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Background: We sought to determine the incidence of permanent hypopituitarism in a potentially
high-risk group: young children after structural traumatic brain injury (TBI).

Methods: We conducted a cross-sectional study with longitudinal follow-up. Dynamic tests of
pituitary function (GH and ACTH) were performed in all subjects and potential abnormalities
critically evaluated. Puberty was clinically staged; baseline thyroid function, prolactin, IGF-I, serum
sodium, and osmolality were compared with age-matched data. Diagnosis of GH deficiency was
based on an integrated assessment of stimulated GH peak (<5 ug/liter suggestive of deficiency),
IGF-1, and growth pattern. ACTH deficiency was diagnosed based on a subnormal response to two
serial Synacthen tests (peak cortisol <500 nmol/liter) and a metyrapone test.

Results: We studied 198 survivors of structural TBI sustained in early childhood (112 male, age at
injury 1.7 = 1.5yr) 6.5 = 3.2 yr after injury. Sixty-four of the injuries (33%) were inflicted and 134
(68%) accidental. Two participants had developed precocious puberty, which is within the ex-
pected background population rate. Peak stimulated GH was subnormal in 16 participants (8%),
in the context of normal IGF-l and normal growth. Stimulated peak cortisol was low in 17 (8%), but
all had normal ACTH function on follow-up. One participant had a transient low serum T,. There-
fore, no cases of hypopituitarism were recorded.

Conclusion: Permanent hypopituitarismis rare after both inflicted and accidental structural TBlin early
childhood. Precocious puberty was the only pituitary hormone abnormality found, but the prevalence

did not exceed that of the normal population. (J Clin Endocrinol Metab 97: 599-604, 2012)

raumatic brain injury (TBI) is a common event in
T childhood. Incidence is best assessed by prospec-
tive population studies, such as the Christchurch Birth
Cohort study, which reported that a third of the pop-
ulation had sustained TBI by 25 yr of age (1). The over-
all incidence was 1.75 per 100 per year, with 30% of
injuries recurrent and 10% defined as moderate to se-
vere (1). The New Zealand incidence of inflicted TBI
(shaken baby syndrome) is conservatively estimated as
15-20 per 100,000 infants per year (2) but is likely to be
greatly underreported.
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The prevalence of hypopituitarism after TBI is poorly de-
fined, particularly in childhood. A recent meta-analysis of
adult TBI data reported the rate of long-term hypopituitar-
ism as 27.5%, most commonly affecting GH or gonadotro-
pins (3). The few childhood TBI studies have reported a
highly variable rate of hypopituitarism (5-61%) (4-10). All
have been small studies (n < 50) and used nonstandardized
methods to assess and diagnose pituitary function. Routine
pituitary assessment after moderate to severe TBI has been
recommended for adult populations (11) and extrapolated
to children as well (12).

Abbreviations: BMI, Body mass index; CV, coefficient of variation; GCS, Glasgow Coma
Scale; IGFBP-3, IGF-binding protein 3; SDS, so score; TBI, traumatic brain injury.
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The mechanism of traumatic hypopituitarism is pro-
posed to be vascular. The pituitary gland is suspended on
a stalk and potentially mobile. Long hypophyseal vessels
traverse the stalk and supply the anterior pituitary via a
latticework of portal vessels. These small perforating ves-
sels may be vulnerable to shearing injury from sudden
acceleration-deceleration forces. The pattern of anterior
pituitary infarction, seen in up to a third of fatal head
injuries, corresponds to areas supplied by portal vessels
(13). Inflicted injuries can be caused by shaking or impact
(or a combination of both), and either mechanism can
produce identical pathological changes in the brain (14).
The mechanisms by which inflicted TBI is produced, and
the anatomy of the infant head and neck, may make in-
fants particularly vulnerable to pituitary injury (14).

TBI is a heterogeneous condition, and current methods
of grading are poorly predictive of pituitary dysfunction.
The Glasgow Coma Scale (GCS) is widely used to define
severity (15), although a variety of factors such as interval
to hospital presentation, prehospital interventions, and
limited interobserver reliability can affect scores (16, 17).
Scoring preverbal children presents further difficulty (18),
and a single score may be less meaningful after the re-
peated injury commonly seen in inflicted TBI (19). Struc-
tural TBI is likely to be a more robust way to define sig-
nificant head injury, and therefore predict pituitary
damage, in young children.

There are no robust studies examining the prevalence of
hypopituitarism in children after TBI. Thus, we aimed to
determine the prevalence of hypopituitarism in a poten-
tially high-risk group: young children after structural TBI.

Subjects and Methods

Starship Children’s Hospital is the only hospital in New Zealand
with a dedicated pediatric intensive care unit as well as being the
regional neurosurgical pediatric center for the Auckland region.
Admissions after accidental or inflicted TBI were identified from
both the Hospital’s Trauma (2000-2010) and Child Protection
(1992-2010) databases. Cases were eligible if structural TBI had
occurred within the first 5 yr of life and more than 12 months
previously. Structural TBI was defined as the presence of skull
fracture, intracranial hemorrhage (extradural, subdural, sub-
arachnoid, or intraventricular), or cerebral injury (contusion,
infarct, edema, or diffuse axonal injury) reported on computer-
ized tomography or magnetic resonance imaging scan. Exclusion
criteria were death during or after admission, residence outside
of New Zealand, age under 3 yr at assessment, or pituitary dys-
function that predated TBI.

All children with inflicted TBI met the following criteria:
structural TBI, injuries incompatible with the history (20), care-
ful evaluation by the multidisciplinary child protection team, and
notification to the statutory authorities. Functional TBI severity
was assessed as per GCS (15), whereas structural TBI was graded
according to the Abbreviated Injury Scale (21).
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Assessments were performed at the Liggins Institute, University
of Auckland. Height was measured to the nearest 0.1 cm using a
Harpenden stadiometer. Pubertal staging was assessed as per Mar-
shall and Tanner (22). Reported or measured parental heights were
recorded. Height and height velocity sp scores (SDS) were derived
from Tanner/Whitehouse reference data (22), and body mass index
(BMI) SDS according to British 1990 standards (23).

Baseline fasting serum samples were taken for analysis of IGF-I,
IGF-binding protein 3 (IGFBP-3), TSH, free T, free T;, prolactin,
sodium, and osmolality. Dynamic tests were used to evaluate GH
and ACTH sufficiency. Clonidine (150 pg/m?) was administered
orallyand GH samples drawn at 0, +30, +60, +90, and +120 min.
Intravenous arginine (6.5 ml/kg of 10% solution) was then admin-
istered and additional samples drawn at +150 and +180 min. Low-
dose Synacthen (1 ug as an iv push) was also given at baseline and
cortisol measured at 0, +30, and +60 min. An additional gonad-
otropin stimulation test (GnRH, 100 pg) was performed in children
with clinical evidence of precocious puberty, and LH and FSH mea-
sured at +30 and +60 min.

A Roche (Indianapolis, IN) E170 Modular laboratory ana-
lyzer using chemiluminescence was used for cortisol [coefficient
of variation (CV) 6 %], TSH (CV 5%), free T, (CV 7%), and free
T; (7%). A Roche Modular ISE laboratory analyzer measured
serum sodium and serum osmolality. A Siemens Immunlite 2000
(Siemens, Los Angeles, CA) using immunochemiluminescence
was used for GH (CV 5%), IGF-I (CV 8%), prolactin (CV 5%),
LH (CV 13%), and FSH (CV 12%). A Bioclone RIA kit (Bio-
clone, Marrickville, NSW, Australia) measured IGFBP-3 (CV
8%) and 11-deoxycortisol (CV 20%).

Hypopituitarism was defined as deficiency in one or more pi-
tuitary hormones. Baseline hormone values were compared with
age-, sex-, and (where appropriate) pubertal stage-adjusted normal
reference ranges provided by Auckland Healthcare Laboratory Ser-
vices. All participants with abnormal results underwent further
comprehensive review. The diagnosis of GH deficiency was based
on the integrated assessment of stimulated GH peak, IGF-I,
IGFBP-3, and growth parameters. Growth velocity was monitored
over a minimum of 6 months among participants with peak stim-
ulated GH below 5 pg/liter, which is New Zealand’s adopted cutoff
for possible childhood GH deficiency based on current assay (24).
Estrogen priming was reserved for repeat GH tests in prepubertal
participants (ethinyl estradiol 40 ug/m? orally taken for 2 d before
assessment). The diagnosis of ACTH deficiency was based on con-
sistently subnormal results. Participants with peak stimulated cor-
tisol below 500 nmol/liter underwent a second low-dose Synacthen
test, and those with a second subnormal response underwenta short
metyrapone test (oral metyrapone 30 mg/kg, maximum of 2 g,
taken at 2300 h). Blood samples were obtained the following morn-
ing, and a normal response was defined as the sum of cortisol plus
11-deoxycortisol higher than 450 nmol/liter and ACTH higher than 20
pmol/liter (25). Possible precocious puberty was defined in girls as Tan-
ner stage 2 breast development at under 8 yr or onset of menstruation
at under 9.5 yr and in boys as testicular volume of at 4 ml or more at
under 9 yr of age. Confirmation was obtained via pubertal level of sex
steroids and stimulated LH peak higher than 10 IU/liter.

Data are presented as mean * sp. Two-tailed x* tests with
Yates correction were used to assess whether the frequency of
precocious puberty among boys and girls who suffered TBI was
greater than normal, based on reference data from the Danish
national database (26).

This study was approved by the hospital (Auckland District
Health Board) and regional (Northern X) ethics committees.
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Written informed consent was obtained from guardians of all
participants.

Results

This study identified 770 TBI admissions of children under
5 yr of age. A total of 156 children had no structural TBI,
42 were deceased, and an additional 127 were excluded
due to either young age or geographical distance from the
testing center. A total of 175 could not be contacted, and
270 were invited to participate. Sixty-seven declined, the
most common reason being no concern about the child’s
health or development. Five others were excluded because
secure venous access could not be obtained. As a result,
198 participants were studied, whose baseline character-
istics are outlined in Table 1.

Sixty-four participants (32%) sustained inflicted and
134 (68 %) accidental TBI. Computerized tomography re-
ports were available for all but three participants and mag-
netic resonance imaging scans for 34%. Intracerebral
hemorrhage (66 %), cerebral injury (66 %), and skull frac-
tures (70%) occurred in most. Most subjects had severe to
critical structural TBI, although just under half had mod-
erate to severe injury by GCS (Table 1). Specific pituitary
abnormality (posterior hemorrhage) was reported in only
one case and was associated with transient diabetes insip-

TABLE 1. Baseline characteristics of participants
(n =198)
Characteristic Data

Age at injury (yr) 1.7 =15
Gender (M/F) 116/82
Cause of injury

Fall 72 (36%)

Abuse 64 (32%)

Motor vehicle accident 43 (22%)

Other 19 (10%)
GCS at time of injury

13-15 (mild) 109 (55%)

9-12 (moderate) 35 (18%)

3-8 (severe) 54 (27 %)
Structural TBI (assessed by AlS)

Moderate-serious (AIS 2-3) 78 (39%)

Severe-critical (AIS 4-5) 120 (61%)
Intensive care admission 77 (40%)
Acute surgical intervention? 47 (24%)
Duration of hospitalization (d) 10.5 £ 12.2
Time since TBI (yr) 6.5+ 3.3
Age at assessment (yr) 83+32
BMI SDS 09+13
Height SDS 05=+13
Height SDS — MPH SDS 03+x14

Data are mean = sp, n (percent), or ratio. AlS, Abbreviated Injury Scale;
F, female; M, male; MPH, mean parental height.

2 Mass evacuation or drain inserted.
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idus. Average length of stay in hospital was 10.5 d, and
40% were admitted to intensive care (Table 1).

Endocrine evaluation

Patients were assessed 6.5 = 3.2 yr after injury, at an
age of 8.3 = 3.3 yr. A total of 170 participants (85%)
were Tanner stage 1-2, 22 (11%) stage 3—4, and six
(3%) stage 5. Chronic illness included asthma (eight
participants reported taking low-dose inhaled steroids),
medically treated ADHD, congenital cardiac disease, and
achondroplasia (height SDS —4.8, omitted from auxo-
logical analysis). Endocrine assessment was complete in
191; four participants declined GH stimulation tests, and
one additionally declined the Synacthen test. Thyroid
function was not available in three cases.

GH-IGF-I axis

Peak GH response to arginine-clonidine was 14.4 = 7.8
pglliter. GH peak was under 10 pg/liter in 65 subjects
(33%) and under 5 pg/liter in 16 (8%). Among subjects
with GH under 5 ug/liter (with apparent GH deficiency),
mean height SDS was 1.0 = 1.2 and BMI SDS 2.8 + 0.8,
whereas both IGF-I and IGFBP-3 were within the normal
range for all subjects (Table 2). This group was followed
in growth clinics for a period of 6-36 months, and all
demonstrated normal height velocity (Table 2). Repeat
arginine-clonidine tests were performed in five cases. Re-
peat GH was more than 5 pg/liter in all but one case, likely
confounded by severe obesity (BMI SDS 4.2). None of the
subjects with short stature or who were short for their
parents’ heights had low GH or IGF-I levels. There were
six subjects (3%) who had height below —2 SDS at as-
sessment and seven (4% ) with height corrected for genetic
potential below —2 SDS. Only two subjects had short stat-
ure as assessed by both measures: one with achondroplasia
and another with spastic quadriplegia.

ACTH axis

Basal cortisol was 270 = 150 nmol/liter and peak
695 = 152 nmol/liter. Suboptimal cortisol response
(<500 nmol/liter) was seen in 17 (9 %) participants (range
304-487 nmol/liter). None of these had hyponatremia,
fasting hypoglycemia, or postural hypotension suggestive
of adrenal insufficiency. Three reported regular low-dose
inhaled steroids. Interim stress steroid precautions were
advised in all cases. All 17 underwent repeat Synacthen
tests, 13 of which achieved peak cortisol above target.
Four remained low, one declined additional assessment
(peak cortisol 490 nmol/liter), and three responded ap-
propriately to metyrapone. None were considered to have
significant ACTH deficiency.
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TABLE 2. Hormonal and growth profile of study participants with GH peak under 5 ug/liter
Age Tanner GH peak IGF-I Height Height BMI BMI HV HV  HV interval

Subject Gender (yr) stage (m g/liter) (mxg/ml) (cm) SDS  (kg/m?) SDS (cm/yr) SDS  (months)
GH1 F 14 5 2.0 (6)° 385 167.8 1.0 302 25 ND®* NDP ND?
GH2 M 8 1 2.1(8.6)7 134 134 1.5 304 3.8 6.8 1.6 9
GH3 M 7 1 2.2 (5.6 100 122 -0.8 23.9 3.1 4.7 -0.8 31
GH4 M 12 1 2.3 144 159 1.2 34.5 3.4 8.5 2.9 6
GH5 F 9 1 2.5 123 131 2.3 30.8 3.5 7.6 2.8 6
GH6 F 6 1 3.0 143 124 1.3 25 3.3 7.2 2.1 36
GH7 M 7 1 3.1 127 128 0.5 24.4 3.1 5.9 0.6 17
GH8¢ F 8 4 3.4(7.6)7 240 124 -0.9 26 2.9 3.9 =2.1 8
GH9 F 10 1 3.8 206 139 0.1 20.8 1.3 7.1 0.5 12
GH10 M 11 1 4.6 143 163.3 2.3 26.5 2.6 4.9 —0.1 6
GH11 M 7 1 4.6 142 132 0.8 23 2.8 5.5 0.1 36
GH12 F 8 1 4.7 196 132 0.6 22.3 2.2 5.9 0.6 12
GH13 M 6 1 4.8 (4.2 151 139.5 3.6 29 4.2 5.9 0.2 6
GH14 M 6 1 4.8 231 123 14 19.2 2.2 6.1 0.1 7
GH15 M 10 1 4.9 221 140 0.1 22.9 2.2 55 0.1 18
GH16 M 12 1 4.9 180 157.3 1.2 23.8 2.2 55 0.8 6

F, Female; HV, height velocity; M, male.

2 Values in parentheses refer to repeat arginine-clonidine GH tests, sex-steroid priming used for subjects GH2, GH3, and GH13.
' No data (ND) because subject GH1 had reached final adult height before the study.
© Subject GH8 has spastic quadriplegia with flexion contractures as well as precocious puberty and advanced bone age (+3 SDS), which collectively

are growth limiting independently of GH status.

Precocious puberty

One male aged 7 yr had previously been diagnosed with
precocious puberty (Tanner G3P3 with 6- to 8-ml testes,
stimulated LH peak 21.4 IU/liter, testosterone 8.9 nmol/liter,
and bone age +2 SDS), and was treated with regular depot
injections of leuprorelin acetate. One female was diagnosed
with precocious puberty at the time of assessment, with a
history of breast development at 5-6 yr and menses from 7.5
yr. She had been seen by her general practitioner and reas-
sured that her pubertal development was normal. At 8 yr, she
was Tanner B4 and had stimulated LH peak 28.1 IU/liter,
bone age +3 SDS advanced, and predicted final height 142
cm. Both had sustained severe TBI as assessed by GCS, struc-
tural injury, and clinical progress. The incidence of preco-
cious puberty among boys was one in 116 and among girls
was one in 82. Incidence among girls was no different (P =
0.42) from that of the general population (~20 in 10,000),
but there was a trend for increased incidence among boys (vs.
about four in 10,000; P = 0.063).

Other pituitary deficiencies

One female had possible mild central hypothyroidism
on initial assessment, free T, of 10.6 pmol/liter (11-22
pmol/liter), free T5 of 6.8 pmol/liter (3-10 pmol/liter), and
TSH of 1.1 mU/liter (1.6 mU/liter). She was clinically well,
and thyroid function normalized a month later (free T, of
13.3 pmol/liter and TSH of 1.4 mU/liter). No participants
had hypernatremia or high serum osmolality. One female
had a history of transient posttraumatic diabetes insipidus
and had been off treatment and asymptomatic for 3 yr at

the time of assessment. Seven subjects had mildly elevated
prolactin levels (range 370-750 mIU/liter) that were not
considered clinically significant. In one case, this was at-
tributed to risperidone, and repeat prolactin was normal
in all three cases where it was reassessed.

Discussion

We show that permanent hypopituitarism is rare after
structural TBI in early childhood in the largest such pedi-
atric study performed to date. There were two cases of
precocious puberty, but the prevalence did not exceed that
of the normal childhood population. All other apparent
pituitary hormone deficiencies were shown to be errone-
ous, when tests were repeated or considered as part of
comprehensive assessments.

Importantly, there were no cases of GH deficiency. This
finding contrasts to high rates reported by many previous
TBI studies, showing a prevalence of 11-31% among
adults (27-30) and 16-42% in small pediatric studies (5,
7,10). Whereas earlier studies have based the diagnosis of
GH deficiency entirely on GH stimulation tests, we per-
formed detailed assessments of GH, IGF-I, and growth
pattern, with recognition of obesity.

Using provocative GH tests alone and conservative in-
ternational criteria (peak GH <10 ug/liter) (31), up to
33% of our study population might have been incorrectly
diagnosed with GH deficiency. All these subjects were
overweight or obese but had normal height, height veloc-
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ity, and IGF-I level. It is common for normally growing chil-
dren to display low GH responses that may falsely suggest
deficiency (32). Stimulated GH levels are inversely associated
with BMI in childhood (33), and misleadingly low GH levels
(suggestive of deficiency) are especially common in obese
children. Nonetheless, previous childhood TBI studies
have not adjusted for confounding adiposity. In addition,
GH tests are poorly reproducible; individuals who un-
dergo repeated tests have highly variable results (34). In
our study, 80% of low GH responses were normal when
tests were repeated, and the remainder had normal IGF-I
and growth velocity. Similarly, in contrast to what is usu-
ally reported in TBI studies, we found no cases of ACTH
deficiency: 5-27% for adults (27-30) and 18-34% for
children (5, 7, 10). Once again, retesting of subnormal
ACTH results showed that these were false positives (i.e.
apparent ACTH deficiency in normal children).

Given the high-risk group we studied, it is surprising that
we observed no cases of hypopituitarism. Young children are
thought to be particularly vulnerable to the effects of accel-
eration-deceleration on the brain and cerebral vasculature
(14). Our study population was a clearly defined homoge-
neous group of young children with structural TBL It was
apparent within our cohort that significant structural injury
can be associated with mild GCS impairment. The relation-
ship between TBI severity as defined by GCS and hypopitu-
itarism has been weak and may reflect the indirect nature of
GCS as an assessment tool for pituitary damage. In addition,
a high-risk subgroup was included, children after inflicted
TBI. Inflicted brain injuries are typically repeated and severe
and affect very young infants, yet no hypopituitarism was
found. Note that these findings may not be applicable to
adolescents, whose physical characteristics and types of in-
jury more closely resemble those seen in adults.

Our data on precocious puberty were within the ex-
pected prevalence for girls. There was a trend toward a
significant increase for boys, although this was also within
the expected range. The population prevalence of preco-
cious puberty is not well described, and our reference data
were derived from the Danish national registry (26). The
authors stressed that their estimates were conservative,
particularly because they relied upon referrals to pedia-
tricians. The pathogenic mechanism of precocious pu-
berty is loss of normal childhood hypothalamic inhibition
of pituitary gonadotropins and could be anticipated to
increase after TBI. However, our study shows that the rate
of precocious puberty after TBI is unlikely to exceed that
of the normal population. Nonetheless, not all subjects in
our study had reached the normal age of pubertal onset, so
that our prevalence data might also have been an under-
estimate. Thus, although precocious puberty appears to be
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rare after TBI, prevalence should ideally be assessed by
longitudinal follow-up of a large population.

The major challenge for this study was recruitment,
mostly due to difficulty in obtaining up-to-date case con-
tact details. This was particularly challenging among chil-
dren with inflicted injuries and as the interval from TBI
increased. Overall, the rate of acceptance among those
contacted was high (75%), with probable selection bias
toward children with chronic disability, who would be
expected to be at greater risk of hypopituitarism. Another
potential limitation was the variable timing of assess-
ments. However, because the purpose of this study was to
assess the rate of permanent pituitary hormone deficiency,
all assessments were performed at least 1 yr after injury
(beyond which point the occurrence of new hypopituitar-
ismisrare) (35).Itis possible that some of our subjects had
already recovered from transient hormone deficiency, but
the significance of this would be unclear.

In conclusion, permanent hypopituitarism after TBI ap-
pears to be a very rare event. Given that all subjects with
initial tests suggestive of ACTH deficiency were normal
when reassessed, significant abnormality that would require
treatment is likely to be rare, but further evaluation of ACTH
status within a larger cohort will help to clarify this issue. In
our cohort, precocious puberty was the only pituitary ab-
normality present. We found no cases of GH deficiency that
met comprehensive assessment criteria, even though it is gen-
erally reported to be common after TBI. Because both pre-
cocious puberty and GH deficiency can be detected on clin-
ical assessment during childhood, a pragmatic approach
would be for family physicians to monitor growth and de-
velopment in children after TBIL. Invasive assessments should
be reserved for selected cases where there is slow growth or
other clinical suspicion of hypopituitarism.
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