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Objectives

• Understand the Pituitary Gland and its susceptible to injury 

• Identify the patients  appropriate for Pituitary Hormone Screening

• Understand the principle pituitary hormones and how deficiency can lead to 
symptoms that interfere with rehabilitation progress and potential

• Understand the time frame for treatment with Growth Hormone 
Supplementation

• Understand interpretation of Pituitary testing

• Understand the endocrine Society Guidelines for Pituitary Gland Evaluation in 
TBI













Case #1 Tom

MVA 11/9/2013
Severe TBI, DAI, SDH, bifrontal, bitemporal, and 
biparietal lobe injury
Initial GCS 3
Coma x  1+ month
Autonomic Storming   
Low Testosterone
P r o l o n g e d  R L A  I V ! ! # @ * . .
Depakote finally worked.
Low Testosterone
Low Vitamin D

18 mos – Referred to Neuroendocrinology, Dr. 
Alzohaile
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Case #2 Kim

MVA 1/16/13
Severe TBI, GCS 3

(DAI, SAH, ICH)
RLA II on admit to Special Tree 2/6/13
12 mos later– Psychosis, decline in  motor 
function,  decline in cognition 

Labs – Hypothyroid
Gradual improvement on Levothroid…

18 mos – Referred to Neuroendocrinology for 
PTH
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History

• Neuroendocrine disorders, primarily hypopituitarism, was first diagnosed by the 
German researcher Cyran in 1918 1-3. 

• Damage to the hypothalamus and pituitary gland following trauma was often not 
diagnosed until the post mortem examination 

• Recent research indicates neuroendocrine disorders vary post traumatic brain injury 
(TBI) 

• In the early 1950’s, the incidence of hypopituitarism post injury was thought to be 1%; 
however, the rate has recently been quoted between 20 and 70%



Anterior Pituitary

• Hypothalamic releasing factors correspond with the hormones released by the 
anterior pituitary and include: 

• Growth hormone releasing hormone-growth hormone release Somatostatin-
decreases release of growth hormone 

• Thyrotropic releasing hormone- thyroid hormone release 
• LHRH/GnRH -FSH and LH release 

• Corticotropic releasing hormone -ACTH release 

• Prolactin releasing factor (PRF) and thyrotropin-releasing hormone (TRH) - prolactin 



Posterior Pituitary

The posterior lobe is responsible for the secretion and storage of 2 hormones: 

• Vasopressin (or antidiuretic hormone (ADH)) promotes water retention in the kidneys, 
which allows for concentration of urine

• Oxytocin allows for milk let down in the breast and causes uterine contractions during 
labor



Pituitary Blood Supply

• The majority of the gland’s blood supply 
comes from the long hypophyseal vessels

• The inferior hypophyseal artery supplies 
blood to the entire neurohypophysis and to a 
small section of the adenohypophysis 
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Mechanisms of injury

• Anterior pituitary infarction may be caused by compression of the pituitary gland, the 
hypothalamus or interruption of the long hypophyseal vessels. 

• This may be the result of direct trauma (skull fracture) or edema, hemorrhage, raised 
intracranial pressure or hypoxic shock. 

• Direct mechanical injury to the hypothalamus, the pituitary stalk or the pituitary gland 
may also result in hypopituitarism. 

• An infarction of the posterior lobe can be avoided if the inferior hypophyseal blood 
vessels are not transected when the pituitary stalk is ruptured.



Direct and indirect injuries

Acceleration- deceleration: traumatic lesion of the stalk, anterior lobe necrosis and 
posterior lobe hemorrhage
Basal skull fracture Direct lesion to pituitary, stalk or hypothalamus

Brain edema, hypoxia, Increase intracranial pressure, hemorrhage and Inflammatory 
mediators cause secondary injury



Clinical presentations 

Neuroendocrine dysfunction may be seen as temperature lability, disturbances in 
appetite, weight fluctuations, hypothalamic and pituitary disorders, disorders of fluid 
regulation, 
Hypertension or hypotension, fatigue, increased anxiety, depression, memory failure, 
cognitive deficiencies, 
Reduced bone and muscle mass and immunologic disorders 
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Presentation

In the acute phase, very early hormonal alterations may reflect adaptive responses to 
injury and critical illness and are not necessarily associated with long-term PTHP
In one study, 5.5% of patients who showed no signs of PTHP deficiencies at 3 months 
did so later at 12 months. 
The same study showed that 13.3 % of patients who demonstrated isolated deficiencies 
at 3 months developed multiple deficiencies at 12 months
Growth hormone deficiency has been shown to be the most common deficit
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Presentation

• There is as of yet no clear association of the development of PTH with the severity of 
TBI, the type of accident or the type of injury

• Currently there is no evidence that specific types of head injuries are more likely to 
lead to hypopituitarism 

• Due to the life threatening consequences associated with pituitary dysfunction in the 
ICU, it represents a negative prognostic factor 
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Work up

• Clinical assessment of hypopituitarism is difficult because the signs and symptoms are 
often nonspecific and often mimic the neuropsychological sequelae of TBI. 

• It is therefore reasonable to consider performing baseline hormonal evaluation in more 
severe TBI

• Early post injury the most important anterior hormones to screen may be thyroid, 
growth and Adrenocorticoid axes as these will lead more quickly to symptoms that 
may affect recovery although baseline testing of all hormones allow more easy clinical 
follow-up. 
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Work up

***While in the acute stage of recovery it is not necessary to assess growth, gonadal or 
thyroid hormones as there is no evidence to suggest supplementation of these hormones 
during this phase is beneficial 
• However, during the post recovery stage, at 3 and 6 months, a clinical assessment for 

hypopituitarism should be completed 
• This is especially important if any of the following are noted: 

loss of secondary hair
impaired sexual function

weight changes
polydipsia

Amenorrhea
A dramatic decline in energy level and function 
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Imaging

Although neuroimaging (MRI or CT scans) can be very successful in locating lesions 
within various sections of the brain, they do not reveal all
With regards to testing, blood tests remain for the gold standard. 

21Footer



Work up

Hormonal screening should include 
0900 AM 
serum cortisol, fT3, fT4, TSH, FSH, LH, testosterone in men and Estradiol in women, 
prolactin, and IGF-I. 

??Why 9am ??

In patients with polyuria or suspected diabetes insipidus, urine density, sodium and 
plasma osmolality should also be evaluated
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Why stim test?

• Low IGF-I levels strongly predict severe growth hormone deficiency (in the absence of 
malnutrition). 

• Normal IGF-I levels may be found in patients with growth hormone deficiency;
• In one study - no relationship was found between IGF-1 and GHD as only 30% of 

patients with GHD were found to have low IGF-1 levels.
• This finding was supported by previous studies, indicating that low IGFI does not 

necessarily predict GH status in those who have sustained TBI
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Stim testing

***Therefore, provocative tests are necessary in patients with another identified pituitary 
hormone deficit. 
Provocative testing is recommended if IGF-I levels are below the 25th percentile of age 
related normal limits 
Provocative – means to stimulate the Pituitary gland under controlled circumstances and test to see how much of the 
hormone it is making, if any
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Stim test

• During an insulin-induced hypoglycemia test the top serum cortisol levels in healthy 
people are between 19.8 to 36.2 lg/dl).

• Adrenocortical insufficiency is diagnosed when there is a serum cortisol increase of 
<19. 

• Although this test has been shown to be the gold standard, caution is recommended 
when using the test, especially for the cardiac and epileptic patient where this test has 
been found to be contra-indicated. 
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Stim test

Hypoglycemia test:

• Insulin (0.1–0.15 IU/kg) intravenously sufficient to cause adequate hypoglycemia (<40 
mg/dl) 

• Blood samples are collected for measurement of serum cortisol  and Growth hormone 
at –15, 0, 30, 45, 60 and 90 min.

Metyrapone and CRH availability issues??
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Diagnosis

Agha et al. in one of the largest studies of individuals (n=102) with a moderate to severe 
TBI 

-found a high prevalence of undiagnosed hypopituitarism.             
-More than a quarter of study subjects were found to have a large amount of 

undiagnosed anterior hormone deficiency. 
-Those who were GH-deficient had a significantly higher body mass index 

(p=0.003) and lower IGF-I concentrations (p<0.001) than GH-sufficient patients
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GHD

***Often GHD escapes detection for months or year post injury. 
-Symptoms of growth hormone deficiency include: 

Fatigue
Headaches
decreased muscle mass
Osteoporosis
exercise intolerance
Dyslipidemia
and truncal obesity
a number of cognitive deficits, personality changes
poorer quality of life 
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GHD

There appears to be some uncertainty as to when to test for hypogonadism post injury.

Due to uncertainty around the time when neuroendocrine disorders appear and 
disappear post injury, studies suggest testing TBI patients at least one year after injury for 
hypogonadism. 

Agha and Thompson suggest testing 3 to 6 months post injury, with follow-up testing at 
12 months. 
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Cortisol

The ACTH secretion tends to fluctuate at night and increase with 
stress, physical activity and chronic disease.

The symptoms of ACTH can include 
-Weakness
-Nausea
fever 
weight loss
Hypotension
Hypoglycemia
Hyponatremia
Myopathy
Anemia
Eosinophilia
and limited energy output -
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Outcomes Case #1 Tom

Testing Revealed:

Testicular Deficiency
Low Testosterone

Growth Hormone Deficiency
Hypoglycemia
Vitamin D deficiency
Vitamin B12 deficiency
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Outcomes Case #1 Tom

Living at home
Ambulatory, hemiplegic
Almost independent in ADLs

with cues   
New learning 

– Chinese Checkers
Cognitive impairments
Disinhibited, in a funny way
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Outcomes: Tom

• Improving self control
• Improving language skills
• Improving initiation and problem solving
• Social Skills evolving, witty, funny
• SBA all basic ADLS
• Gait – work in progress, Hemiplegia
• Insight and awareness of deficits evolving – now dealing with mood
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Outcomes: Tom
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Outcomes Case #2  Kimm

Endocrinology diagnoses:

Hypopituitarism
Hypothyroid
Growth Hormone Deficiency

Vitamin D Deficiency
Vitamin B12 Deficiency

35Footer

Treatment

Levothroid
Vitamin D
Vitamin B12
Growth Hormone pending 
insurance authorization…..



Outcomes Case #2  Kimm

Endocrinology diagnoses:

Hypopituitarism
Hypothyroid
Growth Hormone Deficiency

Vitamin D Deficiency
Vitamin B12 Deficiency
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Improvements:

Weight loss
initation, problem solving

Psychosis resolved
Mood stability
Headaches
Energy and endurance

..now in Supported Independent 
Living program (Special Tree)
- Working on ambulating within 
her apt and community



Outcomes: Kimm
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1	These	mechanisms	for	acute	and/or	chronic	 HPT	are	proposed	 based	on	either	clinical	 study	or	autopsy	series	data	or	are	based	on	experimental	 data.	If	the	mechanism	
is	not	 clear	yet	or	not	studied	(clinically	 or	experimentally),	 we	have	marked	it	with	a	question	 mark.	2	Early	recovery:	recovery	of	deficient	 pituitary	 hormones	before	 6	
months	of	head	trauma.	3	Late	recovery:	recovery	of	deficient	 pituitary	 hormones	 after	6	months	of	head	trauma.	4	New-onset	hormone	 deficiencies:	 normal	pituitary	
functions	 during	 the	acute	phase	and	development	 of	hypopituitarism	 at	least	6	months	after	head	trauma.	5	In	these	conditions,	 the	acute	hormonal	 deficiencies	
generally	recover	within	 the	first	 month	after	head	trauma.	6	Possible	neuroprotective	 mechanisms:	activation	of	pituitary	stem/progenitor	 cells,	 regeneration	 capacity	of	
the	vessels,	etc (effects	of	pituitary	 hormone	 deficiencies;	GH	deficiency	in	particular,	 and	replacement	 therapies	 on	these	neuroprotective	 mechanisms	are	still	unclear?).	
HP,	hypothalamo-pituitary;	 +,	presence;	−,	absence



39
Published in: Fatih Tanriverdi; Harald Jörn Schneider; Gianluca Aimaretti; Brent E. Masel; Felipe F. Casanueva; Fahrettin Kelestimur; Endocrine 
Reviews 2015, 36, 305-342.
DOI: 10.1210/er.2014-1065
Copyright © 2015 

The	screening	 recommendations	 after	12	months	are	not	 strong	enough	and	need	further	 confirmation.	 1	All	the	mild	TBI	patients	 who	will	 be	screened	have	to	fulfill	 the	
criteria	 for	complicated	 mild	TBI	(Table	9).	2	Dynamic	tests	for	GH	deficiency	need	to	be	done	with	 an	“intent	 to	treat”	and	according	 to	clinical	 context	 throughout	 the	
follow-up	 period.
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The	screening	 recommendations	 after	12	months	are	not	 strong	enough	and	need	further	 confirmation.
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