontaneous bladder perforations were 
identifi ed in 43 patients, for an overall risk of 
8.6 %. The calculated risk was 0.0066 perfora-
tions per augmentation-year at risk. Approximately 
a third of the cases had perforated within 2 years 
of surgery, a third between 2 and 6 years postop-
eratively, and a third at more than 6 years after 
augmentation, highlighting the need for long-term 
follow-up. The use of sigmoid colon and bladder 
neck surgery were associated with an increased 
risk of perforation. The presence of a continent 
catheterizable channel was associated with 
decreased risk of perforation [ 94 ,  95 ].  

    Acid Base Disturbance 

 Due to the absorptive nature of bowel, metabolic 
changes may occur when enteric segments are 
introduced into the urinary tract. Given the small 
segments of bowel used, metabolic acidosis is 
rare in patients with normal renal function 
undergoing bladder augmentation [ 56 ,  96 ]. 
Hyperchloremic metabolic acidosis may result if 
ileal and/or colonic segments are used. When the 
ileum or the colon is exposed to urine ionized 
ammonium and chloride are reabsorbed. 
Ammonium absorption may also occur through 
substitution for sodium in the sodium–hydrogen 
antiport. The exchange of ammonium for a pro-
ton is coupled with the exchange of bicarbonate 
for chloride. Ionized ammonium may also be 
absorbed into the blood through potassium 
 channels. Thus, bicarbonate and some potassium 
are lost [ 72 ]. Metabolic derangements may occur 
with the use of other enteric segment such as 
stomach or jejunum. Hypochloremic hypokale-
mic metabolic alkalosis may occur if gastric seg-
ments are used. The concentration of gastrin 
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seems to be important in this syndrome, as meta-
bolic alkalosis becomes more severe with higher 
gastrin levels [ 149 ]. Though rare, when jejunum 
is used for urinary diversion, hyponatremic, 
hypochloremic, hyperkalemia, azotemia, and 
acidosis may develop [ 31 ]. Metabolic derange-
ments are not isolated to augmented bladders 
and urinary reservoirs. Mild acidosis can be 
expected in up to 15 % of patients with an ileal 
conduit, of whom up to 10 % will require treat-
ment [ 16 ,  22 ,  133 ]. 

 Chronic acidosis may play a major role in the 
decrease in bone mineral density after bladder 
augmentation or urinary diversion. The majority 
of studies suggest that linear growth is not 
affected by bladder augmentation. Varying 
degrees of metabolic acidosis appear to resolve 
with no affect on linear growth [ 97 ]. However, 
prolonged acidosis could lead to osteomalacia 
and osteoporosis in adults [ 146 ]. In addition to 
the correction of the acidosis, dietary supple-
ments with calcium, vitamin D and, in severe 
cases, bisphosphonates are recommended [ 115 , 
 124 ,  138 ,  146 ]. 

 In adulthood, progression of renal insuffi -
ciency teamed with worsening respiratory func-
tion (which can be restrictive airway disease, 
obstructive sleep apnea, and/or central apnea) 
can promote systemic acidosis. Baseline meta-
bolic parameters should be carefully considered 
before any patient undergoes a surgery to change 
a patient from an incontinent, non-bowel- 
containing reservoir to a continent, bowel-con-
taining reservoir because this may alter an 
important respiratory compensatory mechanism.  

    Vitamin B 12  Defi ciency 

 A reported sequelae of the use of ileum for entero-
cystoplasty is vitamin B 12  (cobalamin) defi ciency. 
A cobalamin concentration of 200 pg/mL is com-
monly regarded as the threshold below which 
supplementation should begin. The mechanism of 
the defi ciency has been hypothesized to be sec-
ondary to removal of the distal ileum, which is the 
principal site of vitamin B 12  absorption. Vitamin 
B 12  plays an important role in DNA synthesis and 

neurological functions. While most defi ciency is 
asymptomatic, it can result in megaloblastic mac-
rocytic anemia and potentially irreversible neuro-
logical changes, such as peripheral neuropathy, 
loss of positional and vibration sense, balance dif-
fi culty and dementia [ 57 ,  87 ]. Reduction in serum 
B 12  level may occur over a long period of time 
following ileocystoplasty and may require long-
term serial vitamin B 12  measurements [ 12 ]. 
Replacement may be parenteral or oral. Oral vita-
min B 12  replacement has been found to be well 
tolerated and highly effective in increasing serum 
levels to the normal range [ 152 ].  

    Attention to Conduit Urinary 
Diversions 

 Despite the popularity of bladder augmentation 
for those who have failed medical management, 
there are a myriad of surgeries performed with 
the goal of protecting the upper urinary tract from 
deterioration. These include sphincterotomy, 
detrusor injection of botulinum toxin, ileal chim-
ney, and incontinent conduit diversion. In those 
with spinal cord injury, mortality from upper uri-
nary tract disease after ileal conduit is histori-
cally reported at 25 % [ 28 ,  74 ,  102 ]. More recent 
studies show preservation of adequate renal func-
tion in almost all patients [ 25 ,  68 ]. 

 People with MMC may be at increased risk of 
incisional and parastomal hernia. With long-term 
follow-up hernias may occur in up to 37 % of 
patients [ 66 ]. Risk factors for hernias include 
prior abdominal surgery, obesity, poor nutrition, 
chronic constipation, and poor abdominal mus-
culature. Incisional hernias may include incarcer-
ated viscera or enteric fi stulization. Parastomal 
hernias are most common after ileal conduit/loop 
creation and may present with a poorly fi tting 
stomal appliance or with bowel or urinary 
 complaints [ 163 ]. Parastomal hernias are rarely 
encountered after catheterizable channels. 

 In addition to parastomal hernias, other com-
plications of incontinent diversions include 
bleeding, skin irritation, prolapse, stenosis, ileo- 
ureteric anastomotic stricture, and retraction of 
stoma [ 25 ,  69 ,  74 ,  139 ]. Skin breakdown may be 
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related to poorly fi tting appliances or retraction 
of the stoma. Stomal obstruction may lead to 
hydronephrosis, recurrent infections and/or renal 
failure from obstruction of the ileal conduit. 
Urinary tract infection may occur in up to 60 % 
of such patients [ 25 ,  68 ,  69 ,  139 ]. Pyocystis may 
also be encountered in those with a bladder left in 
situ. Periodic bladder irrigation, iatrogenic vesi-
covaginal fi stula formation and cystectomy may 
become necessary when conservative methods 
fail. Marsupialization of the urethra and vagina in 
females as described by Spence with pyocystis 
may also prove effective and low risk for these 
patients [ 144 ]. Chronic metabolic acidosis has 
been reported in up to 20 % of patients after ileal 
conduit [ 73 ]. Renal, ureteral, and conduit calculi 
may occur in up to 40 % [ 69 ,  73 ,  74 ].  

    Attention to Mitrofanoff 

 The introduction of the catheterizable channel, 
whether utilizing the appendix or a channel con-
structed with tubularized ileum has signifi cantly 
changed our approach to the care of neuropathic 
bladders [ 101 ,  103 ,  168 ]. Channels allow an 
alternative to catheterizing per urethra or, in the 
case of bladder neck reconstruction or closure, a 
substitute for the urethra. Placed in the lower 
abdomen or umbilicus, channels may increase 
independence or decrease the burden on caretak-
ers, allowing the patient to be catheterized with-
out transferring out of the wheelchair and 
removing clothes and undergarments. 

 Surgical revisions of catheterizable channels 
are not uncommon. With long-term follow-up in 
large series, up 39 % require revision [ 19 ,  82 ]. 
Complications may be relatively simple to cor-
rect as in stomal stenosis or may require exten-
sive revision at a subfascial level due to channel 
incontinence, kinking, or angulation of the chan-
nel. Stomal stenosis rates as high as 50 % have 
been reported after long-term follow-up [ 82 ,  83 ]. 
Perforations and false passages may occur requir-
ing creation of a new channel. Infl ammatory or 
granulomatous polyps may occur due recurrent 
catheter trauma [ 43 ,  122 ]. These may be treated 

endoscopically [ 126 ]. It has been hypothesized 
that early complications are related to the healing 
process, and that the later complications are 
related to wear and tear of the conduits and 
changes in body habitus [ 82 ]. Based on a retro-
spective review of over 500 patients, Cain and 
colleagues found that Monti channels were two 
times more likely than an appendicovesicostomy 
to undergo subfascial revision overall. The spiral 
Monti to the umbilicus, in particular, was fi ve 
times more likely than the appendicovesicostomy 
to undergo revision [ 19 ].   

    Sexuality and Sexual Function 

 Sexual function is a complex phenomenon 
involving desire, motivation, arousal, and 
orgasm. All aspects are poorly understood in 
adults with MMC. In a person with MMC, all or 
none of these may be affected. Sexuality in 
patients with congenital disabilities, including 
MMC may be affected for reasons including 
impaired self- esteem, dependence on caregiv-
ers, and lack of privacy [ 54 ]. Despite this, 
Hirayama and colleagues found 95 % and 100 % 
of male MMC and 83 % and 75 % of female 
MMC to have interest in the opposite sex and 
sexual desire, respectively [ 58 ]. In a study of 76 
young adults with MMC, Lassmann and col-
leagues found that 24 % were sexually active. 
Sexual activity was not related to gender, degree 
of urinary incontinence, or extent of physical 
disability, but it was more likely in patients with 
lower level lesions. Interestingly, sexual func-
tion was not found to affect health-related qual-
ity of life in these patients [ 80 ]. In addition to 
the level of the lesion, hydrocephalus has also 
been found to affect negatively sexuality. 
Verhoef and colleagues found that sexually 
active patients were signifi cantly less likely to 
have hydrocephalus [ 157 ]. 

 The response to sensory stimulation and the 
ability to orgasm may be affected as the pudendal 
nerve (S2–4) is often compromised in MMC. A 
distinct neurological level that favors better sex-
ual function has not been defi ned; however, lower 
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and less severe lesions are more favorable [ 33 , 
 80 ]. In a study of young women with MMC, 
Roberts and Sawyer found 80 % of women with 
MMC had some genital sensation and 37 % of 
them had experienced orgasm [ 131 ]. Vulvar sen-
sation and orgasm are rare in women with lesion 
at or above L2 [ 39 ]. 

 Sexuality in men with MMC and normal cog-
nitive development is similar to that of healthy 
peers, with 80–100 % reporting desire, fantasy, 
and interest in sexual activity [ 58 ,  130 ]. However, 
sexual activity in men with MMC is often delayed 
and more common in the subset of older men 
who live away from their parents [ 50 ]. Erectile 
dysfunction affects approximately 75 % of adult 
men with MMC and is most dependent upon the 
level of neurologic lesion. Sixty-four percent of 
men with a lesion at T10 or lower are reported to 
have erections compared to only 14 % with a 
higher lesion [ 40 ,  50 ]. In a study of 22 men with 
MMC, 95 % achieved erection by visual stimula-
tion and in 86 % by tactile stimulation. However, 
only 27 % of the patients with erections were sat-
isfi ed with penile rigidity. Ejaculation and orgasm 
was noted in 67 %. Orgasm was more frequently 
seen in patients whose external sphincter activity 
was maintained [ 58 ]. Ejaculation has been 
reported to be dripping in nature and may not be 
perceived as orgasmic due to absent penile sensa-
tion [ 15 ,  33 ]. Sildenafi l has been reported to 
improve erectile function by 80 % in men com-
pared to baseline and placebos, with 50 mg pro-
viding greater improvement when compared to 
25 mg [ 110 ]. Recently, anastomosis of the dorsal 
nerve of the penis to the intact ipsilateral ilioin-
guinal has been described to improve penile sen-
sation due to neural tube defects and low spinal 
cord lesions [ 64 ,  108 ]. 

 In men actively attempting fatherhood, pater-
nity rates are reported to be between 56 and 73 % 
and are more likely in men with L5 or sacral lesions 
[ 33 ,  81 ]. Despite high a rate of ED and infertility, 
normal testosterone production has been demon-
strated in 90 % of men with MMC [ 33 ]. 

 A more in-depth review of these issues, 
including special considerations for pregnant 
women with MMC, can be found    in Chaps.   5    . 
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            Presentation 

 Bladder exstrophy presents by prenatal ultrasound 
or at birth. It is a major birth defect that causes 
distortion of the lower abdominal wall and exter-
nal genitalia. Exstrophy is thought to be on the 
spectrum of disease including epispadias, bladder 
exstrophy (both classic and variants), and cloacal 
exstrophy (EEC). Epispadias is the least severe 
form on the spectrum, presenting with a dorsally 
open urethra, mild pelvic diastasis, and a closed 
bladder. Classic bladder exstrophy (CBE) pres-
ents with a lower abdominal wall defect with an 
open bladder and a signifi cant pubic diastasis. 
Cloacal exstrophy is the most severe end of the 
spectrum and presents with two bladder halves 
with the cecum in between. Cloacal exstrophy can 
present with other anomalies as well including 
gastrointestinal, central nervous system, and 
musculoskeletal. 

 The most common of these three is bladder 
exstrophy with a signifi cantly lower incidence in 
the epispadias and cloacal exstrophy categories. 
Given that all of these are rare birth defects, the 
majority of published studies focus on bladder 

exstrophy. Therefore, much of the information 
presented when applied to other disorders in the 
spectrum will need to be tailored to the patient 
and the presenting disease. It is noteworthy that 
the live birth incidence is decreasing as improved, 
and earlier, prenatal diagnosis provides greater 
opportunities for elective terminations of effected 
fetuses. 

 Throughout childhood patients with EEC 
undergo multiple reconstructive operations with 
the goal of achieving urinary continence, ade-
quate sexual function, and acceptable cosmesis. 
It is important to assess the integrity of the recon-
struction, functional outcomes (urinary, sexual, 
psychological), and cosmesis in adult life. 

 Adults with exstrophy present either on rou-
tine follow-up, with an acute problem, or a spe-
cifi c concern. Herein, we will describe: initial 
evaluation routine, tailored follow-up, and known 
outcomes in the modern practice.  

    Evaluation 

 The initial evaluation of the adult exstrophy 
patient should start with a good surgical history 
and all accompanying records to assess what 
types of operations have been performed. The 
primary goals of exstrophy repair are to preserve 
renal function, establish urinary continence, and 
functional genitalia. There are many described 
reconstructions, and no standardization of the 
management of exstrophy [ 1 – 4 ], although 
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 outcomes have improved with time. The use of 
osteotomies and the timing of intervention in 
 primary closures are also debated amongst the 
academic community [ 5 ,  6 ]. 

    Renal Function 

 In the past, it was not uncommon that exstrophy 
patients experienced renal failure early in life, 
secondary to refl ux and recurrent infections. The 
rates of renal dysfunction and scarring have been 
reported as high as 25 % in adults with exstrophy 
[ 7 ,  8 ]. In the modern era of exstrophy repair in 
regions near centers of excellence, most patients 
are closely followed and renal replacement ther-
apy is a rarely needed and studies show minimal 
effect on renal function; however, it is important 
to continue to monitor renal function annually 
[ 9 ]. There remains no standard for follow-up of 
renal function, but most use routine serum creati-
nine and BUN as well as noninvasive imaging of 
the kidneys to follow renal function. A decrease 
in renal function may indicate refl ux nephropa-
thy, incomplete bladder/conduit/pouch emptying, 
or damage from repeat infections and should 
warrant a workup. This workup may include 
serum electrolytes, other methods of estimation 
of GFR, urodynamics, voiding cystourethrogram, 
and renal scanning when indicated.  

    Reconstruction 

 It is essential to understand the type and timing of 
operations that have been performed throughout 
the patient’s lifetime. The exstrophy bladder is not 
the same as the normal bladder; therefore, it may 
not grow at the same rate as normal with age or 
have the same elastic properties that allow for 
low-pressure storage. As such, many of these indi-
viduals may require incorporation of a bowel seg-
ment to decrease intravesical storage pressures 
and increase capacity. After augmentation cysto-
plasty, renal deterioration can occur with normal 
bladder pressures secondary to a phenomenon 
described as volume-dependent obstruction, 

which is obstruction caused by exceeding a set 
volume in the bladder, which decreases the ability 
of the kidneys to drain [ 10 ]. 

 Incorporation of bowel with bladder mucosa 
has been linked to increased risk of bladder 
 cancer. Malignancy has been reported in the gas-
tric portion of bladders augmented with stomach 
[ 11 ], which differs from small bowel and colon 
augmentation, where malignancy is traditionally 
not found on the bowel segment but in the bladder 
itself [ 12 ]. The etiology of malignancy in aug-
mented bladders remains to be elucidated although 
these cancers typically present at a higher stage 
and have a shorter survival, when compared blad-
der cancers that occur in non- neurogenic and non-
augmented cancers [ 11 ]. Studies suggest that the 
lifetime risk of malignancy in these patients is as 
high as 4.5 %; however, many have coexisting 
risk factors [ 13 ]. Adults with bladder exstrophy 
have a 17.5 % risk of developing a malignancy, 
which is about 700 times greater than the normal 
population [ 14 ]. There is no conclusive evidence 
that bladder augmentation or the use of a separate 
bowel segment into the urinary system is an inde-
pendent risk factor for malignancy, as nonaug-
mented neurogenic bladders also demonstrate 
elevated risk of malignancy. Annual or biennial 
screening 10–15 years after augmentation with 
cystoscopy, urine cytology, and renal ultrasounds 
is recommended for these patients to detect early 
lesions and decrease the chance to presenting with 
advanced cancer [ 11 ]. Recent studies suggest that 
 surveillance of these bowel segments in patients 
with congenital anomalies may be increasing the 
cost of health care without much benefi t to these 
patients. The sensitivity of cytology is unknown 
in these bladders, while the specifi city reaches 
90 %. Endoscopy at times reveals abnormal fi nd-
ings, which rarely are pathologically signifi cant 
[ 15 ]. The authors recommend screening with 
endoscopy. 

 Some patients require a not only a small patch 
of bowel used in the reconstruction but may have 
a diversion that is completely made from bowel, 
either large or small. The terminal ileum is the 
primary site of vitamin B12 absorption; there-
fore, it is important to test B12 levels in patients 
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where terminal ileum or large segments of bowel 
have been incorporated into a urinary reconstruc-
tion, 5 years after such a reconstruction.  

    Urinary Continence 

 One of the most important quality of life goals 
for the reconstruction of exstrophy patients is uri-
nary continence. Many studies demonstrate con-
tinence rates as high as 90 % in patients with 
exstrophy [ 16 ,  17 ], although these studies come 
from centers of excellence in bladder exstrophy. 
In communities where specialized care of blad-
der exstrophy does not exist, this number is likely 
much smaller. Continent diversions can provide 
continence in most patients; however, these 
reconstructions require routine catheterization 
and are not preferred by children, adolescents, 
and parents [ 18 ]. Patients desire to achieve nor-
mal, spontaneous, and volitional voiding and 
avoid the use of catheters. The goal of bladder 
neck reconstruction is to emulate the normal 
sphincteric mechanism, which is disrupted in the 
exstrophy patient. Patient selection is key in blad-
der neck reconstructions. The most important 
selection criterion is a patient that desires conti-
nence. When the child starts to become aware, 
usually during school age years (5–7), that uri-
nary incontinence is not normal and that others 
are not wearing pull-ups or diapers is the ideal 
time to start evaluating the child and also discuss-
ing the procedure with the patient. Any conti-
nence procedure should not be performed in 
patients who have not reached the emotional 
maturity or desire to achieve continence. Patients 
with high bladder capacities (almost normal per 
age), low post void residuals, and growing blad-
ders are ideal for BNR procedure. The BNR takes 
away about 30 cm 3  of capacity at the time of the 
procedure—so it is important that the patient 
have a large enough bladder after to be able to 
store for at least 2–3 h without leakage. This 
 procedure creates a fi xed obstruction that the 
patient’s bladder must overcome to empty; there-
fore, these patients must be motivated to empty 
regularly and strengthen pelvic fl oor muscles. 

Those that do not fi t these criteria should be 
offered a continent diversion when they desire 
continence. Patients with failed previous closures 
and low bladder capacities have a lower chance 
of achieving continence with a bladder neck 
reconstruction; therefore, it is important to deter-
mine which patients are candidates for this pro-
cedure [ 16 ,  17 ,  19 ]. The ultimate result of the 
bladder neck reconstruction is to provide a con-
stant level of resistance to the bladder outlet, 
which will allow for continence until the pressure 
of the fl uid in the bladder exceeds that of the 
bladder outlet. The resistance of the bladder out-
let however cannot exceed the detrusor pressure 
during voiding otherwise retention will result. 
Those that are not candidates for bladder neck 
reconstructions will need to pursue the continent 
diversion route when they are psychologically 
and socially ready. 

 Continence outcomes are reported in exstro-
phy patients however there is a lack of standard-
ization in reporting, therefore making it diffi cult 
to compare outcomes between studies. In the 
majority of studies, continence is defi ned for the 
exstrophy patient as dry in between voids or cath-
eterization at 3-h intervals [ 20 ]. Although high 
rates of continence are reported in the literature 
for exstrophy patients after reconstruction, most 
studies have short follow-up. Continence rates of 
70 % in patients after successful primary repairs 
are reported at 5 years of follow-up; however, the 
remaining 30 % of patients either move on to 
continent diversions or continue to remain incon-
tinent [ 21 ]. At fi ve years of follow-up, 9 % of the 
patients had failed BNR and needed continent 
diversions. Longer-term outcomes remain to be 
elucidated for this group. Another study with a 
median follow-up of 12.5 years bladder neck 
reconstruction alone only yielded continence in 
30 % of patients [ 22 ]. As the exstrophy popula-
tion continues to be followed, it will be important 
to track their progress to understand the durabil-
ity of continence and spontaneous voiding, 
nephrologic outcomes, and health-related quality 
of life measures in adult life. 

 Very few studies exist to understand what 
kinds of additional surgical interventions are 
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required throughout the lifetime of an exstrophy 
patient to maintain continence. These interven-
tions may range from small adjustments to the 
bladder neck to as radical as a complete change 
in the method of continence. A high percentage 
of patients with exstrophy by adult life will need 
bladder augmentations and will use catheters to 
achieve adequate bladder capacity and preserve 
continence rates [ 23 ]. Changes in continence in 
this patient population may indicate a change in 
bladder compliance, detrusor overactivity, an 
infectious process, a failure of the reconstruction 
at the level of the bladder neck, or a failure of the 
continence valve for catheterizable stomas, 
hypercontinence, or the presence of a foreign 
body (stone, suture, etc.). It is, therefore, impor-
tant to evaluate for a change in continence by his-
tory at least annually. If a change in continence is 
elicited, a thorough examination of the bladder 
and appropriate diagnostic testing is performed.  

    Sexual Function and Fertility 

 Sexual function, fertility, and satisfaction with 
genital appearance become of concern to the 
patient during puberty and remain thereafter. The 
genital reconstruction for males is more involved 
than for females. For men during the initial repair 
and during further reconstructions, the ejaculatory 
ducts, seminal vesicle, and vasa differentia    are vul-
nerable to trauma and scarring. Damage to this 
area during reconstruction can result in anejacula-
tion, low ejaculate volume, or retrograde ejacula-
tion. Fifty percent of patients will have documented 
retrograde ejaculation and 20 % anejaculation, 
while 26.3 % have a low-volume ejaculation [ 24 ]. 
Patients that are diverted early in life, close to 
75 % of them will experience azoospermia [ 25 ], 
which is signifi cantly increased from the 19 % 
than those that are not diverted early in life [ 26 ]. 
The majority of patients that are diagnosed with 
azoospermia have ejaculatory tract obstruction 
when further studied, likely secondary to surgical 
manipulation. It can be diffi cult for these men to 
conceive naturally, and rates of natural paternity 
are very low (10–15 %) in these patients. When 
appropriate, semen sample should be obtained to 

determine if there is adequate sperm in the 
 ejaculate. Many patients will be concerned in 
regard to their ability to conceive via naturally, 
before they desire paternity. It is reasonable to get 
semen analysis at this time; however, all patients 
should be counseled that conception can be 
achieved by assisted reproductive technology in 
all of these patients as there is no defi ciency 
in spermatogenesis. Early referral to infertility 
 centers is recommended for male patients with 
bladder exstrophy and abnormal semen analyses. 

 Rates of erectile function based on IIEF in 
these patients without the use of medications 
have been reported anywhere from 70 to 100 %. 
With the use of PDE5 inhibitors the rates of sex-
ual function further increase; however, even with 
adequate erections only 50–60 % of patients are 
satisfi ed with erectile function. The most com-
mon reason for dissatisfaction is insuffi cient 
penile length and dorsal chordee [ 17 ,  23 ,  24 ]. 
Other studies paradoxically suggest reasonable 
rates of sexual satisfaction, with 60 % of men 
stating that they were completely satisfi ed with 
their sexual experience [ 23 ]. 

 Females with exstrophy have less genital 
reconstruction than males. The vagina is short, 
has a more vertical lie, and often times an introito-
plasty or vaginoplasty is required to start sexual 
intercourse and wear tampons. With intercourse 
exstrophy females can experience urine leakage, 
dyspareunia, lack of clitoral sensation, and pelvic 
organ prolapse [ 25 ], much of which may be 
 secondary to previous surgical interventions. 
The pelvic fl oor musculature secondary to its 
 formation has a larger urogenital hiatus allowing 
the pelvic organs more likely to prolapse. The 
majority of the levator ani muscle is also poste-
rior to the rectum, leaving the anterior compart-
ment with signifi cantly less support. The anterior 
compartment contains the uterus, vagina, and 
bladder and the disproportionate support contrib-
utes to the incidence of pelvic organ prolapse in 
women with exstrophy [ 27 ]. On average, between 
50 and 60 % of women with exstrophy will expe-
rience pelvic organ prolapse throughout their 
lifetime, requiring surgical intervention [ 28 ]. 

 Fertility in women with bladder exstrophy is 
mildly impaired, but a normal reproductive course 
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is achieved in many patients [ 29 ]. A recent study 
demonstrates of those that are sexually active and 
desire pregnancy, about 68 % are successful. Only 
20 % of women with bladder exstrophy will con-
ceive naturally within one year of attempting con-
ception, while the rest will either have delayed 
success or will require assisted reproduction. 
Regardless of whether women with BEE deliver 
via vaginal or caesarean section, they remain at 
higher risk of complications and should be cared 
for by high-risk obstetricians. Emergency caesar-
ean sections result in a higher rate of complica-
tions including fetal mortality when compared to 
controlled caesarean delivery [ 30 ]. Over half of 
adult women with exstrophy will develop pelvic 
organ prolapse, and although pregnancy and 
introitoplasty is a risk factor about 30 % of women 
will have prolapse without pregnancy, secondary 
to the inherent lack of pelvic support in the exstro-
phy pelvis [ 28 ]. There is a chance of spontaneous 
abortion in secondary to pelvic organ prolapse in 
this population during pregnancy [ 29 ]. Women 
should be counseled appropriately regarding the 
higher risk of prolapse after pregnancy, and the 
likely need of surgical correction. Many surgical 
techniques have been described to fi xate the uterus 
to the sacrum, which resolves the prolapse.   

    Special Considerations 
in Assessment and Care Planning 

 Patients born with exstrophy have a major birth 
defect that affects urinary continence, sexual 
function, and self-image. As such, they are more 
prone to psychosocial and emotional distress, 
secondary to multiple surgical interventions, hos-
pitalizations, and outpatient visits throughout 
their lives. Sometimes, this results in trouble 
forming close emotional relationships with peers 
and sexual partners throughout adult life [ 32 ]. 
A multidisciplinary approach to the care of these 
children and their families is incredibly impor-
tant from the very beginning and should persist 
into adult care. This should include physicians, 
specialty nurses, and psychologists to help set 
expectations for the families at the time of diag-
nosis and for the patient throughout his/her life 

[ 31 ]. Obviously, the requirement for multidisci-
plinary care does not end when childhood ends. 
Rather, many of the “adult urological issues” 
they face in fact become more relevant as they 
navigate adulthood. For this reason and for the 
poorly described but widely accepted changes to 
continence and bladder function that occur after 
childhood, transition to an adult urological care 
team is imperative after these patients age out of 
pediatric care.  

    Conclusion 

 In adult life, it is critical that patients affected by 
BEE be followed clinically. This includes annual 
assessment of renal function and bladder func-
tion as well as screening for sexual dysfunction, 
fertility services, and age-related urological dete-
rioration (pelvic organ prolapse, etc.) During 
adult follow-up, it is important to address the 
patient in a holistic manner addressing all of 
these aspects. A seamless transition in their care 
and continued emotional and psychological sup-
port, with appropriate medical care will help 
these socialize more easily.      

 Summary 
 Adult patients with BEEC should be evalu-
ated annually with a complete physical 
exam,  including pelvic exam for women 
and assessment for the following:
 –    Renal function: renal ultrasound, serum 

creatinine, or GFR measurements  
 –   Bladder cancer risk assessment: fre-

quency of UTIs, hematuria, bladder pain, 
transplant status, and other risk factors.  

 –   Urinary continence status: method of 
bladder emptying; changes in urinary 
continence since prior visit, satisfaction 
with continence  

 –   Sexual function: desire, erectile/ejacu-
latory function (men), dyspareunia/
anorgasmia (women), satisfaction with 
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sexual function, and fertility consider-
ations/concerns  

 –   Nutrition: Serum chemistry, vitamin 
B12 levels if appropriate  

 –   Psychological health: counseling if 
appropriate or if desired.    
 Additional diagnostic imaging, including 

KUB, cross-sectional imaging, cystoure-
throgram, urodynamics, and cystoure-
throscopy may be warranted every 1–3 
years, depending on functional status, 
development of new symptoms, and prior 
reconstructive history. 

 BEEC patients should be followed by a 
urologist or pediatric urologist who feels 
comfortable with major reconstructive sur-
gery and the long- term complications that 
may need intervention. In addition, a multi-
disciplinary team including one or more of 
the following specialties should be consid-
ered as patient history and needs direct:
 –    Nephrology  
 –   Psychiatry/psychology  
 –   Internal medicine  
 –   Gynecology (women)    

 Orthopedics or physical medicine 
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            Introduction 

 The aim of the surgeon    in repairing a child’s 
hypospadias is to create a straight penis, a neo-
urethra of adequate caliber, a meatus at or near 
the tip of the glans penis, and normal voiding and 
good penile cosmesis with minimal complica-
tions. Modern techniques report an almost 90 % 
success rate but often have short-term follow-up. 
A successful repair in children is often judged by 
the cosmetic result and the quality of micturition. 
However, some urethroplasties deteriorate from 
childhood to adolescence. The high success rates 
often cited for various techniques are virtually 
impossible to report with certainty considering 
the fact that late stage failures are well docu-
mented and reported in the literature. A three- 
decade series from 1978 to 2009 by Prat et al. [ 1 ] 
found 4.6 % of 820 patients required further revi-
sion in adolescence. A recent population-based 
study on more than 5,000 patients found a 9 % 
secondary surgery rate for distal hypospadias 
repair ( n  = 3,553) and 32.2 % ( n  = 423) for proxi-
mal hypospadias repairs. Secondary surgery was 

also more common in children presenting at an 
older age [ 2 ]. 

 The degree of hypospadias and the type of 
repair utilized factored into the outcomes. In 
severe hypospadias, there is often proximal divi-
sion of the corpus spongiosum and signifi cant 
chordee. Achieving good long-term results for 
proximal hypospadias is far more challenging than 
for distal hypospadias. The defi nition of a success-
ful outcome has changed over time. In the past, 
success was defi ned as a subterminal coronal 
meatus without chordee. Hinderer et al. [ 3 ] stated 
confi dently that the long-term outcome of a hypo-
spadias repair can be predicted only after 2 years 
of follow-up. Johansson and Avellan [ 4 ] reported 
favorably on the long-term results of Denis Brown, 
a technique that is currently obsolete. These 
reviews suggest that short-term patient satisfaction 
may extrapolate to comparable long-term out-
come, although follow-up studies after sexual 
maturity has occurred are very limited and criteria 
for “success” have yet to be defi ned. As techniques 
have improved more literature has been published 
on psychosocial, micturition, ejaculation, and cos-
metic outcomes. Some of these reports include 
functional and anatomical complications as well 
as perceived poor cosmesis with a desire for fur-
ther surgical correction to look more normal. 
Bracka outlined the importance of the patient’s 
own satisfaction in the cosmetic appearance of the 
penis. In a  long- term survey, 40 % of his patients 
requested surgical revision [ 5 ]. The Cleveland 
Clinic experience [ 6 ] reported that the most 
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 common presenting complaints were voiding 
symptoms including dysuria, spraying, urgency, 
and urethrocutaneous fi stula. 

 Hypospadias repair in adults can be divided 
into three groups: the fi rst group are primary 
cases, the second group include patients who 
have had a previous repair during childhood and 
present with a complication, e.g., urethrocutane-
ous fi stula, persistent curvature, urethral stricture, 
urethral diverticulum, and poor cosmesis and the 
third group are patients who have undergone sev-
eral failed surgeries and previously referred to as 
“hypospadias cripples.” Failed multiple attempts 
at hypospadias repair often leaves the patient 
with a penis that is scarred, hypovascular, and 
shortened. In many patients, the type of repair as 
well as the number of surgeries that were done in 
childhood is not known. Frequently, the local tis-
sues cannot be used to assist in the repair and 
extragenital sources must be utilized. Herein, we 
describe the issues surrounding the adult hypo-
spadias patient and the management from our 
experience (Table  4.1 ) and the literature.

       History 

 Perhaps no other surgical condition in pediatric 
urology has inspired more surgical innovations 
than hypospadias. There are more than 200 sur-
geries that have been described for hypospadias 
correction and a recent Medline search revealed 
more than 5,000 publications on the subject. 
There is nothing new in hypospadias surgery that 
has not been previously described. As with any 

surgical procedure, the results we see today are 
directly attributable to the building process in 
medicine, capitalizing on other ideas, refi ning 
them and adding subtle improvements to end up 
with a surgical technique that is reliable and 
reproducible by other surgeons. 

 The signifi cance of chordee was appreciated 
by Galen in the second century AD and forgotten 
until Mettauer [ 7 ] in 1842 recognized skin short-
ening as a cause of chordee. It was not rediscov-
ered until 1967 by D.R. Smith [ 8 ] and 1970 by 
Lowell King [ 9 ] who reemphasized that the prin-
cipal structure of the penile curvature is com-
monly proximal to the meatal orifi ce, a concept 
described by Mettauer more than 100 years prior 
when he advocated “a succession of subcutane-
ous incisions until the organ is liberated” [ 7 ]. 

 In 1869, Professor C. Thiersch [ 10 ] reported 
that in 1857 and 1858 he tubularized the urethral 
plate in a child born with epispadias and credited 
the technique to August Brauser, his one-time 
assistant. Thiersch’s classic article illustrated the 
design of the fl aps and the asymmetric lateral 
incisions so that the suture lines are unopposed. 
In 1874, Duplay [ 11 ] described the tubularization 
of the urethral plate distal to the hypospadic 
meatus. He also stressed the importance of com-
plete chordee release before urethroplasty. 

 In prior years, glandular and coronal hypospa-
dias were often not repaired because the compli-
cations overshadowed the benefi ts of surgical 
correction. Duckett’s [ 12 ] meatal advancement 
and glanduloplasty technique (MAGPI) was 
designed to reduce the risks of formal urethro-
plasty in distal hypospadias. Zaontz [ 13 ] applied 
the Thiersch–Duplay principle to the repair of 
distal hypospadias. He reported excellent results 
with the glans approximation procedure (GAP), 
an operation indicated for patients with coronal 
meatus and a deep glandular groove. This proce-
dure can be used in adults with equal success. 
Midline incision of the urethral plate was fi rst 
reported by Reddy in 1975 [ 14 ]. He made the 
incision to excise the “fi brous tissue” in the mid-
line that he believed to be the cause of chordee. 
He then combined the incision with the Thiersch–
Duplay method and tabularized the urethral plate. 
Rich et al. [ 15 ] incised the plate to create a  normal 

   Table 4.1    Adult and adolescent hypospadias repair 
1980–2011 (18–39 year olds)   

 Presenting complaint   N  

 Chordee (11 fi stula)  41 
 Urethral stricture + chordee or fi stula  35 
 Lichen Sclerosis (LS)  11 
 Hairy urethra (stones or retention)  8 
 Spraying of urine/subterminal meatus  57 
 Aesthetic concerns ± spraying  59 
 Primary repair (6 distal, 4 mid-penile)  10 
 Total  221 

  Personal experience  
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slit-like meatus by hinging the distal urethral 
plate longitudinally in the midline, but Snodgrass 
[ 16 ] reported and popularized the tubularized 
incised plate urethroplasty (TIP) repair which is 
currently the most widely used technique.  

    Epidemiology 

 Hypospadias is the most common urogenital 
malformation second only to cryptorchidism and 
occurs in 1/250–300 [ 17 ,  18 ]. It has been previ-
ously postulated that the incidence of hypospa-
dias in children is rising [ 19 ]; however, 
subsequent studies have not shown the same 
results [ 20 ]. Hypospadias has been associated 
with advanced maternal age [ 21 ,  22 ] and in vitro 
fertilization [ 23 ]. 

 Given the dearth of longitudinal literature on 
hypospadiacs, little is known about the natural his-
tory of this population. While it is well documented 
that hypospadias patients—both previously 
repaired and never-repaired, frequently present 
with urinary complications in adolescence and 
adulthood [ 6 ,  24 ], the “hypospadias cripple” pres-
ents the greatest surgical challenge and these 
patients are subject to the highest complication 
rates [ 25 ]. The incidence of late complications is 
uncharacterized, with some studies reporting about 
50 % of patients experiencing some complications. 
While about 1/3 of these complications occur in the 

fi rst 5 years, nearly 1/5 of the complications occur 
after 5 years [ 26 ]. Importantly, this study did not 
include patients who underwent staged reconstruc-
tions, and therefore, this cohort represents a group 
of patients with “mild to moderate” defects. 
Complications can come in the form of cosmetic 
issues, chordee, fi stula/diverticulae, foreign mate-
rial in the urethra (typically hair/stone), and recur-
rent stricture. Surgical therapy therefore must be 
tailored to the complication and a detailed discus-
sion of all these problems is beyond the scope of 
this project.  

    Long-Term Outcomes: Psychosocial, 
Erections, Ejaculation, Micturition 
(Figs.  4.1 ,  4.2 ,  4.3 , and  4.4 ) 

       Questions on the long-term adjustment of patients 
have now become de rigueur and a number of 
validated study questionnaires have been devel-
oped to follow these patients into adolescence 
and adulthood to assess the quality of repair and 
perhaps illustrate the importance of continued 
follow-up. Unfortunately, not all studies use vali-
dated questionnaires and therefore comparing 
results is problematic. As evidenced by the 
increasing literature on hypospadias failures pre-
senting in adulthood, hypospadias in childhood 
has the potential to produce long lasting effects 
well into adulthood. 

  Fig. 4.1    116/221 adults complain of spraying from subterminal meatus and poor aesthetics       
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  Fig. 4.2    Urinary spraying, subterminal wide meatus and spongiosum defi ciency ( arrow ). GAP repair and spongiosal 
approximation to prevent diverticulum formation       

  Fig. 4.3    Distal urethroplasty and glandular sculpting for urine spraying and cosmesis       

  Fig. 4.4    ( a ) Urine spraying: GAP repair. ( b ) Suture tracts: glans sculpting       
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 When reviewing studies on long-term patient- 
centered outcomes, it is important to consider the 
timeline in which the repairs were performed. 
Older techniques have historically worse out-
comes and have fallen out of favor, infl uencing 
the reported outcomes. Adults and adolescents 
with subterminal or irregular meatus who had 
proximal hypospadias repaired during childhood 
often complain of spraying and angulation of their 
urinary stream. These patients also commonly 
note post-void dribbling of urine and the need to 
milk the ejaculate as the seminal fl uid stagnates in 
the neourethra which lacks spongiosum tissue. In 
our experience, 116/221 (52.4 %) adolescents and 
adults with previous hypospadias repair com-
plained of urine spraying and aesthetic concerns. 
They reported more sexual dissatisfaction as well 
as dissatisfaction with penile appearance. 
However, the majority had no diffi culty with sex-
ual intercourse except in patients with signifi cant 
curvature. 

 In 1989, Bracka published a long-term follow-
 up of 213 patients with a history hypospadias in 
childhood of whom 196 had undergone surgery 
[ 27 ]. This landmark study followed patients with 
questionnaires and physical examinations for 
those who had a “meatal ventralizing or terminal-
izing repair” of hypospadias. Patients were 
assessed for location of meatus, urinary dysfunc-
tion, appearance, penile size, sexual behavior and 
performance adequacy of follow-up and guidance. 
The impetus for review was based on older reports 
that patients did not need long-term follow- up 
after hypospadias repair. The number of proce-
dures required for repair varied from 3.6 to 7.2 
with higher numbers in those with “short urethra” 
and proximal hypospadias. On review, many of 
the patients had a sub-glandular meatus, which 
Bracka theorized was due to retraction during 
growth. Not surprisingly, these patients also 
reported more spraying on the questionnaire. 38 % 
of patients reported feeling deformed and 72 % 
felt appearance was just as important as function. 
When asked about understanding of their condi-
tion, a surprising 60 % had never heard of hypo-
spadias and the Bracka postulated that ignorance 
of their condition caused further social anxiety. In 
fact, on further review 44 % of patients requested 

further surgery for dissatisfaction with stream, 
appearance, residual curvature, or  stricture. In 181 
patients who had reached sexual maturity, 1/3 felt 
inadequate about the size of the penis and in those 
who underwent proximal hypospadias repair 
penile length was shorter in fl accid, stretched and 
erect position compared to the more distal repairs. 
While 77 % reported having had satisfactory sex-
ual intercourse, ejaculatory complaints predomi-
nated with 33 % of patients reporting dribbling 
ejaculation and 4 % dry ejaculate. 

 Mureau et al. [ 28 ] reported outcomes in 116 
patients who underwent hypospadias repair 
between 1960 and 1992 at two different hospitals. 
The patients were compared to a group of 88 con-
trols who had undergone inguinal hernia repair. 
A semistructured interview was performed in 
boys with an average age of 14.4 years vs. 
13.9 years for controls. Patients with hypospadias 
were more likely to have anxiety and inhibition in 
seeking sexual contact and 25 % were dissatisfi ed 
with penile appearance. The severity of hypospa-
dias or number of surgical procedures did not 
seem to differ between the groups. However, 
19 % of patients in whom surgery was performed 
after 6 years of age were less satisfi ed with the 
surgical result and had a worse genital view than 
the younger children. Older boys at the time of 
study (13–18 years) were less satisfi ed with 
appearance than their younger counterparts (9–12 
years), 31.6 % vs. 13.2 %, respectively. Overall, 
39 % patients expressed desire for further correc-
tion. The importance of early hypospadias surgery 
was reiterated by Jones et al. [ 29 ] who demon-
strated that using validated questionnaire, 
Hypospadias Objective Scoring Evaluation 
(HOSE) 80 % of patients had excellent surgical 
outcome. They concluded that when surgery was 
completed before age 5 years, boys had no preop-
erative memories. An association was found 
between no recollection of surgery and satisfac-
tion with body appearance. The HOSE scheme 
comprises fi ve domains including meatal loca-
tion, meatal shape, urinary stream, curvature at 
erection and fi stula. 

 In a recent study, Chertin et al. [ 30 ] reported 
objective and subjective sexual outcomes in 119 
adult patients (older than 18 years) who had their 
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hypospadias repair performed in childhood 
between 1978 and 1993. In addition to the Index 
of Erectile Function (IIEF), they used an invali-
dated questionnaire of patient perception of psy-
chological well-being and penile appearance. 
Patients were divided into three groups based on 
the location of the original meatus: group 1 
included 45 patients with glandular hypospadias, 
group 2 consisted of 56 with distal hypospadias 
and group 3 included 18 patients with proximal 
hypospadias. Multiple techniques were used at 
the time of initial repair. Almost all patients who 
had glandular and distal hypospadias were satis-
fi ed with penile appearance whereas only 11 % in 
the proximal group were pleased. Mild erectile 
dysfunction was reported in 50 and 72.2 % in 
those with distal and proximal hypospadias, 
respectively; however, 16.7 % of the proximal 
hypospadias group reported moderate erectile 
dysfunction. Premature ejaculation was common, 
reported to be present in 88 %. Additionally, more 
patients with proximal hypospadias reported 
decreased sexual quality of life compared with the 
distal and glanular hypospadias groups. 

 Long-term outcomes in patients with a history 
of proximal hypospadias are scarce. Lam et al. 
[ 31 ] performed two-stage hypospadias repair in 
44 boys with severe hypospadias and chordee. 
The average age at response was 15.6 years. The 
surgeons reported all patients had a satisfactory 
physical examination However, ten patients 
reported minor urine spraying, ten had to milk 
the urethra to completely eliminate, seven com-
plained of minor post-void dribbling and fi ve 
others complained of pain or a weak stream. Of 
the 20 patients who reported ejaculation, 9 had to 
milk the urethra Aulagne et al. [ 32 ] also reported 
outcomes in severe hypospadias in 27 patients 
(age 20–35) all of whom had associated chordee. 
Various surgical techniques were used. In addi-
tion to non-validated questionnaires, the authors 
used the Hypospadias Objective Scoring evalua-
tion (HOSE) questionnaire. Additional repairs 
not named included scrotal and penile skin fl aps. 
Micturition was evaluated, and only 15 % of 
patients had no urinary symptoms. Almost half 
the patients experienced dribbling. None of the 

patients reported problems with erection while 
11.1 % reported retrograde ejaculation. Cosmesis 
was noted to be slightly abnormal by 51.9 % 
patients while 22.2 % felt it was considerably dif-
ferent. Five patients reported slight to moderate 
curvature. 

 Mondaini et al. [ 33 ] performed a cross- 
sectional analysis of men with hypospadias and 
compared them to 500 controls. Men with hypo-
spadias were less likely to initiate sexual contact, 
especially if they had more operations. Only 
16.6 % had sexual intercourse compared to 42 % 
of controls; however, all reported satisfaction 
with the experience. More patients reported poor 
genital appearance (26.1 % vs. 2 %) compared to 
controls as well. 

 In a comprehensive review of the literature, 
Rynja et al. [ 34 ] performed a meta-analysis and 
reviewed general results, micturition, urofl owm-
etry, cosmesis, sexuality, and relationships. They 
included 20 studies with 1,069 patients and 
reported outcomes compared to controls if 
included in the original study. The authors also 
evaluated patients with severe hypospadias. 
Mean age at follow-up was 27 years (14.0–34.7) 
and the patients had an average of 2.7 operations. 
There were 742 subjects in the control group. 
Patients with hypospadias were more likely to 
complain of lower urinary tract symptoms includ-
ing spraying and dribbling (>50 % of the time). 
Urofl owmetry revealed lower  Q  max  compared to 
controls (5–39 mL/s vs. 11.9–64.6 mL/s) but 
mean Q max did not differ. 

 Patients with severe hypospadias were signifi -
cantly less satisfi ed with penile appearance com-
pared to other hypospadias patients and controls, 
although overall 33.5 and 35.4 % of hypospadias 
patients and controls, respectively, felt their penis 
was abnormal compared to their peers. 

 It is important to note that surgeon perception 
may be different than patient perception regard-
ing successful outcome. Mureau et al. [ 35 ] found 
overall patients were less satisfi ed compared to 
the surgeon with overall genital perception 
including glandular size and shape, penile thick-
ness, fl accid penile size and appearance of scro-
tum and testes. After physical exam 11 % of boys 
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went onto further surgery due to fi stula, curva-
ture, and location of meatus,  fi ndings that did not 
prompt them to seek out surgery before the offi ce 
visit. This study highlights the importance of 
patient-reported outcomes in long- term studies 
related to penile surgery.  

    Conclusions 

 Body image development occurs in stages and 
puberty stands out as a particularly sensitive time 
as the teenager undergoes major changes in his 
physical appearance. Adolescents become more 
self-aware and develop the capacity for self- 
refl ection and sexual experience. They depend 
heavily on what others think and respond with 
complex emotional reactions. There is signifi cant 
pressure to conform to normality in the present 
image-conscious society. Hypospadias patients 
may have more negative genital appraisal and 
anticipated ridicule by a partner [ 28 ]. A signifi -
cant number of the adults born with proximal 
hypospadias encounter micturitional, ejaculatory, 
and psych- sexual diffi culties. 

 The majority of adults born with distal hypo-
spadias corrected by a modern well-executed 
“terminalizing” technique are satisfi ed with their 
genital appearance. However, long-term out-
comes for the modern procedures of the twenty- 
fi rst century remain to be elucidated in the future. 

 For primary hypospadias repair, a near-perfect 
functional and aesthetic result represents a suc-
cessful outcome and is indeed achievable for 
many using modern techniques. However, for the 
minority who require multiple surgeries, which 
compromised the quality of the genital tissues, 
the outcome can be severely disabling and the 
patient is required to accept a lower standard for 
success. For example, a patient who has endured 
multiple surgical failures is happy to void through 
a subterminal or even a coronal meatus, but such 
an outcome would be unacceptable in a primary 
repair of a “virgin” hypospadias. Progress in 
hypospadias surgery will require long-term 
patient-reported outcome studies to better deter-
mine how the patients fare in adolescence and 
adult life. 
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            Introduction 

 Treatment of the urologic sequela of myelome-
ningocele (MMC) in children is an exceedingly 
complex endeavor. Remarkable technical prog-
ress in the past several decades has resulted in 
between 50 and 94 % of these MMC patients once 
destined for death to survive to adulthood [ 1 ]. 
Indeed, due to a combination of decreasing inci-
dence due to vigilant prenatal prophylaxis as well 
as comprehensive urologic care for patients with 
MMC to protect renal function, the tide has 
shifted and the majority of contemporary MMC 
patients are actually adults. Yet very few mecha-
nisms exist to insure a continuity of care for this 
unique population, particularly with regard to 
sexual function and fertility. The protean issues 
revolving around the topics of sexuality and 
reproduction in female MMC patients progress-
ing to adulthood presents a constellation of chal-
lenges for the adult urologist managing their care. 
Herein, we will discuss some of the critical con-
siderations and barriers for counseling and man-
agement of the female MMC patient with regard 
to sexuality and reproduction. 

 For many of the young men and women 
 transitioning to adult care, issues regarding sex-
ual and reproductive health are unsurprisingly of 
increasing importance. Often the fi rst adult clinic 
visit to urology presents the primary opportunity 
for many of these patients to begin to explore 
these matters of substantial social consequence. 
Unfortunately, reports suggest that for the MMC 
population, only a small percentage described 
discussing sexuality issues with a physician [ 2 ]. 
A combination of unfamiliarity with available 
 literature, a dearth of well-designed studies to 
help guide evidence-based counseling, and dis-
tinctive, highly individualized situations often 
result in management dilemmas for physicians 
and patients alike. Documented experience, par-
ticularly with regard to recommendations regard-
ing pregnancy, is often anecdotal and based on 
small case reports or consensus opinion of expe-
rienced surgeons. 

 Tremendous barriers exist for MMC with 
regard to providing standard diagnostics and 
treatments for urologic care due to the vast array 
of potential pathophysiologic issues. Evolution of 
our counseling for the MMC population will most 
certainly expand in the coming decades as more 
of these patients survive to adulthood with func-
tional capacity to embark on sexual activity and 
pregnancy. Herein, we review available literature 
regarding practical considerations for counseling 
and management female patients with MMC 
desiring pregnancy, particularly those following 
genitourinary reconstruction.  
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    Sexual Function 

 Initial assessments of the MMC population 
regarding sexual function were fundamentally 
focused on neuroanatomy and loss of sensory 
capabilities [ 3 – 6 ]. Recapitulating the societal 
bias driving abundant research in normal male 
versus female sexual function, a similar differen-
tial emphasis appears regarding studies in MMC 
females. Even as the fi eld of normal female sex-
ual dysfunction evolves, are analogous outcome 
measures such as desire, lubrication, and orgasm 
directly adaptable in the MMC population? 

 Vertebral column abnormalities may manifest 
in an array of sensory and motor defi cits and 
resultant sexual dysfunctions theoretically corre-
late to the level of the spinal defect [ 3 ,  6 ]. In gen-
eral, patients with MMC can be divided into three 
groups defi ned by motor level: (1) lesions at or 
above L2 (essentially all wheelchair bound 
patients); (2) lesions between L3 and L5 (patients 
may ambulate with braces/aids/surgical proce-
dures); and (3) lesions at or below S1. Still, since 
the defect in the developmental pathway is unique 
in every patient, the ultimate sensory and motor 
manifestations, as well as cognitive and emotional 
development relating to sexual function, must be 
assessed individually. Females with MMC most 
frequently display normal genital and reproduc-
tive anatomy, but may be short for their age, 
wheelchair bound, and restricted by muscular 
deformities such as kyphoscoliosis [ 5 ]. 

 However variable the manifestations of MMC 
lesion level, commonly patients with defi cits at or 
below S1 display minimal neurologic defects and 
may display near normal sexual function [ 4 ]. 
However, some authors have suggested that even 
for higher level lesions, clinical experience 
reveals the absence of genital sensation does not 
preclude sexual satisfaction and therefore alter-
native sensory pathways may dominate [ 5 ]. One 
important consideration occurs in patients with 
autonomic dysrefl exia as orgasm may result in 
painful contractions or incontinence depending 
on the level of bladder fi lling [ 7 ]. Additionally, 
lack of vascular engorgement in MMC patients 
due to defects in the parasympathetic pathway 

may predispose to issues with vaginal secretions 
during intercourse which would benefi t from 
usage of soluble lubricants. 

 An often inconspicuous factor which the prac-
titioner is obligated to address revolves around the 
psychosocial impairments frequently existent in 
the MMC population [ 8 ]. The process of normal 
adolescent development and sexual maturation 
may be exceedingly complex in this population 
due to a variety of factors. Socialization with 
peers, a dominant factor in the development of 
successful sexual relationships, may be a particu-
lar hardship for many female patients with MMC 
[ 8 ]. Interestingly, lesion level does not appear to 
affect the ability of the MMC patient to form rela-
tionships [ 9 ]. Prominent risk factors contributing 
to characteristic delayed social development may 
include actual cognitive handicap, poor manual 
dexterity, lack of educational opportunities 
regarding psychosexual issues, and a dominant 
parental infl uence [ 5 ]. Due to the intricacies of the 
caretaker/parent relationship that may have 
evolved with the disabled patient, there appears to 
be a discernible absence of the normal adoles-
cent–parent confl ict in MMC patients [ 10 ]. This 
confl ict is essential to developmentally shift the 
adolescent away from the parent- centered to the 
peer-centered relationship. Factors that promote 
defi ance during young adulthood may be magni-
fi ed for MMC adolescents and negatively impact 
patient compliance. 

 Concerns of fertility and sexuality may arise 
prior to the capacity to transition to an adult 
 provider. Indeed, the female MMC patient is prone 
to precocious puberty with many patients under-
going menarche at as early as ages 6–9 [ 5 ,  11 ]. The 
comorbid defi cits in the hypothalamic–pituitary–
gonadal axis, particularly in individuals with 
hydrocephalus are understood to contribute to 
development of premature sexual characteristics 
which the family and patient are often poorly pre-
pared to address [ 12 ]. Mobility impairments may 
produce diffi culties with hygiene, further impacting 
evolving body image concerns [ 13 ]. Delayed psy-
chosocial development, impaired executive function 
teamed with premature physiological develop-
ment leads to even more widening of the gulf 
between physiological readiness and psychological 
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readiness with respect to sexual function. Patient 
education, including the use of latex-free barrier 
contraception, remains an important role of the 
urological health care provider in minimizing risk 
during this vulnerable period. 

 After preservation of renal function, conti-
nence remains a primary goal for management of 
both the pediatric and adult MMC patient. 
Continence becomes an increasing social issue 
with aging and the development of a woman’s 
sexual identity. Numerous studies have under-
scored this relationship demonstrating a principal 
barrier to development of intimate relationships 
for the MMC population is concern for inconti-
nence [ 2 ,  14 ]. Additional questionnaire-based 
evaluations have confi rmed that a key predictor 
for the MMC patient’s capacity to fi nd a partner 
and engage in sexual activity was lesion level, 
favoring those with lower lesions [ 9 ]. One critical 
infl uence in assessing predictors of sexual part-
nering was the presence of hydrocephalus which 
appears to signifi cantly diminish socialization 
capacity and associated sexual functioning [ 15 ].  

    Sex Education 

 Of key concern for the transition practitioner 
involves building expectations with the individual 
MMC patient, creating an environment of inde-
pendence, and promoting patient self- management 
and confi dence. Discussion of sexual develop-
ment topics are certain to be complex, particularly 
in situations of high-level parental involvement, 
but must be accommodated to appropriately 
 propel transition to adult-centered care for this 
vulnerable population. 

 Contemporary studies investigating levels of 
sex education and exploring desires for partner-
ing and pregnancy in women with MMC have 
revealed the majority of young adults with MMC 
have had sexual experiences and have similar 
desires with regard to relationships, sexuality, 
and pregnancy as their normative counterparts 
[ 15 – 17 ]. In a questionnaire-based survey of 
MMC patients and their parents, 95 % of patients 
indicated inadequate knowledge about sexual 
and reproductive health relating to MMC and 

59 % of parents considered they had inadequate 
knowledge [ 2 ]. Not surprisingly for a population 
primarily managed by pediatric specialists, only 
39 % of patients had discussed sexuality issues 
including fertility, heredity, pregnancy, and con-
traception with a physician. In an Italian popula-
tion of almost 300 MMC patients, alarmingly 
only 5 % of female patients actually discussed 
sexuality with a health care provider [ 9 ]. 

 Not surprisingly, 93 % of MMC adolescents 
and 100 % of parents reported they would cate-
gorically discuss reproductive issues if the dia-
logue was initiated by their doctor. Although 
somewhat lower than age-matched controls, a 
signifi cant degree of sexual intimacy was reported 
for MMC patients, with 60 % reporting an inti-
mate relationship, and 25 % reporting sexual 
intercourse [ 2 ]. 

 Overall, increasing awareness must squarely 
rest on the treating practitioner and discussion of 
sexual and reproductive subjects should be inte-
grated into patient counseling. Nearly, all reports 
in the literature demonstrate a discrepancy 
between sexual desire and activity in the MMC 
population demonstrating that many patients may 
enjoy dramatic quality of life enhancement when 
appropriately counseled.  

    Latex Allergy 

 Pediatric urologists are intimately familiar with 
the incidence and risks of latex allergies in the 
MMC population which have been estimated to 
approach an incidence of 60 % [ 18 ]. Although 
most urologists and obstetrician/gynecologists 
may be accustomed with and prepared for the 
intraoperative consequences of a latex allergic 
reaction, special considerations may be neces-
sary when counseling patients regarding sexual-
ity and birth control [ 19 ]. Primarily, patients must 
be cognizant to utilize latex-free condoms, sexual 
aids, and intrauterine devices [ 20 ]. Of additional 
concern with intrauterine devices is the potential 
amplifi ed risk for pelvic infection. For the 
 immobile patient, use of estrogen/progestin 
 contraceptives may also escalate risk for throm-
botic events [ 21 – 23 ]. 
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 Preconception counseling is strongly encour-
aged when the opportunity exists and the 
 pregnancy is planned. Involvement of a multidis-
ciplinary team with high-risk obstetrics, recon-
structive urology, anesthesiology, orthopedics, 
and neurosurgery should be considered for con-
sensus decision-making for the MMC female 
desiring pregnancy. Provision for social work 
counseling may furthermore be valuable. Genetic 
components of neural tube defects must be 
clearly delineated for MMC patients desiring 
conception. Risk of transmission to offspring if 
one parent is affl icted with MMC is variably 
quoted at 1–8 % [ 24 – 26 ]. The threat is identical 
if the affected parent is male or female; however, 
the incidence in female offspring is 1 in 13 and 
diminishes to 1 in 50 for male children. However, 
if both parents are affected, the neural tube defect 
transmission rate increases dramatically to 15 %. 

 Since polymorphisms in the folic acid metabo-
lism pathway are considered primary defi cits in 
the development of neural tube defects, promo-
tion of folic acid supplementation for women 
desiring pregnancy is of critical importance [ 27 ]. 
By the early 1990s, a substantial public health 
effort was initiated in the United States through 
the collaboration of the Centers for Disease 
Control, Health Services Administration, Food 
and Drug Administration, and the National 
Institutes of Health [ 28 ]. This program involved a 
three-stage approach for the prevention of neural 
tube defects: (1) dietary supplementation of 
0.4 mg of folic acid for low-risk women and 4 mg 
of folic acid for high-risk women of childbearing 
age; (2) improvements in dietary habits; and (3) 
fortifi cation of the US food supply. Notably, com-
pared to routine supplementation of women with-
out MMC of 0.4 mg folic acid per day, doses of 
4–5 mg per day have been advocated for the 
MMC patient desirous of fertility [ 5 ,  28 ]. 
Prophylaxis is currently recommended with folic 
acid supplementation for 3 months prior to preg-
nancy and continuing through week 12. Despite 
this regime, there remains a risk for development 
of MMC due to inborn errors of metabolism or 
discrepancies in the absorption of folic acid 
 products [ 29 ]. Additional genetic, dietary and 
 epigenetic alterations responsible for these 

 continued hazards for development of neural tube 
defects are topics of vigorous current research 
 initiatives in the post-folate supplementation era. 

 Monitoring and counseling of progeny for neu-
ral tube defects should be employed and tailored to 
the individual desires of the parents [ 30 ]. Prenatal 
diagnosis of neural tube defects has been incorpo-
rated into routine prenatal care via screening. 
Screening prior to 20 weeks is now standard with 
the use of serum testing, high resolution ultrasound 
and chorionic villous sampling, providing earlier 
diagnosis and greater opportunities for elective 
 termination if the parent(s) desire that option. Fetal 
magnetic resonance imaging (MRI) may also serve 
as an adjunct imaging modality with ultrasound to 
improve prognostic prediction.  

    Fertility 

 In general, females with MMC are considered to 
have normal fertility with up to 70 % of those 
who conceive having successful pregnancies 
[ 19 ]. However, as discussed in further detail 
below, the gravid uterus may impact already ten-
uous balance and ambulation issues, ventriculo-
peritoneal (VP) shunt drainage, bowel and 
bladder function, urinary diversion function, skin 
integrity, pulmonary function, cardiac function, 
and foremost, urinary infection risk. 

 For patients who have previously undergone 
extensive pelvic surgery, experienced authors 
have suggested that visceral adhesions may nega-
tively affect fertility due to uterine retrofl exion 
and concomitant issues with conception and 
implantation [ 31 ].  

    General Considerations 
in Pregnancy 

 Each woman with MMC presents a unique chal-
lenge for the practitioner. The myriad consider-
ations include the patient age, underlying 
comorbid disease, genetic implications for the 
offspring, pelvic bony and muscular anatomy, 
obesity, urinary diversion status, prior abdominal 
surgeries, renal function, presentation of the fetus, 
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and even considerations for care of the infant. 
Appreciation of these physiologic, anatomic, and 
social considerations should guide the physician 
to optimize organization of multidisciplinary care 
for these women. 

 With regard to urinary diversion, pregnancies 
for MMC patients most often follow reconstruc-
tion by many years. Initial goals of urinary recon-
struction for the MMC patient were likely initially 
aimed at protection of renal function and social 
continence with few considerations for eventual 
pregnancy. Although each reconstruction presents 
unique challenge, some concepts may be broadly 
applied for the MMC patient. Foremost is recogni-
tion that the greatest risk factor for worsening 
renal function in pregnant women with or without 
urinary reconstruction is preexisting renal insuffi -
ciency [ 32 ]. Signifi cant pregnancy-related loss of 
maternal renal function along with development of 
new onset hypertension has been demonstrated, 
increasing the complication rates of preterm deliv-
ery and growth retardation [ 33 ,  34 ]. Superimposed 
on the issues of renal function is the recognition 
that many of this MMC population may have a 
solitary kidney due to congenital absence or loss 
from dysfunction [ 31 ]. It is critical to initiate 
assessment with a measurement of a non-creati-
nine-based estimate of glomerular fi ltration rate 
(GFR) as opposed to creatinine-based methods, as 
altered body habitus (atrophied lower extremities) 
and lower creatinine generation (nonambulatory) 
results in creatinine-based methods substantially 
overestimating GFR. 

 Combined with the increased risks for devel-
opment of urolithiasis demonstrated for patients 
with urinary diversion are the complexities of the 
physiologic and anatomic changes which accom-
pany pregnancy. Risk for both upper and lower 
urinary tract calculi in patients with bladder aug-
mentation have been variably estimated from 9 % 
to as high as 50 % [ 35 ]. Although some hazard 
may be attributed to anatomic parameters such as 
incomplete emptying of continent reservoirs or 
native bladders, additional contributing factors 
include chronic bacteriuria, intravesical foreign 
bodies, mucus secretion, metabolic acidosis, 
enteric hyperoxalura, as well as the typical dietary 
culprits [ 36 ,  37 ]. Physiologic and anatomic 

changes which occur with pregnancy may exacer-
bate the complexities of the MMC predisposition 
for calculi. Notably, the extrinsic obstruction of 
the ureter by the gravid uterus against the pelvic 
brim may certainly exacerbate preexisting hydro-
nephrosis and urinary stasis, potentially predis-
posing to worsening renal function or urinary 
infection in this vulnerable population. This 
hydronephrosis of pregnancy tends to worsen dur-
ing weeks 20–28 of gestation requiring increased 
vigilance of monitoring during this period [ 38 ]. 

 Fortunately, due to the protective effects of 
increased secretion of several inhibitors of uri-
nary stone formation such as citrate, magnesium, 
and glycosoaminoglycans, even patients with a 
known history of stone disease do not experience 
an increased rate of urolithiasis during pregnancy 
[ 39 ]. However, management of the MMC patient 
with altered body habitus and potential urinary 
diversion status at baseline necessitates high 
 levels of awareness and expertise with modes of 
diagnosis and management if development of 
clinically signifi cant stones manifest during preg-
nancy. Of particular concern in this population is 
the altered sensory capacity to recognize upper 
tract obstruction which may delay care until 
 sepsis and acute renal failure present, which may 
endanger the pregnancy. 

 There is little guidance with regard to the 
 presence of a retained bladder for those patients 
with diversion without concomitant cystectomy. 
Some authors suggest that concerns involving a 
retained nonfunctional bladder, such as pyocys-
tis, may unfortunately only become overt during 
pregnancy [ 31 ]. Optimal drainage of the native 
bladder with a patent urethra may be achieved 
during the acute phase with catheter drainage; 
however, this option will need to be individual-
ized for each patient’s clinical situation. 

 Notable matters in addition to hydronephrosis 
which may manifest during the MMC pregnancy 
include compromise of vascular perfusion of the 
diversion bowel segment, intestinal obstruction, 
stenosis or prolapse of a urostomy, compression 
of catheterizable channels, as well as metabolic 
complications [ 31 ]. Of particular interest in 
patients with ureterosigmoidostomy is the possi-
bility of mechanical deformation of the sigmoid 
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or ureteral anastomoses, potentially resulting in 
disruption of the ureteral implants or incomplete 
emptying. Notably, rectal sphincter function nec-
essary for appropriate function of the ureterosig-
moidostomy may be compromised by vaginal 
delivery, leading to de novo urinary and poten-
tially fecal incontinence [ 31 ]. 

 Several reports exist regarding the effect of the 
expanding uterus on mesenteric blood supply to 
an intestinal segment previously utilized for blad-
der augmentation or urinary diversion. Reports 
have noted that the pedicle supplying an ileal 
conduit is displaced cephalad and lateral to the 
expanding uterus, whereas the pedicle usually 
remains anterior to the uterus following augmen-
tation cystoplasty [ 40 ,  41 ]. Fortunately, it has 
been described in the majority of patients that 
pregnancy slowly increases tension on the mes-
entery, leaving ample time for adaptation [ 31 ]. 
Although it should always remain a consideration 
for delivery planning, it appears that adherence of 
the mesentery to the uterus is also rare [ 41 ,  42 ]. 

 Patients without bladder neck closure may 
experience de novo incontinence secondary to 
pressure from the expanding uterus which in 
most instances is expected to resolve following 
delivery [ 43 ].  

    Intermittent Catheterization 

 Due to the expanding size of the gravid uterus 
coupled with frequently compromised body habi-
tus and mobility, issues with intermittent cathe-
terization may manifest as pregnancy progresses. 
These diffi culties are not exclusive to compres-
sion of a continent catheterizable channel but 
may also present in patients utilizing their native 
urethra for catheterization.  

    Augmentation Cystoplasty 
and Pregnancy Testing 

 One specifi c caution regard the diagnosis of 
 pregnancy in the MMC with an augmented blad-
der. Due to false-positive readings resulting from 
urinary changes following interaction with the 

bowel mucosa, urine-based pregnancy tests are 
not recommended and the use of serum human 
chorionic gonadotropin (HCG) is preferable [ 44 ]. 
Common practice for patients with bladder aug-
mentations involves initial performance of urine 
HCG testing prior to any invasive, anesthetic, or 
radiologic procedures. If this preliminary test is 
positive, it is suggested this be followed with a 
serum HCG analysis, which is standard for 
obstetric practice to follow during pregnancy.  

    Continent Catheterizable Stoma 

 Patients with continent channels may experience 
de novo stomal diffi culties during pregnancy 
[ 38 ,  42 ]. Such problems may be secondary to 
changes in body habitus, particularly if the chan-
nel is located in the right lower quadrant. 
Enlargement of the uterus may compress and 
stretch the channel, making catheterization 
increasingly diffi cult during progression of the 
pregnancy. Such channel changes are typically 
expected to resolve following delivery. Alternative 
catheterization techniques, such as use of a coude-
tip catheter, may occasionally be necessary. If the 
patient remains with a patent urethra and the 
 procedure is technically feasible, use of native ure-
thral catheterization may be indicated. 
Occasionally, the increased intra-abdominal pres-
sure of the uterus can result in stomal prolapse or 
parastomal herniation, which again the patient 
may anticipate to resolve following delivery.  

    Urinary Tract Infection 

 Perhaps the most prevalent concern for patients 
with MMC and urinary diversion during preg-
nancy is the management of urinary tract infec-
tion. In the general population, there is no 
difference in the incidence of asymptomatic bac-
teriuria between pregnant and nonpregnant 
women. However, most patients with a continent 
diversion or augmentation cystoplasty can expect 
chronic, or at the very least intermittent, bacteri-
uria related to clean intermittent catheterization. 
Although in many situations in patients with 
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bladder augmentation or performing CIC such 
asymptomatic bacteriuria is not treated, in preg-
nancy alternate considerations for fetal risk must 
be accommodated. It is well recognized that the 
rate of pyelonephritis during pregnancy increases 
to 16–18 % of women who previously underwent 
urinary diversion and such infections can lead to 
preterm labor, fetal wastage, and infants small for 
gestational age [ 31 ,  45 ]. A similar risk profi le 
appears to be present following augmentation 
cystoplasty with several small series reporting up 
to 60 % rates of UTI and pyelonephritis [ 38 ,  41 , 
 43 ]. Due to the potential catastrophic conse-
quences of early pyelonephritis to the fetus, many 
physicians recommend use of daily antibiotics 
for these complex patients [ 32 ]. Of course, the 
potential teratogenic effects of the antibiotic com-
pounds must be considered with such decisions 
[ 46 ]. One reasonable approach would be reserving 
daily antibiotic use to those patients in the highest 
risk categories, i.e., those with baseline or new 
onset hydronephrosis, multiple symptomatic 
infections, or a history of pyelonephritis before 
pregnancy. Other authors advocate culture surveil-
lance and treatment only in the context of symp-
tomatology, much as they would treat these 
patients outside pregnancy [ 32 ]. This debate 
remains active and no consensus of opinion exists; 
however, American College of Obstetricians and 
Gynecologists consensus panel for the treatment 
of asymptomatic bacteriuria in pregnant women 
with spinal cord injury recommends “Frequent 
urine cultures (with appropriate treatment) or anti-
biotic suppression.” (ACOG Committee Opinion 
#275, September 2002, reaffi rmed 2005).  

    Mode of Delivery 

 Equally controversial to the management of uri-
nary tract infections is guidance regarding the 
mode of delivery for the infant. Before accurate 
counseling and planning for delivery, priority 
must be given to obtaining comprehensive 
records on prior surgical interventions and uri-
nary tract evaluations including urodynamics and 
upper tract studies. Although often the complete 
operative record will not be available for review, 
obtaining as much primary source information 

regarding specifi c procedures cannot be under-
scored. Individual practice patterns for pediatric 
reconstruction in addition to often multiple oper-
ative revisions make understanding their anatomy 
a top priority for the adult urologist assuming 
their care. 

 Factors infl uencing the choice of delivery 
mode beyond the standard obstetric concerns 
include the type of diversion or prior surgical 
interventions, anatomical issues related to the 
underlying disease process of the MMC patient, 
as well as fetal presentation [ 31 ]. As mentioned 
previously, continence may be impacted during 
the post-vaginal delivery period for patients with 
native urethras or ureterosigmoidostomy and this 
information should infl uence patient counseling. 
Vaginal delivery is not contraindicated in patients 
with augmentation cystoplasty in the setting of a 
native bladder neck and urethral continence 
mechanism. However, for individuals with blad-
der neck reconstruction, vaginal delivery poten-
tially carries a risk of injury to the pelvic support 
and continence mechanisms [ 31 ]. Although no 
consensus regarding risk expectations in this 
 setting exist, data from a widely circulated survey 
regarding delivery mode for MMC with bladder 
neck reconstruction or artifi cial urinary sphincter 
indicated most practitioners would recommend 
cesarean section for these individuals [ 43 ]. Few 
reports of pregnancy in the setting of an AUS 
exist, but available data suggests that a function-
ing AUS does not impact the complication profi le 
during pregnancy and delivery [ 47 ]. Caveats are 
readily noted in these studies, such as the avoid-
ance of high forceps delivery, and clearly no con-
sensus of recommendation exists as most of these 
observations are anecdotal due to the few women 
facing these dilemmas. 

 Previous incontinence procedures, most nota-
bly the prior placement of a pubovaginal sling, 
may also drive decisions regarding type of deliv-
ery. Some series have suggested that prior blad-
der neck sling does not preclude vaginal delivery 
due to risk of incontinence [ 48 ]. Literature 
reviews of the small patient numbers reported 
with pregnancy following synthetic mid-urethral 
sling suggest only moderate decrease in conti-
nence following either vaginal or cesarean 
 delivery [ 49 ]. Overall, urinary continence rates of 
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91.7 % were noted during pregnancy and 80.6 % 
during the postpartum. The majority of women in 
these studies (58.3 %) proceeded with vaginal 
delivery. Certainly for patients with any prior 
incontinence procedure, risks of functional 
injury, and loss of continence with vaginal deliv-
ery should be discussed as they approach 19 % in 
the overall population [ 50 ]. Although impossible 
to generalize this data to the MMC population 
due to variation in risk factors, clearly some 
threat of continence disruption exists. 

 Discussion of long-term risk to continence 
and recommendation for the mode of delivery 
must be individualized. If vaginal delivery is pri-
marily chosen, careful consideration must be 
given to avoidance of prolonged labor to reduce 
pelvic fl oor trauma. If cesarean section is chosen, 
emergent or elective, it is critical to involve a 
reconstructive surgeon familiar with the anatomy 
to reduce incidence of injury to the bladder or 
vascular pedicle. Patient proximity to appropriate 
levels of high-risk obstetric care may additionally 
drive decisions once labor has initiated as such 
patients may elect cesarean section in lieu of pro-
longed labor at a primary facility with the poten-
tial need for emergent cesarean section without 
appropriate adjunct expertise. 

 Patients with MMC frequently display 
 elements of pelvic organ prolapse at baseline 
which may be exacerbated by pregnancy and 
both vaginal delivery and even cesarean section 
[ 31 ]. If the prolapse is signifi cant enough to war-
rant operative repair prior to pregnancy, it may be 
prudent to avoid vaginal delivery as worsening of 
the prolapse may be inevitable in that setting. 

 Another prominent anatomic consideration 
includes bony and muscular anatomy and capac-
ity to abduct the hips which may in some instance 
preclude capacity for vaginal delivery. 

 An additional challenge with vaginal delivery 
which may depend on the level of the spinal dys-
raphism is diffi culty generating suffi cient 
Valsalva effort required to progress through the 
later stages of labor [ 51 ]. Of course, the gravid 
uterus may exacerbate background restrictive 
airway disease by compressing the diaphragm 
and resulting in a potential for respiratory 
compromise. 

 As elegantly outlined by Hautmann and 
Volkmer [ 31 ], pragmatic concerns that dictate 
options for mode of delivery are outlined below: 

 Vaginal delivery should be considered contra-
indicated in the following MMC patients:
•    Patients with a narrow bony pelvis  
•   Patients with artifi cial sphincters or bladder 

neck reconstructions  
•   Patients with contracted hips    

 Vaginal delivery should be performed with 
caution in the following patients:
•    Patients with ureterosigmoidostomy  
•   Fetal malpresentation  
•   Patients with uterine prolapse    

 Likewise, the authors endorse following con-
cerns should be noted for patients regarding pro-
ceeding with cesarean section:
•    Patients with intraperitoneal VP shunts  
•   Patients with diversion pouches, enterocysto-

plasty, or neobladder    
 Technical considerations with cesarean sec-

tion include performing the procedure via a high 
midline incision to avoid damage to the reservoir 
[ 42 ,  43 ]. Catheterization of channels in the imme-
diate preoperative period may assist with either 
avoidance or recognition of injury induced by the 
dissection. 

 A particular item of concern when contem-
plating pregnancy and cesarean section in the 
MMC population is the presence of a ventriculo-
peritoneal (VP) shunt. VP shunts are common in 
the patient with MMC and hydrocephalus and 
malfunction during pregnancy may be associated 
with headache, nausea, and emesis, and even 
potentially impaired consciousness [ 52 ]. 
Functional obstruction due to the gravid uterus 
increasing intra-abdominal pressure or mechani-
cal obstruction may additionally manifest in the 
aforementioned neurologic sequela [ 52 – 54 ]. Of 
signifi cant concern is the potential for shunt 
infection during intra-abdominal surgery, partic-
ularly emergent cesarean section. This infection 
risk may be increased in the presence of prior uri-
nary tract reconstruction with the possibility of 
spillage of contaminated urine into the peritoneal 
cavity containing the VP shunt. 

 Also dependent on the specifi c lesion level in 
MMC patients is the capability to detect the onset 
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of labor [ 55 ]. Curiously, although paraplegia 
does not appear to affect the contractility proper-
ties of the uterus, as mentioned above, the fi nal 
stages of labor may be compromised due to defi -
cits in the coordinated muscular effort necessary 
for the fi nal stages of labor [ 55 – 57 ].  

    Conclusions 

 No issue with the transitional MMC patient rivals 
the complexity of considerations for the physi-
cian as those revolving around pregnancy. 
Outside of the incredible array of physiologic and 
anatomic parameters for consideration, the social 
and cognitive issues superimposed on this popu-
lation creates additional layer to navigate. An 
overriding theme in the literature revolves around 
the lack of appropriate counseling of the MMC 
regarding sexuality, fertility, and pregnancy from 
their physician providers. It is imperative to view 
these challenges as opportunities to assist these 
patients in navigating the delicate topics of sexu-
ality and pregnancy as embracing these topics 
may assist the MMC with transition to an adult 
individual care model from the family-centered 
pediatric model. 
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            Introduction 

 The initial goals of treatment of bladder exstro-
phy remain the preservation of renal function and 
obtaining urinary continence. If carried out in 
centres of excellence, surgery can achieve these 
relatively easy-to-measure goals in 70–80 % of 
children [ 1 ]. In adolescence and adulthood, once 
continence is secured, focus often shifts towards 
the cosmetic and functional outcome of the geni-
talia. The goals of additional procedures are to 
provide the external genitalia with an acceptable 
aesthetic appearance, to produce a functional 
vagina/penis for comfortable sexual intercourse, 
to retain sexually sensitive tissue for orgasm, and 
to preserve fertility potential. The results of geni-
tal surgery are diffi cult to assess in childhood, 
and pubertal growth can alter the fi nal cosmetic 
and functional results of the initial reconstruc-
tion. Given that psychosexual development is 
only completed after puberty, problems may not 
become apparent until adolescence or early adult 
life. Now that patients are living independent 

long lives with bladder exstrophy following 
 successful reconstruction, complex problems 
around pregnancy and delivery are evolving and 
becoming more commonplace. 

    Genital Anatomy in Females 

 In exstrophy, the vagina, introitus, and anus are 
displaced anteriorly, the labia do not meet in 
the midline anteriorly, and the clitoris is bifi d 
(Fig.  6.1 ). The labia are not fused anteriorly and 
there is an absence of a fourchette; 40–65 % of 
affected women encounter dyspareunia related to 
these anatomic differences [ 2 ]. The vagina is of 
normal calibre with reduced length; the introitus 
is very narrow because of the bulk of posterior 
tissue; the cervix is located in the anterior vaginal 
wall with a normal uterus above; the vaginal 
lies horizontally—i.e. parallel to the fl oor when 
standing [ 3 ]. The cervical prominence may be 
exaggerated by the absence of uterine supports—
the cervix is often very low and close to the 
introitus. The pelvic fl oor is defi cient—with most 
of the levator ani sitting behind the rectum and 
with a wide lateral  deviation (Fig.  6.1 ).  

 As the child grows, the pubic diastasis widens—
tending to widen the gap in the levators predis-
posing to the risk of prolapse and affecting the 
external appearance of the lower abdomen and 
genitalia. The midline scar is augmented by the 
widening and the mons pubis has limited hair 
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growth in the central portion. It is possible to 
rotate the hair-bearing skin into the midline with a 
view to improving this appearance. The external 
genitalia can become distorted with a resulting 
unacceptable cosmetic appearance.   

    Revision Genitoplasty in Females 

 At least 80 % of female patients treated for bladder 
exstrophy require revision genital surgery [ 4 ]. 
Given that such a high proportion of female patients 
require revision surgery, routine vaginal assess-
ment at puberty should be undertaken in order to 
evaluate the potential for further reconstruction. 
The earlier any potential problems are addressed, 
the better the chance of normal psychosexual and 
social development. A common functional com-
plaint is of introital stenosis, inadequate vaginal 
length or introital stenosis can result in dyspareunia 
or an inability to have penetrative intercourse. In 
one series, 32 % of young women underwent revi-
sion genitoplasty for this problem alone [ 5 ]. 

    Reconstruction Techniques 

 Revision genital surgery can be utilised either 
to improve upon an unsatisfactory cosmetic 
appearance, but this is not essential. Correction 

of an introital stenosis is the most important 
reconstructive procedure that is undertaken in 
these patients. 

    Monsplasty 
 Through excision of the midline scar, the non-
hair- bearing skin is removed and replaced with 
hair-bearing skin fl aps based inferiorly or later-
ally that can be rotated together with their under-
lying fat to cover the defect.  

    Vulvoplasty 
 As in monsplasty, the midline scar is excised 
down to the bifi d clitoris; the anterior aspect of 
the labia can be brought together to form a four-
chette. The two clitorides can be joined by 
approximating the soft tissues without the need 
for sutures to be directly placed on the clitorides, 
thus minimising the risk of damage to the neuro-
vascular supply [ 5 ]. It is worthy of note, there are 
no data relating to clitoral sensation following 
such reconstruction in exstrophy patients.  

    Vaginoplasty 
 Due to the presence of a normal calibre vagina 
above the introital stenosis in pure bladder exstro-
phy, the majority of patients are suitable for a 
relatively simple perineal vaginoplasty. Anecdote 
suggests that very few patients are able to have 
intercourse without some form of introitoplasty. 

  Fig. 6.1    The external 
genitalia of a female 
affected by bladder 
exstrophy. The bifi d clitoris 
is seen along with a gap in 
the pubic hair       
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In exstrophy, a posterior episiotomy vaginoplasty 
or VY vaginoplasty is often all that is required to 
open the introitus. In the postoperative period, 
patients are taught to pass vaginal dilators to 
reduce the risk of re-stenosis. Other procedures, 
such as the laying in of a perineal fl ap, have been 
described—results are described as being good 
[ 5 ]. Whilst this may have the potential objective 
of reducing stenosis, this is not clear and sexual 
function is not detailed in their report.    

    Pelvic Organ Prolapse 

 The mean age to uterine prolapse in patients with 
exstrophy is 16 years [ 4 ] with a prevalence of 
18 %; this can rise up to 50 % later in life. 
The prolapse is thought to occur due to the pelvic 
fl oor defi ciency described above combined with a 
failure of the bony pelvis to form a complete ring 
anteriorly. Whilst the early osteotomy was not 
shown to decrease risk of prolapse, decreased 
pubic diastasis correlates to lower risk. It remains 
to be seen whether early mobilisation and recon-
struction of the pelvic soft tissues (Kelly proce-
dure) [ 6 ,  7 ] will reduce the incidence of prolapse. 
The traditionally described pessary treatment is 
often impossible due to a short vaginal length and 
the lack of pelvic fl oor musculature 

 Numerous techniques have been described for 
the treatment and prevention of prolapse, includ-
ing fi xing of the uterus to the abdominal wall in 
childhood [ 8 ]. This prophylactic measure proved 
to be a success and did not complicate pregnancy; 
however, this technique is not an effective treat-
ment for existing prolapse. Robust long-term evi-
dence regarding the correction of prolapse in the 
exstrophy population is sparse; a recent consen-
sus suggests that suspension to the sacrum, when 
present, is likely to give the best results [ 9 ]. 
Various techniques have been described to 
achieve this, for example, the Gore-Tex® 
(W.L. Gore and Associates Ltd., Scotland, UK) 
wrap technique using a length of Gore-Tex® 
passed through the broad ligaments, around the 
cervix, and fi xed to the sacral promontory. 

Data have shown a 75 % success rate over a mean 
follow- up of 8 years have been reported using 
this technique [ 10 ]. The technique of sacral 
 suspension under its varied nomenclature (sacro- 
colpopexy, hysteropexy, sacrocervicopexy, etc.) 
is thought to have little or no deleterious effects 
on fertility; however, it should be deferred until a 
couple have completed their family. The risk is 
that during pregnancy or delivery the sacro- 
colpopexy would be disrupted leading to a recur-
rence of the prolapse and the need for a repeat 
procedure in a very complex surgical environ-
ment. When treating the prolapse, it is important 
not to remove the uterus as this not only renders 
the patient infertile, but is the only structure 
able to fi ll the pelvic fl oor defect. Without the 
uterus the potential for a large enterocoele 
exists, the treatment of which can be extremely 
challenging.  

    Revision Genitoplasty in Males 

 Historically, genital reconstruction in male 
patients was delayed until complete bladder clo-
sure or puberty but may now be undertaken with 
the initial surgery in the neonatal period [ 11 ]. 
Growing up with a normal appearing pendulous 
penis following reconstruction in the neonatal 
period has been said to have a positive effect on 
psychosexual and social development in these 
boys, the ‘true’ appearance and function of the 
penis is, however, not clear until puberty [ 12 ]. 

 The classic appearance of the penis in a male 
with exstrophy is of a short (due to short corpora), 
broad, dorsally tethered penis, an open glans, 
absent dorsal prepuce, with a dorsal or ventral 
urethral meatus dependent upon the type and tim-
ing of reconstruction in infancy. Many erectile 
deformities have been described [ 13 ], but the 
majority are a consequence of surgery in infancy 
where the corpora may have been damaged, only 
dorsal chordee is an integral part of the exstrophy 
complex. Asymmetrical corpora are often encoun-
tered, where a scarred and fi brotic corpus can 
compound the deformity (Fig.  6.2 ).  
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    Assessment of Deformity 

 Before embarking upon reconstructive surgery, 
it is important to gain a good understanding of 
current function in terms of sensation, erectile 
function, ability to orgasm and ejaculate, and the 
presence of chordee or deformity that may or 
may not affect function. Establishing whether a 
deformity precludes penetrative intercourse or is 
purely a cosmetic problem is relevant, but both 
factors can be equally as important to patients. 
Dorsal chordee is a common fi nding in adoles-
cent and adult men with exstrophy—this may be 
simple skin tethering, or depending on the recon-
struction, the urethra may be the tether. In con-
sidering reconstruction, it may be necessary to 
relocate the urethral meatus. It then becomes 
important to consider future urethral function, 
i.e. if the bladder neck is closed and the urethra 
is to act solely as a seminal conduit, then if the 
meatus needs to be located in a proximal or 
hypospadic location it will have to stay there—
further attempts to terminalise a ‘dry’ urethra 
will be unsuccessful with a high risk of stricture. 
If the patient is voiding urethrally or catheteris-
ing, further urethral reconstruction may be of 
benefi t. The cosmetic appearance of the penis 
can be a major concern to the patient and should 
be considered carefully alongside function. 

An objective anatomical assessment can be made 
by performing an examination under anaesthetic 
with artifi cial erection.  

    Reconstruction Techniques 

 The aims of genital reconstruction in the male 
exstrophy patient are to provide a penis that is sym-
metrical and straight enough for penetration with 
normal sensation and good erectile function. 
Urethral function is important—in our series 70 % 
had undergone urinary diversion [ 14 ]; therefore, the 
urethra is dry and acting only as a conduit for semi-
nal fl uid. If the bladder neck has been reconstructed 
and the patient is continent but either voiding or 
catheterising urethrally, the management of the ado-
lescent and adult patient will be different. Cosmesis 
is important—patients will often raise concerns 
about this. The details below will discuss what is 
achievable and those factors that may limit the 
reconstructive options. This should be achieved 
without compromising sensation or erectile func-
tion; this in itself can be challenging due to the posi-
tioning of the neurovascular bundles. The location 
of the bundles may vary considerably depending 
upon previous reconstruction; the unpredictability 
of their position renders them vulnerable during 
 further surgery [ 15 ] (Fig.  6.3 ).  

  Fig. 6.2    An example of 
the dorsal chordee 
described. This may be as 
a result of skin tethering or 
urethral length restriction. 
A butterfl y needle needs 
placing in both corpora to 
achieve an artifi cial 
erection as there is no 
cross-circulation       
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    Length 
 The corpora in men with exstrophy are 60 % 
shorter than normal corpora [ 16 ], and there are 
no buried corpora in the pelvis that can be uti-
lised to increase true length. There is often asym-
metry with one corpus scarred and fi brotic as a 
result of early surgery. Functional length may be 
improved by maximising exposure of the exist-
ing corpora; this can be achieved by releasing 
any corporal attachments to the body of the pubis 
and/or freeing of scar tissue that may be tether-
ing the corpora. The former of these techniques 
does carry a risk of devascularising the corpora, 
especially if attempted in childhood [ 17 ]. An 
exstrophy penis can be reconstructed by com-
plete disassembly—separating both corpora and 
as there is no cross- circulation between the two. 
In reconstruction, corporal tucks will straighten 
curvature and  rotation either in or out of the cor-
pora may improve length. In addition to these 
techniques, radial artery-free fl ap phalloplasty 
can be performed; this was fi rst reported by de 
Fontaine et al. in 2001 with reasonable functional 
and cosmetic results [ 18 ]. Although it may be 
technically possible to perform a phalloplasty, this 
should be reserved for a patient whose penile anat-
omy or function prevents penetrative intercourse 
despite exploring the above penis-conserving 
techniques.  

    Chordee 
 The simplest form of correction of dorsal chordee 
is release of any scar tissue causing tethering 
using a VY or Z plasty technique. Correction of 
the corpora can either be achieved by shortening 
the convexity or lengthening, the concavity, or a 
combination of the two. 

 In shortening the convexity, some shortening 
of penile length is to be expected; the advantage 
of this method is that the urethra need not be dis-
turbed. This is usually achieved by placing plica-
tion sutures in the corpora and has the advantage 
of requiring minimal dissection and little risk of 
damage to the neurovascular bundles; the clear 
disadvantage is the loss of length in an already 
short penis. In undertaking this type of surgery, 
the potential for complete disassembly needs to 
be available, and there may be a need to relocate 
the urethral meatus further proximally on the 
penile shaft. If this is a dry, seminal conduit, it 
should remain here. If it is used for urethral void-
ing, a further two-stage reconstruction may be 
possible. The issue of shortening and loss of sen-
sation needs to be discussed during consent, but if 
there is a fi xed dorsal chordee this needs correc-
tion in order to achieve any functional length. 

 In lengthening of the concavity, the corpora 
are incised transversely and closed longitudi-
nally, ideally to each other after rotating the 

  Fig. 6.3    Dissected 
exstrophy penis with the 
neurovascular bundles 
identifi ed       
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 corpora towards each other (the Cantwell–
Ransley technique [ 19 ]). When using this tech-
nique, good apposition needs to be achieved; if 
the corpora are spread too far apart and apposi-
tion is not optimal, a new hourglass deformity 
can result. If the urethra is functional, complete, 
and dorsal, lengthening the concavity can result 
in apparent urethral shortening that requires ure-
throplasty to correct. In addition to Ransley’s 
modifi cation of Cantwell’s technique fi rst 
described in 1895 [ 20 ], various other methods 
for epispadias repair and correction of chordee 
have been published. Techniques such as those 
described by Mitchell [ 21 ] and Kelly [ 22 ] both 
involve complete penile disassembly with subse-
quent anatomical reconstruction. In Mitchell’s 
procedure, the penis is divided into two separate 
hemicorporeal glanular bodies and a separate 
urethral plate. The advantage of this technique is 
that it does not require mobilisation of the neuro-
vascular bundles or corporotomy, but does allow 
anatomical reconstruction of the penis with cor-
rection of rotational deformity and of chordee. 
The associated morbidity and necessity of these 
more invasive and complex procedures should be 
carefully considered when selecting the best 
reconstructive options [ 16 ].    

    Sexual Function and Fertility 

 The beginning of relationships and sexual func-
tion become important to all during adolescence. 
It is normal for any adolescent to question their 
function in relation to this and for many there 
will be moments or periods of insecurity. This is 
part of normal development. It is also normal to 
ask how a congenital anomaly and the treatment 
of it, including surgery, will affect sexual func-
tion. There is often a signifi cant focus on cosme-
sis and in the case of a male patient penile size. 
In exstrophy, the bony diastasis may lead to a 
signifi cant dip in the skin and a midline separa-
tion of the pubic hair. The long-term manage-
ment issues with respect to sexual function have 
not been extensively studied but disorders or 
anxiety surrounding sexual function in adoles-
cence can have a signifi cant psychological impact 

on patients. Reports suggest that some 1/4–1/2 of 
patients are dissatisfi ed with penile length or 
chordee [ 16 ]. Libido in exstrophy patients is nor-
mal and they form normal relationships; in the 
author’s experience a key component in sexual 
function is the partner’s understanding and 
acceptance of the patient’s reconstructive history. 
In a society where casual sexual encounters are 
more common, this can create a pressure on these 
patients. A desire on their part to conform to the 
behaviour of their peer group is met with a fear 
that a new partner may not understand their 
 condition and rejection may result. The treating 
urologist needs to be aware of this background 
and prepared to manage it. A multidisciplinary 
approach, including psychosexual counselling 
and support, should be adopted as discussing and 
addressing issues around sexual function can be 
challenging for both the patient and clinicians. 

    Male Factor Fertility 

 It is likely that males born with bladder exstrophy 
have normally functioning gonads at birth, but there 
are no data to confi rm this; in a review of nine 
reported series approximately half of patients were 
found to have azoospermia on subsequent semen 
analysis [ 23 ]. Patients who underwent early urinary 
diversion rather than reconstruction had more 
favourable semen parameters and paternity rates 
(Table  6.1 ). One hypothesis to explain this might be 
the deleterious effect of repeated prostatic and blad-
der  infections. A signifi cant limitation to fertility 
undoubtedly lies with the delivery of sperm, this can 
be considered in three stages; erection, adequate 
vaginal penetration, and ejaculation.

   The anatomical mechanisms for erection are 
usually preserved in these men and organic causes 

   Table 6.1    Semen analysis and fertility in male patients 
with exstrophy results of nine series [ 23 ]   

 Semen  Reconstructed 
 Urinary 
diversion  Undefi ned 

 Azoospermia  12  17  3 
 Poor  1 
 Good   3  11 
 Paternity   5  12  2 
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of erectile dysfunction are considered rare. 
However, when compared using the international 
index of erectile function–15 (IIEF-15), 58 % of 
exstrophy patients have erectile dysfunction com-
pared to 23 % of controls [ 24 ]. Psychological 
causes for erectile dysfunction are much more 
common and are often linked to concerns about 
body image. When considering treatment for 
 erectile dysfunction in an exstrophy patient, the 
same approach should be used as when treating 
other men. One important consideration is the lack 
of cross-circulation between the corpora; if intra-
corporeal prostaglandins are being used, then each 
corpus needs to be injected separately. 

 Patients with exstrophy can experience normal 
orgasm, but the proportion of males who have 
normal ejaculation is low. There are a number of 
reasons why this might be true. The absence of the 
bulbocavernosus muscles coupled with urethral 
scarring from reconstruction result in a lack of 
propulsion. The reconstructive surgery at the 
bladder neck may also have an effect. This tends 
to result in a viscous ejaculate that may not be 
expelled. There is confl ict within the published 
literature with regard to the exact aetiology of the 
impaired ejaculation and its association with pre-
vious reconstruction versus urinary diversion. It is 
postulated that patients who have a diversion 
rather than reconstruction tend to maintain better 
ejaculatory function and have a higher fertility 
rate; there is also some evidence to the contrary 
that suggests cystectomy may be the cause of 
infertility; at the time of writing, there remains no 
consensus [ 25 ,  26 ]. Complete absence of ejacula-
tion is rare, but it is often slow and without force; 
some patients describe a persistent small leakage 
of semen from the urethra. Annecdotally, patients 
may complain of pain at the time of ejaculation. 
This may be with or without a visible ejaculate. 
For those who have little or no seminal fl uid 
expelled, obstruction at the bladder neck may be 
causing an accumulation within the seminal vesi-
cals. This may result in spontaneous fi stulation in 
the suprapubic region. Occasionally, it can be 
drained by the creation of an iatrogenic seminal 
fi stula or conduit. This is not something that 
appears in the literature, but we have encountered 
it in our patient group.  

    Female Factor Fertility 

 As in males, fertility in females is limited pre-
dominantly by anatomical factors, unless there 
are co-existing urogenital anomalies that may 
result in infertility of gonadal origin, or obstructed 
menses, for example. Historically, female patients 
with exstrophy have been considered to have nor-
mal fertility provided intercourse is possible and 
semen can be delivered near the cervix. 
Historically, the location of the cervix in a rela-
tively superfi cial position on the anterior wall of 
the vagina in these patients was thought to enable 
them to become pregnant with relative ease, and 
that this should be explained to patients at an early 
stage in their sexual development. Deans et al. 
found evidence to the contrary, in their series they 
identifi ed a higher rate of delayed fertility [ 27 ] 
than in previously published reports [ 28 – 30 ] that 
was attributed to previous surgery and concomi-
tant disease. Of the patients who had tried to 
 conceive, 19/38 (66 %) were successful, only 
4/19 within 1 year, and 2/19 patients had success-
ful fertility treatment.  

    Assisted Fertility 

 The investigation and management of fertility 
disorders in patients with exstrophy is the same 
as in the general population. A careful history 
should be obtained to establish whether adequate 
penetration and ejaculation is being achieved. 
Simple measures such as the timing of inter-
course around the fertile portion of the menstrual 
cycle and the female lying with the pelvis ele-
vated after intercourse should be trialled. In 
patients who are able to produce an ejaculate that 
contains viable sperm but conception has failed 
due to inadequate delivery of sperm to the part-
ner’s cervix, a form of artifi cial insemination can 
be used. Ejaculated semen can be collected in a 
syringe and deposited in the vaginal vault at the 
appropriate time in the partner’s menstrual cycle. 
Many patients will try this without reverting to 
further investigation, however if that is not the 
case baseline fertility can be assessed by offering 
a semen analysis. 
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 If these measures fail, both partners should be 
investigated, preferably within a specialist fertility 
service.   

    The Management of Pregnancy 
in Exstrophy 

 Patients with complex urological anomalies 
including classical bladder exstrophy are now liv-
ing normal independent lives with reconstructed 
urinary tracts. There is evidence that this patient 
group is fertile and has healthy babies [ 31 ]; how-
ever, the pregnancy and subsequent delivery can 
produce its own unique potential problems. 

 Robust data regarding the impact of preg-
nancy on the upper and lower urinary tracts and 
delivery methods is scarce in this patient group. 

 Factors to consider include: the timing of the 
pregnancy, the impact of pregnancy on the uri-
nary tract, who should manage the pregnancy and 
where should this be done, what monitoring 
methods and schedule should be employed 
throughout the pregnancy, and what is the safest 
method of delivery. 

    Prior to Pregnancy 

 In the adolescent patient, the topic of pregnancy 
and its implications and potential complications 
has rarely been introduced during their paediatric 
urological experience. Educating patients about 
the potential impact of pregnancy and delivery on 
their urinary tracts is vital; it is clearly more pref-
erable for this to occur before pregnancy but not 
always possible. 

 The use of the urine HCG test is notoriously 
unreliable in a population with reconstructed 
bladders due to 57 % false-positive rates. This is 
thought to be as a result of a reaction between the 
reservoir mucous and the reagent [ 32 ,  33 ]. 
Patients need to be informed of this and advised 
to have a serum HCG test if pregnancy is sus-
pected; this can avoid unnecessary anxiety and 
misdiagnosis. 

 The timing of pregnancy, if it is a planned 
event, in relation to possible further urological 
reconstructive surgery that may be needed or 

likely to be required in the future is an important 
consideration. The patient needs to be aware of 
the potential impact of the pregnancy and delivery 
on their urinary tract. It would appear sensible, for 
example, if non-urgent surgery was being planned, 
to defer this until the patient had completed her 
family. The biggest consideration relates to the 
function of the drainage conduit, especially a 
Mitrofanoff and pelvic organ prolapse—as 
 discussed above.  

    During Pregnancy 

 There is evidence to suggest that there is an 
increased incidence of UTI, pre-eclampsia, and 
upper tract obstruction during pregnancy in this 
group [ 31 ]. This group of patients require close 
monitoring during pregnancy to detect these prob-
lems early and intervene as required. An example 
of this would be a review at 20 weeks of gestation 
with an upper tract ultrasound, blood pressure 
monitoring, urine culture, and subsequent reviews 
at 4-weekly intervals with repeat investigations. 
This allows the multidisciplinary team to maintain 
close eye on renal function—indications to con-
sider intervention would include a creatinine that 
does not fall as expected (with the physiological 
dilution of pregnancy), loin pain and persistent or 
worsening hydronephrosis on ultrasound (ensur-
ing the bladder is empty). 

 The character of the bladder and outlet may 
change. Those that are normally dry may suffer 
renewed incontinence—as may be seen in unaf-
fected pregnant women. The need to empty the 
bladder or reservoir may increase in frequency. 
Provided these are not coupled with other symp-
toms of infection, then there is only need for reas-
surance. For some women, the amount of mucous 
production may increase during pregnancy. 
Again, whilst this may be a nuisance intervention 
should be kept to a minimum—increased fl uid 
intake is the most important factor, and additional 
bladder irrigation may be necessary for a few. 

 The function of a Mitrofanoff channel may 
change as a result of the mass-effect created by the 
gravid uterus. The channel may become progres-
sively more diffi cult to catheterise as a result of 
kinking or being pushed to one side. The frequency 
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of catheterisation may need to increase as 
described above, and the length of the channel 
may increase requiring the longer length (50 cm) 
catheter. Our experience has been that it is very 
diffi cult to predict who will encounter these prob-
lems. The value of close surveillance by the team 
especially the specialist nurses is invaluable to the 
care of these women through pregnancy.  

    Delivery 

 As a whole, this population benefi t from a planned 
caesarean section by an experienced team includ-
ing a urologist specialising in reconstruction [ 34 ]. 
Morbidity can be reduced by minimising the risk 
of inadvertent damage to the reservoir and/or 
Mitrofanoff channel by employing this approach. 
The most important criterion is to avoid an emer-
gency caesarean section without appropriate sup-
port. Our data suggested that this lead to an 
increased risk to both mother and baby [ 27 ]. For 
this reason, we aim to plan an elective caesarean 
section at approximately 37 weeks. Thus, the stan-
dard of care adopted by our unit is that of shared 
care (urologist and obstetrician) with close moni-
toring and support throughout pregnancy and 
delivery. It is a commonly asked question about 
the high rate of bacteriuria in reconstructed blad-
der and whether patients should automatically be 
given prophylactic antibiotics throughout preg-
nancy. It is recognised that the rate of urinary tract 
infection is high (up to 52 % compared to 2 % in 
the general population) [ 31 ]. Our practice has not 
been to do that for fear of selecting resistant bacte-
rial strains. If a patient develops a urinary tract 
infection, then they should be treated and the case 
for prophylaxis discussed with microbiology and 
the obstetric team.  

    Number of Pregnancies 

 There is no prescribed or evidence-based limit to 
the number of pregnancies possible for women 
with bladder exstrophy or any other form of uro-
logical reconstruction. There are factors that both 
the patient and the caring team should consider. 
One would be the tolerability of uterine prolapse 

if present [ 35 ]—it is seen in 52 % in our series and 
may precede the fi rst pregnancy [ 27 ] It can be 
extremely uncomfortable but defi nitive surgical 
intervention should be avoided until a family is 
complete for the reasons discussed above. A sec-
ond factor will be the impact on the kidneys of 
previous pregnancies. History of a requirement 
for percutaneous nephrostomy tubes during a 
prior pregnancy risks a need for these in future 
pregnancies. Data are very limited for this specifi -
cally but there is a need to carefully monitor these 
women once they are pregnant. It is not safe to 
assume that because a fi rst pregnancy was 
straightforward that a second will also be so. 
Finally, the surgical diffi culty at delivery may 
infl uence the sense or not of a further pregnancy—
very dense adhesions or complications requiring 
surgical revision (such as fi stula) may make it 
sensible to advise against further pregnancy. None 
are absolute but all are important and when plan-
ning or discussing pregnancy should be discussed 
with a patient.       

 Summary 
•     Both male and female exstrophy patients 

may be capable of normal fertility—
some may suffer impairment or delay 
and will need the support of a fertility 
team in achieving conception  

•   Penile reconstruction may be necessary 
as a result of dorsal curvature (the most 
common problem)—surgeons need to 
be careful to identify the neurovascular 
bundles. Evaluation with artifi cial erec-
tion may be necessary.  

•   In females, the vaginal introitus may be 
narrowed and need opening with an 
introitoplasty. Uterine prolapse is a com-
mon problem but should not be corrected 
until after a woman has completed her 
family.  

•   Pregnancy should be under the shared 
care of a urologist and obstetrician. 
Diagnosis should be with a serum hCG 
if bowel has been used to reconstruct the 
urinary tract. Delivery should be offered 
as an elective caesarean section    
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            Background 

 Disorders of sexual development (DSD) present a 
medical challenge on multiple levels. Prompt rec-
ognition of a disorder and appropriate diagnosis 
leading to individualized medical/surgical manage-
ment are complex tasks. In older patients espe-
cially, these factors may potentiate the already 
signifi cant psychological stress that has impacted 
the parents and family. Diagnostic and manage-
ment controversies have existed since these condi-
tions were fi rst described. Today, as much as ever, 
the concept of what defi nes an individual’s sex is 
heavily debated, and hence have issues related to 
the timing and appropriateness of any interven-
tions. In fact, in some conditions, therapeutic delay 
is now considered an alternative so that surgery, 
once commonplace in infancy and childhood, is 
now offered after puberty (e.g., gonadectomy in 
complete androgen insensitivity syndrome). As we 
gain more knowledge and our long-term experi-
ence with these conditions broadens, we recognize 
that there are many issues that persist or develop in 
the adolescent and adult period that require careful 
discussion and potential surgical intervention. 

Indeed, previously unrecognized cases of DSD 
may present after childhood, raising unique consid-
erations. Thus, the surgeon who once dealt primar-
ily with DSD in infancy must be cognizant of the 
ever- changing guidelines and opinions related to 
the various disorders and engage the adolescent 
and young adult in the options available and the 
informed consent process. From a surgical stand-
point, one needs to be able to manage issues per-
taining to the gonads and genitals (internal and 
external) in established as well later presentations 
of previously undiagnosed DSD.  

    Fertility 

 There are many issues to consider, with regard to 
the gonads, when caring for adolescent/adult with 
DSD. In this era of multidisciplinary DSD teams, 
the discussion about the evaluation and manage-
ment of the gonads is typically had early in the 
patient’s life with the team and the patient’s par-
ents/guardians with subsequent management 
guided by those discussions. When caring for an 
adolescent/adult, the provider is often left address-
ing the outcome, good or bad, of decisions that 
were made early in the patient’s life. Hence, one 
must provide information regarding issues of fer-
tility, gonadal function, gender correspondence, 
and risk of malignancy when considering gonadal 
management. 

 In the age of advanced reproductive techniques, 
the fertility potential for some individuals with 
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DSD has been greatly increased. Although not 
considered as a DSD, individuals with Turner syn-
drome, for example, have been able to achieve 
pregnancy [ 1 ]. The cost and complexity of achiev-
ing a pregnancy however may practically preclude 
reproduction for many of these individuals [ 2 ]. In 
many DSD conditions, such as congenital adrenal 
hyperplasia (CAH), rates of spontaneous fertility 
correlate to the severity of the underlying condi-
tion [ 3 ,  4 ]. Early studies revealed an overall fertil-
ity rate of <10 %, but this data is hampered by the 
fact that many individuals with CAH do not 
attempt to reproduce [ 5 ]. More recent studies 
reveal much higher pregnancy rates in those with 
salt-wasting CAH than simple virilizing CAH 
[ 5 ,  6 ]. In a recent study of 81 salt-wasting CAH 
patients only nine had attempted to become preg-
nant with eight of them successfully conceiving 
[ 6 ]. The data for males with CAH is less abundant 
but suggests a trend toward impaired fertility. One 
recent study noted out of 203 patients, only 37 % 
had attempted to conceive. Of those attempting 
however, 67 % had been able to successfully 
impregnate their partner [ 7 ]. 

 Other DSD patients being raised as males also 
present fertility challenges related to impaired 
testicular function as well as the effects of testos-
terone replacement. In gonadal dysgenesis, syn-
dromes with one-streak gonad and one dysgenetic 
gonad (mixed gonadal dysgenesis) or two-streak 
gonads (46XY gonadal dysgenesis) germ cell 
and androgen synthesis after puberty is often 
inadequate. Resultantly, testosterone is fre-
quently needed to help complete puberty and is 
continued throughout adulthood in order to treat 
persistent hypogonadism [ 8 ]. As a result, fertility 
status is impaired. Much data are lacking as, in 
the past, many of these children who might have 
been reared as males were reassigned gender. 
There have been reported cases of successful 
extraction of sperm [ 9 ] in the mixed gonadal dys-
genesis (MGD) adult population, but progression 
to pregnancy is rare [ 10 ]. A recent study of 20 
MGD patients did not demonstrate any of them to 
be successfully fertile [ 8 ]. Whether such advances 
in assisted reproductive technology (ART) will 
be translatable to MGD patients has yet to be 
explored in large numbers. 

 Individuals with Klinefelter syndrome have 
associated azoospermia and are traditionally con-
sidered infertile. Advances in reproductive tech-
nology, specifi cally testicular sperm extraction 
(TESE) and intracytoplasmic sperm injection 
(ICSI) have demonstrated an ability to retrieve 
sperm, which have then been shown to lead to 
successful pregnancies and births in this popula-
tion [ 11 ]. In the 5α-reductase type II defi ciency 
(5αRD2) population, fertility is possible given 
that these individuals are chromosomally normal 
males. The commonly associated, and often late 
corrected, cryptorchidism however frequently 
has an impact on spermatogenesis with resultant 
impaired fertility [ 12 ]. Complete androgen insen-
sitivity syndrome (CAIS) is currently considered 
a condition for which infertility is certain given 
that these individuals are generally raised as 
females but do not possess any internal female 
reproductive organs and have dysgenetic male 
gonads [ 13 ]. Whether these dysgenetic gonads 
could be used to obtain spermatogonia has not 
been demonstrated to date. There have been 
reports however of successful reproduction in 
pure gonadal dysgenesis patients using donor 
oocytes with stimulation of the patient’s hypo-
plastic mullerian structures [ 14 ]. Fertility in cases 
of partial androgen insensitivity syndrome 
(PAIS) has been successful but requires the use of 
ART [ 15 ].  

    Hormonal Function 

 The hormonal function of the gonad(s) is an 
important consideration that has implications 
related to the individual’s assigned sex, physical 
and social development, and future fertility. The 
type and timing of hormonal replacement should 
be consistent with the assigned sex and expecta-
tion for onset of puberty [ 16 ,  17 ]. For DSD 
patients being raised as males, testosterone ther-
apy is typically initiated in an effort to induce 
puberty and promote appropriate pubertal devel-
opment. This is not always necessary, as some 
46XY DSD patients will have enough testoster-
one production to stimulate puberty. A 2011 study 
noted only 26 % of these patients were able to 
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induce and complete puberty without testosterone 
supplementation [ 18 ]. While intramuscular injec-
tions are commonly used, oral and transdermal 
replacement has also been reported [ 19 ]. In condi-
tions such as 5αRD2, replacement of the active 
androgen, dihydrotestosterone (DHT), has also 
been reported [ 20 ]. In those being raised as 
females, hormone replacement with estrogens 
and progesterones is being used to induce puberty 
and menses in those with a uterus [ 16 ]. The deliv-
ery route and type varies but is generally via an 
oral or transdermal route [ 21 ]. Dosing adjust-
ments and monitoring are important once hor-
mone replacement has been initiated. Conditions 
such as partial androgen insensitivity syndrome 
(PAIS) may require excess testosterone replace-
ment in order to achieve a clinical response [ 22 ]. 

 Durability of testosterone production with 
aging for the rare DSD diagnoses with adequate 
testosterone production at the time of adolescence 
has not been studied. Given this, it is prudent to 
consider testosterone screening and replacement 
if needed as these patients enter middle- and 
late-adulthood.  

    Malignancy 

 The risk of malignancy arising from the gonad(s) 
of an individual with DSD is heavily dependent 
on the specifi c condition and attendant genotype. 
Broadly speaking, any individual with a dysge-
netic gonad has at least a theoretical risk of 
malignancy if their genome contains any Y chro-
mosome. As such, it is paramount to clearly 
defi ne an individual’s karyotype in order to detect 
the presence of Y chromosome material. The risk 
of malignancy is variable depending on the 
 condition. The highest risk groups are [ 16 ]:
•    Gonadal dysgenesis who have intra- abdominal 

gonads and are gonadoblastoma locus on the 
Y chromosome (GBY) positive  

•   PAIS and non-scrotal gonads  
•   Individuals with Frasier or Denys–Drash 

syndromes    
 In general, the more ambiguous the genitalia 

in the presence of a Y chromosome and non- 
descended gonad, the higher the risk of malig-

nancy [ 23 ]. In these cases, gonadectomy is 
recommended as early as possible. Moderate-risk 
individuals include those with streak gonads in 
the presence of a Y chromosome (e.g., MGD, 
Turner syndrome mosaics). These streak gonads 
are generally recommended to be removed dur-
ing childhood but with less urgency than the 
higher risk groups. For low-risk groups, particu-
larly CAIS, the timing of gonadectomy is 
debated. Classic management recommended 
removing the gonads as soon as the diagnosis of 
CAIS was confi rmed. More contemporary review 
however advocates delaying gonadectomy until 
after puberty given that the aromatization of tes-
tosterone to estrogen can be advantageous in 
helping to initiate puberty [ 16 ]. This perceived 
low risk of malignancy, in one reported series of 
CAIS patients, has led to many individuals choos-
ing to keep their gonads indefi nitely. This same 
report however suggests that the relatively low 
risk of malignancy in CAIS may be a signifi cant 
underestimate, with their included review of the 
systematically selected literature [ 24 – 27 ] reveal-
ing 14 tumors in 98 adult patients (14 %). 
Accordingly, the authors caution against any dra-
matic shifts in management given the relative dif-
fi culties in diagnosing malignancies in these 
residual gonads [ 28 ]. Indeed, while the risk of 
malignancy is low, it is in no way inconsequen-
tial. This is especially true given how diffi cult it 
is to monitor a non-palpable gonad for signs of 
malignancy. The 2006 Consensus statement on 
management of intersex disorders summarizes 
the risk of malignancy in various DSD conditions 
as shown in Table  7.1 .

   As individuals with DSD mature, it is impor-
tant to make them aware of the risk of malig-
nancy in their remaining gonads, if present. 
Providers need to stress the importance of routine 
self-examination and prompt evaluation of any 
abnormalities. In situations where the diagnosis 
has been delayed, in a patient with a signifi cant 
risk of malignancy, gonadectomy remains a key 
priority. 

 In the event that gonadectomy is required, it is 
important to consider the surgical approach, 
which is dependent on the age and size of the 
patient as well as the location of the gonad(s) 
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being removed. Traditionally, exploration was 
carried out via an open incision but inguinal and 
translabial/scrotal approaches have also been 
described [ 29 ]. Currently for adolescents and 
adults, the most widely used approach is laparos-
copy. A laparoscopic approach has the advantage 
of being able to diagnose and treat gonadal issues 
while leaving only subtle scars [ 30 ].  

    Genital Reconstruction 

 In many DSD conditions, genital reconstruction 
is accomplished early in life. In these individuals, 
there can be numerous issues related to the initial 
reconstruction during the progression from child-
hood to adolescence and adulthood. For vaginal 
reconstruction, these late issues can include: 
unsatisfactory cosmesis, vaginal stenosis, clitoral 
atrophy, clitoromegaly, lack of sensation, dyspa-
reunia, and excess mucus production [ 31 ]. In 
penile reconstruction, late issues can include: 
unsatisfactory cosmesis, urethral fi stula, urethral 
stenosis, penile torque or curvature, and lack of 
erection and/or sensation. 

    Female Phenotype 

 There are numerous studies of the long-term 
 outcomes of childhood feminizing surgery dem-
onstrating high rates of success [ 32 ,  33 ]. Other 

studies however suggest that the need for revision 
reconstruction is as high as 98 % [ 34 ]. Burgu 
et al. reviewed a 15-year experience with vagino-
plasty in 63 patients of whom over 50 % had an 
underlying DSD diagnosis. They noted an overall 
complication rate of 73 % with 11 % of patients 
requiring a secondary procedure. The most com-
mon complications were vaginal stenosis, dis-
charge, and prolapse of the mucosa. Skin fl ap 
vaginoplasty was the technique associated with 
the highest revision rate (16 %). Of those seven 
patients requiring revision, two had revision of 
the fl ap and fi ve were converted to an intestinal 
segment neovagina. They noted a signifi cantly 
higher complication rate in those undergoing sur-
gery before puberty vs. postpuberty (57 % vs. 
15 %) [ 35 ]. Hoepffner reported on 58 patients 
with DSD and reported a similar rate of need for 
revision vaginoplasty (12 %) [ 36 ]. Many advo-
cate performing the reconstruction as a staged 
procedure with clitoroplasty early in life fol-
lowed by vaginoplasty in adolescence or beyond 
given that the vagina has no functional purpose in 
childhood. Those in favor of early reconstruction 
cite the advantages of improved tissue mobility 
and healing along with the option to utilize the 
preputial tissue from the clitoroplasty to recon-
struct the distal vagina [ 29 ]. Advocates of delayed 
reconstruction champion the ability of the patient 
to be involved in the discussion about gender, 
surgical options, and the ability to comply with 
postoperative care such as vaginal dilation. 

 Risk group  Disorder  Malignancy risk, %  Timing of gonadectomy 

 High  GD (+Y) intra-abdominal  15–35  As early as possible 
following diagnosis  PAIS non-scrotal  50 

 Frasier  60 
 Denys–Drash (+Y)  40 

 Intermediate  Turner (+Y)  12  Childhood 
 17β-hydroxysteroid  28 
 GD (+Y) scrotal  Unknown 
 PAIS scrotal gonad  Unknown 

 Low  CAIS  2  Debated 
 Ovotesticular DSD  3 
 Turner (−Y)  1 

 None  5αRD2  0  Unnecessary 
 Leydig cell hypoplasia  0 

  Adapted from 2006 International Intersex Consensus Conference [ 16 ]  

   Table 7.1    Gonad 
malignancy risk in DSD   
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 In patients that have undergone early clitoro-
plasty, there is evidence that the clitoral sensitiv-
ity is diminished, in comparison to similar 
patients who have not undergone clitoroplasty 
[ 37 ]. Unfortunately, this issue cannot be directly 
addressed through revision surgery as the under-
lying problem, damage to the neurovascular bun-
dles, cannot be reversed. 

 Another issue, patient dissatisfaction with 
genital cosmesis, is often raised and potentially 
addressed with revision surgery. In one large 
series, 41 % of patients reported that their per-
ception of the overall cosmetic outcome of their 
reconstruction was poor [ 34 ]. Much of the cos-
metic dissatisfaction centers around the size of 
the glans clitoris but can also focused on the 
labial tissue. Concerns about the labia generally 
relate to the relative paucity of redundancy of 
labial tissue. As with many cosmetic issues how-
ever, it is important to recognize that there is 
wide anatomic variation in female genetalia in 
general [ 38 ]. 

 Surgical techniques to address vaginal recon-
struction, or revise surgeries performed early in 
life, include the use of perineal dilation, bowel, 
skin, and oral mucosa [ 39 – 42 ]. Passive dilation 
of the perineum, resulting in a progressively 
deepened neovagina, has been accomplished 
with a variety of techniques such as repeated 
pressure with serial vaginal dilators [ 39 ], regular 
coitus [ 43 ], repeated pressure with a dilator 
attached to a bicycle seat [ 44 ], and surgically 
placed traction devices [ 45 ]. Peña has described 
techniques to mobilize the urogenital sinus as a 
unit, either in total or partially, to help avoid sep-
arating the vagina from the urethra [ 46 ]. This 
mobilization can be combined with fl ap-based 
repairs to help bridge additional distance to the 
perineum. A variety of bowel and skin substitu-
tion techniques have also been described. One of 
the earliest references from 1904 describes the 
use of ileum [ 47 ]. Later techniques involved sim-
ilar interposition using segments of the sigmoid 
colon or rectum [ 48 ]. Skin, either as a split or full 
thickness graft, or fl ap has been described, typi-
cally in combination with a vaginal stent to aid in 
dilation [ 41 ]. Reconfi guring and dilation of peri-
toneum has also been successfully utilized [ 49 ]. 

The use of oral mucosa for revision vaginoplasty 
has been shown to be a successful technique, at 
least in the short term [ 42 ,  50 ]. In complex pri-
mary repairs, such as with a high urogenital 
sinus, or revision operations, utilizing approaches 
such as the posterior sagittal approach [ 51 ] and 
anterior sagittal transrectal approach (ASTRA) 
can be advantageous [ 52 ]. Early results from the 
ASTRA technique demonstrate a high rate of 
success without fi stula, continence issues (uri-
nary or fecal), or strictures [ 53 ]. As with any 
early repair, only prolonged follow-up will dem-
onstrate the overall success, particularly with 
regard to stenosis. A multitude of other tech-
niques and variations of older techniques have 
been employed with no clear consensus on the 
most successful approach. 

 The most challenging long-term complication 
of any vaginoplasty repair is stenosis. In less 
severe cases, this is often managed with vaginal 
dilation. More signifi cant stenosis however, often 
requires surgical re-intervention. Often times, the 
scarring process of the stenosis limits the sur-
geon’s abilities to utilize local tissues in the revi-
sion repair. In these situations, the use of a 
substitution technique [ 48 ] or oral mucosa [ 42 ] 
has been successful. Long-term complication 
rates are diffi cult to quantify given the heteroge-
neity of the available data and tendency to report 
on case series and single surgeon experience. 
A recent systematic review evaluated 162 publi-
cations in an effort to understand the immediate 
and long-term success of reconstructive tech-
niques for vaginal agenesis. Scarring was one of 
the most frequent complications in the graft-
based repair techniques. Discharge and prolapse 
were more common in the substitution technique 
studies [ 54 ]. 

 The presence of urinary system issues is 
another potential problem that results from the 
underlying DSD as well as reconstructive proce-
dures. Studies in females with CAH and androgen 
insensitivity syndrome have shown varying results 
however with some citing and increased fre-
quency of lower urinary tract symptoms (LUTS) 
[ 55 ] but others showing relatively equal frequen-
cies of LUTS between those having undergone 
feminizing genitoplasty and controls [ 56 ].  
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    Male Phenotype 

 Complications with male reconstruction occur in 
a bimodal distribution. Lack of long-term studies 
impairs our ability to understand late natural his-
tory of repairs, so our best understanding rests in 
studies with shorter term follow-up. These 
include: urethral fi stula, urethral stricture, saccu-
lation of reconstructions causing urinary stasis 
and recurrent infection, development of hair balls 
and stones in the reconstructed urethra, chordee, 
scarring, ejaculatory complaints, among other 
issues. A full discussion of long-term outcomes of 
hypospadias repair can be found elsewhere in this 
textbook in chapter 8 (Hanna and Cambareri). 
When reconstruction is performed later in life, the 
success rate can be negatively impacted, particu-
larly with regard to wound healing, infection, 
complications, and overall success rates [ 57 ]. 
There are hundreds of described techniques for 
addressing the primary repair as well as revision 
repairs [ 58 ]. Much of the early salvage experience 
involved the use of local skin fl aps, which has 
been associated with long-term failure need for 
additional revision [ 59 ,  60 ]. The use of grafts, 
particularly oral mucosa has proven to be a much 
more successful technique for addressing the sal-
vage urethroplasty [ 61 ,  62 ]. The use of oral 
mucosa has been described for both single and 
multiple stage procedures with some data to sug-
gest higher success rates for the most complex 
revisions using a staged technique [ 59 ]. Urinary 
symptoms, sexual function, and self-esteem 
issues are all possible and frequently require addi-
tional intervention [ 63 ]. While urinary tract out-
comes for DSD patients raised as males is limited, 
data from the hypospadias population has demon-
strated a signifi cantly higher frequency of urinary 
issues such as spraying, post-void dribbling, and a 
sensation of incomplete emptying [ 64 ]. As the 
quality of long-term data improves, it is also 
becoming clear that adults who undergo hypospa-
dias repair during childhood frequently have 
functional and emotional issues that carry into 
adulthood [ 65 ,  66 ]. 

 For individuals with severely undervirilized 
male 46XY DSD conditions, advances in 
 phalloplasty have allowed for the creation of a 

functional penis. The majority of this data comes 
from Gent University Hospital in Belgium. 
A recent update from this group champions the 
radial forearm fl ap as the current gold standard 
for phalloplasty. In their series of 316 patients, 
after the required two operations (phalloplasty 
followed by penile implant), all were able to void 
in a standing position and most were able to 
experience sexual satisfaction [ 67 ]. As a recent 
summary of key discussions from a prominent 
DSD conference highlights, the incorporation of 
native genital sensitivity tissues is an important 
consideration when deciding on phalloplasty 
options [ 68 ].  

    Long-Term Quality of Life 

 Masculanizing and feminizing surgery remains a 
topic of great debate given the potential for 
delayed or long-term sequelae as it pertains to 
sexual function, sensation, and quality of life 
(QOL). For clitoral surgery performed in child-
hood, there is data showing a reduction in the 
ability to achieve orgasm along with impaired 
sensitivity and sexual satisfaction [ 37 ,  69 ]. While 
there have been studies and techniques described 
to help preserve sexual function [ 70 ], there is lit-
tle long-term data that defi nitively demonstrates 
preservation of sexual function following genito-
plasty [ 37 ]. Data on overall QOL is more variable 
with most of the outcomes measured in the CAH 
population. Some of these studies show little to 
no compromise in QOL metrics [ 71 ,  72 ], while 
other studies fi nd signifi cant detriment to QOL as 
a result of surgical intervention [ 7 ]. The results of 
these, and other QOL studies pertaining to CAH 
patients, are nicely summarized in a paper by 
Zainuddin et al. [ 73 ]. 

 The impact of medical and surgical manage-
ment of individuals with DSD raised as males 
has also been shown to have long-term QOL and 
sexual implications. Most studies reveal a nega-
tive impact on sexual function, satisfaction, and 
quality of life as it pertains to hypospadias repair 
[ 74 ]. Similarly, studies have demonstrated lower 
frequency of ejaculation and orgasm in hypospa-
dias patients [ 75 ] and a higher incidence of 
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 erectile dysfunction [ 76 ]. In one small study of 
patients with partial androgen insensitivity, there 
was notable impairment in sexual satisfaction 
and erectile function [ 77 ]. Overall however, the 
availability of long-term QOL data, as it pertains 
to male reconstruction specifi cally in DSD popu-
lations, is quite limited and thus there is little 
current ability to make revised treatment recom-
mendations [ 78 ]. As recent review notes, this 
paucity of outcome data but advocates for pro-
ceeding with male gender assignment in under-
virilized DSD patients given the positive results 
of long-term follow-up in transsexuals undergo-
ing reconstruction [ 66 ].   

    Late Presentation 
of the Undiagnosed DSD 

 While modern medical knowledge and diagnos-
tic testing has led to increased recognition of 
DSD, there are still cases which evade diagnosis 
until adolescence or beyond. In a recent study on 
CAH, the rate of diagnosis for children under 12 
months of age was 5.5 per 100,000 compared to 
0.23 per 100,000 for those are 12 months to 15 
years [ 79 ]. Cases of delayed diagnosis are more 
common in cases of 5αRD2, particularly in areas 
where defi nitive testing is less accessible [ 80 ]. 
In many cases, the recognition of a DSD condi-
tion is made following the diagnosis of a germ 
cell tumor [ 81 ]. In other cases, the diagnosis is 
made as a result of the recognition of specifi c 
anatomic abnormalities (e.g., hypospadias and 
cryptorchidism) or anatomy inconsistent with the 
sex of rearing [ 82 – 84 ]. It is also important to rec-
ognize the possibility of an incorrect DSD diag-
nosis. This inaccuracy can be present in up to 
50 % of adult patients diagnosed as children with 
a higher rate of misdiagnosis in older individuals, 
presumably due to a relatively less complex 
understanding of DSD conditions at the time of 
diagnosis [ 85 ]. When the diagnosis is delayed, it 
is often more diffi cult for the individual to under-
stand and accept the diagnosis [ 86 ]. 

 Once an undiagnosed DSD is suspected, the 
process of investigation is essentially identical to 
that of the newborn identifi cation, if the gonads 

have not been removed. In situations where 
gonadectomy has already been performed, it is 
considerably more diffi cult to make and confi rm 
the underlying diagnosis [ 87 ]. One of the most 
worrisome risks in those with a late diagnosis of 
DSD is the possibility of a GCT having devel-
oped in a dysgenetic gonad. In these individuals, 
it is advisable to remove the gonad(s) as would 
have been recommended if the DSD was recog-
nized in the newborn period. In cases, such as 
5αRD2, where testicular malignancy is of little or 
no concern, orchidopexy needs to be performed. 

 Management of the genitalia is another promi-
nent issue in those with late DSD diagnosis. In the 
case of an undervirilized male, planning to live as 
a male, there is often the need to manage com-
plex, proximal hypospadias defects with the 
potential for more complications and increased 
likelihood of needing multiple procedures to 
achieve a successful outcome [ 57 ]. In all adult 
DSD populations, attempts at surgical reconstruc-
tion are often more challenging given that these 
operations are often revisions of earlier recon-
structive attempts. Formation of scar tissue, adhe-
sions, destruction of tissue planes, and altered 
anatomical relationships can all  contribute to 
more complicated operations with a higher risk of 
postoperative complications. 

 When DSD patients are young, it is their 
parent(s) that need more emotional and psycho-
logical support. As the individual moves into 
adolescence and adulthood however, the focus of 
psychological support shifts toward the patient. 
The issues faced: gender identity, gender role, 
sexuality, sexual orientation, fertility, and under-
standing of diagnosis/surgical interventions, are 
complex and require an expert and multidisci-
plinary approach. In a variety of metrics, it has 
been shown that DSD patients have greater psy-
chological issues than non-DSD patients [ 88 ]. 
Issues surrounding female sexuality are particu-
larly problematic with differences seen in sexual 
activity, dyspareunia, and motivation [ 89 ]. Males 
also face signifi cant psychosexual issues cosmesis, 
sexual performance, and general sexual  activity 
[ 90 ]. Both males and females have the poten-
tial to experience gender dysphoria as they 
progress through adolescence/adulthood. 
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Some studies report very low rates of gender 
dysphoria [ 91 ] while others cite very high rates 
(38 %) in certain DSD populations [ 92 ]. A 2012 
study by Furtado et al. reviewed much of the cur-
rent literature on gender dysphoria in DSD, and 
report a rate of 8.5–20 %, with rates varying 
depending on the specifi c DSD condition [ 93 ]. In 
the era of multidisciplinary DSD teams, the role of 
the mental health provider is increasingly integral, 
both to the patient, but also as a facilitator between 
members of the care team and families [ 88 ]. 

 As our understanding of the extreme complex-
ity of DSD patients has evolved, multidisciplinary 
teams designed to help guide initial evaluation and 
follow-up management have become a standard in 
pediatric institutions. The emergence of these 
teams has led not only to enhanced medical and 
surgical care but has also been fundamental in 
establishing means to track and study the out-
comes of these individuals as they progress 
through childhood and into adulthood. The com-
plexity of these transition issues and suggestions 
for solutions is comprehensively outlined in a 
recent article by Crouch and Creighton [ 94 ]. As 
described, there often exists a void in the care of 
these individuals as they become adults. It can 
often be diffi cult for individuals to fi nd adult pro-
viders willing and able to care for their unique 
medical needs. In addition, the care, which has 
often been provided by providers all located within 
a single medical center, frequently becomes frag-
mented between multiple medical institutions. 
This lack of a central care facility places a large 
burden on the patient in a variety of social and eco-
nomic aspects. It also has the potential to fragment 
communication between providers unless there is 
a specifi c care provider willing to serve as a medi-
ator between all parties.  

    Conclusion 

 Individuals with DSD are a challenging popula-
tion with regard to diagnosis, management, and 
long-term care. As our ability to screen for, and 
identify, these conditions has improved it has been 
possible to provide defi nitive or near defi nitive 
management early in life. Unfortunately however, 

early management does not guarantee long-term 
outcomes, and thus it is imperative that there are 
resources in place to care for patients with DSD 
throughout their lifetime. In addition, it is impor-
tant to recognize that individuals with DSD may 
not present until later in life and may present 
with the sequelae of their untreated condition 
(e.g., gonadal malignancy). An understanding of 
prioritization and multidisciplinary approach to 
the various aspects of the individual condition is 
extremely important and may require the expertise 
of adult and pediatric practitioners regardless of 
the patient’s age. Finally, given that many of the 
treatment approaches and procedures performed 
today are relatively new, we must recognize that 
only time will reveal the true outcomes and com-
prehensive follow-up to facilitate a better under-
standing up our end results is essential. 
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            Primary Hypospadias in Adults 

 Hypospadias repair is usually performed during 
early childhood; however, sometimes this anom-
aly is left untreated until adulthood and in the 
majority of these cases the meatus is distal. The 
degree of curvature may have been unappreciated 
by both the parents and the primary care physi-
cian, and this is also fairly common in developing 
countries. Although patients with marked chor-
dee and a proximal meatus will be affected by the 
abnormality, the disability caused by mild vari-
ants of hypospadias is less obvious. Dodd’s et al. 
2008 [ 1 ] paper reported their experience with 56 
adults and found that 18 (32 %) stated that they 
were not aware they had an abnormality of the 
penis. None of the 56 patients complained of 
voiding problems however 20 (36 %) stated when 
asked that they had spraying or angulation of 
their urinary stream. Most (95 %) of the adult 
patients in their series stated that they were satis-
fi ed with the appearance of their penis, whether 

or not this fi nding is attributable to patient denial/
embarrassment, lack of insight about what nor-
mal is, or true satisfaction remains unclear. A sur-
vey of adults with uncorrected hypospadias 
involved a study of 500 consecutive men who 
underwent transurethral resection of the prostate 
or transurethral resection of bladder tumor. 
The investigators [ 2 ] reported that 13 % of their 
patients had anterior hypospadias. Sixty three 
percent of the patients were unaware that they 
had a genital anomaly, and none of them had 
voiding or cosmetic complaints. 

 The surgical techniques for the repair are 
 similar to those used in children. Senkul et al. [ 3 ] 
reported on 88 adult patients with an average age 
of 21.9 years. The primary cases consisted of 48 
anterior (7 glandular, 13 coronal, and 28 subcoro-
nal), 9 midpenile, and 2 proximal hypospadias. 
They used the MAGPI repair in 14 patients, 
Mathieu repair in 36 and TIP repair in 5. Of the 
four remaining patients, one had an Asopa, one 
had a Duckett, one had a two-stage repair, and 
one buccal mucosa tube. They reported a compli-
cation rate of 10.1 % for the primary repair and 
27.5 % for the secondary repairs. Another large 
series was reported by Adayener and Akyol in 
2006 [ 4 ] included 97 adult patients (80 primary 
and 17 secondary). The meatal position was glan-
dular in 6, coronal in 35, and subcoronal in 56 
patients. The 97 surgeries involved 42 MAGPIs, 
41 Mathieu, and 14 TIP procedures. 73/80 
(91.4 %) primary repairs were successful; they 
observed that the success rate for primary adult 
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cases was acceptable, but it was less in patients 
who had a longer neourethra. 

 Our experience in primary hypospadias is 
 relatively small: 10/221 adolescents, 8 coronal, 
and 2 midpenile. We have used the Thiersch 
Duplay (TD) repair in all cases and encountered 
complications in two patients (20 %), where one 
developed a fi stula and the other had glans dehis-
cence. This complication rate is much higher 
than our previously reported 2.1 % in 512 chil-
dren [ 39 ] using the same technique (Fig.  8.1 ). 
A similar outcome was reported by Hensle et al. 
[ 5 ] with the use of the TD repair and Mathieu 
procedure. In their series 2/6 (33 %), adult 
patients developed urethral fi stula and all were 
successfully repaired.  

 Li et al’s [ 6 ] experience with the repair of 
hypospadias using a bladder mucosal tube in 113 
adolescents and adults is remarkable. The ages 
ranged from 13 to 29 years (mean age was 
17.1 years). There were 31 primary cases in which 
adequate foreskin was lacking and 82 secondary 
cases. The meatus was penile in 33, penoscrotal in 
72, and perineal in 8. All of the repairs except 
one (primary or secondary) were performed as 
 one-stage procedure. They achieved satisfactory 
cosmetic and functional results in 99 patients 
(87.6 %). Others have not replicated the success 
of bladder mucosal tubes, and this technique has 
been largely abandoned.  

    Secondary Hypospadias Repairs 
(Table  8.1 ) 

    Our approach for creating a neourethra in redo 
and complex hypospadias repair has evolved over 
three decades. We now have an experience with 
203 hypospadias cripples who had had 2–23 sur-
gical procedures prior to referral, 126 of whom 
were previously reported [ 7 ]. Early on we used 
tubed free skin grafts, then tubed bladder mucosa 
grafts, and later on buccal mucosal grafts and 
have incorporated any residual urethral plate if it 
appears healthy no matter how narrow it was. 
When we reviewed our complication rate for the 
tubed free skin grafts in 2005, it was 32 %, but 
rose to 54.5 % by 2010 as more of these grafts 
developed lichen sclerosis. Our experience with 
bladder mucosa is that it tends to proliferate in the 
presence of irritating factors. Accordingly, the 
most common complication involving all bladder 
mucosa substitution urethroplasties involves 
meatal stenosis. When the bladder mucosa is 
exposed to air, it becomes sticky, friable, and 
hypertrophic leading to meatal stenosis. Although 
this can be prevented by anastomosing a 1 cm full 
thickness skin graft to the distal end of the muco-
sal tube, the potential morbidity of the end-to-end 
anastomosis of two free grafts and the sclerosis of 
the skin tube makes this proposition unappealing. 

  Fig. 8.1    Doral Heinke-Miculikz meatoplasty and Thiersch-Duplay repair for sub-coronal stenotic meatus and deep glans sulcus       

 

M.K. Hanna and G.M. Cambareri



79

   Ta
b

le
 8

.1
  

  Pr
im

ar
y 

an
d 

se
co

nd
ar

y 
hy

po
sp

ad
ia

s 
re

pa
ir

 in
 a

du
lt 

an
d 

ad
ol

es
ce

nt
 p

at
ie

nt
s:

 r
ev

ie
w

 o
f 

th
e 

lit
er

at
ur

e   

 Pa
tie

nt
s 

(n
um

be
r)

 
    A

ve
ra

ge
 a

ge
 

(y
ea

rs
) 

 Fo
llo

w
-u

p 

 Pr
im

ar
y 

re
pa

ir
 

(n
um

be
r)

 

 Se
co

nd
ar

y 
re

pa
ir

 
(n

um
be

r)
 

 Ty
pe

 o
f 

re
pa

ir
 

 Pr
es

en
tin

g 
co

m
pl

ai
nt

 

 St
ag

ed
 

or
 s

in
gl

e 
st

ag
e 

 O
ut

co
m

e 
(s

uc
ce

ss
 

ra
te

) 
 C

om
pl

ic
at

io
ns

 

 L
i e

t a
l. 

[ 6
 ] 

 11
3 

 17
.1

 (
13

– 
29

) 
 3 

m
on

th
s 

to
 2

 
ye

ar
s 

 31
 

 82
 

 T
ub

ul
ar

iz
ed

 b
la

dd
er

 
m

uc
os

a 
 H

yp
os

pa
di

ac
 

m
ea

tu
s 

 Si
ng

le
 

St
ag

e 
 87

.6
 %

 
 – 

U
C

F 
7.

1 
%

 
 – 

U
re

th
ra

l s
tr

ic
tu

re
 

5.
3 

%
 

 H
en

sl
e 

et
 a

l. 
[ 5

 ] 
 42

 
 22

.5
 (

18
– 

47
) 

 1–
 1

9 
ye

ar
s 

 8 
 34

 
 – 

Pr
im

ar
y:

 
T

hi
er

sc
h-

D
up

la
y,

 
M

at
hi

eu
, I

sl
an

d 
pe

di
cl

e 
tu

be
 g

ra
ft

 
 – 

Se
co

nd
ar

y:
 F

is
tu

la
 

cl
os

ur
e,

 M
at

hi
eu

, 
Is

la
nd

 p
ed

ic
le

 tu
be

 
gr

af
t, 

bu
cc

al
 

m
uc

os
a 

tu
be

 g
ra

ft,
 

Is
la

nd
 p

ed
ic

le
 

on
la

y 
gr

af
t, 

bl
ad

de
r 

m
uc

os
a 

tu
be

 g
ra

ft,
 

bu
cc

al
 m

uc
os

al
 

on
la

y 
gr

af
t, 

sp
lit

 
th

ic
kn

es
s 

sk
in

 g
ra

ft
 

 – 
H

yp
os

pa
di

as
 

m
ea

tu
s 

 – 
C

ho
rd

ee
 

 – 
U

C
F 

 – 
Sc

ar
ri

ng
 

 – 
H

ai
r 

be
ar

in
g 

ur
et

hr
a 

 – 
U

re
th

ra
l 

st
on

es
 

 – 
D

iv
er

tic
ul

um
 

 Si
ng

le
 

 – 
62

.5
 %

 in
 

pr
im

ar
y 

st
ag

e 
re

pa
ir

s 
 – 

44
.1

 %
 in

 
se

co
nd

ar
y 

st
ag

e 
(3

6.
3 

%
 

in
 “

cr
ip

pl
es

”)
 

 – 
O

ut
co

m
es

 
in

cr
ea

se
d 

to
 

10
0 

%
 p

ri
m

ar
y 

re
pa

ir
 a

ft
er

 
se

co
nd

ar
y 

su
rg

er
y 

an
d 

85
.3

 %
 in

 
se

co
nd

ar
y 

su
rg

er
y 

 – 
U

C
F 

10
 

 – 
St

ri
ct

ur
e 

6 
 – 

G
ra

ft
 lo

ss
 2

 
 – 

G
ra

ft
 c

on
tr

ac
tu

re
 

2 
 – 

Sk
in

 fl 
ap

 lo
ss

 2
 

 Se
nk

ul
 

et
 a

l. 
[ 3

 ] 
 88

 
 21

.9
 (

20
– 

27
) 

 28
 m

on
th

s 
(5

– 
60

 m
on

th
s)

 
 59

 
 29

 
 – 

Pr
im

ar
y:

 M
A

G
PI

, 
M

at
hi

eu
, T

IP
, 

A
so

pa
, D

uc
ke

tt,
 tw

o 
st

ag
e,

 b
uc

ca
l t

ub
e 

 – 
Se

co
nd

ar
y:

 fi 
st

ul
a,

 
M

at
hi

eu
, T

IP
, i

n 
si

tu
 tu

bu
la

ri
za

tio
n,

 
bu

cc
al

 tu
be

, a
nd

 
on

la
y 

 – 
Pr

im
ar

y:
 

hy
po

sp
ad

ia
c 

m
ea

tu
s 

 – 
Se

co
nd

ar
y:

 
U

C
F,

 
hy

po
sp

ad
ia

c 
m

ea
tu

s,
 

cr
ip

pl
e 

 B
ot

h 
(o

nl
y 

2 
st

ag
ed

) 

 – 
89

.9
 %

 in
 

pr
im

ar
y 

 – 
72

.5
 %

 in
 

se
co

nd
ar

y 
 – 

A
ft

er
 

se
co

nd
ar

y 
in

te
rv

en
tio

ns
 

in
cr

ea
se

d 
to

 
10

0 
%

 a
nd

 
89

.6
 %

 

 – 
Pr

im
ar

y:
 fi 

st
ul

a,
 

pa
rt

ia
l g

ra
ft

 lo
ss

 
 – 

Se
co

nd
ar

y:
 

fi s
tu

la
, p

ar
tia

l 
gr

af
t l

os
s,

 to
ta

l 
gr

af
t l

os
s,

 
st

ri
ct

ur
e 

 Sn
od

gr
as

s 
et

 a
l. 

[ 3
3 ]

 
 25

 
 18

 (
16

 m
on

th
s–

 
– 

40
 y

ea
rs

) 
 5 

m
on

th
s 

(6
 w

ee
ks

– 
14

 m
on

th
s)

 

 25
 

 B
ra

ck
a 

tw
o-

st
ag

e 
re

pa
ir

 w
ith

 b
uc

ca
l 

m
uc

os
a 

 Sc
ar

re
d 

ur
et

hr
al

 
pl

at
e 

an
d 

re
si

du
al

 
hy

po
sp

ad
ia

s 

 St
ag

ed
 

 65
 %

 (
in

 2
0 

pa
tie

nt
s)

 
 U

C
F,

 g
la

ns
 

de
hi

sc
en

ce
 

(c
on

tin
ue

d)

8 The Adult Hypospadias Patient: Technical Challenges in Adulthood



80

Ta
b

le
 8

.1
 

(c
on

tin
ue

d)

 A
m

uk
el

e 
et

 a
l. 

[ 7
 ] 

 12
6 

 14
 m

on
th

s–
35

 y
ea

rs
 

 12
 m

on
th

s 
 12

6 
 Fr

ee
 s

ki
n,

 b
la

dd
er

 
an

d 
bu

cc
al

 g
ra

ft
s,

 
T

hi
er

sc
h-

D
up

la
y 

 H
yp

os
pa

di
as

 
cr

ip
pl

es
, c

ho
rd

ee
 

 Si
ng

le
 

 B
ot

h 
 74

 %
 

 79
 %

 
 M

ul
tip

le
 U

C
F,

 
st

ri
ct

ur
e,

 s
ki

n 
te

th
er

in
g,

 
br

ea
kd

ow
n,

 
in

cl
us

io
n 

cy
st

 
 D

od
so

n 
et

 a
l. 

[ 3
4 ]

 
 31

 
 13

 (
10

–6
2)

 
 14

 m
on

th
s 

(1
–2

88
) 

 31
 

 n/
a 

 M
et

al
-b

as
ed

 fl 
ap

s,
 

M
A

G
PI

, i
sl

an
d 

on
la

y 
fl a

ps
, s

ta
ge

d 
pr

oc
ed

ur
e,

 T
IP

, t
ub

e 
gr

af
t, 

M
at

hi
eu

 

 H
yp

os
pa

di
ac

 
m

ea
tu

s 
 B

ot
h 

 52
 %

 
 U

C
F,

 s
tr

ic
tu

re
, 

he
m

at
om

a,
 lo

ss
 o

f 
re

pa
ir

, u
re

th
ra

l w
eb

 

 Sh
ar

m
a 

[ 3
5 ]

 
 13

 
 18

–2
6 

 0.
5 

ye
ar

s 
(0

.2
5–

3)
 

 13
 

 n/
a 

 T
IP

 u
re

th
ro

pl
as

ty
 

 H
yp

os
pa

di
ac

 
m

ea
tu

s 
 Si

ng
le

 
 76

.9
 %

 
 U

C
F 

(c
lo

se
d 

sp
on

ta
ne

ou
sl

y)
 

 H
at

ip
og

lu
 

et
 a

l. 
[ 3

6 ]
 

 27
 

 22
 

 13
 m

on
th

s 
(6

–1
8)

 
 27

 
 n/

a 
 T

IP
 u

re
th

ro
pl

as
ty

 
 H

yp
os

pa
di

ac
 

m
ea

tu
s 

 Si
ng

le
 

 81
.4

 %
 

 M
ea

ta
l s

te
no

si
s 

(s
uc

ce
ss

fu
lly

 d
ila

te
d 

in
 a

ll)
 a

nd
 U

C
F 

(c
lo

se
d 

at
 6

 m
on

th
s)

 
 A

da
ye

ne
r 

an
d 

A
ky

ol
 

[ 4
 ] 

 97
 

 21
.8

 (
20

–2
6)

 
 19

 m
on

th
s 

(6
–3

1)
 

 80
 

 17
 

 M
A

G
PI

, M
at

hi
eu

, 
T

IP
 u

re
th

ro
pl

as
ty

 
 H

yp
os

pa
di

ac
 

m
ea

tu
s 

 Si
ng

le
 

 – 
Pr

im
ar

y 
76

.5
 %

 
(i

nc
re

as
ed

 
10

0 
%

 
se

co
nd

ar
y 

pr
oc

ed
ur

e 
 – 

Se
co

nd
ar

y 
91

.3
 %

 
(i

nc
re

as
ed

 
10

0 
%

 in
 

se
co

nd
ar

y 
pr

oc
ed

ur
e)

 

 – 
Pr

im
ar

y:
 U

C
F,

 
sk

in
 fl 

ap
 lo

ss
 

 – 
Se

co
nd

ar
y:

 U
C

F 
an

d 
fl a

p 
lo

ss
 

Pa
tie

nt
s 

(n
um

be
r)

A
ve

ra
ge

 a
ge

 
(y

ea
rs

)
Fo

llo
w

-u
p

Pr
im

ar
y 

re
pa

ir
 

(n
um

be
r)

Se
co

nd
ar

y 
re

pa
ir

 
(n

um
be

r)
Ty

pe
 o

f 
re

pa
ir

Pr
es

en
tin

g 
co

m
pl

ai
nt

St
ag

ed
 

or
 s

in
gl

e 
st

ag
e

O
ut

co
m

e 
(s

uc
ce

ss
 

ra
te

)
C

om
pl

ic
at

io
ns

M.K. Hanna and G.M. Cambareri



81

 B
ar

ba
gl

i 
et

 a
l. 

[ 3
7 ]

 
 60

 
 32

.2
 (

19
–3

7)
 

 33
.8

 m
on

th
s 

(1
2–

13
8)

 
 n/

a 
 60

 
 M

ea
to

pl
as

ty
, 

an
as

to
m

ot
ic

 r
ep

ai
r, 

fi s
tu

la
 c

lo
su

re
, d

or
sa

l 
in

la
y 

gr
af

t o
r 

fl a
p 

w
ith

 s
ki

n,
 b

uc
ca

l 
m

uc
os

a 
in

la
y 

an
d 

on
la

y,
 m

ul
tis

ta
ge

 
w

ith
 s

ki
n,

 m
ul

tis
ta

ge
 

w
ith

 b
uc

ca
l m

uc
os

a 

 U
re

th
ra

l 
st

ri
ct

ur
e,

 r
es

id
ua

l 
hy

po
sp

ad
ia

s,
 

U
C

F,
 m

ea
ta

l 
st

en
os

is
, p

en
ile

 
cu

rv
at

ur
e,

 h
ai

r, 
di

ve
rt

ic
ul

ar
, 

st
on

e 

 B
ot

h 
 75

 %
 (

di
ff

er
en

t 
su

cc
es

s 
ba

se
d 

on
 

on
e 

st
ag

e 
vs

. 
m

ul
ti 

st
ag

e 
an

d 
so

ur
ce

 o
f 

gr
af

t)
 

 U
C

F,
 m

ea
ta

l 
st

en
os

is
, g

la
ns

 
de

hi
sc

en
ce

, p
oo

r 
co

sm
es

is
, r

es
id

ua
l 

ch
or

de
e 

 B
ar

ba
gl

i 
et

 a
l. 

[ 3
8 ]

 
 1,

17
6 

 31
 y

ea
rs

 (
1–

76
) 

 60
.4

 m
on

th
s 

(1
2–

13
7)

 
 1,

17
6 

 n/
a 

 M
ea

to
pl

as
ty

, U
C

F 
cl

os
ur

e,
 e

nd
-t

o-
 en

d 
an

as
to

m
os

is
, p

er
in

ea
l 

ur
et

hr
os

to
m

y,
 b

uc
ca

l 
m

uc
os

a,
 s

ki
n 

gr
af

t o
r 

fl a
p,

 J
oh

an
so

n,
 g

la
ns

 
re

co
ns

tr
uc

tio
n,

 p
en

ile
 

sk
in

 r
ec

on
st

ru
ct

io
n,

 
co

rp
or

op
la

st
y 

 U
re

th
ra

l 
st

ri
ct

ur
e,

 r
es

id
ua

l 
hy

po
sp

ad
ia

s,
 

U
C

F<
 m

ea
ta

l 
st

en
os

is
, r

es
id

ua
l 

cu
rv

at
ur

e,
 h

ai
r, 

di
ve

rt
ic

ul
a,

 
st

on
es

 

 B
ot

h 
 88

.1
 %

 
 Ty

pe
s 

of
 

co
m

pl
ic

at
io

ns
 n

ot
 

re
po

rt
ed

 

 Sc
hw

en
tn

er
 

et
 a

l. 
[ 3

9 ]
 

 31
 

 13
.5

 
(1

5 
m

–2
6 

ye
ar

s)
 

 78
.4

5 
m

on
th

s 
(6

1–
 1

16
 

m
on

th
s)

 

 n/
a 

 31
 

 Si
ng

le
 s

ta
ge

 f
ul

l 
th

ic
kn

es
s 

ge
ni

ta
l s

ki
n 

gr
af

ts
 

 U
C

F,
 u

re
th

ra
l 

st
ri

ct
ur

e,
 r

es
id

ua
l 

hy
po

sp
ad

ia
s,

 
di

ve
rt

ic
ul

a 
or

 
br

ea
kd

ow
n 

an
d 

al
l p

at
ie

nt
s 

ha
d 

a 
sc

ar
re

d 
ur

et
hr

al
 

pl
at

e 
re

qu
ir

in
g 

gr
af

t 

 Si
ng

le
 

 87
.1

 %
 

 U
re

th
ra

l s
tr

ic
tu

re
 

an
d 

fi s
tu

la
 (c
on

tin
ue

d)

8 The Adult Hypospadias Patient: Technical Challenges in Adulthood



82

Ta
b

le
 8

.1
 

(c
on

tin
ue

d)

 L
um

en
 

et
 a

l. 
[ 4

0 ]
 

 25
 

 36
.2

 (
19

–5
5)

 
 45

.4
 m

on
th

s 
(4

–9
2)

 
 n/

a 
 25

 
 Fr

ee
 g

ra
ft

s,
 

an
as

to
m

ot
ic

 r
ep

ai
r, 

co
m

bi
ne

d 
ur

et
hr

op
la

st
y,

 
pe

di
cl

ed
 fl 

ap
, a

nd
 

st
ag

ed
 r

ep
ai

r 

 U
re

th
ra

l s
tr

ic
tu

re
 

 B
ot

h 
 72

 %
 (

fi s
tu

la
 w

as
 

no
t c

on
si

de
re

d 
fa

ilu
re

 a
nd

 n
ot

 
re

po
rt

ed
 a

s 
fa

ilu
re

s)
 

 – 
R

ec
ur

re
nc

e 
of

 
st

ri
ct

ur
e 

 – 
4 

pa
tie

nt
s 

w
ith

 
fi s

tu
la

, n
ot

 r
ep

or
te

d 
as

 p
ar

t o
f 

co
m

pl
ic

at
io

ns
 

 M
ee

ks
 e

t a
l. 

[ 4
1 ]

 
 15

 
 30

.5
 (

18
–5

7)
 

 23
 m

on
th

s 
(5

–6
2)

 
 n/

a 
 15

 
 St

ag
ed

 r
ep

ai
r 

w
ith

 
gr

af
ts

 in
cl

ud
in

g 
bu

cc
al

 m
uc

os
a,

 
au

ri
cu

la
r, 

ab
do

m
in

al
 

sk
in

, a
nd

 p
en

ile
 s

ki
n 

 L
ow

er
 u

ri
na

ry
 

tr
ac

t s
ym

pt
om

s,
 

in
fe

rt
ili

ty
, 

ch
or

de
e,

 fi 
st

ul
a,

 
ha

ir
, s

to
ne

, a
nd

 
re

cu
rr

en
t 

in
fe

ct
io

ns
 

 St
ag

ed
 

 86
 %

 
 D

eh
is

ce
nc

e,
 

br
ea

kd
ow

n,
 fi 

st
ul

a,
 

po
or

 c
os

m
es

is
, 

co
ro

na
l m

ea
tu

s,
 

sp
ra

yi
ng

, r
et

en
tio

n,
 

bu
cc

al
 m

uc
os

a 
or

al
 

gr
af

t c
om

pl
ic

at
io

ns
, 

U
T

I 
 M

ye
rs

 e
t a

l. 
[ 4

2 ]
 

 50
 

 38
 (

19
–7

1)
 

 89
 m

on
th

s 
(m

ed
ia

n,
 

ra
ng

e 
6–

 
19

8)
 

 n/
a 

 50
 

 Pe
ni

le
 s

ki
n 

fl a
p,

 
pe

ri
ne

al
 

ur
et

hr
os

to
m

y,
 

ex
ci

si
on

 a
nd

 p
ri

m
ar

y 
an

as
to

m
os

is
, 

tu
bu

la
ri

ze
d 

pl
at

e,
 

bu
cc

al
 m

uc
os

a 
on

la
y,

 
U

C
F 

cl
os

ur
e,

 
ch

or
de

e 
co

rr
ec

tio
n,

 
co

m
bi

ne
d 

 U
re

th
ra

l 
st

ri
ct

ur
e,

 fi 
st

ul
a,

 
pe

rs
is

te
nt

 
hy

po
sp

ad
ia

s,
 

ha
ir

 in
 th

e 
ur

et
hr

a 
an

d 
ch

or
de

e 

 B
ot

h 
 76

 %
 (

50
 %

 
in

iti
al

ly
) 

 U
re

th
ra

l s
tr

ic
tu

re
, 

U
C

F,
 p

er
iu

re
th

ra
l 

in
fe

ct
io

n,
 g

ra
ft

 
co

nt
ra

ct
ur

e,
 e

ro
si

on
 

 C
am

ba
re

ri
 

an
d 

H
an

na
 

[ 3
9 ]

 

 29
 

 10
–2

9 
 2 

ye
ar

s 
in

 a
ll 

(1
4 

pa
tie

nt
s 

ha
d 

fo
llo

w
-u

p 
5 

ye
ar

s)
 

 n/
a 

 29
 

 Is
la

nd
 s

ki
n 

fl a
p 

on
la

y 
or

 b
uc

ca
l m

uc
os

al
 

gr
af

t o
nl

ay
 

 U
re

th
ra

l s
tr

ic
tu

re
 

in
 a

ll,
 U

C
F,

 
ch

or
de

e 

 Si
ng

le
 

 86
.2

 %
 (

in
cr

ea
se

d 
to

 9
3.

1 
%

 w
ith

 
se

co
nd

ar
y 

pr
oc

ed
ur

es
) 

 U
C

F 
an

d 
re

cu
rr

en
ce

 
of

 s
tr

ic
tu

re
 

Pa
tie

nt
s 

(n
um

be
r)

A
ve

ra
ge

 a
ge

 
(y

ea
rs

)
Fo

llo
w

-u
p

Pr
im

ar
y 

re
pa

ir
 

(n
um

be
r)

Se
co

nd
ar

y 
re

pa
ir

 
(n

um
be

r)
Ty

pe
 o

f 
re

pa
ir

Pr
es

en
tin

g 
co

m
pl

ai
nt

St
ag

ed
 

or
 s

in
gl

e 
st

ag
e

O
ut

co
m

e 
(s

uc
ce

ss
 

ra
te

)
C

om
pl

ic
at

io
ns

M.K. Hanna and G.M. Cambareri



83

Furthermore, the pliability of bladder mucosa also 
leads to ballooning during  voiding and over time 
diverticulum formation. We have reported 27 
bladder mucosal tubed grafts in complex hypo-
spadias cases [ 7 ] and encountered 6 major com-
plications (2 strictures, 3 mucosal prolapse, and 1 
fi stula with mucosal prolapse). There were four 
patients who developed minor complications 
(skin tethering in three and inclusion cyst in one). 
A consistent problem has been exuberant over-
growth of transitional epithelium at the meatus 
producing a “caulifl ower like “appearance. The 
total of 37 % secondary surgeries following blad-
der mucosal tube in our patients and the additional 
surgery for harvesting the graft led us to abandon 
the bladder mucosa in favor of buccal mucosal 
grafts, as have others. 

 The popularization of oral mucosa-free grafts 
(OMG) in repair of hypospadias cripples has 
revolutionized treatment for this group [ 8 ]. 
When tissue transfer is needed, OMG is univer-
sally accepted as the best free graft due to ease of 
harvest, quality of substrate for urethral substitu-
tion, low late complication rate, and low long-
term donor site morbidity [ 9 ,  10 ]. One-stage 
onlay or two- stage repairs are preferable to one-
stage tubed repairs, resulting in lower complica-
tions with durable results in peripubertal/
postpubertal patients [ 2 ,  11 – 16 ,  33 ]. Successful 
outcomes in postpubertal hypospadias cripples 
are more diffi cult to achieve than in a prepuber-
tal population, rendering a need to utilize two-

stage approaches for peri- and postpubertal 
hypospadias cripples [ 37 ,  41 ]. Urinary function, 
as characterized by AUA-SS, for patients under-
going buccal mucosa graft reconstruction is rea-
sonable, with most patients reporting mild 
LUTS. Even after successful repair, however, 
cosmesis continues to be a challenge for this 
group, with 1/3 of patients undergoing OMG 
reconstruction stating that they are very or some-
what dissatisfi ed with the cosmetic outcome 
[ 17 ]. Sexual function in this group of patients 
has been characterized utilizing the IIEF and 
 demonstrating excellent results. Similar to all 
hypospadias patients, ejaculatory complaints 
predominate [ 17 ].  

    Urethral Fistula 

 Fistula is an ingrowth of epithelial cells along the 
suture tracts, and when large is a localized tissue 
necrosis. Small fi stulas may present at a later date 
during adolescence. After ruling out distal 
obstruction, closure of a simple fi stula can be 
achieved by dissecting out the fi stula tract and 
directly approximating the edges without nar-
rowing the urethral lumen followed by intraop-
erative testing for water tightness of the closure, 
waterproofi ng by a Dartos or tunica vaginalis 
fl ap, and coverage with a rotation trapdoor skin 
fl ap based on the upstream edge (Fig.  8.2 ). 
Complex fi stulae including large, multiple, and 

  Fig. 8.2    Closure of a 
simple fi stula       
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  Fig 8.3    Large sub-coronal fi stula: division of glans bridge and distal redo T-D urethroplasty       

recurrent may be a manifestation of another 
problem. Richter et al. [ 18 ] reviewed the records 
of 28 patients, who had had between 2 and 15 
attempts at closure where 17 had a single fi stula 
and 11 patients multiple fi stulae were present. 
The causes of failure were believed to be the 
awkward fi stula site in 12 (coronal fi stulas), ure-
thral diverticulum in 7, and distal urethral stric-
ture in 4. In 5 patients, the cause of the recurrent 
fi stula was unclear. In these cases, intraoperative 
calibration of the distal urethra and urethral dis-
tension using a syringe full of water and a 
Christmas tree adapter will demonstrate a stric-
ture or a diverticulum.  

 For larger fi stulas where direct closure would 
narrow the urethral lumen, either a lateral hinge 
fl ap or an adjacent skin fl ap on subcutaneous 
mesentery (island fl ap) can be used. If the local 
skin is scarred, a free-patch graft of buccal 
mucosa with buttressing by a tunica vaginalis 
fl ap would be another surgical option. 

 Coronal fi stulas are notoriously diffi cult to 
repair by layered closure because the distal glan-
dular tissue is fi xed. This often causes some degree 
of tension on the suture line, hence the high failure 

rate of coronal fi stula repairs. In our experience, 
coronal fi stulas are best repaired by converting 
them to coronal hypospadias, by dividing the 
bridge of tissue between the fi stula and meatus. 
Then, the urethral plate is  tubularized using a 
wider strip (Thiersch-Duplay tube) with or with-
out a dorsal midline relaxing incision depending 
on how deep the glans sulcus is (Fig.  8.3 ). In resur-
facing the operative site, the traditional transposi-
tion fl aps (Y-V and advancement) may be 
unreliable because their vascularity may have 
been compromised by previous surgery. The hair-
less midline scrotal island or rotation of a scrotal 
fl ap is more reliable for these cases. It should be 
noted that these are random fl aps and a width/
length ratio of at least 1:2 should be maintained.   

    Chordee 

 The residual or recurrent curvature, apart from 
the obvious deformity, may interfere with sexual 
intercourse. It may be due to incomplete correction 
during the primary childhood repair or due to 
recurrent fi brosis secondary to previous operative 
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  Fig. 8.4    Spectrum of mild to severe ventral residual and recurrent chordee. Aesthetic-functional disability       

trauma. In our experience, penile curvature was 
present in 76/221 adults and the spectrum of the 
curvature varied from an aesthetic nuisance to 
functional disability (Fig.  8.4 ). It is necessary to 
take a careful sexual history for all postpubertal 
patients with planned operative repair of a ure-
thral complication to ensure that chordee can be 
addressed simultaneously if problematic.  

 The role of an intraoperative artifi cial erection 
to assess the adequacy of the chordee release has 
been repeatedly stressed. Gershbaum et al. [ 19 ] 
reported the long-term follow-up for surgical 
repair of severe chordee associated with perineo- 
scrotal hypospadias in 34 patients. There were two 
groups of patients: the fi rst group of 23 children 
underwent one-stage repair, and the chordee was 
repaired by a dorsal shortening procedure (Nesbitt 
repair or tunica albuginea plication). The second 
group of 11 children had two-stage repairs and the 
chordee was corrected by a ventral corporal 
lengthening with either a dermal or tunica vagina-

lis free graft. At 5–15-year follow-up recurrent 
chordee was noted in 5/23 (21.7 %) in group 1 
(dorsal shortening) and there was no recurrent cur-
vature in the second group (ventral grafting) 

 The fi rst step in repairing recurrent or persis-
tent curvature in adolescent and adults is the 
degloving of the penis and radical excision of 
all scar tissue, then induction of an artifi cial 
 erection, if the curvature is relatively mild (30° 
or less) the modifi ed Nesbitt procedure [ 20 ] 
(Fig.  8.5 ) or the simpler Baskin modifi cation 
[ 21 ] (Fig.  8.6 ) should straighten the penis. 
When the curvature is severe due to corporal 
disproportion or severe scarring (Fig.  8.7 ), it 
would be wiser to avoid  dorsal shortening pro-
cedures and opt for a  two-stage repair. In stage 
1, an autologous dermal or vein graft or off-the-
shelf transgenic  alternative can be used to cor-
rect the curvature and lengthen the ventral 
corporal wall and then covered with a well-vas-
cularized skin fl ap (Fig.  8.8 ).      
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  Fig. 8.6     Top : Modifi ed 
Baskin chordee repair. 
 Bottom : Artifi cial erection 
test, pre- ( left ) and 
post-repair ( right )       

  Fig. 8.5    Curvature partly scarring and partly corporal disproportion: Nesbitt Repair       
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  Fig. 8.7    Residual chordee post hypospadias repair due to corporal disproportion       

  Fig. 8.8    A 29-year-old patient, who had 14 operations.  Stage I : excision of scarred plate, ventral corporal lengthening 
by a dermal graft, and coverage with a side fl ap       
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    Stricture 

 Urethral strictures following hypospadias repair 
are fundamentally different from those secondary 
to infl ammatory disease or post-trauma. The bul-
bospongiosum tissue is lacking, and the stricture 
may appear many years and even decades after 
the surgery (Fig.  8.9 ). The exact incidence is 
unknown. In men who present with urethral stric-
ture, complications of previous hypospadias 
repair such as urethral fi stula and or persistent 
curvature are common. Lumen et al. [ 22 ] reported 
the leading cause of iatrogenic urethral stricture 
in men younger than 45 years was due to prior 
hypospadias repair. Greenwell et al. [ 23 ] 
described the evolution of urethroplasty for ure-
thral strictures. For long stricture of the penile 
urethra, some form of substitution urethroplasty 
is necessary. While some advocate a one-stage 
operation, adult reconstructionists typically favor 
a two-stage approach for penile urethral recon-
struction using OMG. To date, no studies defi -
nitely support one-stage vs. two-stage approaches. 
In general, tubed fl aps or grafts do not do well 
even in the hands of experienced surgeons. We 
have abandoned the use of a one-stage mucosal 
tube in favor of a patch graft, as they tend to 
result in fewer failures, likely due to improved 

acquisition of a new blood supply. The process of 
angiogenesis appears to be less effi cient for a 
 circumferential large surface area (tube) than a 
somewhat localized fl at patch.  

 The management of urethral stricture disease 
following hypospadias repair is still controver-
sial. In patients with a scarred or defi cient ure-
thral plate and/or concomitant lichen sclerosis 
(LS) (Fig.  8.10 ), a staged repair is recommended. 
When oral mucosa is used in a two-stage repair 
for a scarred urethral plate, one would expect to 
revise the graft in 10–15 %, as the recipient 
bed was abnormal to begin with (Fig.  8.11 ). 
For patients who have a healthy residual urethral 
plate, regardless of its width, either a single stage 
onlay or inlay buccal mucosal graft or a local 
island skin fl ap [ 24 ] can be used. The decision 
for either technique should be based on the qual-
ity of the penile skin and surgeon’s preference. 
Some surgeons favor dorsal inlay over ventral 
onlay of buccal mucosa grafts. There are valid 
arguments for the dorsal placement of the graft 
(i.e., better support and fi xation to the corpora 
cavernosa resulting in less sacculation), which 
may result in less post-micturition dribbling. 
However, ventral onlay is easier to perform, and 
still advocated by some.   

 Endoscopic treatment by optical internal ure-
throtomy of urethral stricture for patients without 

  Fig. 8.9    A 36-year-old patient, who had two-stage hypospadias repair at 2 years of age, and later voiding symptoms at 
29 years of age. Long urethral stricture (8FR) with relatively healthy urethral plate       
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hypospadias surgery has been reported to be very 
successful when the stricture is confi ned to the 
bulbar urethra [ 25 ]. However, the same treatment 

is less successful after hypospadias repair. Scherz 
et al. [ 26 ] reviewed 34 cases who developed a 
stricture following hypospadias repair and were 
classifi ed into those with early (<3 months) and 
late strictures (>3 months). Manipulative therapy, 
which included urethral dilation and internal 
 urethrotomy, was successful in 46 % of early and 
16 % of late strictures. Patients who went onto 
open surgical repair ultimately had 82 % success. 
Another study of 38 patients with urethral stric-
ture after hypospadias repair presented with void-
ing diffi culties at a mean of 27.5 months. These 
patients were gleaned from 582 hypospadias 
repairs (6.5 %) and were retrospectively reviewed. 
A total of 29 patients underwent urethrotomy or 
dilation as their initial treatment with 79 % 
requiring urethroplasty due to failure of endo-
scopic treatment [ 27 ]. 

 Husmann et al. [ 28 ] conducted a comprehensive 
review of the direct vision urethrotomy for short 
(less than 1 cm) penile urethral strictures following 
hypospadias surgery. Patients with short strictures 
located proximal to the meatus underwent internal 
urethrotomy. Based on the type of initial urethro-
plasty, patients were randomly divided into treat-
ment with direct vision urethrotomy vs. direct 

  Fig. 8.10    Balanitis xerotica obliterans. Characterized by an 
insidious onset, dense ivory fi brosis, hyperkeratosis, atro-
phic dermatitis thin rete pegs, dermal collagen forming a 
homogenous band, deep infi ltration of infl ammatory cells       

  Fig. 8.11    Mucosal graft revision using skin if no BXO or another mucosal graft prior to tubularization       
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vision urethrotomy plus clean intermittent cathe-
terization for 3 months. Success was defi ned as 
absent obstructive voiding symptoms and a normal 
urine fl ow 2 years following the last patient instru-
mentation. Of patients with urethral strictures fol-
lowing hypospadias repair 44 % (32) had previously 
undergone tubularized graft urethroplasty and 
56 % (40) had previously undergone fl ap urethro-
plasty, including a tubularized island fl ap in 18, an 
onlay fl ap in 11, and urethral plate urethroplasty in 
11. Direct vision urethrotomy alone was performed 
in 51 % of patients (37), and direct vision 
 urethrotomy and clean intermittent  catheterization 
were performed in 49 % (35). Success with the two 
methods was similar, that is, 24 % (9 of 37 patients) 
vs. 22 % (8 of 35). Following direct vision urethrot-
omy, all patients with tubularized graft urethro-
plasty showed failure (0 of 32). Success was noted 
in 11 % of patients (2 of 18) with tubularized island 
fl ap urethroplasty compared to 72 % (8 of 11) with 
onlay urethroplasty and 63 % (7 of 11) with ure-
thral plate urethroplasty (each  p  < 0.05). The 
authors concluded that the addition of clean inter-
mittent catheterization to direct vision urethrotomy 
does not improve the likelihood of success. Direct 
vision urethrotomy for short (less than 1 cm) ure-
thral stricture usually fails following any type of 
tubularized graft or fl ap urethroplasty, but it had 
moderate  success following onlay fl ap and urethral 
plate urethroplasties. 

 Our experience [ 29 ] consisted of 29 patients 
with urethral stricture who had undergone previ-
ous hypospadias repair and retained a healthy 
urethral plate. Single stage urethroplasty using 

an island skin fl ap onlay in 14 patients (group1), 
where the penile skin appeared healthy with no 
scarring (Fig.  8.12 ) and buccal mucosa as an 
onlay graft in 15 patients (group 2). In all cases, 
the urethral plate was intact but narrow. The 
mean length of the urethral stricture was 7.1 cm 
(range 3–10 cm) in group 1 and 7.5 cm (range 
2–12 cm) in group 2 (Fig.  8.13 ). Chordee was 
present and corrected in 7 patients in group 1 and 
in 11 patients in group 2. 19/29 of the patients 
had an associated urethral fi stula. A successful 
outcome was achieved in 85.8 % in group 1 and 
86.7 % in group 2 at a minimum of 2 years and 
the follow-up in 14 patients was 5 years 
(Table  8.2 )  

       Hairy Urethra 

 While it is now recognized that non-hair-bearing 
skin (prepuce, urethral plate, or OMG) provides the 
best substrate for urethral substitution, historical 

   Table 8.2    Complications after secondary repair after 
hypospadias correction with salvageable urethral plate. 
Personal experience   

 Repair type 
 Island skin fl ap 
onlay ( N  = 14) 

 Oral mucosa graft 
onlay ( N  = 15) 

 Length 
 3–10 cm (mean 
7.1) 

 2–12 cm (mean 
7.5) 

 Fistula  1 (7 %)  1 (7 %) 
 Recurrent stricture  1 (7 %)  1 (7 %) 
 Urethral 
diverticulum 

 0  0 

  Fig. 8.12    Penile skin onlay urethroplasty       
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  Fig. 8.13     Top : 2.5 cm buccal mucosa grafting of residual narrowed urethral plate  Bottom : 12 cm buccal mucosa onlay graft       

repairs often utilized scrotal inlay techniques 
which often result in hair growth and secondary 
stone formation in the urethra (Fig.  8.14 ). When 
only a few hairs are present, and there is no stone 
formation, this complication may go unnoticed 
and may cause no problems. However, in some 
hirsute patients the hair may grow and can be 
seen protruding through the urinary meatus 
 (urethral beard). When a considerable amount of 
hair is present, recurrent pyuria, bacteriuria, and 
even stone formation, which can lead to urinary 
retention, may complicate matters (Fig.  8.15 ). 

We have found transurethral laser depilation is 
ineffective and have had to remove hairy urethras 
in fi ve patients and replace them with a one-stage 
buccal mucosal patch in three- and two-stage 
 urethroplasty in the other two patients.    

    Penile Skin Coverage 

 In redo and complex hypospadias repairs, and 
more so in hypospadias cripples, resurfacing of 
the penis can be problematic. It may be accomplished 
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by local tissue rearrangement, such as a dorsal 
relaxing incision (Fig.  8.16 ), Z-plasty, rotation of 
a scrotal fl ap or burying the penis in the scrotum 
as described by Cecil [ 30 ]. An alternative for skin 
coverage involves skin grafts from extragenital 
areas. However, this option may result in differ-
ent pigmentation (Fig.  8.17 ), and it may also lack 
sensation. Furthermore, extragenital skin grafts 
may result in signifi cant complications, including 
graft loss with secondary scarring and chordee, 
graft shrinkage, and donor site morbidity. The 
grafted area is also insensate, which may pro-
mote sexual dysfunction.   

 We have used a scrotal fascio-cutanous rota-
tional fl ap in 47 out of 193 complex hypospadias 
repairs (Fig.  8.18 ) and have found this fl ap to be 
reliable in 45/47 (95.7 %) of the cases [ 31 ]. 
In two patients, the distal end of the fl ap became 
necrotic and the distal urethroplasty dehisced. 
However long-term morbidity included revision 
of the fl ap in 10/43 (23 %) patients because of 
late scarring (4), excision of dog ear (4), and use 
of tissue expanders (2) for correction of iatro-
genic penoscrotal webbing and aesthetic con-
cerns. Depilation of hair was performed in 6 
patients. In a series of 6 hypospadias cripples, 

  Fig. 8.14    Hairy urethra post hypospadias repair       

  Fig. 8.15    ( a ) Perineo- scrotal hypospadias, ( b ) following two-stage repair, ( c ) acute urinary retention due to stone for-
mation in a hairy urethra at 18 years of age       
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  Fig. 8.16    Urethroplasty and dorsal relaxing incision       

  Fig. 8.17    Mismatched 
skin graft       

Mir et al. [ 32 ] used tissue expanders success-
fully in all patients with a long-term follow-up to 
22 years (mean 12 years) and success was mea-
sured by the following criteria: construction of a 
straight penis without curvature, a meatus in the 
glans penis at or near the tip, a urethra of ade-
quate size, normal voiding, and acceptable cos-
mesis (Fig.  8.19 ). The two minor complications 

were a small fi stula in one and meatal stenosis in 
the other patient, both unrelated to the use of tis-
sue expanders. The local expansion of penile 
skin provides additional skin that is of perfect 
texture and pigment match and another addi-
tional theoretical advantage is that tissue expan-
sion recruits additional skin with similar 
distribution of androgen receptors.   
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  Fig. 8.18    Second-stage urethroplasty, waterproofi ng, and coverage by rotation of scrotal faschio-cutaneous fl ap       

 Summary 
 Primary hypospadias repair after adolescence 
is feasible, but subject to higher complication 
rates compared with repairs in childhood. 
Reported complication rates after primary 
repair in adulthood are 10–30 %, with ure-
thral fi stula being most common. 

 Repair of secondary complications in 
adulthood present a special technical challenge 
and are subject to complication rates ranging 
from 35 to 75 %, particularly for the “hypospa-
dias cripple,” who presents with penile scar-
ring and a dearth of tissue for repair. 

 Flap onlay repairs and oral mucosa onlay 
grafts demonstrate the lowest complication 
rates in this group. A two-stage repair may be 
necessary when the urethral plate is defi cient. 

 Tubed grafts demonstrate poor outcomes 
and should be avoided. 

 Complications encountered in adulthood 
include: recurrent stricture, urethral fi stula, 
chordee, hairy urethra, and penile scarring 
or a combination of these. 

 Surgical planning should take into 
account the availability of native tissue 
and/or consideration of tissue supplemen-
tation with free grafts or local fl aps if nec-
essary for the most severely affected 
individuals. 

 Endoscopic management is less suc-
cessful after hypospadias repair compared 
with patients with native urethral strictures, 
and probably only appropriate for short 
anastomotic strictures. 
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            Introduction 

 Patients with neurogenic and reconstructed 
 bladders have signifi cant compromise of the 
innate defense mechanisms that prevent uri-
nary tract infections (UTIs) in the normal 
human  bladder, including the mechanical 
fl ushing of urine, cell- mediated immunity, 
secretion of immunoglobulins, and a protec-
tive mucous lining. Additional factors that 
contribute to UTI in this population include 
the formation of biofi lms associated with the 
presence of indwelling catheters, congeni-
tal or secondary vesicoureteral refl ux (VUR), 
large post void residuals, high-pressure void-
ing, and detrusor sphincter dyssynergia. In 
this setting, pathogenic organisms coloniz-
ing the bladder, introitus, or peri-stomal skin 
as in the case of reconstructed bladders can 
result in ascending infection that can lead to 
stone formation, acute pyelonephritis, sepsis, 
and renal failure    [ 1 ]. While mortality related 
to  urological problems has decreased dramati-
cally since the early and mid-twentieth century, 

when 80 % of spinal cord injury (SCI) patients 
died from pyelonephritis, urinary tract prob-
lems remain the most common reason for hos-
pital admissions and urinary sepsis and are still 
associated with a 10 % risk of mortality [ 2 – 4 ]. 
This is also true for other at risk populations 
with neurogenic bladder, such as patients with 
myelomeningocele, for whom UTI is the most 
common diagnosis at admission, comprising 
10 % of all hospital admissions [ 5 ]. 

 In this chapter, our aim is to address the diag-
nostic and management considerations that 
arise with new and worsening infections in the 
reconstructed bladder, emphasizing evidence-
based studies and common practices for these 
patients.  

    Defi nition of UTI 

•     Patients with neurogenic bladder may not be 
accurate in predicting when they have UTI 
and confi rmatory cultures are useful.  

•   UTI should only be treated in patients with 
neurogenic or reconstructed bladders in the 
setting of symptoms (malaise, fever, increased 
spasticity, worsened autonomic dysrefl exia, or 
cloudy and foul smelling urine).    
 Recurrent UTI in the general population, which 

can also be applied to patients with neurogenic 
and reconstructed bladders, is defi ned as three epi-
sodes of UTI in the last 12 months or two episodes 
in the last 6 months [ 6 ]. However, the defi nition of 
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what constitutes a UTI in patients with neurogenic 
bladder who are utilizing clean intermittent cath-
eterization (CIC) is controversial. 

 One defi nition of UTI in neurogenic bladder 
which has been proposed is bacteriuria 
>100,000 CFU/mL in combination with leukocy-
turia >100,000 CFU/mL. With asymptomatic 
leukocyturia of >100,000 CFU/mL, treatment is 
recommended only in the setting of a positive 
culture. Optimal mode of specimen collection is 
via catheterization, as samples obtained via spon-
taneous voiding can yield up to 2–4 different spe-
cies due to contamination [ 7 ]. 

 Patients with neurogenic bladder are not nec-
essarily accurate in predicting the presence of 
UTI. In one study patients with SCI presenting to 
clinic with symptoms that they attribute to UTIs 
were only accurate 60 % of the time. This poor 
accuracy in predicting the presence of UTI did 
not depend upon the method of bladder manage-
ment. In the patients who were not accurate, the 
symptoms experienced were later found to be 
attributed to medical problems that included other 
infectious causes, fecal impaction, bowel obstruc-
tion, dehydration, heat intolerance, glucosuria   , 
respiratory problems, and neurologic problems 
[ 8 ]. The typical symptoms of UTI in patients with 
neurogenic bladder include fever, suprapubic 
or fl ank pain, urinary incontinence, increased 
somatomotor spasticity, autonomic dysrefl exia, 
fatigue, turbid or malodorous urine, and restless-
ness [ 7 ]. Other presenting symptoms in patients 
with impaired sensorium can include headache, 
vague abdominal pain, and somnolence. 

 While the treatment of symptomatic UTI is 
routine, the issue of management of asymptom-
atic bacteriuria in a reconstructed urinary tract is 
less standardized, bringing up the question of 
when pyuria, bacteriuria, or malodorous urine 
should lead to diagnosis and treatment of a 
UTI [ 9 ]. Asymptomatic bacteriuria is often inter-
preted as silent colonization rather than infection. 
This approach is supported by the fact that there 
are frequently no accompanying acute phase 
reactants or a signifi cant serum antibody response 
[ 10 ]. It is generally accepted that overtreatment 
of UTI has the potential of eliminating coloniza-
tion that may be helpful in preventing infections 

with more pathogenic bacteria. However, the 
decision to abstain from treating asymptomatic 
bacteriuria is complicated by fi ndings that 
even in the absence of symptoms, patients with 
neurogenic bladder can harbor biofi lms. These 
aggregates of bacteria can lead to a signifi cant 
(33 %) reduction in bladder cell viability, 
 compromising the fi rst line of defense against 
pathogens [ 11 ]. 

 Routine urine specimens or cultures are not 
indicated and can lead to overtreatment, as >50 % 
of routine urine cultures in asymptomatic patients 
with neurogenic bladder have >100,000 CFU/mL 
of bacteriuria and half of these are multidrug resis-
tant [ 12 ]. Despite this, in a survey of myelomenin-
gocele clinics, 49 % perform routine urine cultures 
in addition to those triggered by the presentation 
of fever, frequency, dysuria, chills, abdominal 
pain, or urinalysis with >50 WBC/hpf [ 13 ].  

    Epidemiology and Incidence of UTI 
in Neurogenic Bladder 

•     CIC is associated with lower risk of UTI com-
pared to indwelling catheters.  

•   Bacterial colonization is asymptomatic bacte-
riuria and is typically present in patients 
 performing self-catheterization or with recon-
structed bladders.    
 Overall, the annual incidence of UTI in SCI is 

20 % [ 14 ]. The method of urinary drainage is an 
important factor in predicting the risk of UTI; the 
incidence of UTI in indwelling urinary catheter 
(IUC) is 2.7/100 person days, whereas for CIC, 
condom catheter, and normal voiding the inci-
dence decreases to 0.41, 0.36, and 0.06/100 
 person days, respectively [ 2 ]. The incidence of 
bacteriuria is substantial, with a 70 % prevalence 
of bacteriuria of ≥100,000 CFU/mL in neuro-
genic bladder patients on CIC and 85–95 % in 
patients with IUC [ 15 – 18 ]. 

 Chronic infections of the augmented bladder 
have been observed in 59 % of cases [ 19 ]. Rates 
are similar in incontinent ileovesicostomy, where 
54–83 % patients experience infection [ 20 ]. 
In the clinical experience of our group with adult 
myelomeningocele patients (of whom the majority 
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have had urologic surgery, most commonly a 
bladder augmentation), 34 % complain of symp-
tomatic recurrent UTIs [ 21 ].  

    Workup for UTI in Patients 
with Previous Bladder 
Reconstruction 

•     Considerations in the workup of new or wors-
ening UTI in patients with neurogenic or the 
reconstructed bladder should include:
 –    Urolithiasis  
 –   VUR  
 –   Poor bladder compliance  
 –   Anatomic problems with previous surgery  
 –   Patient noncompliance with catheterization       

 Some of the common causes of new, recur-
rent, or worsening UTI in patients with a recon-
structed bladder are stones arising from chronic 
stasis and bacteriuria, poor compliance and high 
pressures within the bladder, VUR, noncomp-
liance with catheterization, inadequate bowel 
management, incontinence, and anatomic prob-
lems such as hydronephrosis or renal abscess. 
A work up for worsening urologic infection, in 

patients with neurogenic bladder and particularly 
reconstructed bladders, should accurately diag-
nose any of these problems that may be leading 
to symptomatic UTI. 

    Urolithiasis 

•     Rates of bladder stone formation are from 
10 to 50 % in patients with augmentation 
cystoplasty.  

•   Daily irrigation is a mainstay to prevent recur-
rent stones from forming but can fail in up to 
a third of patients, who have formed stones in 
the past.    
 Following augmentation cystoplasty, the inci-

dence of bladder stone formation is 10–52 % 
(Fig.  9.1 ) [ 22 – 24 ] with 15–25 % of all patients 
requiring a median of two cystolithalopaxy    pro-
cedures [ 25 ,  26 ]. The postulated etiology of stone 
formation is mucus acting as a nidus in the pres-
ence of bacterial colonization and urinary stasis. 
Differing intestinal segments have variable risks 
of stone formation. For instance, though rarely 
utilized in contemporary treatments due to malig-
nant potential and hematuria-dysuria syndrome, 

  Fig.  9.1    Large bladder 
stones arising in a patient 
with neurogenic bladder 
and recurrent UTI       
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gastric segments are protective against stone 
 formation [ 23 ,  27 ]. In contrast, the rates of stones 
in ileocystoplasty are 11–52 % [ 23 ,  24 ]. Other 
factors relating to bladder reconstruction may 
also contribute to stone risk in patients with 
enterocystoplasty. In a series of patients who had 
 undergone enterocystoplasty, the risk of stone 
formation signifi cantly increased when combined 
with a bladder neck procedure, catheterizable 
stoma creation, or both, corresponding to a 14.7 %, 
14.3 %, and 21.1 % risk of stone formation, 
respectively [ 23 ].  

 The mean time to diagnosis of bladder stones 
following enterocystoplasty is approximately 5.5 
years, and the most common presenting com-
plaint is UTI [ 23 ,  25 ]. A urease-splitting organ-
ism was found in 89 % positive urine cultures 
and not unexpectedly, the proportion of struvite 
stones was the same [ 23 ]. A complete discussion 
of urolithiasis in congenital neuropathic patients, 
including management, can be found in Chap.   15     
(Monga) in this textbook. 

 Following complete evacuation of the stone 
fragments, regular bladder irrigation can be 
employed to prevent stone recurrence. However, 
it is important to be aware that irrigation has been 
found to fail in 33–44 % of patients, who expe-
rience recurrence of stones [ 23 ]. Stone compo-
sition is most commonly carbonate apatite 
complexed with struvite, followed by ammonium 
acid urate [ 27 ]. All patients from the DeFoor 
stone series had chronically alkaline urine with a 
median urine pH of 7.5 and common bacterial 

pathogens identifi ed on urine culture were 
 Proteus  and  Klebsiella  species. It is for this rea-
son that suppression of UTI if possible may also 
be a very important part of decreasing stone 
 formation in addition to bladder irrigation. 
Suppression of UTI may fall into a variety of 
 categories, including fi nding strategies to rid a 
patient of chronic indwelling catheters, or treat-
ment of abnormal bladder compliance. 

 Patients with neurogenic bladder are also at 
risk for upper tract stone formation. For instance, 
upper tract stones effect 30 % of tetraplegic 
patients regardless of history of prior urological 
surgery and is attributed to both immobilization 
and VUR of infected urine [ 28 ]. In the recon-
structed bladder, typical retrograde treatment of 
upper tract stones may not be possible due to 
bladder neck procedures or a history of ureteral 
re-implantation and percutaneous nephrolithot-
omy must be performed in these cases (Fig.  9.2 ).  

 The workup for nephrolithiasis and/or bladder 
stones is variable. Renal ultrasound accompanied 
by a plain fi lm of the kidneys, ureter, and bladder 
(KUB) will likely fi nd most cases of large blad-
der and renal calculi. The most defi nitive test for 
urinary stones, however, is computed tomogra-
phy (CT) scan, since uric acid stones may be 
radiolucent and missed in a KUB. A CT scan of 
the abdomen and pelvis can be done without con-
trast for patients with a dye allergy or renal insuf-
fi ciency or it can be done with intravenous 
contrast (in order to obtain excretory phase 
images), which gives more information about the 

  Fig.  9.2    Stones in the 
distal ureter that has been 
re-implanted across the 
trigone.  This anatomy can 
make conventional 
retrograde approaches 
challenging or impossible       
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drainage of the kidneys and ureters, as well as 
identifying scars and evidence of ongoing pyelo-
nephritis. A CT scan is indicated when new or 
worsening UTI is accompanied by hematuria.  

    Vesicoureteral Refl ux 

•     VUR may lead to recurrent pyelonephritis 
 episodes in patients with otherwise asymp-
tomatic bacteriuria.  

•   There is contradictory evidence about the 
need to treat VUR at the time of augmentation 
cystoplasty.    
 The importance of VUR in adults is debatable. 

However, in patients with neurogenic bladder 
and reconstructed bladders it may be important 
to treat. New or worsening VUR can indicate 
worsening bladder compliance and a need for re- 
evaluation of pressures with a cystometrogram 
(urodynamics) (Fig.  9.3 ). VUR may complicate 
UTI because otherwise asymptomatic bacteriuria 
may ascend and cause febrile UTI and systemic 
symptoms. A large and dilated refl uxing system 
may also act as a reservoir of static urine, where 
infection can arise. Some studies show that 
augmen tation cystoplasty alone resolves or 

downgrades nearly all VUR in both adult and 
pediatric populations by restoring a low-pressure 
system [ 29 – 31 ]. These fi ndings are controversial, 
however, and some recent studies have found 
opposite results. In one study of children under-
going augmentation cystoplasty with small 
bowel, low- grade VUR persisted in only 10 % of 
patients, however, high-grade VUR persisted in 
47 %, and about half of these patients went on to 
experience pyelonephritis if they did not have 
treatment of VUR at the time of augmenta tion 
cystoplasty [ 32 ]. Conversely, patients who under go 
ureteral re-implantation at the time of augmenta-
tion cytsoplasty were found to have complete 
resolution of high-grade VUR and a markedly 
decreased incidence of UTI [ 33 ]. Based upon 
these fi ndings, authors recommended, ureteral 
 re- implantation for high-grade VUR at the time 
of augmentation cystoplasty. Interpreting these 
contradictory results is diffi cult, however, and 
consideration should be given to the fact that 
treating VUR with ureteral re-implantation after 
augmentation is a much harder task than at the 
time of augmentation cystoplasty.  

 In follow-up regimens of patients with neuro-
genic bladder, it is often argued that patients 
should have annual or regular cystograms to 

  Fig.  9.3    Severe bilateral 
vesicoureteral refl ux in a 
patient with poor 
compliance from 
neurogenic bladder       
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monitor for VUR. This recommendation may be 
unnecessary since there is very little data to sup-
port treatment of VUR in asymptomatic adults, 
other than for evidence of ascending infections 
that cause pyelonephritis episodes. A targeted 
approach in individuals who are having febrile 
UTI or evidence of pyelonephritis will save 
patients from many unnecessary cystograms and 
associated risks, such as induction of urosepsis or 
catheter trauma.  

    Poor Bladder Compliance 
and UTI Risk 

•     High-pressure bladder dynamics and poor 
compliance can be a major component of 
 diffi cult to treat UTI  

•   Measures to improve bladder dynamics lessen 
UTI rates    
 Lapides popularized the concept that high 

intravesical pressure and bladder over distention 
is responsible for increased UTI risk. The postu-
lated mechanism is that when the bladder is 
 subjected to periods of reduced blood fl ow, its 
susceptibility to bacterial invasion is increased 
[ 34 ]. There is a substantial amount of indirect 
evidence supporting this theory. For instance, 
urodynamic testing in infants with UTI but with-
out VUR showed high voiding detrusor pressures 
of 40–100 cm, suggesting that the high-pressure 
voiding itself, rather than an anatomic defect, 
predisposed these infants to UTI [ 35 ]. 

 The link between high-pressure voiding and 
UTI is further illustrated by a decrease in the 
incidence of UTI through interventions that 
increase bladder capacity and decrease detrusor 
tone. For example, surgical release of spinal cord 
tethering has been found to increase bladder 
capacity and decrease detrusor leak point pres-
sures, with a corresponding drop in febrile 
UTI [ 36 ]. Similarly, improved bladder capacity 
and decreased bladder pressures observed in 
patients with sacral nerve modulator implants, 
placed immediately after SCI, and has also been 
associated with a decreased incidence of UTI [ 37 ]. 
Other evidence supporting this concept is in 
patients with neurogenic detrusor overactivity 

due to multiple sclerosis (MS) or SCI who 
received detrusor injections of 300 U of onabotu-
linum toxinA. In this study, the number of UTIs 
over 6 months decreased from a mean of 1.75 to 
0.2. Interestingly, those patients with persistent 
symptomatic urinary infections also demon-
strated less improvement in their urodynamic 
parameters, refl ecting the idea that improved res-
ervoir capacity and lower pressures are protective 
against UTI [ 38 ]. In contrast to this study, how-
ever, it is important to note that UTI risk was 
higher in patients treated onabotulinum toxinA, 
in the DIGNITY trial. This increased risk was 
likely due to patients with MS starting intermit-
tent catheterization. As part of the same study, 
the patients with SCI who were already perform-
ing catheterization did not have a decrease in 
UTI, but UTI was only defi ned as positive 
 cultures, which were routinely obtained during 
follow- up and there was no quantifi cation of 
symptomatic UTI. 

 When compliance is felt to be a major issue, 
then a urodynamic study (cystometrogram) is 
warranted. Even in patients with previous bladder 
augmentation a low capacity and poor compli-
ance bladder may be an issue. In fact, up to 9 % of 
patients with a history of pediatric augmentation 
cystoplasty require re-augmentation [ 25 ,  26 ,  39 ]. 
A bladder journal documenting the patient’s func-
tional volumes can also provide vital information 
about their capacity and identify patients who 
might benefi t from urodynamics.  

    Anatomic Problems 

•     Anatomic problems that need surgical correc-
tion are commonplace in patients with recon-
structed bladders.  

•   Increased UTI rates can be caused by problems 
such as ureteropelvic junction obstruction or 
stenosis of the distal ureter at the site of previ-
ous ureteral re-implantation.    
 Among patients who have undergone bladder 

reconstruction, in particular augmentation cysto-
plasty, 34–40 % can be expected to require 
an additional urological procedure in the future. 
The most common surgery is cystolithalopaxy, 
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accounting for 25 % of interventions post- 
augmentation, with a median of two occurrences 
of stones [ 25 ,  26 ]. In regard to major revision sur-
gery, urinary diversion is required in 5 %, repair 
of bladder rupture in 3 %, treatment of small 
bowel obstruction in 3 %, and re-augmentation in 
9 % due to issues with persistent incontinence, 
isolated upper tract changes, and detrusor pres-
sure of >30 cmH 2 O [ 25 ,  26 ,  39 ]. Revision rates 
for a catheterizable channel have also been 
reported to be as high as 20 % [ 40 ], and in our 
experience up to 50 % of patients require revision 
surgery for tunneled catheterizable channels [ 21 ]. 
While many of these operative problems do not 
lead to increasing UTI, they serve to emphasize 
that anatomic problems which need to be 
addressed with surgery are commonplace after 
bladder reconstruction. 

 When UTI begin or worsen in patients with 
previous bladder reconstruction or augmentation, 
it is important to fully evaluate any anatomic rea-
sons that could be contributing. One of the most 
important considerations is kidney obstruction 
from previous ureteral surgery. While ureteral 
 re- implant surgery to treat VUR has a very low 
stenosis rate long term, this may not be true in 
neurogenic bladder patients. The neurogenic 
bladder is fundamentally quite different; it is 

thickened and fi brotic, lacking normal elasticity 
and may have been adversely affected by years of 
chronic cystitis. All of these factors can lead to 
recurrent VUR or stenosis. As mentioned above, 
VUR can be a cause of febrile UTI in patients 
due to pyelonephritis and is evaluated with a cys-
togram. Ureteral stenosis is evaluated with a 
nuclear medicine lasix renogram. It is often dif-
fi cult to interpret the results of lasix renograms, 
however, given that many patients who have had 
chronic hydronephrosis may exhibit some degree 
of delayed emptying. In cases that are equivocal, 
we often perform retrograde or antegrade ureteral 
pyelography. 

 Another anatomic problem that we have seen 
arise in patients with neurogenic bladder and pre-
vious bladder reconstruction is ureteropelvic 
junction obstruction (UPJO). There is a small 
incidence of UPJO associated with VUR that 
has been established in pediatric urology. These 
cases of UPJO may be due to this association, or 
they may arise secondary to fi brosis surrounding 
the ureter from ascending infection, stones, or 
previous manipulation (Fig.  9.4 ). Other causes 
are redundancy arising from chronic hydrone-
phrosis secondary to a history of VUR and high- 
pressure bladder dynamics. Ureteral redundancy 
can cause a kinking effect in the ureter and in 

  Fig.  9.4    Ureteropelvic 
junction obstruction in a 
patient with spinal cord 
injury that may have arisen 
from congenital issues, 
scarring, or ureteral 
redundancy       
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some cases can lead to a functional obstruction. 
An evaluation can be performed with a nuclear 
medicine lasix renogram, potentially in combina-
tion with retrograde ureteropyelograms [ 41 ].  

 Finally, the shape of the reconstructed bladder 
itself can be a predisposing factor for recurrent 
infections, as when the bladder enlarges and 
gains a saccular shape. This can create a situation 
in which portions of the bladder are not drained 
to completion with intermittent catheterization, 
resulting in urinary stasis. Such a situation can be 
diagnosed using cystogram before and after cath-
eterization, and may be a diagnosis of exclusion 
after all other sources of urinary infections has 
been ruled out. One approach to managing an 
incompletely draining reconstructed bladder is 
scheduled manual irrigations through a catheter 
followed by active aspiration of the irrigant.  

    Clean Intermittent Catheterization 

•     Noncompliance with catheterization schedules 
can increase UTI rates.  

•   There is contradictory evidence to suggest 
hydrophilic catheters offer any advantage.    
 A regular schedule of CIC has been shown to 

be safe and effective in the long term and can avoid 
bladder distention and high intraluminal pressures, 
allowing bacteria introduced by CIC to be neutral-
ized. The rate of UTI and bacteriuria, as well as 
other urologic complications are lower in patients 
who use CIC compared to indwelling catheters, 
and thus is the recommended option [ 42 ]. 

 In a bladder with normal capacity and compli-
ance, the frequency of catheterization is every 
4–6 h, with an aim to maintain bladder volumes 
<500 mL. However, given the varied bladder 
compliance and capacity in patients with neuro-
genic or augmented bladders, the regimen must 
be individualized on a case-by-case basis. Typi-
cally 12–16F catheters are used for both adult 
men and women, with larger catheters employed 
in augmented bladders requiring irrigation. 
Clean, as opposed to sterile, intermittent cathe-
terization does not pose an increased risk 
of symptomatic UTI in SCI patients and has 
 signifi cant cost and time saving benefi ts [ 43 ]. 

When it comes to catheter selection, there is 
 contradictory evidence about the use of hydro-
philic catheters, with some studies showing lower 
rates of infection and hematuria compared to 
non-hydrophilic catheters [ 44 ]. 

 Of adult patients who have been instructed on 
CIC, only about 2/3 are compliant with at least 
80 % of the initial recommendation at 1 year [ 45 ]. 
Noncompliance with catheterization leads to 
overfl ow incontinence, which in itself can con-
tribute to UTI risk [ 46 ,  47 ] as well as higher rates 
of UTI due to more time spent with elevated 
intravesical pressure. A very simple way of asses-
sing catheterization volumes, leakage, and patient 
compliance is to have patients keep a bladder 
journal for several days.   

    Prevention Strategies for UTI 

 Once modifi able problems with the urinary tract 
have been eliminated or treated and UTI remains 
as a persistent issue, then treatment should focus 
on prevention of infections. Prevention strategies 
are best employed in a very systematic and 
 stepwise fashion starting with therapies that min-
imize chronic antibiotic use. Some of these 
 strategies are in development such as bacterial 
interference, while others are commonly used. 
The evidence underlying these strategies is often 
contradictory or lacking; however, they are 
often tried in an effort to control UTI in patients 
who are commonly very affected by their UTI. 

    Bladder Irrigations 

•     Bladder irrigations with NS or water are safe 
and effective in evacuating bacteria, associ-
ated biofi lms, and mucous.  

•   Irrigation with antibiotic solutions can also be 
used; however, their superiority to NS or water 
irrigations has not been established.    
 The use of gentamicin bladder irrigation in 

augmented bladders is common [ 48 ] and has 
been demonstrated to be safe with little systemic 
absorption [ 49 ]. When compared to a control group 
of no treatment, both neomycin/polymyxin B and 
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kanamycin/colistin irrigations have demonstrated 
effi cacy in reducing incidence of bacteriuria in 
SCI patients with neurogenic bladder [ 50 ,  51 ]. 
However, when neomycin-polymyxin irrigations 
were compared to irrigations with sterile saline 
or acetic acid, there were no differences in bacte-
riuria or pyuria [ 52 ]. Additionally, bladder irriga-
tion with sterile NaCl 0.9 % versus tap water has 
shown no difference in the incidence of positive 
urine cultures [ 53 ]. This observation lends sup-
port to the theory that the mechanical effect of a 
washout rather than the antiseptic properties of 
the agent being instilled is what ultimately helps 
in controlling the bacterial burden in patients. 

 Acidic bladder washout solutions have been 
shown to be superior to saline in reducing stru-
vite crystals, however whether this decreases 
stone formation is unclear [ 54 ]. Approaches to 
stone prevention proposed by DeFoor et al. 
include an early regimen of regular low-volume 
bladder irrigation, with a transition to high- 
volume bladder irrigation regimen after stone 
development and treatment. In the event of recur-
rent stone formation on high-volume irrigation, 
20 % urea solution irrigation is proposed, 
although it is yet to be proven effective [ 27 ]. 
Compliance is the main barrier to the effi cacy of 
irrigations in UTI prevention. A 4-year study 
of children with ileocystoplasty demonstrated 
with close monitoring of compliance with an irri-
gation regimen, UTI can be virtually eliminated 
and stone incidence can be decreased to 7 % [ 55 ]. 

    Bowel Management 
 The link between functional constipation and 
recurrent UTIs has been well documented, espe-
cially in the pediatric population. A recent study 
of children with myelomeningocele found a cor-
relation between the intestinal production of 
methane, prolonged orocecal transit time, and a 
higher incidence of UTIs [ 56 ]. In another study 
of pediatric patients with lower urinary tract dys-
function, almost half of patients with constipa-
tion also experienced UTIs [ 57 ]. One proposed 
mechanism is that the distended rectum in a con-
stipated child produces obstruction of the bladder 
outfl ow. Another hypothesis is that intestinal sta-
sis causes overgrowth of bacteria, which then 

translocates to the genitourinary tract. Approaches 
to improved bowel management include an oral 
regiment of laxatives, colonic stimulants, and 
stool softeners, retrograde enemas, or antegrade 
enemas via a continent appendiceal stoma. In the 
adult population of patients with neurogenic 
bowel, digital stimulation, manual disimpaction, 
and suppositories are additional approaches to 
attain regularity and minimize direct contami-
nation of the urethra that can be the result of 
encopresis.   

    Prophylactic Antibiotic Regimens 

•     Prophylactic antibiotics may decrease UTI 
rates with the signifi cant downside of higher 
rates of resistant infection.    
 In SCI patients, the use of long-term systemic 

antibiotic prophylaxis achieves only modest 
 protection against UTI, at the expense of an 
increase in antimicrobial resistance and adverse 
drug reactions [ 58 ,  59 ]. 

 However, prophylactic antibiotic treatment 
needs to be considered in patients with recurrent 
UTIs, high-pressure bladders, and a dilated upper 
urinary tract which predispose patients to urosep-
sis. Some authors recommend a 3-month course 
of prophylactic antibiotics if UTIs persists after 
treatment of an established infection [ 60 ]. 

 Commonly utilized prophylactic antibiotic 
agents include oral trimethoprim and sulfa-
methoxazole, nitrofurantoin, and ciprofl oxacin. 
Often these are used at one half to a quarter of a 
daily dose for 6 months. In pediatric patients on 
CIC for neurogenic bladder, a 10 % decrease in 
bacteriuria and a 50 % decrease in symptomatic 
UTIs were observed on nitrofurantoin prophy-
laxis compared to placebo. Bacterial species 
responsible for bacteriuria were altered in the 
nitrofurantoin group, with  E. coli  being replaced 
by resistant  Klebsiella  and  Pseudomonas  species 
with a tripled rate of resistance [ 61 ]. In contrast, 
antimicrobial prophylaxis in adult patients on 
CIC did not affect the incidence of symptomatic 
UTI compared to placebo [ 62 ]. A meta-analysis 
of adult patients with SCI revealed that antimi-
crobial prophylaxis did not signifi cantly decrease 
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symptomatic infections. Prophylaxis was associated 
with a reduction in asymptomatic bacteriuria 
among acute patients (<90 days after SCI), with 
the fi nding that one patient would require 
3.7 weeks of treatment on average to prevent one 
asymptomatic infection. Prophylaxis resulted in 
an approximately twofold increase in the propor-
tion of antimicrobial resistant bacteria [ 58 ].  

    Cyclic High-Dose Antibiotics for UTI 
Prophylaxis 

•     Another antibiotic-based suppressive regimen 
is keeping patients on weekly cyclic high-dose 
antibiotics.    
 An observational prospective study evaluating 

the effi cacy of alternating once-weekly oral 
cyclic antibiotic (WOCA) regimen over 2 years 
to prevent UTI in SCI adult patients with neuro-
genic bladder undergoing CIC, revealed a signifi -
cant decrease in the incidence of UTI. Before 
intervention, there were 9.4 symptomatic UTIs 
per patient-year, including 197 episodes of febrile 
UTI responsible for 45 hospitalizations. Under 
the WOCA regimen there were 1.8 symptomatic 
UTI per patient-year, including 19 episodes of 
febrile UTI. No severe adverse events and no new 
cases of colonization with MDR bacteria were 
reported [ 59 ]. In our anecdotal experience, the 
WOCA regimen appears to be quite helpful for 
some patients that struggle with recurrent sympto-
matic UTI and we often offer this over daily low-
dose prophylaxis. Complications and limitations 
to this strategy are the development of  Clostridium 
diffi cile  colitis and baseline-resistant UTI.  

    Cranberry 

•     Although cranberry extract is commonly used 
to suppress UTI, the evidence is contradictory 
and a recent Cochrane review found little evi-
dence to support its use.    
 The postulated mechanism of action of cran-

berry is the effect of a proanthocyanidin mole-

cule contained within cranberries that impairs 
 bacterial adherence to the urothelium, thereby 
reducing the biofi lm load of both Gram-negative 
and Gram-positive bacteria [ 63 ]. In a randomized 
placebo-controlled study with crossover design 
of SCI patients with neurogenic bladder, cran-
berry extract administration reduced the fre-
quency of UTI to 0.3 per year, compared to 1 UTI 
per year on placebo. Subjects with a glomerular 
fi ltration rate (GFR) greater than 75 mL/min 
received the most benefi t [ 64 ]. In contrast, a 
1-year study comparing cranberry extract (36 mg 
proanthocyanidins BID) versus placebo in adult 
MS patients with urinary disorders demonstrated 
no difference in incidence of UTI [ 65 ]. Similarly, 
a cross-over study of patients with neurogenic 
bladders due to SCI and requiring catheterization 
randomized to 400-mg cranberry tablets TID 
for 4 weeks or placebo demonstrated no differ-
ence in urinary pH, bacteriuria, or pyuria [ 66 ]. In 
the 2013 Cochrane review, cranberry products 
were not found to signifi cantly reduce the risk of 
repeat symptomatic UTI compared to placebo for 
any subgroups, including women with recurrent 
UTIs and patients with neurogenic bladder or 
SCI [ 67 ].  

     D -Mannose 

•      D -Mannose in randomized studies of limited 
populations is as effective as daily antibiotics 
in suppressing UTI rates.    
  D -Mannose is a naturally occurring sugar used 

by the human metabolism in protein glycosyl-
ation. It has been shown to bind to and block 
FimH adhesin on the fi mbria of enteric bacteria 
as well as bind to urothelial glycoprotein recep-
tors, thereby inhibiting bacterial adherence. 
When used for a 6-month interval in women 
with recurrent UTI, the incidence of UTI in the 
 D - MANNOSE  and nitrofurantoin groups was 15 % 
and 20 %, respectively, compared to 60 % in the 
group receiving no prophylaxis [ 68 ].  D -mannose 
has yet to be evaluated in neurogenic and aug-
mented bladders.  
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    Methenamine and Vitamin C 

•     Methenamine salts are metabolized to formal-
dehyde in acidic urine.  

•   Evidence is contradictory for the use of methe-
namine, with some studies showing benefi ts 
in preventing UTI and others showing no 
benefi t.    
 Methenamine salts (mandelate and hippurate) 

are antiseptics that undergo conversion to formal-
dehyde in urine. The favorable characteristics of 
methenamine include the absence of bacterial 
resistance to formaldehyde, lack of effect on bowel 
fl ora, and low cost [ 58 ,  69 ]. When administered 
with ammonium chloride for acidifi cation, methe-
namine has been shown to signifi cantly reduce the 
incidence of UTI in patients with neurogenic blad-
ders [ 70 ]. The combination of oral methenamine 
with bladder instillations of hemi- acridin for acidi-
fi cation has been shown to reduce the incidence of 
bacteriuria in patients undergoing intermittent 
catheterization [ 69 ]. Reviews of trials of methena-
mine hippurate used in various populations con-
fi rmed its effi cacy in reducing the number of 
symptomatic UTI and bacteriuria in patients with-
out renal tract abnormalities, but not in patients 
with known renal tract abnor malities, neurogenic 
bladder, or indwelling  catheters [ 71 ,  72 ].  

    Trisdine 

•     In very limited trials, installation of Trisdine 
(chlorhexidine gluconate) decreased UTI rates 
in patients doing CIC.    
 Intravesical instillations of Trisdine, an aque-

ous solution of chlorhexidine gluconate, have 
been shown to signifi cantly lower incidence 
of bacteriuria compared catheterization alone in 
patients with SCI utilizing CIC [ 73 ]. This single 
study has not been replicated. However, it is fea-
sible that with future research, installation of 
some antiseptic agent that is not caustic to the 
bladder urothelium might prove to be a benefi cial 
strategy.  

    Bacterial Interference 

•     Bacterial interference is intentional coloni-
zation with minimally pathogenic forms of 
 E. coli .  

•   While promising, this strategy has yet to be 
borne    out in large studies.    
 Bacterial interference has been recently stud-

ied for UTI prevention. Treatment entails the 
deliberate intravesical introduction of non- 
pathologic bacteria in order to prevent infection 
with more virulent bacteria. The concept emerged 
from observations that untreated asymptomatic 
bacteriuria prevents symptomatic UTI [ 74 ,  75 ]. 
A strain of  Escherichia coli  (strain 83972) was 
isolated from a woman with spina bifi da who 
demonstrated persistent colonization, but never 
manifested with a clinical UTI. This strain of 
bacteria has been used to intentionally colonize 
the bladder of patients at risk for recurrent symp-
tomatic UTI, in a process that has been refer-
red to as bacterial interference. The genome of 
 Escherichia coli  strain 83972 lacks expressed 
virulence factors such as P-fi mbriae as well as a 
defi ned O:K:H serotype 12 and is sensitive to all 
common antibiotics for UTI. In addition, it car-
ries a small plasmid enabling identifi cation [ 76 ]. 

 Following inoculation, persistence of coloni-
zation has been documented at a mean of 
12.3 months (range 2–40) in SCI patients with 
neurogenic bladder and a history of recurrent 
UTIs. Colonization was not associated with fever, 
or other symptoms of genitourinary or systemic 
illness. Bacteriuria was associated with pyuria 
and persisted for as long as bacteriuria remained. 
The bacteria elicits a local immune response, but 
of insuffi cient magnitude to produce symptoms. 
Hull et al. demonstrated that of the subjects who 
were successfully colonized, none developed 
symptomatic UTIs over the 18 patient-years stud-
ied as compared to mean of 3.1 UTIs per year 
(range 2–7) prior to colonization [ 9 ]. Another 
study utilizing similar methods did observe UTIs 
in the colonized group; however, effi cacy was 
demonstrated as delay to the fi rst UTI (median 
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11.3 with colonization vs. 5.7 months without) 
and about 60 % fewer reported UTI episodes 
with vs. without  E. coli  83972 bacteriuria [ 76 ]. 
Other strains of non-pathogenic  E. coli  with even 
less potential for virulence are under develop-
ment [ 77 ]. The limitations of bacterial interference 
include failure to colonize after multiple inocula-
tion cycles, elimination of colonization following 
antibiotic treatment for non- genitourinary infec-
tions, and spontaneous loss of colonization [ 9 ]. 
Although this may be a promising future therapy, 
bacterial interference needs to tried on a larger 
scale and there are currently no commercial prod-
ucts that are available using this strategy.   

    Conclusions 

 UTIs in patients with congenital neurogenic and 
augmented bladders that result in signifi cant patient 
morbidity are multifactorial and diffi cult to man-
age. Bacteriuria is ubiquitous in patients with neu-
rogenic bladder, and in general, it should not 
be treated, unless the patient is symptomatic or is 
planning to undergo an invasive urological proce-
dure. Some of the causes of new or worsening UTI 
in patients with neurogenic or recons tructed blad-
der include stone formation, high-pressure bladder 
dynamics, VUR, anatomic problems with previous 
surgery, and noncompliance with catheterization. 

 Treatment strategies for UTI prevention 
include increased frequency of bladder irrigation, 
improved bowel management routine, suppres-
sive low-dose daily antibiotics, high-dose weekly 
oral cyclic antibiotics, the use of supplements of 
cranberry and/or  D -mannose, antibiotics installa-
tion and washout of the bladder, and possible the 
instillation of direct antiseptics with catheteriza-
tion. Generally, evidence is not strong for any 
of these therapies; however, they may work on 
individual patients. Other promising therapies 
involve bacterial interference strategies with 
intentional colonization of the bladder with non- 
pathogenic bacteria. Due to the complexity and 
high risks associated with UTIs in the population 
of patients with neurogenic and augmented blad-
ders, close urological monitoring is crucial to 
early diagnosis and timely management.          
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           Introduction 

 Cutaneous continent catheterizable channels are 
effective in facilitating bladder emptying while 
maintaining body image, cosmetic appearance, 
and urinary continence [ 1 ]. Furthermore, they 
allow intermittent catheterization for wheelchair- 
bound patients who might otherwise not be able 
to catheterize per urethra. Lastly, patients with 
limited dexterity due to quadriplegia fi nd it easier 
to catheterize through an abdominal stoma than 
the native urethra. The components of a continent 
catheterizable channel are cutaneous stoma, cath-
eterizable conduit from the skin to reservoir, 
 continence mechanism, and reservoir (native or 
augmented bladder). 

 Continence is achieved by one of the three 
mechanisms: (1) fl ap valve, (2) nipple valve, or 
(3) hydraulic valve. An example of the hydraulic 
valve was described by Benchekroun et al. [ 2 ]; 
however, acceptance has been low and this tech-
nique will not be discussed further. Paul 
Mitrofanoff popularized the fl ap valve technique 

when he described the creation of a continent 
appendicovesicostomy by tunneling the appendix 
submucosally into the bladder and maturing the 
stoma to the umbilicus [ 3 ]. The Mitrofanoff fl ap 
valve principle has been modifi ed to fashion con-
tinent channels from tissues such as detubular-
ized ileum (Yang-Monti, Casale), colon, ureter, 
and fallopian tube [ 4 ,  5 ]. Ileal channel cecocysto-
plasty (ICCC) uses detubularized cecum for 
bladder augmentation and tapered terminal ileum 
as the catheterizable channel; the ileocecal valve 
(Bauhin’s valve) is reinforced and serves as a 
nipple valve for continence [ 6 ]. Another well- 
known example of a nipple valve is the Kock 
pouch, which uses an intussuscepted ileocecal 
valve and can be modifi ed for an efferent limb 
from the native bladder [ 7 ]. 

 Complications of continent channels can arise 
from any of the above mentioned components 
and include stomal stenosis, conduit stricture, 
diverticulae, false passage, and stomal inconti-
nence. Patients can either present with diffi culty/
inability to catheterize (obstruction), leakage of 
urine from the channel (incontinence), or a com-
bination of the two. Accurate diagnosis and 
appropriate management is paramount because 
for many of these patients, clean intermittent 
catheterization is the only way to empty the 
 bladder. This chapter provides a framework to 
troubleshoot common complications of continent 
catheterizable channels.  
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    Obstruction 

 Patients with stomal stenosis, channel stricture, 
or false passage most often present with diffi culty 
or inability to catheterize the channel. Some 
patients may complain of bleeding at the stoma 
as a result of traumatic catheterization. 

 Stomal stenosis is the most commonly 
reported complication in the literature, with rates 
ranging from 6 to 39 % for tunneled channels [ 8 ]. 
Most often, the stoma is located at the umbilicus 
for cosmetic reasons. In some patients, the stoma 
may be located in the right or left lower quadrant. 
Typically, a lower quadrant stoma is created if the 
conduit is made out of ureter so that the conduit 
can take a direct path from the retroperitoneum to 
the skin. A lower quadrant stoma may be chosen 
for an appendiceal Mitrofanoff if the mesentery 
is too short to reach the umbilicus without ten-
sion [ 9 ]. Thus far, no study has conclusively 
established the choice of stoma site as a factor in 
stomal stenosis. Other than cutaneous continent 
vesicostomy (CCV), the choice of tissue type for 
conduit creation does not seem to affect stenosis 
rates. CCV is associated with higher complica-
tion rates including stomal stenosis and channel 
fi brosis, thereby making it an option to be used 
only as a last resort [ 8 ,  10 ]. 

 Stomal stenosis occurs relatively early in the 
postoperative course. Studies that have investi-
gated the timing of channel complications sug-
gest most cases of stomal stenosis occur in the 
fi rst 20 months after surgery, with a mean dura-
tion to stenosis ranging from 7.75 to 13 months 
[ 8 ,  11 ,  12 ]. However, patients are known to pres-
ent with stomal stenosis even as late as 5–6 years 
after initial surgery [ 12 ]. Ischemia at the mucocu-
taneous junction is hypothesized to be the most 
likely cause of stomal stenosis [ 8 ,  11 ]. Therefore, 
at the time of initial surgery, it is important to 
avoid tension on the channel and to preserve its 
blood supply as much as possible. In an effort to 
reduce the incidence of stenosis, the stomal end 
of the channel is frequently spatulated and a 
broad-based local skin fl ap in the shape of a “V” 
is advanced into the spatulation. Khoury et al. 

have described a technique which involves 
 excising the umbilical scar and eversion–inversion 
of the umbilicus during stoma maturation [ 13 ]. 
The stenosis rate with this technique was found 
to be 8 %. Landau et al. have described a 
“V-quadrilateral-Z” skin fl ap for stoma matura-
tion and early results in small number of patients 
showed no occurrence of stenosis [ 14 ]. 

 Channel stricture occurs at a rate of 4–20 % in 
tunneled channels and its timing is similar to that 
of stomal stenosis [ 8 ,  11 ]. Ischemia plays a role 
in the development of channel stricture. False 
passage in the channel can result from traumatic 
catheterization in the presence of a stricture or 
due to incorrect catheterization technique [ 11 ]. 
Narayanaswamy et al. have reported a high rate 
of diverticular pouch formation in double Monti 
channels [ 15 ]. It is recommended to create chan-
nels with short extravesical segments in order to 
prevent subfascial complications such as false 
passage and diverticulum formation [ 16 ].  

    Incontinence 

 Incontinence from the stoma can be attributable 
to the continence mechanism, the reservoir, or 
both. The reported rates of channel incontinence 
range from 1 to 22 % and the timing can be vari-
able [ 8 ]. However, the defi nition of stomal incon-
tinence is not consistent among studies. 

 The continence mechanism in tunneled chan-
nels is dependent on creation of an adequate 
detrusor or submucosal tunnel (Mitrofanoff prin-
ciple). In ICCC, the continence mechanism is the 
native ileocecal valve, which can be augmented 
by plication of the terminal ileum. Early channel 
incontinence related to the continence mechanism 
is more likely to be due to technical error, whereas 
late-onset incontinence might represent dilation 
of the tunnel with time [ 8 ]. Incontinence due to 
failure of the continence mechanism is typically 
large volume. On the other hand, incontinence 
due to the reservoir is typically small volume and 
can result from primary detrusor overactivity 
(DO) or secondary causes such as urinary tract 
infection (UTI) or bladder calculi.  
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    Management of Catheterizable 
Channel Complications 

 Some of the principles of troubleshooting 
 complications related to catheterizable channels 
would be familiar to most adult general urolo-
gists. Figures  10.1  and  10.2  provide a framework 
for stepwise management of the most commonly 
encountered complications.   

    Obstruction 

 Inability to catheterize the channel requires 
 emergent intervention in patients whose bladder 
neck has been surgically closed or narrowed. 
In patients with a patent urethra and bladder 
neck, the situation is less dire. The patient, care-
giver or healthcare provider can initiate intermit-
tent urethral catheterization or place an indwelling 
urethral catheter until the channel obstruction can 
be addressed. Still, channel access should be re- 
established within a couple of days; it has been 
our experience that earlier intervention is more 
successful than delayed intervention. 

 The fi rst step in obtaining channel access is a 
gentle attempt at catheterization using a well- 
lubricated catheter of the same or lesser size as 
routinely used by the patient. If the urethra is 
patent, a urethral catheter should be placed 
before attempting to catheterize the channel 
because a distended bladder can complicate 
catheterization of the channel in a couple of 
ways: (1) the channel can become kinked as the 
bladder distends and moves closer to the stoma; 
(2) the distended bladder will tighten the 
Mitrofanoff tunnel. If an initial attempt at chan-
nel catheterization is  unsuccessful, then a sec-
ond attempt with a hydrophilic guidewire can be 
helpful. However, before causing too much 
trauma, the urologist should have a low thresh-
old to perform endoscopy of the channel and 
place a catheter over a wire. The small diameter 
of the catheterizable channels usually means 
that endoscopy should be done with a fl exible 
pediatric cystoscope, fl exible hysteroscope, or a 
fl exible adult ureteroscope. A rigid pediatric 

cystoscope can be better suited for cases of 
 stomal stenosis. When the urethra is patent, 
endoscopic attempts can be combined with 
transurethral cystoscopic guidance. 
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catheterize

Stomal
stenosis
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  Fig. 10.1    Stepwise approach to troubleshoot obstruction 
in catheterizable channels       
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 Dilation of the stoma or channel can be 
 performed over the wire. We prefer to do this with 
a series of successively larger straight catheters 
over the wire. Dilation should not exceed the nor-
mal size of the channel—excessive dilation risks 

injury to the rest of the channel and the continence 
mechanism. Welk et al. have reported the use of 
steroid lubricant after stomal dilation to keep the 
stoma patent, although the durability of this treat-
ment is not known [ 8 ]. Endoscopic incision of 

Stomal Incontinence

Rule out infrequent/incomplete
emptying, UTI, bladder calculus, mucus

impaction

Videourodynamics (w/wo channel
pressure profilometry)

Primary bladder/reservoir dysfunction
-Detrusor Overactivity w/wo leak

-Low cystometric capacity
-Poor compliance

-Anticholinergics
-Intravesical botulinum toxin
-Augmentation cystoplasty

Faliure of continence mechanism
-Leak at low pressures

-Stress urinary incontinence

-Submucosal injection of bulking agent 
into channel

-Revision or replacement of channel for 
failures/recurrence

Inadequate detubularization of bowel
during augmentation cystoplasty

-Tall narrow augment or hourglass 
shape of augment

-May have high intravesical pressure

Revision by completely detubularizing
augment and bivalving bladder

  Fig. 10.2    Stepwise approach to troubleshoot incontinence through catheterizable channel       
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channel stricture has been described although we 
prefer dilation to incision because of the fragile 
nature of catheterizable channels and the risk of 
injury to adjacent bowel. Once a catheter is placed, 
it should be left in place for 1 or 2 weeks following 
which the catheter can be removed and patient 
asked to resume CIC. 

 If initial endoscopic attempts fail and bladder 
drainage cannot be obtained through urethral 
catheterization, then suprapubic tube (SPT) 
placement should be considered. Although per-
cutaneous SPT placement can be performed 
faster and with local anesthesia, the recon-
structed lower urinary tract in many of these 
patients may necessitate open cystotomy and 
SPT placement. If the surgeon is facile with 
ultrasound-guided SPT placement, then this is a 
less invasive alternative to safely placing an SPT 
when adjacent bowel is of concern. Defi nitive 
management can then be planned on an elective 
basis, keeping in mind that the solution can be as 
simple as stomal revision or require removal and 
replacement of the channel. Mickelson et al., 
have described an “L-stent” which can be used 
for refractory stomal stenosis. This can act as a 
temporizing measure until surgical revision, or 
in some cases, obviate the need for surgery alto-
gether [ 17 ]. 

 Defi nitive management is indicated if endo-
scopic attempts fail or if obstruction recurs 
despite minimally invasive interventions. Stomal 
stenosis can be corrected by excising the scarred 
tip and advancing a local skin fl ap into a spatu-
lated, healthy distal segment, as a Y-V plasty. We 
perform this with a wire in the channel when pos-
sible and dissect circumferentially down to fascia 
in order to mobilize a healthy segment of chan-
nel. This is a relatively minor procedure that can 
be accomplished in the ambulatory setting. 
Buccal mucosa graft can also be used for stomal 
revision as described by Radojicic et al. [ 18 ]. 
If the channel stricture is below the level of 
 fascia, laparotomy is required for revision; unfor-
tunately, this can be hard to predict preopera-
tively so we prepare all patients for the possibility 
of a laparotomy. 

 Upon laparotomy, identifi cation of the ste-
nosed portion of the channel is usually straight-
forward—even the outer wall of the channel is 

ischemic and fi brotic. Depending on the length of 
the involved segment, the channel can be revised 
by interposition of a segment of bowel or the 
entire channel may need to be removed and 
replaced (see Fig.  10.1 ). If only the distal portion 
of the channel is fi brosed and the continence 
mechanism is unaffected, then a new channel can 
be fashioned (e.g., Monti) and anastomosed end-
to- end to the healthy end of the existing channel. 
If the entire channel is fi brotic, it should be 
resected and a new channel created. Ideally, the 
new channel is tunneled in the native bladder. 
However, if bladder size or chronic cystitis and 
mucosal infl ammation preclude formation of a 
good detrusor tunnel, then a channel using an 
alternative continence mechanism must be enter-
tained. A rather simple salvage procedure in this 
case is to add an ICCC to the native bladder or 
augment, using the ileocecal nipple valve for 
continence. A more challenging alternative that 
we reserve for cases in which the ileocecal valve 
is not available is the intussuscepted ileal fl ap 
valve [ 19 ].  

    Incontinence 

 In a patient with stomal incontinence, it is impor-
tant to rule out causes such as infrequent cathe-
terization, incomplete bladder emptying, UTI, 
bladder calculus, or mucus impaction. In the 
absence of such causes, urodynamic studies 
(UDS) can help determine the etiology of incon-
tinence. Pressure profi lometry of the channel can 
be performed at the time of UDS; however, there 
is no standard cut-off below which the value 
might be considered abnormal. If urethral access 
is present, the UDS catheter can be placed trans-
urethrally and patient fi lled and stressed to dem-
onstrate leakage with stress or with bladder fi lling 
to a specifi c volume. Low-pressure leakage, 
stress urinary incontinence, and the absence of 
detrusor overactivity (DO) would implicate the 
continence mechanism as the cause of inconti-
nence. On the other hand, the presence of DO, 
leak with DO, or impaired compliance implies 
primary bladder pathology. Treatment can then 
be directed toward rectifying the cause of the 
incontinence (Fig.  10.2 ). If detrusor overactivity is 
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identifi ed as the cause of incontinence, conserva-
tive measures such as anticholinergic medica-
tions and intravesical Botulinum toxin-A should 
be tried fi rst. If the patient does not respond to 
such measures, he/she may be a candidate for 
augmentation cystoplasty or revision of an exist-
ing augmentation cystoplasty. 

 Endoscopic injection of bulking agents into the 
channel can be an effective, minimally invasive 
method to address failure of continence mecha-
nism. Biomaterials that have been used for this 
purpose include collagen, PDMS, and dextrano-
mer/hyaluronic acid injection (Defl ux ® ). Prieto 
et al. have reported success rate of 71 % after a 
single injection and 79 % after two injections of 
Defl ux in patients who were candidates for surgi-
cal revision for stomal incontinence. The mean 
follow-up duration in this series was 1 year [ 20 ]. 
Longer term studies are necessary to assess the 
durability of response with bulking agents. If 
incontinence does not respond to bulking agents, 
surgical intervention may be necessary. Revision 

of the existing continence mechanism, or removal 
and replacement of the entire channel with tun-
neled detubularized ileum (Monti), ICCC, or 
intussuscepted ileal fl ap valve as discussed in the 
earlier section can be considered. Yachia and 
Erlich have described the technique of creating a 
continent stoma by cross-wrapping non-detached 
strands of rectus muscle around the efferent chan-
nel. In their series of 17 patients, 100 % conti-
nence was reported after a mean follow-up 
duration of 32 months. Although described for 
primary creation of a continent reservoir, this 
technique can also be used as a salvage maneuver 
in cases of failure of continence mechanism [ 21 ]. 

 In patients who have undergone augmentation 
cystoplasty, we have encountered instances 
wherein the incontinence is related to inadequate 
detubularization of bowel and/or bivalving of the 
bladder at the time of initial surgery. In such 
patients, cystogram reveals an “hourglass” con-
fi guration of the augmented bladder (Fig.  10.3 ). 
Revision of the augment by performing complete 

  Fig. 10.3    ( a ) Cystogram of a patient with stomal inconti-
nence showing an inadequately detubularized augment 
(Aug). The native bladder (Bl) is seen in the foreground, 
and there is a narrow communication between the bladder 
and augment. ( b ) Postoperative cystogram of the same 

patient after revision surgery by detubularizing the aug-
ment and anastomosing to a widely bivalved bladder. 
There is no transition between the native bladder and aug-
ment.  Arrow  points to the catheter in the continent chan-
nel.  BP  Baclofen pump       
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detubularization of the bowel segment and 
 maximal anteroposterior sagittal cystotomy has 
resulted in resolution of incontinence in these 
instances.  
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 Summary 
 Most of the complications related to 
 continent catheterizable channels can be 
resolved by minimally invasive interven-
tions that can be performed by adult general 
urologists. 

 Few patients need surgery to revise or 
replace the channel, and referral to a spe-
cialist trained in reconstructive urology 
would be appropriate in such instances. 

 Conversion to an incontinent urinary 
diversion should only be considered as a 
last resort. 
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            Introduction 

 The realization that neoplasia could develop as a 
consequence of urologic reconstructive proce-
dures fi rst became evident with ureterosigmoid-
ostomy in the 1970s [ 1 ,  2 ]. Specifi cally, long-term 
follow-up of patients following ureterosigmoid-
ostomy revealed that approximately 3 % of the 
patients per decade developed adenocarcinoma 
of the colon, with another 5 % per decade devel-
oping benign adenomatous colonic polyps [ 1 – 3 ]. 
Interestingly, the site of the malignant lesions 
and/or adenomatous polyps almost inevitably 
occurred either at or adjacent to the ureteroen-
teric anastomosis [ 1 – 4 ]. At that time, it was 
hypothesized that the development of the neo-
plastic lesions were dependent on the enteric epi-
thelium employed (colon > ileum), and resulted 
from chronic infl ammation incited by the produc-
tion of nitrosamines, a known carcinogen, pro-
duced from the bacterial breakdown of the fecal, 
urinary slurry [ 1 – 4 ]. Due to the association of the 
ureterosigmoidostomy with malignant transfor-
mation, the procedure was largely abandoned by 
the early 1980s. In its place surgeons turned to the 
alternatives of enteric bladder augmentation or 
continent urinary reservoirs, surgical procedures 

that were believed to be free of the risk of 
carcinogenesis. The reduced risk for carcinogen-
esis was based on two important assumptions; the 
absence of the fecal, urinary slurry would prevent 
the production of nitrosamines and the reliance 
on ileum as the fi rst choice for use as the enteric 
component for urologic reconstructive proce-
dures [ 4 – 6 ]. Concern, that this hypothesis was in 
error arose with the reported development of 
adenocarcinoma in patients augmented for the 
contracted bladders arising from tuberculosis and 
schistosomiasis [ 5 – 9 ]. These random case reports 
prompted an alternative hypothesis that it was not 
the chronic infl ammatory response arising from 
the fecal, urinary slurry, but rather, the infl amma-
tory response that is inevitably associated with all 
forms of urologic reconstructive procedures that 
would lead to malignant transformation. In par-
ticular, it was hypothesized that either the pres-
ence of chronic bacteriuria, urine infi ltrating into 
the enteric wall, and or mixed cellular interac-
tions from the juxtaposition of tissues from two 
disparate origins (intestinal and urothelial) would 
lead to mutagenic sequence. In essence, the 
 presence of chronic infl ammation resulted in the 
production of toxic oxygen radicals, DNA muta-
genesis, and cancer [ 2 ,  5 – 7 ,  10 – 14 ]. This hypoth-
esis appeared to be substantiated when several 
case reports of malignancy following augmenta-
tion for congenital etiologies were published [ 5 ,  6 , 
 13 ,  15 – 18 ]. The compilation of the case reports 
revealed that malignancies in the augmented 
bladder began to develop about a decade after 
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augmentation, presented at a high stage and were 
associated with poor cancer- specifi c survival 
[ 5 ,  6 ,  13 ,  15 – 18 ]. These fi ndings prompted the 
recommendation that all individuals who had 
undergone a bladder augmentation, continent uri-
nary reservoir, or enteric neobladder formation 
for benign urologic conditions, should undergo 
annual endoscopic and cytologic evaluation 
beginning 10 years after their surgery. Indeed, 
concern by some authorities in the fi eld reached 
high enough levels; they recommended intermit-
tent biopsy of the reconstructed bladder at the 
time of surveillance [ 5 ,  7 ,  15 ,  19 – 22 ].  

    Surveillance Protocols: 
When Is a Protocol Needed 
and Criteria for Success 

 Recommendations for annual surveillance proce-
dures, although based on concern for the patient 
were originally made in the absence of hard facts 
[ 7 ,  15 ,  17 ]. Specifi cally, the need for a recom-
mended surveillance protocol to be successful 
requires the fulfi llment of fi ve crucial criteria. (1) 
A clinically defi nable patient population known to 
be risk for cancer development must exist and the 
incidence of cancer development in this population 
must be well established. (2) The cancer if left 
untreated should be associated with a substantial 
morbidity and mortality. (3) The cancer needs to 
have a high prevalence rate at a low stage. (4) 
Treatment for early stage tumor should have a mor-
bidity and mortality incidence less that the primary 
disease process. (5) Screening tests should be safe, 
inexpensive, reliable, and reproducible with a high 
specifi city and sensitivity [ 3 ,  20 – 22 ]. 

 To determine if a surveillance protocol for 
bladder cancer in patients undergoing bladder 
reconstruction is needed and/or can be successful 
if instituted, will be reviewed below. 

    Defi ning the Risk of Malignant 
Transformation in Bladder 
Augmentation 

 The original recommendations for cancer surveil-
lance in patients undergoing bladder augmenta-
tion or neobladder formation for benign conditions 

were based on two important assumptions. First, 
the compilation of case reports in patients sug-
gested that this population was at risk for cancer 
development. Second, it was believed that the 
underlying bladder dysfunction that resulted in 
the need for bladder augmentation or neobladder 
formation was not associated with an increased 
risk of malignancy [ 7 ,  15 ,  17 ]. Signifi cant concern 
regarding this hypothesis arose, due to the poorly 
defi ned risk of malignant transformation in 
patients with abnormal bladders not undergoing 
bladder augmentation. Specifi cally, the incidences 
of malignant transformation in patients with blad-
der dysfunction due to primary underlying dis-
ease process (i.e., exstrophy–epispadias complex, 
posterior urethral valves, and neurogenic blad-
ders) were either poorly described or unknown 
[ 11 ,  12 ,  18 ,  23 – 28 ]. Adding to this conundrum 
was the fi nding that almost all published case 
reports failed to assess the possibility of exposure 
of the patient to tobacco, immunosuppression, 
and/or concurrent viral cystitis all known carcino-
gens [ 18 ,  27 ,  29 – 33 ]. They also failed to access 
the risk of cancer arising due to the underlying 
disease process that was responsible for the need 
for a bladder augmentation or neobladder [ 3 ,  18 , 
 23 – 27 ,  29 – 32 ]. 

 In an attempt to answer the question regarding 
whether bladder augmentation is an independent 
risk factor for bladder cancer in patients Higuchi 
et al., performed a prospective cohort study with a 
matched control population (matched for age, sex, 
and the same underlying bladder abnormality). 
Patients had undergone bladder augmentation for 
management of the congenital abnormalities, 
including exstrophy–epispadias complex, poste-
rior urethral valves, and neurogenic bladder aris-
ing from spina bifi da. In this case of matched 
controlled study they noted no difference between 
the two populations [ 18 ]. Specifi cally, risk for the 
development of bladder malignancy with patients 
undergoing an augmentation with either ileum or 
colon was approximately 1.5 % per decade, com-
pared to the incidence of 0.9 % per decade in case 
matched controls who had not undergone a blad-
der augmentation,  p  = 0.55 [ 18 ]. These fi ndings 
suggest that individuals with an underlying blad-
der abnormality arising from any congenital 
cause, are at a threefold to fourfold increased risk 
for the development of a bladder malignancy 
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compared to the incidence of bladder cancer 
reported in the normal US population. This risk 
was similar whether or not they had undergone a 
bladder augmentation [ 18 ,  34 ]. It is critical, how-
ever, to point out that this data involves only indi-
viduals undergoing augmentation with ileum or 
colon. Substantial concerns arise regarding two 
specifi c populations that have undergone bladder 
augmentation. First, long-term follow-up of 
patients undergoing an augmentation confi rms a 
hypothesis fi rst advanced by Dr. Ruben F. Gittes, 
that the segment used for augmentation may 
impact the incidence of malignancy [ 4 ]. In par-
ticular, it has become apparent that augmentation 
with a gastric augment results in gastric atrophy 
of the augmenting segment, a premalignant con-
dition [ 5 ,  17 ,  19 ,  35 – 37 ]. Indeed, gastric cysto-
plasty appears to be associated with twice the risk 
of an ileal or colon augment, 2.8 % per decade 
compared to 1.5 % per decade [ 5 ,  6 ,  13 ,  17 ]. 
Second, we are concerned regarding the incidence 
of bladder cancer in immunosuppressed patients. 
These individuals are not only exposed to the 
known carcinogenic effects of immunosuppres-
sion but are also at an increased risk for the risk of 
carcinogenesis arising from viral cystitis (EBV, 
BK, or CMV viruses) [ 3 ,  18 ,  27 ,  29 – 32 ]. These 
two particular patient populations appear to be at 
sixfold to tenfold increased risk for malignancy 
[ 17 ,  18 ,  27 ,  29 ,  32 ,  34 ,  38 ]. In essence, as data has 
accumulated over the decades, patients with blad-
der augmentations by ileum or colon are at no 
higher risk for malignant transformation than a 
patient population with the same underlying blad-
der abnormality, both, however, are at an increased 
risk of cancer development than the normal popu-
lation. Of signifi cant concerns are individuals 
undergoing bladder augmentation with gastric 
segments or individuals with augments exposed 
to immunosuppressive agents especially if they 
have a concurrent history of viral cystitis.  

    Natural History of Cancer Within 
a Bladder Augment 

 Exactly how aggressive are tumors arising in 
abnormal bladders? Can we diagnose these 
tumors at a low stage? When we compare patients 

with congenitally abnormal bladders to the 
normal patient population, approximately 4–6 % 
of patients with congenitally abnormal bladders 
with or without an ileal or colonic bladder aug-
mentation will develop a malignancy by the sixth 
decade of life [ 18 ]. Approximately 80 % of whom 
will have locally invasive (T2 or higher) and/or 
metastatic disease at the time of presentation 
[ 18 ]. Cancers arising in these congenitally abnor-
mal bladder either with or without an ileal or 
colonic bladder augmentation are associated with 
a cancer-specifi c mortality of >80 % (median of 
1.5 years) from the time of diagnosis and a very 
low incidence of survival [ 18 ,  34 ]. Of particular 
interest are a series of case reports where routine 
surveillance cystoscopy was normal 3–18 months 
prior to the diagnosis of metastatic cancer arising 
from the augment. All cancers in these fi ve 
patients were fatal despite a normal cystoscopic 
evaluation just months prior to the diagnosis of 
widely metastatic disease [ 5 ,  15 ,  17 ,  18 ,  21 ,  25 ]. 
These fi ndings suggest that either the tumors 
have a rapid malignant potential and/or that 
 cystoscopy is inadequate to identify tumor within 
this patient population. Compare the fi ndings 
reviewed above to the incidence of bladder 
malignancy arising in the nonsmoking US popu-
lation without a congenital bladder abnormality. 
In this patient population, 2 % of the individuals 
will develop a bladder tumor by the eighth decade 
of life, approximately 80 % of whom will have 
<T2 disease at the time of diagnosis [ 3 ,  18 ,  34 ]. 
The compilation of the published fi ndings is 
highly suggestive that individuals with a primary 
bladder abnormality with or without an augment 
are at an increased risk for bladder malignancy. 
Indeed, histopathologic, molecular, and genetic 
studies of these cancers show that they are a dis-
tinct clinicopathologic variant that is extremely 
aggressive, with rapid growth, high metastatic 
potential, and high cancer-specifi c death rates 
[ 18 ,  39 ]. While the cancer does fulfi ll the second 
criteria needed to establish a successful screen-
ing protocol, tumors left untreated are associ-
ated with a substantial morbidity and mortality 
[ 3 ,  18 ,  34 ,  39 ], it does not meet the third criteria, 
a high prevalence of the tumor at a low stage 
when they are amenable to minimally invasive 
treatment [ 3 ,  22 ]. 
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  Cystoscopy, urine cytology, and bladder 
biopsy: are they reliable, reproducible with a 
high specifi city and sensitivity?  

 While molecular (e.g., FISH) testing is becom-
ing a mainstay of bladder cancer surveillance, 
only cystoscopy and selective cytology are cur-
rently recommended for routine evaluation of 
microhematuria/hematuria in the general popula-
tion (AUA Guidelines: microhematuria-2012, 
bladder cancer-2007). As previously discussed, 
multiple authors originally encouraged the use of 
cystoscopy and cytology for routine annual 
screening of patients with bladder augments [ 5 ,  7 , 
 15 ,  19 ,  20 ]. Although the intent was pure, the rec-
ommendations were made without verifying that 
both the disease process and the screening meth-
odologies recommended met the fi fth requirement 
necessary for the implementation of a successful 
surveillance protocol (screening tests should be 
safe, inexpensive, reliable, and reproducible with 
a high specifi city and sensitivity). Problems fi rst 
became evident with the use of urine cytology in 
the presence of enteric epithelium. Exfoliated 
enteric epithelial cells that are exposed to and then 
maintained for prolonged time period in urine i.e., 
urine obtained from augmented bladders and uri-
nary reservoirs, can degenerate into clusters that 
resemble urothelial carcinoma, leading to a high 
false positive rate [ 22 ,  40 ]. It has also been noted 
that the chronic pyuria and intermittent catheter-
ization, ubiquitously present in this patient popu-
lation can cause cellular atypia including increased 
nuclear-to- cytoplasmic ratio, nuclear atypia, and 
papillary aggregation, all changes diagnostic for 
urothelial cancer [ 3 ,  22 ,  40 – 44 ]. Our personal 
experience with following 65 patients with an 
augmented bladder with yearly cytology over a 
12-year period, revealed a false positive rate of 
10 %. The specifi city of urine cytology for our 
patient population was 90 % compared to 99 % in 
a nonaugmented patient population under surveil-
lance [ 22 ]. The sensitivity of urine cytology in the 
augmented patient could not be determined, 
since no patient under this protocol developed a 
tumor [ 22 ]. It is also noteworthy that the abnor-
mal urine cytology prompted several unneces-
sary CT urograms and random bladder biopsies 
[ 22 ]. We subsequently abandoned the routine use 

of urine cytology due to both its cost ($450 at our 
institution) and its motivation to prompt us to do 
more costly, invasive, and potentially nephrotoxic 
tests in a population already at high risk for renal 
insuffi ciency. 

 What about routine endoscopy? To determine 
if this test would be benefi cial, two items are key; 
we must establish the incidence of the disease 
and the ability of endoscopy to diagnose low- 
stage disease. First as previously noted the inci-
dence of malignancy developing in this patient 
population is 1.5–2.8 % per decade [ 3 ,  5 ,  6 ,  17 –
 19 ]. In essence, a urologist would have to per-
form >950 cystoscopies to diagnose one bladder 
tumor. At approximately $600 per cystoscopy, 
the cystoscopic costs alone would be approxi-
mately $570,000 to diagnose one bladder tumor. 
This estimate presupposes that surveillance cys-
toscopy is accurate in identifying early stage 
tumors, which evolving evidence suggests against 
[ 5 ,  15 ,  17 ,  18 ,  21 ,  25 ]. Specifi cally it should be 
noted that routine cystoscopy used for tumor sur-
veillance in the nonaugmented patient population 
has a median sensitivity of 65 % and specifi city 
of 71 %, we would expect this sensitivity and 
specifi city to be lower in the patient with a aug-
mented bladder where multiple folds and crev-
ices of the enteric epithelium are the norms 
[ 45 – 48 ]. In addition to the low sensitivity and 
specifi city, as we have noted previously there is 
no guarantee that cystoscopy will identify a low- 
stage bladder tumor amenable to resection prior 
metastasis, due to the rapid growth potential of 
these tumors [ 3 ,  15 ,  17 ,  18 ,  21 ,  22 ,  25 ,  39 ]. 

 What about routine bladder biopsy? Dr. 
Rizwan Hamid and associates documented the 
poor reliability of this test, in their patients, 
( N  = 92 undergoing surveillance >10 years fol-
lowing augmentation) routine biopsy of the 
enteric segment, anastomotic line, and native 
bladder; no biopsy was positive for malignancy 
[ 21 ]. One patient presenting for follow-up did 
note hematuria and biopsy revealed a metastatic 
neuroendocrine tumor which resulted in cancer- 
specifi c death within 3 months of diagnosis. It is 
noteworthy that this patient had a normal surveil-
lance cystoscopy 18 months prior to her presenta-
tion with metastatic disease [ 21 ]. Based on these 
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fi ndings Hamid and associates recommended 
against routine endoscopy or biopsy unless a 
patient was symptomatic [ 3 ,  21 ,  22 ]. 

 Can we establish a successful routine screen-
ing protocol for cancer development in patients 
with a bladder augment or congenitally abnormal 
bladder known to be at risk? 

 Due to the low event rate of malignant trans-
formation, poor sensitivity for cytologic screen-
ing, lack of proven benefi t for annual cystoscopy 
to diagnose low-stage malignancy in the presence 
of highly aggressive tumor, combined with a 
cost-ineffective screening methodology, there 
does not appear to be any benefi t in the routine 
use of annual screening exams for the onset of 
malignancy [ 3 ,  18 ,  22 ]. However, long-term fol-
low- up of this patient population serves a multi-
tude of purposes; including preservation of renal 
function, prevention, and treatment of renal and 
bladder calculi, confi rmation that metabolic or 
nutritional abnormalities have not developed and 
verifi cation of compliance with medical direc-
tives [ 3 ,  18 ,  22 ]. The follow-up recommendations 

we currently follow are based on the need for 
annual follow-up on this population, they are not 
based solely on malignant concerns, but rather to 
prevent the morbidities associated with augmen-
tation or continent urostomy formation. We start 
this evaluation by on obtaining an interval medi-
cal history focused on determining whether base-
line urological symptoms have changed, obtaining 
baseline serum chemistry and evaluating whether 
there are new radiologic fi ndings [ 3 ,  22 ]. See 
Fig.  11.1 .  

  Is there a need for cystoscopic surveillance 
in specifi c patient categories, e.g., patients fol-
lowing gastric augmentations, or patients with a 
history of bladder augmentation following renal 
transplantation?  

 The published literature strongly suggests that 
individuals undergoing a gastric augmentation 
(2.5-fold increased risk) and individuals with a 
history of bladder augmentation undergoing a 
renal transplantation (sixfold to tenfold increased 
risk) have a signifi cantly higher risk of develop-
ing a malignancy compared to an individual 

Obtain Interval Medical History for: 

1. Intractable symptomatic UTI's or ≥ 4 symptomatic UTI per year  
2. History of gross hematuria 
3. New onset of flank, pelvic,perineal or bladder pain  
4. New onset of urinary incontinence 

Negative History                                                                                            Positive History 

1. Serum creatinine or Cystatin C (muscle wasting) 
2. Electrolytes 
3. Serum B12 
4. Urinalysis 

a. <50 RBC’s/HPF 
b. ≥50 RBC’s/HPF 

5. Renal and Bladder Ultrasound 

Consider adding the following tests as indicated: 

Urine culture, CT urogram, endoscopy, video urodynamics 

Consider further tests if 

≥50 RBC's/HPF 

Abnormal renal or bladder 
Ultrasound 

  Fig. 11.1    Follow-up of bladder augmentations and neobladder formation after reconstruction for benign urologic 
conditions       
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undergoing a augmentation without this surgical 
history [ 17 ,  18 ,  27 ,  29 ,  32 ,  34 ,  38 ]. In view of 
these fi ndings the question arises should we rou-
tinely place these select patient populations under 
cystoscopic surveillance? Although we would 
strongly recommend that we routinely follow 
these individuals on an annual basis on the proto-
col outlined above, we do not alter our routine 
surveillance protocol to include annual cystos-
copy for these specifi c patient populations. This 
recommendation is based on the hypothesis that 
routine cystoscopic surveillance would not meet 
the defi nition of a successful surveillance proto-
col, due to the aggressive nature of the primary 
malignancy and the low sensitivity and specifi c-
ity of cystoscopy [ 3 ,  15 ,  17 ,  18 ,  21 ,  22 ,  25 ,  39 ].   

    Conclusion 

 Annual screening endoscopy and cytology in 
patients with bladder augmentation or continent 
urostomy for congenital urological disease is not 
recommended due to their poor sensitivity, 
unproven specifi city, cost-ineffectiveness, and 
inability to diagnose a low-stage malignancy. 
Surveillance of this patient population is, how-
ever, recommended to prevent the associated 
serious complications that can lead to upper uri-
nary tract destruction, metabolic, and vitamin 
derangements following these procedures. The 
onset of new clinical symptoms and/or abnormal 
serial baseline serum chemistries or radiographic 
fi ndings, should, when indicated prompt further 
evaluations to rule out the possibility of tumor 
development.      

   References 

       1.    Spence H, Hoffman W, Fosmire G. Tumor of the 
colon as a late complication of ureterosigmoidostomy 
for exstrophy of the bladder. Br J Urol. 1979;
51:466–9.  

     2.    Husmann D, Spence H. Current status of tumor of the 
bowel following ureterosigmoidostomy: a review. 
J Urol. 1990;1440:607–11.  

                  3.    Husmann D, Fox J, Higuchi T. Malignancy following 
bladder augmentation: recommendations for long- 
term follow-up and cancer screening. AUA Update 
Ser. 2011;30(24):222–7.  

       4.    Gittes R. Carcinogenesis in ureterosigmoidostomy. 
Urol Clin North Am. 1986;13:201–14.  

              5.    Husmann D, Rathbun S. Long term follow up of 
enteric bladder augmentations: the risk for malig-
nancy. J Pediatr Urol. 2008;4:381–5.  

        6.    Husmann D. Malignancy after gastrointestinal aug-
mentation. Ther Adv Urol. 2009;1:5–11.  

 Summary 

•     Neuropathic bladder with or without 
augmentation poses a fourfold to sixfold 
increase in bladder cancer risk com-
pared with the general population.  

•   Lethality of cancers seen in neurogenic 
bladder is worse than the general popu-
lation, with 80 % demonstrating locally 

invasive (T2 or higher) and/or metastatic 
disease at the time of presentation.  

•   Median survival from diagnosis is 
1.5 years.  

•   Risk of malignancy in augmentation 
cystoplasty:
 –    Gastric cystoplasty 2.8 % per decade.  
 –   Colon or ileal cystoplasty 1.5 % per 

decade.     
•   Renal transplantation with history of 

viral cystitis represents a very high risk 
group (sixfold to tenfold increase).  

•   Despite elevated risk, routine cytology, 
FISH, and cystoscopy are not recom-
mended, as sensitivity of determining 
malignancy is very poor and cost of 
these tests are high.  

•   Recommended annual surveillance:
 –    Interval medical history focused on 

determining whether baseline uro-
logical symptoms have changed.  

 –   Serum chemistries.  
 –   Radiographic screening (ultrasound, 

KUB, or CT when indicated).     
•   Abnormalities seen on annual surveil-

lance should prompt further diagnostic 
testing as appropriate    

D.A. Husmann



129

        7.    Filmer R, Spencer J. Malignancies in bladder 
 augmentations and intestinal conduits. J Urol. 1990;
143:671–5.  

   8.    Badawi A, Mostafa M, Probert A, O’Connor P. Role 
of schistosomiasis in human bladder cancer: evidence 
of association, aetiological factors and basic mecha-
nisms of carcinogenesis. Eur J Cancer Prev. 
1995;4:45–9.  

    9.    Shokeir AA, Shamaa M, el-Mekresh MM, el-Baz M, 
Ghoneim MA. Late malignancy in bowel segments 
exposed to urine without fecal stream. Urology. 
1995;46(5):657–61.  

    10.    Husmann D, Spence H. Ureterosigmoidostomy, 
 current concepts. In: King L, Sonte A, Webster G, 
 editors. Bladder reconstruction and continent urinary 
diversion. Chicago: Yearbook Medical Publishers; 
1991. p. 213–20.  

    11.    Barrington J, Fulford S, Griffi ths D, Stephenson T. 
Tumors in bladder remnant after augmentation entero-
cystoplasty. J Urol. 1997;157:482–6.  

    12.    Barrington J, Jones A, James D, Smith S, Stephenson 
T. Antioxidant defi ciency following clam enterocysto-
plasty. Br J Urol. 1997;80:238–42.  

      13.    Balachandra B, Swanson P, Upton M, Yeh M. 
Adenocarcinoma arising in a gastrocystoplasty. J Clin 
Pathol. 2007;60:85–7.  

    14.   Husmann D, Snodgrass W. Ureterocystoplasty: 
enteric and urothelial. AUA Update Ser. 2004;23. 
Lesson 35.  

             15.    Soergel T, Cain M, Misseri R, Gardner T, Koch M, 
Rink R. Transitional cell carcinoma of the bladder fol-
lowing augmentation cystoplasty for the neuropathic 
bladder. J Urol. 2004;172:1649–53.  

   16.    Lane T, Shah J. Carcinoma following augmentation 
ileocystoplasty. Urol Int. 2000;64:31–2.  

              17.    Castellan M, Gosalbez R, Perez-Brayfi eld M, Healey 
P, McDonald R, Labbie A, et al. Tumor in bladder 
reservoir after gastrocystoplasty. J Urol. 2007;178:
1771–4.  

                          18.    Higuchi T, Granberg C, Fox J, Husmann D. 
Augmentation cystoplasty and risk of neoplasia: fact, 
fi ction and controversy. J Urol. 2010;184:2492–7.  

       19.    Vemulakonda VM, Lendvay T, Shnorhavorian M, 
Joyner BD, Kaplan H, Mitchell ME, et al. Metastatic 
adenocarcinoma after augmentation gastrocysto-
plasty. J Urol. 2008;179:1094–6.  

     20.    Hamid R, Bycroft J, Arya M, Shah P. Screening cys-
toscopy and biopsy in patients with neuropathic blad-
der and chronic suprapubic indwelling catheters: is it 
valid? J Urol. 2003;170:425–7.  

          21.    Hamad R, Greenwell T, Nethercliffe J, Freeman A, 
Venn SN, Woodhouse C. Routine surveillance cystos-
copy for patients with augmentation and substitution 
cystoplasty for benign urological conditions: is it nec-
essary? BJU Int. 2009;104:392–5.  

                 22.    Higuchi T, Fox J, Husmann D. Annual endoscopy and 
urine cytology for the surveillance of bladder tumors 
after enterocystoplasty for congenital bladder anoma-
lies. J Urol. 2011;186:1791–5.  

     23.    Smeulders N, Woodhouse C. Neoplasia in adult 
exstrophy patients. Br J Urol. 2001;87:623–8.  

   24.    Woodhouse C, North A, Gearhart J. Standing the test 
of time: a long-term outcome of reconstruction of the 
exstrophy bladder. World J Urol. 2006;24:244–9.  

       25.    Austin J, Elliot S, Cooper C. Patients with spina bifi da 
and bladder cancer: atypical presentation, advanced 
stage and poor survival. J Urol. 2007;178:798–801.  

   26.    Game X, Villers A, Malavaud B, Sarramon J. Bladder 
cancer arising in a spina bifi da patient. Urology. 
1999;54(5):923–5.  

        27.    Besarani D, Cranston D. Urological malignancy after 
renal transplantation. Br J Urol. 2007;100:502–5.  

    28.    Kalisvaart JF, Katsumi HK, Ronningen LD, Hovey 
RM. Bladder cancer in spinal cord injury patients. 
Spinal Cord. 2010;48(3):257–61.  

        29.    Adani G, Baccarani U, Lorenzin D, Bresadola V, 
Curro G, Sainz M, et al. Role of cytomegalovirus and 
Epstein-Barr virus in patients with de novo colon 
 cancer after renal transplantation. Tumori. 2006;92:
219–21.  

   30.    Dietrick K, Schned A, Fortuny J, Heaney J, Marsit C, 
Kelsey K, et al. Glucocorticoid therapy and risk of 
bladder cancer. Br J Cancer. 2009;101:1316–20.  

   31.    Vajdic C, McDonald S, McCredie M, van Leeuwen 
M, Stewart J, Law M, et al. Cancer incidence before 
and after kidney transplantation. JAMA. 2006;
296:2823–31.  

       32.    Roberts I, Besarani D, Mason P, Turner G, Friend P, 
Newton R. Polyoma virus infection and urothelial car-
cinoma of the bladder following renal transplantation. 
Br J Cancer. 2008;99:1383–6.  

    33.    Murta-Nascimento C, Schmitz-Drager B, Zeegers M, 
Steineck G, Kogevinas M, Real F, et al. Epidemiology 
of urinary bladder cancer: from tumor development to 
patient’s death. World J Urol. 2007;25:285–95.  

         34.    Ries L, Melbert D, Krapcho M, Stinchcomb D, 
Howlader N, Horner M, et al. SEER cancer statistics 
review, 1975-2005. Bethesda: National Cancer 
Institute; 2008 [updated 2008].  

    35.    Qui J, Kordunskaya S, Yantis R. Transitional cell car-
cinoma arising in the gastric remnant following gas-
trocystoplasty: a case report and review of the 
literature. Int J Surg Pathol. 2003;11:143–7.  

   36.    Vajda P, Kaiser L. Histological fi ndings after colocys-
toplasty and gastrocystoplasty. J Urol. 2002;168:
698–701.  

    37.    Vajda P, Pinter A, Magyarlaki T, Vstyan A, JuHasz Z, 
Oberritter Z, et al. Histologic fi ndings after gastrocys-
toplasty in rabbits. J Pediatr Surg. 2005;40:1470–4.  

     38.    Liao C, Chueh S, Lai M, Chen J. Transitional cell car-
cinoma in renal transplant recipients. Transplant Proc. 
2004;36:2152–3.  

       39.    Sung M, Zhang S, Lopez-Beltran A, Montironi R, 
Wang M, Davidson D, et al. Urothelial carcinoma fol-
lowing augmentation cystoplasty: an aggressive vari-
ant with distinct, clinicopathological characteristics 
and molecular genetic alterations. Histopathology. 
2009;55:161–73.  

11 Augmentation Cystoplasty: Risks for Malignancy and Suggestions for Follow-Up Evaluations



130

     40.    Watarai Y, Satoh H, Matubara M, Asakawa K, 
Kamaguchi H, Nagai S, et al. Comparison of urine 
cytology between the ileal conduit and Indiana Pouch. 
Act Cytol. 2000;44:748–51.  

   41.    Maier U, Simak R, Neubold N. The clinical value of 
urinary cytology: 12 years of experience with 615 
patients. J Clin Pathol. 1995;48:314–9.  

   42.    Murphy W. Current status of urinary cytology in the 
evaluation of bladder neoplasms. Hum Pathol. 
1990;21:886–91.  

   43.    Lotan Y, Roehrborn C. Sensitivity and specifi city of 
commonly available bladder tumor markers versus 
cytology: results of a comprehensive literature review 
and meta-analyses. Urology. 2003;61:109–18.  

    44.    Cameron A, Rodriquez G, Schomer K. Systematic 
review of urological follow up after spinal cord injury. 
J Urol. 2012;187:391–7.  

    45.    Svatek R, Lee D, Lotan Y. Correlation of offi ce based 
cystoscopy and cytology with histologic diagnosis: how 
good is the reference standard. Urology. 2005;66:65–8.  

   46.    Schneeweis S, Kriegmair M, Steepp H. Is everything 
all right if nothing seems wrong? A simple method of 
assessing the diagnostic value of endoscopic proce-
dures when a gold standard is absent. J Urol. 
1999;161:1116–20.  

   47.    Mowatt G, Zhu S, Kilonzo M, Boachie C, Fraser C, 
Griffi ths T, et al. Systematic review of the clinical 
effectiveness and cost-effectiveness of photodynamic 
diagnosis and urine biomarkers and cytology for the 
detection and follow-up of bladder cancer. Health 
Technol Assess. 2010;14:1–6.  

    48.    Mitra A, Cote R. Molecular screening for bladder 
 cancer: progress and potential. Nat Rev Urol. 
2010;7:11–20.      

D.A. Husmann



131H.M. Wood and D. Wood (eds.), Transition and Lifelong Care in Congenital Urology, Current Clinical Urology,
DOI 10.1007/978-3-319-14042-1_12, © Springer International Publishing Switzerland 2015

            Introduction 

 The successful management of many diseases 
that result in neurogenic bladder has allowed 
patients who were previously only cared for by 
Pediatric Urologists to live well into adulthood. 
In the past, patients with myelomeningocele and 
neurogenic bladder rarely used to live into their 
third decade. It is now not uncommon for these 
patients to live signifi cantly longer lives [ 1 ]. With 
this increased longevity comes the myriad of 
adult Urologic conditions that these patients are 
now beginning to face, including benign prostatic 
hyperplasia (BPH) and pelvic organ prolapse 
(POP). While BPH and POP are common uro-
logic conditions in the general adult population, 
they present a unique challenge for patients with 
neurogenic bladder, and relatively little is known 
about the effects of these disorders in this patient 
population. This chapter aims to focus on the 
 presentation and management of patients with 
neurogenic bladder who develop BPH or POP in 
their adult lives.  

    Transition of Pediatric Patients 
with Neurogenic Bladder into 
Adulthood 

 The management of neurogenic bladder in child-
hood depends upon a number of underlying fac-
tors, including the dexterity and ability of a patient 
to perform catheterization or void by Valsalva 
maneuvers, the etiology of bladder dysfunction, 
and prevention of adverse sequela such as renal 
deterioration [ 2 – 5 ]. In a patient with both good 
manual dexterity and the willingness to catheter-
ize through his or her native urethra, oftentimes 
clean intermittent catheterization (CIC) presents 
the most manageable form of bladder decompres-
sion [ 2 ]. Voiding by Valsalva maneuver also 
allows many patients with incompetent urethral 
sphincters to empty their bladders well, without 
the need for catheterization [ 6 ]. In the patient who 
is unable to catheterize or void by Valsalva, and 
for whom the concern of renal deterioration, uri-
nary tract infections, pain from frequent urethral 
catheterization, or reliance on another individual 
exists, often a urinary diversion procedure such as 
a Mitrofanoff or Monti- Yang procedure may be 
performed and allows a greater quality of life in 
these patients [ 7 ,  8 ]. 

 Until recently, most patients with neurogenic 
bladder have relied upon the care of Pediatric 
Urologists for management due to their familiar-
ity with the disease process and previous surger-
ies, and lack of knowledge of these conditions by 
adult urologists. Conversely, pediatric urologists 
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are less adept at dealing with the adult urologic 
conditions that develop in these patients, 
 including malignancies, BPH, and POP. These 
adult onset urologic issues may present problems 
in these patients such as diffi culty with self or 
assisted catheterization, issues with voiding by 
previously acceptable Valsalva maneuvers, and 
hematuria to include a few dilemmas. Thus, the 
need to be managed by a practitioner with knowl-
edge of each of these conditions is especially rel-
evant to the aging adult patient with congenital 
neurogenic bladder.  

    Patients with Neurogenic Bladder 
Who Develop BPH or Pelvic Organ 
Prolapse 

 Patients with neurogenic bladder typically 
become accustomed to managing their disease in 
a certain way. They become comfortable with 
self-catheterization or Valsalva voiding and are 
usually fairly happy with the management of 
their disease. With advancing age and the devel-
opment of either BPH or POP, which may cause 
diffi culties with these particular management 
strategies, distress can occur. It may be diffi cult 
for practitioners, as well, to determine the etiol-
ogy of increasing diffi culty with a previously 
effective management strategy. For example, in a 
60-year-old male patient with an acontractile 
neurogenic bladder who has performed CIC for a 
number of years, does the development of pain 
and diffi culty with catheterization indicate the 
formation of a stricture or an enlarging prostate? 
In the aging male who previously did not have 
diffi culty voiding and who empties his bladder 
well, the development of lower urinary tract 
symptoms (LUTS) is more likely to signify blad-
der outlet obstruction from BPH. Similarly, in a 
20-year-old male with a neurogenic bladder who 
routinely performs CIC and develops diffi culty 
with catheterization, stricture formation from 
chronic catheterization is favored over develop-
ment of BPH. Similar problems may arise in 
female patients who void by Valsalva and later 
develop POP. In these patients, does progressive 
diffi culty voiding signify obstruction from POP 
or failure to produce adequate intra-abdominal 

pressure in order to void to completion? 
Numerous other problems may arise as well, 
including formation of mucous in augmented 
bladders [ 9 – 11 ], formation of bladder stones [ 12 , 
 13 ], and renal deterioration [ 14 – 16 ]. Weight gain 
and increased disability associated with aging in 
the myelomeningocele population may result in 
increased diffi culty accessing the urethra for 
CIC, particularly in the female patient who is 
wheelchair-bound and/or the male patient with a 
buried penis. This often results in management 
with an indwelling Foley catheter, a solution that 
predisposes to fi stulae, leakage, ulcers, and infec-
tions, and should never be utilized as a long-term 
bladder management solution. All of these obsta-
cles are best managed by a urologist with exper-
tise in these conditions, yet with knowledge of 
the past surgeries and management of patients 
with neurogenic bladder.  

    Presentation and Management 
of Patients with Neurogenic 
Bladder Who Develop BPH 
in Adulthood 

    Background 

 Previous studies have demonstrated that prostate 
growth occurs at a rate of approximately 0.6–
2.5 cm 3  per year in men over the age of 30, cor-
responding to an increased volume of roughly 
2.5 % per year. In these studies, the highest rate of 
growth occurred between the ages of 56–65, and 
then declined for older men [ 17 ,  18 ]. Increased 
prostate size has implications for men with neuro-
genic bladder for a number of reasons, including 
higher residual amounts of urine in men who void 
by Crede or Valsalva maneuvers, increased pain 
and diffi cultly in performing catheterization in 
men who are managed by CIC, and higher rates of 
urinary tract infections. In general, men with BPH 
commonly present with LUTS such as urinary 
urgency, frequency, hesitancy, nocturia, a weak 
urinary stream, and feelings of incomplete empty-
ing [ 19 ]. In men with neurogenic bladder who 
void by Valsalva or Crede maneuver, many of 
these symptoms can be the initial presenting 
complaint.  
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    Evaluation 

 In general, in patients with neurogenic bladder 
who present with complaints suspicious for BPH, 
a thorough history and physical exam should be 
completed. A digital rectal exam should be per-
formed to assess the size and shape of the pros-
tate [ 20 ]. Concerns for prostate cancer, including 
a history of weight loss, nodularity on digital rec-
tal exam, and a rising PSA should be managed in 
the usual manner for workup of prostate cancer, 
including a PSA test if not already done, and a 
prostate biopsy when indicated. If the patient is 
usually able to void by himself, initial evaluation 
should include a voiding diary and a post-void 
residual (PVR) volume. Urodynamic evaluation 
should also be undertaken, both for initial evalu-
ation and when urinary symptoms or PVR 
change. An assessment of renal function should 
also be checked annually, although the optimal 
method of measuring renal function in this select 
subset of patients remains to be established (ref-
erence Kaufman chapter). A urinalysis should be 
obtained to screen for infection (if the patient is 
symptomatic), medical renal disease, and glucos-
uria. If warranted, a urine culture should be sent. 
Imaging should include a renal ultrasound to 
evaluate for hydronephrosis in order to assess for 
upper urinary tract impairment. Urine cytology 
should be obtained if there is a concern for malig-
nancy, and a cystourethroscopy should be per-
formed to evaluate the urethra for strictures, the 
prostate for contour and enlargement, and the 
bladder for evidence of trabeculation or tumors. 
In patients with diabetes, an assessment for 
peripheral neuropathy should be performed as 
hyperglycemic nerve damage may lead to wors-
ening detrusor function [ 21 ]. 

 In patients with an atonic, high-pressure, or 
augmented neurogenic bladder who perform 
intermittent catheterization, the initial indication 
that BPH has developed most likely will manifest 
as diffi culty with catheterization [ 22 ,  23 ]. Men 
will report that they feel it is increasingly diffi cult 
to pass a catheter into the bladder while using 
catheters that previously passed smoothly. 
A thorough history will elicit that this developed 
over time, and many men may not present until 
signifi cant diffi culty with catheterization occurs. 

This undermines the importance of close 
 follow- up in all patients with a neurogenic 
 bladder, but even more so in those who perform 
CIC. Additionally, patients may present with 
hematuria, either spontaneous or in combination 
with catheterization [ 24 ,  25 ]. This is due to the 
increased size of the prostate and neovascularity 
of the enlarged gland [ 26 ]. When patients present 
in this way in particular, urothelial malignancy 
must be ruled out (see Chap.   11    ). 

 Complications of BPH and diffi culty with 
catheterization in patients with an atonic, high- 
pressure, or augmented bladder include prostati-
tis, urinary tract infections, renal deterioration 
from increased bladder residual urine volumes, 
hematuria, and bladder rupture in patients with 
augmented bladders. In some cases, urinary tract 
infections and prostatitis may be the initial mani-
festation that a man is experiencing diffi culty 
with catheterizations. In rare circumstances and 
in patients with poor follow-up, renal failure or 
bladder rupture may be the reason for initial 
presentation. 

 Workup in these patients should include a 
thorough history and physical exam with empha-
sis on the digital rectal exam, as well as labora-
tory assessment of creatinine in patients for 
whom there is a concern for renal deterioration 
[ 27 ]. Imaging studies, when indicated on the 
basis of history and physical, may include a tran-
srectal ultrasound to assess the size of the pros-
tate, a renal ultrasound to evaluate for 
hydronephrosis, and in some cases a CT scan of 
the abdomen and pelvis, for example if a concern 
for urinary tract malignancy exists. A urinalysis 
and urine culture should be obtained if prostatitis 
or a urinary tract infection is suspected. Finally, a 
cystourethroscopy should be performed to assess 
for urethral stricture and to examine the contour 
of the prostate [ 28 ]. In patients for whom a CT 
Urogram is contraindicated, such as in patients 
with renal impairment and elevated creatinine, 
but for whom evaluation of the upper tracts is 
necessary, a retrograde pyelogram performed at the 
time of cystoscopy is an acceptable alternative to 
CT Urogram. 

 In a patient with neurogenic bladder who 
voids by Valsalva maneuvers, a common initial 
presentation may be the feeling of incomplete 
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emptying, a weaker stream than usual, or a 
 complete inability to void. Patients who void by 
Valsalva or Crede maneuver have an increased 
residual urine volume initially, and if BPH devel-
ops, the volume of residual urine may increase. 
This can lead to renal impairment secondary to 
higher pressures, renal and bladder stones, and 
hydronephrosis [ 29 ]. 

 Patients with neurogenic bladder who void by 
Valsalva or Crede maneuvers that present with 
complaints suspicious for BPH should initially 
have a thorough history and physical exam per-
formed with emphasis on the prostate exam and 
International Prostate Symptom Score [ 30 ]. 
Prostate volume should be estimated by digital 
rectal exam. These patients should additionally 
have a PVR checked as well as serum creatinine. 
Renal and bladder ultrasound should be per-
formed in any patient for whom renal impairment 
or renal and bladder stones are suspected. This is 
especially imperative in patients who have high- 
pressure neurogenic bladders, as increased pres-
sure from urinary retention can cause severe 
upper tract impairment [ 31 ]. Urodynamic evalua-
tion should also be performed and compared to 
previous urodynamic testing for the evaluation of 
bladder pressures, maximum fl ow rate, and resid-
ual urine volume. A cystourethroscopy should be 
performed if there is any concern for urethral 
stricture or urothelial malignancy, and in cases in 
which surgical intervention is planned. 

 Management strategies in patients with atonic, 
high-pressure, or augmented neurogenic bladders 
who perform CIC should aim to preserve renal 
function, reduce the risk of urinary tract infec-
tions and sepsis, maintain dryness, and preserve a 
good quality of life for patients. In many patients 
who have enjoyed a good quality of life with 
CIC, their preference may be to continue a regi-
men of catheterization. Initial consideration 
should be given to medical therapy with an alpha- 
blocker alone or in combination with a 5-alpha 
reductase inhibitor to reduce the size of the pros-
tate, decrease LUTS, and allow for continued 
catheterization. Medical management with alpha- 
blockers and 5-alpha reductase inhibitors has 
been shown to reduce the risk of clinical BPH 
progression and reduce BPH symptomatology 

[ 32 – 34 ]. In patients for whom medical therapy is 
contraindicated or fails, other options include an 
indwelling suprapubic catheter, formation of a 
catheterizable channel (Mitrofanoff), and surgery 
to reduce the size of the prostate. 

 It may be tempting to utilize an indwelling 
Foley catheter as a solution in patients who do 
not wish to undergo surgery or who are medically 
unfi t, however, the authors caution that this solu-
tion invariably leads to greater problems, includ-
ing clinically signifi cant urinary tract infections, 
bladder stones, urethral erosion, and in some 
patients, ongoing discomfort and pain [ 35 – 37 ]. 
Alternatively, the patient may choose to have a 
suprapubic catheter placed for bladder decom-
pression. Advantages to this over an indwelling 
urethral catheter include the ability to obtain 
bladder decompression in patients for whom pas-
sage of a urethral catheter is diffi cult or impossi-
ble, less pain during catheter changes, decreased 
rates of UTIs, and decreased rates of urethral ero-
sion, and sphincter damage. Disadvantages of a 
suprapubic tube include the risk of injury to other 
structures such as bowel during initial placement 
of the suprapubic tube, risk of dislodgement with 
transferring from a chair, stone formation, malig-
nancy, and urinary tract infections. 

 In patients who are deemed to be good 
 surgical candidates and who wish to continue to 
perform intermittent catheterization, different 
outlet procedures allow reduction in the size of 
the prostate and channel opening, thereby per-
mitting continued catheterization [ 28 ]. Both 
transurethral resection of the prostate and laser 
vaporization of the prostate allow a minimally 
invasive approach to opening the prostatic ure-
thra. Other procedures such as transurethral 
microwave thermotherapy and transurethral inci-
sion of the prostate may be attempted for small 
glands, with the realization that further proce-
dures may be necessary. In very large prostate 
glands in patients who have not had their blad-
ders augmented, open and robotic simple prosta-
tectomy may be considered as well as newer 
procedures such as Holmium laser enucleation 
of the prostate (HOLEP). A simple prostatec-
tomy should not be performed, however, in 
patients who have had their bladders augmented 

C. Hartman and F. Firoozi



135

due to the risk of injury to the reconstructed 
bladder. It is important to consider positioning 
for patients being considered for offi ce proce-
dures, as central obesity and contractures of the 
lower extremities may hinder positioning of a 
patient in lithotomy and baseline cardiopulmo-
nary disease may impair the ability of the patient 
to lay supine. For such patients, general anesthe-
sia should be considered. 

 Management of patients with neurogenic 
bladder who void by Valsalva and who develop 
BPH is multifaceted. Initial attempts at medical 
management may be attempted with an alpha- 
blocker alone or in combination with a 5-alpha 
reductase inhibitor [ 32 – 34 ]. In patients who do 
not experience relief of symptoms with medical 
therapies, further management may include a 
regimen of CIC or surgeries to open the prostatic 
urethra, such as TURP or laser vaporization of 
the prostate. Prostatectomy should be considered 
in patients with very large prostate glands. 

 Special consideration must be given to patients 
with high-pressure neurogenic bladders on anti-
cholinergic therapy that develop BPH. The 
increased outlet resistance in combination with an 
anticholinergic can lead to elevated residual urine 
volumes and urinary retention, as well as 
decreased urinary fl ow rates [ 38 ,  39 ]. The goal of 
preventing retention and increased upper tract 
pressures should take precedence in these patients, 
and may necessitate continuous bladder drainage 
with an indwelling urethral catheter while a deci-
sion is made for defi nitive treatment. While a 
suprapubic tube offers a defi nitive management 
strategy that is acceptable for many patients, in 
some it may fail due to the formation of stones, 
leakage around the tube, or recurrent infections. 
Supravesical diversion, such as an ileal conduit, 
may present a defi nitive option in these patients. 
This form of management, however, incurs its 
own set of risks, which may include more sub-
stantial perioperative complications (e.g., wound 
infections, small bowel obstructions, and a greater 
perioperative mortality), as well as parastomal 
and incisional herniae, though this solution pro-
vides an option that ultimately results in a dry 
perineum and removes a foreign body from the 
inside of the bladder.   

    Presentation and Management 
of Patients with Neurogenic 
Bladder Who Develop Pelvic Organ 
Prolapse in Adulthood 

    Background 

 In women with neurogenic bladder who enjoy a 
good quality of life through CIC, POP can cause 
a signifi cant amount of stress and bothersome 
symptoms. Studies have shown that up to 50 % of 
American women may develop prolapse, and 
between 2.9 and 6 % of them will be symptom-
atic [ 40 – 42 ]. Most women with uterine prolapse, 
cystocele, enterocele, or rectocele simply report a 
sensation of their pelvic organs falling out of the 
vagina. More severe cases can lead to urinary or 
fecal incontinence, urinary retention, or signifi -
cant diffi culty defecating [ 43 ]. Specifi cally in 
women with neurogenic bladder who perform 
CIC, they may report increasing diffi culty with 
catheterization due to a prolapsed uterus or 
cystocele. 

 While patients with neurogenic bladder who 
perform CIC and develop POP usually report dif-
fi culty with catheterization, their initial presenting 
complaint may be urinary incontinence between 
catheterizations, the feeling of fullness sooner 
after performing catheterization, or the need to 
catheterize more frequently. This is especially rel-
evant for patients with high-pressure neurogenic 
bladders.  

    Evaluation 

 It is important to elicit a good history and perform 
a thorough physical exam in any woman with 
neurogenic bladder who previously performed 
CIC with ease, as oftentimes the embarrassment 
associated with POP may prevent these women 
from readily disclosing their full symptomatol-
ogy. Workup for patients with neurogenic bladder 
normally managed by CIC who present with POP 
should include a urinalysis and urine culture in all 
patients who report a history of dysuria and in 
patients with urinary incontinence in order to rule 
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out a urinary tract infection. A creatinine should 
be obtained and compared to the patient’s base-
line creatinine. Additionally in these patients, a 
renal ultrasound should be performed to evaluate 
for hydronephrosis or upper tract damage. 

 Many of the same complaints in women with 
neurogenic bladder who perform CIC and 
develop POP are reported in women with neuro-
genic bladder who void by Valsalva maneuvers 
and develop POP. These include the sensation of 
incomplete emptying, progressive diffi culty 
voiding, the need to urinate more frequently, 
post-void dribbling of urine or incontinence 
between voids, and the sensation that something 
is protruding out of the vagina. In these women, 
however, it is important to recognize the symp-
toms of diffi culty voiding by Valsalva maneuvers 
because unrecognized retention in these patients 
could lead to renal deterioration. 

 Workup of patients with neurogenic bladder 
who void by Valsalva or Crede maneuvers and in 
whom POP is recognized begins with a PVR to 
assess for urinary retention. If retention is sus-
pected or confi rmed, a renal ultrasound should be 
performed to assess for hydronephrosis and 
upper tract damage. Though this may be techni-
cally diffi cult to perform in these patients due to 
size, paraplegia, and lower extremity contrac-
tures, it is important to assess for these complica-
tions when retention is recognized. Additionally, 
serial measurement of renal function should be 
obtained to assess for deterioration. Finally, a 
urodynamic study to assess voiding pressures, 
urinary fl ow rate, and bladder capacity may be 
considered, especially if surgery to correct the 
prolapse is considered [ 44 ].  

    Treatment 

 In patients who develop POP and who are still 
able to reliably catheterize without diffi culty, 
conservative management may be attempted ini-
tially, as recommended by both the American 
College of Obstetrics and Gynecology Committee 
on Practice Bulletins and the Agency for Health 
Care Policy and Research [ 45 ]. In patients with 
low-grade cystocele, rectocele, or uterine 

 prolapse and in whom catheterization is still 
 relatively easy to perform, it may be advisable to 
simply continue on a regimen of CIC. In patients 
for whom symptoms are more bothersome, 
another conservative management strategy might 
be placement of a pessary. Many women have 
reported good relief of their symptoms with a 
pessary alone, and this may be an acceptable 
management strategy in many women with neu-
rogenic bladder [ 46 ]. 

 In patients with a high-grade cystocele, recto-
cele, or uterine prolapse, or in whom catheteriza-
tion has become more diffi cult, surgical options 
may need to be explored. In patients who have 
developed a high-grade cystocele or who are hav-
ing signifi cant diffi culty with catheterization 
because of a cystocele, an anterior colporrhaphy 
allows for reduction of the cystocele and greater 
ease of catheterization. In patients who have devel-
oped a uterine prolapse and are having diffi culty 
with catheterization, surgical options include hys-
terectomy in women past childbearing age and a 
sacrohysteropexy in women who have not under-
gone menopause or who wish to retain their uterus. 
This can be done transvaginally or transabdomi-
nally (frequently laparoscopic/robotic). In women 
who have developed diffi culty with catheterization 
because of a rectocele, posterior colporrhaphy pro-
vides the best means of long-term success and 
patient satisfaction. 

 Treatment of POP in patients with neurogenic 
bladder who void by Valsalva maneuvers is very 
similar to that in patients who perform 
CIC. Conservative management should be 
attempted fi rst, especially in patients who are still 
able to void reliably well, followed by placement 
of a pessary in patients with a low-grade POP or 
in patients who are unfi t to undergo surgery or do 
not wish to undergo a surgical procedure. Anterior 
colporrhaphy is the preferred surgical manage-
ment for patients with a high-grade or bothersome 
cystocele, as is posterior colporrhaphy for patients 
with a high-grade or bothersome rectocele. 
Sacrohysteropexy may be attempted for patients 
with uterine prolapse who do not wish to undergo 
hysterectomy, and a hysterectomy may be consid-
ered in patients with uterine prolapse who have 
completed childbearing.   
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    Quality of Life 

 The main goals in patients with neurogenic blad-
der who void by either CIC or Valsalva maneu-
vers and develop BPH or POP in adulthood 
include preservation of renal function, reducing 
urinary tract infections, and maintenance of a 
good quality of life. This may be accomplished 
via regular follow-up and monitoring of impor-
tant parameters such as serum creatinine, PVR 
urine volume, and urodynamic testing. Most 
patients who enjoy a good quality of life through 
regular CIC or Valsalva voiding may continue to 
do so even after the development of BPH or 
POP. Strategies to manage these diseases range 
from simple conservative measures such as medi-
cal BPH management and pessary placement in 
patients with POP, to surgical approaches includ-
ing prostatectomy and colporrhaphy or hysterec-
tomy with prolapse repair. Risks of the various 
treatment options must be considered and 
weighed against their benefi ts, with more conser-
vative approaches being favored initially. 

    Summary and Best Practice Recommendations 
•      In a patient with neurogenic bladder and both 

good manual dexterity and the willingness to 
catheterize through his or her native urethra, 
oftentimes CIC presents the most manageable 
form of bladder decompression.  

•   In patients with neurogenic bladder who per-
form CIC, the initial indication that BPH or 
POP has developed may be diffi culty with 
catheterization.  

•   In patients with neurogenic bladder who void 
by Valsalva maneuvers, a common initial pre-
sentation of BPH or POP may be the feeling of 
incomplete emptying, a weaker stream than 
usual, or the complete inability to void.  

•   Unique to patients with neurogenic bladder 
who develop POP, the initial presentation may 
be incontinence between catheterizations, the 
feeling of a full bladder sooner after perform-
ing catheterization, or the need to catheterize 
more frequently.  

•   The recommended workup for a patient who 
presents with diffi culty catheterizing or void-
ing by Valsalva includes a urinalysis, creati-
nine, renal ultrasound, and consideration of 
urodynamic testing. If concern for a stricture 
exists, cystoscopy should be considered.  

•   Initial management for patients with neuro-
genic bladder who develop BPH should be 
with medical therapy, consisting of an alpha- 
blocker alone or in combination with a 5-alpha 
reductase inhibitor. In patients for whom med-
ical therapy is contraindicated or fails, other 
options include an indwelling suprapubic 
catheter, formation of a catheterizable channel 

 Summary 
 Patients with neurogenic bladder who 
either perform CIC or void by Valsalva 
maneuvers represent a unique population 
of patients who are increasingly beginning 
to experience the myriad of adult urologi-
cal problems. 

 In these patients who develop BPH, 
therapy should aim to preserve renal func-
tion and minimize distress and pain by con-
tinued bladder decompression. This may 
include medical therapies to reduce the vol-
ume of the prostate, such as alpha-blockers 
and 5-alpha reductase inhibitors, to trans-
urethral resection of the prostate and surgi-
cal prostatectomy. 

 In patients with neurogenic bladder who 
develop POP, goals of therapy should also 
include preservation of renal function and 

ease of bladder decompression. This may 
be accomplished by conservative measures 
including pessary placement or surgical 
options including anterior and posterior 
colporrhaphy or hysterectomy with pro-
lapse repair. 

 Care should be managed by a urologist 
with knowledge of both pediatric urologic 
disease and their adult analogue. 
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(Mitrofanoff), and outlet procedures to reduce 
the size of the prostate.  

•   Management in patients with neurogenic 
 bladder who develop POP should be based on 
patient preferences, and may include measures 
such as anti-incontinence pads, placement of a 
pessary, or repair of the prolapse.        
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            Background 

 Posterior urethral valves (PUV) was fi rst described 
by Morgagni, but defi ned and classifi ed by Hugh 
Hampton Young in 1919 [ 1 – 2 ]. PUV accounts for 
9 % of the antenatally detected obstructive uropa-
thy [ 3 ]. It is a congenital condition affecting 
1:3,000–8,000 live male births [ 4 ]. The aetiology 
of PUV is unknown. 

 The pathophysiology of PUV involves multi-
ple organs as below:
    1.    Lung: Pulmonary hypoplasia   
   2.    Kidney: Renal insuffi ciency due to glomerular 

injury and dysplasia   
   3.    Tubular: damage can cause nephrogenic dia-

betes insipidus resulting in polyuria   
   4.    Ureter: Impaired contractility can cause 

chronic hydronephrosis   
   5.    Bladder: Hypercontractile, unstable, low 

compliance, and eventually myogenic failure     
 PUV is frequently diagnosed on antenatal and 

postnatal ultrasound scans but the defi ning diag-
nostic test is the micturating cystourethrogram 
(MCUG). Initial management is insertion of a 
urethral catheter in the infant to relieve the 
obstruction, rehydrate, treat sepsis, and manage 

renal failure before considering transurethral 
ablation of the PUV when the infant is stabilized. 
In some infants who are very premature and 
deemed to be small for transurethral ablation, 
suprapubic vesicostomy and cutaneous ureteros-
tomy are useful temporizing options bearing in 
mind that cutaneous ureterostomy carries the risk 
to the bladder of developing severe, irreversible 
hypertonicity [ 5 ]. The role of vesicoamniotic 
shunting has not been decisively shown to be of 
benefi t [ 6 ]. 

 Long-term sequelae of PUV include risk of 
renal failure and bladder dysfunction which 
makes lifelong follow-up of these children imper-
ative. In a small subset of patients, Duckett sug-
gested pop-off mechanisms which result in better 
preservation of renal function in the long term [ 7 ]. 
Pop-off mechanisms include renal pelvic or blad-
der rupture with urinary ascites, large bladder 
diverticulum, patent urachal sinus, or signifi cant 
VUR with a nonfunctioning ipsilateral kidney. 
This chapter specifi cally looks in to the impact of 
PUV in adolescence and adulthood. 

    Renal Impairment and Failure 

    A third of patients with PUV will develop end- 
stage renal disease (ESRD) during childhood or 
young adulthood despite active treatment [ 8 ,  9 ] 
progressing to transplant in 15.8 % of children 
[ 10 ]. Warshaw et al. in their study of 22 patients 
found that more than half of patients developed 
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renal failure either in infancy or in adolescence 
[ 11 ]. They observed that renal dysplasia plays a 
predominant role in the early onset of renal fail-
ure. Lal et al. in their study of 84 patients treated 
for PUV and followed up for 1–21 years found 
that 60.5 % of them had maintained normal 
serum creatinine values through adolescence and 
adulthood, and in particular 14.3 % of them had 
developed chronic renal failure (CRF) between 
the ages of 12 and 18 years [ 9 ]. Very few long- 
term studies exist to present true prevalence of 
need for renal replacement therapy or transplant 
in middle and later adulthood owing to the lack of 
consistency of databases beyond pediatric life. 

 Hyperfi ltration injury due to the increased 
physiological demands during puberty is postu-
lated to be one of the causes of renal function 
deterioration, and proteinuria is a very good indi-
cator of impending CRF [ 12 ].    Jnakinen et al. 
have shown that there is a negative impact on 
Quality of Life (QoL) particularly in children 
with renal insuffi ciency due to PUV [ 13 ].  

    Detrusor Dysfunction 

 There is data to suggest that children with PUV 
have a twofold to threefold risk of developing 
lower urinary tract symptoms (LUTS) as adults 
[ 14 ]. Mitchell coined the term “valve bladder” in 
1982 to describe the phenomenon of obstruction 
to the intramural ureter in PUV patients [ 15 ]. 
The three components of the valve bladder syn-
drome include dysfunctional renal units, dilated 
refl uxing ureters, and the chronically distended 
bladder. Bladder dysfunction with progression 
through childhood and into adulthood has been 
found to be contributory to the worsening of renal 
function [ 8 ,  14 ,  16 ]. 

 Urodynamic assessment in children treated 
for PUV have found bladder dysfunction in up to 
75 % of the patients. Three predominant patterns 
found were: detrusor overactivity, poor compli-
ance, and myogenic failure [ 17 – 19 ]. It is gener-
ally postulated that an increase in bladder 
capacity with age is responsible for the transition 
from detrusor overactivity to myogenic failure 
after puberty [ 19 ,  20 ]. Detrusor overactivity, poor 

compliance, and polyuria secondary to CRF are 
responsible for episodes of incontinence, which 
causes sleep disturbances as well negatively 
impacts on social functioning [ 13 ].  

    Management of Bladder Dysfunction 

 Anticholinergics play an important role in man-
aging the symptoms of detrusor overactivity, 
especially in conjunction with bladder augmenta-
tion in patients with poorly compliant bladder. 
Anticholinergics may improve both bladder com-
pliance and sensation. The Mitrofanoff continent 
catheterizable channel may be considered for 
these patients because of the relative ease of 
clean intermittent self catheterisation (CISC) in 
comparison to the urethral route, thereby improv-
ing patient compliance [ 21 ,  22 ]. Intradetrusor 
injections of botulinum toxin A may be consid-
ered a useful treatment modality to temporarily 
bridge the gap between anticholinergics and 
bladder augmentation. 

 Intestinal segments are generally used for 
bladder augmentation with the associated risks of 
hyperchloremic metabolic acidosis, bacteriuria, 
and malignancy. The risk of malignancy is said to 
be between 1.2 and 2 % [ 23 ,  24 ] after a 10-year 
period from operation to diagnosis, and hence the 
ureter may be considered as a substrate for aug-
menting the bladder in selected patients needing 
nephroureterectomy due to persistent infection 
secondary to unilateral nonfunctioning kidneys 
with chronic dilated ureters [ 25 ]. 

 Detrusor myomectomy may reduce the intra-
vesical pressure but does not increase bladder 
capacity and durability may be limited, both of 
which limit usefulness of this treatment [ 26 ]. Use 
of a gastric segment (gastrocystoplasty) is not 
recommended due to haematuria–dysuria syn-
drome [ 27 ]. 

 In cases of detrusor failure, the management 
options include timed voiding, double voiding, 
and CISC to ensure the bladder is kept empty and 
avoid bladder stones and lower urinary tract 
infections, CISC can however be very painful in 
these patients since they often have a redundant 
posterior urethra which makes catheterization 
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technically diffi cult. Hence, a Mitrofanoff may 
be preferred [ 26 ].  

    Sexual Function and Fertility 

 Risk factors for decreased sexual function and 
fertility in PUV patients include CRF [ 28 ,  29 ], 
abnormal prostatic urethra [ 30 ], crypto- orchidism 
[ 31 ,  32 ], leukospermia [ 33 ], and recurrent 
epididymo- orchitis [ 34 – 36 ]. 

 Decreased libido and sexual activity are 
among the adverse effects of CRF [ 37 ] with ED 
reported in 70 % of men with chronic kidney dis-
ease [ 38 ]. This is an important risk factor as a 
third of patients will progress to ESRD [ 8 ,  9 ]. 

 Surgery for crypto-orchidism is seen in up to 
16 % of patients and the resultant reduced testic-
ular size and testosterone levels can cause 
reduced sexual function [ 39 ]. However only men 
with bilateral crypto-orchidism have been shown 
to have reduced fertility than men with unilateral 
crypto-orchidism [ 40 ]. 

 Recurrent epididymo-orchitis with or with-
out secondary leukospermia is thought to be a 
result of refl ux to dilated ejaculatory ducts due 
to the increased pressure in the posterior urethra 
[ 34 ,  35 ,  41 ,  42 ]. 

 There is confl icting evidence in the literature 
regarding fertility in PUV patients. Some studies 
have shown decreased fertility [ 43 – 45 ] while the 
largest study to date has shown no difference in 
fertility and ED between PUV patients and the 
general population [ 46 ].  

    Follow-Up 

 The ability to follow the progress of young 
patients as they develop is paramount in attempt-
ing to understand the long-term outcomes of 
treatments. The only way to achieve this is to 
establish good quality longitudinal care for 
patients as they leave pediatric practice and enter 
adult healthcare. Young males with treated PUV 
need regular follow-up with measurement of urea 
and electrolytes, blood pressure and USS to 
assess the upper tracts. Periodic urodynamic 

monitoring, particularly when new voiding prob-
lems (retention, UTI, stones) appear or imaging 
and serum Cr suggest worsening renal function, 
is necessary. 

 Health education forms an integral part of 
Transitional care. As young patients move on into 
adolescence, there is a high risk of noncompli-
ance with treatments and health education should 
be included to ensure compliance with e.g. medi-
cations (anticholinergics, antibiotics), voiding 
strategies, intermittent self catheterization/blad-
der washouts, and attendance at follow- up clin-
ics. Loss of renal function with progression 
through adolescence is well demonstrated and 
not solely explained by noncompliance of teen-
agers. The ItalKid study authors suggested that 
the possible mechanisms for this fi nding are: (1) 
imbalance between glomerular capacity and 
increased body mass, or (2) an effect related to 
the changing sex hormone environment with pro-
gression [ 47 ]. In addition, adolescence and young 
adulthood also represent a time of sexual growth 
and experimentation, and for young men with 
PUV, erectile dysfunction, ejaculatory issues, 
and fertility are of paramount concern. Timely 
and appropriate transfer to a suitable adult urolo-
gist becomes paramount as patients grow up to 
enable uninterrupted lifelong follow-up, some-
times in conjunction with other medical profes-
sionals e.g. the nephrologist. The medical 
consequences of a patient with such needs being 
lost in follow-up are potentially serious and often 
diffi cult to rectify when considerable time has 
elapsed since the patient was last seen   .       

 Summary 

•     Posterior urethral valves represent a 
spectrum disorder including lung hypo-
plasia, renal insuffi ciency that includes 
both tubular and glomerular dysfunc-
tion, impaired ureteric contractility, 
undescended testes, and a poorly func-
tioning bladder.  

•   PUV is most commonly diagnosed in 
utero, although late diagnoses in young 
adulthood are still seen.  
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            Introduction 

 Lower urinary tract (LUT) dysfunction is a lead-
ing cause of pediatric end-stage renal disease 
(ESRD). It is estimated that 15–25 % of children 
with ESRD have associated anatomic urological 
abnormalities that result in LUT dysfunction [ 1 ]. 
These problems may persist into adulthood and 
also comprise an important cause of ESRD in 
approximately 6 % of the older population [ 2 ]. It 
was previously thought that renal transplantation 
in the setting of an abnormal LUT was unfeasible 
and these patients were generally considered 
poor candidates for transplantation [ 1 ,  3 – 5 ]. 

 While it is well known that congenital urologic 
disease may adversely infl uence the outcome of 
renal transplantation, advances over the past four 
decades in patient evaluation and management, sur-
gical technique, and immunosuppressive regimens 
have all contributed to a growing body of experi-
ence with renal transplantation in the setting of 

ERSD associated with urological abnormalities in 
both the pediatric and adult populations. Twelve 
years after the fi rst successful kidney transplant 
between identical twins in 1954, renal transplanta-
tion was performed in patients without a functional 
bladder when Kelly and colleagues performed the 
fi rst renal transplants into patients with ileal con-
duits [ 6 ]. In 1971, the fi rst pediatric renal transplants 
were undertaken in children with urinary diversions 
[ 7 ]. Marshall and colleagues described the fi rst aug-
mentation cystoplasty following renal transplant in 
1982 [ 8 ]. Two years later, the fi rst pediatric renal 
transplant drained into an augmented bladder was 
performed [ 9 ]. And, fi nally, in 1989, the fi rst kidney 
transplant drained into a continent Kock pouch was 
described by Heritier and colleagues [ 10 ]. 
Subsequently, better understanding and manage-
ment of the causes of LUT dysfunction have con-
tributed to a growing number of successful cases of 
renal transplantation into this patient population. 

 The combination of LUT dysfunction and ESRD 
requiring renal transplantation presents unique 
management challenges. Patient with ESRD due to 
LUT problems that remain uncorrected at the time 
of transplantation face signifi cant risks of patient 
morbidity with higher rates of urinary tract infec-
tion (UTI), surgical complications, allograft dys-
function, and graft loss [ 4 ]. These complications 
may be avoided with proper preoperative assess-
ment of bladder characteristics, initiation of appro-
priate medical therapy and clean intermittent 
catheterization (CIC), and determination of the 
need for surgical  management with either bladder 
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reconstruction or urinary diversion. Successful out-
comes depend not only on the input of the urologist, 
nephrologist, and transplant surgeon in a multidisci-
plinary team but also on patient and family under-
standing and compliance. With appropriate risk 
assessment and bladder management, contempo-
rary patients have good outcomes with graft and 
patient survival rates similar to that of the ESRD 
population without LUT dysfunction [ 11 ].  

    Preoperative Considerations 

    Goals of Treatment 

 LUT dysfunction remains a complex spectrum of 
diseases where both the disease and its severity 
dictate treatment strategy. At present, there 
remains signifi cant controversy regarding the 
optimal management of this unique patient popu-
lation. There are currently no established guide-
lines defi ning the criteria for reconstructive 
surgery, optimal reconstructive procedures, and 
the timing of such procedures [ 11 ,  12 ].    

    Preoperative Assessment 

 All patients with ESRD and a history of LUT 
dysfunction should undergo a comprehensive 
urologic evaluation to: (1) assess the appropriate-
ness of the bladder or its substitute for urinary 

tract reconstruction and, (2) determine the need 
to remove the native kidneys prior to or at the 
time of renal transplantation. A general screening 
involves a detailed history including a history of 
all prior urologic interventions and operations on 
the urinary tract, an elimination interview to 
assess bowel function (for those with neurogenic 
bowel), a physical examination, a urinalysis and 
urine culture, and a renal and bladder ultrasound. 
Voiding cystourethrogram (VCUG) is useful to 
assess for the presence of refl ux, voiding func-
tion, and the state of the urethra. If there is any 
suspicion of bladder dysfunction based on the 
results of the ultrasound and VCUG, then urody-
namic (UDS) evaluation is performed in order to 
more closely assess bladder capacity, compli-
ance, storage pressures, emptying, and sphincter 
function. Other indications for UDS testing 
include a history of neurogenic bladder, prior 
severe posterior urethral valve (PUV) disease, 
ongoing voiding dysfunction, hydronephrosis, or 
recurrent UTI [ 13 ,  14 ]. Urodynamics are a criti-
cal element in the management algorithm for this 
patient population and are crucial in assessing the 
need for further therapy to improve bladder func-
tion. Information from UDS regarding bladder 
emptying and drainage also plays a crucial role in 
the designing strategies for the prevention of 
infection. These studies are often repeated as 
necessary to assess the impact of a change in 
management strategy and to further optimize 
bladder function.  

    General Considerations 

    Bladder Compliance and Capacity 
 Bladder compliance is defi ned as the change in 
volume of the bladder per change in detrusor 
pressure as measured between the start of blad-
der fi lling and at cystometric capacity. “Normal” 
compliance is variable and various defi nitions of 
impaired compliance have been used. In the 
seminal paper by McGuire and colleagues, stor-
age pressures greater than 40 cm H 2 O were 
found to be associated with deleterious upper 
tract effects [ 15 ]. However, this value was 
obtained in patients with normal kidneys located 

   Nonetheless treatment is guided by several 
key principles. The main goal of care is to 
identify, characterize, and correct LUT 
abnormalities prior to renal transplantation 
with an aim to: 
     1.    Provide a urinary reservoir that permits 

storage of an appropriate urinary vol-
ume at a low, safe pressure   

   2.    Provide a consistent and easy method of 
achieving complete reservoir emptying   

   3.    Provide a mechanism for urinary 
continence   

   4.    Minimize the risk of UTI     
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in the native renal fossae and with normal ureteral 
insertions. In the transplanted kidney, which is 
lower in the pelvis and which is often associated 
with a refl uxing anastomosis, this cutoff is less 
relevant. Nonetheless, the association between 
upper tract fate and reservoir storage pressures is 
well described in the literature and, as a general 
rule, prolonged storage at elevated pressures 
leads to upper tract deterioration. Providing a 
urinary reservoir that allows storage of an appro-
priate urinary volume at safe pressures is impor-
tant in the prevention of future upper urinary 
tract deterioration and potential graft loss. While 
some patients with a history of PUVs with so-
called “valve bladders” can learn to empty ade-
quately by Valsalva, there is currently a paucity 
of data regarding the fate of the transplanted kid-
ney subjected to elevated storage, and possibly 
refl ux, pressures associated with Valsalva void-
ing. The initial approach to addressing the non-
compliant bladder thus usually involves the use 
of anticholinergic medications with CIC [ 16 ]. 
Failure of conservative management then neces-
sitates either bladder augmentation or urinary 
diversion. 

 Bladder capacity comprises another element 
of normal bladder function and contributes to 
both urinary storage and social continence. 
Bladder capacity may be assessed during urody-
namic evaluation by fi lling the bladder until the 
patient experiences fullness and the urge to void. 
Capacity can be improved with medical therapy 
but may ultimately need to be expanded with sur-
gical intervention.  

    Refl ux 
 Low capacity, poorly compliant bladders that 
store and empty urine at high pressures contrib-
ute to an increased risk of secondary VUR which 
may, in turn, contribute to an increased risk of 
renal deterioration [ 17 ]. Additionally, a new ure-
teral implant from a kidney in the iliac fossa may 
well be subjected to a greater risk of refl ux, par-
ticularly in Valsalva voiders. The presence of 
refl ux can be directly assessed by VCUG, an 
important element of the urologic workup that 
should always be performed to assess for evi-
dence of urinary tract dysfunction.  

    Infections 
 UTI is a frequent problem among patients with 
complex urologic anomalies and is a well- 
recognized risk factor for renal allograft loss [ 18 , 
 19 ]. Usually, the development of UTI is related to 
inadequate emptying of the urinary reservoir, 
either due to inadequate voiding or catheteriza-
tion, or retained foreign body (stone). Ensuring 
adequate reservoir emptying is an issue that 
should be addressed well ahead of transplanta-
tion to avoid adverse outcomes. Persistent, symp-
tomatic UTIs in the face of adequate CIC is a 
challenging issue and may be due to an unrecog-
nized urologic abnormality that remains to be 
addressed, or to chronic colonization which may 
often be managed with continuous antibiotic pro-
phylaxis or with a long-term antibiotic course 
[ 20 ]. It is critical to ensure that all patients at risk 
for recurrent infections due to need for CIC and/
or augmentation cystoplasty are performing 
mechanical irrigation of the urinary reservoir and 
draining the reservoir at frequent intervals.   

    Initial Management Strategies 
for Bladder Dysfunction 

 Treatment options for LUT dysfunction are 
divided into two categories: (1) conservative 
measures involving the use of pharmacotherapy, 
CIC, and/or bladder training, and (2) surgical 
reconstruction. 

    Pharmacotherapy 
 Anticholinergic medications are the cornerstone of 
therapy and are titrated with increasing doses and 
close monitoring for changes in catheterized vol-
umes, urinary continence, and hydronephrosis. In 
patients where anticholinergic agents fall short due 
to lack of effi cacy and/or tolerability, intradetrusor 
botulinum toxin-A injections should be consid-
ered. While there are no studies to date specifi cally 
regarding the use of botulinum toxin-A for bladder 
dysfunction in the renal transplant patient, there is 
increasing evidence supporting its use in the treat-
ment of neurogenic or idiopathic detrusor overac-
tivity and overactive bladder in both the adult and 
pediatric populations [ 21 ].  
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    Clean Intermittent Catheterization 
 CIC may also need to be initiated to maintain safe 
pressures and to allow periodic bladder emptying 
to reduce infection risks associated with urinary 
stasis. The reasons for initiating CIC must be 
carefully emphasized with the patient, family, and 
other caregivers. Additionally, close support dur-
ing teaching and follow-up is vital to the long-
term success of this management strategy. CIC 
also allows the care provider a good opportunity 
to assess patient and/or family compliance prior 
to renal transplantation. Compliance with a CIC 
regimen can be a good predictor of outcomes 
posttransplant. In a retrospective review of pediat-
ric patients with LUT dysfunction who had under-
gone renal transplantation at their institution, Koo 
and colleagues found that the only patient in their 
series who did not achieve long-term graft sur-
vival was a teenage boy who was noncompliant 
with both his immunosuppression medications 
and CIC regimen [ 1 ].  

    Bladder Cycling 
 There is no standardized defi nition for a defunc-
tionalized bladder [ 2 ]. Some authors have defi ned 
it as a bladder that has been decompressed and not 
used for several years [ 22 ,  23 ]. Errando and col-
leagues defi ne a defunctionalized bladder as one 
with a urine output of less than 300 mL/24 h [ 24 ]. 
Patients with chronically defunctionalized neuro-
genic bladders are becoming more rare due to 
closer urologic management in pediatric life, 
which has substantially decreased the number of 
individuals who are progressing to ESRD in this 
population. In such patients, it is impossible to 
predict what the potential bladder function may be 
without further testing. Bladder cycling is an effec-
tive method to determine the characteristics of the 
defunctionalized bladder and to allow the opportu-
nity to increase bladder capacity, measure compli-
ance, and assess the ability to perform CIC 
preoperatively [ 25 ]. Cycling involves a progres-
sive regimen of catheterization with instillation of 
increasing volumes of fl uid for a set dwell time 
followed by bladder drainage [ 26 ]. Cycling may 
be performed through either a urethral catheter or 
a suprapubic tube. Normal saline is instilled into 
the bladder beginning at 50 cm 3  per instillation and 

gradually increasing in 50–100 cm 3  increments 
until patients have the urge to void. Voiding per 
urethra is then allowed with either the suprapubic 
catheter clamped or after removal of the urethral 
catheter. Post-void residual is measured by 
unclamping the catheter or with straight catheter-
ization per urethra. Bladder volumes are then cal-
culated as the voided volume plus the residual 
volume. Cycling may be used in conjunction with 
anticholinergic therapy to increase bladder com-
pliance and capacity. Urodynamics is repeated at 
the conclusion of the period of cycling to assess 
for changes in bladder function.  Patients with 
bladder volumes less than 100 cm   3    or elevated 
voiding pressures face an increased risk of compli-
cations following transplantation and should be 
considered for bladder augmentation in prepara-
tion for transplantation .   

    Surgical Intervention for Bladder 
Dysfunction 

 Providing an adequate urinary storage reservoir 
and complete drainage are important consider-
ations for a successful transplantation. Surgical 
intervention is considered when a patient has 
failed pharmacological therapy, adequate drain-
age, and bladder cycling. Bladder augmentation 
offers transplant recipients increased storage 
capacity at safe pressures and, when combined 
with CIC, provides most patients with satisfac-
tory urinary continence. 

    Timing of Reconstruction 
 Ideally, bladder reconstruction should be per-
formed prior to renal transplantation [ 12 ,  19 , 
 27 – 30 ]. In many cases, renal dysfunction is 
directly attributable to the LUT dysfunction 
which clearly must be corrected prior to trans-
plantation to prevent renal allograft loss for the 
same reasons that precipitated native renal 
demise. Additionally, prior reconstruction allows 
for adequate wound healing in the absence of 
immunosuppression. Prior literature has reported 
bladder augmentation or creation of a urinary 
conduit performed specifi cally in anticipation of 
a renal transplantation an average of 3–9 months 
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prior to the time of transplant [ 2 ,  12 ,  19 ,  24 ,  27 – 34 ]. 
Interestingly, Garat and colleagues also suggest 
that bladder augmentation should not be per-
formed too far in advance of the time of expected 
renal transplantation due to the increased risks of 
calculi formation, infection, and mucous produc-
tion in the oligo/anuric patient on dialysis [ 30 ]. 

 While not ideal, successful bladder reconstruc-
tion has also been reported following renal trans-
plantation [ 1 ,  4 ,  35 ,  36 ]. In some cases, a bladder 
is identifi ed that is inappropriate for ureteroneo-
cystotomy at the time of transplantation. In this 
scenario, terminal loop cutaneous ureterostomy 
has been described as a feasible temporizing 
option in anticipation of future bladder recon-
struction [ 37 ]. In others, LUT dysfunction was 
unrecognized at the time of transplant. And, 
fi nally, in a small subset, patients with borderline 
bladder function identifi ed preoperatively elected 
to proceed with transplantation in the hopes of not 
needing further surgical intervention. Advocates 
of this approach cite the advantage of sparing 
patients from reconstructive surgery and its asso-
ciated complications should the posttransplant 
bladder regain adequate function. Obviously, a 
major concern with this strategy is that allograft 
damage may result from transplantation into a 
dysfunctional LUT and close urologic monitoring 
is an essential component of the postoperative 
care. Patients who eventually necessitate post-
transplant bladder reconstruction generally have 
successful outcomes. The number of patients who 
have undergone posttransplantation bladder 
reconstruction is small. However, reports suggest 
that this approach poses no additional risk of 
complications, renal allograft function, or sur-
vival. Koo and colleagues describe bladder aug-
mentation and creation of a Mitrofanoff stoma in 
two of their patients 5.7 years and 11 months fol-
lowing renal transplantation [ 1 ]. Patients under-
went bladder reconstruction due to increasing 
diffi cult catheterization through the urethra as 
well as worsening bladder compliance on UDS. 
Outcomes were comparable to those of patients 
who had undergone pretransplantation bladder 
reconstruction. Basiri and colleagues conducted a 
study comparing the outcomes of individuals 
undergoing bladder augmentation pre- and post-

transplantation [ 29 ]. Graft survival rates and 
 number of rejection episodes were no different 
between the two groups. 

 Simultaneous surgical reconstruction and 
renal transplantation is a third option that sub-
jects the patient to a single operation but this is 
not an optimal approach. There have been, how-
ever, a small number of cases where successful 
bladder reconstruction was undertaken at the 
time of renal transplantation. Kim and colleagues 
report a successful outcome of simultaneous ure-
terocystoplasty and living-related renal trans-
plantation in an 11-year-old boy with ESRD due 
to perinatal asphyxia [ 38 ]. Jones and colleagues 
similarly report a successful outcome in a 
21-year-old patient who underwent simultaneous 
ileocystoplasty and renal transplantation for 
ESRD related to congenital sacral myelomenin-
gocele [ 39 ]. In both of the above cases, there 
were no postoperative complications and the 
patients had stable renal function at the time of 
follow-up. Finally, Luke and colleagues also 
report simultaneous ureterocystoplasty and renal 
transplantation in two patients who ultimately 
had graft survival but who also developed recur-
rent pyelonephritis associated with VUR [ 40 ].  

    Bladder Augmentation 
 In the patient with ESRD and a small, noncom-
pliant bladder, bladder augmentation remains a 
safe and effective method of restoring LUT func-
tion and can be approached in a manner similar to 
that for any other patient [ 41 ]. Broad indications 
for augmentation include the inability to develop 
a bladder capacity greater than 75 % of the 
expected volume by age and elevated storage 
pressures greater than 30 mmHg despite maximal 
medical management. When possible, functional 
augmentation is preferable to dry augmentation 
to allow for the development of adequate bladder 
capacity prior to transplant, as well as to allow 
for the evaluation of bladder continence and 
function in the preoperative setting. 

 A variety of different intestinal segments have 
been successfully used for bladder augmentation 
including detubularized bowel (ileum, ileoce-
cum, or sigmoid), stomach, and ureter [ 27 ]. 
Detubularized ileum is the most commonly used. 
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However, colonic segments have also been used 
with good success, with the teniae coli of the 
colon providing a good site for future ureteral 
reimplantation. The use of gastric segments has 
also been described and was popularized in the 
1980s and 1990s. Gastrocystoplasty does hold 
several advantages including the absence of 
mucus production, avoidance of metabolic acido-
sis, and a possible decrease in the incidence of 
UTI due to the acidic environment [ 13 ]. In recent 
years, however, gastrocystoplasty is generally 
avoided due to increasing recognition of potential 
complications. Symptomatic hematuria–dysuria 
syndrome has been reported to occur in up to 
one-third of patients undergoing this procedure 
[ 42 ]. Additionally, the presence of gastric secre-
tions into an empty bladder predisposes to muco-
sal erosion and may place the anuric patient at 
increased risk of reservoir perforation [ 43 ]. These 
patients must be maintained on proton pump 
inhibitors and undergo routine irrigation with 
bicarbonate solution until urine output is reestab-
lished. In addition, gastrocystoplasty has been 
identifi ed as a special group at even increased 
risk oncogenic potential, particularly when com-
bined with renal transplant (see Chapter   11    , 
Husmann). 

 The ureter has also been used in bladder aug-
mentation and ureterocystoplasty is a safe alter-
native in a minority of patients where a dilated 
ureter is available [ 34 ,  44 ,  45 ]. Advantages of 
ureterocystoplasty include the lack of mucus pro-
duction (which is associated with obstruction, 
urolithiasis formation, and infection), avoidance 
of metabolic disturbances, and avoidance of the 
risk of bladder neoplasia. In a report of their 
experience with patients with ureterocystoplasty 
who had undergone subsequent renal transplant, 
Nahas and colleagues outline several key princi-
ples in using the ureter for augmentation [ 34 ]. 
They emphasize the need to exclude any disorder 
of the LUT during the evaluation of a patient with 
megaureter and renal dysfunction, as removal of 
the dilated ureter may eliminate a potential mate-
rial for future bladder augmentation. They also 
advised reconsideration of the practice of routine 
nephroureterectomy for a poorly functioning or 

nonfunctioning kidney when treating infants with 
abnormal bladders due to the aforementioned 
considerations. Additional considerations include 
maintaining the renal pelvis to maximize the size 
of the potential ureteral patch, and detubulariza-
tion of the ureteral segment prior to incorporation 
to abolish contractions and increase bladder 
capacity. Finally, special attention must be given 
to ureteral vascularization. At the time of nephrec-
tomy, the kidney must be carefully removed to 
preserve the distal ureteral vasculature. In cases 
where there is a question of adequate ureteral 
blood supply, it is better to use a bowel segment 
instead at the time of augmentation. Failure of the 
ureterocystoplasty necessitating repeat augmenta-
tion with a bowel segment is particularly relevant 
in patients who had a history of prior ureteral 
reimplantation where the distal blood supply had 
been previously compromised.  

    Urinary Diversion 
 When possible, it is preferable to reimplant a 
graft into the native bladder if the bladder can be 
maintained or augmented to create a hospitable 
environment for a transplanted kidney. However, 
if the bladder is absent or in the patient with 
complex LUT dysfunction, an incontinent or 
continent catheterizable urinary reservoir may 
be created prior to renal transplantation. The 
urologist must take care at the time of diversion 
to place the stoma in a location that avoids con-
fl ict with a potential transplant incision. A dis-
cussion with the patient related to his/her 
preferred method of urinary management should 
be undertaken, with express discussion that the 
continent reservoir provides an opportunity for 
greater discretion and cosmesis, but also 
increased responsibility for maintenance (irriga-
tions, catheterizations) compared with ileal con-
duit. A continent reservoir also presents 
increased risk of metabolic abnormalities, par-
ticularly as the graft fails with time. These 
patients should be closely monitored to identify 
and treat acid/base and electrolyte imbalances. 
Finally, incontinent urinary diversion remains a 
good option for patients who are unable or 
poorly motivated to perform CIC.   
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    Native Nephrectomy 

 Removal of the native kidney should be consid-
ered in patients with recurrent UTI, massive 
refl ux, recurrent stone formation (particularly into 
a mucous-producing reservoir), malignant hyper-
tension, or profound nephrotic syndrome with 
protein wasting [ 46 ]. Limiting the risk of UTI is 
of paramount concern in this patient population 
due to the above-described risks of graft dysfunc-
tion and loss from chronic infection. Removal of 
the distal ureter should be considered if there is 
signifi cant refl ux or obstruction to minimize 
infection risk. The transplant surgeon should be 
aware of the potential impact of this procedure on 
the subsequent transplant, however, as dissection 
of the distal ureter can cause signifi cant adhesions 
in the iliac fossa. Additionally, the approach 
toward native nephrectomy should be carefully 
considered if the ureter is a potential material for 
bladder augmentation, continent stoma creation, 
or transplant-to-native ureteroureterostomy in 
order to not disrupt ureteral vascularization. 
Finally, native nephrectomy may be undertaken at 
the time of transplantation; however, this approach 
is usually avoided to minimize surgical time and 
complexity.  

    Management of the Bladder Outlet 
and the Mitrofanoff Principle 

 The decision regarding creation of a continent 
catherizable stoma is dictated by the ability to 
spontaneously empty. In patients with urologic 
anomalies, the native urethra may be unsuitable 
for CIC as anatomical abnormalities can lead to 
diffi cult and painful catheterization (particularly 
for exstrophy/epispadias patients and PUV 
patients). At the same time, compliance with CIC 
is critical to allograft survival and it is important to 
make catheterization convenient, easy, and pain-
free. The Mitrofanoff principle is an important 
consideration in this patient subset [ 47 ]. Continent 
catheterizable stomas can be constructed from 
appendix, native ureter, or ileum (tapered or trans-
verse retubularized) into the appropriate reservoir 
and can greatly facilitate reservoir emptying.   

    Renal Transplantation 

 Renal transplantation is generally performed via 
the standard technique with a Gibson incision and 
placement of the allograft into the iliac fossa. 

 Special consideration must be given to ure-
teral implantation in the patient with prior uri-
nary tract reconstruction. The Lich–Gregoir 
extravesical technique for ureteral implantation 
into the native bladder is most commonly 
described in the literature. However, the ureter 
may also be implanted into the bowel segment 
used for an augment or into the ureteral patch 
when the bladder is not easily accessible [ 2 ]. 
Occasionally, an intravesical approach through 
the augment patch to reach the detrusor is neces-
sitated when the bladder is otherwise diffi cult to 
mobilize due to prior surgeries. If no detrusor is 
available at all, the ureter may be implanted into 
the enteric segment. In these cases, anastomosis 
to a colonic or gastric segment is preferred 
because of the thicker bowel wall. Successful 
transplant-to-native ureteroureterostomy has also 
been reported [ 28 ,  48 ]. 

 In patients with an ileal conduit, the preferred 
surgical approach is through a midline 
 transperitoneal incision. Evaluation of the con-
duit location is then performed. If there is suffi -
cient room for kidney transplantation inferior to 
the conduit, the kidney can be placed on the ipsi-
lateral side with the renal pelvis facing cephalad. 
If, however, there is inadequate room for trans-
plantation on the side of the conduit, the kidney is 
placed on the contralateral aspect and the ureteral 
anastomosis is performed from that location pro-
vided that the transplant ureter is of suffi cient 
length for reimplantation. It is obviously impera-
tive that the ureter is not kinked with implant into 
an ileal conduit and if placement into the iliac 
fossa generates such a situation, implantation can 
be done into native renal vessels or the great ves-
sels superior to the external iliac vessels. 

 Both refl uxing and nonrefl uxing ureteral anas-
tomoses have been used. It remains a topic of 
controversy whether one is associated with better 
outcomes than another. Recurrent UTIs are a 
well-recognized issue posttransplantation in this 
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patient population; as such, some authors prefer 
to perform antirefl ux anastomoses whenever pos-
sible in the hopes of decreasing upper urinary 
tract colonization and infection. Nahas and col-
leagues report a case of decreased pyelonephritis 
episodes in a patient who had undergone revision 
of their transplant ureteral anastomosis to a non-
refl uxing ureteroneocystostomy [ 34 ]. However, 
some authors also report similar outcomes in 
terms of graft survival and risk for postoperative 
UTI in patients with refl uxing anastomoses and 
those with nonrefl uxing anastomoses [ 49 ]. 

 The ESRD patient with LUT dysfunction is 
often surgically complex and it is imperative that 
the transplant surgeon be aware of all prior uro-
logic procedures in their patient at the time of 
transplantation. For instance, special attention 
should be given to the presence of the vascular 
pedicle and its anastomotic orientation in the 
augmented patient to avoid disruption and subse-
quent cystoplasty necrosis. Likewise, recogniz-
ing the location and orientation of a stoma 
mesentery in patients with prior urinary diversion 
is important during transplantation. 

 One special mention should be made regard-
ing vessel selection in patients with exstrophy 
who have good sexual function. Avoidance of the 
hypogastric vessels should be attempted, as there 
remains no cross-fl ow between the cavernosal 
arteries and therefore use of the hypogastric ves-
sels presents an elevated risk of erectile dysfunc-
tion in these individuals.  

    Postoperative Considerations 

    Management Strategies 

 After transplantation, it is crucial to carefully 
monitor bladder function [ 27 ,  28 ]. Most authors 
suggest routine renal and bladder ultrasound 
every 3–6 months with imaging pre- and post- 
drainage to assess the upper urinary tract as well 
as to ensure adequate bladder drainage post- 
catheterization. VCUG and UDS reassessment 
should be obtained as needed in patients with 
concern for impaired renal function or urologic 
complications. Renal function should be closely 

followed. In this patient population, an elevated 
creatinine may be due to a variety of factors. 
All potential etiologies should be carefully con-
sidered and evaluated including rejection, infec-
tion, and obstruction. 

 Posttransplantation bladder dysfunction may 
manifest as graft dysfunction that is associated 
with infection, incontinence, refl ux, bladder 
hypertonicity, or hydronephrosis. If untreated, 
severe bladder dysfunction may predispose to 
allograft loss [ 1 ,  4 ]. If there is any concern for 
LUT dysfunction, maximal bladder drainage 
should be maintained with Foley catheterization 
or suprapubic tube. Improvement in renal func-
tion with continuous catheterization is suggestive 
of inadequate bladder drainage. Long-term man-
agement of bladder dysfunction is similar to the 
algorithm used in the pretransplantation patient. 
Measures to increase compliance with anticho-
linergics and instituting or ensuring a regular 
catheterization regimen comprise the initial man-
agement steps. Botulinum toxin-A injections 
should be considered in cases where anticholin-
ergic agents fall short. As with the pretransplant 
patient who has failed conservative therapy, blad-
der augmentation should be considered and has 
been associated with good outcome even in the 
posttransplant individual. 

 The presence of intestinal segments in the 
posttransplant patient is associated with the risk 
of urolithiasis, metabolic derangements, and 
malignancy [ 50 ]. It is thought that mucous pro-
duction by bowel segments and urinary stasis 
increases the risk of stone formation in aug-
mented bladders [ 51 ,  52 ]. Surprisingly, the inci-
dence of stone formation in the augmented and 
transplanted population has been reported to be 
much lower than that of the augmented popula-
tion alone, which could be due to the more fre-
quent follow-up and aggressive urinary drainage 
required in these patients, or the fact that passage 
of stones may occur asymptomatically given that 
the transplanted kidney is denervated. Preventive 
measures against bladder urolithiasis include irri-
gation with saline, mucolytic agents, or urea 
solution. 

 Metabolic complications of enterocystoplasty 
are well-recognized [ 32 ]. Hyperchloremic acidosis 
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is often seen in patients with ileal or colon 
 augments or continent reservoirs. However, it is 
frequently diffi cult to ascribe acidosis to an 
enterocystoplasty alone as this patient population 
also often has additional causes of acidosis includ-
ing chronic rejection, renal insuffi ciency, tubular 
dysfunction from immunosuppression, or long-
term prophylactic trimethoprim- sulfamethoxazole 
use. For patients wheelchair- bound with myelo-
meningocele, respiratory acidosis may also con-
tribute. Treatment should be aggressively 
pursued to prevent the adverse effects on bone 
maintenance. 

 Finally, malignancy has been reported in 
patients who have undergone enterocystoplasty, 
especially in the face of chronic immunosuppres-
sion [ 53 ,  54 ] [see Chapter   11     (Husmann)].  

    Long-Term Outcomes 

 Only two studies to date suggest that patients 
undergoing surgical management of their LUTD 
have a poor outcome following renal transplanta-
tion. In contrast, the majority of studies report 
good outcomes for renal allograft survival in 
patients who had previously undergone surgical 
management of LUTD. However, it is critical to 
note that most of the evidence of graft survival in 
congenital neuropathic bladder comes from a 
pediatric population. Comparison of studies is 
often diffi cult; patients with LUTD comprise a 
wide spectrum of etiologies and disease severity, 
and studies are retrospective, often small, and 
employ a variety of different surgical methods to 
create an appropriate urinary reservoir for 
transplantation. 

 Not all children with LUT dysfunction require 
surgical intervention prior to renal transplanta-
tion. However, early studies from the 1980s and 
1990s raised concerns regarding an increased 
risk of complications and/or decreased renal 
allograft function and survival in pediatric renal 
transplant patients with a history of LUT dys-
function. Warshaw and colleagues reported on 52 
pediatric patients who underwent renal transplan-
tation for obstructive uropathy, 39 of which had 
had a prior LUT operation of bladder defunction-

alization [ 55 ]. They found that posttransplant 
complications occurred with increased frequency 
in this patient population; however, graft and 
patient survival were comparable to that of other 
transplant patients. Several other studies from 
this time period reported on pediatric renal trans-
plant patients with a history of obstructive uropa-
thy, most commonly PUV disease [ 56 – 59 ]. 
Across these series, this patient subset was found 
to have increased rates of posttransplant compli-
cations including UTI incidence. Reduced renal 
transplant function and graft survival was also 
found in some series [ 56 ,  57 ].  Of note, key risk 
factors for reduced graft survival included the 
original disease, and, most importantly, uncor-
rected LUT dysfunction resulting in poor storage 
and emptying . These early studies served to high-
light the close relation between postoperative 
patient performance and graft function and sur-
vival with LUT function. 

 With subsequent strides in preoperative patient 
optimization and close postoperative manage-
ment, most contemporary series in the pediatric 
population demonstrate no difference in rates of 
surgical complication, graft function, or allograft 
and patient survival between LUTD and non- 
LUTD patients. In children who necessitate 
 surgical management of LUT dysfunction prior 
to renal transplantation, excellent outcomes may 
be achieved (Table  14.1 ). Contemporary series 
including some young adult patients undergoing 
renal transplantation in the setting of corrected 
LUT dysfunction also provide promising results 
(Table  14.1 ).

        Conclusion 

 LUT dysfunction is attributed to a range of eti-
ologies and may lead to devastating effects on 
the upper urinary tract resulting in the need for 
renal transplantation. Patients with concomitant 
ESRD and LUTD pose unique management 
challenges to the provider team and optimal 
management strategies remain controversial. In 
general, there is consensus that establishing a 
high-capacity, compliant urinary reservoir with 
effective drainage prior to transplantation is 
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    Table 14.1    Outcomes in patients who have undergone surgical reconstruction of a dysfunctional lower urinary tract 
and renal transplantation   

 Authors  Year 
 No. 
pt. 

 Mean 
age (yrs) 

 Surgical 
reconstruction 
(no. pt.) 

 Median 
follow-up  Results  Conclusion 

 Broniszczak 
et al. [ 60 ] 

 2010  33  11.8  IC, BA, CR  32 
months 

 Patient survival 100 %, graft 
survival 97 %. UTIs most 
common complication 

 Excellent medium-term 
results with renal 
transplantation in 
children with lower 
urinary tract 
dysfunction and 
end-stage renal failure 

 Djakovic 
et al. [ 61 ] 

 2009  12  9.5  IC, BA, CR  5.4 years  Patient survival 100 %, graft 
survival 75 % (no graft loss 
due to LUTD) 

 Reconstruction of the 
lower urinary tract prior 
to renal transplantation 
is a safe management 
strategy 

 Nahas et al. 
[ 28 ] 

 2008  211  13  BA, CR  75 
months 

 Compared children with 
ESRD due to nonurological 
cause, ESRD due to 
urological cause but with an 
adequate bladder, and ESRD 
due to urological cause 
requiring preoperative 
surgical intervention. Similar 
patient survival, graft 
survival, and surgical 
complication rate across all 
groups 

 With individualized 
management, children 
with severely 
compromised LUT 
function may undergo 
renal transplantation 

 Taghizadeh 
et al. [ 62 ] 

 2007  16  7.5  BA (16)  58.4 
months 

 Patient survival 100 %, graft 
survival 94, 89, and 67 % at 
1, 5, 10 years 

 Bladder reconstruction 
can be safely performed 
prior to transplantation 

 Mendizabal 
et al. [ 63 ] 

 2005  15  13  BA, IC  7 years  Patient survival 100, 92, 
92 % and graft survival 77, 
62, and 30 % at 1, 5, and 10 
years with no signifi cant 
difference between LUTD 
and non-LUTD group 

 Children with severe 
LUT dysfunction can 
achieve similar results 
to the general 
population following 
renal transplantation 

 Rigamonti 
et al. [ 64 ] 

 2005  24  14  BA, IC  67.2 
months 

 Graft survival 96, 82, and 
66 % at 1, 5, and 10 years 
(no signifi cant difference 
compared to a non-LUTD 
group) 

 Drainage of the renal 
allograft into an 
augmented bladder or 
urinary diversion is an 
appropriate 
management strategy in 
the absence of a 
suitable native bladder 

 Ali-El-Dein 
et al. [ 65 ] 

 2004  15  13.5  BA, CR  4.5 years  Patient survival 93, 85, and 
85 % and graft survival 93, 
86, and 34 % at 1, 5, and 10 
years, no signifi cant 
difference compared to 
non-LUTD group 

 Renal transplantation is 
feasible and provides 
good outcomes for 
children with an 
abnormal LUT 

(continued)
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desirable to avoid the potential risks of UTI, 
 surgical complications, allograft dysfunction, 
and graft loss. Preoperative assessment including 
cystogram and UDS is essential to the successful 
guidance of treatment strategies. Restoration of 
bladder function is initially approached using 
conservative measures such as medication, CIC, 
and bladder cycling. When hostile bladder condi-
tions despite medical management, a wide range 
of surgical interventions are available to address 

both urinary storage and emptying. Small case 
series in both the young adult and pediatric popu-
lations in recent years have shown promising 
results for the patient with LUTD undergoing 
renal transplantation. However, indications 
regarding the most appropriate surgical interven-
tion and the timing of these interventions remain 
unclear, and future studies are needed with a 
focus on the potential risks and benefi ts of each 
approach.      

Table 14.1 (continued)

 Authors  Year 
 No. 
pt. 

 Mean 
age (yrs) 

 Surgical 
reconstruction 
(no. pt.) 

 Median 
follow-up  Results  Conclusion 

 Nahas et al. 
[ 34 ] 

 2004  8  18  BA  50 
months 

 Patient survival 100 %, graft 
survival 100 %, UTIs most 
common complication 

 Ureterocystoplasty is a 
safe alternative to 
enterocystoplasty that 
provides similar 
benefi ts to the use of 
bowel for bladder 
augmentation without 
adding further 
complications or risks 

 Neild et al. 
[ 27 ] 

 2004  66  32  IC, BA, CR  92 
months 

 Patient survival 86 % and 
graft survival 66 % at 10 
years, no signifi cant 
difference compared to 
non-LUTD group 

 Successful renal 
transplantation into the 
abnormal LUT is 
possible but requires 
thorough preoperative 
evaluation and 
post- transplant 
follow-up 

 Luke et al. 
[ 40 ] 

 2003  20  9.3  BA, IC  62 
months 

 Patient survival 100 %, graft 
survival 83 % at 5 years with 
no signifi cant difference 
compared to a non-LUTD 
group 

 Pediatric renal 
transplantation into a 
dysfunctional LUT 
yields similar outcomes 
to transplantation into 
the normal LUT 

 Defoor et al. 
[ 66 ] 

 2003  20  4.5  BA, CR  7.3 years  Patient survival 95 %, graft 
survival 82 % 

 Severe LUT 
dysfunction can be 
effectively managed 
with continent urinary 
reconstruction in 
children with ESRD 

 Hatch et al. 
[ 31 ] 

 2001  30  12.1  IC, BA, CR  59 
months 

 Patient survival 100 %, graft 
survival 90, 78, and 60 % at 
1, 5, and 10 years 

 Drainage of 
transplanted kidneys 
into an augmented 
bladder or urinary 
conduit is acceptable in 
the absence of a 
suitable bladder 

   IC  ileal conduit,  BA  bladder augmentation,  CR  continent reservoir,  LUTD  lower urinary tract dysfunction  
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            Introduction 

 Urolithiasis is a common disease with the lifetime 
prevalence estimated to be between 10 and 15 % 
[ 19 ,  53 ]. Patients with congenital urologic disor-
ders such as myelomeningocele (MMC), bladder 
exstrophy, and posterior urethral valves (PUV) 
represent a special population with regard to 
urolithiasis. These patients are at an increased 
risk of stone formation due to a variety of reasons 
including: bladder dysfunction, urinary tract 
reconstruction, urinary tract infections (UTIs), 
obesity, and osteodystrophy. 

 Improvements in the medical care of the 
patients with congenital urologic disorders have 
led to increased survival and many patients sur-
vive well into adulthood. Indeed, adult MMC 
patients now outnumber the pediatric MMC pop-
ulation [ 25 ]. The majority of research to date has 
been aimed at stone formation in the pediatric 
population [ 62 ]. However, given the growth of 
the adult population, we might expect an increase 
in the incidence of stones as these patients age. 

 The physiologic and anatomic differences pres-
ent in patients with MMC, exstrophy and PUV 
necessitate special management that differs from 

the general population. In this chapter, the focus 
will be on the medical and surgical management of 
urolithiasis within this patient population.  

    Risk of Stone Formation: Lower 
and Upper Tract Stones (Table  15.1 ) 

       Bladder Dysfunction 
 Patients with MMC, bladder exstrophy, cerebral 
palsy (CP), and PUV have high rates of bladder 
dysfunction which increases the risk of develop-
ing urolithiasis. Urine retention increases the risk 
of UTIs which in turn leads to development of 
urolithiasis, and this risk is compounded by the 
use of catheterization to empty the bladder which 
introduces bacteria to the urinary tract. Lower 
urinary tract reconstruction is a common occur-
rence as a result of bladder dysfunction, and the 
incorporation of gastrointestinal segments into 
the urinary tract and presence of foreign material 
such as sutures can act as nidus for infection and 
stone formation. 

    Neurogenic Bladder 
 Urinary stasis, elevated intravesical pressures, 
and UTIs have all been postulated to contribute to 
the development of urinary tract stones within the 
neurogenic bladder. Up to 90 % of patients with 
open MMC defects and 66 % of closed defects 
have abnormal bladder function on urodynamic 
testing [ 24 ]. Symptomatic bladder dysfunction 
has an estimated prevalence of 16 % in the 
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cerebral palsy population, with asymptomatic 
dysfunction as high as 30 % [ 32 ]. MMC patients 
that developed urolithiasis are less likely to be 
spontaneous voiders and more likely to have 
undergone bladder augmentation or urinary 
diversion [ 62 ]. No literature exists regarding the 
development of urolithiasis in cerebral palsy 
patients with bladder dysfunction.  

    Lower Urinary Tract Reconstruction 
 Lower urinary tract reconstruction is a 
common procedure of those with neural 
tube defects, exstrophy-epispadias com-
plex, and PUV. These patients are at risk of 
forming stones for a variety of reasons 
including presence of foreign material 
such as absorbable staples, mucous pro-
duction from intestinal segments, urinary 
stasis, and infection [ 17 ]. Urine retention 
appears to be the most important risk fac-
tor for bladder stone formation as sponta-
neous voiders have the lowest rate of stone 
formation [ 17 ,  36 ]. 

 Although the rate of lower urinary tract surgery 
has decreased in the myelomeningocele population, 
11–17 % of patients have undergone diversion or 
augmentation [ 20 ,  64 ]. However, of MMC 
patients that formed stones, 33–38 % had under-
gone urinary diversion or bladder augmentation 
[ 13 ,  62 ]. Bladder reconstruction is also associ-
ated with upper tract stones. Of patients with 
MMC that form upper tract stones, up to 73 % 
had lower urinary tract reconstruction [ 56 ]. 

 A variety of urological procedures have been 
employed to manage bladder exstrophy. 
Ureterosigmoidostomy (USS) was once a popu-
lar method of management for exstrophy and 
long-term follow-up showed that up to 40 % of 
USS managed patients developed recurrent uroli-
thiasis [ 12 ]. Procedures that aimed to provide 
continence through a bladder neck reconstruction 
increased the risk of stone formation, with 94 % 
of exstrophy patients with stones having under-
gone a bladder neck procedure while only 43 % 
of non-stone formers have undergone a bladder 
neck procedure. Bladder augmentation also con-
tributes to stone risk with 46 % of augmentation 
cystoplasty exstrophy patients having formed 
stones as opposed to only 15 % of nonaugmented 
exstrophy bladders. Up to 90 % of urolithiasis in 
exstrophy patients is lower urinary tract in origin 
[ 54 ]. Reconstructive surgery places patients at 
risk of forming urinary tract stones.  

    Infection 
 Within the general population, approximately 
10 % of stones are struvite stones indicating an 
infectious cause [ 27 ]. In contrast, up to 30 % of 
exstrophy patients and 39–100 % of MMC 
patients had struvite stones on composition anal-
ysis [ 13 ,  46 ,  54 ,  62 ]. Fifty-three percent of exstro-
phy stone formers had UTIs on presentation and 
having an infection signifi cantly increases the 
likelihood of diagnosis of bladder stones, as well 
as recurrence of bladder stones [ 54 ]. In patients 
who have undergone augmentation enterocysto-
plasty, all stone formers were found to have per-
sistent bacteriuria as opposed to 75 % of 
non-stone formers [ 36 ], and stone formers also 
have an elevated urine pH [ 15 ]. In MMC patients, 
64–75 % of stone formers had a history of UTIs, 

   Table 15.1    Risk factors for stone formation   

 Myelomeningocele 
   Urinary tract infection 
   Bladder dysfunction—urine retention 
   Lower urinary tract reconstruction 
    Urinary diversion 
    Enterocystoplasty 
   Chronic indwelling catheter 
   Immobilization 
    Hypercalciuria 
   Obesity 
    Acidosis of urine 
 Exstrophy-epispadias complex 
   Urinary tract infection 
   Bladder dysfunction—urine retention 
   Lower urinary tract reconstruction 
    Bladder neck reconstruction 
    Enterocystoplasty 
    Urinary diversion 
   Chronic indwelling catheter 
   Vesicoureteral refl ux 
 Posterior urethral valves 
   Bladder dysfunction—urine retention 
   Lower urinary tract reconstruction 
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while 30–38 % of MMC patients overall had 
previous UTIs [ 13 ,  62 ]. While the presence of 
calculi and rates of UTIs are strongly associated, 
whether infections beget stones or stones beget 
infections (or both) has not entirely been deter-
mined. Patients with reconstructed bladder and 
recurrent or escalating infections should be eval-
uated for the presence of a stone.   

    Other Risk Factors 

    Obesity 
 Adult MMC patients have an obesity rate of 
35–37 % which is signifi cantly higher than 
reported for pediatric MMC patients [ 9 ]. Obesity 
is a known risk factor for stone formation with a 
BMI over 30 conferring a relative risk of 1.3 in 
men and up to 2 in women [ 4 ,  61 ]. Obese patients 
are known to excrete higher concentrations of 
sodium, phosphate, and uric acid; however, 
urine pH decreases with increasing body weight 
[ 26 ,  43 ,  52 ]. As such, obese patients have a higher 
proportion of uric acid stones [ 5 ,  10 ]. For obese 
patients with other risk factors, like nonweight-
bearing status, prior terminal ileal resection, or 
chronic bacteriuria, uricaciduria may represent 
an additional risk factor.  

    Osteodystrophy 
 Hypercalciuria is a known lithogenic risk factor 
for the development of calcium kidney stones. 
Patients with spinal cord injuries develop ele-
vated levels of urinary calcium in the fi rst few 
months following injury as a result of immobili-
zation leading to bone resorption [ 57 ]. Evidence 
regarding hypercalciuria in patients with myelo-
meningocele and cerebral palsy is limited, with 
studies limited to the pediatric population. 
Okurowska-Zawada et al. [ 38 ] demonstrated that 
hypercalciuria is associated with bone fractures 
in those with myelomeningocele. Indeed, nonam-
bulating MMC patients have a higher level of uri-
nary calcium excretion [ 44 ]. Shaw et al. examined 
osteopenia in immobilized cerebral palsy patients 
and found three of nine patients with hypercalci-
uria [ 51 ]. Immobilization is a risk factor for the 
development of upper tract stones in MMC 
patients [ 56 ]. The higher rates of immobilization 

in MMC and CP patients may place them at risk 
of developing hypercalciuria and calcium-based 
urolithiasis.  

    Kidney Transplantation and Stones 
 Congenital obstructive uropathy, most com-
monly secondary to PUV, can be a devastating 
condition. Between 22 and 32 % of pediatric and 
young adult patients with PUV will progress to 
end stage renal disease (ESRD) [ 16 ,  41 ]. Studies 
investigating rates of progression to ESRD in the 
adult population with PUV are lacking. Kamal 
et al. [ 21 ] found that PUV was the underlying 
disease in 7 % of kidney transplantations at their 
center. Adult transplanted kidneys have an inci-
dence of stones anywhere from 0.4 to 1.3 %, a 
rate lower than the general population. The low 
rate of lithiasis in allograft kidneys is speculated 
to be a result of the high level of donor screen-
ing, eliminating stone forming kidneys from the 
donor pool [ 1 ,  11 ,  23 ,  59 ]. In the pediatric trans-
plant population, the incidence may be slightly 
higher, up to 2.5 % [ 22 ,  35 ]. It is important to 
note that a transplanted kidney is denervated, so 
spontaneous passage may go unnoticed. This 
may represent an important reason why the inci-
dence of kidney stones is lower in transplanted 
kidneys [ 11 ]. While the risk of stone formation 
within the adult population of PUV patients is 
not well studied, patients with a history of PUV 
often have dysfunctional bladders with elevated 
rates of bacteriuria and UTI related to retained 
hydronephrotic native kidneys, incomplete blad-
der emptying, and the need for intermittent self- 
catheterization (ISC).    

    Presentation: Lower and Upper 
Tract Stones 

 The classic presentation for obstructive upper 
tract stones is fl ank pain that radiates through the 
abdomen into the groin [ 14 ]. In contrast, patients 
with congenital urologic abnormalities have vari-
ations in anatomy that predispose to infection 
and alter pain patterns. Two presentations are 
common: insidious onset, especially in patients 
with upper tract stones, and recurrent UTIs [ 62 ]. 
Patients with impaired sensation, as with MMC, 
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may complain of headache, nausea, vague abdo-
minal pain, or hemodynamic changes related 
to sepsis or autonomic dysrefl exia. Clinicians 
should have a low threshold for axial imaging for 
patients who previously passed stones with these 
symptoms, particularly if UA demonstrates 
micro/gross hematuria, fevers are present, and/or 
renal function is worsened [ 63 ]. 

 The classic presentation of lower tract stones is 
infection and pain/bleeding at end-micturition. 
Like upper tract stones, patients with MMC have 
impaired sensation and may not report symptoms. 
Diagnosis can be by axial imaging or cystoscopy. 
Cystoscopy can prove challenging in a capacious 
reservoir or augment with multiple folds and 
small stones may well be missed in this scenario.  

    Medical Management 

 Evaluation of urolithiasis in the adult patient with 
congenital urologic abnormalities should begin 
with a thorough history. Complete history of prior 
stone episodes should be obtained. A history of 
lower urinary tract reconstruction can indicate a 
risk of infection, urine retention and stones, and 
any gastrointestinal surgeries may indicate altered 
dietary absorption patterns. If the patient performs 
ISC, they should be asked about the frequency of 
catheterization and use of any irrigation. Recent 
urine cultures should be reviewed to determine if 
protease-forming bacteria are present and/or if the 
same bacteria keeps representing. Both of these 
factors suggest a stone is present. Previous urody-
namic studies may point to urine retention, a risk 
of both infection and stone formation. 

    Laboratory Evaluation 

 Initial evaluation of the stone formers should 
include some basic laboratory tests. Stone analy-
sis, if available, can allow for targeted medical 
management. Imaging for current or residual 
stone should be done. Non-contrast CT scan can 
be used for diagnosis and evaluation of any 
anatomic abnormalities. Initial serum tests 
should include serum calcium and uric acid as 

well as urinalysis with pH and urine culture, all 
of which can give an indication to underlying 
metabolic reasons behind stone formation. 

 Comprehensive metabolic evaluation includ-
ing 24 h urine chemistry should be considered in 
all patients with recurrent urolithiasis. In a study 
comparing stone formers to non-stone formers 
having undergone enterocystoplasty, stone form-
ers were more likely to have elevated urinary cal-
cium and pH and decreased urinary citrate and 
volume [ 15 ]. Hypercalciuria may also be seen as 
a result of osteodystrophy in patients that are 
nonambulatory such as those with cerebral palsy 
and MMC [ 38 ,  44 ].  

    Diet 

 No studies have been done examining diets in 
adult patients with congenital urologic disorders. 
The distribution of stone composition varies from 
the general population and thus, dietary recom-
mendations may differ from the general popula-
tion. These patients have a high rate of both 
calcium phosphate and struvite stone formation 
and this should be considered when giving any 
empiric dietary recommendations [ 13 ,  46 ,  54 ,  62 ]. 
However, metabolic evaluation including 24 h 
urine chemistry and stone composition remains 
the standard for guiding individualized dietary 
recommendations. 

 Importantly, patients with neurogenic bladder 
from MMC likely also have slow bowel transit 
and if they have previously had terminal ileal 
resection or resection of a large segment of their 
absorptive bowel, may have malabsorption.  

    Medications 

 Medications to be used will be based on labora-
tory evaluation including 24-h urine electrolytes 
and stone composition. Recurrent UTIs are an 
important risk factor for recurrent stone formation 
within this patient population, and prophylactic 
antibiotics might be considered for prevention 
of stones [ 54 ,  62 ]. However, some recommend 
against this as a strategy as it increases the risk of 
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developing drug-resistant organisms [ 40 ]. One 
study found a relationship between methane, 
small intestinal bacterial overgrowth, and recur-
rent UTIs in MMC patients. Intestinal decontami-
nation with antimicrobials may play a role in 
preventing recurrent UTIs [ 37 ]. Currently, no 
studies have focused on the role of antibiotic pro-
phylaxis in stone prevention in these patients. 

 Elevated urinary calcium can be a risk factor 
within this population. Patients that had bladder 
augmentations and form stones have higher lev-
els of urine calcium [ 15 ]. Spina bifi da and cere-
bral palsy patients that are immobilized and 
form stones often have elevated urinary calcium 
[ 44 ,  51 ]. Hydrochlorothiazide was studied as a 
method to prevent osteodystrophy in immobi-
lized MMC patients. The study suggested that 
hydrochlorothiazide did not improve bone min-
eral density but was shown to decrease urinary 
calcium levels [ 45 ]. How effective hydrochloro-
thiazide is at reducing stone formation within 
immobile patients remains to be studied. 

 Adult MMC patients have a high obesity rate 
putting them at risk of uric acid stones. Uric acid 
stone formers often have urine chemistries show-
ing normal uric acid but low urine pH [ 49 ]. For a 
stone >4 mm, a hounsfi eld unit density of ≤500 
on computed tomography and a urine pH ≤5.5 has 
a positive predictive value of 90 % for uric acid 
composition [ 55 ]. Allopurinol can be considered to 
further decrease the urine uric acid concentration. 
However, the more important risk factor is urine 
pH which decreases the solubility of uric acid [ 5 , 
 26 ,  43 ,  52 ]. Potassium citrate or bicarbonate can be 
considered in these patients to increase the urine 
pH. This treatment may be especially effective in 
MMC patients who already have metabolic acidosis 
from chronic renal insuffi ciency and/or respiratory 
acidosis from the myriad of pulmonary conditions 
to which they are prone, although effi cacy remains 
to be determined in well-designed studies.  

    Bladder Management 

 Spontaneous voiding is the optimal bladder manage-
ment for preventing the formation of stones [ 62 ]. 
However, in those with bladder dysfunction, 

methods to reduce urine retention should be 
employed. Currently, ISC is considered the gold 
standard for management of the neurogenic 
bladder [ 58 ]. No randomized controlled studies 
have been done comparing ISC and chronic 
indwelling catheters [ 18 ]. In retrospective stud-
ies, chronic indwelling catheters increase the risk 
of bladder stone formation [ 3 ,  31 ,  39 ]. 

 One method shown to potentially reduce the 
risk of stone formation in augmented bladders is 
the use of bladder irrigation. Patients having 
undergone bladder augmentation were instructed 
to wash twice weekly with 240 mL of saline and 
once weekly with a gentamicin sulfate solution 
(240–480 mg/L) at a volume of 120–240 mL. 
Only 7 % of patients undergoing this protocol 
formed stones as opposed to 43 % undergoing 
standard ISC. However, compliance with bladder 
irrigation may prove diffi cult, particularly among 
adolescent and young adult patients [ 17 ].   

    Surgical Management 

 Contractures, obesity, body habitus, and prior 
bladder augmentation or urinary diversion all 
add a degree of diffi culty to procedural manage-
ment of stones in patients with congenital uro-
logic disorders. Contemporary studies of surgical 
stone treatment in MMC, CP, exstrophy, and 
PUV patients are limited. Almost all studies 
group all spinal cord dysfunction together when 
examining outcome and complications. Body 
habitus, respiratory status, stone size, and den-
sity should be considered when choosing an 
appropriate procedure for stone removal. Due to 
abnormal body habitus, many of these patients 
are high-risk anesthesia patients. Restrictive air-
way disease due to obesity, scoliosis, and weak 
abdominal and thoracic musculature (all of 
which are common among MMC patients) can 
make general anesthesia and patient positioning 
very diffi cult. Further, gaining percutaneous or 
ureteral access may be diffi cult or not feasible. 
Most patients will require multiple procedures to 
obtain stone- free status. It is advisable to place 
the patient in lithotomy position in the clinic to 
ascertain whether the lower extremities can be 
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placed in lithotomy position to provide enough 
room for retrograde endoscopic management 
prior to deciding which approach to utilize for 
upper tract stones. 

    Upper Tract Management 

    Extracorporeal Shockwave Lithotripsy 
 The use of extracorporeal shockwave lithotripsy 
(ESWL) for treating upper tract stones has seen 
limited study in patients with MMC, CP, exstro-
phy and PUV. Only retrospective studies looking 
at the utility of ESWL in patients with spinal cord 
dysfunction have been done (Table  15.2 ). The 
success rate of ESWL within these studies is 
between 50 and 70 %. However, there is a high 
rate of ancillary procedures performed and the 
time to stone clearance is considerably longer 
than in the general population [ 6 ,  34 ]. Ramsey 
and McIlhenny [ 47 ] suggested that ESWL could 
be considered as part of a multimodality treat-
ment strategy for patients with spinal cord dys-
function. If complete clearance is not achieved, 
the residual stone may act as a nidus for infection 
stone formation especially in those with recurrent 
UTIs. ESWL is particularly advantageous as it 
can be done without anesthesia [ 47 ]. ESWL 
should be considered in all patients with smaller 
stones and high-risk anesthesia patients.

       Ureteroscopy 
 No contemporary studies have been performed 
on ureteroscopy in patients with MMC, exstro-
phy, or PUV. Patients with neurologic dysfunc-

tion present challenges for ureteroscopy as they 
often have abnormal body habitus, contractures, 
and prior lower urinary tract surgeries such as 
augmentation or diversion that make gaining 
retrograde ureteral access very diffi cult [ 47 ]. 
However, ureteroscopy may still be a viable treat-
ment with careful patient selection. In patients 
with ureteral stones in which retrograde ureteros-
copy is not feasible, antegrade ureteroscopy with 
percutaneous access should be performed [ 47 ].  

   Percutaneous Nephrolithotomy 
 Percutaneous nephrolithotomy (PCNL) is the 
standard treatment for stones over 2 cm in 
diameter [ 47 ]. However, many patients with MMC 
and cerebral palsy have musculoskeletal defor-
mities including scoliosis that can make PCNL 
challenging [ 2 ]. Musculoskeletal deformities 
not only alter anatomy to make gaining percuta-
neous access diffi cult, it can impair respiratory 
function making ventilation diffi cult [ 42 ]. In ret-
rospective studies looking at PCNL stone-free 
rates (Table  15.3 ) in patients with spinal cord 
dysfunction, only 47–60 % are stone free follow-
ing one procedure [ 2 ,  33 ,  48 ,  60 ]. The majority 
require multiple procedures including 2–3 
PCNLs or multiple ESWLs to render the patients 
stone free. The rate of major complications is 
much higher than the general population. 
Between 8 and 18 % of patients with spinal cord 
dysfunction have major complications including 
death, sepsis, seizures, and pneumothorax, in part 
due to the fact that impaired sensorium in the 
abdomen and autonomic dysrefl exia may limit or 
confuse a provider to making a prompt diagnosis 

   Table 15.2    Shockwave lithotripsy in myelomeningocele   

 Author  Patients  Age  Retreatments 
 Hospital 
stay (days)  Stone free 

 Time to 
stone free 
(months)  Complications 

 Niedrach  11 (4 with 
spina bifi da) 

 23.75  3 of 4  2–18  1 of 4  8  3 Intraoperative (hypertension, 
hypotension, bradycardia), 2 
postoperative (Fever >38.5 °C) 

 Delivelioti  15 (5 with 
spina bifi da) 

 18–57  8 of 15  0–7  10 of 15  6–20  2 Intraoperative (bradycardia), 
5 postoperative (2 sepsis 
requiring ICU, 3 fevers 
>38.5 °C) 
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of these conditions. Median-reported hospital 
admission times are between 7 and 13 days [ 2 ,  33 , 
 48 ,  60 ]. In select cases, supine positioning and 
epidural anesthesia can be considered to improve 
respiratory function and percutaneous access [ 28 ]. 
In patients with musculoskeletal deformities, 
CT-guided percutaneous access may offer better 
outcomes [ 29 ]. PCNL should be considered the 
treatment of choice for any large kidney stone in 
patients with MMC, CP or exstrophy, but as these 
are complex patients, they will often require mul-
tiple procedures, have more complications, and 
require long hospital stays.

        Lower Tract Stones 

 Within the general population, 5 % of urolithiasis 
is lower urinary tract in origin [ 50 ]. In contrast, 
50 % of stones are lower tract in MMC patients 
and up to 90 % in exstrophy patients, and many 
of these stones form within a reconstructed lower 
urinary tract [ 54 ,  62 ]. First line treatment of blad-
der stones consists of an endoscopic or percuta-
neous approach [ 30 ]. Indeed, a comparison of 
percutaneous removal of bladder stones to open 
cystolithotomy in augmented bladders has shown 
that those undergoing a percutaneous approach 
have less postoperative pain, shorter hospital 
admissions, and decreased morbidity [ 8 ]. Patients 
with neurogenic bladder treated through the per-
cutaneous approach have a high stone-free rate 
and low complication rate [ 7 ]. A percutaneous 
approach should be considered in all patients 
with bladder stones.   

    Conclusion 

 Adults effected with myelomeningocele, blad-
der exstrophy, and PUV who develop urolithia-
sis can present a challenge to treat. Bladder 
dysfunction, urinary tract reconstruction, non-
ambulatory status, and recurrent infections 
place them at risk of developing stones. 
Anatomic and physiologic differences can alter 
both medical and surgical treatment of stone 
disease within this population. 

   Table 15.3    Percutaneous nephrolithotomy in myelomeningocele   

 Author  Patients  Age  Complications 
 Stone free after 1 
PCNL 

 Recurrence 
rate 

 Symons  10  28.4  6 (1 death due to arrhythmia, 3 
postoperative fevers, postoperative 
hypotension) 

 47 %  10 % 

 Rubenstein  23 (9 with spina 
bifi da) 

 11 to 60  3 intraoperative, 16 postoperative (11 
fevers >38.5 °C, 2 hydrothorax, 
transfusion, ileus, DVT, 
retroperitoneal abscess) 

 NR  43 % 

 Alsinnawi  5  28  4 (2 transfusions, 2 fevers >38.5)  60 %  80 % 
 Nabbout  21 (7 with spina 

bifi da) 
 38.8  11 (3 urosepsis, 6 transfusions, 1 

pneumothorax, 1 perforation) 
 54 %  NR 

   NR  not recorded  

 Summary 
 Factors that contribute to the development 
of urolithiasis in patients with congenital 
neuropathic or reconstructed bladders 
include:
 –    Bladder dysfunction  
 –   –Recurrent UTI  
 –   Prior lower urinary tract reconstruction  
 –   Osteodystrophy secondary to 

immobilization    
 Presentation may include recurrent/

escalating UTIs or new incontinence and 
clinicians should have a low threshold for 
axial imaging in patients with risk factors. 

 Laboratory evaluation in the acute set-
ting includes: urinalysis, urine culture, and 
urine pH. 

(continued)
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            Introduction 

 Vesicoureteral refl ux (VUR) refers to the retro-
grade fl ow of urine from the bladder to the kid-
ney. It occurs in 1–2 % of the population [ 1 – 3 ] 
and in 30–40 % of children undergoing imaging 
evaluation for urinary tract infection (UTI) [ 4 – 7 ]. 
VUR is three times more common in white than 
in black children, is twice as common in girls, 
and decreases in incidence with age [ 8 ]. In the 
fi rst year of life, rates of VUR are similar in both 
sexes, whereas there is a 4:1 ratio of girls to boys 
with VUR among preschool and school-aged 
children [ 9 – 12 ]. VUR may be classifi ed as pri-
mary or secondary. Primary VUR, which is more 
common, occurs in the absence of any additional 
pathology, while secondary VUR may occur as a 
result of lower urinary tract obstruction, neuro-
genic bladder, or following surgical procedures, 
such as renal transplant or ileal conduit creation. 
VUR is graded according to the International 
Classifi cation System of VUR, ranging in severity 

from grade I (mild) to grade V (severe) [ 13 ]. It is 
associated with an increased risk of UTI and 
renal scarring [ 14 ], which may lead to chronic 
kidney disease (CKD), hypertension, and end-
stage renal disease (ESRD) in the most severe 
scenario [ 15 – 17 ]. Most cases of primary VUR are 
successfully managed in childhood, and so adult 
urologists encounter it relatively infrequently. 

 However, there are several aspects to consider 
in the long-term effects of VUR in adulthood:
•    The pathophysiology of renal scarring in VUR 

is debated. While VUR, UTI, and renal scar are 
certainly linked, a portion of patients with VUR 
have congenital renal dysplasia. This has impli-
cations for the expectations of normalcy in the 
adult kidney of a patient with congenital VUR.  

•   VUR is a known risk factor for certain mor-
bidities in adulthood, including hypertension, 
etc. All patients with a history of VUR should 
be counseled to be vigilant for these sequelae. 
In turn, practitioners should be well-aware of 
these sequelae in order to provide proper 
patient care and follow-up, even beyond the 
stage of “defi nitive” treatment.  

•   The disease process in VUR varies with 
patient age, degree of refl ux, presence of asso-
ciated conditions, the morbidity of the process 
within a given patient, as well as other bio-
logic and social aspects. All of these factors 
may impact the likelihood of spontaneous 
resolution and yield a variety of treatment 
options, all of which have their associated 
consequences later in life.  
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•   Even when corrected, certain patients are at 
risk for noteworthy sequelae of VUR.  

•   VUR is heritable, which makes family coun-
seling an important aspect of patient 
management.  

•   Finally, VUR may remain undetected until 
adulthood and serve as an unrecognized 
source of patient morbidity. Alternatively, 
de novo VUR may manifest in adulthood, 
with symptoms only beginning then. This is 
particularly true for secondary VUR that arises 
as a congenital neuropathic bladder matures.    
 The literature on VUR is vast and often con-

fl icting. Additionally, the clinical course of VUR 
varies widely, from complete resolution to persis-
tence, and with no morbidity to ESRD, with lim-
ited ability to predict clinical course. This chapter 
aims to address all of the above points, based on 
the best available evidence.  

    The Nature of Renal Dysplasia 
in VUR 

 The mechanism of primary VUR is believed due 
to a large diameter of the ureter relative to its 
course within the bladder wall [ 18 ]. This may be 
due to an abnormally lateral ectopic ureteral ori-
fi ce [ 19 ], although not in all cases [ 20 ]. As a 
result, the ureteric lumen does not coapt with ris-
ing detrusor fi lling and emptying pressures. In 
turn, retrograde urine fl ow ensues [ 21 ]. Urinary 
tract bacterial colonization and ascent associated 
with VUR [ 22 ,  23 ] enable renal parenchymal 
invasion and pyelonephritis [ 24 ,  25 ]. Bacterial 
infection may cause endothelial and microvascu-
lar damage, as well as a host immune response 
[ 14 ,  26 ,  27 ]. This response consists of an infl am-
matory reaction that yields tubulointerstitial 
damage, collagen deposition, and corticomedul-
lary fi brosis; this fi brosis is associated with caly-
ceal deformity and parenchymal thinning and is 
commonly labeled as renal scar [ 28 – 30 ]. Scar 
formation may, in turn, predispose to UTI. This 
may be due to problems with impaired local per-
fusion [ 28 ]. In addition, renal scarring is believed 
to put patients at risk for hypertension, ESRD, 
and pregnancy-related complications [ 31 – 40 ]. 

 Most evidence suggests that renal scarring in 
VUR likely develops over time and relates to 
increased episodes of pyelonephritis. VUR is a 
known risk factor for pyelonephritis in both adults 
and children. Additionally, others have identifi ed 
prompt recognition of febrile UTI and prompt ini-
tiation of antibiotic therapy (especially within the 
fi rst 24–48 h) as the most important factor in pre-
venting new scar formation [ 30 ,  41 – 48 ]; this lends 
support to the theory that refl ux of infected urine is 
the primary contributor to new scar formation. 

 However, patients may demonstrate a history 
of acute pyelonephritis and renal scar develop-
ment but failure to demonstrate VUR on VCUG 
[ 49 ]. In one study, Rushton et al. [ 50 ] found rates 
of new scar development equal in those with and 
without VUR. Thus, evidence might seem to sug-
gest that VUR is not always necessary for scar 
formation. It should be noted, though, that these 
patients might only demonstrate VUR in the set-
ting of an active infection and may represent a 
cohort of patients who have what is known as 
occult VUR [ 51 ]. 

 Additionally, some patients with VUR have 
been found to develop renal scarring despite no 
documented prior UTIs [ 52 – 54 ]. This is espe-
cially true in patients found to have VUR and 
scarring shortly after birth [ 55 – 59 ]. Stock et al. 
[ 60 ] analyzed 19 patients with unilateral grade 
IV and V VUR, who were placed on antibiotic 
prophylaxis at birth and underwent  99m technetium 
glucoheptonate radionuclide renal scan at 4–6 
weeks, prior to the development of any UTI. They 
detected abnormal split renal function, renal size, 
or isotope uptake in all patients. In three patients 
that ultimately underwent nephrectomy, pathol-
ogy revealed severe renal dysplasia in all, con-
sisting of primitive ducts and metanephric 
cartilage rests. With the high utilization of prena-
tal ultrasound, some have detected renal damage 
in up to 30 % of patients with VUR prior to any 
UTI [ 53 ,  61 – 63 ]. Though one systematic review 
found the incidence of preexisting scars prior to 
UTI low at 0.6 % [ 64 ], sampling bias of more 
mild cases may have made this a low estimate, 
and the true incidence may be higher. More so, in 
many, renal scars are present when refl ux is dis-
covered at the initial evaluation of UTI [ 56 ,  65 ]. 
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 Further, infection alone is not the only mecha-
nism for acquired scar formation. Early studies 
recognized that sterile refl ux yields renal scars in 
the presence of high bladder and renal pressures 
[ 14 ,  25 ,  66 – 69 ]. This may be particularly true 
with dilating VUR (i.e., grades III–V), which is 
postulated to result in mechanical injury akin to a 
“water hammer” effect [ 70 ]. This high pressure is 
believed to lead to intrarenal refl ux of urine into 
the renal parenchyma, which may contribute to 
renal injury. The degree of VUR is certainly a 
risk factor for scar formation: those with high- 
grade VUR are 2–6 times more likely to have 
scarring compared to those with low-grade VUR 
and 8–10 times more likely than those without 
VUR at all [ 64 ,  71 ]. 

 Finally, many children with VUR—even with 
episodes of UTI—do not develop renal scars [ 7 ]. 
Only 15 % of children with an initial febrile UTI, 
for example, will develop a renal scar that per-
sists beyond the acute infection [ 64 ]. The RIVUR 
trial found an even lower rate of scar formation: 
the authors reported a 15 % rate of acute cortical 
defects and a 4 % rate of persistent scar on  99m Tc 
dimercaptosuccinic acid (DMSA) scan after ini-
tial UTI [ 7 ]. However, this lower rate may be due 
to the fact that the majority of children in this 
study had relatively low grades of VUR (i.e., 
grade II and III). ACE genotype polymorphisms 
may play an important role in individual patient 
propensity for scar formation [ 72 – 74 ]. However, 
this relationship may not persist on multivariable 
analysis [ 75 ]. 

 Thus, there is what appears to be a wide vari-
ety in the etiology of renal scar formation. Scar 
may occur as a result of refl ux of infected urine 
[ 67 ], it can occur due to sterile refl ux alone [ 26 ], 
or it may relate to a congenitally dysplastic kid-
ney, a priori the ill effects of VUR [ 76 – 79 ]. 
Despite a variety in their presentations and demo-
graphics, certain patient cohorts are known to 
more commonly develop renal damage and mor-
bidity, such as male infants found to have severe 
bilateral VUR and older girls of roughly toilet 
training age with more mild VUR and a history 
of UTI [ 80 ]. In the former, scarring is probably 
congenital and is more accurately termed renal 
dysplasia [ 81 ], whereas in the latter, scarring may 

be acquired. The implications of renal scar 
etiology are important in determining to what 
extent renal impairment is preventable and by 
what means to best achieve this protection. 
However, the process is not so distinct, and over-
lap is likely [ 70 ]. It has been proposed that the 
congenital dysplasia associated with VUR and 
the scarring that results from febrile UTIs and 
VUR are each separate phenomenon that may 
coexist or occur in isolation [ 76 ]. Alternatively, 
the complex embryologic interaction between the 
mesonephric duct and metanephric blastema may 
predispose to both VUR and dysplastic renal 
development during aberrant organogenesis [ 76 , 
 82 ]. This interplay makes studying the phenom-
enon of renal scarring and refl ux nephropathy a 
challenge.  

    Who Is Most at Risk for Acquired 
Scar Formation? 

 While the mechanisms for scar formation are var-
ied, most agree that the greatest risk for scar for-
mation is in the young. The incidence of acquired 
scars is highest in younger children, with a 
23.7 % incidence of new scars in children under 
2 years old, a 9.8 % incidence in those 2–4 years, 
and a 4.6 % incidence in children over 5 years old 
[ 83 ,  84 ]. Pylkkanen et al. [ 85 ] noted that those 
younger than 1 year old were at greatest risk for 
scar formation and that at puberty, new scar for-
mation ceases. Others further substantiate that 
young children are the most susceptible to scar 
formation following infection [ 86 – 88 ]. In con-
trast, it appears that the likelihood of new scar 
formation is lower in adolescence and adulthood 
[ 44 ,  67 ,  89 ]. Scar formation is also more likely to 
result in patients with secondary VUR vs. pri-
mary VUR [ 90 ]. Additionally, some have impli-
cated certain genotypes, i.e., ACE polymorphisms, 
as a risk factor for scar development, with a near 
fi vefold increase in those with the most suscepti-
ble polymorphisms [ 73 ,  75 ,  91 ]. It is unclear 
whether the severity of VUR affects the likeli-
hood of scarring: one study found an 18-fold 
increase in scar formation among those with 
higher grade refl ux [ 92 ], although others have not 
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demonstrated an association between VUR grade 
and scar formation [ 93 ]. 

 While infants and children are most suscepti-
ble to developing scars, due to the tendency of 
UTIs to recur along with their incident risk of 
scar, as well as the irreversible nature of scars 
once acquired, the prevalence of renal scar tends 
to rise over time. When followed into adulthood, 
49–58 % of patients with a history of childhood 
VUR have renal scars [ 94 – 96 ]: 35 % with unilat-
eral scarring and 24 % with bilateral scaring. 
While these numbers seem high, it is noteworthy 
that with present aggressive management of 
VUR, to be described in later sections, rates of 
adult scarring in today’s children may one day 
prove to be lower, but this remains to be seen.  

    The Pathophysiology and Long- 
Term Outcomes of Refl ux 
Nephropathy (Table     16.1 ) 

 Acquired renal scarring may represent the imme-
diate result of an acute pyelonephritic episode. 
However, the broader and more encompassing 
term for the overall renal morbidity due to VUR 
and its downstream effects is refl ux nephropathy 
[ 10 ]. Refl ux nephropathy manifests as focal 
parenchymal scar formation, a more generalized 
impairment of renal function, and impaired renal 
growth. Refl ux nephropathy serves as the under-
lying cause of a host of related problems, such as 
proteinuria, CKD, hypertension, and ESRD. It is 

signifi cantly correlated with degree of VUR [ 69 , 
 97 – 99 ]. Renal tubular acidosis may also develop 
and might be an etiology of impaired somatic 
growth of the child [ 100 ,  101 ]. As a result, the 
general aims of managing VUR are to minimize 
renal morbidity. 

    Impaired Renal Growth 

 In addition to focal scar formation, VUR may 
affect overall renal growth. Kidneys with a his-
tory of VUR are 12 % smaller than those without 
VUR, and those with dilating VUR are, on aver-
age, 16 % smaller than those associated with 
non-dilating VUR [ 102 ]. Hypoplasia may exist 
even in the absence of scar formation [ 103 ]. 
Thus, renal size should be noted and followed in 
patients with VUR. This hypoplasia is associated 
with reduced GFR but generally has not been 
found to increase risk for hypertension or pro-
teinuria [ 102 ,  104 ]. There is debate as to whether 
segmental hypoplasia (i.e., the Ask-Upmark kid-
ney) is associated with hypertension [ 102 ]; cer-
tainly, the association has been reported [ 105 ].

       Chronic Kidney Disease 

 One of the most notable morbidities of VUR 
relates to the development of CKD. CKD has 
been known to develop in 3–11.4 % of patients 
with VUR and on long-term follow-up may be as 
high as 18 % by 15 years [ 96 ,  106 ,  107 ]. VUR is 
the third most common cause of CKD in children 
[ 106 ]. Some have found a serum creatinine 
>0.6 mg/dL to be the most important predictive 
factor for progression to CKD [ 108 ]. Older age at 
diagnosis is also a strong risk factor development 
of CKD, which has important implications for 
those diagnosed later in life. Bilateral high-grade 
VUR is also a risk factor: in those with bilateral 
high-grade VUR, prevalence of CKD can be 
higher at 15–54 %, compared with 11 % for those 
with unilateral VUR [ 107 ,  108 ]. Additional risk 
factors for the development of CKD in VUR 
include hypertension, grade V VUR, proteinuria, 
bilateral renal damage, and prolonged delay from 

   Table 16.1    Sequelae of VUR   

 Febrile UTI 
 Refl ux nephropathy 

 Renal scar 
 Impaired renal growth 
 Proteinuria 
 Chronic kidney disease 
 End-stage renal disease 

 Systemic effects of refl ux nephropathy 
 Hypertension 
 Renal tubular acidosis 
 Impaired somatic growth 

 Pregnancy-associated complications 
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time of UTI to diagnosis. Of note, those with pre-
natally detected VUR are no more likely than 
those detected after febrile UTI to have chronic 
renal insuffi ciency [ 108 ]. 

 The presence of scar is crucial in the progres-
sion to CKD. In the setting of bilateral renal scars, 
one study with three decades of follow-up found 
CKD prevalence at 83 %, with 19 % of those as 
moderate to severe. In contrast, 68 % with unilat-
eral and 58 % with no scars had CKD, all cases 
mild [ 96 ]. While CKD in this study was found 
among patients without renal scarring, many 
series have found that those without scars do not 
develop CKD [ 107 ,  109 ]. It is thought that with 
parenchymal loss from scarring, hyperfi ltration in 
remnant glomeruli causes glomerulosclerosis, 
activation of the renin–angiotensin system, and 
progressive renal deterioration [ 110 ,  111 ]. Puberty 
and the demands of increased growth may be a 
turning point for this development. Elevated uri-
nary α1-microglobulin may serve as an early har-
binger for this deterioration [ 112 ], with the 
development of proteinuria representing more 
advanced renal deterioration and poor prognosis 
[ 16 ,  113 – 116 ]. Previous studies identifi ed a sig-
nifi cant risk of developing CKD in long-term 
follow-up of patients with VUR [ 40 ,  117 ]; in recent 
years, though, the likelihood of developing CKD 
due to VUR has improved from 11 to 2 % [ 107 ].  

    End-Stage Renal Disease 

 Historically, in older series, VUR was the etiol-
ogy of ESRD in up to 25–50 % of pediatric cases 
[ 118 – 121 ], representing the most common cause 
of ESRD in children. Similarly, VUR was a cause 
of ESRD in 5–16 % of adults with renal failure 
[ 17 ,  40 ,  117 ,  120 ,  122 – 126 ]. Today, however, due 
to successful strategies at detection and manage-
ment, patients with a history of VUR represent 
only 5 % of the pediatric ESRD population [ 127 ]. 
VUR is a much less common etiology in pediat-
ric patients undergoing dialysis (3.5 %) [ 128 ] and 
those receiving renal transplants (5.2 %) [ 129 ]. 
Of note, these numbers only relate to primary 
VUR; VUR in conjunction with other underlying 
urologic etiologies are listed separately in this 

registry. Likewise, the proportion of adults with 
ESRD with VUR as a cause is much lower at 
0.22 % [ 130 ]. 

 Based on this discrepancy between the high 
prevalence of VUR and the low prevalence of 
VUR as an underlying diagnosis in pediatric 
ESRD, relatively few cases of VUR progress to 
ESRD: it can be extrapolated that VUR leads to 
ESRD in roughly 0.7–13.4 per million patients, 
depending on one’s estimate of VUR in the gen-
eral population [ 127 ,  131 – 133 ]. Risk factors for 
progression include older patients, as well as 
patients with bilateral disease, bilateral grade V 
disease, a more advanced CKD stage, renal scar-
ring, proteinuria, hypertension, and a history of 
UTI [ 54 ,  121 ,  134 ]. One study with one of the 
longest follow-up periods (37 years) assessed the 
development of ESRD in a Finnish population 
with VUR and found a strong risk for develop-
ment in patients with renal scarring and renal 
impairment [ 96 ]. In this study, 7 % progressed to 
ESRD: 4.5 % had died due to renal disease, 2.6 % 
had undergone transplant, and 0.3 % were on 
dialysis. On ultrasound, 34 % had unilateral scar-
ring, 24 % had bilateral scarring, and 67 % had 
evidence of renal impairment. Finally, VUR also 
predisposes to early progression of ESRD in chil-
dren with other genitourinary anomalies, i.e., 
solitary kidney, bilateral hypoplasia, and poste-
rior urethral valves [ 135 ].   

    Systemic Effects of Refl ux 
Nephropathy and Their 
Long-Term Outcomes 

 Refl ux nephropathy is postulated to exert sys-
temic morbidity as well, secondary to the renal 
injury it causes. 

    Hypertension 

 Hypertension in refl ux nephropathy is primarily 
believed to be secondary to the development of 
scar. Scar formation refl ects renal fi brosis that, in 
turn, leads to local ischemia [ 136 ]. This prompts 
the release of renin, causing activation of the 
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renin–angiotensin–aldosterone system and the 
development of hypertension [ 137 – 141 ]. In more 
advanced cases of refl ux nephropathy, more gen-
eralized renal damage may also play a role in 
hypertension development [ 142 ]. Once present, 
hypertension can contribute to further deteriora-
tion of renal function and exacerbation of CKD 
[ 32 ,  107 ,  143 – 145 ]. 

 Refl ux nephropathy is a relatively common 
cause of hypertension in childhood. Historically, 
scarring served as the cause of pediatric hyper-
tension in 14–50 % [ 146 – 148 ]. More recently, it 
has been reported as the cause in 20–40 % [ 149 –
 152 ]. Hypertension develops relatively early in 
patients with VUR, usually between 15 and 30 
years old [ 153 ]. 

 On long-term follow-up into adulthood, many 
studies also note a substantial incidence of hyper-
tension, ranging from a 4.2 to 38 % incidence on 
1–19 year follow-up [ 15 ,  32 ,  95 ,  107 ,  138 ,  153 –
 158 ]. One study found a 52.6 % rate at 17 years 
follow-up [ 159 ]. Yet another study identifi ed 
hypertension in 3 % at follow-up overall, with a 2, 
6, and 15 % estimated incidence at 10, 15, and 25 
years of age and a fi nal rate of ≥35 % in those 20 
and older [ 160 ], although nearly half of the patients 
in this study had renal damage at presentation. Part 
of the reason for such widely varying estimates 
may be due to inconsistent defi nitions of hyperten-
sion, variations in blood pressure monitoring, 
incomplete recording of refl ux grade, and differing 
rates of surgical correction in these studies [ 161 ]. 

 The development of hypertension in the set-
ting of VUR is dependent on a variety of factors, 
including the degree of parenchymal damage 
(especially scar formation), unilaterality or bilat-
erality, the degree of CKD, rates of UTI, and 
patient age [ 152 ,  160 ]. Hypertension    affects at 
least 10 % of patients with renal scarring (any-
where between 20 and 45 % with bilateral scars 
and 11 % with unilateral scars) [ 162 ] and affects 
33.9 % with severe renal scarring [ 158 ]. Beetz 
et al. [ 155 ] found an 11.5 % rate of hypertension 
on 11 years follow-up in those with scars vs. a 
2.3 % incidence in those without scars. Wolfi sh 
et al. [ 163 ] also found over 10-year follow-up 
that those without renal lesions did not develop 

hypertension. Smellie et al. [ 95 ] found on long-
term follow-up that of the 7.5 % of patients that 
developed hypertension, renal scarring was pres-
ent in 88 %. Hansson et al. [ 164 ] studied adult 
females with a history of childhood UTI and 
noted that at an average of 23 years follow-up, 
hypertension was more likely in those that had 
developed scars. Thus, in patients with hyperten-
sion due to VUR, renal scar is almost always 
present and serves as a major risk factor for its 
development. Overall, an estimated 15–20 % of 
children with renal scarring develop hyperten-
sion [ 165 ]. In adulthood, that number rises to 
30–40 % among patients with long-standing 
refl ux nephropathy [ 152 ]. In contrast, the rate of 
hypertension in the healthy adult population (age 
35–74 years old) is 28 % [ 166 ]. 

 Hypertension may also develop in patients 
with a history of VUR, even after surgical correc-
tion; one study found a prevalence of 29 % in 
adults that had been treated in childhood for 
VUR, with diastolic blood pressure most affected 
[ 96 ]. The presence of CKD is also a major risk 
factor for developing hypertension: one study 
found a 52 % risk of developing hypertension by 
adulthood in those with CKD, compared with 
1.4 % without [ 107 ]. 

 ACE inhibitors have been shown to slow the 
progression of renal deterioration and proteinuria 
in refl ux nephropathy [ 109 ,  167 ] and are an ideal 
fi rst-line agent in managing VUR-associated 
hypertension.  

    Impaired Somatic Growth 

 Additional extra-renal manifestations of refl ux 
nephropathy may include impaired somatic growth. 
Impaired somatic growth is a known consequence 
of CKD, and certainly patients with CKD due to 
VUR are similarly at risk. However, it is unclear if 
CKD is a necessary prerequisite for impaired 
somatic growth or if impaired growth may occur 
due to other VUR-related mechanisms, even with 
normal glomerular fi ltration rates. Distal tubular 
damage may occur even before scar formation, 
impairing both concentrating and acidifi cation 
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capabilities of the nephron [ 168 ]; however, this 
damage becomes most severe when renal scars 
and hypoplasia develop [ 169 ]. Somatic height 
and weight have been found to be most impaired 
compared with age-matched controls when bilat-
eral renal lesions are present [ 101 ]. However, 
catch-up growth to normal may be noted follow-
ing puberty [ 170 ].   

    Limitations of the Available 
Literature in Characterizing 
the Effects of Refl ux Nephropathy 
in Adulthood 

 Studies on the long-term follow-up of patients 
with VUR are imperfect in several ways. Firstly, 
for some of the earliest studied patients, follow-
 up may be as long as 40 years, and more modern 
treatment paradigms, including concomitant man-
agement of voiding dysfunction, may yield differ-
ent outcomes than those achieved by the medicine 
practiced decades ago. Additionally, those 
detected decades ago, before the era of prenatal 
ultrasound and sibling screening, may represent a 
selection bias towards those with higher degrees 
of symptomatic UTI, renal scarring and refl ux 
nephropathy. Further, many studies from decades 
prior utilized IVP for scar detection, rather than 
the more sensitive nuclear medicine tests that are 
available today. With nuclear medicine tests 
replacing IVP for this indication, subtler scarring 
is detectable presently, and older studies generally 
represent a cohort with more advanced disease 
[ 54 ]. Thus, long-term outcomes of patients with 
VUR should be understood within the context of 
these historical differences. Outcomes may pre-
sumably be improved for today’s cohort of VUR 
patients, but only time will tell. 

 Secondly, many older studies are fraught with 
methodological limitations. These include incon-
sistent or incomplete VUR grade reporting, 
vague inclusion criteria for UTI, lack of distinc-
tion between febrile and afebrile UTI, and varied 
methods of detecting renal lesions (i.e., IVP, US, 
or DMSA). Further, most of the older (and even 
current) studies on outcomes in refl ux nephropa-
thy are retrospective and have a wide range of 

patient selection criteria, and few have long-term 
follow-up into adulthood. 

 Thirdly, refl ux nephropathy may develop due 
to a multitude of etiologies as discussed, includ-
ing congenital renal dysplasia, acquired pyelone-
phritic scar, and high-pressure sterile refl ux. In 
some, a single cause may be at play, whereas in 
others, a pathologic continuum may exist. 
Clinically, these etiologies are often diffi cult to 
tease out, and academically, most studies are not 
designed to make this distinction. As a result, 
there is limited ability to quantify the acquired, 
ongoing effects of VUR on refl ux nephropathy 
vs. those that are congenital and immutable. 

 Despite these limitations, certain patterns 
commonly emerge that may be helpful in provid-
ing management recommendations. The regular 
assessment of overall renal function, split renal 
function, blood pressure, and somatic growth in 
patients with VUR is imperative. Assessment of 
creatinine level may also be important, both at 
baseline and as needed on follow-up. Any abnor-
mality in these settings may be an indicator of 
underlying renal damage, and if this occurs, sub-
sequent efforts should be made to prevent contin-
ued renal damage. In addition, treating 
hypertension and proteinuria (both of which con-
tribute to further renal deterioration) represents 
an additional front in the prevention of 
ESRD. ACE-I or angiotensin receptor blockade 
should be considered a fi rst-line therapy in 
patients with hypertension or proteinuria related 
to VUR. Prompt initiation of antibiotics in the 
setting of acute pyelonephritis also helps limit 
renal scar formation. Finally, multiple options 
exist in addressing and treating VUR (which will 
be discussed in later sections), with the hopes of 
minimizing the development and worsening of 
refl ux nephropathy.  

    Select Populations at High Risk 
for VUR and VUR Sequelae 

 Certain populations are at risk for VUR-related 
morbidity as adults. Three such notable groups 
are pregnant women, those who have undergone 
renal transplant, and those with spina bifi da. 
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    Pregnancy 

 Pregnancy is associated with physiologic dilation 
of the urinary tract due to increased progesterone 
and decreased peristalsis [ 171 ], which may pre-
dispose to bacteriuria, symptomatic UTI, and 
premature labor [ 172 ,  173 ]. Refl ux has also been 
proposed to occur more commonly in pregnancy 
than subsequently [ 174 ]. In addition, women 
demonstrate a decreased infl ammatory response 
during pregnancy [ 175 ]. These changes may pre-
dispose pregnant women with VUR to UTI. 

 Further, pregnancy accelerates renal deteriora-
tion in other chronic renal diseases [ 28 ,  176 ,  177 ], 
and the same holds true in patients with VUR. 
Increased urinary fi ltration is seen in pregnancy, 
and this higher glomerular fi ltration rate may con-
tribute to glomerular overload, hyperfi ltration, seg-
mental hyalinosis, and sclerosis in patients with 
baseline impairment [ 178 ]. In addition to this risk 
of renal deterioration, those with baseline refl ux 
nephropathy are at risk for gestational hyperten-
sion, preeclampsia, and eclampsia [ 179 – 182 ]. 
Overall, roughly half of pregnant women with VUR 
develop complications during pregnancy [ 183 ]. 

 Becker et al. [ 181 ] presented the fi rst case 
series on pregnancy in refl ux nephropathy: he 
identifi ed six women with refl ux nephropathy 
and renal impairment that experienced pregnancy 
into the second trimester or beyond. Renal dete-
rioration was seen in all six during pregnancy and 
afterwards, with two-thirds developing ESRD by 
2 years postpartum and two-thirds experiencing 
periods of accelerated hypertension, which was 
deemed more markedly accelerated than those 
that had not been pregnant. 

 Pregnancy-related complications from VUR 
depend primarily on baseline renal function. One 
of the largest studies to look at pregnancy out-
comes in women with VUR evaluated 345 preg-
nancies in 137 women with refl ux nephropathy 
[ 183 ]. Overall fetal loss was 14 %. Though the 
presence of VUR itself did not increase the risk 
of fetal loss or maternal complications, impaired 
renal function prior to conception did. Fetal loss 
was signifi cantly higher (18 % vs. 8 %) after 12 
weeks’ gestation in women with renal insuffi -
ciency. Maternal complications were also signifi -

cantly more common in women with renal 
insuffi ciency and in those with bilateral renal 
scarring: particularly, rates of preeclampsia were 
higher in women with bilateral compared with 
unilateral renal scarring (24 % vs. 7 %). 

 Other studies have further found baseline renal 
impairment to be a risk factor for adverse out-
comes during pregnancy. Women with mild to 
moderate renal impairment prior to pregnancy 
have a 12.7 and 19.8    times relative risk of renal 
deterioration during pregnancy, respectively [ 184 ]. 
Risk of prematurity also increases in women with 
baseline impaired renal function [ 184 ]. Whereas 
women with mild renal insuffi ciency have gener-
ally fair fetal prognosis, those with severe renal 
insuffi ciency, renal scarring, and hypertension 
tend to have more guarded fetal prognosis or 
maternal progression to renal failure [ 185 ,  186 ]. 

 However, women with renal scarring—regard-
less of the continued presence of VUR—are the 
ones at greatest risk for morbidity during preg-
nancy [ 187 ]. Rates of hypertension are 31–42 % 
in pregnant women with scarring [ 95 ,  188 ,  189 ]. 
Preeclampsia is seen in 10–14 % with renal scar-
ring, compared with the 0.8–7 % seen in the gen-
eral population [ 187 – 190 ]. Of note, preexisting 
hypertension is also a strong risk factor for pre-
eclampsia (42 % vs. 14 %) [ 184 ]. Women with 
scarring also have a 20 % likelihood of delivering 
a baby of low birth weight. Finally, scarring pre-
disposes to acute renal failure and premature 
birth weight. 

 In contrast, the presence of VUR itself does 
not portend as much morbidity. Women with 
VUR and no renal scars generally do not get ges-
tational hypertension, preeclampsia, eclampsia, 
or fetal morbidity at rates higher than in the gen-
eral population [ 183 ]. However, they are at 
increased risk for UTI during pregnancy, regard-
less of prior surgical correction. UTI in patients 
with uncorrected VUR occurs in 15 % of preg-
nancies [ 191 ]. However, this elevated UTI risk 
alone does not confer the same risks of pre-
eclampsia, premature birth weight, and acute 
renal failure as does the presence of renal scar-
ring [ 186 ]. Of note, though, Mansfi eld et al. [ 191 ] 
found a spontaneous fetal loss rate of 18 % in 
those with uncorrected VUR. 
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 Thus, risk stratifi cation in women with uncor-
rected VUR should center on the presence of 
renal impairment, scars, and hypertension and 
not the presence of VUR or UTI alone. By exten-
sion, scar formation should be an important out-
come measure in deciding on treatment strategies 
for younger female patients with refl ux. 

 While uncorrected VUR has its known 
sequelae, even when surgically corrected, women 
with a history of VUR remain at risk for morbid-
ity. Of note, they are at substantial risk for the 
development of asymptomatic bacteriuria and 
UTI, and it’s possible that their risk for UTI 
remains the same or even higher after surgery 
[ 187 ,  191 ]. High rates of asymptomatic bacteri-
uria are seen in 57–65 % of pregnant women who 
had undergone corrective surgery for VUR, which 
is in contrast to the 29 % rate of bacteriuria in 
these women when not pregnant [ 183 ,  192 ,  193 ]. 
In comparison, the rate of asymptomatic bacteri-
uria in pregnant and nonpregnant women alike is 
3–5 % [ 194 ,  195 ]. Roughly 20–40 % of women 
with asymptomatic bacteriuria in pregnancy will 
develop a symptomatic UTI if left untreated [ 196 , 
 197 ]. Asymptomatic bacteriuria may also be 
associated with low birth weight, preterm deliv-
ery, and fetal loss in the general obstetric litera-
ture [ 194 ], but this relationship has not been 
studied specifi cally in adult women with VUR. 

 On extended follow-up of patients with surgi-
cally corrected VUR in childhood, older studies 
identifi ed a 32–65 % rate of women with symp-
tomatic UTI in pregnancy [ 94 ,  186 ,  188 ,  189 , 
 191 ,  192 ]. Today, urine screening during preg-
nancy is much more common, which reduces 
rates of symptomatic UTI by 80–90 % [ 198 ]. 
Likely as a result, modern series report a 17–30 % 
rate of symptomatic UTI in this population [ 199 –
 201 ]. In contrast, the rates of symptomatic UTI in 
pregnancy in the general population are roughly 
the same at 3–7 % [ 183 ,  191 ]. 

 Rates    of pyelonephritis are also higher, even 
despite previous surgical correction of VUR 
(3–37 % vs. 1–2 % for women without such a his-
tory) [ 95 ,  186 ,  188 ,  191 ,  200 – 202 ]. These women 
are at signifi cantly higher risk for spontaneous 
fetal loss compared with their surgically corrected 
counterparts that do not develop pyelonephritis in 

pregnancy (50 % vs. 19 %) and compared 
with women who develop lower UTI only. They 
are additionally at risk for multiple spontaneous 
abortions [ 201 ]. 

 Risk factors for bacteriuria and UTI during 
pregnancy in women with surgically corrected 
VUR include prior UTI, renal scarring, and 
abnormal split differential renal function of 
≤30 % [ 188 ,  201 ]. Renal scarring may be associ-
ated with a 60 % rate of bacteriuria and a 42 % 
rate of symptomatic UTI during pregnancy, com-
pared with a 22 % rate of UTI during pregnancy 
in those without scarring [ 186 ,  188 ]. Antibiotic 
prophylaxis may be a reasonable management 
strategy during pregnancy in select patients. 

 Additional morbidities are also higher in 
women that have undergone VUR correction. 
Preeclampsia is seen in up to 38 % [ 199 ,  200 ] and 
eclampsia as commonly as 10 % in some series 
[ 94 ,  186 ,  199 ]. They also have a 9–27 % risk of 
spontaneous abortion [ 94 ,  183 ,  186 ,  191 ,  193 , 
 200 ,  201 ], compared with an 8–12 % in the 
 general population [ 203 – 205 ]. Fetal loss is higher 
(63 %) among women with elevated creatinine 
and even more so (75 %) in the setting of con-
comitant hypertension [ 182 ]. Pregnancy after 
surgical correction may rarely require renal 
drainage for obstruction or result in permanent 
renal failure (4 % and 2 %, respectively) [ 200 ]. In 
particular, those who had undergone Politano- 
Leadbetter procedures may be at greatest risk for 
obstructive hydronephrosis and resultant renal 
failure during pregnancy [ 193 ]. 

 Finally, those with a history of VUR should be 
counseled that their children have higher risks of 
VUR, and their offspring should be considered 
for evaluation. However, risk estimates vary 
widely. Early studies placed the risk of VUR in 
the offspring of a proband with VUR at 66 % 
[ 206 ]. One study found VUR on VCUG in 43 % 
of screened infants whose mothers had VUR 
[ 184 ]. Another population-based multicenter 
study in England found among women with 
assumed or confi rmed histories of VUR a 22.7 % 
risk of VUR in their children when screened with 
VCUG or RBUS [ 207 ]. In families with at least 
one proband with a history of VUR and a history 
of consanguinity, the risk of VUR in a child 
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increased to 31 %. VUR is likely transmitted in 
an autosomal dominant fashion with incomplete 
penetrance [ 2 ,  184 ,  208 ,  209 ]. Scott et al. [ 207 ] 
found equal rates of VUR among male and 
female offspring and surmised higher rates of 
VUR detection in females to be due to higher 
rates of UTI in girls. 

 Some have recommended surgical correction 
of VUR in adult women with scarring prior to 
pregnancy in order to reduce maternal and fetal 
morbidity. Without the presence of refl ux 
nephropathy, the main peripartum risk of VUR 
centers around the increased development of 
UTI, including pyelonephritis. However, there is 
insuffi cient evidence to say that VUR alone in the 
absence of scarring or refl ux nephropathy would 
benefi t from pre-pregnancy correction. Women 
with a history of VUR—surgically corrected or 
not—should be considered for antibiotic prophy-
laxis, particularly if scarring is present. Regular 
monitoring for UTI with urinalysis and cultures 
should be undertaken as well, with emphasis on 
preventing or aggressively treating episodes of 
pyelonephritis. Finally, women with a history of 
refl ux—particularly those with refl ux nephropa-
thy, including scarring and renal impairment—
should be counseled regarding potential renal, 
hypertensive, and fetal morbidities that may 
occur with pregnancy.  

    Renal Transplant 

 In patients who have undergone renal transplant, 
VUR may be primary or secondary, either into the 
transplant or native kidneys [ 21 ]. Recurrent UTI 
due to VUR in a potential transplant recipient may 
necessitate pre-transplant nephroureterectomy in 
order to minimize UTI risk post-transplant [ 210 ]. 

 Post-transplant, VUR into the transplant kid-
ney may commonly occur as well. The decision to 
perform a refl uxing vs. a nonrefl uxing anastomo-
sis in transplant recipients is an ongoing debate. 
Many transplant surgeons prefer a refl uxing to an 
obstructed anastomosis, and creating an antire-
fl uxing anastomosis may add technical challenge 
and time to the procedure. In the adult population, 
there is insuffi cient data to support universally 

performing a nonrefl uxing anastomosis, as despite 
wide ranges of VUR in the adult transplant kidney 
(1–86 %) [ 211 – 215 ], rates of post-transplant 
pyelonephritis are relatively low (0.1–4.7 %) 
[ 216 – 221 ]. Further, the presence of VUR has not 
been found to affect graft function or survival 
[ 215 ]. However, in pediatric renal transplant 
patients, who have a 90 % incidence of UTI and a 
higher propensity for lower urinary tract dysfunc-
tion, a nonrefl uxing anastomosis is favored. Rates 
of post-transplant VUR have improved from 
79 % in older series, in which the Lich-Gregoir 
technique was utilized, to 9 % and 19 %, with the 
development of more modern extravesical and 
intravesical techniques, respectively [ 222 – 226 ]. 
VUR into transplant kidneys in pediatric patients 
predisposes to pyelonephritis (23–37 % vs. 0–5 % 
in those without VUR) and subsequent graft dys-
function. Younger children (i.e., less than 7 years 
old) and those with underlying bladder dysfunc-
tion are most notably at risk [ 226 – 228 ]. 

 Regardless of technique of reimplantation, 
VUR in the renal transplant recipient becomes 
more prevalent with time [ 229 ]. Patients with 
lower urinary tract dysfunction generally present 
earlier post-transplant with VUR relative to 
patients without LUT dysfunction [ 226 ] and 
LUT dysfunction may, in fact, be a risk factor for 
post-transplant VUR development [ 225 ]. The 
true clinical signifi cance of a refl uxing anastomo-
sis with respect to long-term graft function is 
controversial [ 218 ,  230 ,  231 ]. Some have found 
equivalent rates of rejection episodes compared 
with those without refl ux [ 218 ]. However, others 
have cited concerns of graft decline and prema-
ture graft loss [ 232 ,  233 ]. 

 Transplant patients presenting with UTI or 
recurrent pyelonephritis should undergo evalua-
tion for VUR, with urinalysis, culture, creatinine, 
and VCUG [ 224 ,  225 ,  228 ,  234 ], with consider-
ation for urodynamics if an underlying LUT 
 dysfunction is suspected [ 226 ]. Some advocate 
antibiotic prophylaxis or observation for a single 
UTI in transplant patients [ 225 ]. However, 
 recurrent infection may necessitate surgical 
 correction, which decreases the risk of pyelone-
phritis and may protect against graft deterioration 
[ 123 ,  222 ,  235 ]. 
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 Open surgical correction, i.e. with transplant to 
native ureteroureterostomy or pyeloureterostomy, 
and redo transplant ureteric implant represent the 
“gold standard” for correction of VUR to the 
transplant kidney [ 224 ,  228 ]; however, revision 
surgery is technically challenging and has many 
potential complications, including obstruction, 
leakage, and graft loss [ 236 ,  237 ]. Endoscopic 
injection with Defl ux ®  has met with success in 
44–58 % of cases and may be improved overall to 
79 % with a second injection attempt [ 238 – 240 ]. 
Correction rates as high as 90 % are attainable in 
endoscopic injection for low-grade VUR [ 239 ]. 
Success may be slightly lower than in native kid-
ney VUR due to scar formation at the anastomotic 
site as well as ectopic ureteral orifi ce location that 
may both impair endoscopic needle approach and 
create increased orifi ce mobility [ 238 ].  

    Neurogenic Bladder 

 Patients with neurogenic bladder due to myelo-
meningocele (MMC) or other etiologies, such 
as posterior urethral valves, are at risk for pro-
gressive renal deterioration due to the presence 
of secondary VUR and increased risk of UTI 
[ 241 ,  242 ]. 

 VUR and renal insuffi ciency are common in 
patients with MMC, with a 26 % incidence of 
VUR in the fi rst year of life and a 50 % preva-
lence by age 9 [ 243 ]. Roughly 30–40 % of young 
adult patients with MMC develop some degree of 
renal dysfunction [ 241 ]. One Taiwanese study 
found roughly 15 % of patients with MMC devel-
oped ESRD by age 20 [ 244 ]. The presence of 
detrusor-sphincter dyssynergia portends a partic-
ularly poor prognosis on renal function: it has a 
strong association with resultant VUR and is one 
of the most important predictors of renal deterio-
ration [ 245 ,  246 ]. Studies evaluating incidence of 
VUR, or the secondary effects of VUR, in older 
adult populations are not available. Both ureteral 
reimplantation [ 247 – 249 ] and subureteral injec-
tion [ 250 ,  251 ] in neurogenic bladders are more 
technically challenging than in patients with pri-
mary VUR, and both are generally met with 
lower rates of success.   

    VUR Detected in Adulthood 

 VUR was fi rst identifi ed as a pathologic entity in 
adulthood [ 252 ,  253 ] roughly a decade after its 
importance in childhood was recognized [ 14 ]. 
Currently, as most cases of VUR resolve or are 
corrected in childhood, present data on VUR in 
adulthood is limited. Theoretically, VUR in 
adulthood may occur for a variety of reasons: 
undetected VUR from childhood, de novo pri-
mary VUR, and de novo secondary VUR. 

 It is unclear whether primary VUR in adult-
hood is due to the same pathophysiology as in 
childhood and whether its development is de novo 
in adulthood or simply “silent” VUR detected 
later in life. Roughly 35 % of adults with VUR 
report a history of childhood UTI [ 91 ], while 
many report only recent symptom onset around 
the time of detection [ 254 ]. As the onset and dura-
tion are generally unknown, complications such 
as scarring and renal insuffi ciency only become 
apparent later in the disease process [ 21 ]. 

 Primary VUR in adulthood is much more 
common in women by a factor of roughly 5–18 to 
1 [ 31 ,  33 – 36 ,  38 ,  124 ,  252 ,  253 ,  255 ,  256 ]. This 
is in contrast to the relatively more equal sex dis-
tribution seen in VUR in childhood [ 33 ,  38 ,  159 ]. 
This may be due to women’s greater likelihood of 
presenting with UTI symptoms (as they are at 
greater anatomic risk for UTI in general), with 
men’s presentation generally more delayed until 
more advanced effects of refl ux nephropathy 
ensue [ 257 ]. Alternatively, the exacerbation of 
hypertension and proteinuria in pregnancy among 
women with VUR may explain increased detec-
tion rates in women. In the 60- to 70-year-old age 
group, a greater proportion of patients with VUR 
are men, largely attributed to a higher incidence 
of secondary VUR due to bladder outlet obstruc-
tion [ 255 ,  258 ]. 

 The most common signs and symptoms that 
lead to VUR diagnosis in adults are UTI (64 %), 
proteinuria (14 %), and asymptomatic bacteriuria 
(13 %) [ 257 ]. Most (87 %) have a history of 
UTI, although UTI onset and frequency are vari-
able [ 257 ]. While one historical series cited a 
50 % rate of VUR among adults with recurrent 
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pyelonephritis [ 162 ], that number is much likely 
lower at 2.3–9 % [ 259 – 261 ]. Rare presenting 
signs and symptoms include hypertension, fl ank 
or back pain, and renal failure (10 % each) [ 257 ]. 

 Most women with VUR (70 %) present ini-
tially with UTI [ 256 ,  257 ], and some (14 %) pres-
ent with aymptomatic bacteriuria [ 21 ,  257 ]. 
Women are 12 and 7 times more likely to have 
symptoms of lower and upper UTI, respectively 
[ 257 ]. When a history of UTI is absent, hyperten-
sion upon initiating contraceptive pills or in preg-
nancy may be another common scenario of 
presentation in women. Between 5 and 33 % of 
women present in the setting of pregnancy- 
related complications [ 35 ,  39 ,  124 ,  182 ,  183 , 
 256 ,  257 ,  262 ]. Proteinuria and renal insuffi -
ciency are much less frequent initial fi ndings in 
women, seen in 10 % and 7 %, respectively, but 
may be present in as many as 17 % and 13 %, 
respectively, upon further evaluation [ 257 ]. 

 Conversely, men more commonly present 
with symptoms of nephropathy, such as hyperten-
sion, proteinuria (37 %), and impaired renal func-
tion (31 %), and less frequently with complaints 
of UTI (25 %) or asymptomatic bacteriuria (6 %) 
[ 256 ,  257 ,  263 ]. On evaluation, as many as 56 % 
and 44 % of men have impaired renal function 
and proteinuria, respectively. Men also are 
 commonly diagnosed incidentally when being 
evaluated for other urinary complaints [ 262 ]. 

 In adult patients presenting with VUR, up to 
89 % demonstrate renal scarring (depending on 
modality of presentation). This is in contrast to the 
42 % seen by Lahdes-Vasama et al. [ 96 ] of patients 
with VUR diagnosed in childhood and 30-year 
follow-up. Thus, VUR not detected until adulthood 
seems to allow for the interim, silent development 
of renal morbidity during this time. Roughly 
18–37 % have evidence of renal function impair-
ment. Risk factors for renal function impairment 
on multivariable analysis include elevated creati-
nine, proteinuria, hypertension, bilateral VUR, 
male sex, and recurrent UTI [ 36 ,  117 ,  256 ,  264 ]. 

 Hypertension in adults diagnosed with VUR is 
relatively common at 13–56 %, usually falling 
between 30 and 40 %, with incidences varying 
widely depending on the defi nition of hypertension 
[ 31 ,  32 ,  34 – 40 ,  117 ,  124 ,  140 ,  256 ,  257 ,  265 ,  266 ]. 

This is higher than the incidence seen in children 
with VUR, likely representing other confounding 
factors that contribute to hypertension in adult-
hood, but also in part relating to the natural history 
of uncorrected VUR [ 152 ]. In the adult population, 
hypertension may be anywhere from 2.6 to 8 times 
more common in those with bilateral VUR [ 31 ,  35 , 
 37 ,  117 ,  257 ], although others have found no dif-
ferences in rates of hypertension between those 
with unilateral and bilateral VUR [ 32 ,  34 ,  38 ]. 
Hypertension is up to 4 times as common in those 
diagnosed over age 45 [ 257 ]. Hypertension and 
severity of hypertension is also increased among 
those with renal insuffi ciency [ 190 ,  257 ] and renal 
scarring [ 266 ]. In those presenting in early adult-
hood with  bilateral scarring or a solitary kidney, by 
the time renal function deterioration is noted on 
serum creatinine level, there is a 92 % incidence of 
hypertension [ 190 ,  257 ]. Men and women with 
VUR in adulthood have relatively similar rates of 
hypertension at 44 % and 32 %, respectively [ 257 ]. 
The incidence of malignant hypertension is rela-
tively low at less than 2 % [ 39 ,  257 ] and is gener-
ally described only in those with extensive renal 
damage [ 190 ]. 

 Previously, VUR was a cause of ESRD in 
5–16 % of adults with ESRD [ 17 ,  40 ,  117 ,  122 –
 126 ], although that number is much lower pres-
ently at 0.22 % [ 130 ] due to successful strategies 
at detection and management. VUR-related 
ESRD may occur at any age but typically peaks in 
the third to fourth decade of life [ 267 ]. VUR as a 
cause of ESRD is more common in middle- aged 
women with ESRD than men (ages 34–65 years), 
but at other ages, ESRD due to VUR occurs at 
equal rates among the sexes [ 125 ]. El-Khatib 
et al. [ 256 ] found that in adults with VUR and 
refl ux nephropathy, the presence of proteinuria 
represented the best predictor for progression to 
ESRD; the presence of VUR itself was not an 
independent predictor of ESRD development.  

    Evaluation of the Adult for VUR 

    No clinical guidelines exist for the evaluation of 
adult VUR as they do for children. Typically, 
imaging for the evaluation of UTI in an adult is 
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limited to those with complicated UTIs or immu-
nocompromised patients [ 268 ]. Adult patients 
who experience pyelonephritis and who have a 
personal history of corrected VUR or family his-
tory of VUR may also be considered for evalua-
tion [ 269 ]. Adult women of child-bearing age 
with acute pyelonephritis may be evaluated as 
well [ 270 ], as identifi cation could allow for cor-
rection or other management that would mini-
mize the risk of pregnancy-related complications. 
Additional indications for evaluation for VUR 
may include those with fl ank pain upon bladder 
fi lling and those preparing to undergo renal trans-
plant and with a history of UTI. VUR may also 
be considered as a potentially reversible cause of 
hypertension in select cases, even in the presence 
of normal renal function [ 271 ]. 

 As in children, VCUG may be utilized in adults 
to evaluate for the presence of VUR [ 255 ,  272 ]. 
In patients with negative VCUGs but a strong sus-
picion of VUR, several techniques have been uti-
lized to detect occult VUR. These include cyclic 
VCUG (which relies on multiple cycles of empty-
ing and fi lling) [ 273 ]; performance of VCUG dur-
ing the acute infection, once proper antibiotic 
therapy is initiated [ 274 ]; and PIC cystography, 
which relies on Positioning the Instillation of 
Contrast at the ureteral orifi ce during cystoscopy 
[ 275 ]. Nuclear medicine studies may also be used 
to assess renal scarring. Strong consideration 
should be made to whether VUR presenting in 
adulthood is secondary to voiding dysfunction or 
neuropathic bladder, so urodynamics should 
always be considered for these patients.  

    The Rationale for VUR Management 

 Preventing episodes of pyelonpehritis and mini-
mizing renal morbidity are the two major goals of 
VUR management. Management strategies may 
include the utilization of prophylactic antibiotics, 
prompt initiation of antibiotics for pyelonephritis 
once it develops (already discussed), surgical 
techniques to eliminate VUR, and correcting any 
underlying bowel bladder dysfunction (BBD). 

 Debate exists as to whether the progressive 
refl ux nephropathy related to VUR is preventable 

with intervention. Traditional thinking espouses 
that VUR predisposes to pyelonephritis, which 
leads to progressive renal deterioration, and that 
more severe VUR leads to greater degrees of 
renal damage [ 62 ,  78 ,  168 ,  276 ]. This is the belief 
that is predominantly held regarding treatment of 
VUR and is the rationale for most attempts at risk 
stratifi cation and management. Certain groups of 
patients fi t this model, such as some female 
patients with mild to moderate refl ux detected at a 
relatively later point, who go on to develop recur-
rent pyelonephritis and renal scarring [ 55 ,  58 ]. 

 However, there is an alternative theory that 
maintains that the renal damage associated with 
VUR relates to underlying renal dysplasia. In this 
theory, renal damage exists prior to the develop-
ment of UTI, and is thus progressive despite 
seemingly successful medical and surgical inter-
ventions that prevent pyelonephritis. This seems 
particularly true for certain subgroups, such as 
infant males with dilating VUR, i.e., grades III–V 
[ 55 ,  56 ,  59 ,  61 ,  62 ,  277 – 280 ]. These patients are 
known to progress to CKD [ 16 ,  86 ,  112 ,  281 ], 
and in this cohort, refl ux nephropathy follows its 
own natural progression despite aggressive treat-
ment or number of episodes of pyelonephritis [ 9 , 
 55 ,  56 ,  103 ,  280 ,  282 ]. Studies from the 1980s in 
children demonstrated that surgery is ineffective 
in preventing renal damage [ 281 ,  283 ,  284 ]. 
Further, even after VUR resolves, whether by 
spontaneous resolution or surgical correction, 
renal function may deteriorate and new scars may 
form [ 284 – 286 ]. Discouragingly, despite more 
aggressive medical and surgical treatment para-
digms of VUR in place since the 1960s, the rate 
of ESRD due to refl ux nephropathy has remained 
unchanged [ 287 ,  288 ]. 

 The need for treatment of VUR in adulthood 
is even more debatable. Certainly, symptomatic 
refl ux that results in recurrent pyelonephritis, 
new renal scarring, or deteriorating renal func-
tion merits consideration for treatment [ 289 ]. 
Additionally, certain patients may be at increased 
risk for the sequelae of febrile UTI in adulthood, 
such as pregnant women [ 290 ]. 

 However, the potential for benefi t from surgi-
cal correction of VUR is unclear. There is incon-
clusive evidence that surgical correction reduces 
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the risk of pyelonephritis in pregnant women 
[ 187 ,  191 ], and even after correction, much mor-
bidity stems from the presence of renal scars and 
renal impairment that has already been acquired. 
However, many still prefer surgical correction for 
women of child-bearing age. Additionally, adult 
kidneys are less susceptible to infection [ 291 ] and 
much less susceptible to scar formation after age 
5 [ 292 ]. Kidneys have also achieved their growth 
potential by adulthood [ 290 ], and so the risk of 
impaired renal growth is moot. Finally, even the 
presence of severe renal scarring is not itself an 
absolute indication for surgical treatment, as cor-
rection for this indication has not been shown to 
provide any benefi t in adult patients [ 37 ,  293 ]. 

 Thus, despite decades of research on VUR and 
its management, much about the natural history 
of refl ux nephropathy remains debated and 
incompletely known. While medical and surgical 
treatment of VUR is certainly legitimate, it is 
important to keep these controversies and limita-
tions in mind in order to understand that refl ux 
nephropathy may be progressive despite “suc-
cessful” therapies for VUR and that not all VUR 
requires treatment in order to achieve VUR reso-
lution or sequelae-free outcomes. It is this dis-
ease heterogeneity that makes treatment decisions 
so challenging.  

    Spontaneous Resolution 

 Most cases of childhood refl ux either resolve or 
improve with age [ 107 ,  151 ,  294 ]. The 5-year 
likelihood of spontaneous resolution is excellent 
for low-grade VUR (82–90 % for grade I and 
80 % for grade II), whereas dilating VUR less 
frequently resolves spontaneously (46 % for 
grade III, 30 % for grade IV, and 13 % for grade 
V) [ 295 – 299 ]. Resolution is much more likely 
and quicker in unilateral vs. bilateral cases [ 120 , 
 297 – 299 ], although others have found confl icting 
results [ 5 ,  300 ,  301 ]. Refl ux is also more likely to 
resolve spontaneously in boys than in girls, usu-
ally due to high rates of resolution of low-grade 
VUR in boys [ 5 ,  70 ,  299 ]. Further, 94 % of 
patients with normal bladder function will 
achieve spontaneous resolution, vs. 0 % without 

in one study [ 302 ]. Overall, roughly 10–40 % of 
cases of refl ux will persist [ 290 ,  299 ]. 

 Once children reach approximately age 5 or 6, 
when the likelihood of spontaneous resolution 
decreases substantially, there is considerable 
debate on optimal management of persistent 
refl ux, ranging from continued prophylaxis, ces-
sation of prophylaxis, and surgical intervention 
(open or endoscopic). Many will opt to correct 
higher grades of refl ux or bilateral refl ux at this 
point; yet, more controversial are the lower 
grades, for which surgical correction is not as 
clearly indicated. Further, while long-term anti-
biotic prophylaxis is generally well tolerated by 
patients, parents may grow weary of continued 
antibiotic prophylaxis, with inconvenience and 
cost becoming a nuisance, and compliance may 
become a concern. This may be particularly true 
for patients with relatively early diagnoses and 
prolonged duration on continuous antibiotic pro-
phylaxis (CAP). Additionally, new renal scars 
may still form at this age. One study evaluating 
the cessation of antibiotics in children at this age 
with minimal UTI and scarring history found 
VUR resolution in 19.6 %, UTI in 11.8 % and no 
new scar formation when followed for a mean of 
3.7 years [ 303 ]. However, long-term studies on 
the outcomes of antibiotic cessation in the setting 
of persistent refl ux are not available. Further con-
cerns in prolonged observation include the need 
for ongoing radiologic imaging, which may result 
in emotional and fi nancial costs to patients and 
families [ 304 ]. Additional concerns exist over the 
potential for DNA damage and malignancy due 
to ionizing radiation [ 305 ]. Modern equipment 
and techniques have lowered but not eliminated 
this risk [ 306 – 310 ]. 

 Just prior to the onset of puberty, spontaneous 
resolution becomes even less likely. Debate exists 
regarding the need for surgical intervention in 
low-grade refl ux that persists on approach to 
puberty [ 311 ]. Lenaghan et al. [ 15 ] found a 27 % 
rate of resolution after age 14 years. In fact, the 
risk of pyelonephritis and new renal scar forma-
tion is low in this population, and this may reason 
in favor of antibiotic cessation, even if refl ux per-
sists. Conversely, while VUR may have a lower 
incidence of sequelae in adolescence, many note 
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the morbidity of VUR and refl ux nephropathy in 
women who become pregnant. While it has not 
been conclusively established whether this mor-
bidity relates to the ongoing presence of refl ux or 
the already sustained renal insult, many opt to 
correct VUR in this cohort of girls, prior to their 
child-bearing years. 

 The management of persistent refl ux into later 
childhood and adolescence remains controversial 
and varies with grade of refl ux, laterality, pres-
ence of refl ux nephropathy, occurrence of UTI 
while on or off CAP, patient gender as it relates to 
the potential for morbidity with the onset of sex-
ual activity and with pregnancy later in life, and 
family preference. Several of these topics will be 
discussed in later sections. 

 Unlike childhood VUR, primary VUR and 
VUR detected in adulthood does not generally 
resolve with time [ 293 ], as the intramural distal 
ureter no longer elongates with growth [ 312 ].  

    Modalities of Treatment 
in Vesicoureteral Refl ux 

 With refl ux of infected urine representing an 
important cause of acquired renal scar, the most 
immediate concern in patients with VUR is UTI 
prevention. Many treatment options exist, all aimed 
at reducing the incidence of UTI—specifi cally 
febrile UTI. These are broadly centered on medical 
management, which includes prophylactic antibi-
otics, prompt initiation of therapeutic antibiotics, 
and optimization of BBD, as well as surgical cor-
rection with endoscopic, open, and robotic tech-
niques. Medical and surgical options for  managing 
hypertension may also be considered. Most litera-
ture on VUR treatment and outcomes are described 
for pediatric populations; however, the same tech-
niques are utilized in adults. 

    Surgical Management: 
Ureteral Reimplantation 

 Open and robotic surgical correction of refl ux is 
extremely successful, with an overall rate of 
96–100 % in eliminating VUR [ 313 ,  314 ]. 

Complications are rare, with 2 % each demon-
strating persistent refl ux or obstruction and 3 % 
requiring additional surgeries [ 298 ]. Contralateral 
VUR may occur as well in roughly 10 % but very 
rarely requires surgical intervention [ 315 ]. 

 While surgical correction very successfully 
eliminates VUR, longer follow-up has found rel-
atively high rates of symptomatic UTI. Rates of 
symptomatic UTI range from 38 to 75 % on 9–41 
year follow-up [ 94 ,  95 ,  155 ,  186 ,  191 ,  199 ,  201 ]. 
Rates of febrile UTI are also relatively high at 
18 % and 16 % during the fi rst and second decade 
after surgical correction, respectively. 

 This high rate of UTI on extended follow-up 
may be explained in part by women’s varying 
susceptibility to UTI at different points in life. 
UTI rates are highest in year 1 of life, second- 
highest at ages 2 to 4, drop during later childhood 
and adolescence, and rise again between ages 18 
and 22, with commencement of sexual activity 
[ 197 ,  316 – 318 ]. Marchand et al. [ 201 ] found UTI 
incidence to rise from 42 % prior to the onset of 
sexual activity to 61 % afterwards, with roughly 
three quarters representing lower UTI. Mansfi eld 
et al. [ 191 ] found a 10 % rate of UTI in childhood 
post-surgery, which increased to a 75 % rate of 
cystitis and a 30 % rate of pyelonephritis follow-
ing the onset of sexual activity; in those that had 
not undergone surgical correction, 62 % devel-
oped cystitis, while 23 % went on to develop 
pyelonephritis. These rates are higher than the 
25–35 % of women in the general population that 
develop UTI with the onset of sexual activity 
[ 197 ] and the 0.28 % rate of pyelonephritis in 
healthy women [ 319 ]. There is also evidence that 
women with recurrent UTIs after corrective sur-
gery may have diminished uroepithelial defenses 
[ 155 ,  320 ]. Finally, the presence of renal scarring 
may be a risk factor for recurrent UTI develop-
ment in this population [ 188 ]. 

 Despite this high rate of UTI, Mor et al. [ 200 ] 
found that roughly half (51 %) of surgically 
 corrected patients have no future sequelae. On 
follow- up, surgical correction appears to protect 
the kidneys reasonably well from new scar 
 formation in several studies [ 286 ,  321 – 323 ]. 
However, additional    comorbidity may be found in 
surgically corrected patients. Some have found 
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that 13–22 % may develop new renal scars long-
term [ 200 ,  201 ,  324 ]. Further, 4–13 % may develop 
hypertension (as many as 18.5 % in those with 
bilateral renal scarring) [ 32 ,  200 ,  201 ,  325 ,  326 ]. 
Even malignant hypertension has been known to 
develop after VUR has been surgically corrected 
[ 327 ]. Additional less common long-term develop-
ments after surgical correction include renal cal-
culi, proteinuria, and renal insuffi ciency [ 200 ]. 

 Open surgical repair is more challenging in 
adults due to increased pelvic vascularity and the 
relatively deep, retropubic location of the bladder 
that develops with age [ 289 ,  328 ]. Studies of open 
surgical reimplantation in adulthood report lower 
success rates than in pediatric patients: success in 
eliminating VUR may range from 83 to 100 %, with 
similar rates of obstruction and other complications 
as is seen in children [ 329 – 331 ]. The techniques uti-
lized are the same in adults and in children, although 
a robotic-assisted approach may facilitate access to 
deep pelvic structures in older patients. In adults, 
surgical intervention has been shown to decrease 
rates of pyelonephritis [ 289 ,  330 ,  332 ]. Surgery is 
also associated with improvement in fl ank pain in 
94 % (vs. 8.5 % utilizing CAP), and consideration 
for anti-refl ux surgery should be made for this indi-
cation [ 331 ,  333 ]. However, surgery was not found 
to affect proteinuria or to halt progressive renal 
deterioration in those found to have baseline dys-
function at diagnosis; in this setting, proteinuria rep-
resents a poor prognostic factor for future renal 
function [ 37 ,  293 – 331 ,  334 ,  335 ]. Thus, indications 
for defi nitive repair as an adult should generally 
revolve around improvement of fl ank pain and 
reduction in episodes of febrile UTI. 

 One notable challenge in patients that have 
undergone surgical correction of VUR is the need 
for subsequent ureteral access for endoscopic pro-
cedures. This may be particularly germaine in 
patients who have undergone Cohen cross- 
trigonal reimplantation, who have more greatly 
altered post-surgical anatomy. The long and more 
horizontally oriented submucosal tunnel may 
make retrograde access in ureteroscopy challeng-
ing and may hinder passage of stone fragments 
after shockwave lithotripsy [ 336 ]. A variety 
of techniques that facilitate ureteral access 
have been described, including percutaneous 

 retrograde access and utilization of curved angio-
graphic catheters and angled guide wires 
[ 336 – 341 ]. These techniques may be useful in 
ureteroscopy for stone disease, retrieval of 
migrated stents, and retrograde pyelogram for 
anatomic delineation, potentially avoiding the 
need for percutaneous procedures in select cases.  

    Endoscopic Management 

 Endoscopic treatment with subureteral injection 
of bulking agents, fi rst described in 1981 [ 342 ], 
represents a minimally invasive option in the 
armamentarium of VUR treatment modalities. 
Many agents have been used historically. Some 
nonbiodegradable materials, such as polytetra-
fl uoroethylene (PTFE) and silicone, were 
extremely successful in eliminating VUR and 
UTI [ 343 ,  344 ]. However, granuloma formation 
and particle migration raised concerns for auto-
immune reactions and potential malignancy 
[ 345 – 351 ]. Materials with less controversial 
safety profi les (i.e., glutaraldehyde cross-linked 
bovine collagen), were developed, which were 
biodegradable, caused minimal tissue reaction 
and did not migrate. While initial success rates 
were high [ 352 – 355 ], long-term durability 
ranged from mediocre [ 355 ,  356 ] to remarkably 
poor [ 357 ]. Results in secondary VUR were addi-
tionally lackluster [ 355 ,  358 ]. 

 In 2001, the Food and Drug Administration 
approved dextranomer/hyaluronic acid copoly-
mer (Defl ux ® , Oceana Therapeutics Ltd., Edison, 
NJ, USA) for endoscopic subureteric injection 
for the treatment of grades II–IV VUR; at the 
time of this publication, Defl ux ®  is the only 
approved substance in the USA for this indica-
tion. Defl ux ®  is biodegradable, non- immunogenic, 
noncarcinogenic, does not migrate, has no known 
associated adverse reactions, and has demon-
strated durable results [ 359 – 361 ]. 

 Meta-analysis of all types of injectables, 
including Defl ux ® , has been conducted in pre-
dominantly pediatric cohorts. Resolution rates 
overall are 77 % [ 251 ], with success rates of 
72–81 % for grades I–III and 51–63 % for grades 
IV and V [ 250 ,  251 ]. Overall success rates may 
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be as high as 85 % with repeat injections [ 250 ]. 
Subureteric bulking agents are also successful in 
resolving VUR after failed open reimplant in 
65–66 % of cases [ 250 ,  251 ]. In neurogenic blad-
ders with accompanying secondary VUR, 
Defl ux ®  is generally less successful, with a 
50–69 % initial success rate that drops to 25 % 
when followed to a median of 4.5 years [ 250 , 
 251 ,  362 ]. In these cases, ureteral reimplant with 
appropriate bladder management is adviseable 
[ 363 ]. Following Defl ux ®  injection, rates of 
pyelonephritis and cystitis are low at 0.7 % and 
6 %, respectively, although these results are only 
with short-term follow-up [ 250 ]. 

 On longer follow-up, some have found low 
effi cacy at 1 year, ranging from 46 to 68 % [ 364 , 
 365 ], which may be technique related. Others 
have found 78.5 % effi cacy at 3 years [ 356 ], even 
up to 87 % at 2–5 years [ 366 ]. Of those deemed 
initially successful, 21–26 % may recur at 1–3 
years [ 365 ]. Recurrence should be suspected with 
the development of febrile UTI, which is associ-
ated with VUR recurrence in 47–83 % on reinves-
tigation [ 367 – 369 ]. Long-term, endoscopic 
injection may reduce renal scar formation in those 
with mild baseline scarring [ 367 ,  370 ]. However, 
it has not been found to be more effective in 
reducing new scar formation compared with sur-
veillance or continuous antibiotic therapy [ 371 ]. 

 Knowing the true long-term durability of 
Defl ux ®  and other injectables is diffi cult, as post- 
procedure VCUG and long-term follow-up are 
both uncommon. Defl ux ®  was also FDA approved 
relatively recently, and durability will be learned 
with time. Further, various defi nitions for success 
are utilized, including resolution after initial 
injection; resolution after repeat injection; VUR 
downgrading, i.e., from dilating to non-dilating, 
and infection-free status. These limitations pro-
vide support for following endoscopically treated 
patients beyond the initial success period. 
Further, those seeing patients that had undergone 
previous injection therapy should be aware of the 
limited data on long-term durability and should 
initiate reevaluation should febrile-UTI recur. 

 Whereas subureteric injection of bulking 
agents in children is successful in 73 %, that 
number is slightly lower at 65 % in adults 

 similarly treated [ 250 ]. Early studies utilizing 
collagen injection demonstrated exceedingly low 
resolution rates of initial injection of 40 % at 24 
months, with 44 % requiring reinjection [ 358 ]. 
However, more recent studies utilizing Defl ux ®  
report success rates of 69–91 %, with an 81–93 % 
rate of resolution with repeat injection [ 269 , 
 372 – 375 ]. Success rates are higher with lower 
grades of VUR, as is the case in treatment of 
children [ 372 ]. The    relatively high success rates 
and simplicity of minimally invasive endoscopic 
treatment make subureteric injection an appeal-
ing option for adults. 

 Additionally, consideration should be given to 
subureteric injection therapy for patients with unex-
plained fl ank pain and low-grade refl ux, as this 
therapy may prove both diagnostic and therapeutic 
in a group of patients with a  common symptom that 
can be explained by many etiologies.  

    Considerations for Medical 
Management in Adulthood 

 Medical management of VUR focuses on CAP, 
aggressive treatment of UTI, and minimization of 
BBD while awaiting VUR resolution. 

 Most literature on CAP relates to its use in 
children. CAP is more effective than placebo 
[ 376 – 378 ] and as effective as surgery [ 83 ,  84 , 
 281 ,  284 ,  379 ,  380 ] in preventing UTI, with a 
25–38 % vs. 32–39 % breakthrough UTI rate 
over 5 years, respectively [ 285 ,  297 ]. However, 
compared with surgical management, rates of 
febrile UTI over time are higher with CAP: 21 % 
vs. 8–10 % [ 45 ,  84 ,  281 ,  284 ,  296 ,  300 ,  381 , 
 382 ]. Many practice guidelines advise the use of 
CAP in children with VUR [ 296 ,  298 ,  383 ]. CAP 
is generally used during the fi rst few years of life; 
it is often ceased at ages 5–8 if children remain 
free of infection, free of new scar formation, and 
display normal voiding patterns, as rates of sub-
sequent UTI are low and new renal scar forma-
tion minimal or absent [ 303 ,  384 – 386 ]. This 
management strategy is likely facilitated by the 
fact that many instances of refl ux spontaneously 
resolve over time and the fact that scars are less 
likely to form in older children [ 292 ,  387 ]. 
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 However, the ability of antibiotic prophylaxis 
to protect against renal scarring is controversial 
[ 3 ,  388 ]. In most investigations, CAP has not 
proved effective in decreasing the incidence of 
renal scarring [ 378 ,  389 – 394 ], although some 
have shown CAP’s equivalence with surgery 
with respect to renal function, renal growth, and 
renal scar formation [ 284 ,  285 ]. Others [ 298 , 
 377 ,  379 ,  395 – 397 ] have further corroborated 
that while surgery may reduce rates of febrile 
UTI compared with CAP, it demonstrates equiva-
lence with respect to renal growth and renal scar 
formation. CAP may be most effective in pre-
venting renal scar in the setting of dilating VUR, 
when compared with surveillance and endo-
scopic therapy [ 371 ]. In non-dilating VUR, 
though, CAP does not appear to provide the same 
benefi t [ 391 ,  392 ,  394 ]. 

 In addition to its questionable benefi t in pre-
venting scar formation, long-term antibiotic pro-
phylaxis is not completely benign. Prolonged 
antibiosis may be associated with the emergence 
of resistant bacterial strains, breakthrough UTIs, 
and notable cost [ 377 ,  392 ,  393 ,  398 – 404 ]. 
Compliance rates, typically 66–69 % in children 
[ 405 ,  406 ] and possibly as low as 31 % [ 401 ], 
have not been evaluated in the adult population 
with VUR. CAP is also associated with high rates 
of loss to follow-up. Further, roughly 10 % of 
patients on CAP will develop adverse reactions. 
These are usually limited to the fi rst 6 months 
and are mostly self-limited (i.e., GI upset and 
rash), although rarely, hepatotoxicity, hemato-
logic complications, and Stevens–Johnson syn-
drome with sulfa agents can develop [ 407 – 409 ]. 

 In adults, the benefi ts of CAP are more abated. 
CAP reduces episodes of acute pyelonephritis, in 
adults; however, over a 16-year follow-up period, 
ureteral reimplant is more effective in reducing 
pyelonephritis than CAP (33 % vs. 72 %, respec-
tively) [ 331 ]. Rates of overall UTI, though, are 
similar. Adults also have a decreased propensity 
for scar formation, and the ability of CAP to pre-
vent new scars in this population is less well 
defi ned. Finally, CAP may serve as a temporizing 
measure in children while awaiting spontaneous 
resolution of VUR. In adults, whose VUR is much 
less likely to resolve spontaneously, the duration 

of treatment could theoretically span decades, 
especially if initiated in young adulthood. 

 Thus, as a long-term strategy, CAP is less 
practical in adults, especially when one considers 
the relative ease of defi nitive endoscopic man-
agement. Certainly, UTI development despite 
antibiotic prophylaxis is a strong indication for 
more defi nitive intervention [ 332 ]. Further, in 
young women likely to become pregnant, surgery 
is often preferred [ 330 ]. However, CAP may be 
considered in select adult populations at risk for 
recurrent UTI or its consequent morbidity or in 
those requiring a temporizing solution, patients 
that are already pregnant or those awaiting 
 defi nitive intervention.   

    Bowel Bladder Dysfunction 
and VUR 

 The association between BBD and VUR in child-
hood is well-known. Roughly 1/2–1/3 of children 
with BBD have VUR [ 410 – 413 ], and slightly 
greater than 1/2 of children with VUR have BBD 
[ 7 ]. The presence of BBD portends a greater risk 
of febrile UTI and a lower likelihood of sponta-
neous resolution of VUR [ 414 ]. BBD also under-
mines success following ureteral reimplant [ 415 ] 
and endoscopic injection [ 291 ]. 

 The association between VUR and voiding 
dysfunction continues into adulthood, and it is 
unclear whether this voiding dysfunction repre-
sents a cause or effect of the VUR. In middle- 
aged adults with a history of childhood VUR, 
40 % have abnormal urine fl ow curves [ 416 ]. 
Higher rates of abnormal fl ow curves are present 
in those who had previously undergone an opera-
tion for their VUR (55 % vs. 30 %), with inter-
rupted or weak fl ow representing the most 
common abnormal fi ndings (seen in 45 % of all 
patients). Stress and urge incontinence among 
women are also more common in this group 
(35 % vs. 16 % and 20 % vs. 11 %, respectively), 
as are UTIs. Urodynamic fi ndings in adult 
women with a history of VUR further demon-
strate urethral sphincter overactivity (in 70 %), 
decreased bladder sensitivity, and large capacity 
bladders [ 417 ]. 
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 AUA Guidelines on the management of child-
hood VUR recommend treatment if there is evi-
dence of BBD [ 291 ]. This may include behavioral 
therapy and biofeedback, alpha-blockers, anti-
cholinergic medications, and constipation man-
agement. In children, behavioral modifi cation 
along with antibiotic prophylaxis can resolve 
VUR in 36.8 % and downgrade it in an additional 
21.1 % [ 418 ]. The addition of anticholinergics 
can resolve VUR in up to 45 % [ 419 ]. VUR reso-
lution with these methods yields a decrease in 
breakthrough UTI [ 410 ,  418 ]. Further, antibiotic 
prophylaxis, anticholinergic medication, bio-
feedback, and psychological counseling in vari-
ous combinations may eliminate infection in 
64 % and resolve VUR in 53 % [ 420 ]. 

 In contrast, there is debate as to whether treat-
ing BBD affects rates of spontaneous resolution 
in adulthood [ 299 ,  421 – 423 ]. Despite its preva-
lence, no guidelines exist for assessing and man-
aging BBD in adults with VUR. Practitioners 
should have a high index of suspicion for BBD 
when evaluating adult patients and should 
develop treatment strategies specifi cally aimed at 
BBD if it is detected.  

    Adjunct Surgical Treatment 
for Hypertension 

 In cases of VUR-related hypertension requiring 
extensive antihypertensive therapy, nephrectomy 
or partial nephrectomy of the scarred atrophic 
renal unit may be considered, as this may allevi-
ate the renin–angiotensin–aldosterone mediated 
process. Tash et al. [ 105 ] demonstrated success 
of partial nephrectomy in treating select cases of 
renin-mediated hypertension in patients with 
refl ux nephropathy and focal renal hypoplasia 
(i.e., Ask-Upmark kidney), which may represent 
a similar pathology. However, one must weigh 
the risks of further renal compromise in these 
patients already at risk for renal impairment. In 
this scenario, nephrectomy should be reserved 
only for patients with uncontrolled or malignant 
hypertension [ 138 ].  

    Conclusions 

 VUR, while generally considered a disease of 
childhood, has implications into adulthood. 
While resolution of VUR is highly attainable, 
many patients sustain renal and systemic effects 
prior to correction or resolution. Further, morbid-
ity may accrue even after resolution and may be 
exacerbated later in life. VUR management para-
digms are remarkably different today than in 
decades past, and morbidity from this disease 
may be greatly reduced in the future. Certainly, 
more prospective, long-term studies are needed 
to better understand sources of reducible morbid-
ity in this patient population.     

   References 

    1.    Jacobson SH, Hansson S, Jakobsson B. Vesico- 
ureteric refl ux: occurrence and long-term risks. Acta 
Paediatr. 1999;88(431):22–30.  

    2.    Mak RH, Kuo HJ. Primary ureteral refl ux: emerging 
insights from molecular and genetic studies. Curr 
Opin Pediatr. 2003;15:181–5.  

     3.    Wheeler D, Vimalachanrea D, Hodson EM, Roy LP, 
Smith G, Craig JC. Antibiotics and surgery for vesi-
coureteric refl ux: a meta-analysis of randomised 
controlled trials. Arch Dis Child. 2003;88:688–94.  

    4.    Baxer R, Maxted W, Maylath J, Shulman I. Relation 
of age, sex, and infection to refl ux: data indicating 
high spontaneous cure rate in pediatric patients. 
J Urol. 1966;95:27–32.  

     5.    Wennerström M, Hansson S, Jodal U, Stokland 
E. Disappearance of vesicoureteral refl ux in chil-
dren. Arch Pediatr Adolesc Med. 1998;152:879–83.  

   6.    Sargent MA. What is the normal prevalence of vesi-
coureteral refl ux? Pediatr Radiol. 2000;30(9):
587–93.  

       7.    Carpenter MA, Hoberman A, Mattoo TK, Mathews 
R, Keren R, Chesney RW, Moxey-Mims M, 
Greenfi eld SP. The RIVUR trial: profi le and baseline 
clinical associations of children with vesicoureteral 
refl ux. Pediatrics. 2013;132:e34–45.  

    8.    Chand DH, Rhoades T, Poe SA, Kraus S, Strife 
CF. Incidence and severity of vesicoureteral refl ux in 
children related to age, gender, rac, and diagnosis. 
J Urol. 2003;170:1548–50.  

     9.    Rolleston GL, Shannon FT, Utley WLF. Relationship 
of infantile vesicoureteric refl ux to renal damage. Br 
Med J. 1970;1:460–3.  

16 Vesicoureteral Refl ux and the Adult



192

    10.    Bailey RR. The relationship of vesico-ureteric refl ux 
to urinary tract infection and chronic pyelonephritis 
refl ux nephropathy. Clin Nephrol. 1973;1:132–41.  

   11.    McKerrow W, Davidson-Lamb N, Jones PF. Urinary 
tract infection in children. Br Med J. 1984;289:
299–303.  

    12.    Bourchier D, Abbott GD, Maling TMJ. Radiological 
abnormalities in infants with urinary tract infection. 
Arch Dis Child. 1984;59:620–4.  

    13.    Lebowitz RL, Olbing H, Parkkulainen KV, Smellie 
JM, Tamminen-Mobius TE. International system of 
radiographic grading of vesicoureteric refl ux. 
International Refl ux Study in Children. Pediatr 
Radiol. 1985;15:105–9.  

       14.    Hodson CJ, Edwards D. Chronic pyelonephritis and 
vesicoureteric refl ux. Clin Radiol. 1960;11:219–31.  

      15.    Lenaghan D, Whitaker JG, Jensen F, Stephens 
FD. The natural history of refl ux and long-term effects 
of refl ux on the kidney. J Urol. 1976;115:728–30.  

     16.    Bailey RR, Lynn KL, Smith AH. Long-term fol-
lowup of infants with gross vesicoureteral refl ux. 
J Urol. 1992;148:1709–11.  

      17.    Bailey RR, Lynn KL, Robson RA. End-stage refl ux 
nephropathy. Ren Fail. 1994;16:27–35.  

    18.    McGovern JH, Marshall VF, Paquin AJ. 
Vesicoureteral regurigitation in children. J Urol. 
1960;83:122–49.  

    19.    Tanagho EM, Hutch JA. Primary refl ux. J Urol. 
1965;93:158–64.  

    20.    Hutch JA. VUR in the paraplegic: cause and correc-
tion. J Urol. 1952;68:457–69.  

       21.    Buckley O, Geoghegan T, O’Brien J, Torreggiani 
WC. Vesicoureteric refl ux in the adult. Br J Radiol. 
2007;80:392–400.  

    22.    Gross GW, Lebowitz RL. Infection does not cause 
refl ux. AJR Am J Roentgenol. 1981;137:929–32.  

    23.    Hill J, Kalkanci O, McMurry JL, Koser H. 
Hydrodynamic surface interactions enable Esche-
richia coli to seek effi cient routes to swim upstream. 
Phys Rev Lett. 2007;98:068101.  

    24.    Hodson CJ. The radiological diagnosis of pyelone-
phritis. Proc R Soc Med. 1959;52:669–72.  

     25.    Ransley PG, Risdon RA. Renal papillary morphol-
ogy and intrarenal refl ux in the young pig. Urol Res. 
1975;3:105–9.  

     26.    Hodson CJ, Mailing TMJ, McManamon PJ, Lewis 
MG. The pathogenesis of refl ux nephropathy 
(chronic atrophic pyelonephritis). Br J Radiol. 
1975;48 Suppl 13:1–26.  

    27.    Hoberman A, Charron M, Hickey RW, Baskin M, 
Kearney DH, Wald ER. Imaging studies after a fi rst 
febrile urinary tract infection in young children. N 
Engl J Med. 2003;348(3):195–202.  

      28.    Kincaid-Smith P. Pre-eclampsia toxaemia, hyperten-
sion and renal disease in pregnancy. In: Kincaid- 
Smith P, editor. The kidney. A clincopatsological 
study. Oxford: Blackwell Scientifi c; 1975. p. 222–39.  

   29.    Lerner GR, Fleischmann LE, Perlmutter AD. Refl ux 
nephropathy. Pediatr Clin North Am. 1987;34:747–70.  

     30.    Roberts JA. VUR and pyelonephritis in the monkey: 
a review. J Urol. 1992;148:1721–5.  

       31.    Gower PE. A prospective study of patients with 
radiological pyelonephritis in adults. Contrib 
Nephrol. 1976;61:210–9.  

        32.    Wallace DMA, Rothwell DL, Williams DI. The 
long-term follow-up of surgically treated vesicoure-
teric refl ux. Br J Urol. 1978;50:479–84.  

     33.    Kincaid-Smith P, Becker G. Refl ux nephropathy and 
chronic atrophic pyelonephritis: a review. J Infect 
Dis. 1978;138:774–80.  

     34.    Moreau J-F, Grenier P, Grünfeld J-P, Brabant J. 
Renal clubbing and scarring in adults: a retrospective 
study of 110 cases. Urol Radiol. 1980;1:129–35.  

     35.    Mihindukulasuriya JCL, Maskell R, Polak A. A 
study of fi fty-eight patients with renal scarring asso-
ciated with urinary tract infection. Q J Med. 
1980;49:165–78.  

     36.    Arze RS, Ramos JM, Owen JP, et al. The natural his-
tory of chronic pyelonephritis in the adult. Q J Med. 
1982;51:396–410.  

      37.    Neves RJ, Torres VE, Malek RS, Svensson 
J. Vesicoureteral refl ux in the adult. IV. Medical ver-
sus surgical management. J Urol. 1984;132:882–5.  

      38.    Owen JP, Ramos JM, Keir MJ, et al. Urographic 
fi ndings in adults with chronic pyelonephritis. Clin 
Radiol. 1985;36:81–7.  

     39.    Zucchelli P, Gaggi R. Vesicoureteral refl ux and 
refl ux nephropathy in adults. Contrib Nephrol. 
1988;61:210–9.  

        40.    Jacobson SH, Ecklöf O, Eriksson CG, Lins L-E, 
Tidgren B, Winberg J. Development of hypertension 
and uraemia after pyelonephritis in childhood: 27 
year follow-up. Br Med J. 1989;299:703–6.  

    41.    Glauser M, Lyons JM, Braude AI. Prevention of 
chronic experimental pyelonephritis by suppression 
of acute suppuration. J Clin Invest. 1978;61:403–7.  

   42.    Slotki IN, Asscher AW. Prevention of scarring in 
experimental pyelonephritis in the rat by early anti-
biotic therapy. Nephron. 1982;30:262–8.  

   43.    Winberg J, Bollgren I, Kallenius G, Mollby R, 
Svenson SB. Clinical pyelonephritis and focal renal 
scarring: a selected review of pathogenesis, preven-
tion, and prognosis. Pediatr Clin North Am. 1982;29:
801–14.  

    44.    Smellie JM. Refl ections on 30 y of treating children 
with urinary tract infections. J Urol. 1991;146:
665–8.  

    45.    Smellie JM, Tamminen-Mobius T, Olbing H, 
Claesson I, Wikstad I, Jodal U, Seppanen U. Five-y 
study of medical or surgical treatment in children 
with severe refl ux: radiological renal fi ndings. The 
International Refl ux Study in Children. Pediatr 
Nephrol. 1992;6:223–30.  

   46.    Fernandez-Menendez JM, Malaga S, Matesanz JL, 
et al. Risk factors in the development of early tech-
netium- 99 m- dimercaptosuccinic acid renal scintig-
raphy lesions during fi rst urinary tract infection in 
children. Acta Paediatr. 2003;92:21–6.  

A.A. Friedman and M.K. Hanna



193

   47.    Hiraoka M, Hashimoto G, Tsuchida S, Tsukahara H, 
Ohshima Y, Mayumi M. Early treatment of urinary 
infection prevents renal damage on cortical scintig-
raphy. Pediatr Nephrol. 2003;18:115–8.  

    48.    Doganis D, Siafas K, Mavrikou M, Issaris G, 
Martirsova A, Perperidis G, Konstantopoulos A, 
Sinaniotis K. Does early treatment of urinary tract 
infection prevent renal damage. Pediatrics. 2007;
120:922–8.  

    49.    Jakobsson B, Berg U, Svensson L. Renal scarring 
after acute pyelonephritis. Arch Dis Child. 1994;
70:111–5.  

    50.    Rushton HG, Majd M, Jantausch B, Wiedermann 
BL, Belman AB. Renal scarring following refl ux and 
nonrefl ux pyelonephritis in children: evaluation with 
 99m technetium-dimercaptosuccinic acid scintigraphy. 
J Urol. 1992;147:1327–32.  

    51.    Hanna MK. Occult refl ux. New Orleans: American 
Urological Association Meeting; 1984.  

    52.    Stecker Jr JF, Rose JG, Gillenwater JY. Dysplastic 
kidneys associated with VUR. J Urol. 1973;110:
341–3.  

    53.    Burge DM, Griffi ths MD, Malone PS, Atwell 
JD. Fetal vesicoureteric refl ux: outcome following 
conservative postnatal management. J Urol. 1992;
148:1743–5.  

      54.   Brakeman P. Vesicoureteral refl ux, refl ux nephropa-
thy, and end-stage renal disease. Adv Urol, 
2008;Article ID 508949.  

       55.    Yeung CK, Godley ML, Dhillon HK, Gordon I, 
Duffy PG, Ransley PG. The characteristics of pri-
mary vesico-ureteric refl ux in male and female 
infants with pre-natal hydronephrosis. Br J Urol. 
1997;80(2):319–27.  

      56.    Assael BM, Guez S, Marra G, et al. Congenital 
refl ux nephropathy: a follow-up of 108 cases diag-
nosed perinatally. Br J Urol. 1998;82(2):252–7.  

   57.    McIlroy PJ, Abbott GD, Anderson NG, Turner JG, 
Mogridge N, Wells JE. Outcome of primary vesico-
ureteric refl ux detected following fetal renal pelvic 
dilatation. J Paediatr Child Health. 2000;36(6):
569–73.  

    58.    Lama G, Russo M, De Rosa E, Mansi L, Piscitelli A, 
Luongo I, Esposito SM. Primary vesicoureteric 
refl ux and renal damage in the fi rst year of life. 
Pediatr Nephrol. 2000;15:205–10.  

     59.    Penido Silva JM, Oliveira EA, Diniz JS, Bouzada 
MC, Vergara RM, Souza BC. Clinical course of pre-
natally detected primary vesicoureteral refl ux. 
Pediatr Nephrol. 2006;21:86–91.  

    60.    Stock JA, Wilson D, Hanna MK. Congenital refl ux 
nephropathy and severe unilateral fetal refl ux. 
J Urol. 1998;160:1017–8.  

     61.    Gordon AC, Thomas DF, Arthur RJ, Irving HC, 
Smith SE. Prenatally diagnosed refl ux: a follow-up 
study. Br J Urol. 1990;65:407–12.  

     62.    Anderson PAM, Rickwood AMK. Features of pri-
mary vesicoureteric refl ux detected by prenatal 
sonography. Br J Urol. 1991;67:267–71.  

    63.    Zerin JM, Ritchey ML, Chang ACH. Incidental vesi-
coureteral refl ux in neonates with antenatally 

detected hydronephrosis and other renal abnormali-
ties. Radiology. 1993;187:157–60.  

      64.    Shaikh N, Ewing AL, Bhatnagar S, Hoberman 
A. Risk of renal scarring in children with a fi rst uri-
nary tract infection: a systematic review. Pediatrics. 
2010;126:1084–91.  

    65.    Hinchliffe SA, Chan YF, Jones H, Chan N, Kerczy 
A, van Velzen D. Renal hypoplasia and postnatally 
acquired cortical loss in children with vesicoureteral 
refl ux. Pediatr Nephrol. 1992;6:439–44.  

    66.    Rolleston GL, Shannon FT, Utley WLF. Follow-up 
of vesicoureteric refl ux in newborn. Kidney Int. 
1975;8(4):S59–64.  

     67.    Ransley PG, Risdon RA. The pathogenesis of refl ux 
nephropathy. Contrib Nephrol. 1979;16:90–7.  

   68.    Ransley PG, Risdon RA. Refl ux nephropathy: 
effects of antimicrobial therapy on the evolution of 
the early pyelonephritic scar. Kidney Int. 1981;20:
733–42.  

     69.    Heptinstall RH, Hodson CJ. Pathology of sterile 
refl ux in pig. Contrib Nephrol. 1984;39:344–57.  

      70.    Wennerström M, Hansson S, Jodal U, et al. Primary 
and acquired renal scarring in boys and girls with 
urinary tract infection. J Pediatr. 2000;136:30–4.  

    71.   Practice parameter: the diagnosis, treatment, and 
evaluation of the initial urinary tract infection in 
febrile infants and young children. American 
Academy of Pediatrics. Committee on Quality 
Improvement. Subcommittee on Urinary Tract 
Infection. Pediatrics. 1999;103:843–52.  

    72.    Hohenfellner K, Hunley TE, Brezinska R, Brodhag 
P, Shyr Y, Brenner W, Habermehl P, Kon V. ACE I/D 
gene polymorphism predicts renal damage in con-
genital uropathies. Pediatr Nephrol. 1999;13:514–8.  

    73.    Ozen S, Alikasifoglu M, Saatci U, Bakkaloglu A, 
Besbas N, Kara N, Kocak H, Erbas B, Unsal I, 
Tuncbilek E. Implications of certain genetic poly-
morphisms in scarring in vesicoureteric refl ux: 
importance of ACE polymorphism. Am J Kidney 
Dis. 1999;34:140–5.  

    74.    Ohtomo Y, Nagaoka R, Kaneko K, Fukuda Y, 
Miyano T, Yamashiro Y. Angiotensin converting 
enzyme gene polymorphism in primary vesicoure-
teral refl ux. Pediatr Nephrol. 2001;16:648–52.  

     75.    Yoneda A, Cascio S, Oue T, Cherin B, Puri P. Risk 
factors for the development of renal parenchymal 
damage in familial vesicoureteral refl ux. J Urol. 
2002;168:1704–7.  

      76.    Mackie GG, Stephans FD. Duplex kidneys: a corre-
lation of renal dysplasia with position of ureteral 
orifi ce. J Urol. 1975;114:274–80.  

   77.    Gordon I. Vesico-ureteric refl ux, urinary-tract infec-
tion, and renal damage in children. Lancet. 
1995;346:489–90.  

    78.    Garin EH, Campos A, Homsy Y. Primary vesicoure-
teral refl ux: review of current concepts. Pediatr 
Nephrol. 1998;12(3):249–56.  

    79.    Goldman M, Bistritzer T, Horne T, Zoareft I, 
Aladjem M. The etiology of renal scars in infants 
with pyelonephritis and vesicoureteral refl ux. Pediatr 
Nephrol. 2000;14:385–8.  

16 Vesicoureteral Refl ux and the Adult



194

    80.    Greenfi eld SP, Ng M, Wan J. Experience with VUR 
in children: clinical characteristics. J Urol. 1997;158:
574–7.  

    81.    Risdon RA. Renal dysplasia. I. A clinico- pathological 
study of 76 cases. J Clin Pathol. 1971;24:57–71.  

    82.    Woolf AS. Clinical impact and biological basis of renal 
malformations. Semin Nephrol. 1995;15:361–71.  

     83.    Olbing H, Claesson I, Ebel KD, et al. Renal scars 
and parenchymal thinning in children with vesico-
ureteral refl ux: a 5-year report of the International 
Refl ux Study in Children (European branch). J Urol. 
1992;148:1653–6.  

      84.    Jodal U, Koskimies O, Hanson E, Lohr G, Obling H, 
Smellie J, Tamminen-Möbius T. Infection pattern in 
children with vesicoureteral refl ux randomly allo-
cated to operation or long-term antibacterial prophy-
laxis. The International Refl ux Study in Children. 
J Urol. 1992;148:1650–2.  

    85.    Pylkkanen J, Vilska J, Koskimies O. The value of 
level diagnosis of childhood urinary tract infection 
in predicting renal injury. Acta Paediatr Scand. 
1981;70:879–83.  

     86.    Berg UB. Long-term followup of renal morphology 
and function in children with recurrent pyelonephri-
tis. J Urol. 1992;148(Pt 2):1715–20.  

   87.    Belman AB. A perspective on vesicoureteral refl ux. 
Urol Clin North Am. 1995;22:139–50.  

    88.    Belman AB. Vesicoureteral refl ux. Pediatr Clin 
North Am. 1997;44:1171–90.  

    89.    Ross JH. The evaluation and management of vesico-
ureteral refl ux. Semin Nephrol. 1994;14:523–30.  

    90.    Rushton HG, Majd M. Dimercaptosuccinic acid 
renal scintigraphy for the evaluation of pyelonephri-
tis and scarring: a review of experimental and clini-
cal studies. J Urol. 1992;148:1726–32.  

     91.    Feather SA, Malcolm S, Woolf AS, Wright V, 
Blaydon D, Reid CJ, et al. Primary, nonsyndromic 
vesicoureteric refl ux and its nephropathy is geneti-
cally heterogenous, with a locus on chromosome 1. 
Am J Hum Genet. 2000;66:1420–5.  

    92.    Tepmongkol S, Chotipanich C, Sirisalipoch S, 
Chaiwatanarat T, Vilaichon AO, Wattana 
D. Relationship between vesicoureteral refl ux and 
renal cortical scar development in Thai children: the 
signifi cance of renal cortical scintigraphy and direct 
radionuclide cystography. J Med Assoc Thai. 
2002;85 Suppl 1:S203–9.  

    93.    Lee JH, Son CH, Lee MS, Park YS. Vesicoureteral 
refl ux increases the risk of renal scars: a study of 
unilateral refl ux. Pediatr Nephrol. 2006;21:1281–4.  

        94.    Cooper A, Atwell J. A long-term follow-up of surgi-
cally treated vesicoureteric refl ux in girls. J Pediatr 
Surg. 1993;28:1034–6.  

        95.    Smellie LN, Prescod NP, Shaw PJ, Risdon RA, 
Bryant TN. Childhood refl ux and urinary infection: a 
follow-up of 10-41 years in 226 adults. Pediatr 
Nephrol. 1998;12:727–36.  

         96.    Lahdes-Vasama T, Niskanen K, Ronnholm K. Outcome 
of kidneys in patients treated for vesicoureteral refl ux 

(VUR) during childhood. Nephrol Dial Transplant. 
2006;21(9):2491–7.  

    97.    Shah KJ, White RHR. Renal scarring and vesico- 
ureteric refl ux. Arch Dis Child. 1978;53:210–7.  

   98.    Winter AL, Hardy BE, Alton DJ, Churchill 
BM. Acquired renal scars in children. J Urol. 
1983;129:1190–4.  

    99.    Nielsen JB. The clinical signifi cance of the refl ux 
producing intrinsic bladder pressure and bladder, in 
refl ux and refl ux nephropathy. Scand J Urol Nephrol 
Suppl. 1989;125:S9–13.  

    100.    Guizar JM, Kornhauser C, Malacara J, Sanchez G, 
Zamora J. Renal tubular acidosis in children with 
vesicoureteral refl ux. J Urol. 1996;156:193–5.  

     101.    Polito C, La Manna A, Capacchione A, Pullano F, 
Iovene A, Del Gado R. Height and weight in chil-
dren with vesicoureteric refl ux and renal scarring. 
Pediatr Nephrol. 1996;10:564–7.  

      102.    Roihuvuo-Leskinen H, Lahdes-Vadama T, Niskanen 
K, Rönnholm K. The association of adult kidney size 
with childhood vesicoureteral refl ux. Pediatr 
Nephrol. 2013;28:77–82.  

     103.    Smellie J, Edwards D, Hunter N, Normand IC, 
Prescod N. Vesico-ureteric refl ux and renal scarring. 
Kidney Int. 1975;85:S65–72.  

    104.    Sanusi AA, Arogundade FA, Famurewa OC, 
Akintomide AO, Soyinka FO, Ojo OE, Akinsola 
A. Relationship of ultrasonographically determined 
kidney volume with measured GFR, calculated cre-
atinine clearance and other parameters in chronic 
kidney disease (CKD). Nephrol Dial Transplant. 
2009;24:1690–4.  

     105.    Tash JA, Stock JA, Hanna MK. The role of partial 
nephrectomy in the treatment of pediatric renal 
hypertension. J Urol. 2003;169:625–8.  

     106.    Seikaly MG, Ho PL, Emmett L, Fine RN, Tejani 
A. Chronic renal insuffi ciency in children: the 2001 
Annual Report of the NAPRTCS. Pediatr Nephrol. 
2003;18:796–804.  

           107.    Silva JM, Santos Diniz JS, Marino VS, Lima EM, 
Cardoso LS, Vasconcelos MA, Oliveira EA. Clinical 
course of 735 children and adolescents with primary 
vesicoureteral refl ux. Pediatr Nephrol. 2006;21:981–8.  

      108.    Caione P, Villa M, Capozza N, De Gennaro M, 
Rizzoni G. Predictive risk factors for chronic renal 
failure in primary high-grade vesico-ureteric refl ux. 
BJU Int. 2004;93:1309–12.  

     109.    Neild GH, Thomson G, Nitsch D, Woolfson RG, 
Connolly JO, Woodhouse CRJ. Renal outcome in 
adults with renal insuffi ciency and irregular asym-
metric kidneys. BMC Nephrol. 2004;5:1–10.  

    110.    Akaoka K, White RH, Raafat F. Glomerular mor-
phometry in childhood refl ux nephropathy, empha-
sizing the capillary changes. Kidney Int. 
1995;47:1108–14.  

    111.    Matsuoka H, Oshima K, Sakamoto K, Taguchi T, 
Takebayashi S. Renal pathology in patients with 
refl ux nephropathy. The turning point in irreversible 
renal disease. Eur Urol. 1995;26:153–9.  

A.A. Friedman and M.K. Hanna



195

     112.    Konda R, Sakai K, Ota S, Takeda A, Orikasa 
S. Followup study of renal function in children with 
refl ux nephropathy after resolution of vesicoureteral 
refl ux. J Urol. 1997;157:975–9.  

    113.    Bailey RR. Vesico-ureteric refl ux and refl ux 
nephropathy. Kidney Int Suppl. 1993;42:S80–5.  

   114.    El-Khatib MT, Becker GJ, Kincaid-Smith 
PS. Morphometric aspects of refl ux nephropathy. 
Kidney Int. 1987;32:261–6.  

   115.    Yoshihara S, White RH, Raafat F, Smith NC, Shah 
KJ. Glomerular morphometry in refl ux nephropathy: 
functional and radiological correlations. Pediatr 
Nephrol. 1993;7:15–22.  

    116.    Torres VE, Velosa JA, Holley KE, Kelalis PP, 
Stickler GB, Kurtz SB. The progression of vesico-
ureteral refl ux nephropathy. Ann Intern Med. 
1980;92:776–84.  

         117.    Zhang Y, Bailey RR. A long term follow up of adults 
with refl ux nephropathy. N Z Med J. 1995;108:142–4.  

    118.    Bailey RR, Lynn KL. End-stage refl ux nephropathy. 
In: Hodson CJ, Heptinstall RH, Winberg J, editors. 
Refl ux nephropathy update 1983. Basle: Karger; 
1984. p. 102–10.  

   119.    Pistor K, Schärer K, Olbing H, Tamminen-Möbius 
T. Children with chronic renal failure in the Federal 
Republic of Germany: II. Primary renal diseases, age 
and intervals from early renal failure to renal death. 
Clin Nephrol. 1985;23:278–84.  

     120.    Smellie JM, Jodal U, Lax H, Mobius TT, Hirche H, 
Obling H, et al. Outcome at 10 years of severe vesi-
coureteric refl ux managed medically. Report of the 
International Refl ux Study in Children. J Pediatr. 
2001;139:656–63.  

     121.    Ardissino G, Dacco V, Testa S, et al. Epidemiology of 
chronic renal failure in children: data from the ItalKid 
project. Pediatrics. 2003;111(4, Pt 1):e382–7.  

     122.    Smellie JM. Childhood urinary infections and their 
signifi cance. In: Asscher AW, editor. The manage-
ment of urinary tract infections. Oxford: Medicine 
Publishing; 1980. p. 29–38.  

    123.    International Refl ux Study Committee. Medical sur-
gical treatment of primary vesico-ureteral refl ux. 
A prospective international refl ux study in children. 
J Urol. 1981;125:277–83.  

      124.    Kincaid-Smith PS, Bastos MG, Becker GJ. Refl ux 
nephropathy in the adult. Contrib Nephrol. 
1984;39:94–101.  

    125.    Stewart JH, Hodson EM. Age-related differences in 
susceptibility of males and females to end-stage 
refl ux nephropathy. Clin Nephrol. 1995;43:165–8.  

     126.    Vallee JP, Vallee MP, Greenfi eld SP, et al. 
Contemporary incidence of morbidity related to 
vesicoureteral refl ux. Urology. 1999;53:812–5.  

     127.    NAPRTCS. Annual report. Boston: North American 
Pediatric Renal Trials and Collaborative Studies; 
2007.  

    128.    NAPRTCS. Annual report. Boston: North American 
Pediatric Renal Trials and Collaborative Studies; 
2011.  

    129.    NAPRTCS. Annual report. Boston: North American 
Pediatric Renal Trials and Collaborative Studies; 
2010.  

     130.    Maisonneuve P, Agodoa L, Gellery R, Stewart JH, 
Buccianti G, Lowenfels AB, Wolfe RA, Jones E, 
Disney APS, Briggs D, McCredie M, Boyle 
P. Distribution of primary renal disease leading to 
end-stage renal failure in the United States, Europe, 
and Australia/New Zealand: results from an interna-
tional comparative study. Am J Kidney Dis. 
2000;35(1):157–65.  

    131.    Lebowitz RL. The detection and characterization of 
vesicoureteral refl ux in the child. J Urol. 
1992;148(5):1640–2.  

   132.    United States Renal Data System (USRDS). Annual 
data report: atlas of chronic kidney disease and end- 
stage renal disease in the United States. Bethesda: 
National Institutes of Health, National Institute of 
Diabetes and Digestive and Kidney Diseases; 2007.  

    133.    Gargollo PC, Diamond DA. Therapy insight: what 
nephrologists need to know about primary vesico-
ureteral refl ux. Nat Clin Pract Nephrol. 2007;3(10):
551–63.  

    134.    Novak TE, Mathews R, Martz K, Neu A. Progression 
of chronic kidney disease in children with vesicoure-
teral refl ux: the North American Pediatric Renal 
Trials Collaborative Studies Database. J Urol. 
2009;182:1678–82.  

    135.    Sanna-Cherchi S, Ravani P, Corbani V, Parodi S, 
Haupt R, Piaggio G, Innocenti ML, Somenzi D, 
Trivelli A, Caridi G, Izzi C, Scolari F, Mattioli G, 
Allegri L, Ghiggeri GM. Renal outcomes in patients 
with congenital anomalies of the kidney and urinary 
tract. Kidney Int. 2009;76:528–33.  

    136.    Jacobson SH, Eklöf O, Lins LE, Wikstad I, Winberg 
J. Long-term prognosis of post-infectious renal scar-
ring in relation to radiological fi ndings in child-
hood—a 27-year follow-up. Pediatr Nephrol. 
1992;6:19–24.  

    137.    Siegler RL. Renin-dependent hypertension in chil-
dren with refl ux nephropathy. Urology. 
1976;7:474–8.  

     138.    Stecker Jr JF, Read BP, Poutasse EF. Pediatric 
hypertension as a delayed sequela of refl ux-
induced chronic pyelonephritis. J Urol. 1977;118:
644–6.  

   139.    Dillon MJ, Smellie JM. Peripheral plasma renin 
actisity, renal scarring in children. Contrib Nephrol. 
1984;39:68–80.  

    140.    Jacobson SH, Kjellstrand CM, Lins L-E. Role of 
hypervolaemia and renin in the blood pressure con-
trol of patients with pyelonephritic renal scarring. 
Acta Med Scand. 1988;224:47–53.  

    141.    Jardim H, Shah V, Savage JM, Barratt TM, Dillon 
MJ. Prediction of blood pressure from plasma renin 
activity in refl ux nephropathy. Arch Dis Child. 
1991;66:1213–6.  

    142.    Chertin B, Solari V, Reen DJ, et al. Up-regulation of 
angiotensin-converting enzyme (ACE) gene expression 

16 Vesicoureteral Refl ux and the Adult



196

induces tubulointerstitial injury in refl ux nephropathy. 
Pediatr Surg Int. 2002;18:635–9.  

    143.    Smellie JM, Normand ICS. Refl ux nephropathy in 
childhood. In: Hodson CJ, Kincaid-Smith P, editors. 
Refl ux nephropathy. New York: Mason Publishing; 
1979. p. 14–20.  

   144.    Lindeman RD, Tobin JD, Schock NW. Association 
between blood pressure and the rate of decline in 
renal function with age. Kidney Int. 1984;26:861–8.  

    145.    Gusmano R, Perfumo F, Raspino M, Ginevri F, 
Verrina E, Ciardi MR. Natural history of refl ux 
nephropathy in children. Contrib Nephrol. 1988;61:
201–9.  

    146.    Still JL, Cottom D. Severe hypertension in children. 
Arch Dis Child. 1967;42:34–9.  

   147.    Gill DG, da Costa BM, Cameron JS, et al. Analysis 
of 100 children with severe and persistent hyperten-
sion. Arch Dis Child. 1976;51:951–6.  

    148.    Londe S. Causes of hypertension in the young. 
Pediatr Clin North Am. 1978;25:55–65.  

    149.    Wyszynska T, Chichocka E, Wieteska-Klimczak A, 
et al. A single pediatric center experience with 1025 
children with hypertension. Acta Paediatr. 
1992;81:244–6.  

   150.    Arar M, Hogg R, Arant BS, et al. Etiology of sus-
tained hypertension in children in the southwestern 
United States. Pediatr Nephrol. 1994;8(2):186–9.  

    151.    Goonasekera CD, Dillion MJ. Hypertension in refl ux 
nephropathy. BJU Int. 1999;83 Suppl 3:1–12.  

       152.    Farnham SB, Adams MC, Brock III JW, Pope IV 
JC. Pediatric urological causes of hypertension. 
J Urol. 2005;173:697–704.  

     153.    Goonasekera CD, Shah V, Wade AM, Barratt TM, 
Dillon MJ. 15-year follow-up of renin and blood pres-
sure in refl ux nephropathy. Lancet. 1996;347:640–3.  

   154.    Heale WF. Hypertension and refl ux nephropathy. 
Aust Paediatr J. 1977;13:56–63.  

      155.    Beetz R, Schulte-Wissermann H, Troger J, 
Riedmiller H, Mannhardt W, Schofer O, Hohenfellner 
R. Long-term follow-up of children with surgically-
treated vesicoureteral refl ux: postoperative incidence 
of urinary tract infections, renal scars, and arterial 
hypertension. Eur Urol. 1989;16:366–71.  

   156.    Jones KV. Prognosis for vesicoureteric refl ux. Arch 
Dis Child. 1999;81:287–9.  

   157.    Blumenthal I. Vesicoureteric refl ux and urinary tract 
infection in children. Postgrad Med J. 2006;82:
31–5.  

     158.    Fidan K, Kandur Y, Buyukkaragoz B, Akdemir U, 
Soylemezoglu O. Hypertension in pediatric patients 
with renal scarring in association with vesicoureteral 
refl ux. Urology. 2013;81:173–7.  

     159.    Bailey RR. Long-term follow up of infants with 
gross vesicoureteral refl ux. Contrib Nephrol. 
1984;39:146–51.  

     160.    Simoes e Silva AC, Silva JMP, Diniz JSS, Pinheiro 
SVB, Lima EM, Vasconcelos MA, Pimenta MR, 
Oliveira EA. Risk of hypertension in primary vesico-
ureteral refl ux. Pediatr Nephrol. 2007;22:459–62.  

    161.    Shanon A, Feldman W. Methodologic limitations in 
the literature on vesicoureteral refl ux: a critical 
review. J Pediatr. 1990;117:171–8.  

     162.    Hodson J. Refl ux nephropathy. Med Clin North Am. 
1978;62:1201.  

    163.    Wolfi sh NM, Delbrouck NF, Shanon A, et al. 
Prevalence of hypertension in children with primary 
VUR. J Pediatr. 1993;123:559–63.  

    164.    Hansson S, Martinell J, Stokland E, Jodal U. The 
natural history of bacteriuria in childhood. Infect Dis 
Clin North Am. 1997;11:499–512.  

    165.    Cendron M. Refl ux nephropathy. J Pediatr Urol. 
2008;4:414–21.  

    166.    Wolf-Maier K, Cooper RS, Banegas JR, Giampaoli 
S, Hense HW, Joffres M, Kastarinen M, Poulter N, 
Primatesta P, Rodríguez-Artalejo F, Stegmayr B, 
Thamm M, Tuomilehto J, Vanuzzo D, Vescio 
F. Hypertension prevalence and blood pressure lev-
els in 6 European countries, Canada, and the United 
States. JAMA. 2003;289:2363–9.  

    167.    Praga M, Hernandez E, Montoyo C, Andres A, 
Ruilope LM, Rodicio JL. Long-term benefi cial 
effects of angiotensin-converting enzyme inhibition 
in patients with nephrotic proteinuria. Am J Kidney 
Dis. 1992;20:240–8.  

     168.    Arant Jr BS. Vesicoureteric refl ux and renal injury. 
Am J Kidney Dis. 1991;17(5):491–511.  

    169.    Walker RD. Renal functional changes associated 
with vesicoureteral refl ux. Urol Clin North Am. 
1990;17:307–16.  

    170.    Polito C, Marte A, Zamparelli M, Papale MR, Rocco 
CE, La Manna A. Catch-up growth in children with 
vesico-ureteric refl ux. Pediatr Nephrol. 1997;11:
164–8.  

    171.    Bedoun SN. Morphologic changes in the renal tract in 
pregnancy. Clin Obstet Gynecol. 1985;28:249–56.  

    172.    Golan A, Wexler S, Amit A, Gordon D, David 
MP. Asymptomatic bacteriuria in normal and high- 
risk pregnancy. Eur J Obstet Gynecol Reprod Biol. 
1989;33:101–8.  

    173.    Lucas MJ, Cunningham FG. Urinary infection in 
pregnancy. Clin Obstet Gynecol. 1993;36:855–68.  

    174.    Mattingly RF, Borkowf HI. Clinical implications of 
ureteral refl ux in pregnancy. Clin Obstet Gynecol. 
1978;21:863–73.  

    175.    Sandberg T, Lidin-Janson G, Svandborg-Edn 
C. Host response in women with symptomatic uri-
nary tract infection. Scand J Infect Dis. 1989;21:
67–73.  

    176.    Whitworth JA, Kincaid-Smith P, Fairley KF. The 
outcome of pregnancy in mesangial IgA nephropa-
thy. In: Sammour MB, Symonds EM, Zuspan P, El 
Tomi N, editors. Pregnancy hypertension. Cairo: 
Ains Shams University Press; 1982. p. 403–8.  

    177.    Becker GJ, Fairley KF, Whitworth JA. Pregnancy 
exacerbates glomerular disease. Am J Kidney Dis. 
1985;6:266–72.  

    178.    Brenner BM, Meyer TW, Hostetter JM. Dietary 
protein intake and the progressive nature of kidney 

A.A. Friedman and M.K. Hanna



197

disease. The role of hemodynamically mediated 
glomerular injury in the pathogenesis of glomerular- 
sclerosis in ageing, renal ablation and intrinsic 
renal disease. N Engl J Med. 1982;307:652–9.  

    179.    Mackay EV. Pregnancy and renal disease. A ten 
year survey. Aust N Z J Obstet Gynaecol. 1963;3:
21–34.  

   180.    Kincaid-Smith P, Becker GJ. Refl ux nephropathy in 
the adult. In: Hodson J, Kincaid-Smith P, editors. 
Refl ux nephropathy. New York: Masson Publishing 
USA Inc.; 1970. p. 21–7.  

    181.    Becker GJ, Ihle BU, Fairley KF, Bastos M, Kincaid- 
Smith P. Effect of pregnancy on moderate renal fail-
ure in refl ux nephropathy. Br Med J. 1986;292:
796–8.  

      182.    Jungers P, Houillier P, Forget D. Refl ux nephropathy 
and pregnancy. Bailliére’s Clin Obstet Gynaecol. 
1987;1:955–69.  

          183.    El-Khatib M, Packham DK, Becker GJ, Kincaid- 
Smith P. Pregnancy-related complications in women 
with refl ux nephropathy. Clin Nephrol. 
1994;41:50–5.  

        184.    North RA, Taylor RS, Gunn TR. Pregnancy outcome 
in women with refl ux nephropathy and the inheri-
tance of vesico-ureteric refl ux. Aust N Z J Obstet 
Gynaecol. 2000;40:280–5.  

    185.    Jungers P, Houillier P, Forget D, Henry-Amar 
M. Specifi c controversies concerning the natural his-
tory of renal disease in pregnancy. Am J Kidney Dis. 
1991;17:116–22.  

           186.    Bukowski TP, Betrus GG, Aquilina JW, Perlmutter 
AD. Urinary tract infections and pregnancy in 
women who underwent antirefl ux surgery in child-
hood. J Urol. 1998;159:1286–9.  

       187.    Hollowell JG. Outcome of pregnancy in women with 
a history of vesico-ureteric refl ux. BJU Int. 
2008;102:780–4.  

         188.    Martinell J, Jodal U, Lidin-Janson G. Pregnancies in 
women with and without renal scarring after urinary 
tract infections in childhood. Br Med J. 1990;300:
840–4.  

     189.    McGladdery SL, Aparicio S, Verrier-Jones K, 
Roberts R, Sacks SH. Outcome of pregnancy in an 
Oxford-Cardiff cohort of women with previous bac-
teriuria. Q J Med. 1992;84:533–9.  

       190.    Köhler JR, Tencer J, Thysell H, Forsberg L, 
Hellström M. Long-term effects of refl ux nephropa-
thy on blood pressure and renal function in adults. 
Nephron Clin Pract. 2003;93:C35–46.  

             191.    Mansfi eld JT, Snow BW, Cartwright PC, Wadsworth 
K. Complications of pregnancy in women after 
childhood reimplantation for vesicoureteral refl ux: 
an update with 25 years of followup. J Urol. 
1995;154:787–90.  

     192.    Fryczkowski M, Maruszewska J, Paradysz A, 
Maruszewski W. Evaluation of the course of preg-
nancy, delivery and the condition of the newborn 
infant in women operated on for vesicoureteral refl ux 
in childhood. Int Urol Nephrol. 1991;23:231–6.  

      193.    Austenfeld MS, Snow BW. Complications of preg-
nancy in women after reimplantation for vesicoure-
teral refl ux. J Urol. 1988;140:1103–6.  

     194.    Kincaid-Smith P, Bullen M. Bacteriuria in preg-
nancy. Lancet. 1965;1:73–82.  

    195.    Bengtsson C, Bengtsson U, Bjorkelund C, Lincoln 
K, Sigurdsson JA. Bacteriuria in a population sam-
ple of women: 24-year follow-up study. Results from 
the prospective population-based study of women in 
Gothenburg, Sweden. Scand J Urol Nephrol. 
1998;32:284–9.  

    196.    Kass EH. Bacteriuria and pyelonephritis of preg-
nancy. Arch Intern Med. 1960;105:194–8.  

      197.    Kunin CM. Sexual intercourse and urinary infec-
tions. N Engl J Med. 1978;298:336–7.  

    198.    Andriole VT, Patterson TF. Epidemiology, natural 
history and management of urinary tract infections in 
pregnancy. Med Clin North Am. 1991;75:359–73.  

       199.    Beetz R, Mannhardt W, Fisch M, Stein R, Thüroff 
JW. Long-term followup of 158 young adults surgi-
cally treated for vesicoureteral refl ux in childhood: 
the ongoing risk of urinary tract infections. J Urol. 
2002;168:704–7.  

           200.    Mor Y, Leibovitch I, Zaltz R, Lotan D, Jonas P, 
Ramon J. Analysis of the long-term outcome of sur-
gically corrected vesico-ureteric refl ux. BJU Int. 
2003;92:97–100.  

           201.    Marchand M, Kuffer F, Tönz M. Long-term outcome 
in women who underwent anti-refl ux surgery in 
childhood. J Pediatr Urol. 2007;3:178–83.  

    202.    Le J, Briggs GG, McKeown A, Bustillo G. Urinary 
tract infections during pregnancy. Ann Pharmacother. 
2004;38:1692–701.  

    203.    Everett C. Incidence and outcome of bleeding before 
the 20th week of pregnancy: prospective study from 
general practice. BMJ. 1997;315:32–4.  

   204.    Griebel CP, Halvorsen J, Golemon TB, Day 
AA. Management of spontaneous abortion. Am Fam 
Physician. 2005;72:1243–50.  

    205.    Kashanian M, Akbarian AR, Baradaran H, 
Shabandoust SH. Pregnancy outcome following a 
previous spontaneous abortion (miscarriage). 
Gynecol Obstet Invest. 2006;61:167–70.  

    206.    Noe HN, Wyatt RJ, Peeden Jr JN, Rivas ML. The 
transmission of vesicoureteral refl ux from parent to 
child. J Urol. 1992;148:1869–71.  

     207.    Scott JES, Swallow V, Coulthard MG, Lambert HJ, 
Lee REJ. Screening of newborn babies for familial 
ureteric refl ux. Lancet. 1997;350:396–400.  

    208.    Chapman CJ, Bailey RR, Janus ED, Abott GD, Lynn 
KL. Vesicoureteric refl ux: segregation analysis. Am 
J Med Genet. 1985;20:577–84.  

    209.    Uehling DT, Vlach RE, Pauli RM, Friedman AL. 
Vesicoureteric refl ux in siblings. Br J Urol. 
1992;69:534–7.  

    210.    Tripathi M, Chandrashekar N, Kumar R, Malhotra 
A. Refl ux in native kidneys mimicking urine leak in 
the postrenal transplant. Clin Nucl Med. 
2005;30:344–6.  

16 Vesicoureteral Refl ux and the Adult



198

    211.    Hooghe L, Kinnaert P, Schulman CC, Toussaint C, 
Van Geertruyden J, Vereerstraeten P. Ureterocystos-
tomy in renal transplantation: comparison of endo- 
and extravesical anastomoses. World J Surg. 
1977;2:231–55.  

   212.    Barry JM. Unstented extravesical ureteroneocystostomy 
in kidney transplantation. J Urol. 1983;129:918–9.  

   213.    Latchamsetty KC, Mital D, Jensik S, Coogan 
CL. Use of collagen injections for vesicoureteral 
refl ux in transplanted kidneys. Transplant Proc. 
2003;35:1378–80.  

   214.    Jung GO, Chun JM, Park JB, Choi GS, Kwon CH, 
Joh JW, Lee SK, Kim SJ. Clinical signifi cance of 
posttransplantation vesicoureteral refl ux during 
short-term period after kidney transplantation. 
Transplant Proc. 2008;40:2339–941.  

     215.    Lee S, Moon HH, Kim T-S, Roh Y, Song S, Shin M, 
Kim JM, Kwon CHD, Joh J-W, Lee S-K, Huh WS, 
Oh HY, Kim S-J. Presence of vesicoureteral refl ux in 
the graft kidney does not adversely affect long-term 
graft outcome in kidney transplant recipients. 
Transplant Proc. 2013;45:2984–7.  

    216.    Mathew TH, Kincaid-Smith P, Vikraman P. Risks of 
vesicoureteric refl ux in the transplanted kidney. N 
Engl J Med. 1977;297:414–8.  

   217.    Pearson JC, Amend Jr WJC, Vincenti FG, Feduska 
NJ, Salvatierra Jr O. Post-transplantation pyelone-
phritis: factors producing low patient and transplant 
morbidity. J Urol. 1980;123:153–6.  

     218.    Mastrosimone S, Pignata G, Maresca MC, Calconi 
G, Rabassini A, Butini R, Fandella A, Di Falco G, 
Chiara G, Caldato C, et al. Clinical signifi cance of 
vesicoureteral refl ux after kidney transplantation. 
Clin Nephrol. 1993;40(1):38–45.  

   219.    Shoskes DA, Hanbury D, Cranston D, Morris 
PJ. Urological complications in 1,000 consecutive 
renal transplant recipients. J Urol. 1995;153:18–21.  

   220.    Moreira P, Parada B, Figueiredo A, Maia N, Nunes P, 
Bastos C, Mota A. Comparative study between two 
techniques of ureteroneocystostomy: Taguchi and 
Lich-Gregoir. Transplant Proc. 2007;39:2480–2.  

    221.    Secin FP, Rovegno AR, Marrugat RE, Virasoro R, 
Lautersztein GA, Fernandez H. Comparing Taguchi 
and Lich-Gregoir ureterovesical reimplantation 
techniques for kidney transplants. J Urol. 
2002;168:926–30.  

     222.    Dunn SP, Vinocur CD, Hanevold C, Wagner CW, 
Weintraub WH. Pyelonephritis following pediatric 
renal transplant: increased incidence with vesicoure-
teral refl ux. J Pediatr Surg. 1987;22:1095–9.  

   223.    Hanevold CD, Kaiser BA, Palmer J, Polinsky MS, 
Baluarte J. Vesicoureteral refl ux and urinary tract 
infections in renal transplant recipients. Am J Dis 
Child. 1987;141:982–4.  

     224.    Fontana I, Ginevri F, Arcuri V, Basile G, Nocera A, 
Beatini M, Bonato L, Barocci S, Bertocchi M, 
Manolitsi O, Valente R, Draghi P, Gusmano R, 
Valente U. Vesicoureteral refl ux in pediatric kidney 
transplants: clinical relevance to graft and patient 
outcome. Pediatr Transplant. 1999;3:206–9.  

      225.    Ranchin B, Chapuis F, Dawhara M, Canterino I, 
Hadj-Aïssa A, Saïd MH, Parchoux B, Dubourg L, 
Pouillaude JM, Floret D, Martin X, Cochat P. 
Vesicoureteral refl ux after kidney transplantation in 
children. Nephrol Dial Transplant. 2000;15:1852–8.  

       226.    Krishnan A, Swana H, Mathias R, Baskin LS. Redo 
ureteroneocystostomy using an extravesical 
approach in pediatric renal transplant patients with 
refl ux: a retrospective analysis and description of 
technique. J Urol. 2006;176:1582–7.  

   227.    Mochon M, Kaiser BA, Dunn S, Palmer J, Polinsky 
MS, Schulman SL, Flynn JT, Baluarte HJ. Urinary 
tract infections in children with posterior urethral 
valves after kidney transplantation. J Urol. 
1992;148:1874–6.  

      228.    Neuhaus TJ, Schwobel M, Schlumpf R, Offner G, 
Leumann E, Willi U. Pyelonephritis and vesicoure-
teral refl ux after renal transplantation in young chil-
dren. J Urol. 1997;157:1400–3.  

    229.    Reinberg Y, Bumgardner GL, Aliabadi H. Urological 
aspects of renal transplantation. J Urol. 1990;143:
1087–92.  

    230.    Nghiem DD, Goldman MH, Mendez GP, Lee 
HM. Signifi cance of vesicoureteral refl ux in renal 
transplantation. Urology. 1981;18:542–5.  

    231.    Vianello A, Pignata G, Caldato C, Di Falco G, Calconi 
G, Fadella A, et al. Vesicoureteric refl ux after kidney 
transplantation: clinical signifi cance in the medium to 
long term. Clin Nephrol. 1997;47:356–61.  

    232.    Krieger JN, Brem AS, Kaplan MR. Urinary tract 
infection in pediatric renal transplantation. Urology. 
1980;15:362–9.  

    233.    Hirada H, Miura M, Takada N, Morooka K, Tanabe 
T, Seki T, Togashi M, Hirano T. Vesicoureteral refl ux 
into kidney allograft has a greater negative impact on 
long-term graft survival. J Urol. 2008;179:S697.  

    234.    Salvatierra O. Management of vesico-ureteral refl ux 
in renal allografts transplanted into pediatric recipi-
ents. Pediatr Transplant. 1999;3:171–4.  

    235.    Dinckan A, Aliosmanoglu I, Kocak H, Gunseren F, 
Mesci A, Ertug Z, Yucel S, Suleymanlar G, Gurkan 
A. Surgical correction of vesico-ureteric refl ux for 
recurrent febrile urinary tract infections after kidney 
transplantation. BJU Int. 2013;112:E366–71.  

    236.    Salomon L, Saporta F, Amsellem D, et al. Results of 
pyeloureterostomy after ureterovesical anastamosis 
complications in renal transplantation. Urology. 
1999;53:908–12.  

    237.    Kayler L, Kang D, Mlmenti E, Howard R. Kidney 
transplant ureteroneocystostomy techniques and 
complications: review of the literature. Transplant 
Proc. 2010;42:1413–20.  

     238.    Williams MA, Giel DA, Hastings MC. Endoscopic 
Defl ux injection for pediatric transplant refl ux: a fea-
sible alternative to open ureteral reimplant. J Pediatr 
Urol. 2008;4:341–4.  

    239.    Yucel S, Akin Y, Celik O, Erdogru T, Baykara 
M. Endoscopic vesicoureteral refl ux correction in 
transplanted kidneys: does injection technique mat-
ter? J Endourol. 2010;24(10):1661–4.  

A.A. Friedman and M.K. Hanna



199

    240.    Pichler R, Buttazzoni A, Rehder P, Bartsch G, 
Steiner H, Oswald J. Endoscopic application of dex-
tranomer/hyaluronic acid copolymer in the treatment 
of vesico-ureteric refl ux after renal transplantation. 
BJU Int. 2011;107(12):1967–72.  

     241.    Müller T, Arbeiter K, Aufricht C. Renal function in 
meningomyelocele: risk factors, chronic renal fail-
ure, renal replacement therapy and transplantation. 
Curr Opin Urol. 2002;12(6):479–84.  

    242.    Panicker JN, de Sèze M, Fowler CJ. Rehabilitation in 
practice: neurogenic lower urinary tract dysfunction 
and its management. Clin Rehabil. 2010;24:579–89.  

    243.    Filler G, Gharib M, Casier S, Lödige P, Ehrich JHH, 
Dave S. Prevention of chronic kidney disease in 
spina bifi da. Int Urol Nephrol. 2012;44:817–27.  

    244.    Lee CY, Lee CY. Long-term renal outcome in 
patients with lumbar meningomyelocele. Pediatr 
Nephrol. 2010;25:1967. Abstract# 864.  

    245.    van Gool JD, Dik P, de Jong TP. Bladder-sphincter 
dysfunction in myelomeningocele. Eur J Pediatr. 
2001;160(7):414–20.  

    246.    Bauer SB, Hallet M, Khoshbin S, Leowitz RL, 
Winston KR, Gibson S, Colodny AH, Retik 
AB. Predictive value of urodynamic evaluation in 
newborns with myerlodysplasia. JAMA. 1984;
252:650.  

    247.    Johnston JH. Vesicoureteric refl ux with urethral 
valves. Br J Urol. 1979;51:100–4.  

   248.    Glassberg KI. Current issues regarding posterior 
urethral valves. Urol Clin North Am. 1985;12(1):
175–85.  

    249.    Tejani A, Butt K, Glassberg K, Price A, Gurumurthy 
K. Predictors of eventual end stage renal disease in 
children with posterior urethral valves. J Urol. 
1986;136:857–60.  

          250.    Elder JS, Diaz M, Caldamone AA, Cendron M, 
Greenfi eld S, Hurwitz R, Kirsch A, Koyle MA, Pope 
J, Shapiro E. Endoscopic therapy for vesicoureteral 
refl ux: a meta-analysis. I. Refl ux resolution and uri-
nary tract infection. J Urol. 2006;175:716–22.  

        251.    Routh JC, Inman BA, Reinberg Y. Dextranomer/
hyaluronic acid for pediatric vesicoureteral refl ux: 
systematic review. Pediatrics. 2010;125:1010–9.  

     252.    Lipsky H, Chisholm GD. Primary vesico-ureteric 
refl ux in adults. Br J Urol. 1971;43:277–83.  

     253.    Amar AD, Singer B, Lewis R, Nocks B. Vesicoureteral 
refl ux in adults. Urology. 1974;3:184–9.  

    254.    McAninch J, Campbell P. Primary vesicoureteral 
refl ux in adult patients. Urology. 1973;11:393–5.  

      255.    Berquist TH, Hattery RR, Hartman GW, Klalis PP, 
De Weerd J. Vesicoureteric refl ux in adults. Am J 
Roentgenol Radium Ther Nucl Med. 1975;125:
314–21.  

          256.    El-Khatib M, Becker GJ, Kincaid-Smith P. Refl ux 
nephropathy and primary vesicoureteric refl ux in 
adults. Q J Med. 1990;77:1241–53.  

                    257.    Köhler J, Tencer J, Thysell H, Forsberg 
L. Vesicoureteral refl ux diagnosed in adulthood. 
Incidence of urinary tract infections, hypertension, 

proteinuria, back pain, and renal calculi. Nephrol 
Dial Transplant. 1997;12:2580–7.  

    258.    Bumpus HC. Urinary refl ux. J Urol. 1924;12:341–6.  
    259.    Baker R, Maxted W, McCrystal H, et al. Unpredictable 

results associated with treatment of 133 children with 
ureterorenal refl ux. J Urol. 1965;94:362–75.  

   260.    Choi YD, Yang WJ, Do SH, Kim DS, Lee HY, Kim 
JH. Vesicoureteral refl ux in adult women with 
uncomplicated acute pyelonephritis. Urology. 
2005;66:55–8.  

    261.    Pinthus JH, Oksman Y, Leibovitch I, Goshen E, 
Dotan ZA, Schwartz A, Ramon J, Zwas ST, Mor 
Y. The role of indirect radionuclide cystography dur-
ing the acute phase of pyelonephritis in young 
women. BJU Int. 2005;95:619–23.  

     262.    Nativ O, Hertz M, Hanani Y, Many M, Jonas 
P. Vesicoureteral refl ux in adults: a review of 95 
patients. Eur Urol. 1987;13:229–32.  

    263.    Becker GJ. Refl ux nephropathy. Aust N Z J Med. 
1985;15:668–76.  

    264.    Nakashima Y, Matsuoka H, Oshima K, Sakamoto 
K. Progression of renal disease in patients with 
refl ux nephropathy: follow-up study. Nippon 
Hinyokika Gakkai Zasshi. 1997;88(5):557–65.  

    265.    Bengtsson U, Högdahl A-M, Hood B. Chronic non- 
obstructive pyelonephritis and hypertension: a long- 
term study. Q J Med. 1968;37:361–77.  

     266.    Torres VE, Malek RS, Svensson JP. Vesicoureteral 
refl ux in the adult II. Nephropathy, hypertension and 
stones. J Urol. 1983;130:41–4.  

    267.    Kerr DNS, Cochilas T, Rashid HU. Prospects for pre-
vention of chronic renal failure: chronic pyelonephri-
tis. Proc Eur Dial Transplant Assoc. 1979;16:457–66.  

    268.    Browne RF, Zwirewich C, Torreggiani WC. Imaging 
of urinary tract infection in the adult. Eur Radiol. 
2004;14(Suppl):E168–83.  

     269.    Okeke Z, Fromer D, Katz MH, Reiley EA, Hensle 
TW. Endoscopic management of vesicoureteral 
refl ux in women presenting with pyelonephritis. 
J Urol. 2006;176:2219–21.  

    270.    Johansen TE. The role of imaging in urinary tract 
infections. World J Urol. 2004;22:392–8.  

    271.    Barai S, Bandopadhayaya GP, Bhowmik D, Patel 
CD, Malhotra A, et al. Prevalence of vesicoureteric 
refl ux in patients with incidentally diagnosed adult 
hypertension. Urology. 2004;63:1045–9.  

    272.    Leadbetter GW, Duxbury JH, Dreyfuss JR. Absence 
of vesicoureteral refl ux in normal adult males. 
J Urol. 1960;84:69–70.  

    273.    Paltiel HJ, Rupich RC, Kiruluta HG. Enhanced 
detection of vesicoureteral refl ux in infants and chil-
dren with use of cyclic voiding cystourethrography. 
Radiology. 1992;184:753–5.  

    274.    Hanna MK. Occult vesicoureteral refl ux. In voiding 
cystourethrography update. Dialogues Pediatr Urol. 
1997;20:3–4.  

    275.    Rubenstein JN, Maizels M, Kim SC, Houston 
JT. The PIC cystogram: a novel approach to iden-
tify “occult” vesicoureteral refl ux in children with 

16 Vesicoureteral Refl ux and the Adult



200

febrile urinary tract infections. J Urol. 2003;169:
2339–43.  

    276.    Cuckow PM, Dinneen MD, Risdon RA, Ransley PG, 
Duffy PG. Long-term renal function in the posterior 
urethral valves, unilateral refl ux and renal dysplasia 
syndrome. J Urol. 1997;158(3 Pt 2):1004–7.  

    277.    Najmaldin A, Burge DM, Atwell JD. Refl ux 
nephropathy secondary to intrauterine vesicoureteric 
refl ux. J Pediatr Surg. 1990;25:387–90.  

   278.    Crabbe DC, Thomas DF, Gordon AC, Irving HC, 
Arthur RJ, Smith SE. Use of  99m   technetium-
dimercaptosuccinic acid to study patterns of renal 
damage associated with prenatally detected vesico-
ureteral refl ux. J Urol. 1992;148:1229–33.  

   279.    Marra G, Barbieri G, Dell’Agnola CA, Caccamo 
ML, Castellani MR, Assael BM. Congenital renal 
damage associated with primary vesicoureteral 
refl ux male infants. J Pediatr. 1994;124:726–30.  

     280.    Marra G, Oppezzo C, Ardissino G, et al. Severe vesi-
coureteral refl ux and chronic renal failure: a condi-
tion peculiar to male gender? Data from the ItalKid 
Project. J Pediatr. 2004;144(5):677–81.  

       281.    Piepsz A, Tamminen-Mobius T, Reiners C, et al. 
Five-year study of medical or surgical treatment in 
children with severe vesico-ureteral refl ux dimer-
captosuccinic acid fi ndings. International Refl ux 
Study Group in Europe. Eur J Pediatr. 1998;157(9):
753–8.  

    282.    Cascio S, Chertin B, Colhoun E, Puri P. Renal paren-
chymal damage in male infants with high grade vesi-
coureteral refl ux diagnosed after the fi rst urinary 
tract infection. J Urol. 2002;168:1708–10.  

    283.    Smellie JM, Barratt TM, Chantler C, et al. Medical 
versus surgical treatment in children with severe 
bilateral vesicoureteric refl ux and bilateral nephrop-
athy: a randomised trial. Lancet. 2001;357(9265):
1329–33.  

        284.    Jodal U, Smellie JM, Lax H, Hoyer PF. Ten-year 
results of randomized treatment of children with 
severe vesicoureteral refl ux. Final report of the 
International Refl ux Study in Children. Pediatr 
Nephrol. 2006;21(6):785–92.  

     285.    Birmingham Refl ux Study Group. Prospective trial 
of operative versus non-operative treatment of severe 
vesicoureteric refl ux in children: fi ve years’ observa-
tion. Br Med J. 1987;295(6592):237–41.  

     286.    Webster RI, Smith G, Farnsworth RH, Rossleigh 
MA, Rosenberg AR, Kainer G. Low incidence of 
new renal scars after ureteral reimplantation for vesi-
coureteral refl ux in children: a prospective study. 
J Urol. 2000;163:1915–8.  

    287.    Loirat C, Ehrich JH, Geerlings W, et al. Report on 
management of renal failure in children in Europe, 
XXIII, 1992. Nephrol Dial Transplant. 1994;9 Suppl 
1:26–40.  

    288.    Craig JC, Irwig LM, Knight JF, Roy LP. Does treat-
ment of vesicoureteric refl ux in childhood prevent 
end-stage renal disease attributable to refl ux 
nephropathy? Pediatrics. 2000;105(6):1236–41.  

      289.    Zilberman DE, Mor Y. Has the data effl ux regarding 
the promising outcome following injection of Defl ux 
changed the management of adult vesicoureteral 
refl ux. Adv Urol. 2008;36:1224–8.  

      290.    Halachmi S, Pillar G. Congenital urological anoma-
lies diagnosed in adulthood—management consider-
ations. J Pediatr Urol. 2008;4:2–7.  

      291.    Peters CA, Skoog SJ, Atant Jr BS, Copp HL, Elder 
JS, Hudson RG, et al. Summary of the AUA guide-
line on management of primary vesicoureterala 
refl ux in children. J Urol. 2010;184:1134–44.  

     292.    Olbing H, Smellie JM, Jodal U, Lax H. New renal 
scars in children with severe VUR: a 10-year study 
of randomized treatment. Pediatr Nephrol. 2003;18:
1128–31.  

      293.    Weston PM, Stone AR, Bary PR, Leopold D, 
Stephenson TP. The results of refl ux prevention in 
adults with refl ux nephropathy. Br J Urol. 1982;54:
677–81.  

    294.    Estrada Jr CR, Passerotti CC, Graham DA, Peters 
CA, Bauer SB, Diamond DA, Cilento Jr BG, Borer 
JG, Cendron M, Nelson CP, Lee RS, Zhou J, Retik 
AB, Nguyen HT. Nomograms for predicting annual 
resolution rate of primary vesicoureteral refl ux: 
results from 2,462 children. J Urol. 2009;182:
1535–41.  

    295.    McLorie GA, McKenna PH, Jumper BM, Churchill 
BM, Gilmour RF, Khoury AE. High grade vesico-
ureteral refl ux: analysis of observational therapy. 
J Urol. 1990;144:537–40.  

     296.    Arant Jr BS. Medical management of mild and mod-
erate vesicoureteral refl ux: follow-up studies of 
infants and young children—a preliminary report of 
the Southwest Pediatric Nephrology Study Group. 
J Urol. 1992;148(5 pt 2):1683–7.  

     297.    Tamminen-Möbius T, Brunier E, Ebel KD, Lebowitz 
R, Olbing H, Seppänen U, Sixt R. Cessation of vesico-
ureteral refl ux for 5 years in infants and children allo-
cated to medical treatment The International Refl ux 
Study in Children. J Urol. 1992;148(Pt 2):1662–6.  

      298.    Elder JS, Peters CA, Arant Jr BS, Ewalt DH, 
Hawtrey CE, Hurwitz RS, Parrott TS, Snyder III 
HM, Weiss RA, Woolf SH, Hasselbald V. Pediatric 
Vesicoureteral Refl ux Guidelines Panel summary 
report on the management of primary vesicoureteral 
refl ux in children. J Urol. 1997;157:1846–51.  

        299.    Schwab CW, Wu HY, Selman H, Smith GHH, 
Snyder HM, Canning DA. Spontaneous resolution of 
vesicoureteral refl ux: a 15-year perspective. J Urol. 
2002;168:2594–9.  

     300.    Goldraich NP, Goldraich IH. Follow-up of conserva-
tively treated children with high and low grade vesi-
coureteral refl ux: a prospective study. J Urol. 
1992;148(Pt 2):1688–92.  

    301.    Greenfi eld SP, Ng M, Wan J. Resolution rates of low 
grade vesicoureteral refl ux stratifi ed by patient age at 
presentation. J Urol. 1997;157:1410–3.  

    302.    Yeung CK, Sreedhar B, Sihoe JD, Sit FK. Renal and 
bladder functional status at diagnosis as predictive 

A.A. Friedman and M.K. Hanna



201

factors for the outcome of primary vesicoureteral 
refl ux in children. J Urol. 2006;176:1152–7.  

     303.    Cooper CS, Chung BI, Kirsch AJ, Canning DA, 
Snyder III HM. The outcome of stopping prophylac-
tic antibiotics in older children with vesicoureteral 
refl ux. J Urol. 2000;163:269–73.  

    304.    Phillips D, Watson AR, McKinley D. Distress and 
micturating cystourethrography: does preparation 
help? Acta Paediatr. 1998;87:175–9.  

    305.    Hall EJ. Radiation biology for pediatric radiologists. 
Pediatr Radiol. 2009;39:S57–64.  

    306.    Cleveland RH, Constantinou C, Blickman JG, 
Jaramillo D, Webster E. Voiding cystourethrography in 
children: value of digital fl uoroscopy in reducing radi-
ation dose. AJR Am J Roentgenol. 1992;158:137–42.  

   307.    Darge K, Troeger J, Duetting T, Zieger B, 
Rohrschneider W, Moehring K, Weber C, Toenshoff 
B. Refl ux in young patients: comparison of voiding 
US of the bladder and retrovesical space with echo 
enhancement versus voiding cystourethrography for 
diagnosis. Radiology. 1999;210:201–7.  

   308.    Ward VL, Barnewolt CE, Strauss KJ, Lebowitz RL, 
Venkatakrishnan V, Stehr M, McLellan DL, Peters 
CA, Zurakowski D, Dunning PS, Taylor GA. 
Radiation exposure reduction during voiding cysto-
urethrography in a pediatric porcine model of vesi-
coureteral refl ux. Radiology. 2006;238:96–106.  

   309.    Strauss KJ, Kaste SC. The ALARA (as low as rea-
sonably achievable) concept in pediatric interven-
tional and fl uoroscopic imaging: striving to keep 
radiation doses as low as possible during fl uoros-
copy of pediatric patients—a white paper executive 
summary. Pediatr Radiol. 2006;36:110–2.  

    310.    Ward VL, Strauss KJ, Barnewolt CE, Zurakowski D, 
Venkatakrishnan V, Fahey FH, Lebowitz RL, Taylor 
GA. Pediatric radiation exposure and effective dose 
reduction during voiding cystourethrography. 
Radiology. 2008;249:1002–9.  

    311.   Rushton HG. Management of the adolescent with 
persisting vesicoureteral refl ux. AUA News. 2001;7.  

    312.    Senoh K, Iwatsubo E, Momose S, Goto M, Kodama 
H. Non-obstructive vesicoureteral refl ux in adults: value 
of conservative treatment. J Urol. 1977;117:566–70.  

    313.    Kennelly MJ, Bloom DA, Ritchey ML. Outcome 
analysis of bilateral Cohen cross-trigonal uretero-
neocystostomy. J Urol. 1995;46:393–5.  

    314.    Phillips EA, Wang DS. Current status of robot- 
assisted laparoscopic ureteral reimplantation and 
reconstruction. Curr Urol Rep. 2012;13(3):190–4.  

    315.    Hubert KC, Kokorowski PJ, Huang L, Prasad M, 
Rosoklija I, Retik A, Nelson C. New contralateral 
vesicoureteral refl ux after unilateral reimplantation: 
predictive factors and clinical outcomes. J Urol. 
2014;191:451–7.  

    316.    Kunin CM. The natural history of recurrent bacteri-
uria in schoolgirls. N Engl J Med. 1970;282:
1443–8.  

   317.    Strom BL, Collins M, West SL, Kreisberg J, Weller 
S. Sexual activity, contraceptive use, and other risk 

factors for symptomatic and asymptomatic bacteri-
uria. Ann Intern Med. 1987;107:816–23.  

    318.    Martinell J, Claesson I, Lidin-Janson G, Jodal 
U. Urinary infection, refl ux and renal scarring in 
females continuously followed for 13–38 years. 
Pediatr Nephrol. 1995;9:131–6.  

    319.    Scholes D, Hooton TM, Roberts PL, Gupta K, 
Stapleton AE, Stamm WE. Risk factors associated 
with acute pyelonephritis in healthy women. Ann 
Intern Med. 2005;142:20–7.  

    320.    Skoog SJ, Belman AM, Majd M. A nonsurgical 
approach to the management of primary vesicoure-
teral refl ux. J Urol. 1987;138:941–6.  

    321.    Yu TJ, Chen WF, Chen HY. Early versus late surgical 
management of fetal refl ux nephropathy. J Urol. 
1997;157:1416–9.  

   322.    Matsumoto F, Shimada K, Harada Y, Naitoh Y. Split 
renal function does not change after successful treat-
ment in children with primary vesico-ureteric refl ux. 
BJU Int. 2003;92:1006–9.  

    323.    Nepple KG, Austin JC, Hawtrey CE, Cooper 
CS. Kidneys with refl ux nephropathy maintain rela-
tive renal function after ureteral reimplantation. 
J Urol. 2005;174:1606–9.  

    324.    Beetz R, Hohenfellner R, Schofer O, Singhof S, 
Reidmiller H. Long-term follow-up of children with 
surgically treated vesicoureteral refl ux: renal growth. 
Eur Urol. 1991;19:39–44.  

    325.    Belloli G, Bedogni L, Salano F, Biscuola G, Meschi 
V. Long-term evaluation of renal damage in primary 
vesico-renal refl ux after corrective surgery. Pediatr 
Med Chir. 1985;7:643–52.  

    326.    Steffans J, Langen PH, Haben B, Hiebl R, Steffens 
L, Polsky MS. Politano-Leadbetter ureteroneocys-
tostomy. Urol Int. 2000;65:9–14.  

    327.    Poutasse EF, Stecker Jr JF, Ladaga LE, Sperber 
EE. Malignant hypertension in children secondary to 
chronic pyelonephritis: laboratory and radiologic 
indications for partial or total nephrectomy. Trans 
Am Assoc Genitourin Surg. 1977;69:135–8.  

    328.   Austin JC. Treatment of vesicoureteral refl ux after 
puberty. Adv Urol. 2008;590185:5.  

    329.    Dounis A, Dunn M, Smith PJB. Ureteric reimplanta-
tion for vesico-ureteric refl ux in the adult. Br J Urol. 
1978;50:233–6.  

     330.    Malek RS, Svensson J, Neves RJ, Torres VE. 
Vesicoureteral refl ux in the adult. III. Surgical cor-
rection: risks and benefi ts. J Urol. 1983;130:882–6.  

       331.    Köhler J, Thysell J, Tencer L, Forsberg L, Hellstrom 
M. Conservative treatment and antirefl ux surgery in 
adults with vesico ureteral refl ux: effect on urinary 
tract infections, renal function and loin pain in a long 
term follow up study. Nephrol Dial Transplant. 
2001;16:52–5.  

     332.    Guthman DA, Malek RS, Neves RJ, Svensson 
J. Vesicoureteral refl ux in the adult. V. Unilateral 
disease. J Urol. 1991;146:21–3.  

    333.    Bailey RR. Clinical presentations and diagnosis of 
vesico-ureteric refl ux and refl ux nephropathy. In: 

16 Vesicoureteral Refl ux and the Adult



202

Davison I, editor. Nephrology. Cambridge: 
Cambridge University Press; 1988. p. 835–43.  

    334.    Salvatierra Jr O, Tanagho EA. Refl ux as a cause of 
end stage kidney disease: report of 32 cases. J Urol. 
1977;117:441–3.  

    335.    Senekjian HO, Stinebaugh BJ, Mattiolo CA, Suki 
WN. Irreversible renal failure following vesicoure-
teral refl ux. JAMA. 1979;241:160–2.  

     336.    Lamesch AJ. Retrograde catheterization of the ureter 
after anti-refl ux plasty by Cohen technique of trans-
verse advancement. J Urol. 1981;125:73–4.  

   337.    De Castro R, Ricci S. Catheterization of the ureter 
after anti-refl ux reimplantation using the Cohen 
technique. Pediatr Med Chir. 1981;3:67–70.  

   338.    Rich M, Hanna MK, Smith AD. Removal of a ure-
teral stone from a patient with cross-trigonal ureteral 
reimplantation. Urology. 1987;30:133–5.  

   339.    Santarosa RP, Hensle TW, Shabsigh R. Percutaneous 
transvesical ureteroscopy for removal of distal ureteral 
stone in reimplanted ureter. Urology. 1993;42:313–6.  

   340.    Wallis CM, Brown DH, Jayanthi VR, Koff SA. A 
novel technique for ureteral catheterization and/or 
retrograde ureteroscopy after cross-trigonal ureteral 
reimplantation. J Urol. 2003;170:1664–6.  

    341.    De Castro R, Hubert KC, Palmer JS. Retrograde ure-
teral access after cross-trigonal ureteral reimplanta-
tion: a straightforward technique. J Pediatr Urol. 
2011;7:57–60.  

    342.    Matouschek E. Die Behandlung des vesikorenalen 
Refl uxes durch transurethrale Einspritzung von 
Tefl on Paste. Urol A. 1981;20:263–4.  

    343.    Chertin B, De Caluwé D, Puri P. Endoscopic treat-
ment primary grades IV and V vesicoureteral refl ux 
in children with subureteral injection of polytetra-
fl uoroethylene. J Urol. 2003;169:1804–7.  

    344.    van Capelle JW, de Haan T, El Sayed W, Azmy 
A. The long-term outcome of the endoscopic subure-
teric implantation of poly-dimethylsiloxane for treat-
ing vesico-ureteric refl ux in children: a retrospective 
analysis of the fi rst 195 consecutive patients in two 
European centres. BJU Int. 2004;94:1348–51.  

    345.    Malizia Jr AA, Reiman HM, Myers RP, Sande JR, 
Barham SS, Benson Jr RC, Dewanjee MK, Utz WJ. 
Migration and granulomatous reaction after periure-
thral injection of Polytef (Tefl on). JAMA. 1984;251:
3277–81.  

   346.    Mittleman RE, Marraccini JV. Pulmonary Tefl on 
granulomas following periurethral Tefl on injection 
for urinary incontinence. Arch Pathol Lab Med. 
1983;107:611–2.  

   347.    Hatanaka S, Oneda S, Okazaki K, Shong LJ, Yoshida 
A, Isaka H, Yoshida H. Induction of malignant 
fi brous histiocytoma in female Fisher rats by implan-
tation of cyanoacrylate, zirconia, polyvinyl chloride 
or silicone. In Vivo. 1993;7:111–5.  

   348.    Vandenbossche M, Delhove O, Dumortier P, Deneft 
F, Schulman CC. Endoscopic treatment of refl ux: 
experimental study and review of Tefl on and colla-
gen. Eur Urol. 1993;23:386–93.  

   349.    Henly DR, Barrett DM, Weiland TL, O’Connor MK, 
Malizia AA, Wein AJ. Particulate silicone for use in 
periurethral injections: local tissue effects and search 
for migration. J Urol. 1995;153:2039–43.  

   350.    Dewan PA, Stefanek W, Byard RW. Long-term his-
tological response to intravenous Tefl on and silicone 
in a rat model. Pediatr Surg Int. 1995;10:129–33.  

    351.    Dewan PA, Fraundorfer M. Skin migration follow-
ing periurethral polytetrafl uoroethylene injection for 
urinary incontinence. Aust N Z J Surg. 
1996;66:57–9.  

    352.    Leonard MP, Canning DA, Peters CA, Gearhart JP, 
Jeffs RD. Endoscopic injection of glutaraldehyde 
crosslinked bovine dermal collagen for correction of 
vesicoureteral refl ux. J Urol. 1991;145:115–9.  

   353.    Capozza N, Caione P, De Gennaro D, Nappo S, 
Patricolo M. Endoscopic treatment of vesicoureteric 
refl ux and urinary incontinence: technical problems 
in the pediatric patient. Br J Urol. 1995;75:538–42.  

   354.    Frey P, Berger D, Jenny P, Herzog B. Subureteral 
collagen injection for the endoscopic treatment of 
vesicoureteral refl ux in children. Followup study of 
97 treated ureters and histological analysis of colla-
gen implants. J Urol. 1995;148(Pt 2):718–23.  

      355.    Reunanen M. Correction of vesicoureteral refl ux in 
children by endoscopic injection: a prospective 
study. J Urol. 1995;154:2156–8.  

     356.    Stredele RJF, Dietz H-G, Stehr M. Long-term results 
of endoscopic treatment of vesicoureteral refl ux in 
children: comparison of different bulking agents. 
J Pediatr Urol. 2013;9:71–7.  

    357.    Haferkamp A, Contractor H, Möhring K, Staehler G, 
Dörsam J. Failure of subureteral bovine collagen 
injection for the endoscopic treatment of primary 
vesicoureteral refl ux in long-term followup. Urology. 
2000;55:759–63.  

     358.    Inoue K, Nakamoto T, Usui A, Usui T. Endoscopic 
subureteral glutaraldehyde cross-linked collagen 
injection for the treatment of secondary vesicoure-
teral refl ux: comparison with primary vesicoureteral 
refl ux in adults. J Urol. 2000;164:336–9.  

    359.    Stenberg A, Lackgren G. A new bioimplant for the 
endoscopic treatment of vesicoureteral refl ux: exper-
imental and short-term clinical results. J Urol. 
1995;154(Pt 2):800–3.  

   360.    Stenberg A, Larsson E, Lindholm A, et al. Injectable 
dextranomer-based implant: histopathology, volume 
changes and DNA analysis. Scand J Urol Nephrol. 
1999;33:355.  

    361.    Stenberg AM, Sundin A, Larsson BS, Ronneus B, 
Stenberg A, Läckgren G. Lack of distant migration 
after injection of a 125iodine labeled dextranomer 
based implant into the rabbit bladder. J Urol. 
1997;158:355–61.  

    362.    Polackwich AS, Skoog SJ, Austin JC. Long-term 
followup after endoscopic treatment of vesicoure-
teral refl ux and dextranomer/hyaluronic acid copoly-
mer in patients with neurogenic bladder. J Urol. 
2012;188:1511–5.  

A.A. Friedman and M.K. Hanna



203

    363.    Engel JD, Palmer LS, Cheng EY, Kaplan 
WE. Surgical versus endoscopic correction of vesi-
coureteral refl ux in children with neurogenic bladder 
dysfunction. J Urol. 1997;157:2291–4.  

    364.    Oswald J, Riccabona M, Lusuardi L, Bartsch G, 
Radmayr C. Prospective comparison and 1-year fol-
low- up of a single endoscopic subureteral polydimeth-
ylsiloxane versus dextranomer/hyaluronic acid 
copolymer injection for treatment of vesicoureteral 
refl ux in children. Urology. 2002;60:894–7.  

     365.    Lee EK, Gatti JM, Demarco RT, Murphy JP. Long- 
term followup of dextranomer/hyaluronic acid 
injection for vesicoureteral refl ux: late failure  warrants 
contributed follow-up. J Urol. 2009;181:1869–74.  

    366.    Läckgren G, Wåhlin N, Sköldenberg E, Stenberg 
A. Long-term followup of children treated with dex-
tranomer/hyaluronic acid copolymer for vesicoure-
teral refl ux. J Urol. 2001;166:1887–92.  

     367.    Chertin B, Natsheh A, Fridmans A, Shenfeld OZ, 
Farkas A. Renal scarring and UTI following success-
ful endoscopic correction of vesicoureteral refl ux. 
J Urol. 2009;182:1703–6.  

   368.    Sedberry-Ross S, Rice DC, Pohl HG, Belman AB, 
Majd M, Rushton HG. Febrile urinary tract infec-
tions in children with an early negative voiding cys-
tourethrogram after treatment of vesicoureteral 
refl ux with dextranomer/hyaluronic acid. J Urol. 
2008;180:1605–9.  

    369.    Chi A, Gupta A, Snodgrass WJ. Urinary tract infec-
tion following successful dextranomer/hyaluronic 
acid injection for vesicoureteral refl ux. J Urol. 
2008;179:1966–70.  

    370.    Dawrant MJ, Mohanan N, Puri P. Endoscopic treat-
ment for high grade vesicoureteral refl ux in infants. 
J Urol. 2006;176(4 Pt 2):1847–50.  

     371.    Brandström P, Nevéus T, Sixt R, Stokland E, Jodal 
U, Hansson S. The Swedish refl ux trial in children: 
IV. Renal damage. J Urol. 2010;184:292–7.  

     372.    Basok EK, Yildirim A, Atsu N, Gocer S, Tokuc 
R. Endoscopic treatment of vesicoureteral refl ux 
with polydimethylsiloxane in adults: do location and 
appearance of the ureteric orifi ce have a role in the 
success rates? Urol Int. 2008;80:279–82.  

   373.    Arce J, Angerri O, Caffaratti J, Garat JM, Villavicencio 
H. Effi cacy of endoscopic treatment for vesico-ureteric 
refl ux in adults. BJU Int. 2009;103:71–4.  

   374.    Natsheh A, Shenfeld OZ, Farkas A, Chertin 
B. Endoscopic treatment of vesicoureteral refl ux in 
an adult population: can we teach our adult urology 
colleagues? J Pediatr Urol. 2010;6:600–4.  

    375.    Moore K, Bolduc S. Treatment of vesicoureteral 
refl ux in adults by endoscopic injection. Urology. 
2011;77:1284–7.  

    376.    Craig JC, Simpson JM, Williams GJ, et al. Antibiotic 
prophylaxis and recurrent urinary tract infection in 
children. N Engl J Med. 2009;361:1748–59.  

     377.   Nagler EVT, Williams G, Hodson EM, Craig 
JC. Interventions for primary vesicoureteric refl ux. 
Cochrane Database Syst Rev. 2011;(6):CD001532.  

     378.    The RIVUR, Investigators T. Antimicrobial prophy-
laxis for children with vesicoureteral refl ux. N Engl 
J Med. 2014;370(25):2367–76.  

     379.    Hjälmás K, Lohr G, Tamminen-Mobius T, Seppanen 
J, Olbius H, Wikstrom S. Surgical results in the 
International Refl ux Study in Children (Europe). 
J Urol. 1992;148:1657–61.  

    380.    Weiss R, Duckett J, Spitzer A. Results of a random-
ized clinical trial of medical versus surgical manage-
ment in infants and children with grades III and IV 
primary vesicoureteral refl ux (United States). J Urol. 
1992;148:1667–773.  

    381.    Weiss R, Tamminen-Mobius T, Koskimies O, Olbing 
H, Smellie JM, Lax-Gross H. Characteristics at entry 
of children with severe primary vesicoureteral refl ux 
recruited for a multicenter, international therapeutic 
trial comparing medical and surgical management. 
The International Refl ux Study in Children. J Urol. 
1992;148:1644–9.  

    382.    Olbing H, Hirche H, Koskimies O, Lax H, Seppanen 
U, Smellie JM, Tamminen-Möbius T, Wikstad I. Renal 
growth in children with severe vesicoureteral refl ux: 
10 year prospective study of medical and surgical 
treatment: the International Refl ux Study in Children 
(European branch). Radiology. 2000;216:731–7.  

    383.    Downs SM. Technical report: urinary tract infections 
in febrile infants and young children. The Urinary 
Tract Subcommittee of the American Academy of 
Pediatrics Committee on Quality Improvement. 
Pediatrics. 1999;103(4):e54.  

    384.    Thompson R, Chen J, Pugach J, Naseer S, Steinhardt 
G. Cessation of prophylactic antibiotics for manag-
ing persistent vesicoureteral refl ux. J Urol. 
2001;166:1465–9.  

   385.    Georgaki-Angelaki H, Kostaridou S, Daikos GL, 
Kapoyiannis A, Veletzas Z, Michos AG, Syriopoulou 
VP. Long-term follow-up of children with vesicoure-
teral refl ux with and without antibiotic prophylaxis. 
Scand J Infect Dis. 2005;37:842–5.  

    386.    Alconcher LF, Mwnwguzzi MB, Buschiazzo R, 
Piaggio LA. Could prophylactic antibiotics be 
stopped in patients with history of vesicoureteral 
refl ux? J Pediatr Urol. 2009;5:383–8.  

    387.    Vernon SJ, Coulthard MG, Lambert HJ, Keir MJ, 
Matthews JN. New renal scarring in children who at 
age 3 and 4 y had had normal scans with dimercap-
tosuccinic acid: follow-up study. Br Med 
J. 1997;315:905–8.  

    388.    Montini G, Hewitt I. Urinary tract infections: to pro-
phylaxis or not to prophylaxis? Pediatr Nephrol. 
2009;24:1605–9.  

    389.   Reddy PP, Evans MT, Hughes PA et al. Antimicrobial 
prophylaxis in children with vesico-ureteral refl ux: a 
randomised prospective study of continuous therapy 
vs intermittent therapy vs surveillance. Proceedings 
of AAP. Pediatrics Supplement;1997.  

   390.    Hoberman A, Keren R. Antimicrobial prophylaxis 
for urinary tract infection in children. N Engl J Med. 
2009;361(18):1804–6.  

16 Vesicoureteral Refl ux and the Adult



204

    391.    Pennesi M, Trevan L, Peratoner L, Bordugo A, 
Cattaneo A, Ronfani L, Minisini S, Ventura A. Is 
antibiotic prophylaxis in children with vesicoure-
teral refl ux effective in preventing pyelonephritis 
and renal scars? A randomized, controlled trial. 
Pediatrics. 2008;121:e1489–94.  

     392.    Garin EH, Olavarria F, Garcia Nieto V, Valenciano 
B, Campos A, Young L. Clinical signifi cance of pri-
mary vesicoureteral refl ux and urinary antibiotic 
prophylaxis after acute pyelonephritis: a multicenter, 
randomized, controlled study. Pediatrics. 2006;
117(3):626–32.  

    393.    Conway PH, Cnaan A, Zaoutis T, Henry BV, 
Grundmeier RW, Keren R. Recurrent urinary tract 
infections in children: risk factors and association 
with prophylactic antimicrobials. JAMA. 
2007;298(2):179–86.  

     394.    Montini G, Rigon L, Zucchetta P, Fregonese F, 
Toffolo A, Gobber D, Cecchin D, Pavanello L, 
Molinari PP, Maschio F, Zanchetta S, Cassar W, 
Casadio L, Crivellaro C, Fortunati P, Corsini A, 
Calderan A, Comacchio S, Tommasi L, Hewitt IK, Da 
Dalt L, Zacchello G, Dall’Amico R, IRIS Group. 
Prophylaxis after fi rst febrile urinary tract infection in 
children? A multicenter, randomized, controlled, non-
inferiority trial. Pediatrics. 2008;122:1064–71.  

    395.    Duckett JW, Walker RD, Weiss R. Surgical results: 
surgical results in the International Refl ux Study in 
Children (United States Branch). J Urol. 1992;148:
1674–5.  

   396.    Venhola M, Huttunen NP, Uhari M. Meta-analysis 
of vesicoureteral refl ux and urinary tract infection 
in children. Scand J Urol Nephrol. 2006;40:
98–102.  

    397.   Hodson EM, Wheeler DM, Vimalchandra D, Smith 
GH, Craig JC. Interventions for primary vesicoure-
teric refl ux. Cochrane Database Syst Rev. 
2007;(3):CD001532.  

    398.    Smellie JM, Gruneberg RN, Leakey A, Atkin 
WS. Long-term low-dose co-trimoxazole in prophy-
laxis of childhood urinary tract infection: clinical 
aspects. Br Med J. 1976;2(6029):203–6.  

   399.    Ashkenazi S, Even-Tov S, Samra Z, Dinari 
G. Uropathogens of various childhood populations 
and their antibiotic susceptibility. Pediatr Infect Dis 
J. 1991;10(10):742–6.  

   400.    Gossens H, Sprenger MJW. Community acquired 
infections and bacterial resistance. BMJ. 1998;317:
654–7.  

    401.    Bollgren I. Antibacterial prophylaxis in children 
with urinary tract infection. Acta Paediatr Suppl. 
1999;88:48–52.  

   402.    Allen UD, MacDonald N, Fuite L, Chan F, Stephens 
D. Risk factors for resistance to “fi rst-line” antimi-
crobials among urinary tract isolates of Escherichia 
coli in children. CMAJ. 1999;160:1436–40.  

   403.    Lutter SA, Currie ML, Mitz LB, Greenbaum 
LA. Antibiotic resistance patterns in children hospi-
talized for urinary tract infections. Arch Pediatr 
Adolesc Med. 2005;159(10):924–8.  

    404.    Cheng C-H, Tsai M-H, Huang Y-C, Su L-H, Tsau 
Y-K, Lin C-J, Chiu C-H, Lin T-Y. Antibiotic resis-
tance patterns of community acquired urinary tract 
infections in children with vesicoureteral refl ux 
receiving prophylactic antibiotic therapy. Pediatrics. 
2008;122:1212–7.  

    405.    Westenfelder M, Vahlensieck W, Reinartz 
U. Patienten compliance und Effektivität der antimi-
krobiellen Langzeitprophylaxe mit Niedrigdosen bei 
Patienten mit rezidivierenden Harnwegsinfektionen. 
Akt Urol. 1987;18:6–9.  

    406.    Smyth AR, Judd BA. Compliance with antibiotic 
prophylaxis in urinary tract infection. Arch Dis 
Child. 1993;68:235–6.  

    407.    Uhari M, Nuutinen M, Turtinen J. Adverse reactions 
in children during long-term antimicrobial therapy. 
Pediatr Infect Dis J. 1996;15:404–8.  

   408.    Karpman E, Kurzrock EA. Adverse reactions of 
nitrofurantoin, trimethoprim and sulfamethoxazole 
in children. J Urol. 2004;172:448–53.  

    409.    Mattoo T. Medical management of vesicoureteral 
refl ux. Pediatr Nephrol. 2007;22:1113–20.  

     410.    Nasrallah PF, Simon JW. Refl ux and voiding abnor-
malities in children. Urology. 1984;24:243–5.  

   411.    Snodgrass W. Relationship of voiding dysfunction to 
urinary tract infection and vesicoureteral refl ux in 
children. Urology. 1991;38:341.  

   412.    Koff SA. Relationship between dysfunctional void-
ing and refl ux. J Urol. 1992;148:1703–5.  

    413.    Upadhyay J, McLorie GA, Bolduc S, Bagli DJ, 
Khoury AE, Farhat W. Natural history of neonatal 
refl ux associated with prenatal hydronephrosis: 
long-term results of a prospective study. J Urol. 
2003;169:1837–41.  

    414.    van Gool JD, Hjalmas K, Tamminen-Mobius T, 
Olbing H. Historical clues to the complex of dys-
functional voiding, urinary tract infection and vesi-
coureteral refl ux. The international refl ux study in 
children. J Urol. 1992;148:1699–702.  

    415.    Koff SA, Wagner TT, Jayanthi VR. The relat-
ionship among dysfunctional elimination syndromes, 
primary vesicoureteral refl ux and urinary tract infec-
tions in children. J Urol. 1998;160:1019–22.  

    416.    Roihuvuo-Leskinen HM, Koskimäki JE, Tammela 
TL, Lahdes-Vasama TT. Urine fl ow curve shapes in 
adults with earlier vesicoureteral refl ux. Eur Urol. 
2008;54:188–94.  

    417.    Lahdes-Vasama TT, Roihuvuo-Leskinen HM, 
Koskimäki JE, Tammela TL. Urodynamical fi ndings 
on women with voiding problems and earlier 
 vesico- ureteral refl ux. Neurourol Urodyn. 2009;28:
1015–21.  

     418.    Upadhyay J, Bolduc S, Bägli DJ, McLorie GA, 
Khoury A, Farhat W. Use of the dysfunctional void-
ing symptom score to predict resolution of vesico-
ureteral refl ux in children with voiding dysfunction. 
J Urol. 2003;169:1842–6.  

    419.    Snodgrass W. The impact of treated dysfunctional 
voiding on the nonsurgical management of vesico-
ureteral refl ux. J Urol. 1998;160:1823–5.  

A.A. Friedman and M.K. Hanna



205

    420.    Schulman SL, Quinn CK, Plachter N, Kodman- 
Jones C. Comprehensive management of dysfunc-
tional voiding. Pediatrics. 1999;103:E31.  

    421.    Taylor CM. Unstable bladder activity and the rate of 
resolution of vesico-ureteric refl ux. Contrib Nephrol. 
1984;39:238–346.  

   422.    Koff SA, Murtagh D. The uninhibited bladder in 
children: effect of treatment on vesicoureteral refl ux 
resolution. Contrib Nephrol. 1984;39:211–20.  

    423.    Willemsen J, Nijman RJ. Vesicoureteral refl ux and 
videourodynamic studies: results of a prospective 
study. Urology. 2000;55:939–43.      

16 Vesicoureteral Refl ux and the Adult



   Part V 

   Pediatric GU Cancer Survivorship        



209H.M. Wood and D. Wood (eds.), Transition and Lifelong Care in Congenital Urology, Current Clinical Urology,
DOI 10.1007/978-3-319-14042-1_17, © Springer International Publishing Switzerland 2015

         Genitourinary tumors contribute to pediatric 
solid tumors. Wilms tumor, rhabdomyosarcoma, 
and germ cell tumors are the most common 
malignant genitourinary tumors in children. 
Although Wilms tumor is the most common pri-
mary malignant renal tumor of childhood, rhab-
doid tumor, clear cell sarcoma of the kidney, 
renal cell carcinoma, and other lesions have been 
identifi ed (Lowe 2000). These urologic tumors 
occur in boys and girls with Wilms tumor having 
a male: female ratio of 1:1 (Pappo 2000). The 
SEER database demonstrates a 5-year overall 
survival rate for 93–94 % for gonadal germ cell 
tumors in boys less than 20 years (Bernstein 
1999). While this chapter will not focus on 
gonadal germ cell tumors, these boys also require 
long-term surveillance and follow-up. They are 
susceptible to tumor recurrence and long-term 
effects. These long-term effects are similar to 
young adults treated for germ cell tumors. 

 As survival rates improve for children with geni-
tourinary malignancies, there are both men and 
women who are adult survivors of pediatric genito-
urinary tumors. Most of these tumors occur in 
infancy and childhood. Therefore surveillance and 
posttreatment effects often begin during childhood 

and adolescence but can persist and progress during 
adulthood. Currently, the 5-year overall survival 
rate for children with Wilms tumor is greater than 
90 % (DM 2004). Children with genitourinary 
rhabdomyosarcoma have a 5-year overall survival 
rate of 80 % (Punyko 2005). According to SEER 
statistics, there are approximately 325,000 child-
hood cancer survivors in the United States. 
Therefore, approximately 1 in 1,000 Americans is a 
survivor of childhood cancer (American Academy 
of Pediatrics Section on Hematology/Oncology 
Children’s Oncology Group 2009). 

 These favorable survival rates result from  current 
multimodal treatment algorithms. Chemotherapy, 
radiation therapy, and surgical management are the 
mainstays of treatment for pediatric genitourinary 
tumors. Given the high rates of long-term survival 
and successful salvage therapies, an understanding 
of the late effects of treatment is essential to patients 
and caregivers. Current investigations aim to maxi-
mize survival rates while minimizing late effects 
and  complications of treatment. These late effects 
include cardiac, pulmonary, orthopedic, endocrine, 
renal, genitourinary, and oncologic disease. The 
Children’s Oncology Group (COG) has been instru-
mental in establishing guidelines for follow-up of 
pediatric cancer survivors. The recommendations 
are based upon risk of exposure to treatments such 
as alkylating chemotherapy, pelvic and central ner-
vous system irradiation, and genitourinary or pelvic 
surgical intervention. This chapter focuses on the 
late effects associated with pediatric genitourinary 
tumors and the adult survivor. 
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    Wilms Tumor 

 Wilms tumor or nephroblastoma is the most com-
mon renal malignancy of childhood (Miller 
1995). It accounts for 6–7 % of all childhood can-
cers. The annual incidence rate is approximately 
7–10 cases per million (Bernstein 1999). Most 
Wilms tumors are detected in the toddler and pre-
school age group with a median age of 3.5 years. 
Wilms tumor is uncommon in infants and rare in 
neonates. Less than 2 % of Wilms tumors are 
detected in neonates less than 3 months of age 
(CD 2004). Wilms tumor is typically identifi ed 
due to a palpable abdominal mass or less com-
monly gross hematuria and abdominal pain. 

 The genetics of Wilms tumor continues to be 
extensively examined. The  WT1  gene was the 
fi rst gene identifi ed in Wilms tumor. Currently, 
Wilms tumor can be associated with a genetic 
mutation of  WT1  at 11p13 or a mutation of  WT2  
at 11p15. Most tumors result from a somatic 
mutation within tumor tissue but a small 
percentage result from germline mutations. 
Approximately 10 % of children with Wilms 
tumor have associated congenital syndromes. 
 WT1  mutations are found in children with Denys- 
Drash syndrome (DDS), Frasier syndrome, and 
WAGR (Wilms tumor, aniridia, genital anoma-
lies, mental retardation) syndrome (Muto 2002). 

  WT2  mutations are found in children 
with Beckwith–Wiedemann syndrome (BWS). 
Children with other overgrowth syndromes such 
as Perlman, Simpson-Golabi-Behmel, and Sotos’ 
syndrome are also at risk for Wilms tumor devel-
opment (Porteus 2000). 

 The current management of Wilms tumor is 
derived from cooperative group studies including 
the National Wilms Tumor Study Group 
(NWTSG) within the Children’s Oncology 
Group (COG), the International Society of 
Pediatric Oncology (SIOP), and the United 
Kingdom Children’s Cancer Study Group 
(UKCCSG). The 5-year overall survival rate for 
children with Wilms tumor is greater than 90 % 
(DM 2004). The goals of NTWS-5 included 
improving survival and understanding risk fac-
tors such as loss of heterozygosity at 11p14, 16p, 

1p, age at diagnosis, precursor lesions such as 
nephroblastomatosis, bilateral disease, and the 
association with congenital anomalies. The 
objective of this risk stratifi cation is to improve 
overall and disease-free survival while minimiz-
ing acute and long-term treatment associated 
morbidity. 

 Current Wilms tumor in the United States 
begins with radical nephrectomy for most chil-
dren. This practice differs from the SIOP proto-
col that begins with neoadjuvant chemotherapy. 
The overall survival rates between these proto-
cols are very similar (Metzger 2005). Treatment 
regimens are selected based on risk stratifi cation 
and include biological, pathological, and clinical 
parameters. Multimodal therapy involves surgi-
cal extirpation, chemotherapy, and radiotherapy. 
Chemotherapeutic agents include vincristine, 
dactinomycin, and doxorubicin. Other therapeu-
tic agents include cyclophosphamide and etopo-
side when necessary. 

 Given the signifi cant improvements in sur-
vival, emphasis on evaluation of long-term 
treatment- related adverse events is increasingly 
important. Adverse events associated with Wilms 
tumor treatment can be associated with chemo-
toxicity, radiotoxicity, and surgical complica-
tions. Adverse events described in Wilms tumor 
survivors include tissue hypoplasia, secondary 
malignancies, nephrologic, endocrinologic, uro-
logic, orthopedic, cardiovascular, and pulmonary 
events. Long-term nephrologic events include 
glomerular dysfunction, tubular dysfunction, and 
hypertension. Incontinence, hemorrhagic cystitis, 
and recurrent cystitis are documented long-term 
urologic events. Fertility concerns include ele-
vated follicle stimulating hormone, elevated 
luteinizing hormone, oligospermia, and azo-
ospermia. Twenty-fi ve-year follow-up from the 
Childhood Cancer Survivor Study documented a 
65.4 % incidence of chronic health conditions 
with 24 % reporting severe chronic conditions. 
Of the specifi c conditions evaluated, survivors 
reported higher rates of congestive heart failure, 
renal failure, and hypertension with hazard ratios 
of 23.6 (95 % CI 10.8–51.5), 50.7 (95 % CI 14.5–
177.4), and 8.2 (95 % CI 0.4–10.5) respectively. 
Exposure to cardiac radiotherapy signifi cantly 
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increased the risk of congestive heart failure 
(Termuhlen 2011). 

 Children receiving doxorubicin as salvage 
therapy have a higher frequency of cardiac dis-
ease. Echographic evaluation of left ventricular 
function demonstrated increased end systolic 
wall stress suggestive of subclinical cardiac dys-
function in children exposed to doxorubicin ver-
sus children unexposed (Iarussi 2003). Evaluation 
of NTWS 1, 2, 3, 4 children demonstrated a 4.4 % 
cumulative frequency of congestive heart failure 
in children exposed to doxorubicin as initial ther-
apy and a 17.4 % cumulative frequency in chil-
dren treated with anthracyclines for relapse. The 
relative risk of congestive heart failure was also 
elevated in children receiving lung irradiation 
and left abdominal radiation. This risk is increased 
in children receiving both doxorubicin and car-
diac radiotherapy (Green 2001; Termuhlen 2011). 

 Survivorship studies document that the major-
ity of event-free survivors of unilateral Wilms 
tumor do not demonstrate severe renal dysfunc-
tion. Despite these data, renal disease does occur 
in certain populations of Wilms tumor survivors. 
A Cochrane review of six studies demonstrated a 
0.5–18 % prevalence of chronic kidney disease in 
Wilms tumor survivors treated with unilateral 
nephrectomy (Knijnenburg 2013). Bilateral 
Wilms tumor presents a diffi cult challenge from 
an oncologic standpoint. Preoperative chemo-
therapy and nephron sparing surgery are often 
indicated for these children with partial nephrec-
tomy as part of the operative armamentarium. 
This treatment shift has decreased the overall risk 
of renal failure from 16.4 % in NWTS-1-2 to 
3.9 % in NWTS-4. Long-term follow-up does 
report signifi cant morbidity with adults develop-
ing renal failure, requiring renal transplantation 
and developing secondary tumors (Aronson 
2011). Bilateral nephrectomy is the most prevalent 
etiology for end-stage disease. Other etiologies 
include radiation nephritis, DDS, chemotherapy 
toxicity, and surgical complications (Ritchey 
1996). Children with WAGR and other associated 
genitourinary anomalies are also at elevated risk 
for end-stage renal disease. Children with DDS 
have a greater than 50 % incidence of end-stage 
renal failure (Breslow 2005). Long-term effects 

include decreased glomerular fi ltration rate, 
microalbuminuria, and hypertension. 
Hypertension and prehypertension are commonly 
found in patients with Wilms tumor. 
A recent study sought to evaluate the blood pres-
sure profi le and cardiac diastolic function in 
adolescent survivors of unilateral Wilms in remis-
sion. Ambulatory blood pressure monitoring 
demonstrated a 20 % prevalence of hypertension. 
Specifi cally, daytime systolic blood pressure, 
nighttime systolic blood pressure, and nighttime 
diastolic pressure measurements were increased 
among Wilms tumor survivors compared to 
healthy matched controls (Elli 2013). Children 
who receive chemotherapy and radiotherapy are 
at highest risk for hypertension and renal insuffi -
ciency. This particular group of children is also at 
an elevated risk for growth hormone defi ciency 
and cardiovascular disease (Geenen 2010). 

 The risk of adverse events is elevated in chil-
dren receiving radiotherapy versus children 
receiving surgery and chemotherapy alone. A ret-
rospective evaluation of Wilms tumor survivors 
from the Netherlands reviewed long-term effects 
of radiotherapy in children treated for Wilms 
tumor. This study documented radiation enteritis 
and colonic obstruction in the radiation 
fi eld. Cardiovascular, pulmonary, secondary 
malignancy, orthopedic and fertility events were 
more common in the radiotherapy group. In addi-
tion, diabetes mellitus only occurred in children 
treated with radiotherapy. Secondary 
 malignancies included basal cell carcinoma, 
malignant histiocytoma, melanoma, osteosar-
coma, and thyroid carcinoma. In this series, 68 % 
of Wilms tumor survivors had a minimal of one 
adverse event and 21 % of survivors had fi ve or 
more adverse events. When stratifi ed by radio-
therapy exposure, 50 % of unexposed survivors 
developed an adverse event in comparison to 
90 % of survivors treated with radiotherapy at a 
median follow-up of 18.9 years (Van Duk 2010) 
The childhood cancer survivor study 25-year 
follow- up of Wilms tumor reports similar fi nd-
ings with a cumulative incidence of 3 % for sec-
ondary malignancy. Soft tissue sarcomas 
followed by breast cancer were the most 
 commonly identifi ed secondary malignancies. 
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Most concerning, is the increasing incidence of 
secondary malignancy with increased length of 
follow-up (Termuhlen 2011). Results from the 
British Childhood Cancer Survivor Study docu-
mented a less than 1 % incidence of secondary 
malignancy. Secondary malignancies included 
solid tumors, lymphoma, basal cell carcinoma, 
and acute myeloid leukemia. Most tumors 
occurred in the thoracic, abdominal, or pelvic 
area and within the radiation fi eld. Seventy-fi ve 
percent of solid tumors were associated with 
radiotherapy (Taylor 2008). Efforts to limit radia-
tion exposure have lead to a decrease in radio-
therapy for Wilms tumor from 1973 to 2008; 
75 % of children with Wilms tumor were treated 
with radiation in 1973 in contrast to 53 % in 2008 
(Jairam 2013). An international collaborative 
study including North American, British, and 
Nordic patients demonstrated a 6.7 % cumulative 
incidence of secondary malignancy at 40 years of 
age (Breslow 2010). 

 The successful multimodal treatment of 
Wilms tumor results in signifi cant numbers of 
long-term survivors. Many of these children can 
look forward to a healthy adulthood. 
Understanding the subgroups at higher risk of 
long-term complications is essential. Those chil-
dren with WT-1 or WT-2-associated symptoms 
often have other manifestations of disease that 
can affect renal and endocrine function. Renal 
function should be monitored throughout adult-
hood and evaluation for hypertension should be 
pursued. In children receiving chemotherapy, the 
risk for infertility should be acknowledged. Men 
with diffi culties attempting to conceive should be 
assessed for oligospermia or azoospermia. If a 
Wilms tumor survivor has received doxorubicin, 
the risk for cardiac dysfunction should be noted 
and included in any preoperative evaluation. 
Children requiring radiotherapy are also at ele-
vated risk for posttreatment complications and 
long-term radiation effects. Finally, the risk for 
secondary malignancy requires active surveil-
lance. Surveillance protocols are based upon the 
disease and specifi c treatment received. Children 
treated with doxorubicin should have cardiac 
monitoring with echocardiograms and complete 
blood counts. Exposure to etoposide also requires 

complete blood count monitoring yearly. Due to 
the endocrine and fertility risks associated with 
alkylating agents, follicle stimulating hormone, 
luteinizing hormone, estradiol (women), semen 
analysis, urinalysis, and complete blood count 
are often indicated in exposed children. Children 
who underwent radiotherapy to the abdomen or 
fl ank should have echocardiograms, liver func-
tion tests, colonoscopy, urinalysis, basic meta-
bolic panel included in their long-term follow-up 
(Sadak 2013).  

    Rhabdomyosarcoma 

 Rhabdomyosarcoma is the most common soft tis-
sue malignancy in children. Wilms tumor and 
neuroblastoma are the only more common pediat-
ric solid tumors. In children, genitourinary rhab-
domyosarcoma comprises approximately 25 % of 
rhabdomyosarcoma sites (Howlader 2010). These 
tumors can present with a palpable abdominal 
mass, gross hematuria, or lower urinary tract 
symptoms such as frequency. Paratesticular rhab-
domyosarcoma presents as a painless scrotal 
mass. Rhabdomyosarcoma is also associated with 
genetic syndromes including Li-Fraumeni syn-
drome and neurofi bromatosis (Malkin 1990). 
There is a bimodal age distribution for rhabdo-
myosarcoma with the fi rst peak occurring in 
infancy and a second peak in adolescence. Due to 
this bimodal distribution, adult providers may 
directly encounter teenagers and young adults 
with primary genitourinary rhabdomyosarcoma. 

 Tumor stage is highly predictive of survival 
and dictates the treatment regimen. The 
TNM staging system includes tumor site, tumor 
size, histology, nodal disease, and metastases 
(Lawrence 1997). Unfortunately children younger 
than 1 year of age or older than 10 years of age 
experience decreased overall survival even after 
adjustment for TNM stage. Rhabdomyosarcoma 
is treated with multimodal therapy including che-
motherapy, radiotherapy, and extirpative surgery 
if indicated. In comparison to adults, genitouri-
nary rhabdomyosarcoma in children is more 
responsive to chemotherapy and radiotherapy. 
Therefore immediate extirpative surgery is  usually 
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not indicated. This knowledge guides therapy for 
infants and adolescents. Pelvic exenteration is 
reserved for children with residual viable tumor 
after chemotherapy and radiotherapy. When cys-
tectomy or partial cystectomy is indicated, chil-
dren can undergo vesicostomy, ileal conduit, end 
cutaneous ureterostomies, or continent urinary 
diversion in selected patients. Long-term compli-
cations of pelvic exenteration include, ureteral 
stricture, hydrone (Michalkiewicz 1997) phrosis, 
bowel obstruction, fi stula, and lymphedema. 

 Primary chemotherapy for most children uti-
lizes vincristine, dactinomycin, and cyclophos-
phamide. Alternate regimens can include other 
chemotherapeutic agents such as irinotecan, 
topotecan, ifosfamide, and etoposide. Long-term 
effects of chemotherapy are recognized in many 
childhood survivors of sarcoma. Exposure to 
alkylating agents such as cyclophosphamide is 
associated with a high risk of infertility due to 
gonadal toxicity. A study of men exposed to high 
dose cyclophosphamide as children documented 
58.8 % azoospermia, and 29.4 % oligospermia 
with only 11.8 % of men having normal semen 
analyses. Seventy-one percent of these men had 
elevated follicle stimulating hormone levels. 
While testosterone levels were normal in 94 % of 
men, luteinizing hormone levels were elevated in 
40 % of men. These effects appear to be dose 
dependent thus the degree of severity depends on 
the exposure dose rather than age at exposure 
(Kenney 2001). Alkylating chemotherapy includ-
ing cyclophosphamide and ifosfamide also 
adversely affect bladder function and can lead to 
hemorrhagic cystitis and chronic fi brosis. The 
potential for development of transitional cell car-
cinoma is also associated with cyclophospha-
mide exposure (Agarwala 2001). 

 Children with rhabdomyosarcoma are at 
increased risk for secondary malignancy post 
therapy. A review of secondary malignancies from 
the intergroup rhabdomyosarcoma study commit-
tee documented a 10-year cumulative incidence 
of 1.7 % for children enrolled in IRS I and 
II. Children receiving chemotherapy and radio-
therapy were at highest risk. Additionally, chro-
mosomal abnormalities such a Li-Fraumeni and 
neurofi bromatosis were found in many of these 

children (Heyn 1993). A similar European review 
documented a 10-year cumulative incidence of 
2.4 % for children enrolled in IRS III, IV pilot and 
IV. Sarcomas were the most prevalent secondary 
malignancies. In this review, disease severity at 
presentation also correlated with risk for late 
adverse events (Sung 2004). Compared to sib-
lings, childhood cancer survivors were half as 
likely to sire a pregnancy. Radiotherapy and alkyl-
ating agent exposure were the major identifi able 
risk factors for decreased pregnancy rates. Men 
without high-risk exposures were equally likely to 
sire a pregnancy as the siblings (Green 2010). 

 Radiotherapy is indicated in almost all chil-
dren with rhabdomyosarcoma unless the tumor is 
completely resected with favorable histology 
(Jairam 2013). 

 Children with genitourinary rhabdomyosar-
coma have a 5-year overall survival rate of 80 % 
(Punyko 2005). Since the 1970s, both the sur-
vival rate and the bladder preservation rate have 
been increasing. Much of this increase can be 
attributed to the use of radiotherapy. Despite this 
increase in survival, growth and developmental 
retardation are a signifi cant side effect of radio-
therapy in prepubertal pediatric patients. Long- 
term effects of radiotherapy include urologic, 
gastrointestinal, pulmonary, cardiac, orthopedic, 
and neurocognitive dysfunction. Pelvic radio-
therapy exposure is associated with an increased 
risk of osteonecrosis of the hip, urethral fi stula, 
and colonic fi stula (Sharma Arindam Kurtz 
2014). Additionally, survivors must be counseled 
regarding infertility and secondary malignancies 
(Jairam 2013). Even the lowest effective radio-
therapy doses can cause urinary incontinence, 
infertility, bowel injury, and pelvic skeletal defor-
mity (Womer 2006). 

 Embryonal rhabdomyosarcoma is the most 
common histological type and includes sarcoma 
botryoides found in the bladder and vagina. 
Embryonal rhabdomyosarcoma is associated with 
an improved prognosis and a lower rate of local 
recurrence than the alveolar subtype. Prognostic 
indicators include stage, tumor size, histology, 
and age. In rhabdomyosarcoma, age less than 1 
year or greater than 10 years are associated with a 
worse prognosis (Rodeberg 2011; Malempati 
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2011). The fi rst Intergroup Rhabdomyosarcoma 
Study from 1972 to 1978 documented an overall 
survival for nonmetastatic rhabdomyosarcoma of 
78 % and bladder preservation rate of 22 %. 
These data contrast with an 82 % survival rate at 
6 years and a bladder preservation rate of 55 % in 
event-free survivors today. Of these children who 
underwent partial cystectomy 94 % ultimately 
required a subsequent procedure including repeat 
partial cystectomy and ureterouretrostomy (Arndt 
C, Does bladder preservation (as a surgical prin-
ciple) lead to retaining bladder function in blad-
der/prostate rhabdomyosarcoma? Results from 
Intergroup Rhabdomyosarcoma Study IV 2004). 

 Bladder and prostatic rhabdomyosarcoma 
sites are associated with long-term bladder lower 
urinary tract dysfunction. Results from the 
Intergroup Rhabdomyosarcoma Study IV (IRS) 
demonstrated bladder preservation in 55 % of 
event-free survivors. Forty percent of children 
were documented to have normal bladder func-
tion (Arndt 2004). Other authors report normal 
bladder function or minor alterations in function 
after chemotherapy and radiation. However, one 
of these patients required a cystectomy due to 
severe bladder dysfunction (Soler 2005). Others 
report children often require radical cystectomy 
and urinary diversion despite chemotherapy and 
radiotherapy (Kamii 1994). Children with uri-
nary diversions due to extirpative surgery for 
rhabdomyosarcoma are at risk for complications 
of urinary diversion such as stomal stenosis, sto-
mal irritation, urinary leakage, obstruction, uri-
nary refl ux, urinary tract infection, diarrhea, 
nephrolithiasis, B12 defi ciency, and sexual dys-
function. Orthotopic continent urinary diversion 
has also been described in children after extirpa-
tive surgery (Rigamonti 2006). These children 
are at risk for late complications associated with 
orthotopic or heterotopic continent reservoirs as 
they continue to mature into adulthood. These 
complications include reoperation, low bone 
mineral density, low B12 levels, and chronic diar-
rhea (Elshal 2012). Boys who undergo multi-
modal therapy including radical cystectomy are 
at risk for erectile dysfunction. The degree of 
dysfunction varies with approximately half of the 

boys have unsatisfactory erections while others 
appear to have normal erectile function and satis-
faction. One boy had success with sildenafi l ther-
apy (Macedo 2010). Children with tumors 
located at the dome of the bladder are most likely 
to retain bladder function after partial cystec-
tomy. Urodynamic evaluation after pelvic radia-
tion demonstrated decreased bladder capacity 
and abnormal voiding patterns (Yeung 1994). 
Continued evaluation and management of lower 
urinary tract function is essential for rhabdomyo-
sarcoma survivors. 

 Vaginal and uterine rhabdomyosarcoma com-
monly demonstrate embryonal histology and 
have an excellent prognosis (Waterhouse 2011). 
Despite the excellent prognosis, these girls are 
still at risk for lower urinary tract dysfunction 
and can even require extirpative surgical inter-
vention. Most vaginal and uterine rhabdomyo-
carcomas present during infancy. Presentation 
can include an introital mass, vaginal bleeding, 
or vaginal discharge. Multimodal therapy has 
decreased the need for anterior pelvic exentera-
tion. The IRS-IV study demonstrated a hysterec-
tomy rate of 26 % (Arndt 2001). Despite this 
decrease, women with a history of pelvic rhabdo-
myosarcoma are at risk for long-term adverse 
effects. Some of these effects result from the 
operative oncologic intervention required includ-
ing hysterectomy, complete or partial 
 vaginectomy, complete or partial cystectomy, 
and oophorectomy. The median age of women in 
this series was 25 years. Over 50 % of these 
women experienced genitourinary late effects. 
The documented genitourinary late effects 
included vaginal stenosis, vesicovaginal fi stula, 
ureteral obstruction, retroperitoneal fi brosis, neu-
rogenic bladder, recurrent UTI, urinary inconti-
nence, chronic pelvic pain, ovarian failure, and 
nephrolithiasis. Twelve percent of women devel-
oped secondary malignancy including adeno-
carincoma of the colon, cervical cancer, and 
pelvic osteosarcoma. Seventy-seven percent of 
women experienced endocrine late effects. These 
late effects required surgical intervention in 54 % 
of women. Surgical procedures included vaginal 
dilation, vaginal reconstruction, repair of ureteral 
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obstruction, vesicovaginal fi stula repair, and 
intestinal stricture repair (Spunt 2005). A second 
European series specifi cally evaluating women 
with vulvar and vaginal rhabdomyosarcoma doc-
umented 20 % incidence of vaginal and urethral 
stenosis (Magne 2008). 

 Paratesticular rhabdomyosarcoma represents 
7–10 % of genitourinary rhabdomyosarcoma 
with a peak age of 1–5 years at diagnosis 
(Weiner 1994). Unlike other genitourinary rhab-
domyosarcomas, approximately 60–80 % of 
Paratesticular tumors are stage I at presentation 
(Wiener 2001). Overall, boys with paratesticular 
rhabdomyosarcoma have a good prognosis. 
Survival rates of 90 % can be anticipated with the 
use of current multimodal treatment protocols 
(Wiener 2001). Paratesticular rhabdomyosar-
coma is initially managed with radical orchiec-
tomy. Paratesticular rhabdomyosarcoma has a 
90 % 5-year survival rate. Embryonal subtype 
comprises 90 % of paratesticular rhabdomyosar-
coma and allows for less intensive chemotherapy 
regimens than the alveolar subtype (Ferrari 
2004). Sixty to 80 % of boys with paratesticular 
rhabdomyosarcoma are stage I at presentation. 
According to Children’s Oncology Group proto-
cols, boys 10 years of age or older should undergo 
an ipsilateral retroperitoneal lymph node dissec-
tion (RPLND) to complete an accurate staging 
assessment. Boys older than 10 years at presenta-
tion are at increased risk of relapse in the retro-
peritoneum therefore RPLND prior to 
chemotherapy is essential (Wiener 2001). Boys 
with nodal disease require both chemotherapy 
and radiotherapy. RPLND for boys with parates-
ticular rhabdomyosarcoma carries similar risk to 
RPLND for germ cell tumors including intestinal 
obstruction, ejaculatory dysfunction, hydrocele, 
and lymphedema. Long-term follow-up of boys 
treated for paratesticular rhabdomyosarcoma 
have demonstrated additional risks of chronic 
diarrhea, hemorrhagic cystitis, urethral strictures, 
and urethritis. Over half of the men analyzed by 
Hyen and colleagues were noted to have elevated 
follicle stimulating hormone levels and azoosper-
mia (Heyn 1992). Recently cooperative group 
studies are evaluating failure-free  survival and 

morbidity including rates of secondary malignan-
cies with the objective to reduce long-term mor-
bidity given the increased survival rates (Arndt 
2009). Due to these late effects, surveillance pro-
tocols are necessary for childhood rhabdomyo-
sarcoma survivors. Children exposed to etoposide 
should have complete blood count monitoring 
yearly. Cyclophosphamide and ifosfamide 
treatment is associated with signifi cant endocrine 
and fertility risks and therefore follicle stimulat-
ing hormone, luteinizing hormone, estradiol 
(women), semen analysis, urinalysis, and com-
plete blood count should be considered. Children 
who underwent radiotherapy to the pelvis are 
also at risk for infertility and evaluation should 
be pursued if indicated (Sadak 2013). Children 
exposed to pelvic radiotherapy with gait abnor-
malities or osteonecrosis of the hip can require 
long-term orthopedic care.  

    Summary 

 The current management of Wilms tumor and 
 rhabdomyosarcoma includes surgical, chemo-
therapeutic, and radiation therapies. The multi-
modal treatment protocols have advanced the 
care for children with childhood cancers. As a 
result, the numbers of adult cancer survivors is 
growing. The 5-year overall survival rate of 90 % 
and 80 % for children with Wilms tumor and 
rhabdomyosarcoma respectively contributes to 
these improving statistics (Punyko 2005). The 
approximately 325,000 childhood cancer survi-
vors in the United States require long-term fol-
low- up, surveillance, and treatment. One in 1,000 
Americans is a survivor of childhood cancer and 
is susceptible to routine urologic conditions and 
particularly at risk for cardiac disease, renal dys-
function, surgical complications, infertility, and 
secondary malignancy (American Academy of 
Pediatrics Section on Hematology/Oncology 
Children's Oncology Group 2009). As these 
 children mature into adulthood, adult urology 
providers become their primary urologic care 
providers. Understanding adult cancer survivors 
is essential to all practicing urologists.       
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 Summary Points 

     1.    Late events described in Wilms tumor survi-
vors include tissue hypoplasia, secondary 
malignancies, nephrologic, endocrinologic, 
urologic, orthopedic, cardiovascular, and 
pulmonary events.   

   2.    Twenty-fi ve year follow-up from the 
Childhood Cancer Survivor Study docu-
mented a 65.4 % incidence of chronic 
health conditions with 24 % reporting 
severe chronic conditions. Follow-up rec-
ommendations for Wilms tumor survivors 
include:
    (a)    Annual BMP, UA/protein, blood pres-

sure monitoring.   
   (b)    Screening for fertility concerns, and 

appropriate diagnostic testing as 
warranted.   

   (c)    Doxyrubicin: symptomatic screening, 
periodic echocardiogram, annual 
EKG, referral to cardiology as 
appropriate.   

   (d)    Cyclophosphamide: hematuria/LUTS 
screening, UA, periodic cystoscopy or 
as warranted by symptoms.   

   (e)    Etoposide: annual CBC.   
   (f)    Alkylating agents: FSH, LH, estradiol 

or semen analysis as warranted by 
screening and annual CBC.   

   (g)    Abdominal/fl ank radiation: GI symp-
tom screen, echocardiogram, periodic 
colonoscopy, and annual LFTs, BMP 
and UA.       

   3.    Due to the bimodal distribution in age at 
presentation, adult providers may directly 
encounter teenagers and young adults with 
primary genitourinary 
rhabdomyosarcoma.   

   4.    Follow-up guidelines should be based on 
prior treatment received and mirror the 
indications above for Wilms tumor, how-
ever, late pelvic effects are more substan-
tial in this population, including:
    (a)    Infertility   
   (b)    Bladder dysfunction   
   (c)    Sexual dysfunction   
   (d)    Rectal/fecal dysfunction       

   5.    All patients with a history of pelvic surgi-
cal and/or radiotherapy should be moni-
tored at least annually for all four of the 
areas listed above and for those who have 
undergone urinary diversion, routine sur-
veillance guidelines for B12, renal func-
tion, incontinence, stones, and cancer 
should be followed.     
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