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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 first 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 finally 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
scientific 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 finally,
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., FA.C.S.
London, UK Dan Wood, Ph.D., ER.C.S. (Urol.)
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Hadley M. Wood and Elizabeth B. Yerkes

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 difficult 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

H.M. Wood, M.D. ()

Center for Genitourinary Reconstruction, Glickman
Urological and Kidney Institute, Cleveland Clinic,
Cleveland, OH, USA

e-mail: WOODH @ccf.org

E.B. Yerkes, M.D.

Ann and Robert H. Lurie Children’s Hospital of
Chicago, Feinberg School of Medicine, Northwestern
University, Chicago, IL, USA

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 financial 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
quantified, 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

H.M. Wood and D. Wood (eds.), Transition and Lifelong Care in Congenital Urology, Current Clinical Urology, 3
DOI 10.1007/978-3-319-14042-1_1, © Springer International Publishing Switzerland 2015
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Core Elements of Transition
(Adapted: US Department of Health and Human Services)

Transition Policy

Transition Tracking
and Monitoring

e s § B s
criteria P :
* Educate staff * Registry * Collaboratively
plan
MR
* E ; * Document
integration ———
J J

Transition
Readiness

Transition Planning

* Plan of care

* Patient
preparation

* Identification of

adult providers

Transfer of Care

* Appointment(s)
* Datatransfer

Transfer
Completion

e F/U 3-6 months
after transfer

Fig.1.1 Summary of the recommended steps for transition of care

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 financial
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 identified 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
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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 field 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 influence their expectations.
Other limitations, including ambulation status,
cognitive deficits related to lifelong hydrocepha-
lus (for some), or nutritional challenges may
make treatments more difficult 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)
defining the patient’s baseline, (2) understanding
the patient’s goals, resource constraints, executive
and cognitive assets and deficits [8, 9], and social
constraints, (3) characterizing the “new” or “wors-
ening” complaint, (4) determining the appropriate
diagnostic tests to define 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: Defining 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 insufficiency,
involvement with a nephrologist early is helpful
to help manage complex metabolic challenges
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Renal function

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

and secondary problems related to chronic acido-
sis and chronic kidney disease (CKD). It is now
well recognized that renal insufficiency at all
stages has substantial downstream effects,
including increased systemic inflammatory
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

Death

congenitalism combines the specialty skillset of pediat-
ric and adult urology

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,
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Fig. 1.3 Summary of key
components of initial

Initial visit

evaluation of an adult with
congenital urological needs

patient’s life

Renal function

Current Urological problems/needs
Current living situation, work/school, and goals for future
Key players (care-providers, significant others, dependents) in

Quality of life concerns from parent/care-givers and patient

Detailed review of prior surgeries/interventions, complications,
and signed medical release of records

Assessment of the current status of the following:

Bladder management
Infection history
Fecal/urinary continence history/goals

- stone history
- sexuality issues/goals
- fertility issues/goals

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 pg)
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 identified 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
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disimpaction 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 identified 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 satisfied.
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.

H.M. Wood and E.B. Yerkes

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
influence 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, fistula, 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 Define 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.
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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 UTTs, 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
benefits 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 difficult 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.

Summary

The goal of transition is to provide uninter-

rupted, developmentally appropriate trans-

fer of medical care to an adult-care model.
Evaluation of a patient should include a

thorough history, review of prior medical

records, and include the following steps:

1. Define the patient’s baseline urologic
and nephrologic function.

2. Understand the patient
resource constraints.

3. Characterize the “new” or “worsening”
complaint.

4. Determine the appropriate diagnostic
tests to define the problem.

5. Develop treatment plan that will address
the concern(s) and delineate the associ-
ated “costs” or risks of each.

goals and
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Rosalia Misseri

The Spina Bifida 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 fortification 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
identified. 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
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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 identified 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,
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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 difficulties 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
findings 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
filtration rate is 60 mL per minute per 1.73 m? or
less (stage 3 chronic kidney disease) or if macro-
albuminuria is present. However, no specific 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
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with MMC have been reported to have scarring
on long-term follow-up. A history of vesicoure-
teral reflux 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 efficacy 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 nonspecific
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-
specific 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-
nificant 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-stratified 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
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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, definitions for UTI are
variable and are infrequently applied in studies
resulting in difficulties 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, specific 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 difficulty catheterizing, and urethral
polyps in two patients. Difficulty 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 difficulty 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 flexors, 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].
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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, difficulties 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 difficult 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 deficits include weak-
ness, hand and finger dexterity, motor speed, and
bimanual coordination [37]. Difficulties 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 deficits in executive function, e.g., plan-
ning, initiating, problem solving, affects [37, 89].
These deficits 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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difficulties 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
refinements 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 reflux 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 reflux 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 benefits, augmentation is a major
surgical procedure with significant 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 first
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500 bladder augmentations performed at Indiana
University, complications were identified 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 significant 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 first
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.
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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
identified in 43 patients, for an overall risk of
8.6 %. The calculated risk was 0.0066 perfora-
tions per augmentation-year atrisk. 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, Deficiency

A reported sequelae of the use of ileum for entero-
cystoplasty is vitamin B, (cobalamin) deficiency.
A cobalamin concentration of 200 pg/mL is com-
monly regarded as the threshold below which
supplementation should begin. The mechanism of
the deficiency has been hypothesized to be sec-
ondary to removal of the distal ileum, which is the
principal site of vitamin B, absorption. Vitamin
B, plays an important role in DNA synthesis and
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neurological functions. While most deficiency 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-
ficulty and dementia [57, 87]. Reduction in serum
B, level may occur over a long period of time
following ileocystoplasty and may require long-
term serial vitamin B,, measurements [12].
Replacement may be parenteral or oral. Oral vita-
min B, 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 fistulization. Parastomal
hernias are most common after ileal conduit/loop
creation and may present with a poorly fitting
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 fitting 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 fistula 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 significantly
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. Inflammatory or
granulomatous polyps may occur due recurrent
catheter trauma [43, 122]. These may be treated
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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 five
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 significantly 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 defined; 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-
isfied 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]. Sildenafil 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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Summary

» The following best practices are based
on a review of the literature. To date,
most studies are observational.

e As bladder function may change with
aging and complications after recon-
struction may occur into adulthood, life-

long, yearly wurologic care is
recommended.
* Urologic follow-up should include

physical examination, renal ultrasonog-
raphy, abdominal radiograph, and serum
creatinine measurement.

e The use of routine urodynamics is con-
troversial. The European Association of
Urology Guidelines on Neurogenic
Lower Urinary Tract Dysfunction rec-
ommends UDS every 1-2 years. How-
ever, UDS may be most useful if new
symptoms, e.g., urinary incontinence,
increased leakage between catheteriza-
tion, changes in upper tract imaging,
e.g., hydronephrosis and recurrent uri-
nary tract infection, occur [155].

e In those with bladder augmentation,
bladder substitution and urinary con-
duits, additional concerns include acid—
base disturbances, vitamin B12
deficiency, calculi, malignancy, perfora-
tion, hernias, and obstruction.
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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 significant 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 significantly 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
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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-
cific 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 [l1-4], 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 reflux 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 reflux 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,
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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 benefit to these
patients. The sensitivity of cytology is unknown
in these bladders, while the specificity reaches
90 %. Endoscopy at times reveals abnormal find-
ings, which rarely are pathologically significant
[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?® 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 fixed obstruction that the
patient’s bladder must overcome to empty; there-
fore, these patients must be motivated to empty
regularly and strengthen pelvic floor muscles.
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Those that do not fit 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 fluid 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 difficult
to compare outcomes between studies. In the
majority of studies, continence is defined 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 five 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 significantly 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 difficult 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
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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 deficiency
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 PDES inhibitors the rates of sex-
ual function further increase; however, even with
adequate erections only 50-60 % of patients are
satisfied with erectile function. The most com-
mon reason for dissatisfaction is insufficient
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 satisfied 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 floor 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 significantly 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 fixate 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
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[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 Vvisit, 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:

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

counseling if
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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
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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 significant
chordee. Achieving good long-term results for
proximal hypospadias is far more challenging than
for distal hypospadias. The definition of a success-
ful outcome has changed over time. In the past,
success was defined as a subterminal coronal
meatus without chordee. Hinderer et al. [3] stated
confidently 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 defined. 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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Table 4.1 Adult and adolescent hypospadias repair
1980-2011 (18-39 year olds)

Presenting complaint N

Chordee (11 fistula) 41
Urethral stricture +chordee or fistula 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

common presenting complaints were voiding
symptoms including dysuria, spraying, urgency,
and urethrocutaneous fistula.

Hypospadias repair in adults can be divided
into three groups: the first 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 fistula, 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
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surgical procedure, the results we see today are
directly attributable to the building process in
medicine, capitalizing on other ideas, refining
them and adding subtle improvements to end up
with a surgical technique that is reliable and
reproducible by other surgeons.

The significance 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 orifice, 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 flaps 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 benefits 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 first
reported by Reddy in 1975 [14]. He made the
incision to excise the “fibrous 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
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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

first 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, fistula/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



Fig.4.2 Urinary spraying, subterminal wide meatus and spongiosum deficiency (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, influencing
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 fluid 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 difficulty with sex-
ual intercourse except in patients with significant
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
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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 flaccid, 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 dissatisfied
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 satisfied 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 satisfied 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 five domains including meatal loca-
tion, meatal shape, urinary stream, curvature at
erection and fistula.

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-
fied 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 five
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 flaps.
Micturition was evaluated, and only 15 % of
patients had no urinary symptoms. Almost half
the patients experienced dribbling. None of the
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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, uroflowm-
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).
Uroflowmetry revealed lower Q... 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 satisfied 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 satisfied compared to
the surgeon with overall genital perception
including glandular size and shape, penile thick-
ness, flaccid 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 fistula, curva-
ture, and location of meatus, findings that did not
prompt them to seek out surgery before the office
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-
reflection and sexual experience. They depend
heavily on what others think and respond with
complex emotional reactions. There is significant
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 difficulties.

The majority of adults born with distal hypo-
spadias corrected by a modern well-executed
“terminalizing” technique are satisfied with their
genital appearance. However, long-term out-
comes for the modern procedures of the twenty-
first 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.

a

Summary

The aim of the surgeon in repairing a
child’s hypospadias is to create a straight
penis, a neourethra of adequate caliber, a
meatus at or near the tip of the glans penis,
normal voiding, and good penile cosmesis
with minimal complications.

Hypospadias repair in adults can be
divided into three groups:

— Primary cases
— Patients who have had a previous repair

during childhood and present with a

delayed complication in adulthood
— Several prior failed repairs (‘“hypospa-

dias cripples”)

Rates of secondary surgery for hypospa-
dias are not entirely characterized, but
studies suggest:

— 9 % secondary surgery rate for distal
hypospadias repair
— 32 % for proximal hypospadias repairs

Problems encountered in postpubertal
life include:

1. Urinary—spray, deviated stream, weak
stream, dribbling

2. Sexual—erectile dysfunction, ejacula-
tory dysfunction

3. Infertility

Cosmesis—scarring, persistent chordee

5. Psychosocial—sexual inhibition, dissat-

&

isfaction with appearance, overall
decreased QoL
References

1. Prat D, Natasha A, Polak A, et al. Surgical outcome of
different types of primary hypospadias repair during
three decades in a single center. Urology. 2012;
79:1350-3.

2. Lee OT, Durbin-Johnson B, Kurzrock EA. Predictors
of secondary surgery after hypospadias repair: a pop-
ulation based analysis of 5,000 patients. J Urol.
2013;190:251-5.

3. Hinderer FR, Duran MP, Caravaca MP. Hypospadias
repair. Long term results in plastic and reconstructive
surgery, 1980; 1



42

10.

12.

13.

14.

15.

16.

18.

19.

20.

21.

. LJBaA. Operated hypospadias. In long term results in

Plastic and Reconstructive Surgery; 1.

. Bracka A. Sexuality after hypospadias repair. BJU Int.

1999;83 Suppl 3:29-33.

. Ching CB, Wood HM, Ross JH, Gao T, Angermeier

KW. The Cleveland Clinic experience with adult hypo-
spadias patients undergoing repair: their presentation
and a new classification system. BJU Int.
2011;107(7):1142-6. doi: 10.1111/j.1464-410X.2010.
09693.x. Epub 2010 Sep 21.

. Mettauer JP. Practical observations on those malfor-

mations of the male urethra and penis, termed hypo-
spadias and epispadias, with an anomalous case.
J Med Sci. 1842:4:43.

. Smith DR. Repair of hypospadias in the preschool

child: a report of 150 cases. J Urol. 1967;97:723-30.

. King LR. Hypospadias—a one-stage repair without

skin graft based on a new principle: chordee is
sometimes produced by the skin alone. J Urol.
1970;103:660-2.

Thiersch C. Uber die Entstehungweise und operative
Behandlung des Epispadie. Arch Heilkd. 1869;10:20.

. Duplay S. De L’hypospadias perineo-scrotal et de son

traitement chirugical. Arch Gen Med 1874; 1:657.
Duckett JW. MAGPI (meatoplasty and glanuloplasty):
a procedure for subcoronal hypospadias. Urol Clin
North Am. 1981;8:513-9.

Zaontz MR. The GAP, (glans approximation proce-
dure) for glanular/coronal hypospadias. J Urol. 1989;
141:359-61.

Reddy LN. One-stage repair of hypospadias. Urology.
1975;5:475-8.

Rich MA, Keating MA, Snyder HM, Duckett
JW. Hinging the urethral plate in hypospadias meato-
plasty. J Urol. 1989;142:1551-3.

Snodgrass W. Tubularized, incised plate urethroplasty
for distal hypospadias. J Urol. 1994;151:464-5.

. Baskin LS. Hypospadias and urethral development.

J Urol. 2000;163:951-6.

Sweet RA, Schrott HG, Kurland R, Culp OS. Study
of the incidence of hypospadias in Rochester,
Minnesota, 1940-1970, and a case-control compari-
son of possible etiologic factors. Mayo Clin Proc.
1974;49:52-8.

Paulozzi LJ, Erickson JD, Jackson RJ. Hypospadias
trends in two US surveillance systems. Pediatrics.
1997;100:831-4.

Fisch H, Hyun G, Hensle TW. Rising hypospadias rates:
disproving a myth. J Pediatr Urol. 2010;6:37-9.

Fisch H, Golden RJ, Libersen GL, et al. Maternal age
as a risk factor for hypospadias. J Urol. 2001;165:
934-6.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35

G.M. Cambareri and M.K. Hanna

Gill SK, Broussard C, Devine O, et al. Association
between maternal age and birth defects of unknown
etiology: United States, 1997-2007. Birth defects
research part A. Clin Mol Teratol. 2012;94:1010-8.
Silver RI, Rodriguez R, Chang TS, Gearhart JP.
In vitro fertilization is associated with an increased
risk of hypospadias. J Urol. 1999;161:1954-7.
Hensle TW, Tennenbaum SY, Reiley EA, Pollard J.
Hypospadias repair in adults: adventures and misad-
ventures. J Urol. 2001;165(1):77-9.

van der Werff JF, van der Meulen JC. Treatment
modalities for hypospadias cripples. Plast Reconstr
Surg. 2000;105(2):600-8.

Nuininga JE, Gier DE, Verschuren R, Feitz WF. Long-
term outcome of different types of 1-stage hypospa-
dias repair. J Urol. 2005;174(4 Pt 2):1544-8;
discussion 1548.

Bracka A. A long-term view of hypospadias. Br J
Plast Surg. 1989;42:251-5.

Mureau MA, Slijper FM, Nijman RJ, van der Meulen
JC, Verhulst FC, Slob AK. Psychosexual adjustment
of children and adolescents after different types of
hypospadias surgery: a norm-related study. J Urol.
1995;154:1902-7.

Jones BC, O’Brien M, Chase J, Southwell BR, Hutson
JM. Early hypospadias surgery may lead to a better
long-term psychosexual outcome. The Journal of
urology 2009; 182:1744-1749.

Chertin B, Natsheh A, Ben-Zion I, et al. Objective and
subjective sexual outcomes in adult patients after
hypospadias repair performed in childhood. J Urol.
2013;190:1556-60.

Lam PN, Greenfield SP, Williot P. 2-stage repair in
infancy for severe hypospadias with chordee: long-
term results after puberty. The Journal of urology
2005; 174:1567-1572; discussion 1572.

Aulagne MB, Harper L, de Napoli-Cocci S, Bondonny
IM, Dobremez E. Long-term outcome of severe hypo-
spadias. J Pediatr Urol. 2010;6:469-72.

Mondaini N, Ponchietti R, Bonafe M. Hypospadias:
incidence and effects on psychosexual development
as evaluated with the Minnesota Multiphasic
Personality Inventory test in a sample of 11,649
young Italian men. Urol Int. 2002;68:81-5.

Rynja SP, de Jong TP, Bosch JL, de Kort LM.
Functional, cosmetic and psychosexual results in
adult men who underwent hypospadias correction in
childhood. J Pediatr Urol. 2011;7:504-15.

. Mureau MA, Slijper FM, Slob AK, Verhulst FC,

Nijman RJ. Satisfaction with penile appearance after
hypospadias surgery: the patient and surgeon view.
J Urol. 1996;155:703-6.


http://dx.doi.org/10.1111/j.1464-410X.2010.09693.x
http://dx.doi.org/10.1111/j.1464-410X.2010.09693.x

Partll

Sexual Function, Fertility, Genital Function



John C. Thomas, Amanda N. Squiers,
and Melissa R. Kaufman

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.
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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 first 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 field 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 deficits 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 defined 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 deficits 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 dysreflexia as orgasm may result in
painful contractions or incontinence depending
on the level of bladder filling [7]. Additionally,
lack of vascular engorgement in MMC patients
due to defects in the parasympathetic pathway
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may predispose to issues with vaginal secretions
during intercourse which would benefit 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 influence [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 conflict in MMC patients [10]. This
conflict is essential to developmentally shift the
adolescent away from the parent-centered to the
peer-centered relationship. Factors that promote
defiance during young adulthood may be magni-
fied 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 deficits 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 difficulties 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 confirmed that a key predictor
for the MMC patient’s capacity to find a partner
and engage in sexual activity was lesion level,
favoring those with lower lesions [9]. One critical
influence in assessing predictors of sexual part-
nering was the presence of hydrocephalus which
appears to significantly 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 confidence. 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
significant 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
amplified 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 afflicted 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 deficits 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)
fortification 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
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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 retroflexion
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]. Significant 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 filtration 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 significant 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 difficulties 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 specific 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
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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 difficulties 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 difficult 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 profile
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, reaffirmed 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 specific 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 influencing 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 influence 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 artificial 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 profile
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



52

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 floor 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 significant 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 difficulty generating sufficient
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.

J.C.Thomas et al.

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 artificial 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
significant 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 specific 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 final
stages of labor may be compromised due to defi-
cits in the coordinated muscular effort necessary
for the final 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.

Summary

e Actively engage adolescent and adult
patients in discussions regarding sexual
activity, contraception, and fertility

* Engage multidisciplinary team for pre-
conception counseling

* Maintain vigilance with regard to latex
allergies and antibiotic prophylaxis

e Advocate high-dose folic acid use
(4 mg/day)

* Monitor renal function, preferably with
non-creatinine-based evaluation

* Caution with use of urine pregnancy
tests with bladder augmentation patients

e Individualize risk management and
mode of delivery to patient goals
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Dan Wilby and Dan Wood

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 difficult to assess in childhood,
and pubertal growth can alter the final 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
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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 bifid
(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 floor 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 floor is deficient—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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Fig.6.1 The external
genitalia of a female
affected by bladder
exstrophy. The bifid clitoris
is seen along with a gap in
the pubic hair

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
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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 flaps 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 bifid 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.
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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 flap, 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
floor deficiency 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 floor musculature

Numerous techniques have been described for
the treatment and prevention of prolapse, includ-
ing fixing 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 fixed 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 fill the pelvic floor 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 fibrotic corpus can
compound the deformity (Fig. 6.2).
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Fig.6.2 An example of
the dorsal chordee
described. This may be as
a result of skin tethering or
urethral length restriction.
A butterfly needle needs
placing in both corpora to
achieve an artificial
erection as there is no
cross-circulation

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 finding 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
benefit. 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 artificial 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 fluid. 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).
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Fig.6.3 Dissected
exstrophy penis with the
neurovascular bundles
identified

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 fibrotic 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 flap phalloplasty
can be performed; this was first 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 fixed 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
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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
modification of Cantwell’s technique first
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 significant focus on cosme-
sis and in the case of a male patient penile size.
In exstrophy, the bony diastasis may lead to a
significant 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 significant psychological impact
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Table 6.1 Semen analysis and fertility in male patients
with exstrophy results of nine series [23]

Urinary
Semen Reconstructed  diversion  Undefined
Azoospermia 12 17 3
Poor 1
Good 3 11
Paternity 5 12 2

on patients. Reports suggest that some 1/4—1/2 of
patients are dissatisfied 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 confirm 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 significant 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
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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 conflict 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 fluid
expelled, obstruction at the bladder neck may be
causing an accumulation within the seminal vesi-
cals. This may result in spontaneous fistulation in
the suprapubic region. Occasionally, it can be
drained by the creation of an iatrogenic seminal
fistula 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 superficial 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
identified 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 artificial 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
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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 fluid
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 difficult 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
difficult 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 benefit 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 first pregnancy [27] It can be
extremely uncomfortable but definitive 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 first pregnancy was
straightforward that a second will also be so.
Finally, the surgical difficulty at delivery may
influence the sense or not of a further pregnancy—
very dense adhesions or complications requiring
surgical revision (such as fistula) 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 artificial 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
significant psychological stress that has impacted
the parents and family. Diagnostic and manage-
ment controversies have existed since these condi-
tions were first described. Today, as much as ever,
the concept of what defines 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.
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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.
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Individuals with Klinefelter syndrome have
associated azoospermia and are traditionally con-
sidered infertile. Advances in reproductive tech-
nology, specifically 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 Sa-reductase type II deficiency
(5aRD2) 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 5aRD2, 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 specific 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
define 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
e 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 confirmed. 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
CALIS patients, has led to many individuals choos-
ing to keep their gonads indefinitely. This same
report however suggests that the relatively low
risk of malignancy in CAIS may be a significant
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-
ficulties 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 difficult 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 significant
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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Table 7.1 Gonad

Risk group  Disorder
malignancy risk in DSD
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Malignancy risk, % Timing of gonadectomy

High GD (+Y) intra-abdominal 15-35 As early as possible
PAIS non-scrotal 50 following diagnosis
Frasier 60
Denys—Drash (+Y) 40

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

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

None SaRD2 0 Unnecessary
Leydig cell hypoplasia 0

Adapted from 2006 International Intersex Consensus Conference [16]

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 fistula, 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 flap
vaginoplasty was the technique associated with
the highest revision rate (16 %). Of those seven
patients requiring revision, two had revision of
the flap and five were converted to an intestinal
segment neovagina. They noted a significantly
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.
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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]. Pefia 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 flap-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 flap has been described, typi-
cally in combination with a vaginal stent to aid in
dilation [41]. Reconfiguring 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 fistula, 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 significant 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 difficult 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 fistula, 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 flaps, 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 significantly 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
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functional penis. The majority of this data comes
from Gent University Hospital in Belgium.
A recent update from this group champions the
radial forearm flap 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 definitively 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 find significant 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 specifically 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 SaRD2, particularly in areas
where definitive 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 specific
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 difficult 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 identification, if the gonads

have not been removed. In situations where
gonadectomy has already been performed, it is
considerably more difficult to make and confirm
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
5aRD2, 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 significant 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 specific 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 difficult for individuals to find 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 specific 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 definitive or near definitive
management early in life. Unfortunately however,
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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.

Recommendations Summary

* Decisions about how to manage the
gonad(s) in DSD patients need to con-
sider the hormonal, reproductive, and
oncologic implications of any interven-
tion or observation strategy.

* The timing of and techniques for genital
reconstruction remain heavily debated
and should be discussed by specialized
multidisciplinary DSD teams in concert
with the family/patient.

* The management of a patient with a late
diagnosis of a DSD condition needs to
include all the components of standard
management and recognize the potential
for additional psychosocial complexity.
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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-
fied with the appearance of their penis, whether
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or not this finding 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 fistula 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 fistula 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
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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
fistula 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 “caulifiower 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
(OMGQG) 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 difficult to achieve than in a prepuber-
tal population, rendering a need to utilize two-

Fig.8.2 Closure of a
simple fistula

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 dissatisfied 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 fistulas may present at a later date
during adolescence. After ruling out distal
obstruction, closure of a simple fistula can be
achieved by dissecting out the fistula tract and
directly approximating the edges without nar-
rowing the urethral lumen followed by intraop-
erative testing for water tightness of the closure,
waterproofing by a Dartos or tunica vaginalis
flap, and coverage with a rotation trapdoor skin
flap based on the upstream edge (Fig. 8.2).
Complex fistulae including large, multiple, and
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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 fistula
and 11 patients multiple fistulae were present.
The causes of failure were believed to be the
awkward fistula site in 12 (coronal fistulas), ure-
thral diverticulum in 7, and distal urethral stric-
ture in 4. In 5 patients, the cause of the recurrent
fistula 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 fistulas where direct closure would
narrow the urethral lumen, either a lateral hinge
flap or an adjacent skin flap on subcutaneous
mesentery (island flap) can be used. If the local
skin is scarred, a free-patch graft of buccal
mucosa with buttressing by a tunica vaginalis
flap would be another surgical option.

Coronal fistulas are notoriously difficult to
repair by layered closure because the distal glan-
dular tissue is fixed. This often causes some degree
of tension on the suture line, hence the high failure

rate of coronal fistula repairs. In our experience,
coronal fistulas are best repaired by converting
them to coronal hypospadias, by dividing the
bridge of tissue between the fistula 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 flaps (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
flap is more reliable for these cases. It should be
noted that these are random flaps 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 fibrosis secondary to previous operative

Fig 8.3 Large sub-coronal fistula: division of glans bridge and distal redo T-D urethroplasty
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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 artificial 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 first 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 first 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 artificial
erection, if the curvature is relatively mild (30°
or less) the modified Nesbitt procedure [20]
(Fig. 8.5) or the simpler Baskin modification
[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 flap (Fig. 8.8).



Fig.8.5 Curvature partly scarring and partly corporal disproportion: Nesbitt Repair

Fig.8.6 Top: Modified
Baskin chordee repair.
Bottom: Artificial erection
test, pre- (left) and
post-repair (right)
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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 flap
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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

Stricture

Urethral strictures following hypospadias repair
are fundamentally different from those secondary
to inflammatory 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 fistula 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 flaps 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 efficient for a
circumferential large surface area (tube) than a
somewhat localized flat patch.

The management of urethral stricture disease
following hypospadias repair is still controver-
sial. In patients with a scarred or deficient 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 flap [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 a