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X-linked adrenal hypoplasia congenita (AHC) is characterized by primary adrenal
insufficiency and is frequently associated with hypogonadotropic hypogonadism
(HH). The production of other pituitary hormones (adrenocorticotropic
hormone [ACTH], growth hormone [GH], thyroid-stimulating hormone [TSH],
and prolactin [PRL]) is usually normal. Mutations of the DAX-1 gene have
been reported in patients with AHC and HH. We present a 13-year-old male
patient with AHC caused by a nonsense mutation in the DAX-1 gene who
developed GH deficiency following head trauma. He showed signs of adrenal
insufficiency at the age of 23 months, and glucocorticoid and mineralocorticoid
treatment was started. His parents reported head trauma due to a traffic
accident at the age of 21 months. Adrenal computed tomography revealed
hypoplasia of the left and agenesis of the right adrenal gland. Decreased
growth rate was noted at the age of 12.5 years while receiving hydrocortisone
15 mg/m?/day. His height was 139.9 cm (-1.46 SD), body weight was 54.9
kg, pubic hair was Tanner stage 1, and testis size was 3 ml. His bone age
was 7 years. His gonadotropin (follicle-stimulating hormone [FSH], luteinizing
hormone [LH]) and testosterone levels were prepubertal. The evaluation of
GH/insulin-like growth factor-1 (IGF-1) secretion at the age of 13 years
revealed GH deficiency. Pituitary magnetic resonance imaging demonstrated a
hypoplastic hypophysis (<2.5 mm) and a normal infundibulum. GH treatment
(0.73 1U/kg/week) was started. This paper reports a patient with genetically
confirmed AHC demonstrating GH deficiency possibly due to a previous head
trauma. Complete pituitary evaluation should be performed in any child who
has survived severe traumatic brain injury.
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for X-linked AHC®. Various mutations have

Adrenal hypoplasia congenita (AHC) is a rare
cause of congenital adrenal insufficiency and
was first described by Sikll. Affected patients
present with salt-wasting and Addisonian
crises leading to hyponatremia, hyperkalemia,
hypotension, hypoglycemic convulsions, and
hyperpigmentation in the first months of life23.
Hypogonadotropic hypogonadism is a frequent
feature®>. Other pituitary hormone deficiencies
have not been reported previously. The DAX-1
gene (for dosage-sensitive sex reversal, AHC
critical region on the X-chromosome, gene
1) has been cloned as the gene responsible

been described in the DAX-1 gene’-10. In this
paper, we present a patient with combined
X-linked AHC and growth hormone (GH)
deficiency. A nonsense mutation resulting in a
premature stop codon at amino acid position
91 was demonstrated by molecular analysis.
GH deficiency in our patient possibly resulted
from a traumatic brain injury caused by a traffic
accident 11 years before.

Case Report
The patient, EG, is a 13-year-old male. He was
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born by spontaneous vaginal delivery after an
uneventful pregnancy with a birthweight of
3500 g. He is the first child of consanguineous
parents. He survived a head trauma and an
arm fracture due to a traffic accident at the
age of 21 months. He was inside a car with
his mother, who died during the crash. He
was unconscious for several minutes after the
accident. He was monitored in the intensive
care unit for one day. Cranial computed
tomography (CT) demonstrated no hematoma.
No intervention was done.

Although there was no evidence of acute
adrenal insufficiency during the neonatal
period, he manifested vomiting and
hyponatremic convulsions at the age of 23
months (measurements at the time were serum
Na: 117 mEq/L, serum K: 6.2 mEq/L). He
was readmitted to another hospital because
of vomiting and convulsions two months
later (serum Na: 115 mEq/L, serum K: 4.7
mEq/L).

He was referred to Hacettepe University
Department of Pediatric Endocrinology
at the age of 25 months with suspected
adrenal insufficiency. Physical examination
showed signs of moderate dehydration
and penile hyperpigmentation as well as
hyperpigmentation on both knees, elbows,
hands and neck. Laboratory evaluation revealed
hyponatremia (serum Na: 126 mEq/L) and
hyperkalemia (serum K: 6.4 mEq/L). Urine Na
was 90 mEq/L. Serum glucose was 73 mg/dl,
adrenocorticotropic hormone (ACTH) 1710
pg/ml (N: 10-100), cortisol 11 pg/dl (5-25),
and dehydroepiandrosterone sulfate (DHEAS)
17 wpg/dl (N: 100-600). Hydrocortisone (30
mg/m?/day) and fludrocortisone (0.1 mg/day)
therapy as well as oral NaCl were started.
Abdominal ultrasonographic examination was
normal. Adrenal CT revealed hypoplasia of the
left adrenal and agenesis of the right adrenal.
The ACTH stimulation test was performed with
a bolus injection of 125 ug ACTH (Synacthen,
Ciba-Geigy, Wehr, Germany). Blood samples
were taken immediately before and 60 minutes
after ACTH injection. A grossly impaired
cortisol response to ACTH stimulation was
obtained (Table I).

He remained on glucocorticoid and
mineralocorticoid replacement for 10 years.
Clinically, he responded well to these
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treatments. He remained at the 50th percentile
on the growth curve until 5 years of age.
Thereafter, he gradually descended to the 25th
percentile and remained there until 9 years of
age, after which his growth decelerated to the
3rd percentile. He was evaluated for reduced
growth velocity at the age of 12.5 years (Tanner
stage 2) while receiving hydrocortisone 15 mg/
m?2/day (Fig. 1). He had elevated ACTH levels
during the course of his treatment, possibly due
to non-compliance. Therefore, glucocorticoid
doses were increased above the recommended
replacement doses. His height was 139.9 cm
(-1.46 SD), and bone age was 7 years at the
time of evaluation. His body weight was 54.9
kg, pubic hair was Tanner stage 1, and testis
size was 3 ml. The mid-parental height of the
patient was 173 cm. His father did not have
a history of delayed puberty.

Laboratory investigations revealed normal
thyroid function with free T4: 19.82 pmol/L
(normal range: 12-22) and thyroid-stimulating
hormone (TSH): 2.42 ulU/mL (normal range:
0.27-4.2). Serum insulin-like growth factor-1
(IGF-1) (161.9 ng/ml, -1.5 SD) and serum IGF
binding protein-3 (IGFBP-3) (3494.74 ng/ml,
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Fig. 1: Growth chart of the patient.
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Table I. Standard ACTH Stimulation Test Results of the Patient

17-OH Progesterone Cortisol 11-Deoxycortisol
(ng/ml) (ug/dl) (ng/ml)
0’ 0.136 6.9 4.0
30° 0.38 9.4
60" 0.19 8.1 4.3
90’ 0.39 6.9 6.0

-0.3 SD) were below the mean for age and sex.
GH stimulation with L-dopa showed a peak
GH of 1.99 ng/ml. Peak GH was 2.96 ng/ml
on clonidine stimulation following priming
with testosterone. Pituitary magnetic resonance
imaging (MRI) revealed a pituitary gland
with decreased height (<2.5 mm) (normal
pituitary height for his age: 7 mm) and a
normal infundibulum. Serum gonadotropins
were follicle-stimulating hormone (FSH) 1.67
mIU/mL and luteinizing hormone (LH): <0.07
mlIU/mL, while testosterone was <20 ng/dl.

After six months, he was reevaluated. His
height velocity in the last year was 4.7 cm/
year. The mean hydrocortisone dose was
16.6 mg/m?/day during his follow-up period.
Serum FSH was 3.49 mIU/mL, LH: 0.14 mIU/
mL, prolactin: 6.6 ng/ml (N: 2.5-18.1), and
DHEAS: <15 ug/dl (N: 100-600). A repeat
clonidine stimulation test following priming
with testosterone revealed a peak GH level
of 7.2 ng/ml. Recombinant human growth
hormone (rhGH) treatment was started. A total
height gain of 17 cm was achieved after 1.5
years of GH treatment. Moreover, molecular
analysis of the DAX-1 gene was performed as
described before!l. Exons 1 and 2 of the DAX-
1 gene were amplified by polymerase chain
reaction (PCR), and the PCR products were
directly sequenced. Hemizygosity for c.273C>A
(Y91X) was identified. This nonsense mutation
results in a premature stop codon at amino
acid position 91 which produces a truncated
DAX-1 protein with predicted complete loss
of function”.

Discussion

This report presents GH deficiency possibly
due to traumatic brain injury in a patient
with genetically confirmed AHC. GH deficiency
following traumatic brain injury has been
previously reported in children!?13. Recently,

a study by Poomthavorn et al.l* reported
evidence of pituitary dysfunction in 9 of 117
pediatric survivors of severe traumatic brain
injury. Four of these patients had multiple
pituitary hormone deficiencies, including GH
deficiency. Two patients with GH deficiency
received GH treatment and achieved a final
height in the appropriate target height range.
Einaudi et al.!> studied pituitary function in
48 survivors of childhood traumatic brain
injury, and reported hypothalamo-pituitary
dysfunction in 10% of the cases. GH deficiency
was the most frequent disorder in the study
group. Two patients with normal pituitary
function immediately after traumatic brain
injury subsequently developed hypopituitarism
after 12 months. Adrenal insufficiency was
diagnosed in one patient while GH deficiency
was observed in the other.

Delay in the diagnosis of hypopituitarism
after traumatic brain injury appears to be a
common problem. Benvenga et al.!6 reported
post-traumatic GH deficiency in a patient 42
years after the accident. Mariani et al.l7 also
reported a similar patient following an interval
of five years. The presented patient with AHC
had suffered a head trauma at the age of 21
months. GH deficiency, probably as a result of
the head injury, was discovered at the age of
13 years. Thus, growth disorders may become
manifest many years after the trauma.

The reason why GH deficiency is observed
as the most common pituitary defect after
traumatic brain injury is unclear. Necrotic,
ischemic changes in the pituitary represent
damage of the somatotroph cells, while the
same changes in the hypothalamus represent
damage of the neurons secreting growth
hormone releasing hormone (GHRH)!8.
Apoptosis of the neurons due to ischemia
and inflammation can also be observed after
traumatic brain injury!®.
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The presented patient received oral
glucocorticoid replacement therapy for 10 years.
He was evaluated for reduced growth velocity
at the age of 12.5 years. GH deficiency was
diagnosed. Long-term replacement treatment
with high doses of steroids in adrenal disorders
such as congenital adrenal hyperplasia (CAH)
is known to have a negative influence on
growth. A study performed about the use of
hydrocortisone in CAH showed that a daily
dose greater than 25 mg/m?2/day started
early in the course of the disease caused a
transient deceleration of height velocity?20.
Another study by Bonfig et al.2! reported that
pubertal growth was significantly reduced
in patients with CAH when hydrocortisone
doses greater than 17 mg/m?/day were used.
The daily total glucocorticoid dose used in
patients with AHC is less than that used in
patients with CAH. Therefore, glucocorticoid
replacement treatment used in this patient is
not expected to have a negative effect on his
growth velocity.

Growth hormone deficiency is not a feature of
X-linked AHC. There is only a single report by
Seminara et al.!0 of a patient with height well
below the 5th percentile throughout infancy
and childhood. The child underwent dynamic
anterior pituitary testing at the age of 9.1 years,
which revealed normal GH response. Other
tests showed normal TSH and prolactin levels.
His gonadotropin levels (FSH, LH) failed to rise
in response to gonadotropin-releasing hormone
(GnRH) at all time points. Direct sequencing
of the DAX-1 gene of that patient revealed a
hemizygous 501delA mutation.

In conclusion, this is a report of coincidental
X-linked AHC and post-traumatic brain injury-
induced GH deficiency. Molecular diagnosis
of AHC was confirmed by DAX-1 gene
mutation. GH deficiency was demonstrated
by GH stimulation tests, and pituitary
hypoplasia on pituitary MRI. GH treatment
was started. The previous head trauma possibly
contributed to the GH deficiency noted in our
patient. Hypopituitarism following trauma
in the pediatric age group is an important
endocrinological complication. Examination
of pituitary hormones may be necessary in
patients with growth disorders following
traumatic brain injury.

Growth Hormone Deficiency and Congenital Adrenal Hypoplasia

10.

11.

12.

13.

14.

15.

315

REFERENCES

. Sikl H. Addison’s disease due to congenital adrenal

hypoplasia of the adrenals in an infant aged 33 days.
J Pathol Bactertiol 1948; 60: 323-326.

. Kerenyi N. Congenital adrenal hypoplasia. Arch Pathol

1961; 71: 336-343.

. Peter M, Viemann M, Partsch CJ, Sippell WG.

Congenital adrenal hypoplasia: clinical spectrum,
experience with hormonal diagnosis, and report on new
point mutations of the DAX-1 gene. J Clin Endocrinol
Metab 1998; 83: 2666-2674.

. Kletter GB, Gorski JL, Kelch RP. Congenital adrenal

hypoplasia and isolated gonadotropin deficiency. Trends
Endocrinol Metab 1991; 2: 123-128.

. Calvari V, Alpigiani MG, Poggi E, et al. X-linked

adrenal hypoplasia congenita and hypogonadotropic
hypogonadism: report on new mutation of the DAX-
1 gene in two siblings. J Endocrinol Invest 1996; 29:
41-47.

. Zanaria E, Muscatelli F, Bardoni B, et al. An unusual

member of the nuclear hormone receptor superfamily
responsible for X-linked adrenal hypoplasia congenita.
Nature 1994; 372: 635-641.

. Nakae J, Tajima T, Kusuda S, et al. Truncation at the

C-terminus of the DAX-1 protein impairs its biological
actions in patients with X-linked adrenal hypoplasia
congenita. J Clin Endocrinol Metab 1996; 81: 3680-
3685.

. Reutens AT, Achermann JC, Ito M, et al. Clinical and

functional effects of mutations in the DAX-1 gene in
patients with adrenal hypoplasia congenita. J Clin
Endocrinol Metab 1999; 84: 504-511.

. Choi JH, Shin YL, Kim GH, et al. Identification of

novel mutations of the DAX-1 gene in patients with
X-linked adrenal hypoplasia congenita. Horm Res 2005;
63: 200-205.

Seminara SB, Achermann JC, Genel M, Jameson ]JL,
Crowley Jr WF. X-linked adrenal hypoplasia congenita:
a mutation in DAX-1 expands the phenotypic spectrum
in males and females. J Clin Endocrinol Metab 1999;
84: 4501-4509.

Krone N, Riepe FG, Dorr HG, et al. Thirteen novel
mutations in the NROBI (DAXI) gene as cause of
adrenal hypoplasia congenita. Hum Mutat 2005; 25:
502-503.

Yamanaka C, Momoi T, Fujisawa I, et al. Acquired
growth hormone deficiency due to pituitary stalk
transaction after head trauma in childhood. Eur ]
Pediatr 1993; 152: 99-101.

Eichler 1, Frisch H, Eichler HG, Soukop W. Isolated
growth hormone deficiency after severe head trauma.
J Endocrinol Invest 1988; 11: 409-411.

Poomthavorn P, Maixner W, Zacharin M. Pituitary
function in paediatric survivors of severe traumatic
brain injury. Arch Dis Child 2008; 93: 133-137.

Einaudi S, Matarazzo P, Peretta P, et al. Hypothalamo-
hypophysial dysfunction after traumatic brain injury in
children and adolescents: a preliminary retrospective
and prospective study. J Pediatr Endocrinol Metab
2006; 19: 691-703.



316

16.

17.

18.

19.

Engiz 0, et al

Benvenga S, Vigo R, Ruggeri RM, et al. Severe
head trauma in patients with unexplained central
hypothyroidism. Am J Med 2004; 116: 767-771.

Mariani R, Bortoluzzi MN, Richelme C, El Barbary M,
Coussement A. Post-traumatic hypopituitarism after
skull injury: apropos of 3 cases. Arch Pediatr 1996;
3: 796-801 [French].

Kelly D, Gonzalo I, Cohan P, et al. Hypopituitarism
following traumatic brain injury and subarachnoid
hemorrhage: a preliminary report. J] Neurosurg 2000;
93: 743.

Ferriero D. Neonatal brain injury. N Engl ] Med 2004;
351: 1985.

The Turkish Journal of Pediatrics * May-June 2010

20. Hauffa BP, Winter A, Stolecke H. Treatment and

21.

disease effects on short term growth and adult height
in children and adolescents with 21-hydroxylase
deficiency. Klin Padiatr 1997; 209: 71-77.

Bonfig W, Pozza SB, Schmidt H, et al. Hydrocortisone
dosing during puberty in patients with classical CAH:
an evidence-based recommendation. J Clin Endocrinol
Metab 2009; 94: 3882-3888. Epub 2009 Jul 21.



