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Abstract

The management of congenital adrenal hyperplasia involves suppression of adrenal androgen
production, in addition to treatment of adrenal insufficiency. Management of adolescents with
congenital adrenal hyperplasia is especially challenging because changes in the hormonal milieu
during puberty can lead to inadequate suppression of adrenal androgens, psychosocial issues often
affect adherence to medical therapy, and sexual function plays a major part in adolescence and
young adulthood. For these reasons, treatment regimen reassessment is indicated during
adolescence. Patients with non-classic congenital adrenal hyperplasia require reassessment
regarding the need for glucocorticoid drug treatment. No clinical trials have compared various
regimens for classic congenital adrenal hyperplasia in adults, thus therapy is individualised and
based on the prevention of adverse outcomes. Extensive patient education is key during transition
from paediatric care to adult care and should include education of females with classic congenital
adrenal hyperplasia regarding their genital anatomy and surgical history. Common issues for these
patients include urinary incontinence, vaginal stenosis, clitoral pain, and cosmetic concerns; for
males with classic congenital adrenal hyperplasia, common issues include testicular adrenal rest
tumours. Transition from paediatric to adult care is most successful when phased over many years.
Education of health-care providers on how to successfully transition patients is greatly needed.

Introduction

Congenital adrenal hyperplasia due to 21-hydroxylase deficiency is an autosomal recessive

disease of the adrenal cortex caused by mutations in the CYP21A2 gene. Impairment of

cortisol biosynthesis results in overstimulation of the adrenal glands and excessive androgen

production. There is a wide range of disease severity with good genotype-phenotype
correlation. Genetic mutations that significantly impair synthesis of the 21-hydroxylase
enzyme result in the classic or severe form of congenital adrenal hyperplasia, whereas
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genetic mutations that mildly impair the 21-hydroxylase enzyme result in a mild non-classic
form of the disease.! Classic congenital adrenal hyperplasia has an estimated worldwide
prevalence of 1 in 16 000 births and presents in newborn girls as genital ambiguity.1:2 About
75% of patients with classic congenital adrenal hyperplasia also have severe aldosterone
deficiency, which can result in a life-threatening salt-wasting adrenal crisis in the neonate.
Patients with the classic form of the disease who produce small amounts of aldosterone and
therefore escape the neonatal adrenal crisis are termed classic simple virilising. The
prevalence of non-classic congenital adrenal hyperplasia is estimated as 0-1%, but can be
higher (1-2%) in some ethnic groups (eg, Ashkenazi Jewish, Hispanic, and Yugoslav ethnic
groups).34

The clinical management of congenital adrenal hyperplasia (CAH) involves suppression of
adrenal androgen production, in addition to treatment of adrenal insufficiency.
Supraphysiological doses of glucocorticoid drugs are often needed to adequately suppress
adrenal androgens.® However, glucocorticoid excess can result in obesity, growth
suppression in children, decreased bone mineral density, cardiovascular risk, and adverse
psychological effects.5” Absence of adequate androgen suppression in congenital adrenal
hyperplasia can result in early puberty, virilisation in females, infertility, adrenal and adrenal
rest tumour formation (classic disease only), and potential adverse psychological effects.
Patient management focuses on the control of excess androgen production, while avoiding
the side-effects of hypercortisolism. Generally, clinicians need to provide individualised
therapy because a standardised approach fails to account for individual variability in disease
severity and response to treatment.

Management of adolescents with congenital adrenal hyperplasia presents unique challenges.
Changes in the hormonal milieu during puberty can lead to inadequate suppression of
adrenal androgens at a time when psychosocial issues often affect adherence to medical
therapy. Once epiphyseal closure has occurred and growth regulation is no longer a concern,
a shift in treatment goals from optimisation of growth and development to prevention of
long-term adverse outcomes and optimisation of fertility and sexual function is needed.
Sexual maturation occurs during adolescence, and clinicians caring for children with
congenital adrenal hyperplasia play a major part in promoting a healthy self-image. For
women with classic congenital adrenal hyperplasia, comprehension of their genital anatomy
and surgical history is essential. Health professionals need to be educated about the unique
needs of adolescents with congenital adrenal hyperplasia as they become increasingly
independent from parental supervision and transfer from paediatric care to adult care
(termed here transition). In this Review, we discuss several challenges faced by adolescents
with congenital adrenal hyperplasia due to 21-hydroxylase deficiency, and provide guidance
to health-care professionals in helping patients to navigate a path towards self-reliance and
successful transfer of care to an adult practitioner.

The 21-hydroxylase gene CYP21A2 is located within the HLA class 3 region of
chromosome 6p21.3, a region with complex genetic variation and gene duplications. Most
mutations causing 21-hydroxylase deficiency arise from unequal recombination events
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between the active CYP21A2 gene and a highly homologous CYP21A1P pseudogene. The
expected phenotype resulting from a known CYP21A2 mutation is based on published in-
vitro studies of 21-hydroxylase activity.8 Most patients are compound heterozygotes,
harbouring various mutations on different alleles, and the phenotype is determined by the
milder mutation (ie, if a patient has both a mild and a severe mutation, the phenotype will be
mild). About two-thirds of patients with non-classic congenital adrenal hyperplasia are
carriers of a classic mutation (ie, a mutation that results in a classic phenotype).®-10

Generally, large cohort studies have reported good phenotype-genotype correlation.11.12
However, divergence between the reported and predicted phenotype exists because of
variations in the CYP21A2 gene and the effects of other genes.13.14 Absence of genotype-
phenotype correlation has been associated with specific CYP21A2 mutations, such as the
IVS2-13A/C>G splice site mutation and the p.172N simple virilising mutation.:11,12.15
Variations in large deletions can result in a partly functional gene and thus a milder
phenotype, or a contiguous gene-deletion syndrome associated with hypermobility type
Ehlers-Danlos syndrome.16:17 Genetic sequencing is necessary to identify rare mutations
that are estimated to occur in 10% of affected alleles.? Although the CYP21A2 gene was
identified more than 30 years ago, novel mutations and new aspects of the genetics of
CYP21A2 are continually being defined.®-16-18 Thus, molecular diagnosis should only be
undertaken by a laboratory familiar with the genetic complexities of CYP21A2 and able to
offer a combination of diagnostic strategies.

There is a continuum of disease severity. Although the distinction between classic and non-
classic congenital adrenal hyperplasia is important for patient management, the distinction
between the subtypes of classic congenital adrenal hyperplasia—salt-wasting versus simple
virilising—becomes less important as the child ages.® Genotype is not related to the
development of osteoporaosis or other long-term adverse health outcomes, and in adults with
classic congenital adrenal hyperplasia, clinical status is mostly acquired as a result of long-
term quality of hormonal control treatment effects.1920 If genotyping has been done during
childhood, this information should be passed on when transfer to adult care occurs.
Genotyping is most useful if the diagnosis of congenital adrenal hyperplasia is equivocal
after hormonal testing or if family planning advice is being sought,1:21 both of which are not
typical issues during adolescence.

General genetic information should be given to the patient in preparation for the transition to
adult care. Counselling should be aimed at achieving an understanding that congenital
adrenal hyperplasia is a genetic disease and the future risks of having an affected child.
Generally, the chance of a patient with classic congenital adrenal hyperplasia having a child
with classic congenital adrenal hyperplasia is 1 in 120 (chance of partner being a carrier
[1/60] x 1/2).1 The chance of a patient with non-classic congenital adrenal hyperplasia
having a child with classic congenital adrenal hyperplasia is 1 in 360 (chance of partner
being a carrier x chance of non-classic patient being a carrier of classic mutation x 1/4 =
1/60 x 2/3 x 1/4). Determination of patient-specific risks are dependent on the carrier status
of the patient’s partner. A patient with congenital adrenal hyperplasia could have a child
with the disease only if their partner carries one or more CYP21A2 mutations, and then all of
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the children will at least be a carrier (figure 1). De-novo germline mutations occur in 1-2%
of congenital adrenal hyperplasia alleles.2

Changes in the hormonal milieu during puberty

Patients with classic congenital adrenal hyperplasia have cortisol deficiency, epinephrine
deficiency, varying degrees of aldosterone deficiency, and androgen excess, whereas
patients with non-classic congenital adrenal hyperplasia patients mostly have androgen
excess, with normal or mildly impaired cortisol production. All individuals with congenital
adrenal hyperplasia (male or female with classic or non-classic disease) have greater insulin
resistance compared with BMI-matched controls.23-2% The role of androgens in promoting
insulin resistance, and conversely the role of insulin resistance in promoting androgen
production, in congenital adrenal hyperplasia is unknown. However, in women with
hyperandrogenism due to other causes, an acute increase in insulin increases
adrenocorticotropic hormone-mediated adrenal androgens.26

The block in the biosynthetic pathway of cortisol production due to 21-hydroxylase enzyme
deficiency results in a build-up of precursors, most notably 17-hydroxyprogesterone and
androstenedione. These precursors can be converted to androgens through the classic
adrenocortical steroid pathway or through an alternative pathway (figure 2).27 Increased
expression of cytochrome b5 at puberty increases 17,20 lyase activity leading to increased
adrenal androgen production, mostly via the classic pathway.28 A decrease in insulin
sensitivity usually occurs during puberty, also promoting adrenal androgen production.

Pubertal activation of the hypothalamic—pituitary—gonadal axis and increases in growth
hormone and IGF-1 secretion indirectly affect management of congenital adrenal
hyperplasia. Pubertal increases in growth hormone and IGF-1 have been shown to decrease
11p-hydroxysteroid dehydrogenase type 1 activity and increase glomerular filtration rate,
resulting in increased cortisol clearance.2? These changes in the pharmacokinetics of cortisol
can decrease glucocorticoid drug effectiveness. Additionally, inconsistent compliance, a
common occurrence during adolescence, can lead to under-replacement of cortisol.

Puberty is a time of exacerbation of hormonal imbalances, with possible adverse outcomes
for patients with congenital adrenal hyperplasia (figure 3). Management is targeted towards
prevention of long-term adverse outcomes such as adrenal rest tumours (figure 4A),
infertility, metabolic syndrome, obesity, and osteoporosis. Adrenal hyperplasia and
nodularity occur in patients with longstanding and poorly controlled disease (figure 4B), and
should be prevented. Adrenal enlargement has been associated with adrenal tumour
formation, most often myelolipomas.30:31 Adrenal rest tumours and myelolipomas are not
precancerous diseases, but are hyperplastic cells responsive to adreno-corticotropic hormone
stimulation. Enlargement of testicular adrenal rest tissue results in infertility.32:33 Massive
growth of myelolipoma can cause symptoms of mass effect.3 Clinical status during
adolescence and young adulthood largely determines long-term outcome.
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Management of adolescents with non-classic congenital adrenal

hyperplasia

A subset of patients with non-classic congenital adrenal hyperplasia is diagnosed during
childhood when signs of precocious puberty are detected. These children are often treated
with hydrocortisone to suppress adrenal hormones and prevent rapid advancement of bone
age that could adversely affect adult height. Glucocorticoid drug therapy might be indicated
at specific times during adulthood, but lifetime glucocorticoid therapy is not warranted. In
2010, the Endocrine Society! developed evidence-based clinical practice guidelines that
recommended that treated patients with non-classic disease be given the option of
discontinuing therapy when symptoms resolve, and that adult men do not require daily
glucocorticoid treatment. Similarly, treatment options vary for adult women (table), many of
whom do not need glucocorticoid therapy. However, guidelines do not exist for
discontinuation of glucocorticoid therapy in children who began glucocorticoid treatment
during childhood.

No specific data exists regarding the timing of regimen changes or cessation of
glucocorticoid therapy, but healthy puberty (ie, the occurrence of normal puberty in a
normal timeframe) provides guidance. In healthy boys, a testicular volume of 4-6 mL marks
the beginning of testicular testosterone production.36:37 Thus, the need to suppress adrenal
androgens beyond midpuberty is questionable. Based on our experience, we recommend
weaning male adolescents with non-classic congenital adrenal hyperplasia off glucocorticoid
drugs by gonadal Tanner stage 3 (testicular volume 8-10 mL), before the pubertal growth
spurt (figure 5). In healthy women, early menstrual life is characterised by anovulatory
cycles, and by the third year after menarche, most women have regular menstrual cycles
typical of an adult.38 Therefore, for women with non-classic disease treated during
childhood, continuation of hydrocortisone drug therapy until at least 2-3 years
postmenarche is prudent to establish menstrual cyclicity.

Adrenal function is iatrogenically suppressed in children with non-classic disease treated
with glucocorticoids, thus increased doses during periods of stress are indicated until the
patient is successfully weaned off therapy and adrenal function is assessed and normal.
About a third of patients with non-classic disease might have subnormal cortisol responses
to stimulation with tetracosactide (Synacthen, Novartis) in the untreated state.1939 Although
there is no evidence of adrenal crisis occurring in these patients, additional glucocorticoid
therapy during periods of stress might be warranted once regular therapy has been
discontinued.

Adult men with non-classic congenital adrenal hyperplasia do not warrant daily therapy and
most are asymptomatic.l However, rare isolated case reports have shown reversal of
oligospermia with glucocorticoid treatment.#4% Most adult males with non-classic disease
do not require endocrine care, but evidence-based longitudinal outcome data from a large
cohort of patients with non-classic congenital adrenal hyperplasia are not available.
Endocrine assessment every 5 years should be considered (figure 5).
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Women with non-classic congenital adrenal hyperplasia sometimes do not require treatment,
or can be treated successfully with oral contraceptive pills with or without an anti-androgen
treatment (eg, spironolactone) to combat virilising features.1-3541 Some female patients
might choose to continue glucocorticoid therapy if oral contraceptive pills, anti-androgens,
or both are not tolerated or desired, or pronounced hyperandrogenism is present.43
Additionally, glucocorticoid therapy might be indicated at specific times during adulthood
for women with non-classic disease, for example as an effective treatment for infertility and
recurrent miscarriages.*2 Women with non-classic disease should be transferred to an adult
endocrine caregiver because they can have hyperandrogenism as an adult (figure 5).

Management of classic congenital adrenal hyperplasia

In children, hydrocortisone is the glucocorticoid of choice because longer acting
glucocorticoids are more likely to impair growth.1:43 Minimisation of glucocorticoid dose
during puberty is important because pubertal height gain is a predictor of final height.#* In a
retrospective analysis of 92 patients with classic congenital adrenal hyperplasia given
hydrocortisone, a decrease in pubertal growth was associated with a glucocorticoid dose
greater than 17 mg hydrocortisone per m? body surface area per day.4> Conversely, too low
a glucocorticoid dose with subsequent hyperandrogenism can induce premature epiphyseal
closure and can also contribute to height loss. Thus, close monitoring during puberty is
especially important (panel 1). Hoepffner and colleagues*® showed that strict adherence to
hydro-cortisone three times daily with fludrocortisone therapy and monitoring every 3
months resulted in 26 patients with congenital adrenal hyperplasia achieving target height.

Once growth is less than 1 cm per year, the glucocorticoid regimen should be re-assessed.
Cross-sectional studies from both the UK and the USA show the use of varied
glucocorticoid regimens in adults, with about a third of adult patients with congenital
adrenal hyperplasia given hydrocortisone and two-thirds given long-acting glucocorticoid
preparations such as dexamethasone, prednisone, or prednisolone.”4% No randomised
controlled trials have assessed these varied regimens; thus, the glucocorticoid choice
remains individualised. However, the goal is always to use the lowest dose that adequately
suppresses adrenal androgens, optimises compliance based on lifestyle, and maintains good
general health. Once growth is complete, the management goals change and the focus
becomes prevention of long-term adverse outcomes. For adolescent males testicular
ultrasound is recommended to assess or screen for testicular adrenal rest tissue and to help to
guide management (figures 4A, 5). For adolescent females addition of oral contraceptive
pills to the regimen might help to reduce androgen concentrations (table). Although most
children with congenital adrenal hyperplasia have normal bone mineral density, they are at
risk of reduced bone density with increasing age and with high cumulative glucocorticoid
treatment.”-50-53 Baseline dual-energy X-ray absorptiometry to measure bone density should
be considered before adult practitioner referral. Osteoporosis prophylaxis, including vitamin
D and calcium supplementation, should begin in childhood.”

Lancet Diabetes Endocrinol. Author manuscript; available in PMC 2014 September 15.



1dussnuepy Joyiny vd-HIN 1dudsnuepy Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Merke and Poppas

Page 7

Panel 1: Laboratory assessment of patients with congenital adrenal

hyperplasial:®

1 Standard of care for monitoring disease

17-Hydroxyprogesterone and androstenedione as biomarkers of adrenocortical
activation and adequacy of the glucocorticoid regimen

Plasma renin activity to assess the adequacy of fl udrocortisone replacement

Testosterone, free testosterone, and sex-hormone binding globulin for women
with possible secondary polycystic ovary syndrome

Testosterone and gonadotropins in young adult males with poorly controlled
congenital adrenal hyperplasia; very raised adrenal androgens can result in
hypogonadotropic hypogonadism, which is reversible with glucocorticoid
therapy*6

2 Alternative laboratory assessments

Salivary 17-hydroxyprogesterone748

24-h urinary pregnanetriol

3 Timing of laboratory assessment

Every 3-4 months during pubertal growth
4-6 weeks after major regimen changes

Every 6 months or yearly after completion of growth once receiving an optimum
glucocorticoid regimen

Best undertaken in a consistent manner with the timing of drugs taken into
account

Adrenal androgen concentrations will be lower after drugs and later in the day

4 Laboratory goals

Laboratory assessment should guide, but not define treatment

Normalisation or near normalisation of androstenedione, with recognition that
females with concurrent polycystic ovary syndrome might have higher values

Raised 17-hydroxyprogesterone values to at least twice the normal range,
suppression of 17-hydroxyprogesterone to the low normal or undetectable range
indicates excess glucocorticoid treatment

Plasma renin activity in the midnormal range

Target hormone concentrations should be individualised; the young adult male
with no evidence of testicular adrenal rest tissue could be maintained at higher
17-hydroxyprogesterone and androstenedione concentrations than the young
adult female
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Transition of care is a time when many patients with congenital adrenal hyperplasia stop
adherence to their medication; male patients especially might not comprehend the long-term
implications of non-adherence, because male adults are already fully virilised.>* Thus,
provision of detailed congenital adrenal hyperplasia-related education by the paediatric
practitioner to the patient before the transfer to an adult practitioner in a new setting is of
utmost importance. For practical reasons and to limit non-compliance, most patients with
classic congenital adrenal hyperplasia are changed to a longer-acting glucocorticoid when
growing is complete; hydrocortisone is best given three times daily but this frequency of
daily medication is not appealing to most active adolescents and young adults. Therefore,
continuation of three times daily hydrocortisone should be reserved for the highly compliant
patient whose disease is well controlled. Switching back to hydrocortisone later in life for
the mature adult patient is always an option.

One method to estimate the long-acting glucocorticoid dose is to calculate an approximate
equivalency dose based on the present hydrocortisone dose. This estimation should be done
with caution because no accurate formula exists and anti-inflammatory equivalencies are not
appropriate in this setting.%® The glucocorticoid dose required to control congenital adrenal
hyperplasia-mediated androgen excess is estimated to have a hydrocortisone equivalency
ratio of 5:1 for prednisone and prednisolone and of 70-80:1 for dexamethasone.56:57 These
calculations provide estimates; however, starting with a low dose is always best, and once
growth is complete many patients can be treated with reduced glucocorticoid doses. Long-
acting glucocorticoid medications have reduced mineralocorticoid effects, but monitoring of
plasma renin activity and blood pressure is always indicated. Fludrocortisone dose should be
adjusted to maintain plasma renin activity within the normal range.

Dexamethasone is the preferred treatment for testicular adrenal rest tissue, but high-dose
treatment should be avoided.58 Dexamethasone 250-375 pg given once daily is a good
starting dose. Some patients are fast metabolisers of dexamethasone and might require twice
daily dosing. Dexamethasone should be avoided in young adult women who are
heterosexually active because it is not inactivated by placental 11p-hydroxysteroid
dehydrogenase type 2 and would result in fetal exposure should pregnancy occur.
Prednisone or prednisolone 4-6 mg per day divided into two doses are appropriate starting
doses for both men and women.! Substantial inter-individual variability in the metabolism
of glucocorticoid medication exists, thus starting of treatment at a low dose is best, with
laboratory assessment of adrenal metabolites 4-6 weeks after a change in medication (panel
1). Starting with too high a dose will inevitably cause weight gain and might encourage non-
adherence, especially in adolescents.

Giving the highest dose of glucocorticoid at night is sometimes tried in an attempt to
suppress the early morning adrenocorticotropic hormone surge, which occurs as part of the
diurnal variation of the hypothalamic—pituitary—adrenal axis.>”49 A randomised trial
compared high-morning dose of hydrocortisone with high-evening dose in 15 children and
showed no differences in disease control or sleep quality.>® Giving a higher night-time dose
can cause sleep disturbances, especially in adult patients. If sleep disturbances are reported,
the highest dose of glucocorticoid should be given in the morning.
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Female specific issues in classic congenital adrenal hyperplasia

Joint guidelines by Pediatric Endocrine Society, formerly the Lawson Wilkins Pediatric
Endocrine Society, the European Society for Pediatric Endocrinology (ESPE) CAH
Working Group,%° and the Congenital Adrenal Hyperplasia Research Education and Support
(CARES) Foundation Initiative®! included a survey of specialists who treated patients with
congenital adrenal hyperplasia. This survey showed that 78% supported early surgery
(patient aged younger than 2 years), which included clitoroplasty, vaginoplasty, and
labioplasty®? early surgical treatment for females with classic congenital adrenal hyperplasia
and specific degrees of genital masculinisation. These guidelines do not recommend delayed
or staged approaches. Once these guidelines have been implemented, one of the greatest
challenges facing paediatric endocrinologists is how to follow up the surgical-specific issues
these patients can have as they transition from childhood to adolescence.>* Menarche and
sexual function play a major part in adolescence and young adulthood. During this transition
from childhood to adolescence, many issues relating to early genital surgery might become
evident. Thus, it is important that the treating endocrinologist knows what questions to ask,
what to look for on examination, and when to refer the patient to an experienced surgeon for
further assessment and possible treatment. Concerns after early surgical intervention are
varied and relate to specific procedures, the techniques used, and the experience of the
surgeon. Adolescents who have had early genital surgery can present with several issues. In
our experience, the most common issues arising in adolescence are related to urinary
incontinence, clitoral pain, vaginal stenosis, and cosmetic concerns.

Unique causes of urinary incontinence in adolescents with congenital adrenal hyperplasia
who had early genital reconstruction are usually related to anatomical rather than
neurological issues.3 Neurological causes of urinary incontinence after genital surgery are
rare in congenital adrenal hyperplasia, with the exception of patients who had total
urogenital sinus mobilisation.54.6% There is some concern that aggressive mobilisation
anterior to the bladder neck and release of the pubovescical ligament could result in
incontinence.56 Patients suspected of having this issue are likely to have global urinary
incontinence (constant leaking throughout the day without urgency or frequency symptoms)
and should be referred to a urologist for comprehensive assessment.

Vaginal voiding is one of the most common causes of incontinence in patients with
congenital adrenal hyperplasia and presents with day time wetting and dampness. Soaking
incontinence (wetting through underwear) and nocturia are rare. VVaginal voiding occurs
when urine exiting the urethral meatus enters the vagina, which can happen when patients sit
with their legs together during urination; this compresses the labia and prevents a free flow
of urine from the urethral meatus and redirects it into the vagina. Once the patient completes
voiding and stands up, the urine in the vagina drains out, resulting in dampness or wetting
limited to underwear. Wetting usually occurs within the first hour after voiding. This type of
incontinence is often overlooked, leading to unnecessary testing and patient frustration. The
best way to confirm a diagnosis of vaginal voiding is to ask the patient to sit facing
backward on the toilet each time they void for 2 days. If they are dry during this test period,
then a diagnosis of vaginal voiding can usually be confirmed.
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Vaginal voiding can also be caused by a hypospadiac urethra. Urine is released directly into
the vagina when the urethral meatus opens proximally along the anterior vaginal wall. In
some minor forms of female hypospadias, instructing the patient to void with her legs wide
apart will solve the problem. However, surgical repositioning of the urethral meatus might
be required if the meatus is located proximally. In these patients, a genital examination will
reveal a single opening below the clitoris as opposed to a separate opening for the urethra
and vagina.

Patients with urinary incontinence are best managed by a surgeon with experience in voiding
dysfunction and feminising genital surgery. Clitoral pain during sexual arousal in patients
with congenital adrenal hyperplasia who have had clitoral surgery is a challenging issue.
Knowledge of the type of clitoral surgery that the patient has had is important. In the past
three decades, clitoral recession was often undertaken. This technique involves mobilising
and repositioning the erectile bodies of the clitoris under the pubis. In patients with poor
endocrine control, an increase in androgen concentrations can result in growth of the erectile
bodies. As a result, large, trapped erectile bodies that engorge with arousal can produce pain.
In such women, the erectile bodies can usually be palpated. The only treatment option is to
have the clitoral recession converted to a clitoroplasty with partial removal of the erectile
bodies. The nerve-sparing approach to clitoroplasty based on Baskin and colleagues’®7
description of clitoral anatomy used since 1996 should be considered for all patients with
congenital adrenal hyperplasia undergoing clitoral surgery, regardless of age.%®

Some young girls and adolescents who did not have clitoral surgery as infants will develop
an enlarged clitoris later in life as a result of poor endocrine control or non-compliance with
medication. These patients might present with embarrassing clitoral erections that become
obvious when wearing a bathing suit or gymnastics clothing. For these patients, counselling,
clitoroplasty, or both, are options.

Decreased or absent clitoral sensation in adolescents and young adult is a challenging issue
for which there is no surgical correction. Loss of sensation might be caused by damage to
the neurovascular bundles during surgery or from having had a clitorectomy.69-71
Nowadays, clitorectomy should never be done, and techniques used for clitoroplasty should
provide improved outcome compared with older surgical methods. Unfortunately, long-term
outcome data from patients who have had the new techniques are not available because
these patients are now becoming adolescents and young women. Future studies assessing
these women will be critical to our understanding of surgical outcome.

Patients who had vaginal surgery in infancy might present in adolescence with several
concerns including vaginal stenosis, hairy vaginas, short vaginal length, or incomplete
separation of the urogenital sinus. By far the most common is vaginal stenosis.”273 In our
experience, these girls typically present for the first time after they have begun menarche
and attempt to use a tampon for the first time. They will complain of pain on insertion or an
inability to insert the tampon. For these patients, a thorough genital examination should be
done. If the vaginal opening is confirmed to be narrow or a single opening is identified, they
should be referred to an experienced paediatric urologist or surgeon for assessment and
management.
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Some women who have had early vaginal surgery are able to use a tampon without difficulty
but might have difficulty during penetrative sexual intercourse. These patients should be
referred to an experienced surgeon or gynaecologist for assessment and treatment. In most
cases, these women will require oestrogen cream and vaginal dilation therapy. The use of
dilators should be considered only when the patient is psychologically ready and personally
motivated, which is usually during early adulthood. In more severe cases, vaginal surgery
might be required to release the constricting scar tissue or rarely, more extensive surgery
might need to be considered.

Most vaginal surgery undertaken in infants with congenital adrenal hyperplasia will involve
the use of a perineal vascularised flap.”# In infancy, these flaps do not have hair; however,
during adolescence the flap can develop hair, which can be a concern for patients. On
examination, hair can be seen along the posterior vaginal wall where the flap was placed. In
some cases, this can be corrected with professional depilation. In more extensive cases or
when associated with vaginal stenosis, flap removal and replacement with a buccal mucosal
graft has been successful.”>78 Review of surgical history, patient education, and
determination of the possible need for future surgery are important in adolescence.

Male specific issues in classic congenital adrenal hyperplasia

Men with classic congenital adrenal hyperplasia are at risk of infertility, mostly because of
risk of testicular adrenal rest tissue. Ultrasound is the method of choice for detection of
testicular adrenal rest tissue, which typically presents as bilateral hypoechoic masses located
in the mediastinum testes (figure 4A).”” This tissue can cause compression of the
seminiferous tubules leading to obstructive azoospermia. Testicular venous sampling has
shown that testicular adrenal rest tissue also produces adrenal hormones, which can act
locally to contribute to subfertility.”® The prevalence of testicular adrenal rest tissue is
approximately one in three paediatric male patients with congenital adrenal hyperplasia in
Europe and the USA, and the prevalence increases with age.””® Luteinising hormone
receptors have been identified in testicular adrenal rest tissue and therefore the rise in
luteinising hormone during puberty might contribute to tumour growth.89 Progressive
testicular adrenal rest tissue growth can eventually result in fibrosis and irreversible
testicular damage,! and reduced fecundity has been reported. In a cross-sectional study of
22 men with congenital adrenal hyperplasia in Germany, more than half had impaired
spermatogenesis.33 Reduced fertility can also be due to hypogonadotropic hypogonadism,
which has been noted in patients with adrenal androgen excess and in patients with
glucocorticoid excess.33:82 Adolescence is an ideal time to screen patients for testicular
adrenal rest tissue. Tumour shrinkage is possible with tight metabolic control at early
stages,83 but prevention of tumour enlargement is key to optimising long-term fertility
potential.

Transition goals

Disclosure of a patient’s medical and surgical history should occur in an age-appropriate
manner with facts and explanations geared towards the developmental level of the child.
Ideally, as the child grows up, both the paediatric endocrine team and the family should

Lancet Diabetes Endocrinol. Author manuscript; available in PMC 2014 September 15.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Merke and Poppas

Page 12

provide medical information to the child, with full disclosure achieved by age 16 years.84 If
or when a patient reads his or her medical records as an adult, there should be no surprising
information; learning about their diagnosis in this way can be distressing to patients.8%.86
Openness promotes a trusting relationship between patients, doctors, and families, and
encourages the development of a positive self-image. The paediatric endocrinologist
sometimes replaces the general paediatrician as the primary caregiver and should be
prepared to openly discuss sexual issues. Female patients often wish to know whether they
can have normal sexual intercourse. Parents who wish to withhold information from girls
with congenital adrenal hyperplasia regarding their surgical history because of cultural
concerns or their own discomfort should be offered counselling.

In 2006, the European Society for Paediatric Endocrinology and the Pediatric Endocrine
Society jointly published a consensus statement on the management of disorders of sex
development.86:87 Classic congenital adrenal hyperplasia in women was one of the many
disorders considered. An important aspect of the psychosocial management of disorders of
sex development is disclosure of information to the child. The consensus recommends an
early planning strategy with the parents and the development of a gradual process of
reinforced education, coupled with professional counselling. Children with congenital
adrenal hyperplasia are at risk of anxiety disorders,8 and adolescent girls are particularly
vulnerable to developing a negative body image, especially if puberty occurs at a rate
different from the norm.88:89 Reinforced education over years in conjunction with the family
optimises self-confidence and coping mechanisms. Before transitioning to an adult
caregiver, adolescents with classic congenital adrenal hyperplasia should have achieved
specific knowledge goals (panel 2); for females with classic congenital adrenal hyperplasia,
one goal is for the patient to have knowledge about their surgical history and the physical
implications. In a study of adolescent patients with either congenital adrenal hyperplasia or
phenylketonuria who had not previously received genetic counselling, most patients wanted
to understand the science behind their disorder, and (65%) preferred to receive information
with their parents before 12 years of age, thus emphasising the importance of openness at a
young age.%0

Panel 2: Knowledge goals for adolescents with classic congenital adrenal
hyperplasia

* Understand that congenital adrenal hyperplasiais a lifelong disease that is
genetically inherited

e Understand the medication regimen, including the results of too much or too
little medication

* Be able to self-manage stress doses of glucocorticoid during illness, including
self-administration of intramuscular hydrocortisone

* Knowledge of surgical history and physical implications

»  Knowledge of infertility risks but also that fertility and satisfying sexual
experiences can be achieved
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Many international groups have suggested that patients with congenital adrenal hyperplasia
are best managed by multidisciplinary teams in tertiary care centres. Joint clinics with
paediatric and adult endocrinologists have been suggested to optimise communication
during the transition from paediatric to adult care, but for most patients worldwide this is not
available.1:61.91-93 Moreover, a study in the UK showed that half of all paediatric patients
with congenital adrenal hyperplasia were lost to follow up, despite introduction of a joint
clinic.5* Patients with fewer appointments were at risk of being lost to follow up, which
emphasises the importance of engaging with the patient early on. A transition clinic in
Germany, run jointly by paediatric and adult endocrinologists, has reported better results.*8
Transition is most successful when not viewed as a one-time event, but as a process that
occurs over many years. Young adults need to understand the pathophysiology and genetics
of congenital adrenal hyperplasia. They also need to have access to their past medical
records. Knowledge regarding sexuality, fertility, navigating the health-care system, long-
term concerns, and potential issues in adulthood need to be thoroughly addressed.

Search strategy and selection criteria

We searched the Cochrane Library, Medline, and Embase from January, 2005, to
December, 2013, and PubMed and Google Scholar, with the search terms “congenital
adrenal hyperplasia” or “CAH” in combination with the terms “adolescent”,
“CYP21A2”, “transition adolescent”, “genital surgery”, “clitoroplasty”, and “surgical
outcomes”. We did not exclude commonly referenced or highly regarded older
publications. We also searched the reference lists of articles identified by this search

strategy and selected those we judged relevant.

Lessons learned from other childhood chronic diseases

Children with other chronic diseases face similar challenges. Paediatric patients with
diabetes, cystic fibrosis, and sickle-cell disease are often lost to follow-up during the
transition period.%4-98 In a systematic review of studies assessing adolescent transition
programmes, successful interventions were reported in studies of diabetes and included
extensive patient education regarding self-management skills and having a dedicated young
adult clinic or a specific transition clinic that was jointly staffed by paediatric and adult
practitioners. Comparison of studies is complicated by the many different interventions;
however, an extended period of support in preparation for, during, and after transition, and
training and education of health-care professionals are all recommended, recognising that
additional personnel are needed to meet these needs, which might be costly.99:100

Conclusions

Care of adolescents with congenital adrenal hyperplasia has unique challenges. Health-care
providers play a crucial part in helping the child and their family to transition to adult life.
There is no standard approach, but a defined referral pathway should exist so that each
patient has the opportunity to access quality adult care. Transition of adolescents to adult
care involves changes in treatment and a shift in management goals that become targeted
towards prevention of long-term complications and optimisation of adult quality of life.
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Further improvements depend on practitioners, patients, and their families working together
to educate children to become self-reliant adults knowledgeable about their disease.
Children with rare congenital diseases are now living full, productive lives and the issue of
effectively transitioning these children to adulthood is a major public health problem.
Building an infrastructure that includes improved education of paediatric and adult
practitioners regarding how best to transition patients is greatly needed.
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Figure 1. Pedigree displaying the genetic risk to the offspring of a patient with congenital
adrenal hyperplasia
CAH=congenital adrenal hyperplasia. Risks are the same for men and women, a

representative affected male is shown as the patient. (A) All children are carriers when one
parent is affected and the other parent is unaffected. (B) Half of children are affected when
one parent is affected and the other parent is a carrier. Most patients are compound
heterozygotes. Square=male. Circle=female. White=unaffected (wild type). Blue=mutation
#1. Green=mutation #2. Pink=mutation #3.
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Figure 2. Adrenocortical biosynthetic pathway
(A) In normal physiology, the classic pathway of androgen biosynthesis occurs from

conversion of 17-hydroxypregnenolone to DHEA and 17-hydroxyprogesterone to
androstenedione. (B) In the absence of 21-hydroxylase activity, 17-hydroxyprogesterone
accumulates and can be converted to testosterone and dihydrotestosterone through two
pathways: the classic pathway and an alternative pathway. Increased expression of
cytochrome b5 occurs during adolescence, promoting adrenal androgen production via the
classic pathway. 17-OH activity in the alternative pathway is less affected by cytochrome b5
activity. 17-OHPreg=17-hydroxypregnenolone. 17-OHProg=17-hydroxyprogesterone.
DHEA=dehydroepiandrosterone. DHT=dihydrotestosterone. P450scc+StAR=P450 side
chain cleavage plus steroidogenic acute regulatory protein. 3BHSD=3-beta-hydroxysteroid
dehydrogenase. 17-OH=17-hydroxylase/17,20 lyase. b5=cytochrome b5. 21-OH=21-
hydroxylase. 11-OH=11-hydroxylase. AS=aldosterone synthase. 17HSD=17-beta-
hydroxysteroid dehydrogenase. 5aR2=5-alpha-reductase type 2. Adapted from J Clin
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Endocrinol Metab: Congenital adrenal hyperplasia due to steroid 21-hydroxylase deficiency:
an Endocrine Society clinical practice guideline 2010, figure 1.1
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Figure 3. Common hormonal imbalances during adolescence in patients with congenital adrenal
hyperplasia and clinical consequences
Normal pubertal increases in growth hormone increases cortisol clearance, which decreases

glucocorticoid effectiveness. The age-related physiological increase in adrenal androgens
and insulin resistance are magnified in patients with congenital adrenal hyperplasia and
contribute to the management challenges. Treatment is aimed at controlling the adverse
effects of androgen excess and insulin resistance while avoiding the complications of
iatrogenic Cushing’s syndrome.
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Figure 4. Tumour formation in congenital adrenal hyperplasia
(A) Ultrasound (transverse view) shows testicular adrenal rest tumour (arrows) surrounding

the mediastinum testes (arrowhead). (B) Axial enhanced CT section through the left adrenal
gland shows hypertrophy (arrows) with nodules (arrowhead) and fatty adrenal masses
representing myelolipomas (curved arrow).
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Figure 5. Transition of care guidelines for patients with non-classic and classic congenital
adrenal hyperplasia
OCP=oral contraceptive pill. TART=testicular adrenal rest tissue. DXA=dual-energy X-ray

absorptiometry. *A subset of patients with non-classic congenital adrenal hyperplasia have
subnormal cortisol response with unknown clinical significance; stress dose glucocorticoids
should be considered.
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Pharmacological treatment of congenital adrenal hyperplasial:6:3>
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Physiological effect

Clinical effect

Adverse effects

Glucocorticoids!

Cortisol replacement; suppression of
hypothalamic—pituitary—adrenal axis,
reduces adrenal androgen secretion

Treatment of adrenal
insufficiency, prevention of
female virilisation,
prevention and treatment of
infertility

latrogenic Cushing’s
syndrome (dose related)

. * . . .
Fludrocortisone™ (mineralocorticoid)?

Mineralocorticoid replacement;
suppression of renin— angiotensin—
aldosterone axis, reduces vasopressin
and adrenocorticotropic hormone
concentrations, reduces adrenal
androgen secretion

Maintenance of sodium and
potassium balance,
prevention of intravascular
volume depletion, allows
for reduced glucocorticoid
dosing

Hypertension (dose related)

Oral contraceptive pills6:35

Stimulation of hepatic sex hormone
binding globulin, reduces serum free
androgen; suppression of
hypothalamic—pituitary—ovarian axis,
reduces ovarian androgen secretion

Regulation of menstrual
cycle, reduced hirsutism

NA

Spironolactone®-6:351

Mineralocorticoid antagonist;
competitive inhibitor androgen
receptor; inhibition of 5a-reductase
activity, reduces androgen production

Reduced hirsutism

Diuresis (dose related)

NA=not applicable.

*
Used for treatment of classic congenital adrenal hyperplasia patients.

t . . _— .
Commonly used for treatment of non-classic women,; rarely used for classic women because of anti-mineralocorticoid effect.
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