Endocrine System of Robbins Summarized


PITUITARY

Anterior pituitary (adenohypophysis)


-composed of epithelial cells derived embryologically from developing oral cavity


-Acidophillic cells secrete Growth Hormone and Prolactin


-Basophillic cells secrete:  TSH, ACTH, FSH, LH

Posterior pituitary (neurohypophysis)


-derived from floor of diencephalons



-secretes ADH and Oxytocin

Symptoms of pituitary disease can be divided into the following:

	Hyperpituitarism
	-arises from excess secretion of trophic hormones

-most common cause = adenoma w/in anterior lobe

	Hypopituitarism
	-caused by deficiency of trophic hormones

-results from a variety of destructive processes including ischemic injury, surgery, radiation, inflammatory reactions

	Local Mass effects
	-sellar expansion, bony erosion, disruption of diaphragma sellae

-b/c of close proximity of optic nerves and chiasm to sella, expanding pituitary lesions often compress decussating fibers in the optic chiasm giving rise to visual field abnormalities

-pituitary adenomas may cause elevated intracranial pressure, seizures, obstructive hydrocephalus, cranial nerve palsy

-acute hemorrhage into an adenoma is ass. w/clinical evidence of rapid enlargement of the lesion and depression of consciousness, a situation termed pituitary apoplexy (neurosurgical emergency b/c it may cause sudden death)


HYPERPITUITARISM AND PITUITARY ADENOMAS

-Commonest cause of hyperpituitarism is pituitary adenoma of the anterior lobe

-Account for roughly 10% of intracranial neoplasms

-Adults ( 4th –6th decades

-Isolated lesions

-Macroadenomas if > 1cm

-Microadenomas if < 1cm

Morphology


-well-circumscribed, soft lesion ( confined by sella turcica (if small)

-if large ( extend superiorly through the sellar diaphragm into suprasellar region compressing 

optic chiasm and adjacent structures

-invasive adenomas (extend locally into cavernous and sphenoidal sinuses (grossly 

nonencapsulated and infiltrate adjacent bone, dura, and brain; foci of hemorrhage/necrosis 

common


-uniform polygonal cells arrayed in sheets, cords, papillae


-supporting CT/reticulin = sparse accounting for soft gelatinous consistency of many lesions


-Mitotic activity is usually scanty

PROLACTINOMAS

-most common type of hyperfunctioning pituitary adenoma

-hyperprolactinemia causes amenorrhea, galactorrhea, loss of libido, and infertility

-hyperprolactinemia is caused by:


-pituitary adenoma


-pregnancy


-high-dose estrogen therapy


-renal failure


-hypothyroidism


-hypothalamic lesions


-dopamine-inhibiting drugs


-stalk effect (if stalk cut ( no inhibiting factor coming in to stop the production of prolactin)

-treated w/bromocriptine ( dopamine receptor agonist, which causes shrinkage of neoplasm 

GROWTH HORMONE (SOMATOTROPH CELL) ADENOMAS

-second most common type of functional pituitary adenomas

-GH-producing adenomas are composed of densely or sparsely granulated cells w/GH w/in cytoplasm

-if GH-secreting adenoma occurs b4 epiphyses close ( excessive levels of GH result in gigantism

-characterized by generalized increase in body size w/disproportionately long arms/legs

-if elevated levels of GH persist or present after closure of epiphyses, pts develop acromegaly

-growth is most conspicuous in soft tissues, skin, viscera, bones of face, hands, feet


-enlargement of jaw results in its protrusion w/broadening of lower face and separation of teeth


-hands and feet enlarged w/broad sausage-like fingers

-most cases of gigantism are also accompanied by evidence of acromegaly

-GH excess is ass. w/:


-abnormal glucose tolerance (GH is antagonistic to insulin) and diabetes mellitus


-generalized muscle weakness


-hypertension


-arthritis


-osteoporosis


-congestive heart failure

CORTICOTROPH CELL ADENOMAS
-microadenomas at time of diagnosis

-stain positively w/PAS due to glycosylation of ACTH precursor molecule

-on EM they appear as membrane-bound, electron-dense granules

-clinically: may be silent or cause hypercortisolism (Cushing’s syndrome) b/o stimulatory effect of ACTH on adrenal cortex

-large, aggressive corticotroph adenomas may develop in pts after surgical removal of adrenal glands for tx of Cushing’s syndrome ( Nelson’s syndrome ( occurs b/c of loss of inhibitory effect of adrenal corticosteroids on preexisting corticotroph microadenoma


-b/c the adrenals are absent in pts w/Nelson’s syndrome, hypercortisolism doesn’t occur; instead 

pts present w/mass effects of pituitary tumor

-b/c ACTH is synthesized as part of a larger prohormone that includes MSH, hyperpigmentation may also occur

OTHER ANTERIOR PITUITARY NEOPLASMS

-Null cell adenomas: 

-pituitary adenoma w/no demonstrable hormonal product


-about 20% of pituitary adenomas


-cytoplasm contains numerous mitochondria and secretory granules are scant


-present b/o mass effect


-compromise residual anterior pituitary sufficiently to produce hypopituitarism

-Gonatotroph adenomas (LH and FSH)

-10-15% of pituitary adenomas


-diagnosed in middle aged men and women


-may cause decreased libido in men; mostly no obvious endocrine abnormalities

-Thyrotroph adenomas:

-1% of pituitary adenomas


-rare cause of hyperthyroidism

-Mixed adenomas:


-more than one cell population is present


-or single cell type is capable of producing more than one hormone

-Pituitary carcinomas are rare

HYPOPITUITARISM

-loss or absence of 75% or more of anterior pit parenchyma

-hypopituitarism accompanied by evidence of posterior pituitary dysfunction in the form of diabetes insipidus is almost always of hypothalamic origin

-anterior pit hypofunction caused by:


-nonsecretory pituitary adenomas


-ischemic necrosis of the pituitary


-ablation of the pituitary by surgery or radiation


-emtpy sella syndrome


-inflammatory lesions: sarcoidosis, TB


-trauma


-metastatic neoplasms involving pituitary

-Ischemic necrosis = important cause of pituitary insufficiency


-ant pit tolerates ischemic insults fairly well


-sheehan syndrome: postpartum necrosis; commenest form of clinically sig  ischemic necrosis



-during pregnancy, ant pit enlarges b/c of increase in size and number of prolactin-

secreting cells

-enlargement of gland not accompanied by increase in blood supply from low pressure 

portal venous system

-enlarged glad vulnerable to ischemic injury in pts who develop significant hemorrhage 

and hypotension during peripartum period

-Clinically sig pituitary necrosis may be encountered in :


-DIC


-sickle cell anemia


-elevated intracranial pressure


-traumatic injury


-shock

-Posterior pit less susceptible to ischemic injury b/c it receives blood directly from arterial branches

-Empty sella


-enlarged and empty sella turcica cuased by chronic herniation of the subarachnoid space into 

the sella turcica


-defect in diaphragma allows arachnoid mater and CSF to herniated into the sella w/expansion of 

sella and compression of pituitary


-affected pts are obese women w/history of multiple pregnancies


-empty sells syndrome ass. w/visual field deficits and endocrine abnormalities 

(hyperprolactinemia caused by interruption of inhibiotyr hypothalamic influences ( stalk effect

-GH deficiency:


-dwarfism

-GnRH deficiency:


-amenorrhea and infertility in women


-decreased libido, impotence, loss of pubic and axillary hair in men

-TSH and ACTH deficiencies


-hypothyroidism


-hypoadrenalism

-Prolactin deficiency:


-failure of post partum lactation

POSTERIOR PITUITARY SYNDROMES

-post pit = neurohypophysis ( composed of modified glial cells and axonal processes extending from nerve cell bodies in supraoptic and paraventricular nuclei of hypothalamus

-hypothalamic neurons produce 2 hormones: vasopressin (ADH) and oxytocin

-stored in axon terminals in neurohypophysis and released into circulation in response to stimuli

-oxytocin stimulates contraction of smooth muscle in pregnant uterus and those surrounding lactiferous ducts of mammary glands

-Diabetes insipidus


-ADH secreted in response to:



-increased plasma oncotic pressure



-left atrial distention



-exercise



-certain emotional status


-ADH acts on collecting tubules of kidney to promote resorption of free water


-ADH deficiency ( diabetes insipidus


-Characteristics:



-excessive urination caused by inability of kidney to properly resorb water from urine



-serum sodium and osmolality increased, owing to excessive renal loss of free water,



resulting in thirst and polydipsia


-Results from:



-head trauma



-neoplasms



-inflammatory disorders/surgical procedures involving hypothalamus and pituitary


-Central diabetes insipidus: ADH deficiency


-Nephrogenic diabetes insipidus: renal tubular unresponsiveness to circulating ADH

-Syndrome of inappropriate ADH secretion:


-ADH excess ( excessive amounts of free water resorbed


-most common causes include secretion of ectopic ADH by malignant neoplasms, non-neoplastic 

diseases of the lung, and local injury to they hypothalamus 


Clinical manifestations:



-hyponatremia, cerebral edema, neurologic dysfunction



-total body water is (, blood volume remains normal & peripheral edema doesn’t develop

THYROID

-bilobed structure

-below and anterior to larynx

-composed of roughly spherical follicles, lined by cuboidal epithelium and filled w/thryoglobulin rich colloid

-in response to TSH released by thyrotrophs in ant pit, follicular cells pinocytize colloid and convert thyroglobulin into T4 and T3 which are then released into circulation where they are reversibly bound to circulating plasma proteins for transport to peripheral tissues

-unbound T3 and T4 interact w/intracellular receptors to up-regulate carbohydrate and lipid catabolism and stimulate protein synthesis ( increase basal metabolic rate

-also contains C cells that synthesize and secrete calcitonin


-promotes absorption of calcium by skeletal system and inhibits resorption of bone by osteoclasts

HYPERTHYROIDISM

-thyrotoxicosis is a hypermetabolic state caused by elevated free T3 and T4

-can have thyrotoxicosis w/out hyperthyroidism (hyperthyroidism is most common category of thyrotoxicosis)

-Clinical manifestations:


-hypermetabolic state induced by excess thyroid hormone and overactivity of sympathetic NS

-Constituitional symptoms:



-skin = warm, soft, flushed



-heat intolerance



-excessive sweating



-weight loss despite increased appetite


-Gastrointestinal stimulation:



-hypermotility



-malabsorption



-diarrhea


-Cardiac:



-palpitations


-tachycardia



-congestive heart failure (aggravation of preexisting heart disease)


-Neuromuscular:



-nervousness



-tremor



-irritability



-proximal muscle weakness (thyroid myopathy)


-Ocular manifestations:



-wide staring gaze



-lid lag


-Thyroid storm:



-abrupt onset of hyperthyroidism



-commonly occurs in pts with Graves disease – resulting from acute elevation of 

catecholamine levels (ie. during stress)

-medical emergency; people die from cardiac arrhythmias


-Apathetic hyperthyroidism:



-age and various comorbidities may blunt the typical features of thyroid hormone excess

-Diagnosis:


-measure serum TSH (confirm w/free T4 levels)


-radioactive iodine uptake by thyroid gland



-increased uptake in the whole gland (Grave’s disease)



-increased uptake in a solitary nodule (toxic adenoma



-decreased uptake (thyroiditis)

HYPOTHYROIDISM

-Cretinism


-hypothyroidism in infancy/early childhood


-in the past ( associated w/iodine deficiency

-can also result from inborn errors in metabolism (enzyme deficiencies) that interfere w/biosynthesis


of normal levels of thyroid hormone (sporadic cretinism)


-Clinical features:



-impaired development of skeletal system and CNS w/severe mental retardation, short statute, 



coarse facial features, protruding tongue, umbilical hernia


-if maternal thyroid deficiency occurs b4 development of fetal thyroid gland, mental retardation is severe


-if reduction in maternal thyroid hormones later in pregnancy, normal brain development takes place

-Myxedema


-aka Gull disease


-Manifestations:



-generalized apathy, mental sluggishness mimics depression



-listless, cold intolerant, obese



-MPS-rich edema accumulates in skin, sub Q tissue visceral sites w/resultant broadening and 

coarsening of facial features, enlargement of tongue, deepening of voice



-bowel motility decreased ( constipation



-pericardial effusions ( enlarged heart ( heart failure

-Diagnosis: 


-serum TSH


-TSH increased in primary hypothyroidism owing to loss of feedback inhibition of TRH and TSH


-TSH level not increased in pts w/hypothyroidism caused by primary hypothalamic or pituitary disease


-T4 decreased in pts w/hypothyroidism of any origin

GRAVES DISEASE

-most common cause of endogenous hyperthyroidism

-characterized by triad of manifestations:

-Thyrotoxicosis caused by hyperfunctional, diffuse, enlargement of thryroid

-Infiltrate ophthalmopathy w/resultant exophthalmos (40% of pts)

-Localized, infiltrative dermopathy (pretibial myxedema)

-occurs primarily in younger adults (20y/o – 40y/o)

-F:M  7:1

-strongly ass. w/inheritance of HLA-DR3

-Pathogenesis


-autoimmune disorder


-autoantibodies to TSH receptor, thyroid peroxisomes, thyroglobulin


-Thyroid stimulating immunoglobulins (TSI) binds to TSH receptor to stimulate adenylate cyclase/cyclic AMP 

pathway w/resultant increased release of thyroid hormone

-thyroid growth-stimulating immunoglobulins (TGI) – ab against TSH receptor

-TSH binding inhibitor immunoglobulins (TBIIs) prevent TSH from binding normally to its receptor on thyroid 

epithelial cells; some forms of TBII mimic action of TSH resulting in stimulation of thyroid epithelial cell activity, while other forms may actually inhibit thyroid cell function


-certain extrathyroidal tissues aberrantly express the TSH receptor on their surface


-In response to circulating anti-TSH receptor abs and other cytokines from the local milieu, these fibroblasts 

undergo differentiation into mature adipocytes and also secrete hydrophilic glycosaminoglycans into the 

interstitium both of which contribute to the orbital protrusion


-similar mechanism proposed for development of pretibial myxedema

-Morphology:


-thyroid gland = diffusely enlarged b/o presence of diffuse hypertrophy and hyperplasia of thyroid follicular 

epithelial cells


-gland is smooth, soft, and capsule is intact


-follicular epithelail cells in untreated cases are tall and columnar and more crowded than usual


-crowding results in papillae projecting into follicular lumen


-papillae lack fibrovascular cores in contrast to those of papillary carcinoma


-lymphoid infiltrates (predominantly T cells)


-changes in extrathyroidal tissues include generalized lymphoid hyperplasia


-tissues of orbit are edematous owing to presence of hydrophilic GAGs


-orbital muscles may undergo fibrosis late in the course of the disease

-Investigations:


-elevated free T4 and T3 levels


-depressed TSH levels


-radioactive iodine uptake is increased and radioiodine scans show diffuse uptake of iodine

DIFFUSE NONTOXIC GOITER AND MULTINODULAR GOITER

-reflects impaired synthesis of thyroid hormone, most often caused by dietary iodine deficiency

-impairment of thyroid hormone synthesis leads to compensatory rise in TSH levels, which causes hypertrophy and hyperplasia of the follicular cells and gross enlargement of the thyroid gland

Morphology:


-hypertrophy and hyperplasia of thyroid follicular cells by elevated levels of TSH


-diffuse, symmetric enlargement of the gland (diffuse nontoxic goiter)


-follicles lined by crowded columnar cells which pile up and form projections


-if dietary iodine subsequently increases or demands for thyroid hormone decrease, stimulated follicular 

epithelium involutes to form an enlarged, colloid-rich gland


-recurrent episodes of stimulation and involution combine to produce a more irregular enlargement of the thyroid 

termed nodular or multinodular goiter



-multilobulated, asymmetrically enlarged glands



-irregular nodules containing variable amounts of brown, gelatinous colloid



-colloid-rich follicles lined by flattened inactive epithelium and areas of follicular epithelial hypertrophy 

and hyperplasia

Clinical features:


-airway obstruction


-dysphagia


-compression of large vessels in the neck and upper thorax


-hyperfunctioning nodule ( hyperthyroidism


-Plummer syndrome ( hyperthyroidism w/out infiltrative ophthalmopathy, dermopathy

THYROIDITIS

-most common entities included under thyroiditis can be distinguished using combination of two criteria:

a. rapid onset or duration of disease (acute, subacute, chronic)

b. predominant inflammatory response (polymorphonuclear, lymphocytic, granulomatous)

CHRONIC LYMPHOCYTIC (HASHIMOTO) THYROIDITIS

-most common cause of hypothyroidism 

Pathogenesis:


-caused primarily by defect in T cells


-involves cellular and humoral responses

a. activation of thyroid specific CD4+T cells induces formation of CD8+cytotoxic T cells and autoab (cytotoxic T-cell infiltration is primarily responsible for parenchymal destruction

b. sensitized B cells secret inhibitory anti-TSH receptor antibodies that block the action of TSH further contributing to hypothyroidism

c. other circulating abs (antithyroglobulin and antithyroid peroxidase ab) are probably formed as a result of tissue destruction and exposure of normally sequestered thyroid antigens to the immune system

Morphology:


-thyroid diffusely and symmetrically enlarged


-capsule intact and gland well demarcated from adjacent structures


-pale, gray-tan, firm and somewhat friable


-infiltration of parenchyma by mononuclear inflammatory infiltrate containing small lymphocytes, plasma cells, and well-developed germinal centers


-thyroid follicles are atrophic and lined in areas by epithelial cells distinguished by presence of abundant 

eosinophilic granular cytoplasm, termed Hurthle or oxyphil cells ( this is a metaplastic response of the normally 

low cuboidal follicular epithelium to ongoing injury (Hurthle cells are characterized by numerous intracytoplasmic 

mitochondria)

Clinical Features:


-F>>M


-painless enlargement of thyroid (some degree of hypothyroidism)


-may be preceded by transient thyrotoxicosis caused by disruption of thyroid follicles w/secondary release of 

thyroid hormones


-during this phase, free T4 and T3 levels are increased, TSH is decreased, and radioactive iodine uptake is 

diminished


-as hypothyroidism supervenes, T4 and T3 levels progressively decline, accompanied by compensatory rise in 

TSH


-pts w/Hashimoto’s disease are at increased risk for development of B-cell non-Hodgkin lymphomas w/in the 

thyroid

SUBACUTE GRANULOMATOUS (deQUERVAIN) THYROIDITIS

-cause is unknown

-often preceded by upper respiratory tract infection, suggesting possibility of viral origin

Morphology:


-gland is firm, w/intact capsule


-uni/bilaterally enlarged


-disruption of thyroid follicles, w/extravasations of colloid leading to a PMN infiltrate which is replaced over time 

by lymphocytes, plasma cells, and macrophages


-healing occurs by resolution of inflammation and fibrosis

Clinical Features:


-acute, pain in the neck (particularly when swallowing)


-fever, malaise, variable enlargement of thyroid


-transient hyperthyroidism may occur


-leukocyte count and erythrocyte sedimentation rates are increased


-w/progression of disease and glad destruction, transient hypothyroid phase may ensue, w/most pts returning to 

a euthyroid state w/in 6-8 weeks

SUBACUTE LYMPHOCYTIC THYROIDITIS

-disease follows pregnancy

-most likely autoimmune in etiology

-painless neck mass or features of thyroid hormone excess

-initial phase of thyrotoxicosis followed by return to euthyroid state w/in few months

-pts w/one episode postpartum are at increase risk of recurrence after subsequent pregnancies

-may progress to hypothyroidism

-lymphocytic infiltration and hyperplastic germinal centers w/in thyroid parenchyma

-follicular atrophy and oxyphil metaplasia not commonly seen
Adrenal Cortex

· Adrenocortical Hyperfunction (Hyperadrenalism): 

· General:

· Synthesize and secrete 3 major steroid hormones:

1. Mineralocorticoids: Aldosterone associated w/ Hyperaldosteronism

2. Glucocorticoids: Cortisol associated w/ Cushing syndrome

3. Adrenocortical Androgens associated w/ Virilizing syndromes

· Hypercortisolism (Cushing Syndrome):

· Caused by any conditions that produces an elevation in glucocorticoid levels

· Exogenous Cause: administration of exogenous glucocorticoids 

· Endogenous Causes:

1. Primary hypothalamic-pituitary diseases associated w/ hypersecretion of ACTH 

· called Cushing disease

· Peak: 30-40

· F > M

· ACTH producing microadenoma or macroadenoma: less sensitive to feedback effects of cortisol than normal corticotrophs

· Corticotroph cell hyperplasia

· Increased CRH from hypothalamus ( increased ACTH

· Bilateral nodular cortical hyperplasia b/c of increased ACTH ( Hypercortisolism

2. Primary adrenocortical hyperplasia or neoplasia

· Adrenal Cushing Syndrome

· ACTH independent Cushing Syndrome

· Unilateral adrenocortical neoplasm: Benign (Adenoma) or Malignant (Carcinoma)

3. The secretion of ectopic ACTH by nonendocrine neoplasms

· Small cell carcinoma of the lung

· Carcinoid tumors

· Medullary carcinoma of the thyroid

· Islet cell tumors of the pancreas

· Nodular cortical hyperplasia is present in adrenals

· Morphology:

1. Exogenous Glucocorticoids:

· Suppression of endogenous ACTH ( Bilateral atrophy of adrenal cortices

· Zona fasciculate and Zona reticularis affected Zona glomerulosa function independently of ACTH and so it’s normal thickness.

2. Endogenous Glucocorticoids: 

· Adrenals either hyperplastic or contain a cortical neoplasm

· Elevated ACTH by pituitary or ectopic source ( Bilateral Adrenal Hyperplasia ( Thickened, yellow (b/c of increased lipid-rich cells in zona fasciculate and zona reticularis) (brown-black pigmentations may be seen b/c of neuromelanin deposits)

· Adrenocortical tumors may be benign or malignant.

· Adrenocortical adenoma ( encapsulated, expansile, yellow tumors, lipid-rich cells, adjacent adrenal cortex and contralateral adrenal glands are atrophic b/c of suppression of endogenous ACTH by high cortisol levels.

· Adrenal carcinoma are larger than adenomas

· Pituitary Gland: Crooke hyaline change ( change in ACTH producing cells

· Clinical Features:

· Hypertension

· Weight gain

· Truncal obesity

· Moon faces

· Fat accumulation of fat in the posterior neck and back (buffalo hump)

· Decreased muscle mass and proximal limb weakness

· Induce gluconeogenesis and inhibit the uptake of glucose by cell ( Hyperglycemia, glucosuria, polydipsia ( Diabetes Mellitus

· Resorption of bone ( osteoporosis, back pain, increased susceptibility to fx.

· Thin, fragile, easily bruised skin ( cutaneous striae

· Suppress immune system ( infections

· Hirsutism

· Menstrual abnormalities 

· Mental disturbances: mood swings, depression, frank psychosis

· Extra adrenal cushing syndrome (associated w/ increased ACTH by pituitary or ectopic ACTH) ( skin pigmentation b/c of melanocyte stimulating activity in the ACTH precursor molecule

· Laboratory Diagnosis of Cushing Syndrome:

1. 24-hr urinary free cortisol level (increased in Cushing syndrome)

2. Loss of the normal diurnal pattern of cortisol secretion

· Localization of the cause of Cushing syndrome:

1. The level of ACTH

2. Measurement of urinary steroid excretion after administration of the synthetic glucocorticoid dexamethasone ( decreases in pituitary Cushing syndrome and not altered in ectopic ACTH secretion or adrenal Cushing syndrome

· Hyperaldosteronism:

· Excessive Aldosterone ( Sodium retention and Potassium excretion ( Hypertension and Hypokalemia respectively

· Primary ( adosterone-producing adrenocortical neoplasm (adenoma) or primary adrenal hyperplasia ( increased aldosterone ( suppression of rennin-angiotensin system ( decreased plasma rennin

· Secondary ( Activation of the rennin-angiotensi system b/c of decreased renal perfusion, arterial hypovolemia and edema and pregnancy (estrogen induced increase in rennin) ( increased plasma rennin ( aldosterone release

· Morphology: 

· Conn Syndrome: 

· aldosterone secreting adenoma in one adrenal gland.  

· Solitary, small, encapsulated

· Carcinoma is rare

· Hyperaldosterone doesn’t suppress ACTH production ( No atrophy seen in adjacent adrenal cortex and contralateral adrenal gland

· Bilateral primary adrenocortical hyperplasia/Idiopathic hyperaldosteronism can cause hyperaldesterone – Unknown Cause

· Clinical Features:

· Hypertension

· Hypokalemia

· Treatment:

· If adenoma ( Surgery

· If hyperplasia ( Aldosterone antagonist e.g. spironolactone

· If secondary cause ( correcting underlying cause of stimulation of the rennin-angiotensin system

· Adrenogenital Syndromes:

· Causes for Excess Androgens:

1. Primary gonadal disorders

2. Primary adrenal disorder: Neoplasm, Congenital adrenal hyperplasia

· Neoplasm showing symptoms of excess androgens ( Carcinoma more common than Adenoma

· Hereditary defect in an enzyme involved in cortisol biosynthesis ( decreased cortisol production ( increased ACTH ( Adrenal hyperplasia ( Increased androgens and cortisol precursor steroids ( Virilizing effects 

· Adrenal glands secret dehydroepiandrosterone and androstenedione which have to be converted to testosterone in peripheral tissue

· Secretion of androgens by adrenal glands is controlled by ACTH

· Morphology: Bilateral adrenal hyperplasia is seen w/ congenital adrenal hyperplasia w/ thickened and nodular adrenal cortex that is populated w/ lipid-rich cells.  Also hyperplasia of corticotroph cells is seen in anterior pituitary that secrete ACTH

· Clinical Features:

1. 21-hydroxylase deficiency: 

· Excessive Androgens

· Musculinization in females ranging from clitoral hypertrophy and psudohermaphroditism in infants to oligomenorrhea, hirsutism and acne in postpubertal females

· Males: enlargement of the external genitalia, precocious puberty in prepubertal patients, oligospermia (why??) in older individuals 

· 1/3 of the patients may develop mineralocorticoid deficiency ( Sodium wasting

2. 17(alpha)-hydroxylase deficiency:


· Androgen deficiency

· Lack of development of secondary sexual characteristics in female

· Psuedohermaphroditism in males

3. 11(beta)-hydroxylase deficiency: 

· Accumulated intermediary steroids have mineralocorticoid activity ( Sodium retention and hypertension

· Treatment: Exogenous glucocorticoids ( ACTH levels suppressed ( Decrease in excessive synthesis of steroid hormones

· Adrenal Insufficiency:

· Primary Hypoadrenalism: Primary adrenal disease

1. Chronic primary adrenal insufficiency (Addison Disease): Progressive destruction of adrenal cortex

· Causes:

· Autoimmune adrenalitis

i. Type I polyglandular syndrome ( mutations of autoimmune regulator (AIRE) gene

ii. Type II polyglandular syndrome ( Associated w/ HLAs 

· Tuberculosis: in urban countries (Active infection in lungs and GI may be present)

· AIDS ( infections and Kaposi sarcoma ( adrenal insufficiency

· Metastatic d isease

i.  Adrenals are common site for metastasis

ii. Main sources: Lung and Breast carcinomas

· Systemic Amyloidosis

· Fungal infections 

· Hemochromatosis

· Sarcoidosis 

· Clinical Features: 

· Insidious

· Initially: weakness and easily fatigability

· GI disturbances: anorexia, nausea, vomiting, weight loss and diarrhea

· Skin pigmentation in primary adrenal deficiency b/c of elevated ACTH

· Decreased mineralocorticoid activity in primary adrenal deficiency ( hyponatrrmia, hyperkalemia, volume depletion, hypotension, small heart b/c of chronic hypovolemia 

· Glucocorticoid deficiency ( hypoglycemia 

· Stresses like infection, trauma, surgery ( acute adrenal crisis ( death 

2. Acute Adrenocortical Insufficiency: 

· Causes: 

· Waterhouse-Friderichsen Syndrome ( Massive hemorrhage ( destruction of adrenal cortex

· Sudden Withdrawal of long-term corticosteroid therapy

· Stress in patients w/ underlying chronic adrenal insufficiency

· Massive hemorrhage due to anticoagulant therapy, DIC in postoperative patients, during pregnancy, overwhelming sepsis ( destruction of adrenal cortex

· Secondary Hypoadrenalism: Decreased stimulation of the adrenals caused by a deficiency of ACTH associated w/ hypopituitarism b/c of:

1. Sheehan syndrome

2. Nonfunctional pituitary adenomas

3. Lesions involving hypothalamus and suprasellar region

· Morphology:

1.   Hypoadrenalism secondary to hypothalamic or pituitary disease: Secondary hypoadrenalism

· Small flattened adrenals that retain yellow color b/c of small amounts of lipid remained

· Intact medulla

· Atrophy of cortical cells w/ loss of cytoplasmic lipid

2.   Primary autoimmune adrnalitis:

· Irregular shrunken glands

· Scattered residual cortical cells

· Collapsed network of connective tissue

· Lymphoid infiltrate 

· Medulla preserved

3.   TB or Fungal Diseases:

· Granulomatous inflammatory reaction

4.   Metastatic Carcinoma:

· Enlarged adrenals

· Normal architecture is obscured by infiltrating neoplasm

· Adrenocortical Neoplasms:

· Functional Adrenal Neoplasms:

1. Functional Adenomas associated w/ hyperaldesteronism and cushing syndrome

2. Carcinomas associated with viruilization

· Morphology:

1. Adrenocortical Adenoma:

· Most cortical adenomas do not cause hyperfunction and are usually encountered incidentally 

· Well circumscribed 

· Nodular lesions

· Expands the adrenal, adrenal capsule

· Yellow to yellow-brown b/c presence of lipid w/in neoplastci cells

· Small

· Cells look like normal adrenal cortex cells

· Cytoplasm: eosinophilic to vacuolated

· Mitotic activity and necrosis are not seen
2. Adrenocortical Carcinoma:

· Large

· Invasive

· Poorly demarcated lesions

· Hemorrhage

· Necrosis

· Cystic change

· Well differentiated cells to pleomorphic cells

· Metastasize via lymphatics and bloodstream 

· Functional or nonfunctional

· If diagnosed in childhood: Not very aggressive and associated w/ virilism

· If diagnosed as functional cancers in adults: more aggressive and associated w/ cushing-virilizing syndrome

Adrenal Medulla

· General:

· Embryologically, functionally and structurally distinct from adrenal cortex

· Contains 

1. Chromaffin cells derived from neural crest 

· Synthesize and secrete catecholamines in response to signals from preganglionic nerve fibers in sympathetic nervous system

2. Supporting cells

· Diseases: Neoplasms

1. Neuronal Neoplasms 

· Neuroblastomas

· Most common extracranial solid tumor of childhood

· Most common during first 5 yrs of life

· May occur anywhere in sympathetic nervous system

· Most common in adrenal medulla or retroperitoneal sympathetic ganglia (abdomen)

· Ganglion cells tumors

2. Chromaffin cells tumor ( Pheochromocytomas

· Synthesis and release catecholamines and in some cases other peptide hormones

· Give rise to surgically correctable hypertension

· 10% arise in association w/ familial syndromes e.g. MEN 2A and 2B syndromes

· 10% are bilateral

· 10% are biologically malignant (more common in extra adrenal tumors)

· Morphology:

· Range from

· Small: Circumscribed lesions confined to adrenals, compress on adjacent adrenals 

· Large: Hemorrhagic, necrotic and cystic, efface (thinning out) of adrenal gland

· Polygonal to spindle shaped chromaffin cells and supporting cells seen

· Cytoplasm: fine granular (containing catecholamines)

· Nuclei quite pleomorphic

· Capsular and vascular invasion may be seen even in benign

· Malignancy dx: metastasis (specially to lymph nodes, lung, liver and bone)

· Clinical Features:

· Hypertension: Episodic or Chronic

· Elevation in BP

· Tachycardia

· Palpitation

· Headache

· Sweating

· Tremor

· Pain in abdomen or chest

· Risk of MI, Heart failure, renal injury and cerebrovascular accidents

· Sudden cardiac death secondary to catecholamine-induced myocardial irritability and ventricular arrhythmias

· If secrete other peptide hormones like ACTH, somatostatin etc then will show clinical features related to them as well

· Diagnosis: based on demonstration of increased urinary excretion of free catecholamines and their metabolites such as vanillylmandelic acid (VMA) and metanephrines

· Treatment: If isolated benign ( surgical excision, If multifocal (long term medical treatment for hypertension

Parathyroid Glands

· General:

· Derived from pharyngeal pouches

· Lie in close proximity to upper and lower poles of each thyroid lobe

· Activity of parathyroid gland is controlled by free serum calcium levels rather than trophic hormones form hypothalamus or pituitary

· Decreased Ca+2  ( Increased synthesis and secretion of PTH

· Increased PTH ( Increased free Calcium ( Inhibits PTH secretion 

· Ways PTH works:

1. Activates osteoclats ( increased free Calcium from break down of the bone

2. Increases the renal tubular reabsorption of Calcium

3. Increases the conversion of Vit. D to its active dihydroxy form in the kidney

4. Increases urinary Phosphate excretion

5. Increases gastrointestinal Calcium absorption

· PTH tumors come into attention b/c of increased PTH secretion rather than mass effects

· Hyperparathyroidism:

· Primary Hyperparathyroidism:

· Autonomous, spontaneous overproduction of PTH

· Hypercalcemia caused by parathyroid adenoma, parathyroid hyperplasia or parathyroid carcinoma (rare)

· More common in adults and females

· Occur sporadically or associated w/ MEN syndrome

· Increased PTH ( Bone resorption, Renal disease, Hypercalcemia

· Morphology:

· Parathyroid Adenoma: (80-90%)

· Solitary

· Mostly confided to single gland and other glands may be normal or shrunken b/c of excess Ca+2  

· Well circumscribed, soft tan nodule w/ delicate capsule

· Polygonal chief cells w/ small nucleus and some oxyphil cells (w/ eosinophilic, granular cytoplasm)

· Adipose tissue is inconspicuous w/in adenoma in contrast to normal PTH parenchyma.

· Hyperplasia: (10-20%)

· Multiglandular

· Chief cell hyperplasia ( Diffuse or multinodular gland involvement

· Less Commonly ( Water Clear Cell Hyperplasia ( Cells w/ abundant clear cytoplasm

· Fat is inconspicuous w/in hyperplasia

· Parathyroid  Carcinoma:

· Firm or hard tumors

· Adhering to surrounding tissue

· Fibrosis or infiltrative growth

· Single gland disorder

· Chief cells predominate

· Cytologic features and mitotic activity vary and so can’t be used to diagnosis

· Diagnosing Features: Invasion of surrounding tissue and metastatic dissemination

· Morphologic Changes in other Organs: 

· Skeletal Changes: 

· Osteoporosis like

· Ostelitis fibrosa cystica: fibrous tissue w/ hemorrhage and cyst formation in marrow

· Brown tumors: Aggregates of osteoclasts, reactive giant cells and hemorrhagic debris causing mass

· Kidney:

· Urinary tract stones

· Calcification of renal interstitium and tubules

· Metastatic calcification secondary to hypercalcemia may also be seen stomach, lung, myocardium and blood vessels

· Molecular Changes in PTH Tumors:

1. PRAD1 (Parathyroid adenomatosis gene 1) ( Increased Cyclin D1 expression (cell cycle regulator gene) ( Increased cell proliferation

2. MEN1 (tumor suppressor gene) ( Increased cell proliferation

· Clinical Features:

· Hypercalcemia

· Hypophosphatemia

· Increased urinary excretion of Calcium and Phosphate

· Painful bones

· Renal stones

· GI disturbances: constipation, nausea, peptic ulcers, pancreatitis and gallstones

· CNS abnormalities: Weakness and hypotonia

· Polyuria and secondary polydipsia 

· Causes of Hypercalcemia:

1. Elevated Parathyroid Hormone:

· Hyperparathyroidism

· Familial hypocalciuric hypercalcemia: mutations of Calcium receptors on parathyroid gland so PTH gland can’t sense Calcium and keep on producing more PTH ( Hypercalcemia

2. Decreased Parathyroid Hormone:

· Hypercalcemia of malignancy

· PTH-RP mediated hypercalcemia

· Cytokine mediated hypercalcemia (Multiple Myeloma)

· Vitamin D toxicity induced hypercalcemia

· Immobilization (??)

· Thiazide diuretics (??)

· Granulomatous diseases (sarcoidosis) (dystrophic calcification??)

· Secondary Hyperparathyroidism:

· Caused by any condition associated w/ a chronic depression in serum calcium level

· Most common cause ( Renal failure

· Chronic renal insufficiency ( Low Phosphate excretion ( Hyperphosphatemia ( Lowers Calcium levels ( Hypocalcemia ( Compensatory hyperparathyroidism 

· Renal substance loss ( low active from of Vit. D ( Low absorption of Calcium in intestine

· Morphology: 

· Hyper plastic PTH glands

· Gland enlargement may not me symmetrical

· Increased numbers of chief cells or water clear cells (diffuse or multinodular manner)

· Bone changes

· Metastatic calcification

· Clinical Features:

· Dominated by those related to CRF

· Less sever bone and other changes (related to excess PTH) than primary hyperparathyroidism

· Hyperphosphatemia ( metastatic calcification of blood vessels ( ischemic damage to skin and other organs (calciphylaxis)

· In minority patients PTH gland activity may become autonomous and excessive ( Hypercalcemia (tertiary hyperparathyroidism)

· Hypoparathyroidism:

· Causes:

· Surgical ablation: Removal of PTH glands during thyroidectomy

· Congenital Absence: DiGeorge Syndrome (Cardiac defects and thymic aplasia)

· Autoimmune Hypoparathyroidism: Hereditary polyglandular deficiency syndrome arising from autoantibodies to multiple endocrine organs

· Clinical Manifestations:

· Hypocalcemia:

· Increased neuro-muscular irritability: tingling, muscle spasm, facial grimacing, and sustained carpopedal spasm or tetany

· Cardiac arrhythmias

· Increased ICP

· Seizures
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