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Adrenocortical hyperplasia is uncommon in
childhood. It occurs as the adrenogenital syndrome
(congenital virilism in girls) which has now been
shown to be due to a congenital defect in the
synthesis of cortisol by the adrenal cortex. In the
United States its incidence is once in every 58,000
live births (Grumbach, 1956) and it has a recessive
mode of inheritance. The disease is more easily
diagnosed in females than in males and this is
probably the reason for the higher observed inci-
dence in girl babies.

Cushing's syndrome is a still more uncommon
result of adrenocortical hyperplasia in children.
Before 1949 this had not been described in a child
under the age of 10 years (Wilkins, 1950) but in
1949 Chute, Robinson and Donohue described it
in an 8-year-old girl. Twenty-two other cases of
Cushing's syndrome under the age of 10 years have
been reported and all were due to a tumour. One

of the cases now to be described is a boy with
Cushing's syndrome which had its onset at the age
of 6 years; the other is a girl aged 21 years with
congenital virilism. Both cases illustrate some
problems in the pathogenesis, diagnosis and treat-
ment of adrenocortical hyperplasia in childhood.

Case Reports
Case 1. Robert, aged 8j years, was admitted to the

Derbyshire Hospital for Sick Children on February 6,
1956, with a history of failure to grow and increasing
obesity for two years. There was nothing of relevance
either in his family or in his past history.
On examination (Figs. la, b, c) his weight was 65 lb.

(average for age 55*3 lb.). His height was 43-5 in.
average for age 502 in.). His personality was very
happy and his intelligence high. His cheeks were rosy.
The obesity was of a 'buffalo-type' and there was a fine
growth of black hair on his back and shoulders. Hair
was growing out of his nostrils. There was no axillary

It, I c

FIG. 1.-Cushing's syndrome in Case 1. In Figs. Ia and lb note the red cheeks, obesity and absence of striae, and in
Fig. lc the 'buffalo-hump' with hirsuties.
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ARCHIVES OF DISEASE IN CHILDHOOD

hair, but a small amount of pubic hair was present.
There were no striae. The testes were in the scrotum
and of normal size, as was the penis. The blood pressure

was 150/95 mm. Hg.
PRINCIPAL INVESTIGATIONS. The serum cholesterol

(average of seven estimations) was 325 mg./l00 ml.
(average for children is 150-200 mg./ 100 ml.).
An average of 10 estimations of eosinophils (Randolph

method) gave 36 per c.mm.
For an insulin sensitivity test 3 units soluble insulin

were given intravenously. The fasting blood sugar was

130 mg./100 ml., after half hour 84 mg./100 ml., after
one hour 95 mg./100 ml., after one and a half hours
110 mg./l00 ml. and after two hours 130 mg./100 ml.
A high fasting blood sugar level and insulin resistance
were demonstrated.
The radiographs of the skull showed a normal pituitary

fossa, and of the skull, spine and pelvis well marked
osteoporosis. The bone age was estimated to be seven
years.
An intravenous pyelogram showed no abnormality and

no abnormal extrarenal shadows.
The results of urinary steroid assays are set out in

Tables 1 and 2. The 17-ketosteroids averaged about

TABLE I

RESPONSE OF URINARY STEROID OUTPUT TO
9-ALPHA-FLUOROCORTISOL IN ROBERT

Amount of
Creatinine 1 7-Ketosteroids 1 7-Hydroxycorti- 9-Alpha-

Day (g./24 hours) (mg./24 hours) costeroids fluorocortisol
(mg./24 hours) Given (mg.)

I 0- 51 6-8 21-7 Nil
2 0-56 7- 1 20-9 2
3 0- 54 7-7 17-4 2
4 0-58 9-3 16-2 5
5 0- 54 6-8 16-4 5
6 0 33 3-5 8-0 5
7 0-28 3 - 6 9.1 Nil
8 0-32 2-7 11.9 Nil
9 0- 32 2 7 9-6 Nil
10 0- 33 4-1 12-1 Nil

TABLE 2
RESPONSE OF URINARY STEROID OUTPUT TO A.C.T.H

IN ROBERT

1 7-Ketosteroids 17-Hydroxycortico- Treatment with
Day (mg./24 hours) steroids A.C.T.H. Gel

(mg./24 hours) (i.u. intramuscularly)

2

3

4

5

6

5-

5 -8
5 X
10-1
28-5
30- 7
7 1

20-1
20-8
75 -4
170-0
189- 0
23-3

Nil
Nil
30x2
30x2
Nil
Nil

6 mg./24 hours (normal 1-3 mg./24 hours) and the
17-hydroxycorticosteroids were above 20 mg./24 hours
(normal 2-4 mg./24 hours). Treatment by 9-alpha-
fluorocortisol reduced the 17-ketosteroids to 2-7 mg./
24 hours and the 17-hydroxycorticosteroids to 8-0 mg./
24 hours. Treatment by A.C.T.H. gel (i.u. 30 x 2 daily
for two days) increased the output of 17-ketosteroids
to 30 7 mg./24 hours and the 17-hydroxycorticosteroids
to 189 mg./24 hours.

One milligramme of phentolamine intravenously
produced a fall in the systolic pressure from 160 mm.
to 144 mm., which fall lasted less than one minute, and
a fall in the diastolic pressure from 100 mm. to 80 mm.
which lasted for one minute. This was interpreted as
a negative result.
As a result of these investigations a diagnosis of

Cushing's syndrome due to adrenocortical hyperplasia
was made.
TREATMENT. It was decided to treat Robert by

9-alpha-fluorocortisol for a few months in view of the
good suppression of adrenocortical activity achieved in
a short test (Table 2). Adrenocortical suppression,
however, was not obtained with doses as high as 19 mg.
weekly and with this dosage the diastolic pressure rose
to 120 mm. No difficulty arose from salt retention.
When the failure of medical treatment was apparent
surgical treatment was instituted. On September 25,
1956, seven-eighths of the left adrenal were removed by
Mr. George Harrison (anaesthetist, Dr. Roger Bliss).
Recovery was without incident. In the month after
operation the 17-ketosteroids averaged 4 1 mg./24 hours
and the 17-hydroxycorticosteroids 21-2 mg./24 hours.
On October 30, 1956, the right adrenal was completely

removed and weighed 6 g. Intramuscular cortisone
acetate was given 12 and two hours pre-operatively;
during the operation, and for eight hours after, 75 mg.
hydrocortisone were given by intravenous infusion. He
was given diminishing doses of cortisone for 17 days
after the operation, and for the next 25 days he was given
no treatment. During this time he became noticeably
less happy, and his red cheeks grew paler. He lost
1 lb. in weight and the 'buffalo hump' decreased in size.
At the end of this time he began to vomit, and when the
plasma electrolytes were at their lowest the chlorides
were 97 mEq.lI., sodium 128 mEq./l. and potassium
4.5 mEq./l. The urinary steroid and plasma cholesterol
valLues were:

17-Hvdroxycor-
Post-Operative 17-Ketosteroids ticosteroids Cholesterol

Day (mg./24 hours) (mg./24 hours) (mg./00 ml.)

28th 0-9 1-6 264
35th I 3 1*5 158
42nd 1 -2 <1 162

Since the fraction of adrenal cortex remaining was not
being stimulated to activity by corticotrophin, and
because an Addisonian crisis was threatening (blood
pressure 94/70 mm. Hg), he was given maintenance
therapy by cortisone and was discharged home for
Christmas taking oral cortisone acetate, 12 5 mg. twice
daily. He was readmitted a fortnight later with an
acute tonsillitis which required vigorous treatment with
increased doses of cortisone. He was discharged again
with the same dose of cortisone and with prophylactic
phenoxymethyl penicillin, 120 mg. twice daily, and 1 mg.
of 9-alpha-fluorocortisol, twice weekly. During the
11 months of treatment and investigation he grew 1 in.
in height.

In the nine months since his second operation he has
grown more than 3 in.
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FIG. 2a.-Right adrenal (weight 6 g.).

HISTOLOGY. Dr. G. R. Osborn and Professor T.
Symington reported as follows:

'In both adrenals (Figs. 2a and 2b) the zona glomeru-
losa is very inconspicuous, the zona fasciculata is present
but fuses with a greatly enlarged zona reticularis with the
compact cells growing into the zona fasciculata. Such
changes are characteristic of adrenocortical hyperplasia
resulting from stimulation by endogenous or exogenous
A.C.T.H. (Symington, Duguid and Davidson, 1956).
The medulla appeared to be normal.'

CONCLUSION. (I) The failure of growth in this boy
was due to the excessive production of cortisol, which
converts protein to glucose-gluconeogenesis. This is
illustrated by the effect of 9-alpha-fluorocortisol on
creatinine output; while reducing the output of the
urinary 17-hydroxycorticosteroids from 21 -7 mg./
24 hours to 8 mg./24 hours, the urinary crvatinine output
was diminished from 510 mg./24 hours to 280 mg./
24 hours (Table 1).

(2) The suppression of adrenocortical activity by
9-alpha-fluorocortisol indicated that this activity was
dependent on endogenous A.C.T.H. stimulation (Cope
and Harrison, 1955).

(3) The great enhancement of adrenocortical activity
after exogenous A.C.T.H. stimulation indicated that the
adrenal cortex was very sensitive to endogenous A.C.T.H.
stimulation (Christy, Wallace and Jailer, 1955; Grum-
bach, Bongiovanni, Eberlein, van Wyk and Wilkins,
1955).

(4) These responses to A.C.T.H. and 9-alpha-
fluorocortisol were taken to indicate that Robert was
suffering from adrenocortical hyperplasia and not from
an adrenocortical tumour.

(5) The depression of adrenocortical activity by
9-alpha-fluorocortisol during four months' treatment was
inadequate for remission. A dose of 19 mg. weekly
did not produce salt retention or oedema, but consider-
able hypertension, a result of the great cortisone-like
activity of this substance. The higher the dose of 9-alpha-
fluorocortisol the less salt retention it produces (Jailer,

TABLE 3
URINARY STEROID ASSAYS WEEKLY UNDER TREATMENT

BY 9-ALPHA-FLUOROCORTISOL IN ROBERT

1 7-Ketosteroids
Week (mg./24 hours)

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

6- 1
5-3
4-6
5 -2
6-0
5 -4
4-8
4-8
7-2
6-7
5-3
6-6
5 1
5 -7
5 -7
6-6
6-3
5 -8

Amount of
1 7-Hydroxycortico- 9-Alpha-fluorocortisol

steroids Administered Each
(mg./24 hours) Week (mg.)

18 9 3
14-7 11
13-3 11
14-5 11
14-0 l1
14-4 19
12- 3 19
17-4 7
16-3 7
16-3 7
15-2 7
20-4 7
14-9 14
22-9 7
11-1 11

19 6 Nil
20 1 Nil
24-6 Nil

FIG. 2b.-Adrenal cortex X 150. Great hyperplasia of the zona

reticularis, with diminution of the zona glomerulosa and disappearance
of cholesterol in the zona fasciculata with the formation of compact

cells.

287
copyright.

 on M
ay 15, 2023 by guest. P

rotected by
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.32.164.285 on 1 A

ugust 1957. D
ow

nloaded from
 

http://adc.bmj.com/


ARCHIVES OF DISEASE IN CHILDHOOD

1956). This is unexplained. Phentolamine was used to
test the hypothesis that cortisol, in some way, 'poten-
tiates' the arteriolar constriction associated with the
action of nor-adrenaline, but the intravenous injection
of 1 mg. of phentolamine produced no significant fall
of blood pressure. It was expected that the secretion
of corticotrophin, originally depressed by 9-alpha-
fluorocortisol, would eventually escape from its depres-
sive effect, and so it proved (Table 3).

(6) No neoplasm was discovered at operation and the
removed adrenal cortex showed hyperplasia of the zona
reticularis.

Case 2. Helen was first seen by a surgeon at the age
of 13 months on account of a large clitoris. The clitoris
was noticed lo be large at birth, and it had increased
progressively in size.
She was an only child weighing 7 lb. 13 oz. at birth.

The mother had toxaemia of pregnancy. There was no
family history of intersex. The girl has developed nor-
mally, having learnt to sit without help at 6 months, to
say single words with meaning at 10 months and to walk
without help at 13 months. There had been no difficulty
with micturition.
The clitoris was enlarged. The labia majora were

normal. The labia minora were small. The urethral
orifice was not localized. An intravenous pyelogram
was normal. The results of studies in urinary excretion
of 17-ketosteroids are shown in Table 4.
A year later, at the age of 25 months, she was seen

again by the surgeon. The clitoris was enlarged, as

TABLE 4
RESPONSE OF URINARY STEROID OUTPUT TO

9-ALPHA-FLUOROCORTISOL, TO PREDNISOLONE AND
TO A.C.T.H. IN HELEN

1 7-Hydroxy-
Age in 17-Keto- cortico- 21-Deoxy-
Months steroids steroids ketols Treatment

(mg./24 (mg./24 (mg./24
hours) hours) hours)

13 4-2 Nil

23 6- 8 Nil
5 * 6 Nil

28 7 6 19 5 Nil
7-0 19*3 Nil
6-7 14-3 9-Alpha-

fluorocortisol_ . _0025Smg. x 4
2-3 6-1 0-25mg. x 4
3-8 I1-l Nil
6- 5 12-4 Nil

33 7 6 19*4 2*46 Nil
7-2 18 1 Nil

Prednisolone
3 - 7 8 - 5 5 mg. x 2
2-4 5 8 5 mg. x 2
2 5 5 0 Smg. x 2
2-6 4-8 0-14 5mg. x 2
2-5 3-3 Nil
6-8 17-5 Nil
7-7 21-8 3 9 Nil

A.C.T.H.
10-7 32 5 7-20 20 i.u. i.m. x 2
12-7 32-8 20 i.u. i.m. x2
15-2 53 2 8 57 20i.u.i.m. x 1
7 -2 26-4 3 -24 Nil
2- 6 20-4 Nil

before. It was now
realized that the high
figure for the 17-keto-
steroids had been
overlooked, and she
was referred to one of
us (R.S.I.).
On examination she

was a bright, normal-
looking girl (Fig. 3)
speaking well in sen-
tences. There had
been no urinary in-
continence after the
age of 15 months.
One was immediately
impressed by the fact
that she was of nor-
mal build, unlike
other 'female pseudo-
hermaphrodites'. Her
height was 36 in.; the .11II1........span from arm to arm i;S^t riiW ............
was 35 in.; sitting
height 20 in.; weight .....

26 lb. Her blood
pressure was 100/70
mm. Hg.
The clitoris was

considerably enlarged
(Fig. 4) and there was
chordee. The urethral
orifice appeared to be ~,..
on the anterior sur-
face of the clitoris FIG. 3.-Congenital virilism in
(Figs. Sa and b). There Caae 2 aged 21 years

was no pubic hair.
The vaginal orifice was normal. There was a diffuse
functional grade 2 systolic murmur heard all over the
praecordium. There were no other abnormal physical
signs.
URINARY STEROID ASSAY. The results are set out

in Table 4.
The 17-ketosteroids were approximately 7 mg./24 hours

FIG. 4.-Enlargement of the clitoris.
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ADRENOCORTICAL HYPERPLASIA IN CHILDHOOD

5a 5b
FIGS. 5a and 5b.-Urethral orifice in the clitoris and normally situated vaginal orifice.

and the 17-hydroxycorticosteroids were 19 mg./24 hours.
Treatment by 9-alpha-fluorocortisol, 1 mg. daily for
three days, reduced the 17-ketosteroids to 2-3 mg./
24 hours, and the 17-hydroxycortisteroids to 6 1 mg./
24 hours. Prednisolone (10 mg. daily for four days)
reduced the 17-ketosteroids to 2-4 mg./24 hours and the
17-hydroxycorticosteroids to 3 * 3 mg./24 hours. A.C.T.H.
gel, 20 i.u. twice daily for two and a half days, increased
the 1 7-ketosteroids to 15 * 2 mg./24 hours and the
17-hydroxycorticosteroids to 53*2 mg./24 hours. The
21-deoxyketols were 2-46 mg./24 hours. (The normal
excretion of 21-deoxyketols is very small, namely,
005-0 5 mg./24 hours in adults.) This level was reduced
to 0 14 mg./24 hours by prednisolone and increased to
8-57 mg./24 hours by A.C.T.H.

Radiologically the epiphyseal development is as follows
(the approximate age of the appearance of the epiphyses
is given in brackets), and from these data the bone age
may be regarded as approximately 4 to 5 years.

Bone Epiphyseal Development.

Arm and Hand
Humerus .. Head and tuberosites (2 yr.) present

Medial epicondyle (6 yr.) present
Radius .. Head (6 yr.) present
Ulna .. Distal centre (6 yr.) absent
Carpus .. Lunatum (4 yr.) absent

Trapezium and scaphoid (5 yr.) absent

Fermur .. Great trochanter (4 yr.) present

A skin biopsy showed that Helen was a chromosomal
female.

She has grown 1 in. in eight and a half months, and
her height at the age of 2 years and 10 months is 37 in.

CONCLUSIONS. (1) This girl is suffering from con-
genital virilism as indicated by the enlarged phallus at
birth. The increased output of urinary 17-ketosteroids
indicated that this was associated with an excess of
adrenal androgens, and the urinary output of 21-deoxy-
ketols proves the presence of a defect in steroid synthesis
which is characteristic of the adrenogenital syndrome.

(2) The suppression of the exaggerated adrenocortical
activity by 9-alpha-fluorocortisol showed that this
activity was dependent onendogenous A.C.T.H.; the brisk
response to A.C.T.H. stimulation suggests that the hyper-
plastic adrenal cortex is sensitive to its action (Table 4).

(3) Her height is average for her age and her observed
height increment is average or less; her bone age can be
variously assessed at 3 years (carpus and hand) and
6 years (elbow), with an average epiphyseal development
of 4 to 5 years. There is then a dissociation between the
effect of the increased androgenic activity on height and
its effect on skeletal development.

Discussion
Treatment of Cushing's Syndrome in Children.

The complete removal in children of endocrine
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ARCHIVES OF DISEASE IN CHILDHOOD

FIG. 6.-Radiograph of the hand and carpus. The lunatum,
trapezium and scaphoid and the distal epiphysis of the ulna are all

absent. Bone age is 3 years.

glands which are essential for survival must always
require careful consideration. Once the diagnosis
of Cushing's syndrome is certainly established, and
when it has been seen that the harmful consequences
of the disease, such as failure of growth and hyper-
tension, show no evidence of rapid remission, then
bilateral total adrenalectomy becomes the treatment
of election.

Replacement therapy demands subsequent regular
medical supervision throughout life and in children
both growth and the development of puberty require
careful control of cortisone therapy. Any illness,
accident or operation requires admission to hospital
and increased cortisone dosage.
The alternatives to bilateral total adrenalectomy

are subtotal adrenalectomy, which has been shown
to be inefficient and which failed in Robert, and
x-ray therapy to the pituitary. The application of
x rays to the pituitary may be successful in tem-
porarily depressing corticotrophin output, but its
uncharted hazards to the growth and sex hormones
make this a treatment to be avoided at least in
children.

Pathogenesis of Cushing's Syndrome. A greatly
enlarged zona reticularis was demonstrated in the
adrenal cortex of Robert, and Symington and Grant
(1957) have shown that this enlargement is associated
with an increase of 1I-P hydroxylase and that this
hyperplasia can result from either increased endo-
genous or exogenous corticotrophin stimulation
(Symington, et al., 1956). There is a diminished
amount of corticotrophin circulating in the
plasma in Cushing's syndrome (Paris, Upson,
Sprague, Salassa and Albert, 1954; Nelson, 1956)
but there is an increased sensitivity of the adrenal
cortex to exogenous A.C.T.H. (Grumbach et al.,
1955; Christy et al., 1955). For some unexplained
reason, therefore, in Cushing's syndrome (when it
is not due to an adrenocortical tumour) the adrenal
cortex becomes unduly sensitive to corticotrophin
with a consequently increased production of cortisol.
This hypothesis requires the assumption of some
derangement of pituitary-cortex control, since the
increased output of cortisol should, and apparently
does, suppress the output of corticotrophin. It
would be easy to assume that the adrenal cortex
becomes entirely divorced from corticotrophin
control, but it is difficult to understand, in that case,
how Cushing's syndrome is relieved by x-ray therapy
to the pituitary. To resolve this dilemma Jailer,
Longson and Christy (1956) have deduced the
presence of a 'corticotrophin-potentiating' hormone
in the pituitary which is produced in excess in
Cushing's syndrome. This attractive hypothesis
awaits proof.

Diagnosis of the Adrenogenital Syndrome. In
baby girls the recognition of this syndrome depends
on the presence of an enlarged phallus, the persis-
tence of the urogenital sinus, an advanced bone age,
a raised output of urinary 1 7-ketosteroids and
sometimes a salt-losing syndrome. In baby boys,
when no genital abnormality calls attention to the
condition, diagnosis may be very difficult.

In Helen, other diagnostic difficulties arose. The
presence of an enlarged phallus at birth itself
established the diagnosis of congenital virilism and
the presence of an increased urinary output of
21-deoxyketols (which includes 17-alpha-hydroxy-
pregnanolone but not pregnanetriol) established the
fact that steroid formation in the adrenal cortex was
abnormal. In this condition there is adrenocortical
hyperplasia which has been attributed by Jailer,
Gold, Vande Wiele and Lieberman (1949) and by
Bartter, Albright, Forbes, Leaf, Dempsey and
Carroll (1951) to the fact that there is a diminished
formation of cortisol due to an enzymic defect in
the adrenal cortex. The normal formation of
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ADRENOCORTICAL HYPERPLASIA IN CHILDHOOD

cortisol from progesterone gets as far as 17-alpha-
hydroxyprogesterone (see Figs. 7a and b) and at some
stage thereafter there is a block in the synthesis of
cortisol. Since there is a reduced amount of
cortisol produced there will be a reciprocal increase
in corticotrophin production by the normal feed-
back mechanism. The increased amount of circula-
tory corticotrophin stimulates the adrenal cortex to
the production of still further androgens, and
virilism occurs. So much is agreed but beyond
this there is debate and disagreement. Jailer et al.
(1949) believe that the androgens are derived from
17-alpha-hydroxyprogesterone (a 21 carbon steroid)
while Bartter et al. (1951) believe there is an excess
of unidentified androgenic adrenal steroids. Dorf-
man (1956) believes that there are 19 carbon
androgens which are not produced by a C21 path-
way and are not, therefore, derived from precursors
such as 17-alpha-hydroxyprogesterone. Bongiovanni
and Eberlein (1956) have, however, shown that in
the adrenocortical hyperplasia of congenital virilism
there are 'respectable' quantities of steroid in the
urine, which although not cortisol (Kendall's
compound F (see Fig. 7b)) yet are C21 steroids which
have an OH group at CGO and at C21. Reifenstein
(1956) has recently reviewed this problem, which the
steroid chemists have not yet solved.

CH2OH - CH3

c= 0
I,0OH

a b
FIG. 7a.-17-alpha-hydroxyprogesterone.

FIG. 7b.-17-hydroxycortisone (cortisol) Kendall's Compound F.

Clinical problems also remain, and, in the absence
of biochemical certainty, it is possible to construct
a clinical hypothesis, as in the case of Helen, to
explain them. It has already been observed that
while Helen's height and her growth are both
'average' for her age, the excess of androgens has
produced an enlarged phallus and a moderate
advancement of the bone age (4-5 years). Before
any endocrine assays were made it was assumed,
according to a hormonal formula for growth
(Hubble, 1957), that this dissociation could only be

explained by the fact that the adrenal cortex in
Helen was making a sufficient amount of cortisol
to balance the excess of androgens, so that growth
was proceeding at a normal pace.
Growth in childhood may be regarded as a

competition for protein which is won by the protein
anabolisers of which the most important is the
growth hormone (G) with thyroxine (T) and
insulin (I) in support; the opponent on the katabolic
side of the formula is cortisol (C) which, disease and
disaster apart, in childhood loses this struggle for
protein, according to the formula

G+T+I > C.
At puberty and in the adrenogenital syndrome the
androgens (A) come in to reinforce the protein-
anabolic side of the formula and increased growth
occurs

G+T+I+A > C.
In Cushing's syndrome, as in Robert, the excess of
cortisol produced overcomes the protein anabolisers
and growth is completely arrested.

G+T+I < C.
Since in Helen growth was at the same rate as,
in normal children, despite an excess of andro-
gens, it was argued that an excess of cortisol was
being produced to reduce the preponderance of the
protein anabolisers. It has been shown that the
production of 17-hydroxycorticosteroids in Helen's
urine was in excess of normal, that they could be
reduced to normal levels by 9-alpha-fluorohydro-
cortisone and that their output was nearly trebled
by five intramuscular doses of 20 units of A.C.T.H.
given in two and a half days. It was not possible to
measure the plasma 17-hydroxycorticosteroids. The
urinary 17-hydroxycorticosteroids include both the
metabolites of compound F and of 17-alpha-
hydroxyprogesterone, so it is not possible to say
what amount of the 17-hydroxycorticosteroids was
derived from cortisol breakdown. However, the
urinary dihydroxyacetones which, with the triols,
are the main normal metabolites of cortisol, were
estimated in both these children on two occasions.
In the boy with Cushing's syndrome they were
6 * 5 mg. and 3 * 4 mg. in 24 hours, and in the girl with
congenital virilism they were 3 *8 mg. and 2-2 mg.
in 24 hours. It could be concluded, therefore, that
the adrenal cortex in Helen was producing cortisol
in average amounts.

Three out of 13 children suffering from the
adrenogenital syndrome studied by Bongiovanni
and Eberlein (1956) gave a response to intravenous
A.C.T.H. in the level of plasma 17-hydroxycorti-
costeroids which was comparable with the normal.
They concluded, therefore, that the defective
synthesis of compound F is variable and not com-
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292 ARCHIVES OF DISEASE IN CHILDHOOD

plete. Clinical observation and chemical investiga-
tions are then agreed. One further possibility
remains. The dihydroxyacetones might represent
the breakdown products of 11-desoxycorticosterone
(Fig. 8). Eberlein and Bongiovanni (1955) have

CH2 OH

c=
2

H

FIG. 8.-i 1-desoxycorticosterone.

described a rare variety ofthe adrenogenital syndrome
accompanied by hypertension in which there is
apparently a defect in 1 1-hydroxylation and they
suggest that the hypertension is the result of the
adrenal secretion of deoxycorticosterone. The
urinary steroid assays in Helen do not preclude this
possibility but there is as yet no evidence of hyper-
tension in her.

Treatment of the Adrenogenital Syndrome. Corti-
sone was introduced in the treatment of congenital
adrenal hyperplasia by Wilkins, Lewis, Klein,
Gardner, Crigler, Rosemberg and Migeon (1951) and
he and his collaborators have discussed the satisfac-
tory results ofsuch treatment in several papers (1956).
The object of such therapy in girls is to reduce the
masculinization which is a feature of the syndrome,
to delay the advancement of epiphyseal development
and to retard excessive growth so that the ultimate
height may be that predestined by constitutional
factors and not the stature determined by early
closure of the epiphyses, and to permit the occur-
rence of the normal changes of puberty. All this
is achieved by cortisone therapy.

In Helen the only present indication for such
treatment is the moderate advancement of the
bone age; the approach of puberty may make a
reduction of androgen output advisable; the average
height and the average annual height increments
justify a period of observation before cortisone is
used in treatment.

Conclusions
Two examples of adrenocortical hyperplasia have

been described. In the boy Cushing's syndrome
developed at the age of 6 years and declared itself
by an arrest of growth. The disease was success-
fully treated by bilateral adrenalectomy.

In a girl aged 21, congenital virilism due to
adrenocortical hyperplasia has been described. In
this child there is a dissociation between the effect
of the increased formation of androgens on the
phallus and on epiphyseal development and its
effect on growth, which is proceeding in an average
manner. It is suggested that a moderate amount of
cortisol is being produced by the adrenal cortex and
this is dependent on the fact that the defect in the
synthesis of cortisol is only partial.

It is suggested that excessive growth is prevented
in this girl by the balancing of the increased forma-
tion of androgens by the output of cortisol. This
hypothesis is illustrated by the construction of a
simple hormonal formula for growth.
We are grateful to Dr. J. K. Norymberski, of the

Sheffield Centre for the Investigation and Treatment of
Rheumatic Diseases, for the biochemical investigations
which were performed in his laboratory.
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