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Antenatal treatment for classic
21-hydroxylase forms of congenital adrenal
hyperplasia and the issues

Julie Travitz, MS' and Daniel L. Metzger, MD?

This paper discusses perinatal issues specific to the classi-
cal 21-hydroxylase deficiency forms of congenital adrenal
hyperplasia including: prenatal testing, detection, risks, and
limitations of such procedures; and prenatal treatment, its
potential benefits to the affected female fetus, and risks to both
the fetus and the mother. The information may be important
for a family to have before and during a pregnancy in order
to make an informed decision about what course of action
they might want to pursue.

INTRODUCTION

The 21-OH deficiency form of CAH (for this paper, the
abbreviation CAH will be used to describe congenital adrenal
hyperplasia due to 21-OH deficiency only) affects the devel-
opment of genetic females by virilization of the external gen-
italia. The increase in secretion of androgens by the adrenals
resulting in the phenotype associated with CAH begins before
and/or as normal sexual differentiation takes place; the exter-
nal genitals can be masculinized by androgens beginning at
69 weeks gestation.'* The development of external genitalia
is normally controlled by the presence or absence of fetal
androgens of gonadal origin. The indifferent gonads appear
during the 5th week of development. Testes develop at approx-
imately 43-50 days and descend into the scrotal sac during
the 3rd to the 9th month. The ovaries differentiate a few weeks
after the testes and descend into the pelvic cavity from the 7th
to the 9th month. The adrenal cortex is derived from the
coelomic mesothelium, first detected at approximately 7 weeks
gestation; steroid production by the fetal zone begins in the
latter half of the first trimester.” Sexual differentiation nor-
mally occurs between the 9th and 13th weeks,” and pheno-
typic sex is established at the end of the first trimester.*

PHENOTYPIC FORMS OF CAH

Females with the classical form of CAH, which includes
both the salt-wasting (SW-CAH) and simple virilizing (SV-
CAH) subtypes, exhibit genital ambiguity ranging in severity
through five stages, as described by Prader.' Females may
present at birth with an enlarged clitoris; fusion of labioscro-
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tal folds, and a rugated scrotal sac.**® Fetal androgens can
also inhibit downgrowth of the vesicovaginal septum in
females,' and thus severely virilized females may have a sin-
gle perineal orifice consisting of a fused vagina and urethra
(urogenital sinus).* This urogenital sinus may appear as per-
ineoscrotal or phallic hypospadias or even as a “normal male”
urethra. Such females may require clitoroplasty in infancy, and
vaginoplasty and vaginal dilation in young adulthood. Inter-
nal female sexual organs develop normally because they are
not influenced by androgens.>®

Because the male fetus is normally exposed to high levels
of testicular androgens, affected newborn males will not have
apparent genital deformities but may present with slight hyper-
pigmentation of the external genitalia due to excess ACTH
and related peptides.’

Cortisol deficiency occurs in all infants with classical CAH.
It may lead to hypoglycemia, apnea, seizures, vascular insta-
bility and collapse, hypotension, hyperpigmentation, and an
inability to deal with stress or illness. Approximately 75% of
CAH patients have the SW-CAH subtype, wherein the dual
defect in cortisol and aldosterone biosynthesis results in the
reduction of sodium reabsorption by the renal tubules and
therefore an inability to conserve sodium and to excrete potas-
sium and hydrogen ions. This leads to hyponatremia, hyper-
kalemia, dehydration, hypotension, acidosis, and further
hypovolemia.*® Most girls with SW-CAH are noted at birth
because of their genital ambiguity. Males affected with SW-
CAH may not be detected at birth, but are diagnosed in the
newborn period when they present with failure to thrive, vom-
iting, dehydration, and electrolyte abnormalities. If children
are not treated quickly, shock and even death can occur.®

In cases with the SV-CAH subtype, sufficient mineralo-
corticoid is synthesized to prevent salt-losing.'” These infants
will not have neonatal electrolyte disturbances.™'! As with the
SW-CAH subtype, most girls are diagnosed in the neonatal
period because of clitoromegaly. Boys may not be diagnosed
until much later, when they present with signs of androgen
excess (early pubic hair development, phallic enlargement,
acne, and rapid growth).

PHYSIOLOGY
Both the classical and nonclassical forms of CAH are caused
by deficiency of the same 21-OH enzyme. This steroidogenic
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enzyme belongs to the cytochrome P450 group of oxidases. '
21-OH is one of a number of enzymes in the steroidogenic
pathway, which results in the synthesis of cortisol (the prin-
cipal glucocorticoid in man) from cholesterol. The cortisol
biosynthetic pathway is stimulated first by corticotropin-
releasing hormone (CRH) from the hypothalamus and then
by adrenocorticotropic hormone (ACTH) from the pituitary.
Cortisol from the adrenal glands binds to glucocorticoid recep-
tors in the hypothalamus and pituitary, and exerts a negative
feedback on the secretion of CRH and ACTH. When there is
a deficiency of the 21-OH enzyme, cortisol secretion is inad-
equate to turn off CRH and ACTH secretion. 21-OH is also
involved in the synthesis of aldosterone (the principal min-
eralocorticoid) from cholesterol; this pathway is primarily reg-
ulated renally by the renin{angiotension mechanism. In CAH,
precursor steroids proximal to the blocked step (most notably
17-hydroxyprogesterone, or 17-OHP) accumulate and are
shunted into other steroidogenic pathways, particularly andro-
gen biosynthesis; the adrenal androgen androstenedione can
be converted peripherally to the much more potent testos-
terone (Figure 1).

INHERITANCE AND MOLECULAR BASIS

CAH is inherited in an autosomal recessive pattern, hav-
ing a worldwide incidence of approximately 1:14000.*!° Within
the Caucasian population, the classical form of CAH is seen
at a frequency of 1:5000-15000,° for a carrier frequency of
1:60-1:123.19

Antenatal treatment of CAH

The gene that encodes 21-OH, CYP21, is located at 6p21.3. H
This gene is linked to the major histocompatibility complex
between HLA-B and HLA-DR, and near HLA class IIL.> Two
CYP21 genes flank the 3 end of C4A and C4B, which encode
members of the complement cascade. Each CYP21 gene con-
tains 10 exons!' that span 3kb of DNA and share 98% homol-
ogy with each other."* The first CYP21 gene encodes an active
protein, whereas the second gene is an inactive pseudogene
known as CYP21P.!I1415

At least 44 different disease-causing sequence aberrations
in 21-OH CAH have been identified. '* In 95% of cases, inac-
tivation of CYP21 is caused by a transfer of deleterious sequences
(a“gene conversion”) between CYP21P and CYP21; this results
in CYP21 becoming defective or nonfunctional.' (Large CYP21
deletions and an intron 2 splice mutation [I2] account for
approximately 50% of classical mutations. ?) The majority of
other mutations are point mutations found within the coding
region of CYP21, with a 2% prevalence of de novo mutations

CAH is not a homogenous disorder; studies report good cor-
relation between genotype and phenotype. In compound het-
erozygotes, the disease severity corresponds most often to the
least deleterious mutation present"®; a mild mutation on one
allele allows for 20-50% of normal 21-OH enzyme activity.!
Differences in phenotypes in patients with identical genotypes
are most likely due to environmental factors and constitutional
differences in other aspects of steroid metabolism and home-
ostasis such as androgen sensitivity, metabolic clearance, * or
other non-CYP21 enzymes with 21-OH-like activity.
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TREATMENT

Children who are born with either subtype of classic CAH
need to be managed by lifelong hormonal replacement ther-
apy to allow normal growth and pubertal development while
ensuring good health.*’ Treatment for both SW-CAH and SV-
CAH includes glucocorticoid therapy (usually hydrocorti-
sone) to suppress ACTH secretion and return adrenal androgen
production to normal. Those with SW-CAH are also placed
on mineralocorticoid replacement therapy (usually oral flu-
drocortisone),® and they may require sodium chloride replace-
ment, which can take the form of table salt or ad lib intake of
salty foods in their diet.”

Two new therapeutic interventions have been proposed for
CAH-affected patients. The first involves a multi-drug regi-
men consisting of flutamide (an androgen receptor blocker),
testolactone (an aromatase inhibitor), and replacement hydro-
cortisone and fludrocortisone as needed. The second inter-
vention is bilateral adrenalectomy and physiologic replacement
of glucocorticoid and mineralocorticoid needs. ' It is thought
that this latter procedure may be justified, because it would
completely eradicate all unwanted adrenal androgen produc-
tion. However, removal of the adrenals may result in a condi-
tion known as Nelson syndrome, in which hyperplasia of the
ACTH-producing cells of the pituitary leads to autonomous
tumor formation.

PRENATAL TESTING

There are various ways in which prenatal testing for CAH
can be undertaken. Assay of amniotic fluid concentration for

17-OHP in mid-trimester reveals a markedly increased level
in SW-CAH affected fetuses.”'® The normal concentration of
17-OHP in amniotic fluid ranges between 18-270 ng/dl, and
the concentration of an affected fetus is >300 ng/dl.'** Amni-
otic fluid androstenedione and testosterone are also increased
in affected female pregnancies, but testosterone is within the
upper normal limits with affected males.'® 17-OHP and
androstenedione are less sensitive in detecting CAH subtypes
other than SW-CAH.'® These amniotic fluid levels may mea-
sure within the normal range in the SV-CAH and NC-CAH
affected.'®"” Measurement of these hormones does not pro-
vide accurate detection of the status of fetuses that are receiv-
ing prenatal dexamethasone treatment.

HLA-linkage studies can also be performed to determine
if the fetus is affected. Both parents and the proband are HLA-
typed before the fetus can be tested to ensure that the HLA
linkage is informative. Errors or false results may occur for
three reasons: 1) poor hybridization to the target DNA,; 2) fetal
amniocytes do not express all HLA types!®?; and 3) both par-
ents may share the same haplotype, or recombination has
occurred.”*® A linkage analysis approach using novel, highly
informative microsatellite markers from the class III HLA
region is now available.!® Linkage studies with C4 genes may
also be performed.>’

Finally, DNA analysis for mutations within the 21-OH
gene can be carried out. PCR analysis identifies point muta-
tions, and Southern blot analysis is used for finding large dele-
tions. Potential errors for this type of analysis include
misinterpretation of dot blots, maternal contamination of
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Table 1
Result summary of prenatal dexamethasone therapy in three study series (five papers).
# Affected # Unaffected
Total # # Maternal # Fetal # Postnatal
Study group  Study series pregnancies  # Treated # Untreated # Treated # Untreated complications complications complications
France Forest-1989 44 3 males 0 36 0 3-increase weight gain 1-IUFD at 8.5 m 2-dysmature
nervousness
5 females irritability 1-IUGR
2:5 Normal 4-SAB
1:5 Prader 1
1:5 Prader 4
1:5 in progress
Forest-1993 20 1 male 0 16 0 3-increase weight gain 2-SAB 0
3 femnales mood swings
1:3 Normal pedal and leg edema
1:3 Prader 3-4 increased blood pressure
1:3NC increased appetite
New York, Karaviti 86 3 males 2 males 20 males 24 males 3-increase weight gain 1-stillbirth at 33 wkga  1-cleftlip/palate (untreated,
Cornell -1992 4 females 3 females 14 females 15 females mood swings (unaffected, treatment  unaffected)
1:4 normal 1:3 Prader 3 pedal edema discontinued at 19 wk)
2:4 Prader 1 1:3 Prader 4 increased blood pressure
1:4 Prader 4 1:3NC increased appetite
Mercado 176 9 males 7 males 40 males 22 males 3-increase weight gain 5-SAB 2-neonatal deaths (unaffected)
-1995 13 females 8 females 39 females 38 females moderate proteinuria (1 untreated, 4 treated)
4:13 Normal 5:8 Prader Cushingoid facies
5:13 Prader 3-5 increased blood pressure
1-2 3:3 TAB hirsutism
4:13 Prader
3-4
Sweden Lajic -1998 44 9 males 0 29 0 5-increased weight gain 4-SAB (unaffected) 2 unaffected males
6 females mood fluctuations 3 unaffected females
3:7 Normal abdominal striae 3 affected females
2:7 Prader acne, hirsutism
1-2 preeclampsia*
1:7 Prader
2-3
1:7NC
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fetal cells, or other technical difficulties.” A list of a number
of North American laboratories that perform molecular or
linkage studies for CAH can be found on the Gene Test” web-
site (requires registration) at http://www.genetests.org. At
this time, direct DNA analysis is available for 11 mutations,
accounting for up to 90-95% of cases. If no mutation is
detected, the residual risk is lowered to approximately 1:1084.
More than one mutation can be found on the same gene/chro-
mosome. Theretore, when interpreting results, one must check
to see if the mutations found are in the same gene or two sep-
arate genes in order to distinguish between a carrier and an
affected fetus. Requirements for testing include: blood sam-
ples from parents and proband if not previously studied, a
pedigree, and a CVS/amniocentesis sample to test the fetus.
Prices range between $230 and $1000 for testing of the ini-
tial sample, less for additional samples (laboratory contacts,
personal communications, and laboratory information pack-
ets, 1999).

ANTENATAL DEXAMETHASONE THERAPY

Dexamethasone (DEX) is a potent glucocorticoid that
inhibits the adrenal cortex through feedback on the hypo-
thalamus and pituitary. *! DEX is currently being used for pre-
natal treatment because, compared with other glucocorticoids,
it crosses the placenta more efficiently (approximately 50%
reaches the fetal side'”), has a longer half-life (approximately
4-6 hours), and has a greater suppressive effect on ACTH.""*

CAH is the first metabolic disease treated by administer-
ing medication to the pregnant mother at risk for carrying an
affected fetus. Before DEX, there are no reports of SW-CAH
or SV-CAH females born with normal female or Prader Stage
1 genitalia.* Early initiation of treatment and good compli-
ance have been shown in various studies to significantly reduce
the degree of genital virilization in females compared with
their elder affected sister(s)."** Because DEX treatment is used
solely to prevent virilization of affected female fetuses, affected
male fetuses are not currently being treated routinely.

Because DEX therapy is started very early in gestation and
is only continued if the fetus is found to be an affected female,
chorionic villus sampling (CVS) at 10-12 weeks is recom-
mended to determine quickly the fetal sex and genotype. If
the fetus is not affected, early diagnosis will help in decreas-
ing the length of unnecessary treatment.*® Alternatively, if
CVS is not available or is not indicated, amniocentesis at 14+
weeks can be performed.

Most experts feel that DEX therapy should be conducted
on a specialized research basis with informed consent, and
under the close supervision by those experienced in dealing
with this condition. Ideally, the team caring for the mother
and fetus should include an endocrinologist, a perinatologist,
a geneticist, and a genetic counselor. DEX treatment must be
started by 7 weeks gestation, >*** before knowing the affected
status or the sex of the fetus. Prenatal treatment beginning
later than 10 weeks gestation has been shown to have little or
no effect on preventing genital virilization.*” The minimum
effective dose should be used. The recommended dosage is 20
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pg/kg/day maternal (nonpregnant) weight given in 2-3 divided
doses.*7224 The maximum dose is 25 pg/kg/day. The mother
should not be taken off DEX until it is determined that the
fetus is an unaffected female or is male. Treatment should be
discontinued as soon as possible (Figure 2).! Mothers should
be gradually weaned off DEX especially if treated on a long-
term basis’; it is advised that the dose be decreased by 50%
every 4-5 days in three stages over a 2-week period.’

The effectiveness of DEX therapy can be evaluated by mea-
suring maternal plasma and/or urinary estriol, which reflects
fetal adrenal synthesis of precursor steroids. These should be
completely suppressed if the DEX dosage is adequate.” Nor-
mal maternal serum estriol levels are <0.1 ng/ml up to 9 weeks
gestation, 4-5 ng/ml at 16 weeks gestation, and 10-30 ng/ml
at term.” It may also be helpful to monitor maternal plasma
and/or urine cortisol, and plasma dehydroepiandrosterone sul-
fate levels measured at repeated intervals to evaluate compli-
ance and maternal adrenal suppression.** A maternal 17-OHP
level is not a good indicator for maternal compliance, because
there is little influence on these levels by treatment, but amni-
otic fluid 17-OHP level is a good indicator both for fetal sup-
pression and for maternal compliance.! High-resolution targeted
ultrasound of the perineum can also be helpful in monitoring
an affected pregnancy and in planning for neonatal manage-
ment if the status of the fetus is unknown.”®

DEX STUDIES

Three major study series have assessed the effects of DEX
taken prenatally (Table 1).%%22232° [n all of the studies, the fre-
quencies of spontaneous abortions are comparable to that of
untreated groups, ranging between 3.8-9.0%. [UGR and/or
fetal death occurred in <2% in the treated group, which is not
significantly different from that seen in the general popula-
tion.” Infants found to have [UGR later recovered. In two of
the study series,®*%232% no birth defects were found in any of
the children treated prenatally. Birth weight, length, and head
circumference were normal in these infants, as were physical
and neuropsychological development. The majority of affected
female treated pregnancies were successtul in preventing vir-
ilization (i.e. normal or Prader Stage 1 genitalia). In general,
in those pregnancies in which treatment was not successful
(i.e. virilization resulting in a Prader Stage =2), the treatment
was started too late, the dosage was either too low or was given
in one daily dose, maternal compliance was poor, and/or treat-
ment was discontinued or interrupted at mid-pregnancy, when
the clitoris is still responsive to excessive androgen exposure.*
In the series by Forest et al.,>>** when treatment was not com-
pletely successful, all girls had two separate openings for the
urethra and the vagina, which would make surgical correction
easier. Untreated affected female pregnancies resulted in female
infants with Prader Stage 2-5 virilization.

In the third and most recent study, ** 44 pregnancies were
tollowed. Unlike the other studies, some adverse effects were
seen in both unaffected, short-term treated infants (two males
and two females), and in an unaffected female infant and three
affected female infants treated throughout the pregnancy.
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These range from hydrocephalus and agenesis of the corpus
callosum to developmental delays and growth retardation. It
is not known whether the complications resulted directly from
DEX treatment.

MATERNAL COMPLICATIONS

In the various prenatal DEX series discussed above, the
research groups also looked at the effects of DEX treatment
on the mothers. Maternal complications were seen in all of
the studies to varying degrees. Complications include: exces-
sive weight gain, which can be controlled by salt restriction in
most patients; irritability and nervousness; increase in appetite;
mood fluctuations; pedal and leg edema; striae; increased
blood pressure; headaches; moderate proteinuria; Cushingoid
facies; hirsutism; acne; preeclampsia; and general discomfort.
All of these complications are known side-effects associated
with glucocorticoid therapy. Increased intolerance has been
noted with increased length of treatment. When treatment
was discontinued, symptoms disappeared in most mothers.*
The incidence of these complaints in women treated in the
first to early second trimesters range from 10-13%. Mercado
et al.” found that all mothers would take DEX again, whereas
Lajic et al.® noted that approximately one-third of mothers
would not undergo treatment again.

Other general, well-described side-effects of DEX include:
impaired immune defense, glaucoma, subcapsular cataract,
gastrointestinal bleeding, pancreatitis, aseptic bone necrosis,
osteoporosis, myopathies, impaired glucose tolerance and dia-
betes, sleep disturbances, psychiatric syndromes, delayed wound
healing, atrophy and fragility of the skin, ecchymosis, and
pseudotumor cerebri. Contraindications to the use of DEX
include peptic ulcers, osteoporosis, psychoses, infectious dis-
ease (herpes simplex, keratitis), diabetes, and hypertension.
DEX interacts with enzyme inducers such as aminog-
lutethimide, phenobarbital, phenytoin, rifampin, and
ephedrine, and these therefore can reduce the pharmacolog-
ical effects of DEX.?!

BEHAVIORAL STUDIES

Androgen exposure during brain development in animals
has been shown to cause changes in some brain regions, such
as the hypothalamus. Therefore, in utero exposure to high lev-
els of androgens is believed to play a role in development.?’
Androgens may also be responsible for brain imprinting of sex-
ual behavior and/or identity. In many species, including rodents,
birds, and non-human primates, females exposed in utero to
high levels of androgens during sensitive periods of fetal brain
development express behaviors typical of males, including mas-
culinized or defeminized sexual behavior, rough play, aggres-
sion, and male-type maze learning. Progesterone (elevated in
CAH) and corticosteroids have also been shown to prevent mas-
culinization in rats.?® Sexual dimorphism in normal human
brain development is thought to be at least partially caused by
fetal testicular androgen exposure, but the degree to which the
human brain is sexually dimorphic is controversial.'® CAH
females have been found to be masculinized for several, but not
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all, aspects of sex-typed behaviors (those in which males and
females normally differ, such as assertiveness and domi-
nance).8-3° Additionally, SW-CAH affected females differ sig-
nificantly from SV-CAH and from unaffected sister controls in
having a more masculine orientation and a higher level of activ-
ity.® The use of DEX during pregnancy may thus protect the
brain from the various concerns discussed above by normaliz-
ing the amount of fetal adrenal androgens.

Trautman et al.,*' in a pilot study, looked at 26 children (3
affected) whose mothers had used DEX during pregnancy to
determine the effects of therapy on cognitive and behavioral
development; they were compared with 14 children from at-
risk pregnancies (3 affected) who did not receive DEX. Moth-
ers completed a standard questionnaire. Negative effects on
developmental milestones or cognitive development were not
seen, nor were gross behavioral disturbances. Of nine tem-
perament categories, DEX-treated children showed a greater
trend toward avoidance; they were also found to have increased
shyness and withdrawal, less sociability, and higher internal-
ization. There were no significant effects identified related to
the dose of DEX, the duration of drug exposure, or the ges-
tational period of exposure.”!

ARGUMENTS AGAINST THE USE OF DEX

One major argument against the use of DEX is that 7 out
of 8 fetuses will be treated unnecessarily, if only temporarily.
Therapy must begin very early in the pregnancy to be fully
effective; the status of the fetus cannot be determined before
initiation of treatment. Some are reluctant to use DEX ther-
apy during pregnancy because of uncertainty about long-
term effects on neuropsychological development. These
concerns are based primarily on animal toxicology studies.
In both rats and monkeys, prenatal DEX treatment has been
shown to reduce the size and neuronal content of the hip-
pocampus.****** In humans, atypical neuroanatomic features
have been associated with learning disabilities, language dis-
orders, and dyslexia.*” Rats exposed to glucocorticoids in
utero have an increased incidence of hypertension later in
life. Pups of mice treated with extremely high doses of glu-
cocorticoids also show more aggressive behavior.® Monkeys
have impaired fetal growth when pharmacological doses of
DEX (40-60 pg/kg/day) are used; fetal death occurs at higher
doses.** As with many animal teratology studies, this dosage
is significantly higher than that used for treatment of a human
pregnancy.

DEX doses used for treatment are pharmacological, not
physiological: 1.0-1.5 mg/day is well beyond that needed to
suppress the adult hypothalamic—pituitary—adrenal axis.’ In
addition, fetal adrenal steroidogenesis may not be solely reg-
ulated by fetal CRH-ACTH in early gestation, and the nega-
tive feedback system in the fetus may not be fully mature.
Thus, DEX may have varying degrees of glucocorticoid effect
throughout development. Differences in transplacental pas-
sage of DEX, in maternal metabolic clearance of exogenous
glucocorticoids, and in maternal sensitivity to glucocorticoids
may also make the effectiveness of therapy variable !>}
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OTHER RATIONALES FOR DEX TREATMENT

There are several further reasons why prenatal DEX ther-
apy might be considered. Genital ambiguity may disrupt
parent-child bonding. Ambivalence about gender may result,
which can cause problems with child rearing and with sense
of identity, gender role, and sexual orientation for the child.
The need for surgery and the continuous need for special treat-
ment may cause physical and emotional scars. ™"

Glucocorticoid therapy can prevent not only genital viril-
ization in atfected females, but also adrenal hyperplasia in
both sexes.”* Postnatal therapeutic control of CAH female
patients treated prenatally requires lower doses of glucocor-
ticoids, presumably because they did not have hyperplastic
adrenals. Therefore, continued DEX therapy for CAH-affected
males may also be beneficial.' This has not yet been proven,
but studies are currently being conducted in this area.

SUPPORT GROUPS

The following support groups can be contacted to get infor-
mation about CAH or to get in touch with further support
groups in a specific area:

+ National Adrenal Disease Foundation, 505 Northern Boule-
vard, Great Neck, New York 11021. (516) 487-4992;
http://www.medhelp.org/nadf/nadf5.html; nadf@aol.com

+ MAGIC Foundation for Children’s Growth, 327 North
Harlem Avenue, Oak Park, IL 60302. (708) 383-0808, (800)
362-4423; www.magicfoundation.org/cah.html; mary@
magicfoundation.org

+ Congenital Adrenal Hyperplasia Support Association
(CAHSA), 801 Country Road #3, Wrenshall, MN 55797.
(218) 384-3863

+ Congenital Adrenal Hyperplasia Message Board; http://
www.elevenoclock.com/cah

» Congenital Adrenal Hyperplasia Web Board; http://www.
insidetheweb.com/messageboard/mbs.cgi?acct=mb383

References

1. Forest MG, Morel Y, David M. Prenatal treatment of congenital adrenal hyperplasia.
Trends Endocr Metalr 1998:9:284-289.

2. Pang§, Pollack MS, Marshall RN, Immbken L. Prenatal treatment of congenital adrenal
hyperplasia due to 21-hydroxylase deficiency. N Engl ] Med 1990;322:111-114.

3. Speiser PW, New MI. Prenatal diagnosis and management of congenital adrenal
hyperplasia. Clin Perinat 1994,21:631-645.

4. Scott MD. Ambiguous genitalia. In: Cloherty JP, Stark AR, editors. Manual of Neona-
tal Care. Boston: Lippincott-Raven, 1998:581-590.

5. Prader A, Gurtner HP. Das Syndrome des pseudohermaphrotismus masculinus bei
kongenitaler nebennierenindenhyplasie ohne androgeniiberproduktion (adrenaler
pseudohermaphroditismus masculinus). Helv Paediatr Acta 1955:10:397—411.

6. White PC, New MI, Dupont B. Congenital adrenal hyperplasia. N Engl | Med
1987.316:1519-1523

7. New MI, Mercado AB, Wilson RC. Prenatal hormonal therapy correcting genital
ambiguity in adrenal steroid 21-hydroxylase deficient genetic females. In: Takasugt
N, Naruse H, editors. New Trends in Neonatal Screening. Sapporo: Hokkaido Uni-
versity Press, 1994:111-116.

8. Karaviti LP, Mercado AB, Mercado MB, Speiser PW, Buegeleisen M, Crawford C,
Antonian L, White PC, New MI. Prenatal diagnosis/treatment in families at risk for

10.

17
18.

19,
. Mercado AB, Wilson RC, Cheng KC, Wei ], New ML Prenatal treatment and diag-

o

31

infants with steroid 21-hydroxylase deficiency {congenital adrenal hyperplasia).
] Steroid Biochem Mol Biol 1992;41:445-451

Sipes SL, Malee MP. Endocrine disorders in pregnancy. In: Roberts WE, editor. Obstet-
ric Gynecology Clin North America. Philadelphia: WB Saunders, 1992;19:655-677.
Hughes [A. Congenital adrenal hyperplasia-a continuum of disorders. Lancet
1998;352:752-754.

Wedell A, Thilén A, Ritzén EM, Stengler B, Luthman H. Mutational spectrum of the
steroid 21-hydroxylase gene in Sweden: Implications for genetic diagnosis and asso-
ciation with discase manifestation. J Clin Endocr Metab 1994;78:1145-1152.

. White PC, New MI, Dupont B. Structure of human steroid 21-hydroxylase genes.

Proc Natl Acad Sci USA 1986;83:5111-5115.

. White PC, Vitek A, Dupont B, New MI. Characterization of frequent deletions caus-

ing steroid 21-hydroxylase deficiency. Proc Natl Acad Sci USA 1988;85:4436—4440.

. Rodrigues NR, Dunham 1, Yu CY, Carroll MC, Porter RR, Campbell RD. Molecular

characterization of the HLA-linked steroid 21-hydroxylase B gene from an individ-
ual with congenial adrenal hyperplasia. EMBO ] 1987:6:1653-1661.

. Lako M, Ramsden 5, Campbell RD, Strachan T. Mutation screening in British 21-

hydroxylase deficiency families and development of novel microsatellite based
approaches to prenatal diagnosis. / Med Gener 1999:36:119-124,

. The Human Gene Mutation Database, 1999. http://www.uwcm.ac.uk/uwem/mg/

search/120605 html

National Adrenal Disease Foundation, 1998. http://medhelp.org/nadf/nadfs.html
Pang S, Levine LS, Cederqvist LL, Fuentes M, Riccardi VM, Holcombe TH, Nitowsky
HM, Sachs G, Anderson CE, Duchon MA, Owens R, Merkatz [. New MI. Amniotic
fluid concentrations of delta 5 and delta 4 steroids in fetuses with congenital adrenal
hyperplasia due to 21 hydroxylase deficiency and in anencephalic fetuses. J Clin Endocr
Metab 1980;51:223-229.

Garner PR. Congenital adrenal hyperplasia. Semin Perinat 1998:22:446—456.

nosis of congenital adrenal hyperplasia owing to steroid 21-hydroxylase deficiency.
J Clin Endocr Metab 1995;80:2014-2020.

. Infomed Drug Guide, 1996. http://infomed.org/100drugs/dexaphar.html
. Forest MG, Betu¢l H, David M. Prenatal treatment in congenital adrenal hyperpla-

sia due to 21-hydroxylase deficiency: Up-date 88 of the French multicentric study.
Endocr Res 1989;15:277-301.

. Forest MG, David M, Morel Y. Prenatal diagnosis and treatment of 21-hydroxylase

deficiency. J Steroid Brochem Molec Biol 1993:45:75-82.

. David M, Forest MG. Prenatal treatment of congenital adrenal hyperplasia resulting

from 21-hydroylase deficiency. | Pediatr 1984:105:799-803.

. Sivan E, Koch §, Reece EA. Sonographic prenatal diagnosis of ambiguous genitalia.

Fetal Dragn Ther 1995:10:311-314.

- Lajic $, Wedell A, Bui T, Ritzen EM, Holst M. Long-term somatic follow-up of pre-

natally treated children with congenital adrenal hyperplasia. ] Clin Endocr Metab
1998:83:3872-3880.

. Plante E, Boliek C, Binkiewicz A, Erly WK. Elevated androgen, brain development

and language/learning disabilities in children with congenital adrenal hyperplasia.
Develop Med Child Neurol 1996,38:423—437

. Berenbaum SA, Therrell BL. Behavior and follow-up studies of congenital adrenal

hyperplasia. In: Farriaux IP, Dhondt JL, editors. New Horizons in Neonatal Screen-
ing. Amsterdam: Elsevier Science BV, 1994;161-164.

. Dittman RW, Kappes MH, Kappes ME, Borger D, Stegner H, Willig RH, Wallis H.

Congenital adrenal hyperplasia I: Gender-related behavior and attitudes in female
patients and sisters. Psychoneuroendocrinology 1990;15:401-—420

Dittman RW, Kappes MH., Kappes ME, Borger D, Meyer-Bahlburg HFL, Stegner H,
Willig RH, Wallis H. Congenital adrenal hyperplasia I1: Gender-related behavior and
attitudes in female salt-wasting and simple-virilizing patients. Psychoneuroendocrinolgy
1990;15:421 434,

Trautman PD, Meyer-Bahlburg HFL, Postelnek |, New MI. Effects of early prenatal
dexamethasone on the cognitive and behavorial development of young children:
Results of a pilot study. Psychoneuroendocrinology 1995;20:439~449.

. Miller WL. Prenatal treatment of congenital adrenal hyperplasia: A promising exper-

imental therapy of unproven safety. Trends Endo Metab 1998;9:290-293.

. Ritzén EM. Prenatal treatment of congenital adrenal hyperplasia: A commentary.

Trend Ende Metab 1998;9:293-295.

ICS TN e



	Antenatal treatment for classic 21-hydroxylase forms of congenital adrenal hyperplasia and the issues
	INTRODUCTION
	PHENOTYPIC FORMS OF CAH
	PHYSIOLOGY
	INHERITANCE AND MOLECULAR BASIS
	TREATMENT
	PRENATAL TESTING
	ANTENATAL DEXAMETHASONE THERAPY
	DEX STUDIES
	MATERNAL COMPLICATIONS
	BEHAVIORAL STUDIES
	ARGUMENTS AGAINST THE USE OF DEX
	OTHER RATIONALES FOR DEX TREATMENT
	SUPPORT GROUPS
	References


