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Evolving hypopituitarism as a consequence of traumatic brain
injury (TBI) in childhood—call for attention

Milica Medic-Stojanoska Æ Sandra Pekic Æ
Nikola Curic Æ Dragana Djilas-Ivanovic Æ
Vera Popovic

Received: 22 March 2007 / Accepted: 13 June 2007 / Published online: 10 July 2007

� Humana Press Inc. 2007

Abstract Hypopituitarism is a common complication of

TBI in long-term survivors, more frequent than previously

realized. It may be partial or complete, sometimes very

subtle without visible lesions in hypothalamo-pituitary

region and is diagnosed only by biochemical means.

Neuroendocrine abnormalities caused by TBI may have

significant implications for the recovery and rehabilitation of

these patients. The subjects at risk are those who have

suffered moderate to severe trauma, although mild intensity

trauma may precede hypopituitarism also. Particular atten-

tion should be paid to this problem in children and adoles-

cents. We describe a patient with hypopituitarism thought to

be idiopathic due to mild head trauma which caused diabetes

insipidus in childhood, gradual failure of pituitary hormones

during the period of growth and development, and metabolic

(dyslipidemia), physical (obesity), and cognitive impair-

ments in the adult period.

Keywords Hypopituitarism � Traumatic brain injury

Introduction

Recent studies have demonstrated that hypopituitarism, in

particular growth hormone (GH) deficiency, is common

among survivors of traumatic brain injury (TBI) tested

several months or years following head trauma [1–7]. In

addition, it has been shown that post-traumatic neuroen-

docrine abnormalities occur early and with high frequency

[8, 9]. These findings may have significant implications for

the recovery and rehabilitation of patients with TBI.

Although data emerging after 2000 demonstrate the rele-

vance of the problem, in general there is a lack of aware-

ness in the medical community about the incidence and

clinical repercussions of the pathology. Most, but not all,

head trauma associated with hypopituitarism is the result of

motor vehicle accidents. The subjects at risk are those who

have suffered moderate to severe head trauma although

mild intensity trauma may precede hypopituitarism also.

Particular attention should be paid to this problem in

children and adolescents. We report a young female who at

age 7 years was diagnosed as idiopathic diabetes insipidus,

at age 12 years was investigated for short stature and

diagnosed isolated growth hormone deficiency (GHD).

Later she developed central hypogonadism and further

central hypothyroidism. Finally at age of 26 years, with

more in-depth questioning of parents she was diagnosed as

TBI-induced hypopitutarism and diabetes insipidus.

Case report

Female patient, age 26 years was referred for endocrine

evaluation. She complained of weakness, mild headache,

periorbital and ankle swellings, weight gain and hyperten-

sion. At age 7 years diabetes insipidus was diagnosed and
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considered idiopathic. At the age of 12, due to the short

stature, she was investigated by pediatric endocrinologist

and GHD was diagnosed, without any other anterior pituitary

hormone deficiency. She was not treated with GH replace-

ment, grew spontaneously 2–3 cm per year and reached adult

height of 151 cm. At age 13 years she was staged Tanner

2 yet she did not proceed through puberty and remained a-

menorrhoeic till age 18 years when she was diagnosed as

hypogonadotropic hypogonadism. Ultrasound appearance of

ovaries and uterus was normal. She was replaced with go-

nadal steroids, but she suffered severe weight gain. At age

19 years, low levels of T4 with normal TSH were found,

central hypothyroidism was diagnosed and she was replaced

with L-thyroxine. Family history was positive for obesity,

arterial hypertension and dyslipidemia (both parents).

When this time at age 26, past history was taken with

more in-depth questioning. Patient’s father recollected that

at age 7 years (prior to diabetes insipidus), his daughter fell

on head from bed. Parents took her to see the doctor who

considered this to be mild head trauma (concussion) with

no need for further follow-ups. This event was since con-

sidered non-relevant and not mentioned before.

Clinical characteristics and body composition

On admission, she was of 151 cm height, extremely obese

with body weight of 92 kg and BMI 40 kg/m2, with central

type of obesity (WHR 0.92) and mild periorbital and ankle

edemas. Other physical findings were unremarkable.

Clinical characteristics of the patient are shown in

Table 1. Combined dyslipidemia was found and leptin le-

vel was increased according to the BMI. Body composition

was estimated by bioelectrical impendance tests (BIA) with

predominant adipose tissue.

Endocrine evaluation

Hormones at baseline are shown in Table 2. Low levels of

IGF-I and IGF-BP3 were compatible with the diagnosis of

GHD. Low-gonadotropin levels at baseline with low-serum

estradiol level in our amenorrhoeic patient were in favor of

central hypogonadism. Low level of FT4 with normal TSH

level confirmed central hypothyroidism. ACTH level was

normal, as well as morning cortisol level, which confirmed

normal adrenocortical function. Mild hyperprolactinemia was

found increased. Central diabetes insipidus was confirmed.

She was retested now (at age 26 years) for GH secretion

by two provocative tests namely, the insulin tolerance test

(ITT), with peak GH level 0.1 lg/l (Fig. 1) and potent

combined test GHRH+GHRP-6 with peak GH level 4.9 lg/l

(Fig. 2). Both tests confirmed severe GHD. GnRH test

confirmed central hypogonadism (peak LH response 4.25

IU/l).

Imaging study

MRI revealed the absence of TW1 hyperintensity in the

posterior part of the pituitary, as well as hypothalamo-

pituitary disconnection. The pituitary is atrophic (Fig. 3).

Neuropsychological testing

On psychological testing mild anxiety with compulsive

structure, with emotional and social immaturity were

found. Cognitive functioning was slightly impaired, with

disturbances in efficacy and concentration.

Table 1 Clinical characteristics, body composition and biochemical

data in TBI patient

Variables Values Normal range

Height (cm) 151.0 –

Body weight (kg) 92.0 –

Body mass index (BMI) (kg/m2) 40.0 –

Waist to hip ratio (WHR) (cm) 0.92 –

Blood pressure (BP) (mmHg) 140/90 –

Bioelectrical impedance test (BIA)

Fat (kg) 54.4 –

Fat (%) 59.8 –

LBM (kg) 36.5 –

TBW (kg) 26.7 –

Leptin (ng/ml) 22.0 –

Lipids and lipoproteins (mmol/l)

Total cholesterol 8.56 4.00–5.20

Tryglicerides 2.52 £1.70

High-density lipoproteins (HDL) 0.60 >1.50

Low-density lipoproteins (LDL) 6.82 <3.50

Fasting glycemia (mmol/l) 4.60 3.3–5.5

Fasting insulinemia (mU/l) 11.60 2.6–24.9

Table 2 Endocrinological findings in TBI patient

Hormones at baseline Values Normal range

IGF I (ng/ml) <25.0 117–329

IGF-BP3 (lg/ml ) 1.8 3.5–7.6

FSH (IU/l) 1.44 3.5–12.5

LH (IU/l) 2.8 2.4–12.6

Estradiol (nmol/l) 0.121 21.76–214.8

FT4 (pmol/l) 11.8 9.4–23.1

FT3 (pmol/l) 2.9 2.5–6.5

TSH (mU/l) 1.35 0.41–5.12

ACTH (pmol/l) 25.6 <46

Cortisol (morning, nmol/l) 626.0 171–650

PRL (ng/ml) 32.9 6.0–30.0

Plasma osmolality (mOsm/kg/H2O) 285.0 270–300

Urine osmolality (mOsm/kg/H2O) 255.0 30–1,300

Endocr (2007) 31:268–271 269



In conclusion, TBI-induced hypopitutarism with diabetes

insipidus was diagnosed. In this case, auto-immune pitui-

tary alteration or idiopathic cause should be considered in

differential diagnosis of hypopituitarism, but with low

probability. Metabolic syndrome (central obesity, dyslipi-

demia, hyperuricemia, and arterial hypertension) was also

present and could be due to long standing GHD or to the

TBI itself. The patient was treated with low-calorie diet,

statins and was replaced with L-thyroxine. Gonadal steroids

were withheld due to severe weight gain and hypertension.

Discussion

A number of patients who suffered brain trauma are cur-

rently without specific care while TBI-mediated hypopi-

tuitarism is underdiagnosed and untreated. When such

patients or their families are asked specific questions with

the aim to facilitate to recollect previous head trauma, then

a history of head trauma is obtained. Thus, our patient was

diagnosed only after in-depth questioning of her family.

This has also been recently shown for several patients with

unexplained central hypothyroidism [10].

The evolving hypopituitarism in our patient was also

interesting. She was diagnosed as isolated GH deficiency at

age 12 years. Patients with childhood-onset GH deficiency

should be retested as adults before committing them to

long-term GH replacement and our patient upon retesting

was GH deficient [11–13]. Nevertheless she achieved adult

height without GH replacement. Growth without GH has

been attributed to obesity (hyperinsulinemia). Since our

patient became severely obese, and because of the diffi-

culty in assessing GH/IGF-I axis in morbid obesity, she

was retested using the most potent provocative test, the

combined GHRH plus GHRP-6 shown to be effective

provocative stimulus for GH secretion in obesity [14]. The

stimulated GH level was significantly lower than the cut-

off for this test, GH < 10 lg/l. Accordingly with the

insulin tolerance test, the stimulated GH level was signif-

icantly lower than the cut-off, GH < 3 lg/l, and together

with IGF-I values below 2 SDS, severe GHD was recon-

firmed. For the assessment of the GH–IGF axis in TBI

patients, plasma IGF-I concentration, plus dynamic testing

Fig. 1 Growth hormone (GH) during ITT in the patient with TBI and

hypothalamo-pituitary disconnection compared with healthy obese

women

Fig. 2 Growth hormone (GH) during GHRH + GHRP test in the

patient with TBI and hypothalamo-pituitary disconnection compared

with healthy obese women

Fig. 3 MRI of hypothalamic

and pituitary gland in T1W

sagittal (A) and coronal (B)

section showed empty sella with

pituitary atrophy, reduced signal

from posterior pituitary and

stalk was not present

270 Endocr (2007) 31:268–271



with GHRH + arginine [15], GHRH + GHRP-6 [16–19] or

glucagon test [20] is indicated. Insulin-induced hypogly-

cemia testing can be used when not contraindicated [21].

The cut-off response that defines severe GHD based on

glucagon stimulation alone is not well established [8].

Testing for growth hormone deficiency in adults has been

recently reviewed [22].

Our patient did not complete puberty and remained

amenorrhoeic till diagnosis of hypogonadotropic hypog-

onadism when she was replaced. In recent studies in long-

term survivors of TBI between 9 and 17% of subjects are

hypogonadal [23].

Mild hyperprolactinemia is in favor of hypothalamic-

pituitary disconnection confirmed by the MRI. In a recent

study, prolactin concentrations were elevated in 52% of

patients in the acute phase of TBI [8]. The frequency of

hyperprolactinemia in long-term survivors of TBI ranged

from 3 to 12% in reported series [24]. Some authors found

that PRL, a stress hormone, correlates positively with

severity of the head injury.

Subsequently, our patient was diagnosed as having

central hypothyroidism and was replaced. Other patients

with unexplained central hypothyroidism were later diag-

nosed as TBI-induced hypopituitarism [10]. Lower free

thyroxine (FT4) levels with TSH concentrations within

reference range are not unusual in TBI survivors [25].

In conclusion, pituitary failure can occur even in minor

head injuries, can evolve in time and is poorly recognized.

Occasional case reports have called attention to this entity

and reported significant cognitive improvement by

replacement with rhGH [26]. We suggest that rhGH

replacement may improve the well-being, physical, meta-

bolic, and cognitive abilities of our patient. Thus not only

patients with pituitary adenomas, but those with the history

of head trauma need endocrine evaluation.
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