NEUROENDOCRINE DYSFUNCTION AFTER TRAUMATIC BRAIN INJURY

INTRODUCTION:

Traumatic brain injury (TBI) is the most common cause of death and disability in young adults living in industrialized countries, in which 180–250 persons per 100 000 per year die or are hospitalized as a result. Neuroendocrine derangements after TBI have received increasing recognition in recent years because of their potential contribution to morbidity, and possibly mortality, after trauma. Marked changes of the hypothalamo-pituitary axis have been documented in the acute phase of TBI, with as many as 80% of patients showing evidence of gonadotropin deficiency, 18% of growth hormone deficiency, 16% of corticotrophin deficiency (AI) and 40% of patients demonstrating vasopressin abnormalities leading to diabetes insipidus (DI) or the syndrome of inappropriate anti-diuresis (SIADH). 
The pathophysiology of pituitary deficiencies following brain injury has not yet been elucidated. Hypoxic or hypotensive crises and/or raised intracranial pressure causing hypothalamic damage could be postulated, but these hypotheses have not been systematically studied and it is unknown whether the deficiencies identified are hypothalamic or pituitary in origin. In autopsy studies of patients who died due to TBI, there is an up to 50% incidence of hemorrhage in the pituitary capsule and up to 30% incidence of either necrosis of the anterior pituitary or stalk hemorrhage. However, the autopsy studies include the most severe cases, those who died from the acute trauma, and may not reflect the pathophysiology of long-term pituitary failure in survivors. 
Longitudinal prospective studies have shown that some of the early abnormalities are transient, whereas new endocrine dysfunctions become apparent in the post-acute phase. These data underscore the need for the identification and appropriate timely management of hormone deficiencies, in order to optimize patient recovery from head trauma, improve quality of life and avoid the long-term adverse consequences of untreated hypopituitarism. 
ANTERIOR PITUITARY DYSFUNCTION:


Anterior Lobe of the Pituitary Gland 
The anterior lobe of the pituitary gland is very vascular and is located at the base of the brain in the sella turcica, a depression in the sphenoid bone. The gland lies in the subarachnoid space and is circled by a network of arteries called the circle of Willis. Adjacent structures include the optic chiasm and the internal carotid arteries. The pituitary stalk or infundibulum connects the pituitary gland to the hypothalamus 

In response to hormones sent from the hypothalamus, the anterior lobe of the pituitary gland releases a variety of hormones to target organs throughout the body.  These target organs in turn give feedback to help control the anterior lobe of the pituitary gland. Five major hormones are secreted by the anterior lobe of the pituitary gland: growth hormone, thyroid-stimulating hormone, follicle-stimulating hormone, luteinizing hormone, and adrenocorticotropic hormone.
Injury of the anterior lobe of the pituitary gland can be a result of direct damage to the gland, damage of the stalk and its blood vessels, or infarction due to impaired circulation. If swelling occurs in the brain, the stalk can swell and compress blood vessels, resulting in necrosis of the gland. The pituitary gland can be damaged indirectly by intracranial bleeding, leading to poor perfusion. Systemic problems such as shock can impair perfusion of the anterior lobe of the pituitary gland.
	Hormone Deficiency
	Clinical consequences

	
	Clinical findings
	Symptoms 

	Adrenal cortex 

· Glucocorticoids 

· Androgens
	· Hypotension

· Hypoglycemia

· Hyponatremia

· Myopathy

· Eosinophilia
	·  Life threatening adrenal crisis

· Poor energy

· Weight loss 

	Thyroid gland 

· Thyroxine 

· Triiodothyronine
	· Bradycardia

· Hypotension

· Myopathy

· Neuropathy

· Skin, hair and voice changes
	· Poor energy

· Weight gain

· Neuropsychiatric problems

	Growth Hormone
	· Osteoporosis

· Visceral obesity

· Reduced lean body mass
	· Anergia

· Poor quality of life



	Male 

· FSH: sperm production 

· LH: testosterone

Female 

· FSH, LH: ovulation and menstrual cycle 

· FSH, LH: estrogen and progesterone
	· Loss of secondary hair

· Osteoporosis 

· Reduced muscle mass and exercise tolerance (men)

· Infertility (men and women)


	· Oligomenorrhea or amenorrhea

· Sexual dysfunction

· Mood disorders

· Reduced vigor


Deficiency of ACTH~ Adrenal Insufficiency (AI):

The occurrence of AI in the acute phase of TBI deserves special attention as this complication is particularly serious and can be life threatening.  Reported incidence ranges from 16-63%.  Approximately 50% of patients with moderate or severe TBI have at least transient AI. Younger age, greater injury severity, early ischemic insults, and the use of etomidate and metabolic suppressive agents are associated with AI. Because lower cortisol levels were associated with lower blood pressure and higher vasopressor use, consideration should be given to monitoring cortisol levels in intubated TBI patients, particularly those receiving high-dose pentobarbital or propofol.

It has been proposed that hypothalamic-pituitary hypoperfusion might play a role analogous to Sheehan’s postpartum pituitary necrosis.  Indeed, the ischemia score used in one study to assess the cumulative effect of hypotension, hypoxia or severe anemia suggests that such insults in the acute postinjury period predisposed TIB subjects to acute AI.

The AI seen acutely after injury appears to be short-lived with studies showing normal response to low dose cosyntropin stimulation test done 3 to 6 months after initial injury.  However, the lower peak cortisol response in the AI group compared to the non AI group at 3 months suggests that the influence of TIBI on the HPA axis may persist for up to 3 months with full recovery likely occurring by 6 months postinjury.  

Diagnosis of AI:

· IF patient on vasopressors:

· Random cortisol level  < 15 µcg/dl

· Otherwise:

· Low dose Cosyntropin Stimulation Test (1 µcg/dl of cosyntropin)

· Cortisol levels baseline, 15 minutes, 30 minutes

· Rise of cortisol < 9 µcg/dl from baseline

Treatment of AI:

· Hydrocortisone 50 mg intravenous every 6 hours for 5 days followed by

· Hydrocortisone 50 mg intravenous every 12 hours for 2 days followed by

· Hydrocortisone 50 mg intravenous every 24 hours for 2 days 
· Strongly reconsider retesting if symptoms recur as a blunted cortisol response may persist for upwards of 3 months.

Deficiency of Thyroid Hormones ~ Hypothyroidism:
The effects of TBI on the pituitary-thyroid axis may be particularly difficult to separate from the consequences of acute illness. Additionally, injury to pituitary thyrotropes may be less common than to other areas of the pituitary, due to their central location. Thyrotropin releasing hormone (TRH) from the hypothalamus activates thyroid stimulating hormone (TSH) secretion from the pituitary to control the release of T4 and trithyroiodine (T3) from the thyroid gland. The thyroid hormone exerts a variety of effects on peripheral tissues, including maintenance of normal oxygen consumption and metabolism, protein turnover, and sympathetic nervous system activity.  Secondary causes of hypothyroidism include pituitary and hypothalamic dysfunction.
Signs and symptoms of hypothyroidism are: fatigue, dry skin, weight gain, intolerance to cold ambient temperatures, constipation, and periorbital puffiness, although true myxedema is uncommon. Other signs include impaired memory, bradycardia, and delayed relaxation of tendon reflexes and hypothermia.

Thyroid function studies may not be immediately available to assist in clinical decision but should be obtained when indicated. The most valuable test is a measurement of TSH level as it is believed to discern patients with true abnormal thyroid function who require treatment from those with euthyroid sick syndrome.  Patients with sick euthyroid syndrome have low to normal TSH and T4 levels with low T3 levels.
Diagnosis of Hypothyroidism:
· TSH > 5.5 IU/mL diagnostic of hypothyroidism (TSH range: 0.35-5.5 IU/ML)
Treatment of Hypothyroidism:
· Synthroid: 300-400 mcg via slow intravenous infusion followed by 50-100 mcg/d


Deficiency of Growth Hormone:


Deficiency of growth hormone results in impaired growth and delayed sexual development in children. Adults have a lack of energy, decreased tolerance of exercise, diminished social interaction, and an increased percentage of body fat.6 Signs and symptoms may also include fine wrinkling around the eyes and an increased sensitivity to insulin in persons who have diabetes mellitus.

Testing should be considered after discharge if suspected.
Deficiency of sex steroids:

Signs of gonadotropic (luteinizing hormone and follicle-stimulating hormone) deficiency include some of the most common initial manifestations of hypopituitarism. Gonadotropic deficiencies in men cause hypogonadism, diminished libido, erectile dysfunction that may lead to impotence, gynecomastia, hot flashes, and decreased body and facial hair. Preservation of a youthful scalp hairline may also occur in men. Decreased testosterone levels in men, resulting from decreased levels of luteinizing hormone, may lead to reduced muscle mass and strength.

Testing should be considered after discharge if suspected.


POSTERIOR PITUITARY DYSFUNCTION:

Normal Physiology:
As the major extracellular cation in the body, sodium is one of the most important osmotically active solutes.  Total body sodium is controlled via renal excretion with re-absorption occurring predominantly at the proximal convoluted tubule.  Sympathetic innervation, atrial natriuretic peptide (ANP) and brain natriuretic peptide (BNP) all affect this re-absorption.  

Total body water volume is predominantly controlled by renal manipulation of body sodium with resulting water volume adjustment to maintain onicity.  Water moves freely between intracellular and extracellular fluid spaces as dictated by movements of osmotically active particles.  The balance is monitored by osmoreceptors in the hypothalamus, low pressure baroreceptors in the atrium and great veins and high pressure baroreceptors in the carotid sinus.  The two main mechanisms for controlling water balance are antidiuretic hormone (ADH) secretion and thirst.  Increases in extracellular fluid tonicity cause secretion of ADH from the posterior pituitary promoting free water re-absorption in the kidney leading to concentrated urine.  Hypovolemia is also a potent stimulus for ADH via the renin-angiotensin-aldosterone system.

Disturbances of sodium balance are a frequent finding in traumatic brain injured patients.  The signs and symptoms of sodium disturbance are related to the balance between sodium and water balance.
Hyponatremia:





Hypernatremia:


Moderate





Moderate

· Lethargy





● Lethargy

· Nausea and vomiting



● Thirst

· Irritability





● Irritability

· Headache

· Muscle weakness/cramps

Severe






Severe

· Drowsiness/ confusion



● Hyperreflexia

· Depressed reflexes



● Ataxia

· Seizures





● Seizures

· Coma





● Coma

· Death

HYPONATREMIA:

The reported incidence of hyponatremia depends on its threshold for diagnosis, but is usually defined as serum sodium <135 mmol/L. Hyponatremia has been reported in 1–15% of hospital inpatients and is associated with a mortality increase of 7 to 60%.
The causes of hyponatremia are numerous, but in the adult neurologic patient population, hyponatremia most commonly occurs because of the syndrome of inappropriate antidiuretic hormone secretion (SIADH) or the cerebral salt wasting syndrome (CSWS). It is important to remember that hyponatremia can occur in the setting of hypo-, eu- or hypervolemia and the causes of hyponatremia may be distinguished by the associated volume disturbance.

Common Causes of Hyponatremia
	Decreased ECF Volume
	Normal ECF Volume
	Increased ECF Volume

	Extrarenal sodium loss
	Diarrhea
	SIADH
	CNS
	CHF

	
	Vomiting
	
	Drugs
	Nephrotic Syndrome

	
	Blood loss
	
	Pulmonary
	Renal failure

	
	Sweating
	Thiazide Diuretics
	Cirrhosis

	Intrarenal Sodium loss
	CSWS
	AI
	

	
	Diuretics
	Hypothyroidism
	

	
	Osmotic Diuresis
	Primary Polydipsia
	

	
	AI
	
	

	
	Ketonuria
	
	


Investigation of the Hyponatremic Neurologic Patient:

Except in life-threatening disturbances of sodium homeostasis, the initial finding of an abnormal sodium level should always prompt specific investigation into the underlying cause before management is initiated. The speed of onset of the hyponatremia, as well as the presence of symptoms, is most important because patients with the most rapid onset are more likely to become symptomatic. A differentiation must be made between hypervolemia with normal total body sodium (suggesting SIADH) and hypovolemia with disproportionately low total body sodium (suggesting CSWS). This differentiation is crucial because the managements of these two conditions are diametrically opposed. 
The diagnostic criteria of SIADH were summarized by Harrigan in 1996 and are shown below. Although these criteria are adequate in the presence of an appropriate level of clinical suspicion, other diagnostic tests for SIADH have been described, including measurement of elevated levels of plasma and/or urinary ADH levels. Attempts have been made to identify derived parameters of sodium and water homeostasis for the differentiation between SIADH and CSWS in order to avoid the need to measure total body water and circulating blood volume. In SIADH there is high free water absorption, low fractional water and sodium excretion, low or normal urine output and increased ADH, whereas in CSWS there is normal free water absorption, increased fractional water and sodium excretion, high urine output and an increase in ADH (secondary and hence appropriate). Urine biochemical analysis will demonstrate dilute or concentrated urine and should be reviewed with simultaneous plasma osmolality assessment. ADH and ANP levels are high in both SIADH and CSWS, either as a primary or secondary event.

Diagnostic criteria for the syndrome of inappropriate antidiuretic hormone secretion

· Serum sodium < 135 mmol/l

· Serum osmolality < 280 mmol/kg

· Urine sodium > 18mmol/l

· Urine osmolality> serum osmolality

· Normal thyroid, adrenal and renal function

· Absence of peripheral edema or dehydration

Pathophysiologic Changes and Biochemical Findings of SIADH and CSWS
	Finding
	SIADH
	CSWS

	Plasma volume
	Raised
	Lowered

	Sodium balance
	Positive/equal
	Negative

	Water balance
	Positive
	Negative

	Serum sodium
	Low
	Low

	Serum osmolality
	Lowered
	High/normal

	Urine sodium
	High
	High

	Urine osmolality
	High
	Normal/high


(Normal values: Plasma osmolality 278–305 mmol/kg, Plasma sodium 135–145)

Treatment of hyponatremia:

An expectant and supportive management strategy is best adopted in asymptomatic patients as the physiological disturbance is often transient. Treatment is however indicated in the presence of acute symptomatic hyponatremia which can be a prelude to life-threatening complications.

The correction of hyponatremia, especially in the chronic setting, can lead to neurologic sequelae.  This risk can be minimized by gradual correction of sodium deficits. It is especially important to note that treatment should be targeted to the point of alleviation of symptoms rather than to the achievement of biochemical normality. 
Specific treatment of SIADH
The appropriate management of SIADH is fluid restriction, initially to 1L per day. This usually results in a slow rise in sodium of 1.5mmol/l/day. If supplemental intravenous fluid is required, 0.9% saline is the usual choice. More recent studies support this management strategy, although some authors recommend maintenance fluid replacement therapy with intravenous 5% dextrose. 

Pharmacologic treatment is a further option when the diagnosis is certain. SIADH treatment using furosemide is described, with saline or salt supplementation to counteract the sodium loss which accompanies the free water loss. Lithium may be beneficial in patients with SIADH after brain trauma with dosage adjusted to maintain a plasma lithium concentration of 1 mmol/L. Lithium acts as a blocker of 3, 5-adenosine monophosphatase and inhibits the action of ADH on the renal tubule. The predictability and safety of this treatment has been questioned. Demeclocycline is an ADH antagonist which can also be used in the treatment of SIADH.

Initially democlocycline hydrochloride 900–1200 mg daily is given orally in divided doses, reduced after therapeutic effect is achieved to a daily oral maintenance dose of 600–900 mg. It is less toxic than lithium but may take up to three weeks to achieve maximum effect. 

However, it should be remembered that many patients have self-limiting disease. In one study, a third of consecutive neurosurgical patients fulfilled criteria for SIADH but only half of these required treatment with fluid restriction with the remainder achieving spontaneous resolution of their dysnatremias. 
Specific treatment of CSWS 
Best management of CSWS is treatment with fluid and sodium resuscitation, although the saline solution used in the treatment of CSWS is more controversial. 0.9% saline solution should generally be used in the first instance, although in acute symptomatic hyponatremia, hypertonic (3%) saline has also been recommended, with the administration of furosemide in the event of hypervolemia. Administration of 3% saline requires central venous access and the use of 1.5% saline, which can be administered peripherally, has been advocated as an equally effective alternative. It should be noted that administration of sodium in CSWS may, in some patients, drive further urinary sodium loss with accompanying loss of water. In cases refractory to salt and fluid therapy, prophylactic fludrocortisone may limit the negative sodium balance after SAH by increasing sodium reabsorption from the renal tubule. Oral fludrocortisone doses of between 0.1 and 0.4 mg daily are recommended. Care must be taken to ensure that hypokalemia does not then occur as a secondary effect. 
Neurologic complications of treatment of hyponatremia

The dangers of rapid correction of hyponatremia are serious and well described and remind us that the best treatments of sodium disturbance are often supportive with management of the underlying condition. Myelinolysis is a neurologic disorder affecting pontine and extrapontine structures that can occur after rapid elevation of serum sodium levels. 
Risk factors for its development include:

· Alcoholism

· Malnutrition

· Liver disease

Symptoms and signs include:

· Mutism

· Dysarthria

· Lethargy 
· Spastic quadraparesis 
· Pseudobulbar palsy

The risk of myelinolysis can be minimized by gradual correction of sodium deficit at a rate of less than 10 mmol/L/24 hrs, although lower correction rates are also reported. Close monitoring of the hyponatremic patient undergoing treatment is mandatory and, if over-rapid correction is suspected, reversal using desmopressin and water may be appropriate. 
Algorithm for Assessment of the Hyponatremic Patient
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HYPERNATREMIA: 

Diabetes insipidus (DI) is characterized by a lack of antidiuretic hormone (ADH). The hypothalamus, which is responsible for regulating water balance, secretes ADH that is subsequently released from the pituitary gland into the bloodstream. ADH tells the body to conserve the right amount of water to prevent dehydration.

Causes of deficient amounts of ADH secretion include: (a) a malfunctioning hypothalamus or pituitary gland, (b) damage to the hypothalamus or pituitary gland during surgery, (c) endocrine and metabolic disorders, (d) brain injury, (e) tumor, (f) tuberculosis, and (g) meningitis. Disturbances and disorders of the hypothalamus result in insufficient secretion of ADH. If too little ADH is secreted, fluid and electrolyte imbalance occurs, resulting in water not being reabsorbed, and in excessive, dilute urine production, sodium retention and dehydration (Makaryus & McFarlane, 2006; Robertson, 2003; The Diabetes Insipidus Foundation, 2003).
ADH is the primary determinant of free water excretion in the body. Its main target is the kidney, where it acts by altering the water permeability of the cortical and medullary collecting tubules. Water is reabsorbed by osmotic equilibration with the hypertonic interstitium and returned to the systemic circulation. The actions of ADH are mediated through at least 2 receptors—V1 mediates vasoconstriction, enhancement of corticotrophin release, and renal prostaglandin synthesis; V2 mediates the antidiuretic response.
DI is rare, with an estimated 1 case per 100,000 hospital admissions.  Posttraumatic DI occurs in 2-16% of all cases. The most common etiologies of posttraumatic DI include severe closed head injury, frequently with basilar skull fractures; craniofacial trauma; thoracic injury; post cardiopulmonary arrest; and intraventricular hemorrhage in neonatal patients. DI frequently is associated with cranial nerve injuries. The usual onset is 5-10 days following trauma. 
The most common form of diabetes insipidus is that which follows trauma or surgery to the region of the pituitary and hypothalamus. It may exhibit 1 of 3 patterns—transient, permanent, or triphasic. The triphasic pattern is observed more often clinically.   

· First, a polyuric phase occurs 6-24 hours after injury and lasts 4-5 days. 
· Secondary to inhibition of ADH
· An immediate increase in urine volume and a concomitant fall in urine osmolality occur 

· Second, an antidiuretic phase of 5-6 days occurs

· Secondary to release of stored hormone

· Urine osmolality rises
· The third phase can be permanent diabetes insipidus when stores of ADH are exhausted and the cells that produce more ADH are absent or unable to produce. 

Delayed onset of DI is associated with a poor prognosis due to hypothalamic involvement causing permanent DI. Acute DI following mild-to-moderate TBI indicates a posterior pituitary lesion with only a temporary antidiuretic hormone (ADH) deficiency. 
Characteristic features of DI:

· Polyuria

· Urine output usually is greater than 90 mL/kg/d (10-15 L day)
· Urine specific gravity usually < 1.010 
· Urine osmolality usually 50-200 mOsm

· Low urine osmolality

· High serum osmolality

· Normal serum glucose

· Normal-to-elevated serum sodium
Most concerning finding is intravascular dehydration coupled with hypernatremia.  Dehydration is a decrease in the extracellular fluid volume that results in electrolyte imbalance. Signs of dehydration include increased temperature, tachycardia, tachypnea and lethargy. The type of dehydration is determined by the serum sodium concentration. Hypernatremic dehydration is the most devastating type of dehydration because it can result in severe neurological damage from hemorrhage. Normally, an increased osmolality results in water conservation. This does not occur in central DI due to a malfunctioning hypothalamus. In hypernatremic dehydration, extracellular osmolality increases and water moves out of the brain cells. This movement of water causes brain cells to shrink and the blood vessels tear as the brain is pulled away from the skull and the meninges. The tearing of blood vessels results in hemorrhaging and potential for thrombus formation (Behrman et al., 2004).

Treatment of DI:

The large amounts of dilute urine rapidly result in dehydration with hypovolemia and hypotension and in hypernatremia and neurologic deterioration.  Acute hypernatremia, defined as hypernatremia occurring in a period of less than 48 hours, can be corrected rapidly (1-2 mmol/L/h). Chronic hypernatremia, however, should be corrected more slowly due to the risks of brain edema during treatment.  The brain adjusts to and mitigates chronic hypernatremia by increasing the intracellular content of organic osmolytes. Rapid correction can increase CNS intracellular volume significantly, and the resulting brain edema can lead to herniation, permanent neurologic deficits, and lysis of myelin.
It is therefore important that DI is recognized and treated rapidly.  
Overall there are two components to treatment:

· Correction of water deficit

· The free water deficit can be estimated by the following formula: 
Deficit (L)= body weight (kg) X 0.6 X (Na+- 140)/Na+
· All patients should receive sufficient free water to match their urine output until polyuria is controlled

· Either intravenous or enteral route

· This is in addition to calculated free water deficit

· Electrolytes should be carefully monitored every 4 hours until normal natremia is restored and stabilized
· Reduction of excessive urine output
· Polyuria of central DI is treated effectively by vasopressin (ADH) or its analog desmopressin acetate (DDAVP).

· Vasopressin:

· Dose: 4-10 Units subcutaneously or intramuscularly

· Effect begins rapidly but lasts only hours
· Must be repeated every 4-6 hours

· Side effects:

· Can be associated with arterial hypertension, myocardial infarction, mesenteric infarction, peripheral ischemia, uterine cramps

· DDAVP

· Drug of choice

· Can be delivered subcutaneously, intravenous, intranasal

· Intranasal initial dose:10-20 mcg

· Intravenous initial dose: 2-4 mcg

· Repeat every 30-60 minutes until urine output is reduced to less than 100 ml/hour

· Repeat dosage indicated when urine output increases again to above 200 ml/hour

· Prolonged effects (8-20 hours)

· Scheduled dosing not recommended

· Side effects:

· May interfere with anticoagulant drugs and cause hypercoagulable state





















