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Girls with virilisation in childhood: a diagnostic
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Abstract
Aim-To analyse critically a protocol for
the investigation of girls presenting with
virilisation in childhood.
Methods-Twenty five girls aged 1.6-8.7
years with features of virilisation were
evaluated. Twenty four had presented with
pubic hair, eight with axillary hair, seven
with facial acne, four with clitoromegaly,
and 10 with tall stature. They underwent
clinical assessment (height, weight, height
velocity, staging of puberty, physical
examination for acne, body odour, and
clitoromegaly) and laboratory assessment
comprising basal concentrations of cortisol, 17 OH-progesterone (17 OHP), androstenedione, dehydroepiandrosteronesulphate (DHEAS), testosterone, and
oestradiol. The above steroids were also
measured during the short synacthen test
(0.25 mg intramuscularly) in 16 subjects
and low dose dexamethasone suppression
tests (0.5 mg at six hourly intervals over 48
hours). Pelvic ultrasound, computed
tomography and magnetic resonance imaging of adrenals were carried out when
the biochemical findings suggested that
there might be an autonomous source of
androgen secretion.
Results-Clinical and laboratory assessments differentiated the patients into
three diagnostic categories: adrenarche
(18 cases), congenital adrenal hyperplasia
(five cases), and adrenocortical tumour
(two cases). The last had elevated concentrations of DHEAS, 1.5 and 19.1 ItmoIll
(normal value < 0.5 pmolll), androstenedione, 24.6 and 21.8 nmol/l (normal
< 1 nmol/l), and testosterone, 4.5 and
2.4 nmol/l (normal < 0.8 nmolMl), with
none suppressing on dexamethasone suppression. Congenital adrenal hyperplasia
subjects had elevated basal serum concentrations of 17 OHP (n = 4): 250, 140, 14,
and 14.1 nmol/l (normal < 10 nmol/l) and
elevated peak values of 17 OHP after synacthen (n = 3): 76, 179.5, and 175 nmolll.
Adrenarche patients had elevated basal
concentrations of DHEAS (median:
2.3 Itmol/l; n = 17) and androstenedione
(median 2.6 nmolIl; n = 17). Nine patients
also had elevated basal serum testosterone
concentrations (median 0.9 nmol/l). Peak
values of 17 OHP after synacthen were
significantly different from baseline
(n = 12) and were < 50% of the lowest
value in congenital adrenal hyperplasia.

Serum DHEAS, androstenedione, and
testosterone suppressed following dexamethasone suppression (n = 16), thereby
distinguishing adrenarche patients from
adrenal tumour patients. Clinical details
did not distinguish patients, except for
clitoromegaly which was present only in
the tumour and congenital adrenal hyperplasia patients.
Conclusions-This protocol proved useful
and practical in cases of virilisation
presenting particular diagnostic difficulty.
(T Clin Pathol 1997;50:379-383)
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The most common cause of signs and symptoms of virilisation in girls during childhood is
adrenarche, the onset of adrenal androgen
secretion.' 2 This benign condition is part of
normal development but in some children
results in unwanted signs of virilisation such as
pubic and axillary hair growth, acne, and body
odour. These girls may subsequently be at risk
of hirsutism, oligomenorrhea, polycystic ovary
syndrome, and infertility.3 More serious
causes of virilisation in early childhood are
late presentation of congenital adrenal
hyperplasia,5 or androgen secreting tumours of
the adrenal cortex,6 or ovary7 and features of
virilisation are always a major concern for parents. This paper analyses critically a protocol
for investigation of virilisation in young girls
which has evolved in our paediatric endocrine
unit over the past 12 years.
Methods
SUBJECTS

Twenty five female patients aged from 1.6-8.7
years were referred with features of
virilisation-pubic or axillary hair growth,
acne, body odour, clitoromegaly, and advanced
linear growth. Twenty four patients presented
with pubic hair (20 were Tanner stage 2 and
four were Tanner stage 3), eight had axillary
hair (Tanner stage 2), 10 had tall stature (more
than two standard deviations (2SD) greater
than the mean for their age), seven had facial
acne, and four had clitoromegaly. The one girl
who did not have pubic or axillary hair was
referred with body odour and acne.
AUXOLOGY

Height was measured using a Harpenden Stadiometer according to standard techniques.8
Pubertal development was staged according to
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radioimmunoassay. 2 Imprecision within and
between assays was < 8% at the three concentrations used.

Table 1 Diagnostic protocolfor girls presenting with
virilisation
Investigations

Clinical

Auxology of height, weight,
height velocity
Pubertal development, physical
examination for acne,
clitoromegaly, body odour
Basal serum concentrations of,
cortisol, 17 OHP,
androstenedione, DHEAS,
(oestradiol), testosterone
Short synacthen test
Low dose dexamethasone
suppression test
Bone age
Ultrasound of ovaries
CT/MRI scan of adrenals

ENDOCRINE INVESTIGATIONS

Dynamic endocrine tests (that is, the synacthen
and low dose dexamethasone tests) were not
performed in all subjects but, as the protocol
Laboratory
evolved, they were performed in cases where
basal hormones values did not give clear diagnostic information or in other cases of diagnostic difficulty.
The short synacthen test was performed in
16 subjects as follows: 0.25 mg of synacthen
Radiological
were administered intramuscularly with blood
sampling for cortisol, 17 OHP, androstenedione, DHEAS, and testosterone at 0, 30, and 60
the criteria of Tanner.9 Bone age was assessed minutes after administration of synacthen. The
in 24 patients: the Tanner-Whitehouse (TW2 test was performed at 0900, following 30 minRUS) method'" was used in 21 patients and the utes' bed rest.
The low dose dexamethasone suppression
Greulich and Pyle method" was used in three
patients. Height was converted to standard test was performed in 16 subjects as follows:
dexamethasone (0.5 mg) was given orally every
deviation scores.
six hours for a total of eight doses starting at
0800. Blood was obtained at 0 and 48 hours for
HORMONE ASSAYS
Serum testosterone, androstenedione, and 17 cortisol, 17 OHP, androstenedione, DHEAS,
OH-progesterone (1 70HP) were measured by and testosterone. The protocol of the low dose
radioimmunoassay after an initial solvent dexamethasone suppression test was the same
of
(ether) extraction followed by radioimmuno- as that used in our unit for investigation
3 Dexasyndrome.
with
Cushing's
children
assay using 1251I ligand. The testosterone tracer
methasone suppression was always performed
was purchased from St Thomas's Hospital,
London, the 17 OHP tracer was purchased after the short synacthen test had been
from Medgenix (Belgium), and the androsten- completed.
edione tracer was prepared in-house. Antisera DIAGNOSTIC PROTOCOL
for each assay were prepared in-house. Dextran The defined diagnostic protocol is shown in
coated charcoal suspension was used to table 1.
separate antibody bound and free hormone for
testosterone and androstenedione, while a STATISTICS
sepharose solid-phase second antibody was Statistical analysis was carried out using
used for 17 OHP. Imprecision within and descriptive statistics and paired Student's t test
between assays was 8-10% and 8-12%, when appropriate; p < 0.05 was considered
respectively, for testosterone and androstenedi- significant. Data are expressed as individual
one at the three concentrations used. Impreciand median values.
sion within and between assays was 4-8% and
5-8%, respectively, for 17 OHP.
Results
Dehydroepiandrosterone (DHEAS) was DIAGNOSTIC CATEGORIES
measured using an in-house non-extractive Three clinical diagnostic categories were deradioimmunoassay fined: virilisation due to adrenarche (18 cases),
non-chromatographic
using a "'I tracer. Polyethylene glycol-assisted congenital adrenal hyperplasia (five cases), and
second antibody was used to separate antibody adrenocortical tumour (two cases) (table 2).
bound and free hormone. Imprecision within
and between assays was 4-10% and 6-14%, BASAL SERUM HORMONE CONCENTRATIONS
respectively. Oestradiol was measured using a Adrenarche
double antibody direct assay commercial kit Median value and range for serum DHEAS
(DPC, Llanberis, North Wales). Cortisol was concentrations (n = 17) were 2.3 gmol/l and
measured by a direct 125I in-house 0.3-4 iimol/l, respectively. Sixteen patients had
Table 2 Clinical details ofpatients in diagnostic categories of adrenarche, congenital adrenal hyperplasia, and
adrenocortical tumour
Age range
(years)

Pubic hair stage

Adrenarche

1.6-8.7

Congenital adrenal
hyperplasia

2.8-8.6

1
2
3
2
3

(n)

(1)
(14)
(3)
(4)
(1)

Axillary hair

6.7, 1.7

2 (2)

Bone age
advance

(years)

stage (n)

Clitoromegaly

1 (10)
2 (8)

0/18

3/18

-1.1-3.4

-1.3-4.0

(4)

3/5

2/5

0.1-3.1

1.3-4.8

1/2

2/2

1.0-2.9

2.2-2.3

1

2 (1)

Adrenocortical
tumour

Height SD
(range)

Acne

1 (2)

Pubic and axillary hair growth is measured in Tanner stages; n = number of patients.
Height is expressed as standard deviations (SD) above or below the mean for age.
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DHEAS concentrations were elevated in both
subjects: 1.5 and 19.1 ,umol/l (normal
< 0.5 gmol/l). Androstenedione was elevated
in both subjects: 24.6 and 21.8 nmol/l (normal
< 1.0 nmol/l), as was testosterone: 4.5 and
2.4 nmol/l (normal < 0.8 nmol/1). 17 OHP values were normal. Oestradiol was measured in
one patient at presentation and was 70 nmol/l
(normal < 20 nmol).
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Figure 1 Basal and peak 17 OHP values after synacthen
in patients with adrenarche (0), and congenital adrenal
hyperplasia (C).
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DHEAS concentrations above the upper limit
of the normal range for age (< 0.5 gmol/l).
Median value and range for androstenedione
concentrations (n = 18) were 2.6 nmol/l and
0.5-7.5 nmol/l, respectively. Seventeen patients had androstenedione concentrations
above the upper limit of the normal range for
age (< 1.0 nmol/l). Median value and range for
17 OHP concentrations (n = 17) were 2 nmol/l
and 0.9-10.9 nmol/l, respectively (normal
< 10 nmol/l). Median value and range for
testosterone (n = 17) were 0.9 nmol/l and 0.53.4 nmol/l, respectively. Nine patients had testosterone concentrations above the upper limit
of the normal range for age (< 0.8 nmol/l).
Oestradiol values (n = 12) were < 20 nmol/l
(normal prepubertal range < 20 nmol/l).

Congenital adrenal hyperplasia
Serum DHEAS concentrations (n = 5) were
0.20, 3.30, 7.4, 4.6, and 5.1 jmol/l (normal
< 0.5 ,umol/l). Androstenedione concentrations (n = 5) were 2, 15.5, 5.2, 0.8, and
45 nmol/l (normal < 1.0 nmol/l). 17 OHP
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Figure 2 Basal and 48 hour values of (A) DHEAS and (B) androstenedione after
dexamethasone suppression (0.5 mg, six hourly for 48 hours) in patients with adrenarche
(0), congenital adrenal hyperplasia (C), and adrenal tumour (A).

Adrenarche
17 OHP concentrations (n = 12) rose from a
median of 1.8 nmol/l (range 0.9-9.4 nmol/l) to
a median of 14.3 nmol/l (range 4.1-30.6;
p < 0.001). Androstenedione concentrations
(n = 12) were median 2.6 nmol/l and range
0.5-7.4 nmol/l at baseline. After stimulation
they were median 3.7 nmol/l and range 0.57.8 nmol/l (p = 0.17).

Congenital adrenal hyperplasia
The patient with a normal basal 17 OHP concentration had elevated peak 17 OHP after
synacthen (175 nmol/l). The two patients with
slightly elevated basal values (14 and
14.1 nmol/l) also had elevated peak values after
synacthen (76 and 179.5 nmol/l) (fig 1). Basal
androstenedione concentrations were 15.5,
5.2, and 0.8 nmol/l, increasing to 23, 10, and
4.3 nmol/l, respectively, after synacthen.
Basal cortisol concentrations were 380, 145,
and 670 nmol/l increasing to 650, 547, and
980 nmol/l, respectively, after synacthen.
Adrenal tumour
Synacthen tests were not performed in these
subjects.
LOW DOSE DEXAMETHASONE SUPPRESSION TEST

Cortisol concentrations fell to less than
50 nmol/l after dexamethasone confirming that
all patients complied well with medication and
that androgen results could be interpreted correctly.
Adrenarche
Basal DHEAS concentrations (n = 7) (fig 2A)
were median 2.1 ,umol/l, range 0.7-3.7 ,umol/l;
they were suppressed to median 0.9 gsmol/l,
range 0.3-1.5 ,umol/l (p < 0.05). This suppression was at least 17% of basal values (average
54%). Androstenedione values (n = 8) (fig 2B)
were median 2.5 nmol/l, range 1.8-4.9 nmol/l
and suppressed to median 1.3 nmol/l, range
1.0-1.7 nmol/l (p < 0.01). This suppression
was at least 39% of basal values (average 53%).
Serum testosterone (n = 6) values were median 1.0 nmol/l, range 0.6-1.8 nmol/l, and
suppressed to median 0.5 nmol/l, range 0.21.2 nmol/l (p < 0.05). This suppression was at
least 18% of basal values (average 55%).
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concentrations (n = 5) were elevated in four
subjects: 250, 140, 14, and 14.1 nmol/l (normal < 10 nmol/l)), and normal in one subject
(4.9 nmol/l). Testosterone values (n = 3) were
9.2, 3, and 1.4 nmol/l and were elevated in all
subjects (normal 0.8 nmol/l). Oestradiol values
(n = 2) were < 20 nmol/l (normal < 20 nmol/l).
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Adrenocortical tumour
DHEAS concentrations in the two patients
were 1.5 and 19.1 gmol/l at baseline and 1.5
and 15.9 jmol/l, respectively, after dexamethasone. Androstenedione values were 24.6 and
21.8 nmol/l at baseline and 29.2 and
15.4 nmol/l, respectively, after dexamethasone.
Testosterone values were 4.5 and 2.4 nmol/l at
baseline and 1.7 and 2.3 nmol/l, respectively,
after dexamethasone. Apart from one girl in
whom the testosterone values decreased by
37%, the steroids were not suppressed after
dexamethasone.
RADIOLOGICAL IMAGING

A pelvic ultrasound scan was performed on 12
patients and no significant ovarian abnormality
was seen. Adrenal ultrasound was carried out
in five patients and the results were normal in
three. In two patients a left adrenal tumour and
a right adrenal tumour were evidenced, respec-

tively.
Six patients had an adrenal computed
tomography. The two adrenal tumours were
confirmed, and one other patient had bilateral
adrenal hyperplasia. The scans in the remaining patients were normal.
Discussion
Virilisation in childhood is a relatively common
complaint that may be caused by serious
pathologies, such as an adrenal tumour or congenital adrenal hyperplasia, or by
adrenarche-a normal physiological process.
The cause of virilisation clearly has a direct
consequence on management and this paper
critically assesses a protocol for defining the
aetiology of virilisation and describes its use in
clinical practice.
Clinical assessment was generally of little use
in diagnosis. The degree of advanced growth
did not help define aetiology and neither did
the degree of bone age maturation, although in
adrenarche this is usually increased.' Four of
the five congenital adrenal hyperplasia patients
however had marked advancement of skeletal
maturation greater than three years. This is
well described in late presentation of this
condition'4 and was usually greater than in the
patients with adrenarche.
Clitoromegaly however did distinguish the
groups, being absent in all the adrenarche
patients but present in four out of seven girls

with either congenital adrenal hyperplasia or
adrenal tumour; these four girls were the ones
with significantly elevated basal testosterone
concentrations. However, genital enlargement
is recognised as being a possible feature of
atypical premature adrenarche.' '5 Similarly,
acne occurred in only two of the 18 patients
with adrenarche compared with four of the
seven patients with congenital adrenal hyperplasia or a tumour.
In all the patients, pubic hair was the most
common presenting feature, accompanied
sometimes by axillary hair and body odour.
Premature adrenarche occurred mainly in the
3-8 year age group as reported in the
literature. 16
Therefore, clinical and auxological features
could not clearly distinguish between these
three categories and laboratory and radiological imaging tests were necessary to make a
definite diagnosis. Measurement of basal androgens and 17 OHP concentrations were
helpful as markedly elevated serum 17 OHP,
DHEAS, androstenedione, or testosterone
concentrations often suggested congenital adrenal hyperplasia or a tumour.
Adrenarche patients present a wide range of
basal androgen values. According to the literature those with the most increased basal serum
androstenedione and DHEAS are the ones that
should be most closely followed up as they
appear to develop functional ovarian hyperandrogenism more frequently.2 3 "Elevated basal
serum DHEAS concentrations in 16 of our 18
adrenarche patients were compatible with Tanner stage 2 for pubic hair.'7
In girls presenting with virilisation there is
much discussion as to whether a short
synacthen test should be performed, considering that 21 hydroxylase deficiency may occur
rather frequently in some populations.4 17 18 In
our series, of the five patients with congenital
adrenal hyperplasia, one had a normal and two
had marginally elevated basal 17 OHP values.
In these patients the degree of 17 OHP
response to synacthen clearly distinguished
them from those with adrenarche.
Measurement of androstenedione, however,
during the synacthen test was not a helpful discriminator.
In the virilising adrenocortical tumours,
androstenedione showed the most significant
elevation, as reported previously.'" All patients
with tumours had elevated basal androgens.
Elevation of DHEAS is also an indication that
a tumour may be present.
All patients with adrenarche that were tested
with the low dose dexamethasone suppression
test showed some suppression of the steroids as
reported by Temeck.2' This did not occur in the
patients with adrenocortical tumours.
In conclusion, no clinical or auxological feature can be considered as an exact indicator of
a specific condition. If clitoromegaly or acne
occur in addition to pubic hair, there is an
increased risk of congenital adrenal hyperplasia
or an adrenal tumour. Basal hormonal concentrations should be measured as a first approach
to any case of virilisation, particularly 17 OHP,
DHEAS, androstenedione, and testosterone.
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Congenital adrenal hyperplasia
DHEAS concentrations (n = 3) were 7.4, 4.6,
and 3.2 pmol/l and suppressed to 0.72, 2.2,
and 0.7 gmol/l, respectively (fig 2A). This suppression was at least 52% of basal values.
Androstenedione values (n = 4) were 50, 8.4,
5.1, and 45 nmol/l and suppressed to 3.3, 3.1,
1.2, and 2.3 nmol/l, respectively (fig 2B). This
suppression was at least 34% of basal values.
Suppression of DHEAS and androstenedione
did not differentiate between congenital adrenal hyperplasia and adrenarche. Serum testosterone (n = 4) values were 9.2, 1.9, 1.5, and
5.4 nmol/l at baseline, and suppressed to 1.7,
0.96, 0.7, and 0.9 nmol/l, respectively. This
suppression was at least 50% of baseline values.
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Stimulation and suppression tests should
subsequently be performed. If an adrenal
tumour is suspected (from clinical observations
or basal hormone values), an adrenal CT or
MRI scan should then be performed. The protocol we have described has proved useful and
practical. Although it may not be indicated for
every case of virilisation, we recommend its use
in cases presenting diagnostic difficulty.

