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ABSTRACT BODY:
Objective: Review our experience evaluating traumatic brain injury (TBI) patients for pituitary
disease and related comorbidities.
Methods: Outpatients with TBI had pituitary evaluations including serum hormone levels, brain
MRI and a cerebral flow reserve index (FRi) from basal and perfusion-stimulated brain SPECT.
Oxidative stress was monitored with fractionated urine porphyrins (LabCorps) and cognition by
Test Your Memory (TYM). TBI patients were compared to similar age patients with renal
hyperfiltration (RH) and diabetes (DM) who did not have TBI but had similar cognitive deficits.
Results or Case Presentation: Among 212 patients age 50.6+-13.9 years, 49.1% male, 50.4%
female, 0.5% transgender, 98.1% civilian, 1.9% military, followed with neurological complaints
for 2.0+-1.9 years, 42.0% (89/212) had pituitary abnormalities which involved a single axis in
81% (72/89), most often gonadotropin/sex steroid 61% (44/72) or growth hormone 9.7% (7/72),
and multiple axes in 19% (17/89), including 53% (9/17) adrenal insufficient. Diabetes insipidus
3.4% (3/89) and secondary hypothyroidism 2.2% (2/89) were infrequent. Comorbidities included
chronic pain requiring opiates 28% (60/212), diabetes mellitus 21.2% (45/212), insulin resistance
(IR) 23.1% (49/212), primary thyroid disease 23.5% (50/212), oxidative stress 37.7% (80/212),
psychiatric depression 31% (65/212), strokes 12% (25/212) and seizures 9.4% (20/212). Patients
with vs. without pituitary disease had more strokes 18% (16/89) vs. 7.3% (9/123), more
depression 47% (42/89) vs. 19% (23/123), mores seizures 12% (11/89) vs. 7.3% (9/123), more
opiate use 43% (38/89) vs. 18% (22/123), more oxidative stress 47% (42/89) vs. 30% (37/122),
decreased FRi - (1.0+-6.2) % vs. (2.2+-7.3)%, p < 0.001 and lower TYM 41.3+-4.8 vs. 43.4+3.7, p < 0.002. TBI patients had more pituitary disease, 42% (89/212) than patients with DM,
8.9% (24/269) or patients with RH, 11% (10/87). RH patients had more strokes 22% (19/87) than
TBI patients, 12% (25/212) as did DM patients,15% (40/270).

Discussion: TBI pathophysiology is multifactorial, including trauma or opiate-induced
hypothalamic dysfunction. Decreased cerebral flow reserve in TBI, likely exacerbated if DM or
IR coexists, contributes to stroke. Inflammation in TBI is likely exacerbated by oxidative stress,

which is high in TBI patients especially those with pituitary disease. Temporal lobe injury,
common in TBI, predisposes to seizures, further brain injury and associated neuropsychiatric
disease.
Conclusion: Chronic pituitary disease after TBI is increasingly recognized with comorbidities
impacting multiple disciplines including endocrinology, chronic pain management, psychiatry,
neuropsychology, neuroradiology and neurology.

1.

Fig. 1A. Axial SPECT slices are defined parallel to the brain long axis from occipital to
prefrontal. For the Cortical Metabolic index (CMi), one or more axial slices are centered
one third of the way from the top of the brain, just superior to the roof of the normalsized lateral ventricles. Activity display uses a Sokoloff color scale, with white for peak
brain, black for zero and spectral colors for intermediate activities. Computer-selected
isocontours (see Fig. B) define areas that contain activity > a certain fraction of the peak
activity. The 30% isocontour represents total brain activity in an axial slice, chosen
slightly outside the actual external edge of the brain to correct for attenuation. The 60%
isocontour approximates the cortex. The Cortical Metabolic index (CMi), the ratio of
activity within the 60% isocontour to that within the 30% isocontour is a measure of
cortical brain function. The Cortical Perfusion index (CPi) is similarly calculated from
60% and 30% isocontours after the patient receives a cerebral perfusion stimulant such
as 0.5 to 1 g acetazolamide IV or 0.4 to 0.8 mg nitroglycerin sublingual. The difference
between CPi and CMi is a measure of cerebral flow reserve (CFi).
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Fig 1B: Graph of Flow Reserve Index (FRi) shown on the x axis above, vs. Stroke
prevalence shown on the y axis above for near normal patients with 2.70% stroke
incidence, for whom FRi = (10.3+-2.6)% and other interrelated groups. The regression
line is given by: S = 16.0 - (1.48) FRi.
The correlation coefficient is - 0.91

2. Fig 2A: A 38 year-old man’s brain SPECT shows typical findings of TBI including left
temporal hypoperfusion (coronal images, stimulated over basal) and bilateral parietooccipital hypoperfusion (axial images, stimulated over basal). Stimulation of brain
perfusion revealed cerebral flow reserve 6.20% in this patient, similar to values (10.2+5.0)% noted in 36 near normal patients age (52+-14) years. This patient had no
evidence of pituitary disease and only mild cognitive impairment, with TYM 44.0, similar
to average TYM 44.0+-3.4 for 135 patients with TBI without pituitary disease. Although
abnormalities are most evident in this patient’s basal SPECT, particularly among 94
patients with TBI who had pituitary disease, and significantly lower (p < 0.0001) average
FRi, of -(1.92+-6.27)%, abnormalities are more likely in perfusion-stimulated SPECT.
This patient had no history of seizures; however, patients with partial complex seizures
often (about 70%) have temporal hypoperfusion, most often on the left. Moreover,
8.1% (19/94) of patients with TBI without pituitary disease had seizures, while among
those with likely more significant TBI who had pituitary disease, seizures were more
frequent, occurring in 20.2% (11/135).

Fig. 3: Above: FDG Brain PET for a 77 year
year-old
old man post traumatic brain injury (TBI) resulting
in craniotomy and metal plate insertion creating an area of absent left frontal metabolism with
adjacent cerebral hypometabolism. Parieto
Parieto-occipital and mesial temporal hypometabolism
bilaterally is consistent with Alzheimer’s disease as was CMi 22.1% and TYM 18/50. Besides
TBI, abnormalities increasing Alzheimer’s risk included stage 3 renal insufficiency,
hyperlipidemia, insulin resistance (IR) and hypothalam
hypothalamic-pituitary
pituitary disease (pituitary
hypermetabolism consistent with hypophysitis is also present) with adrenal insufficiency and
hypogonadism. His IGF1, normal at 89 (normal range 59
59-177)
177) two years prior, increased to 197
and 222 in the next two years, consis
consistent
tent with IR progression towards type 2 diabetes.

3. Fig 3A: Basal brain SPECT saggital for a 55 year
year-old
old woman with TBI but without pituitary
disease who had normal FRi 10.3% and normal hypothalamic activity. Prominent occipital
activity suggests visual cortex stimulation due to nonadherence to the study protocol for eyes
closed during tracer uptake.

Fig. 3B: Above, right, is a saggital SPECT in a 44 year
year-old African
n American woman who had
multiple causes of hypothalamic hypoperfusion including TBI (striking her head against a
concrete wall causing minor concussion) and discovery two months later of a 5 mm pituitary
microadenoma. Her history is also remarkable for m
mild
ild cognitive impairment with TYM 41,
similar to TYM 41.5+-4.8
4.8 noted for 94 patients with TBI and pituitary disease. Typical of
patients with pituitary disease is low cerebral flow reserve, -10.48%
10.48% in this patient, comparable
to -(5.05+-6.0)% observed in 57 patients with pituitary disease without TBI and - (1.82+-6.23)%
among 93 patients with TBI and with pituitary disease without known pituitary tumors.
Contributing to this patient’s negative FRi was correction for stage 3 renal insufficiency (eGFR
56 ml/min/1.73
/min/1.73 meter sq). She had low cystatin C of 0.51 mg/L, opposite of usual high cystatin
C typical of renal insufficiency; however, in our experience, patients with thyroid dysfunction
not infrequently have atypical cystatin C. She had galactorrhea whic
which
h was not relieved by
cabergoline despite normalization of hyperprolactinemia. Also of interest is her probable
Schmidt’s syndrome with primary adrenal and primary thyroid insufficiency. She had partial
hysterectomy with removal of one ovary shortly befo
before
re her head trauma but had evidence of
hypogonadotrophic hypogonadism, possibly due to the TBI, since this finding is the most
common pituitary abnormality (31%, 29/94) in our series post TBI. This patient, whose BMI
was 36, also had nondiabetic insulin rresistance,
esistance, which was present in 35% (33/94) of TBI
patients with pituitary disease; another 32% (30/94) had diabetes mellitus.

4. Fig 4: FDG Brain PET for a 73 year
year-old
old type 2 diabetic man with medical history of
hypertension, hyperlipidemia, seizures, cigarette smoking 4 packs daily for 33 years, carotid
artery disease, psychiatric depression, transient dysarthria and eventual vascular dementia post
left parietal stoke (wedge-shaped
shaped peripheral deficit axial image below) at age 58 years. His
medical therapy
erapy includes risperidone and hydrocodone. Although pituitary disease and
depression occur eventually in up to 70% of stroke patients, and may be further increased in
those on opiates and neuroleptics, even in our experience, with increased interest in pituitary
p
disease, 15.8% (43/272) of patients, including this one, have insufficient data to determine
pituitary status. Untreated pituitary disease may cause significant medical consequences:
suspect in this patient are both adrenal insufficiency, owing to frequent, severe episodes of
hypoglycemia, which caused coma of several days duration, as well as hypogonadism, suspect
after the patient’s minor fall in court at his probate hearing resulted in a fracture of his hip.

5. Fig 5:

Basal brain SPECT, axial image in a 54 ye
year-old
old TBI patient with bipolar

depression showing a right wedge
wedge-shaped
shaped peripheral deficit corresponding to
orbitofrontal hypoperfusion often seen in patients with depression. This patient did not
have pituitary
itary disease but was one of 29.7% (39/134) without pituitary disease who had
psychiatric depression. Among patients with TBI and pituitary disease, a higher fraction
of 50.0% (47/94) were depressed. This patient also had marked cognitive impairment
suspicious
icious for early dementia, taken as TYM 40/50 or less which was present in 15.0%
(17/113) of TBI patients without pituitary disease but in a higher fraction of 37.5%
(33/88) of patients with TBI who did have pituitary disease. These results suggest that
frontal
rontal lobe trauma may contribute to frontal hypoperfusion predisposing to depression,
particularly in patients with more severe trauma associated with pituitary disease.

DATA SUMMARY
Pituitary disease following traumatic brain injury (TBI) is well known, but most reported
series deal with acute TBI and have relatively low incidences, approximately 20%, of pituitary
disease, often including transient diabetes insipidus (DI). This series involves patients with
distant or repeated TBI who have persistent symptoms, mainly memory loss but also
neuropsychiatric disease, mainly either unipolar or bipolar depression. Particularly in the context
of an endocrine referral practice, the incidence of pituitary disease in this different context is
approximately double 40.9% (95/232) that of most earlier series even with relatively short
average follow-up 2.2+-2.1 years.
Men 49.1% (114/232) and women 50.4% (117/232) are nearly equal, although women
comprise a greater proportion of the total endocrine practice. Men were a slightly greater
fraction 57.9% (55/95) of patients with pituitary disease. The average age of the TBI patients
was 52.9+-14.3 years, not different from 52.3+-16.0 years average age of patients with TBI and
pituitary disease.
Comorbidities in this series include:
With Pituitary Disease
Depression

49.5 % (47/95)

Without Pituitary
Disease
28.5% (39/137)

Seizures

20.0% (19/95)

8.0% (11/137)

12.9% (30/232)

Strokes

17.9% (17/95)

10.2% (14/137)

13.4% (31/232)

Porphyrins*

46.3% (31/67)

33.0% (32/97)

38.4% (63/164)

Opiate Therapy

36.8% (35/95)

22.6% (31/137)

28.4% (66/232)

Diabetes Mellitus

31.6% (30/95)

26.3% (31/137)

26.7% (62/232)

Nondiabetic IR

34.7% (33/95)

27.0% (37/137)

30.2% (70/232)

Hypogonadotrophic

30.5% (29/95)

0

12.5% (29/232)

Hypergonadotrophic

30.1% (25/83)

40.2% (37/92)

35.4% ( 62/175)

GH Deficient

30.9% (21/68)

0

9.1% (21/232)

Adrenal Insufficient

22.2% (20/90)

9.8% (6/61)

17.2% (26/151)

Cognition TYM**

41.5+-4.8
N = 88
-(1.78+-6.20)%
N = 90

44.0 +-3.4
N = 116
+(1.86+-7.28)%
N = 134

42.9+-4.2
N = 205
(0.39+-7.09)%
N = 223

SPECT FRi ***

Total
37.1 % (86/232)

*Quantitative fractionated urine porphyrins, at least one other than heptacarboxyl abnormal.
**p < 0.0001 for difference between TYM for patients with and without pituitary disease.
***Among 37 near normal patients FRi = (10.34+-2.54)%, different from total TBI patients with
p < 1 x 10EXP(-32)
Unusual subpopulations include one transgender patient without pituitary disease despite
multiple TBI episodes; two patients with TBI and pituitary tumors as well as Schmnidt’s
syndrome, 17.9% (17/95) with multiple pituitary deficits and 0.9% (2/232) with diabetes
insipidus. Mortality was 3.2% (3/95), all the mortality in patients with pituitary disease and
TBI.

