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Congenital Adrenal Hyperplasia

Phyllis W. Speiser, M.D., and Perrin C. White, M.D.

ONGENITAL ADRENAL HYPERPLASIA IS A GROUP OF AUTOSOMAL RE-

cessive disorders resulting from the deficiency of one of the five enzymes re-

quired for the synthesis of cortisol in the adrenal cortex. The most frequent is
steroid 21-hydroxylase deficiency, accounting for more than 90 percent of cases. Since
the last Medical Progress article on this topic was published in the Journal in 1987,1
much has been learned about the genetics of the various clinical forms of 21-hydroxy-
lase deficiency, and correlations between the genotype and the phenotype have been ex-
tensively studied. Gene-specific prenatal diagnosis is now feasible, and prenatal treat-
ment has been more widely implemented. This discussion will be limited to the most
common form of congenital adrenal hyperplasia.

BIOCHEMISTRY

Steroid 21-hydroxylase (CYP21, also termed CYP21A2 and P450c21) is a cytochrome
P-450 enzyme located in the endoplasmic reticulum. It catalyzes the conversion of
17-hydroxyprogesterone to 11-deoxycortisol, a precursor of cortisol, and the conver-
sion of progesterone to deoxycorticosterone, a precursor of aldosterone (Fig. 1).

Owing to this loss of enzyme function, patients with 21-hydroxylase deficiency can-
not synthesize cortisol efficiently, and as a result, the adrenal cortex is stimulated by cor-
ticotropin and overproduces cortisol precursors. Some of these precursors are diverted
to the biosynthesis of sex hormones, which may cause signs of androgen excess, includ-
ing ambiguous genitalia in newborn girls and rapid postnatal growth in both sexes. Con-
comitant aldosterone deficiency may lead to salt wasting with consequent failure to
thrive, hypovolemia, and shock.

CLINICAL MANIFESTATIONS

A spectrum of phenotypes is observed. A severe form with a concurrent defect in aldos-
terone biosynthesis (salt-wasting type) and a form with apparently normal aldosterone
biosynthesis (simple virilizing type) are together termed classic 21-hydroxylase defi-
ciency. There is also a mild, nonclassic form that may be asymptomatic or associated
with signs of postnatal androgen excess.2

Classic 21-hydroxylase deficiency is detected in approximately 1 in 16,000 births in
most populations.3 The nonclassic form occurs in approximately 0.2 percent of the gen-
eral white population but is more frequent (1 to 2 percent) in certain populations, such
as Jews of Eastern European origin.* The lower general frequency is similar to that es-
timated on the basis of CYP21 genotyping of newborns in New Zealand (0.3 percent).>

SALT WASTING
Approximately 75 percent of patients with classic 21-hydroxylase deficiency have se-
verely impaired 21-hydroxylation of progesterone and thus cannot adequately synthe-
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Figure 1. Pathways of Steroid Biosynthesis in the Adrenal Cortex.

The pathways for the synthesis of progesterone and mineralocorticoids (aldosterone), glucocorticoids (cortisol), and androgens (testoster-
one) are shown. Enzymes that are encoded by a single gene are shown in boxes. For activities mediated by specific P-450 cytochromes (CYP),
the systematic name of the enzyme is given in parentheses. CYP11B2 and CYP17 have multiple activities. The planar structures of cholesterol,
aldosterone, cortisol, and testosterone are shown. Deficient 21-hydroxylase activity prevents the synthesis of aldosterone and cortisol and
shunts precursors such as 17-hydroxypregnenolone into the pathway for androgen biosynthesis. Androstenedione is secreted by the adrenal
cortex and then converted to testosterone in the periphery. Testosterone may be aromatized to estradiol or converted by 5a-reductase to di-

hydrotestosterone.

size aldosterone. Elevated levels of 21-hydroxylase
precursors — progesterone and 17-hydroxyproges-
terone — may actas mineralocorticoid antagonists,
exacerbating the effects of aldosterone deficiency.®
Since aldosterone regulates sodium homeostasis,
renal sodium excretion in untreated patients is ex-
cessive and can result in hypovolemia and hyper-
reninemia. Such patients cannot excrete potassium
efficiently and are prone to hyperkalemia, especially

in infancy. Cortisol deficiency in these patients con-
tributes to poor cardiac function, poor vascular re-
sponse to catecholamines, a decreased glomerular
filtration rate, and increased secretion of antidiuret-
ic hormone.? Thus, cortisol and aldosterone defi-
ciency together cause hyponatremic dehydration
and shock in inadequately treated patients. More-
over, since the development of the adrenal medulla
is in part dependent on glucocorticoids, patients
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with salt-wasting 21-hydroxylase deficiency may
also have catecholamine deficiency, potentially fur-
ther exacerbating shock.8

Patients with the salt-wasting form are identified
through the measurement of serum electrolytes, al-
dosterone, and plasma renin and the finding of ex-
pected abnormalities — hyperkalemia, low levels of
aldosterone, and hyperreninemia. Age-specific ref-
erence values for renin should be used, since plasma
renin activity is normally higher in neonates than in
older children.®

AMBIGUOUS GENITALIA

Girls with classic 21-hydroxylase deficiency are ex-
posed to high systemic levels of adrenal androgens
from approximately the seventh week of gestation.
Thus, such girls have ambiguous genitalia: a large
clitoris, rugated and partially fused labia majora,
and a common urogenital sinus in place of a sepa-
rate urethra and vagina. The uterus, fallopian tubes,
and ovaries are normally formed, but there is no de-
velopment of the wolffian duct. In contrast, affected
boys have no overt signs of the disease except vari-
able and subtle hyperpigmentation and penile en-
largement.

POSTNATAL VIRILIZATION

In patients who either are not treated or are inade-

quately treated, long-term exposure to high levels of
sex hormones promotes rapid somatic growth (pre-
dominantly an androgen effect) and advanced skel-

etal age, which leads to premature epiphyseal fusion
(predominantly an effect of extragonadal aromati-

zation of androgens to estrogens). Pubic and axillary
hair may develop early. Clitoral growth may contin-

ue in girls. Young boys may have penile growth de-

spite having small testes, since the androgens are

adrenal in origin. Long-term exposure to androgens

may activate the hypothalamic—pituitary—gonadal

axis, causing centrally mediated precocious puberty.

LINEAR GROWTH

Linear growth is affected by congenital adrenal hy-
perplasia, even with close therapeutic monitoring.
A meta-analysis of data from 18 centers showed that
adult heights in patients with classic congenital
adrenal hyperplasia averaged 1.4 SD below the pop-
ulation mean.1° Both undertreatmentand overtreat-
ment put patients atrisk for short stature, the former
causing premature epiphyseal closure induced by
high levels of sex steroids and the latter resulting
in glucocorticoid-induced inhibition of the growth
axis.11,12

REPRODUCTIVE FUNCTION

In girls with any form of 21-hydroxylase deficien-
cy, signs of reproductive problems, such as oligo-
menorrhea or amenorrhea, may develop in ado-
lescence.13:14 The issue of fertility is inextricably
related to psychosocial adjustment. Women with
classic salt-wasting or simple virilizing disease who
were born and treated in the 1940s and 1950s had a
tendency to shun heterosexual relationships, espe-
cially if the introitus was inadequate or androgen
levels were chronically elevated.15 Prenatal exposure
to androgens may influence subsequent sex-role be-
havior.1¢ Indeed, most affected females have been
reported to exhibitincreased behavior more typical
of boys during childhood in terms of toy prefer-
ences, rough play, and aggressiveness.1” However,
most women are heterosexual, and their sexual
identity is almost invariably female.1”

As surgical, medical, and psychological treat-
ments have improved, more women with 21-
hydroxylase deficiency have successfully completed
pregnancies and given birth, most by cesarean sec-
tion.18:19 About 80 percent of women with simple
virilizing disease and approximately 60 percent of
those with the severe salt-wasting form are fertile.18

As compared with affected women, affected men
have fewer problems with reproductive function,
specifically gonadal function. Most have normal
sperm counts and are able to father children.2° One
relatively common form of gonadal abnormality in
affected males is the development of testicular adre-
nal rests, detectable by sonographic imaging be-
fore they become palpable.21:22 Such tumors have
been detected even in childhood,?3 suggesting that
screening should begin no later than adolescence.
In males with salt wasting, testicular rest tissue may
be accompanied by deficient spermatogenesis de-
spite treatment. Infertility can be circumvented by
intracytoplasmic sperm injection.2* These tumors,
although almost invariably benign, have prompted
biopsies and even partial orchiectomy.25 Proper
medical treatment consists of pituitary suppression
with dexamethasone, since the tumors are usually
responsive to corticotropin.

PRESENTATION IN PATIENTS WITH SIMPLE

VIRILIZING 21-HYDROXYLASE DEFICIENCY

Patients with simple virilizing 21-hydroxylase defi-
ciency do not synthesize cortisol efficiently, but ad-
equate aldosterone secretion remains and thus so-
dium balance is maintained. Whereas the disease is
usually diagnosed in female patients shortly after
birth owing to genital ambiguity, the diagnosis is of-
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ten delayed for several years in male patients. With-
out newborn screening, affected boys are usually
identified when signs of androgen excess develop.
Later diagnosis is associated with greater difficulty
in achieving hormonal control, abnormal tempo of
puberty, and short stature.

PRESENTATION IN PATIENTS WITH NONCLASSIC
DISEASE

Patients with nonclassic 21-hydroxylase deficiency
produce normal amounts of cortisol and aldoste-
rone at the expense of mild-to-moderate overpro-
duction of sex hormone precursors. A few non-
classic cases are detected by newborn-screening
programs, but most are missed because of the rel-
atively low base-line levels of 17-hydroxyprogester-
one.26-28 It is not known what proportion of cases
ascertained in this manner eventually become symp-
tomatic. Family studies indicate that overt androgen
excess never develops in many patients with non-
classic disease. Some children grow rapidly or have
advanced bone age, and pubic or axillary hair pre-
maturely develops in some.

Hirsutism is the single most common symptom
at presentation in approximately 60 percent of
symptomatic women, followed by oligomenorrhea
(54 percent) and acne (33 percent).2° Thus, non-
classic 21-hydroxylase deficiency and polycystic
ovarian syndrome may present in similar ways. De-
creased fertility is an indication for glucocorticoid
treatment in both men and women, but the preva-
lence of nonclassic 21-hydroxylase deficiency is not
greater among patients in infertility clinics than in
the general population, and infertility appears to be
a presenting symptom in only 13 percent of women
with nonclassic 21-hydroxylase deficiency.2°

PRESENTATION IN HETEROZYGOTES

Patients who are heterozygous for CYP21 mutations
often have slightly higher 17-hydroxyprogesterone
levels after adrenal stimulation than do unaffected
subjects. Although it has been suggested that het-
erozygotes might be more likely to have signs of an-
drogen excess than would genetically unaffected
subjects, case—control studies do not support this
concept.3° Thus, itwould seem likely that ascertain-
ment bias caused the apparent association.

DIAGNOSIS

Classic 21-hydroxylase deficiency is characterized
by markedly elevated serum levels of 17-hydroxy-
progesterone, the main substrate for the enzyme.

Basal 17-hydroxyprogesterone values measured by
radioimmunoassay usually exceed 10,000 ng per
deciliter (300 nmol per liter) in affected infants,
whereas the levels in normal newborns are below
100 ng per deciliter (3 nmol per liter). This differ-
ence makes it possible to screen newborns (Fig. 2)
for the disorder with the use of dried blood spots on
filter paper. Screening minimizes delays in diagno-
sis, especially in male patients, and reduces morbid-
ity and mortality from adrenal crises.3

Approximately 10 percent of severely affected
term newborns have low initial base-line 17-
hydroxyprogesterone levels.2¢ False negative results
occur when infants are discharged early from the
hospital and thus have been screened before they
are two to three days old, a time for which there are
no established normative data. Conversely, most
sick or premature infants have elevated 17-hydroxy-
progesterone levels without having inborn errors in
steroid biosynthesis, especially those with gesta-
tional ages of less than 31 weeks.>:31 To ensure that
no infant with classic 21-hydroxylase deficiency is
missed, normal limits must be set so low that the
positive predictive value of an abnormal 17-hydroxy-
progesterone screening testis only 2 percent.32 The
high rate of false positive values not only increases
the real cost of screening but also causes psycholog-
ical distress to the parents while testing is being re-
peated. Delays in accurate diagnosis can lead either
to unnecessary steroid therapy or to failure to insti-
tute therapy in a timely manner.

To improve accuracy, some screening programs
have set reference levels for serum 17-hydroxypro-
gesterone in infants that are based on weight and
gestational ages,33:34 whereas others have empha-
sized concurrent measurement of serum cortisol.35
Measurement of 17-hydroxyprogesterone by fluor-
oimmunoassay3°® or tandem mass spectrometry3’
may improve both the sensitivity and the specificity
of screening.

The gold standard for differentiating 21-hydroxy-
lase deficiency from other steroidogenic enzyme de-
fects is the corticotropin (cosyntropin) stimulation
test, performed by injecting a 0.125-mg or 0.25-mg
bolus of cosyntropin and measuring base-line and
stimulated levels of 17-hydroxyprogesterone. Blood
samples are obtained at base line and 60 minutes
after the administration of cosyntropin. This test
should be distinguished from the low-dose (0.5-g)
stimulation test that is becoming popular for eval-
uating the integrity of the hypothalamic—pituitary—
adrenal axis.38 Except for premature infants, there
are no age-related differences in the criteria for the
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Figure 2. Algorithm for Screening of Newborns for 21-Hydroxylase Deficiency.

Protocols vary from center to center. Screening is first performed on dried capillary blood. A 17-hydroxyprogesterone level in the 95th to 98th

percentile for birth weight prompts a second screening test, which may be either a repeated hormonal assay or a molecular test to determine
whether the infant is a carrier of at least one common mutation in the gene for 21-hydroxylase (CYP21). If the results of either of these tests

are abnormal, the infant undergoes a corticotropin (cosyntropin) stimulation test. Depending on results, the infant is classified as unaffected,
a probable heterozygote, having nonclassic disease, or having classic disease. The need for further management is dictated by these results.
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diagnosis of 21-hydroxylase deficiency on the basis
of 17-hydroxyprogesterone levels.

The severity of hormonal abnormalities de-
pends on the type of 21-hydroxylase deficiency.
Patients with salt-wasting disease have the highest
17-hydroxyprogesterone levels (up to 100,000 ng
per deciliter [3000 nmol per liter] after corticotropin
stimulation), followed by patients with simple vir-
ilizing disease, who usually have somewhat lower
levels (10,000 to 30,000 ng per deciliter [300 to
1000 nmol per liter]). Patients with nonclassic dis-
ease have smaller elevations (1500 to 10,000 ng per
deciliter [50 to 300 nmol per liter]),39 especially in
the newborn period.27-28 Random measurements
of basal serum 17-hydroxyprogesterone levels are
often normal in patients with nonclassic disease un-
less the values are obtained in the early morning.
Thus, the diagnosis is most reliably made by meas-
uring the patient’s response to corticotropin stim-
ulation.

Other hormones whose levels are usually elevat-
ed in patients with 21-hydroxylase deficiency include
progesterone, androstenedione, and to a lesser ex-
tent, testosterone. An atypical steroid, 21-deoxycor-
tisol, is also elevated but is not routinely assayed.+°
Mutation analysis can confirm the diagnosis and is
used in some newborn-screening programs. 541,42
Itis currently available to a limited extent in the Unit-
ed States, but automated methods are likely to in-
crease its availability.*3

GENETICS

MUTATIONS

Mutations in the CYP21 (CYP21A2) gene, which is lo-
cated in the highly polymorphic HLA histocompat-
ibility complex on chromosome 6p21.3 along with
a pseudogene, CYP21P (CYP21A1P), are responsible
for causing 21-hydroxylase deficiency. Although
CYP21 and CYP21P have 98 percent nucleotide-
sequence identity, the latter has accumulated several
mutations that totally inactivate its gene product.
These include an 8-bp deletion in exon 3, a frame
shift in exon 7, and a nonsense mutation in exon 8
(Fig. 3).4445 Additional mutations in CYP21P affect
messenger RNA (mRNA) splicing or amino acid se-
quence. Most mutations causing 21-hydroxylase
deficiency arise from two types of recombination
between CYP21 and CYP21P. Approximately 75 per-
cent represent deleterious mutations found in the
pseudogene thatare transferred to CYP21 during mi-
tosis by a process termed “gene conversion.” About

20 percent are meiotic recombinations that delete a
30-kb gene segment*® that encompasses the 3’ end
of the CYP21P pseudogene, all of the adjacent C4B
complement gene, and the 5' end of CYP21, produc-
ing a nonfunctional chimeric pseudogene. More
than 60 additional mutations account for the re-
maining 5 percent.4”

CYP21 is one of the most polymorphic human
genes.*8 In sperm, spontaneous recombinations be-
tween CYP21 and CYP21P (i.e., gene conversions or
deletions) are detected in 1 in 1000 to 1 in 100,000
cells.#9 In patients, 1 to 2 percent of affected alleles
are spontaneous mutations not carried by either
parent.>° Therefore, it is important to ascertain pa-
rental genotypes for prenatal counseling.

CORRELATIONS BETWEEN PHENOTYPE

AND GENOTYPE

Correlations between the CYP21 genotype and phe-
notype have been studied in various ethnic and ra-
cial groups.59-55 CYP21 mutations can be grouped
into three categories according to the level of enzy-
matic activity predicted from in vitro mutagenesis
and expression studies.>1,56-58 The first group con-
sists of mutations such as deletions or nonsense
mutations that totally ablate enzyme activity; these
are most often associated with salt-wasting disease.
The second group of mutations, consisting mainly
of the missense mutation Ile172Asn (I172N),59
yields enzymes with 1 to 2 percent of normal activity.
These mutations permit adequate aldosterone syn-
thesis and thus are characteristically found in pa-
tients with simple virilizing disease. The final group
includes mutations such as Val281Leu (V281L)%©
and Pro30Leu (P30L)>8 that produce enzymes re-
taining 20 to 60 percent of normal activity; these
mutations are associated with the nonclassic dis-
order.

When the 21-hydroxylase deficiency phenotype
is quantitated with the use of 17-hydroxyprogester-
one levels or scores for signs of androgen excess or
salt wasting, allelic variation in the CYP21 genotype
accounts for 80 to 90 percent of phenotypic varia-
tion. Compound heterozygotes for two different
CYP21 mutations usually have a phenotype compat-
ible with the presence of the milder of the gene de-
fects.5°

Although 21-hydroxylase deficiency is a mono-
genic disorder, the patient’s genetic background will
inevitably influence its expression, as has been
observed in other human diseases.®1:°2 Modifying
genes presumably include those regulating the pro-
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duction of — and tissue-specific sensitivity to —
androgens and estrogens and those involved in so-
dium conservation.

Another source of phenotype—genotype variabil-
ity is the so-called leakiness of splice mutations.
A mutation in the second intron (at nucleotide 656
in which guanine is substituted for adenine, trans-

ferred from CYP21P by gene conversion) comprises
25 percent of all classic 21-hydroxylase deficiency
alleles and usually results in abnormally spliced
mRNA transcripts.>156 Experimental and clinical
observations suggest, however, thata small amount
of the mRNA is normally spliced. A mere 1 or 2 per-
cent of normal functional enzyme activity can

CYP21P RP2 CYP21

RPL N C4A c4B

TNXB

30 kb

i

——

Normal

——

H@T

21-Hydroxylase deficiency

| |
Nonclassic P30L V281L

Simple virilizing

1236N R356W
V237E

M239K

Salt wasting

G110A8nt F306+1nt Q318X

Figure 3. The Chromosomal Region of 6p21.3 Containing the 21-Hydroxylase Genes (Panel A), 21-Hydroxylase Genes Undergoing an Unequal
Crossover during Meiosis (Panel B), and Mutations in Steroid 21-Hydroxylase Causing Congenital Adrenal Hyperplasia (Panel C).

In Panel A, CYP21P and CYP21 are the steroid 21-hydroxylase pseudogene and active gene, respectively. C4A and C4B encode the fourth com-
ponent of serum complement. RP1 encodes a nuclear protein of unknown function, and RP2 is the corresponding truncated pseudogene. On
the opposite chromosomal strand, TNXB encodes tenascin-X and TNXA is the corresponding truncated pseudogene. A bar delineates the
30-kb region that is deleted in approximately 20 percent of 21-hydroxylase deficiency chromosomes. In Panel B, 21-hydroxylase genes under-
go an unequal crossover during meiosis, and the resulting daughter chromosomes possess either three CYP21 alleles or one nonfunctional
CYP21 gene as a result of a large deletion. Panel C shows the positions of mutations normally found in CYP21P; any of these can be trans-
ferred to CYP21 in gene-conversion events. Recombinant enzymes carrying each missense mutation have been expressed in cultured cells.
Numbered boxes represent exons. The percentage of normal activity seen in each mutant enzyme is denoted by the position of each mutation
on a vertical scale; the mutations that most severely affect activity, causing salt-wasting disease, are at the bottom of the figure. The mutations
are as follows: P30L, Pro30Leu; a»g, mutation in intron 2 activating a cryptic splice site; G110A8nt, deletion of eight nucleotides ; 1172N,
1le172Asn; 1236N, V237E, and M239K are a cluster of three mutations almost invariably inherited together (lle236Asn, Val237Glu, and
Met239Lys, respectively); V281L, Val281Leu; F306+1nt, the insertion of a single nucleotide; Q318X, a nonsense mutation of GIn318; R356W,
Arg356Trp; and P453S, Pro453Ser.
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change the patient’s phenotype from salt-wasting
to simple virilizing disease. However, reports of
asymptomatic subjects who are homozygous for
this mutation most likely represent examples of
artifacts derived from polymerase-chain-reaction—
based genotyping.©3

TREATMENT

GLUCOCORTICOIDS
Patients with classic 21-hydroxylase deficiency re-

quire long-term glucocorticoid treatment to inhibit
excessive secretion of corticotropin-releasing hor-

mone and corticotropin by the hypothalamus and

pituitary, respectively, and to reduce elevated levels

of adrenal sex steroids. In children, the preferred

drug is hydrocortisone (i.e., cortisol itself) in main-

tenance doses of 10 to 20 mg per square meter of
body-surface area per day in three divided doses.

Doses of up to 100 mg per square meter per day are

given during adrenal crises and life-threatening sit-

uations. Even these maintenance doses exceed phys-

iologic cortisol secretion (7 to 9 mg per square meter
per day in neonates®# and 6 to 8 mg per square meter
per day in children and adolescents®5). The efficacy
of treatment is best monitored by measuring 17-

hydroxyprogesterone and androstenedione levels

ata consistent time in relation to the administration
of medication. Children should also undergo radi-

ography annually to determine bone age, and their
linear growth should be carefully monitored.

The therapeutic goal is to use the lowest dose of
glucocorticoid that adequately suppresses adre-
nal androgens and maintains normal growth and
weight gain.¢ One should not attempt to achieve
normal levels of 17-hydroxyprogesterone, since this
requires supraphysiologic doses of glucocorticoid
that may cause Cushing’s syndrome. Rather, 17-
hydroxyprogesterone levels should be partially sup-
pressed to the range of 100 to 1000 ng per deciliter
(3 to 30 nmol per liter). Androstenedione and tes-
tosterone levels (measurement of the latter is useful
only in prepubertal children and women) should be
maintained at values that are appropriate for the
patient’s age and sex.

The short half-life of hydrocortisone minimizes
growth suppression and other adverse effects of
longer-acting, more potent glucocorticoids such as
prednisone and dexamethasone. Because of the
drug’s short half-life, a single daily dose of hydro-
cortisone is ineffective in regulating adrenocortical
secretion.

An oral suspension of hydrocortisone has been
withdrawn from the market in the United States
owing to problems with mixing the suspension,
which resulted in erratic hormonal control. Crushed
tablets may be substituted. Older adolescents and
adults may be treated with prednisone (e.g., 5 to
7.5 mg daily in two divided doses) or dexametha-
sone (total, 0.25 to 0.5 mg given in one or two dos-
es per day). Patients should be monitored carefully
for signs of iatrogenic Cushing’s syndrome, such as
rapid weight gain, hypertension, pigmented striae,
and osteopenia. Males with testicular adrenal rests
detected by palpation or sonography may require
higher doses of dexamethasone to suppress corti-
cotropin.

Treatment is not indicated in asymptomatic chil-
dren with nonclassic 21-hydroxylase deficiency,
since the potential adverse effects of glucocorticoids
probably outweigh any benefits. Glucocorticoid
treatment should be reserved for children with early
onset of disease and rapid progression of pubic and
body hair, growth, or skeletal age. Treatment should
also be considered in adolescent girls and young
women with signs of virilization.

MINERALOCORTICOIDS

Infants with the salt-wasting form of 21-hydroxylase
deficiency require supplemental mineralocorticoid
(usually 0.1 to 0.2 mg of fludrocortisone daily) and
sodium chloride (1 to 2 g or 17 to 34 mmol of sodi-
um chloride daily in addition to glucocorticoid treat-
ment). The sodium content of either breast milk or
infant formulas (8 mmol per liter) is insufficient to
compensate for sodium losses in these infants. Old-
er infants and children usually do not require sodi-
um chloride supplements, and they often have re-
duced requirements for fludrocortisone.

Patients with the simple virilizing form of the dis-
ease by definition secrete adequate amounts of al-
dosterone, but nevertheless many are treated with
fludrocortisone. This can aid in adrenocortical sup-
pression, reducing the dose of glucocorticoid re-
quired to maintain acceptable 17-hydroxyprogester-
one levels.

Plasma renin activity levels or direct renin immu-
noassays may be used to monitor the adequacy of
mineralocorticoid and sodium replacement, taking
into account the age-specific reference ranges for
each laboratory. Hypotension, hyperkalemia, and el-
evated renin levels suggest the need for an increase
in the dose, whereas hypertension, edema, tachy-
cardia, and suppressed plasma renin activity sig-
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nify overtreatment with mineralocorticoids. Adjust-
ments in the dose should be made in increments or
decrements of 0.05 to 0.1 mg. Excessive fludrocor-
tisone may also retard growth.

MANAGEMENT OF AMBIGUOUS GENITALIA
Improvements in the surgical correction of genital
anomalies over the past two decades have led to ear-
lier use of single-stage surgery — between two and
six months of life in girls with 21-hydroxylase defi-
ciency, a time when the tissues are maximally pli-
able and psychological trauma to the child is min-
imized.¢? The long-term outcomes of the newer
surgical procedures have yet to be evaluated. Retro-
spective reviews suggest that both the cosmetic and
functional outcomes of genital surgery procedures
as formerly practiced were often unsatisfactory.®8
Surgery during adolescence is often fraught with
psychological and technical difficulties. Such tech-
nically demanding surgery must only be done by ex-
perienced surgeons. Patient-advocacy groups have
appealed to physicians to inform families about all
the potential surgical pitfalls so that they can care-
fully consider whether and when surgery should be
done. In addition, there is now heightened aware-
ness of the need for psychological support for fam-
ilies with an affected child.1” Respect for patients’
privacy has led to fewer genital examinations dur-
ing childhood and adolescence. The transition from
childhood to adulthood may require an interdisci-
plinary team of specialists to manage medical, gyne-
cologic, and psychosexual concerns of patients.®®

PRENATAL DIAGNOSIS
AND TREATMENT

Prenatal genetic counseling is advised for all affect-
ed families. This raises the somewhat controversial
question of prenatal treatment (Fig. 4). Maternally
administered dexamethasone ameliorates genital
ambiguity in affected female fetuses.”® Dexametha-
sone is used because it is not inactivated by placen-
tal 113-hydroxysteroid dehydrogenase. Dexameth-
asone presumably suppresses the secretion of sex
steroids by the fetal adrenal glands, but the precise
mechanism of action is uncertain. The recommend-
ed dose s 20 pg per kilogram of body weight per day
(based on prepregnancy weight), given in three di-
vided doses. Treatment failures have been attributed
to the cessation of therapy in midgestation, non-
compliance, or suboptimal dosing, though some re-
ports provide no ready explanation.”* Conversely,

the extent of genital virilization can vary among
affected females in the same family even without
treatment.”?

Itis important to remember that, in this autoso-
mal recessive condition, only one of eight fetuses
will be an affected female when both parents are
known carriers. To prevent genital virilization, pre-
natal therapy must be administered early in the first
trimester to all women whose fetuses are at risk.
There is an ethical concern, because seven of eight
pregnancies will need to be treated unnecessarily,
albeit briefly, to prevent one case of ambiguous
genitalia. To minimize unnecessary dexamethasone
treatment in male or unaffected female fetuses,
prompt and accurate genetic diagnosis is crucial.
Genotyping at closely linked, informative marker
loci (microsatellites) in addition to genotyping at the
CYP21 locus reduces the likelihood of error.50,63

The long-term safety of prenatal treatment re-
mains uncertain. No congenital malformations have
been attributable to such therapy, and the incidence
of fetal deaths in treated pregnancies does not ex-
ceed that predicted for the general population. How-
ever, subtle effects of glucocorticoids might go un-
noticed during early life.73:74

There is a variable incidence of maternal com-
plications. Overt Cushing’s syndrome, excessive
weight gain, and hypertension have been report-
ed in approximately 1 percent of all women with
treated pregnancies, usually those who were treated
throughout pregnancy. A proposed decrease in the
dose of dexamethasone later in pregnancy has not
been tested for efficacy.”s Thus, women must be
fully informed of the potential risks to themselves
and their fetus and the possible lack of benefit to
an affected female. Treatment should be carried out
in specialized centers with the use of approved pro-
tocols.76:77

NOVEL TREATMENTS

Blockade of the synthesis or action of sex steroids
might permit the doses of glucocorticoid to be de-
creased. Preliminary results of an ongoing trial
showed that a four-drug regimen consisting of low-
dose hydrocortisone, fludrocortisone, testolactone
(an aromatase inhibitor that will prevent estrogen-
induced epiphyseal fusion), and flutamide (an an-
drogen-receptor blocker that will prevent viriliza-
tion) reduced the rate of advancement of bone age
and slowed weight and heightvelocity, as compared
with a standard regimen of higher-dose hydrocorti-
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Both parents
carriers?

Yes

Pregnancy test
(<6 wk of gestation)

Positive

Begin dexamethasone

Chorionic-villus sampling

Continue dexamethasone  |-+——— Affected

Confirm diagnosis postnatally

Male

Female

CYP21 genotype? Unaffected —— Stop dexamethasone

Long-term follow-up

Figure 4. Algorithm for Decisions Pertaining to the Prenatal Diagnosis and Treatment of 21-Hydroxylase Deficiency.

sone and fludrocortisone.?® During two years of fol-
low-up, no serious adverse effects were observed in
affected children who were treated with this four-
drug regimen, although this group had a higher in-
cidence of precocious central puberty. Antagonists
of corticotropin-releasing hormone to reduce adre-
nal hyperstimulation and carbenoxolone to increase
the levels of bioavailable cortisol represent other ex-
perimental modes of therapy.”® Another small, brief
clinical trial of growth hormone to promote growth
with an analogue of gonadotropin-releasing hor-
mone to delay central puberty showed some poten-
tial to increase adult height.8° None of these exper-
imental therapies can be recommended as the
standard of care.

Laparoscopic adrenalectomy with low-dose ster-

oid replacement has also been tried as an alterna-
tive to standard medical treatment.81-84 Proponents
argue that Addison’s disease is easier to treat than
congenital adrenal hyperplasia and does not inter-
fere with growth and puberty. For female patients,
elimination of the excess adrenal androgen might
reduce hirsutism and other such symptoms. Oppo-
nents believe that adrenalectomy is too radical an
approach for a medically treatable condition and
leaves the patient more susceptible to sudden death.
Adrenalectomy would not prevent the development
of gonadal adrenal rests caused by high levels of cor-
ticotropin. Moreover, the loss of the secretion of
adrenal dehydroepiandrosterone may have adverse
effects on mood and increase fatigue.85,86

Finally, a genetically well-characterized disease
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such as 21-hydroxylase deficiency might eventually
be amenable to gene therapy. Early experiments us-
ing intraadrenal gene transfer in a mouse model of
21-hydroxylase deficiency resulted in transient gene
expression and early death.87 The implementation
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