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Object. Recognition of pituitary hormonal insufficiencies after head injury and aneurysmal subarachnoid hem-
orrhage (SAH) may be important, especially given that hypopituitarism-related neurobehavioral problems are typ-
ically aleviated by hormone replacement. In this prospective study the authors sought to determine the rate and risk
factors of pituitary dysfunction after head injury and SAH in patients at least 3 months after insult.

Methods. Patients underwent dynamic anterior and posterior pituitary function testing. Results of the tests were
compared with those of 18 age-, sex-, and body mass index—-matched healthy volunteers. The 22 head-injured pa-
tients included 18 men and four women (mean age 28 * 10 years at the time of injury) with initial Glasgow Coma
Scale (GCS) scores of 3 to 15. Eight patients (36.4%) had a subnormal responsein at least one hormonal axis. Four
were growth hormone (GH) deficient. Five patients (four men, all with normal testosterone levels, and one woman
with alow estradiol level) exhibited an inadequate gonadotroph response. One patient had both GH and thyrotroph
deficiency and another had both GH deficiency and borderline cortisol deficiency. At the time of injury, all eight
patients with pituitary dysfunction had an initial GCS score of 10 or less and, compared with the 14 patients with-
out dysfunction, were more likely to have had diffuse swelling, seen on initial computerized tomography scans
(p < 0.05), and to have sustained a hypotensive or hypoxic insult (p = 0.07). Of two patients with SAH who were
studied (Hunt and Hess Grade V) both had GH deficiency.

Conclusions. From this preliminary study, some degree of hypopituitarism appears to occur in approximately
40% of patients with moderate or severe head injury, with GH and gonadotroph deficiencies being most common.
A high degree of injury severity and secondary cerebral insults are likely risk factors for hypopituitarism. Pituitary
dysfunction also occurs in patients with poor-grade aneurysms. Postacute pituitary function testing may be war-
ranted in most patients with moderate or severe head injury, particularly those with diffuse brain swelling and those
sustaining hypotensive or hypoxic insults. The neurobehavioral effects of GH replacement in patients suffering from

head injury or SAH warrant further study.
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sideration in the acute or long-term management of
patients sustaining traumatic brain injury or aneu-
rysma SAH. However, both head injury and SAH pose
significant risk to pituitary function, given the gland's
bony encasement within the sella turcica, its delicate in-
fundibular hypothalamic structures, and its vulnerable

P ITUITARY function assessment is an infrequent con-

Abbreviations used in this paper: ACTH = adrenocorticotropic
hormone; AVP = arginine vasopressin; BMI = body mass index;
CPP = cerebral perfusion pressure; CT = computerized tomogra-
phy; DI = diabetes insipidus; FSH = follicle-stimulating hormone;
GCRC = Genera Clinical Research Center; GCS = Glasgow Coma
Scae; GH = growth hormone; GnRH = gonadotropin-releasing
hormone; GOS = Glasgow Outcome Scale; ICP = intracranial pres-
sure; IGF-I = insulin-like growth factor I; ITT = insulin tolerance
test; LH = luteinizing hormone; RIA = radioimmunoassay; SAH =
subarachnoid hemorrhage; TRH = thyrotropin-releasing hormone;
TSH = thyroid-stimulating hormone; UCLA = University of Cali-
forniaat Los Angeles.
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vascular supply.t”# Autopsy reports published more than
30 years ago showed that up to one third of fatally head
injured patients sustained anterior pituitary gland necro-
sis. 12164 Degpite these studies and numerous case reports
of patients with posttraumatic hypopituitarism,8242529.334448,
4952 progpective cohort studies of trauma-induced pituitary
failure have never been performed. Reports on pituitary
dysfunction after aneurysmal SAH are even more limited
and have only contained descriptions of the direct me-
chanical effects of an aneurysm compressing the pituitary
gland;? the effects of the SAH per se on pituitary function
have never been studied. Consequently, the rate, risk fac-
tors, and clinical significance of neuroendocrine deficits
after head injury and SAH are unknown.

Of particular interest is the observation that the chronic
neurobehavioral problems and quality of life complaints
that plague many patients with head injury34% or
SAH®8 are often strikingly similar to those of patients
who have adult-onset hypothyroidism, hypoadrenalism,
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TABLE 1
Comparison of head-injured patients and healthy volunteers*
Head-Injured Healthy Volun-
Factor Patients (total 22) teers (total 18)
age (yrs) at time of testing 31+ 10 33x9
sex (female/male ratio) 4:18 4:14
BMI (kg/m?) 251+ 65 25.7 + 3.9

* Age and BMI values are expressed as the means 6 standard deviation.

hypogonadism, and GH deficiency.»35131853598 Endaocri-
nopathy, however, israrely considered a potential cause of
these problems and, instead, the primary brain injury and
secondary cerebral insults are typicaly blamed. This al-
ternative neuroendocrine explanation, either as a primary
factor or afactor coexisting with the residual effects of the
brain injury, may be relevant to many victims of head in-
jury or SAH, given that hypopituitarism-related neurobe-
havioral problems are generally improved with hormone
therap .5,7,10,53,66

In this preliminary study, we sought to determine the
rate and risk factors of chronic pituitary dysfunction after
head injury, and included the results of the first two pa-
tients with aneurysmal SAH who were studied. It was hy-
pothesized that the most common deficiencies would be
of the somatotroph and gonadotroph axes, given that these
cells are known to be particularly vulnerable to a variety
of insults, including pituitary apoplexy, irradiation, and
trauma.2447585 |t was also hypothesized that injury severi-
ty, as measured by the patient’sinitial neurological status,
CT findings, and secondary cerebral insults, would corre-
late with the extent of hormonal failure. To address these
hypotheses, patients who were in the chronic phase af-
ter head injury or SAH underwent pituitary function test-
ing and the results were compared with those of a healthy
age-, sex-, and BMI-matched control group. Patients with
and without hypopituitarism were compared in terms of
injury-specific and patient-specific factors to determine
risk factors for pituitary dysfunction.

Clinical Material and M ethods

This protocol was reviewed and approved by the in-
vestigational review boards of both the UCLA Medica
Center and the Harbor-UCLA Medica Center (Research
and Education Institute), and by the National Institutes of
Health—funded GCRCs of both institutions.

Eligible patients included adult head-injured patients
admitted to UCLA or Harbor-UCLA Medical Centers
within 48 hours after injury, who had sustained a closed or
penetrating injury that was deemed moderate or severe by
GCS criteria (postresuscitation GCS Scores 3—-12 or GCS
Scores 13-15 in cases in which abnormalities were dem-
onstrated on the CT scan). With the exception of two
patients injured in 1976 and in 1985, dl patients were
treated in accordance with both a Level | trauma center
protocol and the “Guidelines for the management of se-
vere head injury.”® Management of patients with an aneu-
rysmal SAH is discussed later in Results. To avoid the
confounding effect of aging, patients older than 60 years
of age were not included, because after age 55 years, se-
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cretion of GH decreases, resulting in lower average GH
and |GF-I levels,* and because gonadal steroid levelsalso
decrease with aging.t3#

Patient Demographics

Over the last 18 months, 22 patients with head injuries,
two patients with aneurysma SAHSs, and 18 healthy vol-
unteers underwent pituitary function testing. The 18 male
and four female head-injured patients ranged in age from
16 to 52 years (mean 28 + 10 years) at the time of injury
and from 20 to 52 years (mean 31 = 10 years) at thetime
of pituitary function testing; the patients initidd GCS
scores ranged from 3 to 15. They were well matched to the
control group in terms of age, sex, and BMI (Table 1). Pa
tients were studied from 3 months to 23 years after inju-
ry, with the median interval between injury and study
being 26 months; eight patients were studied within 3to 7
months after injury, 12 were studied between 17 months
and 5 years after injury, and two were studied at 15 and 23
years postinjury. Fourteen of the 22 patients were enrolled
in observational studies in either a previous (1992-1996)
or ongoing (1998 to 2002) UCLA Brain Injury Research
Center program project.

Healthy Volunteers

A control group was recruited, composed of 18 healthy
age-, sex-, and BMI (weight/height?)—matched individu-
as. Age and BMI were matched within 3 years and with-
in 2 units, respectively. The control group was considered
necessary to establish normal reference ranges for pitu-
itary stimulation tests performed for this study and for the
specific hormone assays previoudly validated at the Har-
bor-UCLA GCRC Core Laboratory.

Risk Factors of Chronic Pituitary Dysfunction and
Outcome

The following factors were analyzed: patient age, sex,
initial postresuscitation GCS* score, pupillary reactivity,
presence of hypotension (systolic blood pressure < 90
mm Hg) or hypoxia (PaO, < 60 mm Hg) within 24 hours
after injury, the presence of early DI, and the presence
of major pathological findings on the first two CT scans
had been obtained. These diagnoses included perimes-
encephalic cistern effacement, diffuse swelling, diffuse
swelling with a midline shift greater than 4 mm, diffuse
injury with punctate hemorrhages, SAH, evacuated mass
lesions (epidural, subdural, and/or intracerebra hema-
tomas), multiple contusions, and gunshot wounds. The
severity of |CP and reduced CPP were determined by col-
lecting hourly measurements of 1CP and CPP and by com-
puting the mean daily values and the number of hours dur-
ing which ICP was higher than 20 mm Hg and CPP was
lower than 70 mm Hg for each patient. Long-term out-
come was defined using the GOS.4 For the two patients
with aneurysmal SAH, aneurysm location, Hunt and Hess
clinical grade,® Fisher SAH grade,? and presence or ab-
sence of vasospasm or hydrocephal us were recorded.

Pituitary Function Testing

Anterior Pituitary Function Tests. Because anterior pitu-
itary dysfunction is most accurately diagnosed using dy-
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namic pituitary testing, such testing was implemented in
this study.»% The following tests were performed: 1) an
ITT to assess corticotroph and somatotroph secretion by
measuring cortisol and GH levels, respectively; 2) aTRH
stimulation test to assess levels of TSH and lactotroph
(prolactin) response; and 3) a GnRH stimulation test to
assess gonadotroph function, by measuring LH and FSH.
All patients and volunteers were tested in the GCRC at
either Harbor—UCLA or UCLA Medica Center between
8 am. and 12 noon after an overnight fast. Blood was
drawn 30 minutes before (—30 minutes) and at the time of
dynamic pituitary testing (O minutes) to obtain baseline
values, as well as every 30 minutes after testing for the
next 2 hours (Table 2). For the thyrotroph and gonado-
troph tests, 500 p.g TRH and 100 wg GnRH were admin-
istered intravenoudy at Time O. For the ITT, 0.1 U/kg in-
sulin was administered in an intravenous push at Time 0
to induce a fal in the blood glucose level to 40 mg/dl or
less. Additional insulin (0.025 U/kg) was given if thislev-
el was not reached within 30 minutes and if the patient did
not demonstrate symptoms of hypoglycemia. The risk of
marked hypoglycemia was minimized by confirming that
patients had a normal concentration of serum glucose pri-
or to insulin injection and by having a 50% glucose so-
lution at bedside. As a prescreening measure for the ITT,
within 1 week before undergoing ITT, patients and vol-
unteers underwent testing to measure fasting glucose and
cortisol levels, aswell asthe level of anticonvul sant med-
ication if the patient was receiving it. If a patient had ex-
perienced seizures in the past and was receiving anti-
convulsant medication, therapeutic levels were confirmed
before the ITT commenced.

Posterior Pituitary Function Assessment. At Time O,
the following measurements were collected: serum sodi-
um, blood urea nitrogen, creatinine, osmolality, and AVP,
as well as urine osmoldlity and specific gravity. Normal
range values are as follows: serum sodium 135 to 145
mmol/L, blood urea nitrogen 8 to 25 mg/dl, creatinine 0.5
to 1.7 mg/dl, osmolality 270 to 290 mOsm/kg, urine os-
molality 500 to 800 mOsm/kg, and specific gravity greater
than 1.005.

Hormone Assay Procedures. With the exception of tests
for serum ACTH, TSH, AVP, and thyroxine, all hormone
assays were performed at the Harbor—UCLA GCRC Core
Laboratory. Serum cortisol was measured using RIA Kkits;
the normal morning rangeis5 to 21 p.g/dl and the normal
evening range is 2 to 11 pg/dl. Serum GH was measured
using atime-resolved immunofluorometric assay; the nor-
mal adult fasting level is 0.1 to 3 ng/ml. Serum IGF-1 was
measured using RIA kits after acid/ethanol extraction of
serum; normal adult ranges are 182 to 780, 114 to 492, and
90 to 360 ng/ml for persons 16 to 24, 25 to 39, and 40 to
54 years of age, respectively. Serum tota thyroxine was
measured using an RIA kit; the normal adult range is 5.3
to 11.4 pg/dl. Serum FSH and LH were measured using
fluoroimmunometric assays. Normal adult male ranges
are1to 8.1 U/L for LH and 1 to 6.9 U/L for FSH. For
women, the normal LH increase after GnRH is at least 10
mlU/ml. Serum prolactin was measured using an RIA; the
normal rangeis 1.6 to 21.1 ng/ml. Serum testosterone was
measured using a different RIA after extraction; the nor-
mal adult male range is 298 to 1043 ng/dl. Serum estradi-
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TABLE 2

Schedule for drawing blood to test hormone levels in anterior
pituitary function testing

Timing W/ Respect to Dynamic Pituitary Testing*

Hormone Tested  —30 Mins 0 Mins 30 Mins 60 Mins 90 Mins 120 Mins
GH + + + + + +
IGF-I1 +
cortisol + + + + + +
TSH + + + +
thyroxine +
LH & FSH + + + + + +
prolactin + + + +
estradiol (women) +
testosterone (men) +

* See Anterior Pituitary Function Tests for details.

ol was measured using a direct assay without extraction;
the normal adult female range during the early follicular
phaseis 20 to 150 pg/ml. Plasma ACTH, AVP, and serum
TSH were sent to the Nichol s Ingtitute (San Juan Capistra-
no, CA) for testing. Plasma ACTH was measured using an
immunoradiometric assay; the normal adult range in the
morning is 9 to 52 ng/ml. Plasma AV P was measured us-
ing an RIA after extraction; the normal rangeis 1to 13.3
pg/ml. Serum TSH was measured using an immunoche-
moluminescence assay; the normal adult range is 0.4 to
4.2 mU/L.

Satistical Analysis

Computing the Normal Range. Because hormone vari-
ables have a log-normal distribution, determination of
normal ranges from the control group was based on the
mean and the variance of the log-transformed data. The
95% confidence limit for the mean of the log data at mul-
tiple time points (0—120 minutes) and for the area under
the curve was determined. Values were transformed back
to their original units to define the normal range for each
variable. Values for LH and FSH were analyzed separate-
ly for men and women, and were further subdivided for
pre- and postmenopausal women. Because there was an
insufficient number of women in the control group (total
of four) for a statistically valid comparison, the determi-
nation of whether the gonadotroph responses of the four
women with head injuries and the two patients with SAH
were normal, was based on established normal ranges for
LH, FSH, and estradiol levels.

Rate of Hypopituitarism. Each individual patient’s re-
sponse for a given hormonal axis was compared with the
normal range. Responses were declared insufficient in a
given pituitary axis if the area-under-the-curve value de-
termined from O to 120 minutesfell below the normal con-
trol range. The overal rate of dysfunction for each axis
was calculated on the basis of these criteria.

Between-group analyses of continuous variables were
assessed using Student’s t-test. Percentage comparisons
were made with Fisher’'s exact test. All variances are ex-
pressed as standard deviations.

Sources of Supplies and Equipment
Serum cortisol concentrations were measured using an
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TABLE 3
Summary of patients with pituitary dysfunction*
Age Mean Hrs
Case  (yrs), GCS GOS Hypo-  Hyp- ICP  ICP>20
No. Sext Deficiencyf Interval§ Score Score|| CT Diagnosis Pupils tension oxia (mmHg) mmHg
1 25, M FSH 61 10 4 DSWS, GSW, ICH, SAH normal no no 18 5
2 24, M LH, FSH 30 3 3 DS, SDH, EDH, SAH normal yes no 15 10
3 27, M LH, FSH 31 8 4 DSWS, SDH, SAH, MCx, DIPH, Fx abn no yes 17 70
4 18, M LH, FSH 178 6 3 DS, MCx abn yes yes — —
5 21, M GH 35 8 5 DSWS, DIPH, Cx, bas Fx** abn no yes 9 0
6 27, F GH, LH 7 7 4 DSWS, EDH, SAH, bas Fx abn yes yes 15 9
7 22, M GH, cortisoltt 5 5 3 DSWS, SDH, MCx, Fx abn yes yes 18 42
8 34, M GH, TSH 5 4 3 DS, SAH, MCx, Fx abn no yes 18 122

* Abn = abnormally reactive; bas Fx = basilar skull fracture; Cx = contusion; DIPH = diffuse injury with punctate hemorrhages; DS = diffuse swelling (no
shift); DSWS = diffuse swelling with shift; EDH = epidural hematoma; Fx = skull fracture; GSW = gunshot wound; ICH = intracerebral hematoma; MCx =

multiple contusions; SDH = subdural hematoma; — = ICP was not monitored.

T Age = age at time of head injury.
¥ Deficiency = pituitary axes affected.
§ Interval = months between injury and pituitary function testing.

|| Glasgow Outcome Scale scores: 5 = good recovery; 4 = moderate disability; 3 = severe disability.

** Basilar fracture extended through sella turcica.
Tt Borderline cortisol deficiency.

RIA kit manufactured by ICN Biomedicals, Inc. (Costa
Mesa, CA) and serum IGF-I levels were measured using
an RIA kit obtained from Nichols Institute (San Juan Cap-
istrano, CA). The RIA used to measure serum prolactin
levels included reagents purchased from DSL (Webster,
TX) and the RIA used to measure serum testosterone lev-
els included reagents obtained from ICN Biomedicals,
Inc., which also provided the reagents included in the di-
rect assay of serum estradiol. Monoclonal antibodies used
in the immunofluorometric assay performed to measure
serum GH levels were obtained from Seradyn (Indianapo-
lis, IN) and Delfiareagents used in the fluoroimmunomet-
ric assays of serum FSH and LH were provided by Wallac
(Gaithersburg, MD).

Results
Rate of Pituitary Dysfunction

Eight head-injured patients (36.4%) had a subnormal
responsein at least one hormonal axis (Table 3), including
five patients (22.7%) with two axes deemed deficient and
one patient with GH deficiency and borderline cortisol de-
ficiency (Case 7).

Growth Hormone. Four (18.2%) of 22 patients had an
inadequate GH response to the ITT (Cases 5-8). In each
of these patients the GH value was below the 95% confi-
dence limit according to area-under-the-curve criteria, and
inal four patientsthe peak GH levelswere 5 ng/ml or less
(Fig. 1). Ages for these three men and one woman ranged
from 21 to 34 years at thetime of injury; they were al test-
ed aminimum of 5 months postinjury and al had had ini-
tial GCS scores of 8 or less. Each had sustained a hy-
potensive or hypoxic insult and had diffuse swelling as
evidenced on the initial CT scan and at least one abnor-
mally reactive pupil on initial resuscitation.

Intwo additiona patients GH valuesfell below the low-
er limit of the control range values, but not the 95% con-
fidence limit, and peak GH values were less than 7.5 ng/
ml. These two patients were considered to be borderline
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GH deficient and will undergo repeat testing. In a29-year-
old woman studied at 13 months postinjury, the GH val-
ues fell below the 95% confidence limit (peak GH of 4.5
ng/ml); however, on retesting at 17 months postinjury, the
values had risen into the low normal range with apeak GH
value of 9.1 ng/ml. This patient appears to have recovered
somatotroph function. Mean IGF-I values were similar
among the patients with GH deficiency (255 = 90 ng/L),
patients without GH deficiency (264 = 78 wg/L), and the
healthy volunteers (264 + 62 p.g/L). However, it isknown
that random IGF-1 levels are a poor diagnostic test for
adult GH deficiency.®

Corticotroph Function. Corticotroph function did not
fall below the 95% confidence limit in any patients after
ITT. However, one patient had a borderline response, with
cortisol levels at 90 minutes and 120 minutes falling be-
low the 95% confidence limits and a maximum cortisol
level of only 10.3 wo/dl (Fig. 2). This patient (Case 7) was
also one of four patients with GH deficiency. He was 22
years old at the time of injury and had a GCS score of 5,
diffuse swelling, multiple contusions, and alarge subdural
hematoma that required evacuation. His injury was com-
plicated by hypotension, hypoxia, and a protracted course
of intracrania hypertension and hemodynamic instabili-
ty, requiring vasopressor therapy for 12 days. He remains
severely disabled. In light of his pituitary function results
5 months postinjury, his acute postinjury courseiis, in ret-
rospect, suspicious for manifestations of partial second-
ary adrena insufficiency. However, neither cortisol nor
ACTH level was measured during the acute postinjury pe-
riod when the patient required high-dosage vasopressor
therapy.

Luteinizing Hormone and FSH. Insufficient responses
to the GNRH stimulation test were seen in four (22.2%)
of 18 men for gonadotroph function (Fig. 3; Cases 1-4).
In three patients both LH and FSH responses were insuf-
ficient and in one patient there was an insufficient FSH
response, although all of these men had normal serum tes-
tosterone levels. One of four female patients (Case 6) dis-
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Fic. 1. Time-course graph showing serum GH levels in 22
head-injured patients after insulin administration. All patients had
a confirmed serum glucose level of 40 mg/dl or less. In four pa
tients peak GH values were 5 ng/ml or less and in two patients
there was a borderline deficiency, with peak values less than 7.5
ng/ml. Stdev = standard deviation.

played a subnormal LH response (LH did not increase
by > 10 mlU/ml after GnRH administration) with a very
low estradiol level (11.6 pg/ml); sheisaso GH deficient.
She continues to have irregular menstrual periods 18
months postinjury and is being given estrogen replace-
ment therapy.

Thyrotroph Function. Only one patient (4.5%) displayed
an insufficient rise in TSH in response to the TRH stim-
ulation test (Case 8). This 34-year-old man showed a
severely blunted response to TRH (Fig. 4) and thyroxine
therapy was initiated approximately 3 months postinju-
ry because of low serum thyroxine and TSH levels. Thy-
roxine therapy was briefly suspended at 5 months post-
injury, a which time the patient was retested but again
failed to respond to TRH stimulation. He also has GH
deficiency. Similar to the patient with borderline corti-
cotroph function described earlier, this patient sustained
a severe injury (initial GCS Score 4), was hypoxic in
thefield, and had nonreactive pupils, diffuse swelling, and
multiple contusions, as demonstrated on the CT scan. He
also had a protracted course of intracranial hypertension
and difficulty maintaining CPP, requiring vasopressor
therapy for 16 days. This patient remains severely dis-
abled.

Lactotroph and Posterior Pituitary Function. In no pa-
tient was there an abnormal rise or insufficient response of
prolactin to TRH stimulation and there was no evidence of
DI in any patient based on nondynamic testing (data not
shown).

Predictors of Pituitary Dysfunction

The median GCS score of patients with and without pi-
tuitary dysfunction was 7 and there were no significant
differences between groups in age or sex distribution.
However, none of the three patients with an initial GCS
score of 13 to 15 had pituitary dysfunction. Of those with
a moderate or severe head injury (initidl GCS Score =
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Fic. 2. Time-course graph demonstrating serum cortisol levels
in 22 head-injured patients after insulin administration. Only one
patient had borderline low values, achieving a maximum cortisol
level of 10.3 pg/dl.

12), eight (42.1%) of 19 patients displayed an abnormal
response in at least one hormonal axis. As shown in Fig.
5, in al eight patients with pituitary dysfunction diffuse
swelling was apparent on the CT scan (p < 0.05) and
seven of these eight patients had sustained a hypotensive
and/or hypoxic insult (p = 0.07, statistical trend). In no pa-
tient with pituitary dysfunction was a hemorrhagic hypo-
thalamic injury observed on the CT scan, athough swell-
ing did extend into the hypothalamic region in all eight
patients, as evidenced by a compressed third ventricle.
The severity of raised ICP and reduced CPP was not sig-
nificantly different between patients with and without hy-
popituitarism. However, the two patients with the most
severe brain injuries and the most serious hormonal defi-
ciencies (Cases 7 and 8) both had ICP levels greater than
20 mm Hg sustained for more than 40 hours, and CPP lev-
elslessthan 70 mm Hg for more than 50 hours. Skull frac-
tures and evacuated hematomas occurred with relatively
equa frequency among patients with and without pituitary
dysfunction. However, one patient with a GH deficiency
had abasilar skull fracture extending through the sellatur-
cica (Case 5). The one patient in the series who had sus-
tained a crania gunshot wound had gonadotroph (FSH)
deficiency. Two patients with pituitary dysfunction had
urine specific gravities of 1.005 or less on at least one oc-
casion within 1 week of injury, suggestive of mild and
transient DI.

Outcomes in Patients With and Without Pituitary
Dysfunction

A good recovery (GOS Score 5) was achieved in only
one (12.5%) of eight patients with hormone insufficiency
compared with nine (64.3%) of 14 patients without hor-
mone insufficiency (p < 0.05). Of the 12 patients in the
cohort who remained moderately disabled (six patients),
severely disabled (five patients), or vegetative (one pa
tient), seven (58.3%) had hypopituitarism.
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Fic. 3. Time-course graphs showing serum LH (upper) and
FSH (lower) levels in 18 head-injured men after GhRH adminis-
tration. Three men displayed a deficient LH response and four a
deficient FSH response. Also note that for both LH and FSH, the

majority of patients had values that fell below the mean of the con-
trol group.

Hypopituitarism After Aneurysmal SAH

The two patients with aneurysmal SAH were both Hunt
and Hess Grade IV with Fisher CT Grade 3 hemorrhages.
The first patient, a 52-year-old woman, underwent clip-
ping of an anterior communicating artery aneurysm, was
treated for vasospasm with hypervolemia and vasopres-
sor agents, and required a ventriculoperitoneal shunt for
hydrocephalus. She remains severely disabled and was
tested 13 months after SAH. The second patient, a 29-
year-old woman, had a posterior communicating artery
aneurysm that was clipped, experienced mild vasospasm,
and required two additional craniotomies for temporal
lobe swelling. Sheismoderately disabled, but continuesto
improve and was tested 3.5 months post-SAH. Both pa-
tients are GH deficient according to the ITT criteria, and
have peak GH values lower than 5 ng/ml. All other hor-
monal axes were normal.

Discussion
Summary of Findings
In this preliminary study in which strict biochemical
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Fic. 4. Time-course graph depicting serum TSH levels (nU/ml)
in 22 head-injured patients after TRH administration. Only one pa-
tient (Case 8) exhibited an insufficient response to TRH.

criteria were used, long-term pituitary dysfunction was
demonstrated in 42% of patients who had sustained a
moderate or severe head injury, including decreased GH
secretion in 21% of patients. The rate of chronic pituitary
dysfunction in the 12 patients who remained vegetative,
severely disabled, or moderately disabled was surprising-
ly high, reaching 58%. Only one of eight patients with
hormone insufficiency achieved a good recovery accord-
ing to GOS criteria. Somatotroph and gonadotroph defi-
ciencies were most common, athough the male gonado-
troph deficiencies did not result in clinical hypogonadism.
Thyrotroph and borderline corticotroph deficiencies were
diagnosed in one patient each, both of whom were also
GH deficient. These two patients were notable for their
severe injuries and poor outcomes. Diffuse brain swell-
ing, hypotensive or hypoxic insults, and a relatively low
GCS score were associated with pituitary insufficiency.
The two patients with aneurysmal SAH, both Hunt and
Hess Grade |V, were diagnosed with GH deficiency. How
these findings relate to previous reports of posttraumatic
hypopituitarism, the pathophysiological characteristics of
pituitary failure, and the potential neurobehavioral signif-
icance of hormonal deficiencies are discussed |ater.

Sudy Design and Potential Selection Bias

Patients did not undergo pituitary function testing early
after injury because previous studies of acute anterior hor-
mone function after head injury have yielded inconsistent
results.2%25 The variability in such studies may relate to
the high physiological stress associated with trauma and
emergency pharmacological interventions. Regarding the
findings of this study, it is acknowledged that the true rate
of posttraumatic hypopituitarism may be overestimated
because of the small sample size.

Previous Reports on Posttraumatic Hypopituitarism

The relationship between head injury and subsequent
pituitary failure was first reported in 1918.%% Since the
1970s, there have been numerous case reports of both
anterioré22038444852 gnd posterior®4° pituitary dysfunction
occurring posttrauma. Most patients were in comas at
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Fic. 5. Bar graph demonstrating the frequency of potentia risk factors in patients with and without posttraumatic
hypopituitarism. Evidence of diffuse swelling on CT scans (p < 0.05, asterisk) and a hypotensive and/or hypoxic insult
(p = 0.07, pound sign) occurred more frequently in patients in whom hypopituitarism subsequently developed. Although
abnormal pupils were also observed more frequently in patients with hypopituitarism, this difference was not significant

(p = 0.18). n = number of patients.

some point during the acute phase of their injury, but some
were unconscious only briefly or had no loss of conscious-
ness.>** In most instances, pituitary failure appears to be
permanent, but, in at least two cases, recovery of function
was observed.®*® The largest case series, published in
1986, included aliterature review of 53 patients, of whom
one third were children.?* Of 20 cases in which detailed
endocrinological datawere available, the mgjority had ex-
perienced complete anterior gland failure. Specifically, al
patients were GH and gonadotropin deficient, 95% were
corticotropin deficient, and 85% were thyrotropin defi-
cient. Sixty-two percent of the patients also had increased
serum prolactin and 30% suffered permanent DI. In con-
trast, by assessing a more genera population of head-
injured patients as was done in the present study, the ex-
tent of hormonal dysfunction within patients on averageis
substantially less. Isolated or combined somatotroph and
gonadotroph dysfunctions appear to be most common,
whereas corticotroph, thyrotroph, and posterior pituitary
deficiencies are uncommon.

Pathophysiology of Posttraumatic Hypopituitarism

In this study, in al patients with pituitary dysfunction,
diffuse swelling was apparent on CT scanning and in al
except one (with a crania gunshot wound) there was evi-
dence of a hypotensive or hypoxic insult. The link be-
tween posttraumatic hypotension and hypoxia and subse-
quent brain swelling has been well established clinically®
and likely is relevant to the pathophysiology of traumatic
endocrinopathy.

In the 1960s two studies provided descriptions of pitu-
itary lesions after fatal head injury.*>* In these reports, for
atotal of 202 patients, only 26% of the specimens were
normal; 59% contained capsular hemorrhage, 31% had
posterior lobe hemorrhage, 17% had stalk hemorrhage,
3% had stalk necrosis, and one specimen had a stalk lac-
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eration. Most striking was the finding of anterior |obe ne-
crosisin 22% of patients. In the study conducted by Korn-
blum and Fisher, anterior lobe necrosis was observed in
35% of patients who survived longer than 12 hours. This
finding was observed only in specimens in which there
was accompanying brain and pituitary gland swelling and
in individuals whose injuries were complicated by shock.
The necrosis pattern always corresponded with the blood
supply of the long hypophyseal porta veins. Fed by the
superior hypophyseal arteries and other small branches of
the circle of Willis, the long portal veins pass through the
diaphragma sella, where they are vulnerable to mechan-
ical compression from both brain and pituitary gland
swelling and direct stalk injury.216174 They provide the
anterior lobe with 70 to 90% of its blood supply, predom-
inantly in its lateral aspects. In contrast, the short hypo-
physeal portal veins arise below the diaphragma sella and
supply the anterior lobe with less than 30% of its blood
supply, mostly in the media portion, and they supply the
posterior lobe. 243

Because somatotrophs are located primarily in the lat-
eral wings of the anterior |obe and gonadotrophs are found
in the pars distalis and pars tuberalis, the majority of these
two cell groups are located in the vulnerable vascular ter-
ritory of the long hypophyseal portal system. In contrast,
corticotrophs and thyrotrophs are largely found in the an-
teromedial portion of the gland,* and thereby, in the more
protected territory of the short hypophyseal portal system.
This anatomical arrangement appears to trandate into a
hierarchy of hormone failure that holds true not only for
head injury,? but also for pituitary apoplexy, surgery, and
pituitary irradiation.*"58

Other mechanisms for traumatic hypopituitarism in-
clude direct mechanical injury to the pituitary gland, the
stalk, or the hypothalamus. In this study, one patient had a
fracture that passed through the sella and may have been
afactor in the development of GH deficiency in that case.

749



Previous reports have also identified sellar fractures in
association with hypopituitarism.2¢ None of the patients
with hypopituitarism in this study experienced acute or
chronic DI, suggesting adirect stalk injury, but such cases
have been reported.®#° Although hypothalamic injuries
could theoretically lead to hypopituitarism, most individ-
uals who sustain a major hypothalamic injury probab-
ly die* Based on the findings of this study and those of
previous postmortem studies, a vascular insult may be the
most common cause of posttraumatic hypopituitarism.t’4
The pathophysiological characteristics are similar to those
of postpartum pituitary necrosis (Sheehan syndrome),
which isaso aprimary vascular event resulting from ma-
jor hemorrhage and hypotension.®* Whether endogenous
catecholamine or vasopressor therapy exacerbates pitu-
itary hypoperfusion after head injury, as is postulated to
occur in Sheehan syndrome, warrants further study.s

Neurobehavioral Impacts of Hypopituitarism and
Hormone Replacement Therapy

The significance of the association between chronic
pituitary dysfunction and poor outcome in this study is
unclear. This finding may simply reflect that, in addition
to sustaining injuries to their pituitary glands, these pa-
tients also had more severe brain injuries than patients
with normal pituitary function. However, the possibility
that untreated hypopituitarism contributes to the chron-
ic neurobehavioral problems seen in many head-injured
patients warrants consideration.?*4% |n the few case
reports described, hormone-replacement therapy in hor-
mone-deficient head-injured patients resulted in major
neurobehavioral improvements.*# The effects of ac-
quired thyrotropin and corticotropin deficiencies have
long been appreciated and replacement therapy is consid-
ered essential and highly beneficial for these hormone-
deficient individual s.15%3%

Growth Hormone

Adult GH deficiency has been linked to impairmentsin
memory, perceptua and motor skills, intelligence quo-
tient, higher anxiety levels, and alower quality of life.10
15159 |n several placebo-controlled studies of GH-defi-
cient patients who did not sustain brain injury, beneficial
effects of GH replacement included improved attention
and cognition, comprehension and vocabulary, energy
level and mood, sense of well being, and reductions in
depressive symptoms, anxiety, and fearfulness.”105162 En-
hanced quadlity of life after GH therapy has aso been
demonstrated.®*>* However, one placebo-controlled study
showed no effect of GH therapy on cognitive function and
quality of lifef The beneficial effects of GH have been
postulated to be, in part, atributable to its easy passage
into the central nervous system and its favorable effect on
brain thyroxine levels* Growth hormone's second mes-
senger, IGF-1, aso appears to play a key role in brain
development and enhances early recovery after experi-
mental brain injury.?% The neurobehaviora effects of
physiological GH replacement in GH-deficient patients
with head injury remain unknown. Other effects of GH re-
placement that might be beneficia to head-injured pa-
tients include increased muscle mass® and enhanced exer-
cise capacity and cardiac function.® Based on the findings
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of the present study in which four patients were shown to
be GH deficient and had residual neurobehaviora prob-
lems potentially attributable to GH deficiency, a placebo-
controlled GH replacement study is being planned.

Androgens and Estrogens

Testosterone deficiency has been associated with im-
paired neurobehavioral function, particularly verbal fluen-
cy and mood disturbance,2%3¢” both of which are improved
by hormone replacement. Testosterone replacement thera-
py in men aso improves sexual function, libido, muscle
mass, and bone formation.s% Similarly, in women, cogni-
tive function and memory appear to be impaired by low
estrogen levels and conversely, estrogen replacement is
associated with enhanced neurocognitive performance.34
Although in the present study, all four men exhibiting a
subnormal LH or FSH response had normal serum testos-
terone levels, there have been numerous cases of clinica
hypogonadism reported after head injury.2#** These men
may be at risk of future hypogonadism and will be close-
ly followed. The one woman in this study with LH and es-
tradiol deficiency is receiving estrogen therapy.

Hypopituitarism After Aneurysmal SAH

Few conclusions can be drawn regarding the rate and
risk factors of hormonal insufficiency after SAH by ana-
lyzing two patients. Both women were Hunt and Hess
Grade IV and had complicated clinical courses that may
have contributed to the development of GH deficiency.
Clearly aneurysma SAH poses risk to the pituitary gland
and stalk, given the proximity of these structures to cir-
cle of Willis vessels and the potentia for vasospasm of
the feeding branches to the hypophyseal vasculature. Fur-
ther study is needed to determine the relative importance
of factors such as aneurysm location, clinica grade, va
sospasm, hydrocephalus, and whether an aneurysm is
clipped surgicaly or coils are placed by an endovascu-
lar procedure. Given that amajority of patients with SAH
have persistent neurobehavioral and quality-of-life prob-
lems,® the search for a treatable cause of these impair-
ments such as GH deficiency warrants further study. It is
notable that no consistent relationship exists between the
site of aneurysm rupture and the nature of the neurocog-
nitive deficits that occur after SAH.237%08 A more global
neurobehavioral derangement, such as that which can oc-
cur with GH deficiency, might explain these discrepant
findings in at least some patients.

Conclusions

Pituitary dysfunction appears to be acommon phenom-
enon after head injury and aso occurs in patients with
poor-grade aneurysms. In this preliminary report we sug-
gest that approximately 40% of victims suffering from
moderate and severe head injury will develop some de-
gree of long-term anterior pituitary gland dysfunction,
with GH deficiency and gonadotroph dysfunction being
most common and thyrotroph or corticotroph deficiencies
being uncommon. Although in a few instances direct
mechanical trauma to the gland may result in hypopitu-
itarism, it is postulated that, in most cases, a vascular in-
sult isthe primary cause. Given the large numbers of indi-

J. Neurosurg. / Volume 93 / November, 2000



Hypopituitarism after head injury and aneurysmal SAH

viduals who have suffered or will suffer a serious head
injury or SAH, the neurobehavioral impact of hypopi-
tuitarism after such insults is likely significant. Further
study is needed, however, to define more clearly the risk
factors for pituitary dysfunction and the benefits of hor-
mone-replacement therapy. Based on our initial findings,
pituitary function testing is probably warranted in most
patients with moderate or severe head injury, particularly
those who sustain hypotensive or hypoxic insults, those in
whom there is evidence of diffuse brain swelling on CT
scans, and those patients with basilar skull fractures that
pass through the sella turcica. These findings are particu-
larly relevant for children with head injuries, given that
growth and development are so dependent on optimum
hormonal functioning.

Acknowledgments

We thank Maria Etchepare and Diana Nikas for their invaluable
assistance in contacting patients and assisting in the hormone test-
ing of these patients. We also thank the Harbor-UCLA and UCLA
GCRC nursing staffs for their assistance with hormone testing. Fi-
nally, we thank the laboratory staff of the Harbor—UCLA GCRC
Core Laboratory for performing the hormone assays.

References

1. Abboud CF: Anterior pituitary failure, in Melmed S (ed): The
Pituitary. Cambridge, England: Blackwell Science, 1995, pp
341410

2. Adams JH, Daniel PM, Prichard MML: Transection of the pi-
tuitary stalk in man: anatomical changesin the pituitary glands
of 21 patients. J Neurol Neurosurg Psychiatry 29:545-555,
1966

3. Alexander GM, Swerdloff RS, Wang C, et a: Androgen-behav-
ior correlations in hypogonada men and eugonadal men. I1.
Cognitive abilities. Horm Behav 33:85-94, 1998

4. Asa S, Kovacs K, Melmed S: The hypothalamic-pituitary axis,
in Melmed S (ed): The Pituitary. Cambridge, England: Black-
well Science, 1995, pp 3-44

5. Basavargju N, Phillips SL: Cortisol deficient state. A cause of
reversible cognitive impairment and delirium in the elderly. J
Am Geriatr Soc 37:49-51, 1989

6. Baum HBA, Katznelson L, Sherman JC, et a: Effects of phys-
iological growth hormone (GH) therapy on cognition and qual-
ity of life in patients with adult-onset GH deficiency. J Clin
Endocrinol Metab 83:3184-3189, 1998

7. Bengtsson BA, Edén S, Lonn L, et a: Treatment of adults with
growth hormone (GH) deficiency with recombinant human
GH. J Clin Endocrinol Metab 76:309-317, 1993

8. Bidtritzer T, Theodor R, Inbar D, et d: Anterior hypopituita-
rism due to fracture of the sella turcica. Am J Dis Child 135:
966-967, 1981 (Letter)

9. Bullock R, Chesnut RM, Clifton G, et a: Guidelines for the
management of severe head injury. Brain Trauma Founda-
tion, American Association of Neurological Surgeons, Joint
Section on Neurotraumaand Critical Care. J Neurotrauma 13:
641734, 1996

10. Burman P, Broman JE, Hetta J, et a: Qudlity of life in adults
with growth hormone (GH) deficiency: response to treatment
with recombinant human GH in a placebo-controlled 21 month
trial. J Clin Endocrinol M etab 80:3585-3590, 1995

11. Burman P, Hetta J, Wide L, et a: Growth hormone treatment
affects brain neurotransmitters and thyroxine. Clin Endocrinol
44:319-324, 1996

12. Cebdllos R: Pituitary changes in head trauma (analysis of 102
consecutive cases of head injury). Alabama J Med Sci 3:
185-198, 1966

J. Neurosurg. / Volume 93 / November, 2000

13. Costa MM, Reus VI, Wolkowitz OM, et a: Estrogen replace-
ment therapy and cognitive decline in memory-impaired post-
menopausal women. Biol Psychiatry 46:182—-188, 1999

14. Crompton MR: Hypothalamic lesions following closed head in-
jury. Brain 94:165-172, 1971

15. Cyran E: Hypophysenschadigung durch Schédelbasisfraktur.
Dtsch Med Wschr 44:1261, 1918

16. Daniel PM, Prichard MML, Treip CS: Traumatic infarction
of the anterior lobe of the pituitary gland. Lancet 2:927-930,
1959

17. Daniel PM, Treip CS: The pathology of the pituitary gland in
head injury. Mod Trends Endocrinol 2:55-68, 1961

18. Deijen JB, de Boer H, Blok GJ, et a: Cognitive impairments
and mood disturbances in growth hormone deficient men. Psy-
choneuroendocrinology 21:313-322, 1996

19. Deijen JB, van der Veen EA: The influence of growth hormone
(GH) deficiency and GH replacement on quality of lifein GH-
deficient patients. J Endocrinal Invest 22 (Suppl 5):127-136,
1999

20. DellaCorte F, Mancini A, Valle D, et a: Provocative hypothal-
amopituitary axis tests in severe head injury: correlations with
severity and prognosis. Critical Care Med 26:1419-1426,
1998

21. D’Ercole AJ, Ye P, Cdikoglu AS, et a: Therole of insulin-like
growth factors in the central nervous system. Mol Neurobiol
13:227-255, 1996

22. DesantisA, Laiacona M, Barbarotto R, et al: Neuropsychologi-
cal outcome of patients operated upon for an intracranial aneu-
rysm: analysis of general prognostic factors and of the effects
of thelocation of the aneurysm. J Neur ol Neurosurg Psychia-
try 52:1135-1140, 1989

23. Dikmen SS, Ross BL, Machamer JE, et a: One year psychoso-
cia outcomein head injury. J Int Neuropsychol Soc 1:67-77,
1995

24. Edwards OM, Clark JDA: Post-traumatic hypopituitarism. Six
cases and a review of the literature. Medicine 65:281-290,
1986

25. Eiholzer U, Zachman M, Gnehm HE, et a: Recovery from post-
traumatic anterior pituitary insufficiency. Eur J Pediatr 145:
128-130, 1986

26. Eisenberg HM, Gary HE Jr, Aldrich EF, et a: Initial CT find-
ings in 753 patients with severe head injury, a report from the
NIH Traumatic Coma Data Bank. J Neurosurg 73:688-698,
1990

27. Ferndndez-Real IM, Ferndndez-Castarier M, Villabona C, et al:
Giant intrasellar aneurysm presenting with panhypopituitarism
and subarachnoid hemorrhage: case report and literature re-
view. Clin Invest 72:302-306, 1994

28. Fisher CM, Kistler JP, Davis JM: Relation of cerebral vaso-
spasm to subarachnoid hemorrhage visualized by computerized
tomographic scanning. Neur osurgery 6:1-9, 1980

29. Girard J, Marelli R: Posttraumatic hypothalamo-pituitary insuf-
ficiency. Diagnostic and therapeutic problems in a prepubertal
child. J Pediatr 90:241-242, 1977

30. Giusti M, Meineri |, Malagamba D, et a: Impact of recombi-
nant human growth hormone treatment on psychologica pro-
filesin hypopituitary patients with adult-onset growth hormone
deficiency. Eur J Clin Invest 28:13-19, 1998

31. GorczycaW, Hardy J: Arteria supply of the human anterior pi-
tuitary gland. Neurosurgery 20:369-378, 1987

32. Hackl JM, Gottardis M, Wieser C, et a: Endocrine abnormali-
ties in severe traumatic brain injury—a cue to prognosis in se-
vere craniocerebral trauma? Intensive Care Med 17:25-29,
1991

33. Haimi P, Sigal R, Doyon D, et a: Post-traumatic diabetes in-
sipidus: MR demonstration of pituitary stalk rupture. J Com-
put Assist Tomogr 12:135-137, 1988

34. Hellawell DJ, Taylor RT, Pentland B: Cognitive and psychoso-
cia outcome following moderate or severe traumatic brain in-
jury. Brain Inj 13:489-504, 1999

751



35.

36.

37.

38.

39.

41.
42.

47.

49.

50.

51.

52.

53.

Hoffman DM, O’Sullivan AJ, Baxter RC, et a: Diagnosis of
growth-hormone deficiency in adults. Lancet 343:1064-1068,
1994

Hunt WE, Hess RM: Surgical risk as related to time of inter-
vention in the repair of intracranial aneurysms. J Neurosurg
28:14-20, 1968

Hitter BO, Gilsbach JM: Cognitive deficits after rupture and
early repair of anterior communicating artery aneurysms. Acta
Neur ochir 116:6-13, 1992

Iglesias P, Gomez-Pan A, Diez JJ Spontaneous recovery
from post-traumatic hypopituitarism. J Endocrinol Invest 19:
320323, 1996

Iranmanesh A, Lizarralde G, Veldhuis JD: Age and relative adi-
posity are specific negative determinants of the frequency and
amplitude of growth hormone (GH) secretory bursts and the
half-life of endogenous GH in healthy men. J Clin Endocrinol
Metab 73:1081-1088, 1991

. Jacobs DM, Tang MX, Stern Y, et d: Cognitive function in

nondemented older women who took estrogen after meno-
pause. Neurology 50:368-373, 1998

Jennett B, Bond M: Assessment of outcome after severe brain
damage. A practical scale. Lancet 1:480-484, 1975
Johannsson G, Grimby G, Sunnerhagen KS, et d: Two years of
growth hormone (GH) treatment increase isometric and isoki-
netic muscle strength in GH-deficient adults. J Clin Endocri-
nol Metab 82:2877-2884, 1997

. Kaiser FE, Viosca SP, Morley JE, et a: Impotence and aging:

clinical and hormonal factors. J Am Geriatr Soc 36:511-519,
1988

. Klingbeil GEG, Cline P: Anterior hypopituitarism: a conse-

quence of head injury. Arch Phys Med Rehabil 66:44-46,
1985

. Kornblum RN, Fisher RS: Pituitary lesions in craniocerebral

injuries. Arch Pathol 88:242-248, 1969

. Levin HS, Gary HE Jr, Eisenberg HM, et al: Neurobehavioral

outcome 1 year after severe head injury. Experience of the
Traumatic Coma Data Bank. J Neur osur g 73:699-709, 1990
Littley MD, Shaet SM, Beardwell CG, et a: Hypopituitarism
following external radiotherapy for pituitary tumoursin adults.
Q J Med 70:145-160, 1989

. Lopez Guzman A, Salvador J, Albero R, et a: Selective growth

hormone deficiency of hypothalamic origin following severe
head injury. Acta Pediatr 81:698-699, 1992

Massol J, Humbert P, Cattin F, et a: Post-traumatic diabetes
insipidus and amenorrhea-gal actorrhea syndrome after pituitary
stalk rupture. Neur or adiology 29:299-300, 1987

Mavaddat N, Sahakian BJ, Hutchinson PJA, et a: Cognition
following subarachnoid hemorrhage from anterior communi-
cating artery aneurysm: relation to timing of surgery. J Neuro-
surg 91:402-407, 1999

McGauley GA, Cuneo RC, Salomon F, et a: Psychological
well-being before and after growth hormone treatment in adults
with growth hormone deficiency. Horm Res 33 (Suppl 4):
52-54, 1990

Miller WL, Kaplan SL, Grumbach MM: Child abuse as a
cause of post—traumatic hypopituitarism. N Engl J Med 302:
724728, 1980

Monzani F, Del Guerra P, Caraccio N, et a: Subclinica hypo-
thyroidism: neurobehavioral features and beneficia effect of
L-thyroxine treatment. Clin Invest 71:367-371, 1993

. Murray RD, Skillicorn CJ, Howell SJ, et a: Dose titration and

patient selection increases the efficacy of GH replacement in

752

55.

56.

57.

58.
59.

61.

62.

63.

65.

66.
67.

68.

D.F. Kelly, et d.

severely GH deficient adults. Clin Endocrinol 50:749-757,
1999

Nass R, Huber RM, Klauss V, et a: Effect of growth hormone
(hGH) replacement therapy on physical work capacity and car-
diac and pulmonary function in patients with hGH deficiency
acquired in adulthood. J Clin Endocrinol Metab 80:552-557,
1995

NIH Consensus Development Panel on Rehabilitation of Per-
sons With Traumatic Brain Injury: Rehabilitation of persons
with traumatic brain injury. JAM A 282:974-983, 1999
Pentelényi T: Significance of endocrine studies in the general
assessment and prediction of fatal outcomein head injury. Acta
Neurochir Suppl 55:21-24, 1992

Rolih CA, Ober KP: Pituitary apoplexy. Endocrinol Metab
Clin North Am 22:291-302, 1993

Rollero A, Murialdo G, Fonzi S, et a: Relationship between
cognitive function, growth hormone and insulin-like growth
factor | plasma levels in aged subjects. Neur opsychobiology
38:73-79, 1998

. Saatman KE, Contreras PC, Smith DH, et a: Insulin-like

growth factor-1 (IGF-1) improves both neurological motor and
cognitive outcome following experimental brain injury. Exp
Neurol 147:418-427, 1997

Sheehan HL, Stanfield JP: The pathogenesis of post-partum
necrosis of the anterior lobe of the pituitary gland. Acta Endo-
crinol 37:479-510, 1961

Soares CN, Musolino NR, Cunha Neto M, et d: Impact of re-
combinant human growth hormone (RH-GH) treatment on psy-
chiatric, neuropsychological and clinical profiles of GH defi-
cient adults. A placebo-controlled trial. Arq Neuropsiquiatr
57:182-189, 1999

Swerdloff RS, Wang C: Androgens and aging in men. Exp
Gerontol 28:435-446, 1993

. Teasdale G, Jennett B: Assessment of coma and impaired con-

sciousness. A practical scale. Lancet 2:81-84, 1974

Tidswell P, Dias PS, Sagar HJ, et a: Cognitive outcome after
aneurysm rupture: relationship to aneurysm site and periopera-
tive complications. Neur ology 45:875-882, 1995

Vance ML: Hypopituitarism. N Engl J Med 330:1651-1662,
1994

Wang C, Alexander G, Berman N, et a: Testosterone replace-
ment therapy improves mood in hypogonadal men—a clin-
ica research center study. J Clin Endocrinol Metab 81:
3578-3583, 1996

Wang C, Eyre DR, Clarkk R, et a: Sublingual testosterone
replacement improves muscle mass and strength, decreases
bone resorption, and increases bone formation markersin hypo-
gonadal men—a clinical research center study. J Clin Endo-
crinol Metab 81:3654-3662, 1996

Manuscript received February 25, 2000.

Accepted in final form June 29, 2000.

This study was supported by grants from the Genentech Founda-
tion for Growth and Development to Dr. Gaw Gonzalo; the Stein
Oppenheimer Award to Dr. Kelly; and Grant No. MO1 RR 00425
from the Nationa Institutes of Health to the GCRC at Harbor—
UCLA Medical Center.

Address reprint requests to: Daniel F. Kelly, M.D., Division
of Neurosurgery, University of California at Los Angeles, Box
957039, Room 18-218 NPI, Los Angeles, California 90095-7039.
email: dfkelly@ucla.edu.

J. Neurosurg. / Volume 93 / November, 2000



