Neuroendocrine dysfunction
following mild TBI:
When to screen for it

Consider lab studies when suggestive symptoms last
>3 months, or if delayed symptoms appear anytime
up to 3 years after the injury.

PRACTICE
RECOMMENDATIONS

> Consider neuroendocrine
dysfunction (NED)
following confirmed trau-
matic brain injury of any
severity when symptoms
suggestive of NED persist for
>3 months after injury. (B)

> Order blood studies to
detect deficiencies in pituitary
and other key hormones
when NED is suspected. (A)

Strength of recommendation (SOR)

@ Good-quality patient-oriented
evidence

Inconsistent or limited-quality
patient-oriented evidence

© Consensus, usual practice,
opinion, disease-oriented
evidence, case series

N JFPONLINE.COM

reports that >1.7 million cases of traumatic brain injury
(TBI) occur annually in the United States.! More than
266,000 military service members sustained at least one TBI
from 2000 to 2012.> Most TBIs (80%-85%), military and civil-
ian, are classified as mild (mTBI), and most mTBI patients
(80%-85%) experience a complete functional recovery within
3 months of injury."? The remaining 15% to 20% of mTBI pa-
tients experience persistent symptoms and difficulty in re-
habilitation, particularly if there are concomitant disorders,
such as post-traumatic stress disorder (PTSD), sleep disorders,
acute stress disorder, substance abuse disorder, and depres-
sion.*® Symptoms that mTBI and these other disorders have in
common can make differential diagnosis difficult, requiring
a high degree of clinical awareness by primary care providers.
An additional concern following mTBI is neuroendocrine
dysfunction (NED). This association has not been widely dis-
cussed and therefore may go largely undiagnosed.® Consider
NED in the setting of prolonged symptoms or in patients expe-
riencing difficulty with rehabilitation following mTBI.”#

T he Centers for Disease Control and Prevention (CDC)

NED following mTBI is more common

than once thought

The term “neuroendocrine dysfunction,” as discussed in
this article, refers to a variety of conditions caused by imbal-
ances in the body’s hormone production directly related to
the pituitary, hypothalamus, and their axes following TBI.
Until the past decade, the incidence of TBI-associated pitu-
itary dysfunction was thought to be an uncommon event,
usually associated with catastrophic head injuries. Stud-
ies of NED in TBI patients focused primarily on moderate or
severe TBI, usually from motor vehicle incidents, falls, and
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Anterior
pituitary
deficiencies
(GH and
gonadotropin)
account for

the majority of
chronic
neuroendocrine
disorders
following mTBI.
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assaults.” Other research has since shown
that NED occurs more commonly than once
believed.® And while the risk of NED may be
higher for patients who sustain more severe
brain injuries, NED also occurs in mTBL."#101!
Interestingly, a recent literature review indi-
cated that the incidence of NED in mTBI was
16.8%, while the incidence with moderate
TBI was reported at 10.9%.” Other research
has noted that the incidence of NED in mTBI
may be as high as 42%.%'* No evidence sug-
gests that the severity of NED is related to a
specific hormonal dysfunction, nor is there
evidence that NED may be associated with a
specific mechanism of injury.

Pituitary anatomy is susceptible

to injury and dysfunction

The anatomic and physiologic complexities
of the hypothalamus and pituitary gland in-
crease their susceptibility to injury from TBI.
The pituitary gland is connected to the hypo-
thalamus by a blood vessel-containing stalk,
making the pituitary gland—particularly the
anterior portion—susceptible to damage
during a head injury.'® The hypothalamus se-
cretes thyrotropin-releasing hormone (TRH)
and luteinizing-releasing hormone (LRH) to
stimulate or suppress the production of an-
terior pituitary gland hormones, which in
turn stimulate the release of hormones and
other substances from target organs. Ante-
rior pituitary hormones are growth hormone
(GH), luteinizing hormone (LH), follicle-
stimulating hormone (FSH), adrenocortico-
tropic hormone (ACTH), thyroid-stimulating
hormone (TSH), and prolactin (PRL). The
posterior pituitary secretes oxytocin and
vasopressin, also known as antidiuretic hor-
mone (ADH)."

Impact from a direct blow with an object
or from a concussive blast can cause focal
trauma or rotational shearing of tissue in-
ternally. Resultant vascular injury, rupture,
cerebral edema, vasospasm, pituitary swell-
ing, or inflammation may then initiate an
endocrine response that drives a cascade of
complex hormonal processes.>”® Anterior pi-
tuitary deficiencies account for the majority
of chronic neuroendocrine disorders follow-
ing mTBI. GH and gonadotropin deficiencies
are the most common, but TSH deficiency

(secondary hypothyroidism) and ACTH de-
ficiency (adrenal insufficiency) may occur
as well, although in <10% of cases with TBI-
associated NED.'?

Clinical features of NED mimic
those of other conditions
The symptoms of NED include fatigue, in-
somnia, impaired cognition, memory loss,
difficulty concentrating, and emotional and
mood disturbances (TABLE).”'**17 Various
combinations of these symptoms may occur
and are similar to those of other post-mTBI
conditions, such as sleep problems, post-
concussive syndrome (PCS), and memory
and attention difficulties.”® The onset of NED
may be immediate (eg, in diabetes insipi-
dus [DI] or syndrome of inappropriate anti-
diuretic hormone [SIADH], which are very
rare in mTBI) and potentially life-threatening
(eg, in sodium and potassium imbalances), or
may be nonspecific and take years to mani-
fest.5101519 Additionally, symptoms of NED
may spontaneously resolve or persist. Studies
have demonstrated pituitary dysfunction in
the acute postinjury phase as well as its devel-
opment as late as 2 to 3 years after injury.”#!2
Due to the range of symptoms related to
the combinations of possible hormonal de-
rangements, NED can be an elusive diagnosis
and may have a deleterious effect on individ-
uals who sustain TBI.'? For example, an undi-
agnosed GH deficiency—which can result in
increased abdominal fat mass and decreased
lean muscle mass as well as impaired cardiac
function, dyslipidemia, and insulin resis-
tance—makes it more difficult for an affected
individual either to recover from additional
injuries or to maintain fitness. Considering
NED may avoid a delay in diagnosis and im-
prove prognosis.”#2°

Findings leading

to recommendations on diagnosis
Primary care providers, military and civilian
alike, can benefit from the findings and rec-
ommendations of an expert panel assembled
by the Defense Centers of Excellence (DCoE)
for Psychological Health and Traumatic Brain
Injury to address NED in mTBI. The panel
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TABLE
Hormone deficiencies in mTBI:
Incidence and associated symptoms™!!417

Bolded symptoms are those that overlap with other conditions associated with mTBI and
may be overlooked as possible evidence of NED.

Condition Incidence Signs and symptoms

GH/IGF-1 deficiency 10%"%-29%’ Increased fatigue, decreased concentration, memory impair-
ment, impaired judgment and problem-solving, anxiety,
depression

Poor quality of life, decreased lean body mass, impaired
cardiac function, dyslipidemia, reduced bone mineral density,
decreased vigor, hypertension, insulin resistance, enhanced
thrombotic factors, abdominal fat mass

Gonadotropin 2%"%-16.8% '? Women: Oligomenorrhea/amenorrhea, sexual dysfunction,
(LH/FSH) deficiency breast atrophy
Men: Infertility, decreased libido, erectile dysfunction, testis >
atrophy, decreased muscle mass, decreased exercise toler-
ance, anemia Symptoms of
Both: Decreased pubic and axillary hair, increased perioral NED include
and periocular skin wrinkles, mood disorders, decreased fatigue,
vigor, reduced bone mineral density, poor quality of life insomnia
I
Corticosteroid 5%'%-9.6%’ Decreased energy, malaise, depression, fatigue, anxiety impaired
(ACTH) deficiency . . . s
Life-threatening adrenal crisis (shock, weakness, nausea, cognition,
vomiting, fever, poorly localized abdominal/flank pain, memory |oss,
weakness, confusion), hypoglycemia, hyponatremia, myopa- difficulty
h i h ight | | f libi .
thy, anemia, apathy, weight loss, loss of libido concentratlng,
TSH deficiency 3%’ Decr(-.za.sed_ ener_gy, depressed mood, fatigue, poor memory, and emotional
cognitive impairment and mood
Cold intolerance, weight gain, muscle cramps, constipation, disturbances.

myopathy, hypotension, bradycardia, neuropathy, skin, hair
and voice changes, somnolence

Hyperprolactinemia | 8%" Sudden onset depression
or

. . Women: Amenorrhea, oligomenorrhea, galactorrhea,
hypoprolactinemia

infertility, hot flashes, vaginal dryness, hirsutism in postmeno-
pausal women

Men: Decreased libido, impotence

ADH insufficiency 2%"7-4%"1° Excessive urine production, dehydration, excessive thirst, hy-
(diabetes insipidus) ponatremia (weakness, altered mental status, coma, seizures)

Multiple hormonal 3.2%7-5%"
dysfunction

ACTH, adrenocorticotropic hormone; ADH, antidiuretic hormone; FSH, follicle-stimulating hormone; GH, growth hormone;
IGF-1, insulin-like growth factor 1; LH, luteinizing hormone; mTBI, mild traumatic brain injury; PRL, prolactin; TSH, thyroid-
stimulating hormone.

that convened in December 2010 included findings, the DCoE developed a clinical rec-
experts representing the military services, the = ommendation to encourage primary care
Department of Veterans Affairs, DCoE, and providers to consider screening for NED in
civilian sectors. Based on the group’s recom- patients with persistent symptoms following
mendations combined with literature review = mTBIL.* Key findings and issues identified by
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symptoms
persist for

>3 months or
appear up to
36 months
following injury.
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the group included the following:

o The most frequent mechanism of injury
in the military deployed population is
blast-induced TBI. Such injury could
occur in the civilian population at
construction blast sites or in factories
producing or using highly flammable
substances.

o The prevalence of any anterior pituitary
hormone deficiency is as high as 30% to
80% at 24 to 36 months post injury.

o The prevalence of posterior pituitary
hormone deficiency is as high as 4% to
7% at 12 months post injury.

o The anterior pituitary hormones most
frequently affected in survivors of TBI
are ACTH, gonadotropin, prolactin, and
GH.

In 2004 Agha et al,* reported >28% of

survivors of TBI had atleast one anterior

pituitary hormone deficiency.

According to research by Agha et al*® in

2005, >20% of survivors of TBI devel-

oped DI; those who developed DI, ei-

ther acutely or permanently, were more
likely to have sustained a severe TBI.

o The development of pituitary dysfunc-
tion is independent of the severity of
TBI.

o In 2005, civilian guidelines’ recom-
mended screening for pituitary dys-
function in all patients who sustained a
moderate to severe TBI.

o In 2010, civilian guidelines’” recom-
mended screening for pituitary dys-
function in patients who sustained a
mild TBI.

When to screen for NED
after TBI
Given the complexities described—includ-
ing the similarity of NED to other post-mTBI
medical diagnoses and such concomitant
disorders as a sleep disorder, memory dif-
ficulties, depression, PTSD, and PCS*—
consider NED in the primary care setting
following confirmed TBI of any severity level
when symptoms suggestive of NED persist for
>3 months following injury or appear up to
36 months later.”#!>20

Order a lab evaluation of blood lev-

els for cortisol (drawn at 8 am), LH, FSH,
PRL, insulin-like growth factor-1, TSH,
free thyroxine-4, and testosterone for men
(8 am) and estradiol for women (8 am). With
frankly abnormal lab results or with border-
line results and strong clinical suspicion for
NED, refer for further endocrinology workup
(FIGURE).*' Earlier diagnosis of NED results
in more rapid improvement of symptoms
and an improved prognosis.”**° Postinjury
screening for NED should be one compo-
nent of a thorough clinical evaluation by a
qualified provider, and not used in isolation
for clinical decision making. NED screening
should not be routinely ordered during the
early stages of mTBI, defined as <3 months
postinjury.

Provider awareness and willingness to
include NED screening in a timely manner,
and to refer to specialty services as indicat-
ed for symptoms that may be sleep related
or psychiatric in nature, may increase the
opportunities for early treatment, better re-
habilitation outcomes, and better overall
quality of life.

Looking ahead
While the DCoE expert group made recom-
mendations on screening for NED in the
military combat population, they also ac-
knowledged that NED diagnosis and treat-
ment would benefit from additional areas of
research:

o the effect of GH replacement (for
GH-deficient patients or as prophy-
laxis for all TBI patients) on rehabili-
tation response and quality of life
the role of multiple TBIs on long-term
cognition and possible premature aging
the role of NED over time
o biomarkers for diagnosis
factors affecting resiliency
resiliency in the context of increased or
decreased susceptibility to the devel-
opment of an acute clinical syndrome,
as well as susceptibility in developing
the spectrum of consequences of TBI.

The research areas given the highest
priority by the group were incidence and
prevalence studies of pituitary dysfunction
after TBI in the combat military population,
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FIGURE*'

When to consider neuroendocrine dysfunction

after mild traumatic brain injury

Consider testing for NED in mTBI if the patient’s symptoms* have lasted
>3 months or if symptom onset occurs up to 36 months after injury.

'

NED screening lab studies’

Abnormal lab results
or

Borderline lab results with persistent
symptoms and strong clinical suspicion
of NED

l

Refer for endocrinology
consultation

*Symptoms suggestive of NED

Increased body fat
around waist

Depression

Emotional lability

Anxiety Weight gain/loss

Fatigue Low blood pressure

Reduced heart rate
Poor memory

Lack of concentration Hair loss

Loss of libido Anemia

Infertility Constipation
Cold intolerance

Amenorrhea

Dry skin
Loss of muscle mass y

Normal lab results
with persistent symptoms, but low
clinical suspicion of NED

Consider alternative diagnosis and
referral for further workup

*Recommended screening labs for NED

Use local lab-specific ranges
to determine deficiencies

8 am cortisol (<12 mcg/dL recommended
follow-up)

LH, FSH, PRL, IGF-1, TSH, FT4

8 am testosterone (men) or
estradiol (women)

FSH, follicle-stimulating hormone; FT4, free thyroxine; IGF-1, insulin-like growth factor; LH, luteinizing hormone; mTBI, mild
traumatic brain injury; NED, neuroendocrine dysfunction; PRL, prolactin; TSH, thyroid-stimulating hormone.

Adapted from: Defense Centers of Excellence. 2012.2'

including pre- and postdeployment rates
of dysfunction and the incidence of comor-
bidities. Also of benefit would be a retrospec-
tive study of the consequences of pituitary
dysfunction that additionally addresses the
effects of comorbid conditions commonly

N JFPONLINE.COM

associated with TBI. Considering the rapid
expansion in the field of mTBI, additional
research and provider awareness concerning
early identification and treatments may im-
prove the outcomes for those with persistent

mTBI symptoms. JFP
CONTINUED
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