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Context: Prenatal dexamethasone (DEX) treatment has been proposed since 1984 to prevent gen-
ital virilization in girls with congenital adrenal hyperplasia (CAH). DEX is effective in CAH females
if initiated before the sixth week of gestation, but its safety in children treated in utero remains
controversial regarding cognitive functions.

Objective: To avoid prenatal DEX in males and initiate DEX in due time in CAH females, we pro-
posed in 2002 a protocol for fetal sex determination in the maternal serum (SRY test).

Design and Setting: We conducted a retrospective study of the management of 258 fetuses in the period
2002 through 2011 in pregnancies managed in referent medical centers with an institutional practice.

Patients: A total of 258 fetuses at risk of CAH (134 males and 124 females) were included.

Intervention: DEX was offered after informed consent to pregnant women.

Main Outcome Measure: The sensitivity of an early SRY test was evaluated after data collection.

Results: The SRY test is sensitive from 4 weeks and 5 days of gestation. It avoided prenatal DEX in
68% of males, and this percentage increased over the years. DEX was maintained until prenatal
diagnosis in non-CAH females. Virilization was prevented in 12 CAH girls treated at the latest at 6
weeks gestation and minimized in 3 girls treated between 6 and 7 weeks gestation. Maternal
tolerance was correct. No fetal malformations were noted in the 154 children treated in utero.

Conclusions: The SRY test is reliable to avoid prenatal DEX in males, but its application must be
improved. Prenatal DEX should be maintained to prevent virilization and traumatic surgery in CAH
girls after informed consent and information provided to families about the benefit to risk ratio
in limiting hyperandrogenism during fetal life. Our large multicentric French cohort has helped to
better assess the risks previously reported. (J Clin Endocrinol Metab 99: 1180–1188, 2014)
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Congenital adrenal hyperplasia (CAH) is an inborn au-
tosomal recessive adrenocortical steroidogenesis er-

ror (1), due most often (95% of cases) to 21-hydroxylase
deficiency (21-OHD) and rarely to 11-OHD. 21-OHD
and 11-OHD are due to mutations in the CYP21A2
(OMIM 201910) and CYP11B1 (OMIM 202010) genes,
respectively.

Two forms of 21-OHD have been defined, the severe
classical and the mild nonclassical forms (1, 2). In the
classical form, the androgen excess causes external geni-
talia virilization and 21-OHD severely impairs the gluco-
corticoid and mineralocorticoid secretion. It is subdivided
into 2 subforms: the salt-wasting (SW) form with neonatal
salt loss in the first month of life, and the simple virilizing
form with less severely impaired mineralocorticoid secre-
tion (clinical salt loss only in case of stress). In both sub-
forms, the impaired mineralocorticoid secretion is attested
by increased plasma renin levels. In the nonclassical form,
the mineralocorticoid secretion is maintained and female
virilization is absent, except for very rare clitoromegaly.
The classical form of 11-OHD leads to in utero virilization
of female external genitalia, arterial hypertension in both
sexes, and precocious pseudopuberty in males.

To prevent genital virilization during fetal life in 21-
OHD or 11-OHD girls, a prenatal treatment with dexa-
methasone (DEX) has been proposed for 30 years (3). The
recommended DEX dose is 20 �g/kg/d, divided into 2 or
3 daily doses, without exceeding 1.5 mg/d. DEX must be
initiated before the presumed date of genital sensitivity to
androgens, at the latest at the seventh week of gestation
(WG) or ninth week of amenorrhea and continued until
birth in CAH females to ensure its efficacy (4–10). The
timing of DEX initiation seems to play an essential role in
the genital morphology of CAH girls (11).

In DEX-treated mothers, adverse effects are those of
glucocorticoids (weight gain, edema, striae, arterial hy-
pertension, and hyperglycemia) requiring treatment with
a low-calorie and low-sodium diet; they have been re-
ported with variable frequency and intensity (6, 8, 12, 13).

DEX safety in children treated in utero remains con-
troversial and needs to be better assessed; some adverse
effects have been first deduced from animal experiments
(arterial hypertension and disorders of the neuronal struc-
ture) (14). In humans, no teratogen effects have yet been
reported, with isolated malformations occurring with the
same incidence as in the general population. Pre- and post-
natal growth is similar to matched controls according to
French and Swedish reports, and mild decreased birth
weight was noted only in American studies for CAH chil-
dren treated long-term but not for unaffected children
treated short-term (7, 8, 15, 16). No significant effects on
developmental outcomes have been noted (15, 17). How-

ever, in 2007, a Swedish study conducted in 26 children
treated in utero with DEX for a short period and born
between 1985 and 1995 reported some cognitive impair-
ments (18). These data have not been confirmed for short-
term DEX use in an American study conducted on a large
cohort of children, but they have shown potential cogni-
tive impairments in CAH children exposed to DEX for
long periods (19, 20). In 2002, the European and Amer-
ican Scientific Societies have stated that prenatal DEX use
requires a reference center with long-term follow-up (10).
Clinical practice guidelines of The Endocrine Society rec-
ommended in 2010 to not consider prenatal DEX use as a
care standard without additional studies (21), as also con-
firmed recently (22, 23). Controversial data have led to
stopping DEX use in some European countries, including
Sweden (24), and North America (23).

In France, based on DEX efficacy observed for 30
years and limited deleterious data reported so far, the
medical community has decided to continue prescribing
DEX, but pregnant women must sign an informed con-
sent. We have recommended a close follow-up of chil-
dren treated in utero to collect outcome data for further
multicentric studies to assess more precisely the benefits
and the risks of DEX and help defining better interna-
tional recommendations.

Prenatal DEX exposure has decreased over the years
because of the development of chorionic villi sampling
(CVS) performed earlier than amniocentesis and a shorter
response delay. In parallel, new approaches for limiting in
utero DEX exposure have been developed. Circulating
cell-free fetal DNA in maternal serum was first described
by Lo et al (25), allowing fetal sex determination by de-
tection of the Y chromosome in males (SRY test). First
used for X-linked diseases, the SRY test has been validated
at the end of the first trimester (9–11 WG) (26) and at 7
WG (27–29). In 2002, we have extended the fetal sex
determination to CAH to prevent the use of DEX in males
and to initiate DEX at the latest at 6 WG in females. A new
prenatal management has then been proposed to couples
at risk of a CAH child (risk of virilized females is 1 in 8),
these couples being either parents of a previous CAH child
or carriers of a severe mutation in the CYP21A2 or
CYP11B1 gene.

We report the study of 258 cases managed in the period
2002 through 2011 aiming at assessing the new proce-
dure, the benefits on the prevention of virilization in CAH
females, and prevention of the use of DEX in males. A first
review of 160 fetuses confirmed the great interest of the
SRY test in pregnancy management (30).
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Materials and Methods

In France, retrospective studies such as ours do not require in-
stitutional review board/institutional ethics committee approval
to analyze the data and publish the results.

Genotyping of the first child with 21-OHD was performed as
previously described by direct sequencing of the entire CYP21A2
gene using the Sanger method (31), completed by multiplex li-
gation-dependent probe amplification analysis in case of large
lesions (20% of lesions) (31) and followed by a targeted molec-
ular study of the parents. For 11-OHD, genotyping of the
CYP11B1 gene was based on sequencing of the entire CYP11B1
gene.

All pregnant women were informed about the benefits/risks
of prenatal treatment and about the uncertain outcome reported
in the literature so that they could make an informed decision.
Diet recommendations and close follow-up provided to pregnant
women treated with DEX were similar to those given in gluco-
corticoid treatment (weight, blood pressure, glycemia, and pro-
teinuria). DEX was continued throughout the pregnancy in case
of CAH females. Steroids were measured in the maternal serum:
cortisol and dehydroepiandrosterone sulphate to monitor the
therapeutic compliance and estriol as an indicator of fetal adre-
nal inhibition. Maternal samples were recommended to be taken
at least twice (18 and 30 WG) (30), ideally every month.

The protocol described in Figure 1 was proposed in 2002
(30). The pregnancy was initially managed either by the endo-
crinologist pediatrician in charge of the first CAH child, a gy-
necologist, an obstetrician, or a geneticist. Gestational age de-
termination was based on the date of last menstruation and on
ultrasound. The SRY test was recommended around 4.5 WG to
initiate DEX before the sixth WG in women with negative tests
and to perform an early prenatal diagnosis by CVS. Negative
tests were controlled at the end of the first trimester. For women
with a positive SRY test, 2 alternatives were proposed (Figure 1).

The SRY test was performed after signed consent, and the
maternal blood was obtained according to a predefined protocol
(26). DNA was extracted (Roche Biochemicals) and real-time
PCR for the SRY gene was performed using a LightCycler In-
strument (Roche Biochemicals). The result was available within
48 hours on working days.

Before the fetal sampling, pregnant
women had to give a double informed
consent relative to fetal loss associated
with fetal sampling (0.5%–1%) and pre-
natal diagnosis. Fetal sampling was per-
formed in an Obstetric Center, either by
CVS (9–10 WG) or by amniocentesis
(12–14 WG).

Fetal DNA was extracted (phenol-
chloroform method, Macherey Nagel kit
since 2009) and targeted sequencing
of the CYP21A2 or CYP11B1 gene was
performed; multiplex ligation-depen-
dent probe amplification was carried out
in case of large lesions in the CYP21A2
gene. The absence of maternal cell con-
tamination in the fetal sample was con-
firmed by analysis of 7 extragenic poly-
morphic markers (short tandem repeats)
located on 6p21.3 on both sides of the
CYP21A2 gene.

In case of amniocentesis, hormonal
measurements (17OH-progesterone, 21-deoxycortisol, �4-an-
drostenedione, and testosterone) were performed in a specialized
laboratory for accuracy. As previously described, an increased
steroid level is informative for the classical form of 21-OHD in
untreated pregnant women (6).

The karyotype was performed in a cytogenetic laboratory to
determine the chromosomal sex.

Results

We report data of 258 fetuses (124 females and 134 males), of
which 255 were at risk of 21-OHD and 3 of 11-OHD, over a
10-year period (2002–2011). There were 6 twin pregnancies.
Pregnant women were followed in France (244), Belgium (12),
or Switzerland (2).

SRY test
From 2002 to 2011, we indexed a total of 363 preg-

nancies at risk of 21-OHD (360) or 11-OHD (3) (Figure
2). The percentage of pregnancies for which an SRY test
was performed increased over the years, and the per-
centage of SRY tests performed before 5.4 WG varied,
depending on the year, between 50% and 70% of all
tests.

The sensitivity of the SRY test should be evaluated only
in SRY-positive males. The SRY test was performed before
5.4 WG in 64 of 134 males (48%) and after 5.4 WG in 70
males (at the latest at 16 WG). The SRY test was negative
in 6 males when performed at a presumed term of 3.3, 4.0,
4.2, 5.0, or 5.6 WG. In 2 cases (theoretical term of 4.0 and
5.0 WG), a discrepancy between the gestational age de-
duced from the last menstruation and the one validated by
ultrasound led us to perform the SRY test before 4 WG.

DEX < 6 WG (8 WA)

SRY-

No prenatal diagnosis
Management at birth

OR

SRY test: 4 - 5.4 WG (6 - 7.4 WA)

Consultation as soon as menstruations are delayed
Sonographic datation

Amniocentesis
12-14 WG (14-16 WA)

- Molecular study
- Hormonal measurements 
- Karyotype

SRY+ 

Control SRY
8 WG (10 WA)

Chorionic Villi Sampling  
9-10 WG (11-12 WA)

- Molecular study
- Karyotype

SRY-

In case of CAH female:
Cortisol, DHAS, estriol in mother

Figure 1. Protocol proposed in France since 2002.
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This issue, previously described (32), highlights the reli-
ability of sonographic dating.

The test accuracy was determined from SRY false-neg-
ative males (see above) and SRY false-positive females
(cross-contamination between males and females). No
false-positive testwasobtained in the124 females. Sexwas
confirmed by karyotype whenever prenatal diagnosis was
performed and at birth.

Assessment of DEX
Among the 124 females, 112 were treated in utero. The

percentages of females treated before and after 6 WG were
fluctuant with time (Figure 3). Some women consulted too
late, and others were reluctant to take DEX because of

the possible cognitive impairments.
Twelvemotherswitha female fetus re-
fused DEX because they did not
want an affected girl or they did not
want any glucocorticoid.

Regarding the 134 males, the per-
centage of untreated males increased
with years (Figure 4). Forty-two
males were treated in utero, the treat-
ment length was short, ranging from
4 days to 6 weeks and 4 days (mean
3 weeks) and decreased over time
(data not shown). Data of children
treated with DEX before the SRY test
was performed are shown in Figure
5.Thepercentageof fetuses treatedbe-
fore the SRY test decreased with years,
reflecting the progressive spreading of
the protocol.

Data of the 124 girls
Data of the 17 CAH girls treated with DEX are pre-

sented in Table 1. Among them, 14 girls had 21-OHD
(1–14) and 3 sisters had 11-OHD (15–17).

Nine females benefited from the recommended pro-
cedure (1– 6 and 15–17); the SRY test was performed at
the latest at 5.4 WG, and DEX was initiated at the latest
at 6 WG. Prenatal diagnosis by CVS was performed in
15 females and by amniocentesis in the 2 remaining
females.

Twelve of the 17 CAH girls (1–9 and 15–17) had nor-
mal external genitalia at birth, no clitoromegaly, and clear
separation of vaginal and urethral orifices. DEX was ini-

tiated at the latest at 6.4 WG.
Three girls (10–12) had moderate

virilization (posterior labial fusion
without clitoromegaly) requiring
mild surgical repair because the uro-
genital sinus length was short or nor-
mal. DEX was initiated at 4.3, 6.4, or
7 WG.

Girls 13 and 14 had severe viril-
ization (Prader stage 5 and 3, respec-
tively). DEX was initiated too late in
girl 13; her parents were related (first
cousins) in a family at risk of the SW
form, and the CAH risk was con-
firmed while the mother was already
pregnant. The mother of girl 14 con-
sulted at 13 WG despite previous ge-
netic counseling and was treated for
only 4 to 5 weeks.

Figure 2. Progression of SRY test from 2002 to 2011. The percentage of pregnancies with the
SRY test increased progressively from 60% of the pregnancies in 2002 to 90% in 2007. Since
2008, it decreased to 70% in 2008, 2009, and 2011 and to 82% in 2010. The percentage of the
SRY test before 5.4 WG varied, depending on the year, between 50% and 70% of the SRY test
performed.

Figure 3. Number of females treated before or after 6 WG per year. The percentage of females
treated before 6 WG vs after 6 WG increased from 50% in 2002 to 80% in 2004; it was
approximately 50% in 2005 and 2006; between 60% and 70% in 2007, 2008, 2010, and 2011;
and at only 35% in 2009.
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Birth height, birth weight, and head circumference of the
CAH girls were within the normal range for 8 girls (5–6, 9, 11,
14–17),whereas they reflectedamoderate intrauterinegrowth
delay in 7 girls (1–4, 8, 10, 13). Girl 7 had growth restriction
(birth weight, 2260 g; birth height, 44.0 cm [fifth percentile];
headcircumference,32cm),butshewasbornat35WGbecause
of hydramnios and placenta hypotrophy. Girl 12 was preterm
with growth restriction, the delivery having been activated be-
cause of acute fetal distress.

The diagnosis of 21-OHD was confirmed by hormonal
findings at birth with increased 17-OHP and renin levels;
no data were obtained for girls 1, 7, 10, and 12 and for the
three 11-OHD sisters. Girl 17 died at 38 WG from a fu-
nicular knot.

Regarding the 107 non-CAH females, prenatal diag-
nosis by CVS (88), rarely by amniocentesis (12), was es-
tablished. It was refused in 7 cases, 4 females being thus
treated in utero with DEX until delivery.

Prenatal data of 134 boys
Despite the SRY test, 42 males

were treated in utero until positive
results. In males from twin pregnan-
cies or pregnancy after in vitro fer-
tilization, DEX was initiated with
the possibility that it was a CAH
female.

Among the 14 CAH boys, diag-
nosis was prenatally established in 8
boys (7 by amniocentesis and 1 by
CVS) or at birth for the 6 others. One
boy had SW at day 7 at home because
no hormonal check-up had been per-
formed at the maternity ward be-
cause of maternal refusal and neona-
tal screening not yet being available
at this time. Regarding the 120 non-

CAH boys, prenatal diagnosis was performed by amnio-
centesis in 23 boys and by CVS in 8 boys.

Maternal follow-up during pregnancy
All treated pregnant women were closely followed until

delivery except for mother 14. Steroids were measured in
the maternal serum as recommended (Table 1).

DEX tolerance was good except for 3 mothers. Mother
3 was overweight before pregnancy, and in the second
trimester, she developed gestational diabetes controlled
with a low-calorie diet and arterial hypertension (190/
100) well equilibrated with Trandate. DEX was main-
tained until 36 WG. Mother 7 gained excessive weight (37
kg) and had acute pancreatitis at 13 WG (she had under-
gone a cholecystectomy 4 years before) that regressed
while DEX was maintained. Mother 9 had gestational
diabetes but normal blood pressure (110/70).

Discussion

This study of 258 fetuses at risk of
CAH due to 21-OHD (255) or 11-
OHD (3) was essential to assess the
management of pregnant women us-
ing the SRY test that we have pro-
posed in France since 2002. Fetal sex
determination has been traditionally
performed by ultrasound, which is
�99% accurate in the second and
third trimesters but not before 12
WG because of the very similar mor-
phological appearance of male and
female external genitalia (32). The
useof theSRY test topreventDEXuse

Figure 4. Number of untreated males vs number of treated males per year. The percentage of
untreated males increased from 38% in 2002 to 90% in 2010 and 2011.

Figure 5. Data of males and females treated with DEX before the SRY test. The percentage of
treated fetuses before the SRY test decreased with the years, more than 60% in 2002 to 5% in
2010 and 13% in 2011.
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in 46,XY fetuses has demonstrated its reliability early in the
first trimester, although only a few reports were published in
the literature.TheSRY testhasbeendevelopedsince1997by
real-time PCR with different methods of DNA extraction
andamplificationonchromosomeY(25–27,33).Before this
study, the sensitivity of the SRY test was demonstrated from
the seventh WG (34) for a limited number of cases. In this
study,48%ofmales includedweretestedbefore5.4WG.We
have proved that the sensitivity of the method was guaran-
teed just after 4 WG in 96% of cases. Because of the 2 false-

negative tests at 4.2 WG, we recommend performing the
SRY test after 4.5 WG.

Prenatal management of males was improved be-
cause in 68% of SRY-positive fetuses (92 of 134), DEX
treatment was avoided with an increase in this percent-
age over time (Figure 4). Prenatal diagnosis was per-
formed in only 39 males, CAH or non-CAH, most often
by amniocentesis.

Results of the SRY test assessment (Figure 2) attest to
the spreading of the protocol over the years, but they re-

Table 1. Prenatal Data of the 17 Affected Girls (14 Girls With 21-OHD, 3 Girls with 11-OHD)a

Case

SRY

Test,

WG

DEX, WG

(Start–End)

Prader

Stage of

the 1st

CAH Girl

Maternal

Tolerance

Clinical Data

Hormonal Data Genotype

Term of

Birth,

WG

External

Genitalia

Birth Parameters

Birth

Weight, g

Birth

Length, cm

1 4.0 4.3–36.6 NAb Good 36.6 Female 2730 46 NR p.V281L�IVS2-7

C�G/p.I172N
2 4.4 4.5–37.0 Prader 2 Good 37 Female 2670 45 d 2: 17OHP, 165 nmol/L;

renin, 51 ng/L

p.I172N/5� gene conversion

3 4.0 5.0–37.0 Prader 3 Gestational

diabetes,

AHT, striae

37 Female 2650 47 d 0: 17OHP, 853 nmol/L;

renin, 49 ng/L; ACTH,

132 ng/L; T, 7 nmol/L

Large lesion/IVS2-13A/C�G

4 4.4 4.8–38.0 NA Good 38 Female 2670 49 d 3: 17OHP, 197 nmol/L;

renin, 268 ng/L; T,

15.2 nmol/L; �4, 47.9

nmol/L

p.I172N/IVS2-13A/C�G

5 5.4 6.0–38.6 NA Good 38.6 Female 3360 51 d 1: 17OHP, 136 nmol/L;

renin, 76 mUI/mL

p.I172N/p.I172N

6 5.4 6.0–38.0 NA Good 38.6 Female 3360 49 d 2: 17OHP, 60 nmol/L;

renin, 252 mUI/mL

p.Q318X/multiple severe

mutations
7 6.6 6.0–35.0 NR Weight gain,

acne, striae,

pancreatitis

35 Female 2260 44 NR IVS2-13A/C�G /large lesion

8 6.4 6.4–37.0 Prader 4 Good 37 Female 2500 46 d 1: 17OHP, 206 nmol/L IVS2-13A/C�G�p.V281L/

large lesion
9 5.0 3.2–37.5 Prader 1 Gestational

diabetes,

striae

37.5 Female 2760 48.5 d 3: 17OHP, 130 nmol/L;

renin, 604 mUI/mL;

ACTH, 113 ng/L; �4,

12.6 nmol/L
10 4.4 4.3–37.3 NA Good 37.3 Posterior labial fusion,

sinus 3 cm, no

clitoromegaly

3010 51 NR Large lesion/IVS2-13A/C�G

11 7.0 6.4–38.1 Prader 3 Good 38.1 Posterior labial fusion,

clitoromegaly 2 cm

4190 52 d 1: 17OHP, 330 nmol/L;

renin, 76 mUI/mL;

ACTH, 36 ng/L

p.V281L�IVS2�5G�

A/multiple severe

mutations
12 4.5 7.0–34.4 NA Good 34.4 Posterior labial fusion 2450 46 NR Large lesion/IVS2-13A/C�G
13 7.0 8.3–38.0 NA Good 38 Prader, 5

clitoromegaly 2 cm

d 0: 17OHP, 195 nmol/L;

renin, 801 ng/L;

ACTH, 1410 ng/L; T,

2.7 nmol/L

p.Q318X/p.Q318X

14 11.4 13–17.5 Prader 4 Good 38.5 Prader 3 3400 d 1: 17OHP, 40.5 nmol/L;

renin, 60 ng/L; T,

7.7 nmol/L

IVS2-13A/C�G/IVS2-13A/

C�G

15 4.5 5.0–39 Prader 3 Good 39 Female 3680 51 NR CYP11B1 mutation p.L324R/

p.R448H
16 4.0 4.8–39 Prader 3 Good 39 Female 3180 49 NR CYP11B1 mutation p.L324R/

p.R448H
17 4.5 5.0–38 Prader 3 Good 38 (fetal

death)c
Female NR CYP11B1 mutation

p.L324R/p.R448H

Abbreviations: �4, androstenedione; NA, not applicable; NR, not reported; 17OHP, 17OH-progesterone; T, testosterone; WG, weeks’ gestation;
BW, birth weight; BL, birth length; d, day of sampling.
a The dosage of DEX was 20 �k/kg/d for all pregnant mothers except for case 3.
b Not applicable because the first child was a male or the couple did not have a previous affected child (cases 6 and 13).
c Intrauterine fetal death by funicular knot.
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main insufficient because they were not all performed be-
fore 5.4 WG, even in the last years.

The detailed data of the 17 CAH girls led to discussion of
DEX efficacy, although the prenatal treatment has been used
worldwide since1984(3).EarlyDEXinitiationbefore7WG
and itsmaintenanceduring thewholegestationhaveresulted
in normal feminine genitalia in CAH 46,XX fetuses accord-
ing to several reports (5–8). Because the first publications on
androgen secretion identified the presence of 3�-hydroxy-
steroid dehydrogenase type 2 after 20 WG (35, 36), the role
of DEX earlier in pregnancy was questioned. In 2006, the
study of Goto et al (37) showed that the fetal hypothalamic-
pituitary-adrenal axis is already functional at the time of the
genital differentiation so that the adrenal 3�-hydroxysteroid
dehydrogenase type2synthesizes testosterone from8to9WG.

According to previous findings (3, 4, 8, 13) and con-
sidering the timing of genital bud development, DEX ef-
ficacy on the prevention of posterior labial fusion and
clitoral growth implies its initiation before 7 WG. The
important virilization of girls 13 and 14 (Prader 5 and 3)
confirmed that initiating DEX after 8 WG leads to poste-
rior labial fusion as deduced from embryologic data and to
clitoral growth (mild in case 13 with initiation at 8.3 WG
and considerable in case 14 with initiation at 13 WG).
These findings point out how essential the early DEX ini-
tiation is to prevent any surgery. Regarding cases 11 and
12, DEX initiation at 6.4 or 7 WG led to mild virilization.
According to these results, we recommend DEX initiation
at the latest at 6 WG even if we observed an absence of
virilization at 6.4 WG in case 8. DEX inefficacy in case 10
remains unexplained since the pediatrician confirmed its
initiation at 4.3 WG. We could implicate the maternal or
placental metabolism of DEX, highlighting the limit of any
prenatal treatment and the interest of developing DEX
measurement in the serum of pregnant women.

The genotype severity can also influence the degree of
virilization in 21-OHD girls as previously described (31). In
the simple virilizing form with the p.I172N, the virilization
can be milder than in the SW form with genotypes composed
of null or IVS2–13A/C3G mutations. Among the 12 girls
with normal external genitalia, 3 had 2 null mutations, 4
carried the p.I172N, and 2 (cases 1 and 2) had a particular
less severe genotype. The genotype of the 3 sisters with 11-
OHD allowed residual 11-hydroxylase activity.

The DEX dose was of 20 �g/kg/d as recommended,
except for mother 3 who received 15 �g/kg/d because of
overweight. The external genitalia of her daughter were
normal, whereas her genotype was severe (large lesion/
IVS2–13). This finding shows that the DEX dose can be
reduced when poorly tolerated.

Regarding DEX safety in the 154 fetuses treated in
utero (112 girls and 42 boys), no malformation was ob-

served at birth as previously published (21). We compared
the postnatal parameters of the 17 CAH girls treated dur-
ing their entire fetal life with those of the previous CAH
child, taking into account their delivery term and the sex
of the affected child (Table 1). We noted the absence of
growth restriction at birth as already published (16, 17).
Therefore, a somatic follow-up and a neuropsychological
assessment will be essential in the future.

Mothers treated throughout pregnancy had similar
adverse effects as previously described (8, 13). Maternal
complications were rarely more severe and were ob-
served only in mothers with a history of gestational
diabetes with or without arterial hypertension (mothers
3 and 9) or acute pancreatitis (mother 7). They regressed
with treatment adaptation and despite DEX continua-
tion. Neither the mothers nor the fetuses had life-threat-
ening symptoms.

In conclusion, this retrospective exhaustive study of
258 cases at risk of classical 21-OHD or 11-OHD has
shown the reliability and benefits of the protocol using the
SRY test for the prevention of DEX use in males. The SRY
test is accurate after 4.5 WG, and DEX must be initiated
at the latest at 6 WG for efficacy in preventing posterior
labial fusion and clitoromegaly in CAH females. DEX ef-
ficacy could be influenced by different factors such as ma-
ternal metabolism and fetal sensitivity, and parents should
be informed about these limits. Additional hormonal mea-
surements should be proposed to improve DEX efficacy
assessment.

Difficulty in complying with the recommended proce-
dure has been observed. Huge efforts should be made to
improve the collaboration between clinicians and biolo-
gists of the national medical network, including the fol-
lowing: 1) family genotyping before pregnancy, 2) infor-
mation about DEX benefits/risks based on the current
knowledge, 3) management of pregnant women in mul-
tidisciplinary medical centers to preserve the short delay
between SRY test and DEX initiation; 4) follow-up of
treated women by experimental endocrinologists in col-
laboration with biologists; and 5) education of pediatri-
cians who will manage the children at birth, to prevent SW
in undiagnosed CAH boys, even though the neonatal
screening is performed.

Regarding DEX safety and the risks of fetal malforma-
tions or fetal growth retardation, this study is in accor-
dance with the French experience since 1984. The benefits/
risks of prenatal DEX on hyperandrogenism prevention
must be urgently assessed, and for this purpose, in 2014,
our team will start a multicentric and multidisciplinary
evaluation program on the cognitive development of non-
CAH children treated in utero in comparison with CAH
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children treated or not. Results will be integrated into
other European and American databases.

Finally, we recommend DEX in pregnant women to
avoid 2 regrettable outcomes for CAH females: pregnancy
termination with all its traumatic and ethical conse-
quences or giving birth to virilized girls with possible im-
paired sexual and reproductive outcomes depending on
the surgical teams and genotype severity (38–40).
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