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Disorders of the Pituitary 
I. Intro

a. Used to be called the master gland

b. The function of the pituitary gland is to make hormones

i. When it doesn’t or it makes too many it causes problems

c. Classic endocrinology is a signal oriented process

i. Gland produces hormone, hormone is the signal delivered to the organ, the organ does what it is told.

ii. Classically we can refer to most disorders as hypopituitaryism or hyper

II. Hormones of the pituitary

a. Intro

i. To appreciate pituitary dysfunction we need to know what hormones are produced by the gland. Because when there is too much or too little we will see abberitions of function

b. Types

i. ACTH Corticotropin

ii. GH

iii. PRL

iv. TSH

v. FSH

vi. LH

III. ACTH

a. Bound by cell surface receptors, which activates cyclic AMP

b. In the adrenals, ACTH stimulates steroidgenesis (pregnenolone)

c. Extra Adrenal Actions of ACTH

IV. Extra Adrenal Actions of ACTH

a. Stimulates lipolysis in fat cells

b. Stimulates amino acid and glucose uptake in mm

c. Stimulates secretion of growth hormone

d. Stimulates insulin secretion

e. HOWEVER, these actions are not significant at normal levels

i. We tend not to think of ACTH in normal glucose homeostasis

ii. For instance it is not uncommon for an individual with a ACTH pituitary adenoma to have morning headaches due to hypoglycemia. Many of these people have hyperpigmentation and a cushing’s appearance, this is because alpha-melanocyte stimulating hormone is a left over product from ACTH production. 
iii. ACTH is produced by the pituitary gland and the lung parenchymal cells (oat cells)

V. ACTH

a. It is stimulated by corticotrophin- releasing factor (CRF)

b. Normally, ACTH levels highest in the AM and lower in the PM

i. It is such a difference that we have 2 sets of reference intervals

1. AM = 20-30 μg

2. PM = 15-25 μg

ii. You have to be careful because some patients may have reversed circadian cycles, there are morning people and some evening people. 

1. this can be a real problem for shift workers.

iii. It is important to recognize this exists, but you also need to recognize a loss of regulation
VI. ACTH

a. Dual regulation of ACTH

b. “long loop” cortisol inhibition of ACTH at the pituitatry and CRF at the hypothalamus

c. “short loop” ACTH inhibition of CRF at the hypothalmus

VII. Growth Hormone

a. Growth Hormone Secretion

b. Stimulated by (GHRF)

i. Produced by hypothalamus, inhibited by somatostatin

VIII. Growth Hormone

a. Actions of Growth Hormone

b. Stimulation of skeletal/soft tissue growth

c. Promotes islet Beta cell hyperplasia

d. Increases lipolysis

e. Increases oxidative fatty acid metabolism

i. Increased mitochondria production

IX. Factors Influence Normal GH Secretion

a. Augmented by: 

i. Stress: (traumatic, surgical, infection)

1. this is good because you need tissue growth when there is stress on the system

2. alpha adrenergic agonists

3. beta adrenergic antagonists

a. beta blockers

4. Hypoglycemia (fasting)

a. Sometimes you can straight-up measuring hormone levels by the blood sometimes the best way to test hormones is by stressing the system and then checking the levels

b. There is an inverse relationship between glucose concentration and GH concentration

5. Falling fatty acids 

a. Not significant

6. uremia

a. build up of nitrogen waste products, almost always second to renal failure

b. these adverse conditions stimulate GH activity

b. The effect is affected by a bunch of factors that have nothing to do with concentration

i. Normally you would expect to see an increase in activity with an increase in concentration

X. Factors influencing Normal GH secretion

a. Inhibited by: 

i. Emotional deprivation

1. if you take a child away from their mother they don’t grow as much

ii. Alpha adrenergic antagonists

iii. Beta adrenergic agonist

iv. Hyperglycemia

1. If you think this isn’t a big deal think of twins. One is Type 1 diabetic one is not. The one who is not diabetic will be significantly larger. Even if glucose are controlled, elevated levels diminish function of 

v. Increasing fatty acid levels

vi. Obesity

vii. Somatastatin, high doses of cortisol

XI. Drawings

a. He drew a short 6yo (2.5ft) and a normal 6yo (3.5 ft) on the board. Is this explainable by a failure of the pituitary gland to produce hormone?

b. Well his parents are both normal height.

c. The tall kids GH level is 8 (should be 5-10), Short kids is 5, there are normal height kids with only GH of 5. This is not conclusive. 

d. We do provocative testing

i. We put some insulin in the normal kid, so his glucose goes from 100 down to 50, his GH shoots up to 16. this is a normal response

ii. Short kid, we put the insulin in and drop glucose to 50, his GH stays at 5. This represents a failure of the pituitary gland to produce hormone. 

e. We could flip both of these around and make the short kid normal, tall kid is now 6ft
i. Normal kid has production of 8, now the tall kid has 10. there are other kids with GH levels of 10 that are normal levels.

ii. This time we inject glucose in the normal kid (can’t eat enough glucose to surpass kidneys threshold), bring his glucose up to 300. We find his GH is 3

iii. We inject the tall kid with Glucose and bring it up to 300, his GH stays at 10. 

f. There is a normal age related decline in GH

i. Some people think that increasing levels of GH will extend life by many times. In Some European countries have started using GH therapy in geriatric patients, they have shown less mental decline, they have reduced osteoporosis, they have less mm deterioration. We haven’t seen a downside yet.

ii. What is the clinical consequence of GH underproduction in an adult? We really don’t know. What is the benefit of GH supplementation? Some short term studies (14 mo, we don’t know dose) that there are benefits. 

XII. Prolactin

a. The action of prolactin on lactation requires preparation of the breast tissue by estrogen and progesterone

i. It initiates and maintains lactation

ii. The problem is high levels of estrogen inhibit the effects of prolactin. 

iii. This makes sense because before the baby is born we don’t need no stinkin’ milk, after birth

b. During pregnancy, these cause the development of the secretory apparatus of the breast. 

XIII. Prolactin

a. Actual lactation is inhibited by high levels of estrogens

b. Following delivery, estrogen levels drop rapidly and 

c. Shehan’s Syndrome

i. Very common in the 40-50’s, we only see it today occasionally in home births. Especially in those where we see post-partum hemorrhage. We see a pan hypopituitarysim. The placenta hemorrhages there is massive blood loss. The woman goes home and the pituitary gland massively down regulates. 

ii. A normal woman has a massive hemorrhage loses the same amount of blood, but the pituitary is the same. 

iii. Why?

iv. Before birth we see massive proliferation of lactotrophic cell, sometimes it goes up to 40% larger. There is a limited amount of space in the sella turcica. This is ok until you dramatically lower the amount of blood in the pressure. When you first have loss of blood to cell the cell will swell, now you have an already limited space to grow. We suddenly blow up the pituitary pressure which prevents restablishment of blood flow then the pituitary gland starts to die off. 

v. Why don’t we see this anymore. If we do an immediate blood injection and keep the BP up and avoid the problem

XIV. TSH (thyrotropin)

a. TSH synthesis is stimulated by Thyrotropin-Releasing Hormone (TRH)

b. Synthesis is inhibited by somatostatin by T3 (feedback inhibition)

i. The only thing inhibited by thyroid hormone

XV. TSH

a. Stimulates the thyroid gland, via cAMP, to increase the size and vascularity of the gland and increases thyroglobulin synthesis and T3/4 release

XVI. FSH

a. Secretion is controlled by Gonadotropin-releasing Hormone. Luteinizing Hormone
b. FSH acts indirectly to stimulate gametogenesis in both sexes

XVII. FSH

a. In males, FSH acts on the sertoli cells to enhance spermatogensis
b. In females, FSH acts on the Granulosa cells to stimulate estrogen synthesis and follicular development

XVIII. LH

a. Controlled by gonadotropin-releasing Hormone
b. In males, LH acts on the leydig cells to stimulate testosterone production.

c. In females, LH aids in follicular rupture and luteinization

XIX. 
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a. This is the take home

b. When we have pituitary problem, it will look like a problem of the target of the gland.

c. So if a patient comes they have TSH problem you will say they have a thyroid problem. You will need to do some investigation to find the root of the problem.

XX. Mechanisms of Hypothalmic-Pituitary dysfunction

XXI. Developmental Abnormalities

a. Congenital abnormalities of the hypothalamus and pituitary are often associated with maldevelopment of midline structures such as cleft palate

b. Pituitary dysfunction is most often recognized by growth retardation

XXII. Infectious agents

a. Although infections agents are very rare causes of pituitary disease, viral encephalitis can involve the hypothalamus with subsequent evidence of pituitary dysfunction.

b. Acquired “idiopathic” diabetes insipidous may be the result of selective viral infections. 

XXIII. Infectious Agents
a. Pyrogenic pituitary abscess can follow bacteriemia, with affected patients having signs and symptoms of systemic infection, severe headache, and loss of vision.

b. Tuberculous and syphilitic infection of the pituitary may occur but, are very rate today.

XXIV. Granulomas and infiltrations

a. Noninfectious granulomas

b. Sarcoidosis

c. Hemochromatosis

XXV. Autoimmune Disorders

a. Lymphocytic hypophysitis

XXVI. Ischemia
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Ischemic damage to the pituitary is/was a relatively common complication of severe postpartum hemorrhagic or infectious shock

XXVII. Sheehan’s syndrome

a. Tissue anoxia appears toe the primary mechanism of damage. The susceptibility of the pituitary to ischemia, at the time of delivery, is related to the 40-60% increase in the size of the gland, due to lactotropic cell hyperplasia associated with pregnancy

b. The Hypovolemia and vasospasm that follow blood loss, causes cell damage and cellular swelling. The cellular edema of the pituitary leads to increased tissue pressure in an “unyielding” bony structure and the re-establishment of a microcirculation is retarded or prevented, resulting in pituitary necrosis

XXVIII. Hypopituitarism

a. When acute and complete, hypopituitarism can be life threatening, but in a mild form, hypopituitarism may remain undetected for many years

i. This is a case where the symptoms may not be noticeable. It may remain undetected, this is the unrecognized symptom. This may seem like an oxymoron because doesn’t a symptom have to be detected by the patient by definition. Apparently not…

XXIX. Hypopituitarism 2
a. The disease states associated with hypopituitarism are influenced by:

i. Patients age

1. Growth Hormone Deficiency
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3. so if the problem started when the patient has finished growing, the growth hormone deficiency will not be very noticeable. This is because we don’t really know what GH does in the adult. 

ii. The rapidity of onset
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2. This is a good concept to understand a lot of symptomatology.

3. The top guy gains 30lbs over 10 years, you really don’t notice it. The Bottom guy gained it over 10 days, you notice that. 

4. This is a great example of an unrecognized sign, you don’t really see it changing every day. 

5. Anemia is a better example of an unrecognized symptom. Lets say a patient has 4g of HgB. But has lost it over 4 years. The loss has been so gradual that she has adjusted her perception of normal. She just always feels tired.  Often patients that undergo this process they will say: “I forgot what it felt like to be normal.”
6. Acromegaly: the symptoms come on so slowly, the family members probably won’t even notice, but people at say the high school reunion will not recognize the guy 10 years later. 

7. The body is very good at adapting. If the pt has high TSH levels innate may down-regulate the receptors to control the thyroid. 

iii. The extent of impaired hormone secretion

1. a 3% excess of TSH vs. a 30% excess – the 30% will be a lot more on edge.

iv. The pathological process that is involved in the cause

1. Speed of progression

2. Extra Endocrine manifestations

a. This may cause other organs to react in an array of symptoms

b. If Dr. Sanders asked us to write up a SOAP note for hypothyroidism and they would all be about the same. If he asked for a hypopituitarism soap note on the other hand they would all be different. This is because the clinical presentation of Hypopituitarism is extremely broad. 
XXX. Hypopituitarism
a. Many clinical pictures with diverse symptomology

b. Ranging from unrecognized to death

XXXI. Causes of Hypopituitarism 

a. Primary

i. Ischemic necrosis pituitary tumors

ii. Aneurysm of the intracranial carotid artery

iii. Thrombosis

iv. Infectious disease

v. Infiltrative disease

vi. Immunological

vii. Iatrogenic

viii. Metabolic

1. uremia of renal failure

XXXII. Hypopituitarism

a. The most common cause of hypopituitarism is a pituitary tumor

b. The tumor may;

i. Compress the gland within the sella
ii. Invade the gland

1. we get a replacement of functional tissue with non-functional tumor

iii. Hemorrhage (pituitary apoplexy)

1. the tumor may be rapidly growing and it outgrows its blood supply causing it to hemorrhage

XXXIII. Causes of Hypopituitarism secondary

a. Destruction of the pituitary stalk

b. Hypothalamic disease

XXXIV. Hypopituitarism

a. The “worst case” form is panhypopituitarism, or the complete loss of pituitary function.

b. The clinical features associated with this complete loss of function can develop within a few hours to days

XXXV. Clinical Features of Hypopituitarism

a. ACTH Deficiency
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b. TSH def

i. Dry skin 

ii. Pallor

iii. Mental slowing

iv. Bradycardia

v. Hoarseness

vi. Constipation

1. this is a variable symptom

vii. Decreased or absent menstrual flow

viii. Side note: These are symptoms of Thyroid deficiency…

c. LH & FSH def.

i. Females: amenorrhea, breast atrophy, dry skin

ii. Males: decreased testicular size, loss of libido

d. GH def.

i. Children: total or impartial 

ii. Adult: ???

e. Prolactin def.

i. Results only in the absence of post-partum lactation

XXXVI. General Features of Hypopituitarism

a. Skin often has decreased turgor and a waxy character

b. Periorbital wrinkling (premature aging)

c. Mild anemia (normo/normo)

i. We would call this refractory – no matter what we do we cannot correct this

d. Mental slowing, apathy, delusions, paranoid psychosis.
XXXVII. Diagnosis

a. Direct assay of the individual hormone levels will show…

b. Often in cases of mild of partial hypopituitarism it may be difficult to determine if the clinical features are due to primary pituitary dysfunction or to a target organ of the pituitary hormones

i. More often than not this will take some provocative testing

XXXVIII. Pituitary vs Thyroid

a. Low thyroid? Measure T3/4, measure TSH, 

XXXIX. Hyperpituitarism

a. Very, very discrete clinical presentation. This is because the most common cause of hyperpituitarism is a tumor. 

b. Remember tumors are monoclonal. So in the pituitary there are many specific cells, some make GH, some make TSH etc… when we have a functional tumor the tumor typically effects only 1 cell type and leaves alone the others. So there is typically only one hormone affected.

c. Except in the case of rare hormone secreting-tumors, pituitary hormone hypersecretion usually involves the overproduction of only a single hormone

XL. Hyperpituitarism

a. Because of the single hormone involved, the clinical picture is usually distinct, when compared to hypopituitarism

XLI. Hyperpituitarism

a. May be primary, most often caused by a functional tumor

b. May be secondary, most often caused by altered feedback signals

XLII. Secondary hyperpituitarism

a. Hyperprolactinemia due to increased estrogen secretion during pregnancy, or from an ovarian tumor

b. ACTH hypersecretion in response to hypofunction of the adrenals
c. TSH hypersecretion in response to hypofunction of the thyroid

XLIII. Primary growth hormone hypersecretion

a. During childhood, prior to epiphyseal close, GH hypersecretion produces proportional skeletal growth leading to gigantism
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Hypogonadism is frequently present, there is a delayed epiphyseal closure and thus a more prolonged growth period.

i. They castrate pigs to prolong their growth period by inducing hypogonadism

c. If the onset occurs after epiphyseal closure or during adulthood, GH hypersecretion produces acromegaly

XLIV. Acromegaly

a. Soft tissue swelling

b. Hypertrophy of the extremities and face

c. Skin becomes thickened, skin folds increase in prominence

d. Increased hair growth and increase pigmentation

e. Visceromegaly

f. Liver, spleen, kidney, tongue, salivary glands

g. Thyroid enlargement with nodules

h. Tufting of the terminal phalanges, osteophytes proliferation

i. Hypertrophic arthropathy-crippling arthritis

j. Peripheral nerve damage due to entrapment by tissue overgrowth

XLV. Diagnositc Criteria for GH hypersecretion

a. Clinical signs & symptoms

b. Elevated GH levels

c. GH levels not suppressed by Glucose

XLVI.  Primary ACTH Hypersecretion (Cushing’s Disease)

a. In about 90% of cases the cause of ACTH hypersecretion is the result of a functional basophilic adenoma or bilateral hyperplasia (cortical) of the pituitary

b. The clinical features are essentially the same as those produced by adrenocortical adenomas and affect females in the 30 to 60 year old age group most often.
XLVII. Cushing’s

a. Primary pituitary disorder (functional adenoma) with an overproduction of ACTH causing a secondary hypercorisolism.

b. Cushing’s syndrome is hypercortisolism, due to exogenous cortisol administration or an overproduction by the adrenals
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c. Signs and symptoms
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Central obesity

ii. Hypertension

iii. Amenorrhea

iv. Hirstuism

v. Muscular atrophy.

d. Other signs and symptoms

i. Weight gain

ii. Osteoporosis and compression fractures

iii. Increased capillary fragility

iv. Impaired wound healing

v. Hyperglycemia

vi. Increased skin pigmentation: elbows, knees, knuckles

XLVIII. Diagnosis of Cushing’s Disease

a. Typical clinical findings

b. Elevated plasma corisol (50%)

c. Elevated urinary free-cortisol (85%-95%)

d. Plasma ACTH elevated or inappropriate for cortisol level.

XLIX. Cushing’s Disease Differential Dx

a. Adrenal tumor

b. Ectopic ACTH production

L. Prolactin hypersecretion

a. Pharmacologic Agents

i. CNS disorders

ii. Inflammation/infections

iii. Trauma

iv. Neoplastic

v. Pituitary Tumors

vi. Idiopathic

b. Hyperprolactinemia is the most common form of pituitary hyperfunction and is most often due to a functional adenoma of the pituitary. These functional tumors are present in as many as 25% of infertile women

c. Clinical Features:

i. Females

1. oligomenorrhea of amenorrhea, lactation, mild hirsutism, infertility

ii. Males

1. impotence, decreased libido, lactation

d. Diagnosis

i. Elevated Prolactin levels 15-20 ng/ml to 10,000ng/ml

ii. Prolactin levels less than 200ng/ml are almost never of tumor origin. 
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