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Adrenal Cortex Disease

Adrenal Insufficiency 

· Adrenal Insufficiency - inappropriately low adrenal steroid output
· Prevalence - 40-60 mm ppl worldwide; ~30,000 in US

· Types - include primary (adrenal dysfunction), secondary (pituitary), or tertiary (hypothalamus)

· 1o Adrenal Insufficiency - will see a low aldosterone due to destroyed adrenals; high CRH, ACTH, low cortisol

· Secondary - high CRH, low ACTH, low cortisol, normal aldosterone

· Tertiary - CRH, ACTH, cortisol low, normal aldosterone
· Causes - most commonly autoimmune adrenalitis (across all age groups), but also consider:

· Children - can get polyglandular autoimmune system, or genetic defect
· Young Men - can get adrenoleukodystrophy (CNS disorder ( Lorenzo’s oil)
· Adults/Elderly - often in response to “pharmacologic” glucocorticoids for non-adrenal disease
Primary Adrenal Insufficiency 

· QUIZ: Aldosterone - will be low in 1o adrenal insufficiency, normal in 2o/3o
· Adrenoleukodystrophy

· Hereditary - Sex-linked (only in M)
· Endocrine - Adrenal insufficiency in childhood, hypergonadotropic hypogonadism @ puberty
· Neuro - spastic paraparesis, demyelination, AMN 20-30 yo; cerebral sclerosis-ALD in childhoold
· Pathophys - Due to mutation in adrenoleukodystrophy protein ( very long chain cholesterol esters build up
· Treatment - Lorenzo’s oil and cortisol replacement
· Causes - most commonly autoimmune cause, as part of syndromes:
· Polyglandular Autoimmune Syn I (PGA-I) - 2/3 of adrenal insuff before 15., hypoparathyroid before 10, candidiasis before 5
· PGA-II - involves hypothyroidism + diabetes mellitus ( usually middle-aged F
· PGA-III - hypothyroidism + other autoiummune disorder (not AI)
· None-autoimmune - TB, CMV, fungal, hemorrhage, thrombosis, arteritis
· Symptoms - involve Sx from lack of cortisol and lack of aldosterone:

· Cortisol Lack - fatigue, weakness, anorexia, nausea, proximal muscle weakness

· Aldosterone Lack - dizzy, orthostatic hypotension, hypoNa, hyperK
· ACTH ​Excess - hyperpigmentation (from POMC ( MSH) 1o only

· DHEAS - deficient; leads to decreased libido b/c DHEAS made in adrenal gland and acts in brain to drive libido

2o/3o Adrenal Insufficiency 

· 2o/3o Adrenal Insufficiency - adrenal insufficiency from lack of pituitary/hypothalamic stimulation

· Causes - most commonly chronic pharmacologic glucocorticoids, but other causes:

· Pharmacologic Glucocorticoids - cause pituitary atrophy; need to wean off after Tx
· Sheehan’s Syndrome - post-partum necrosis ( pituitary infarct

· Other Causes - tumor, surgery, irradiation, infection (lymphocytic hypophysitis), granuloma
· Symptoms - have positive and negative:

· Positive - will have same fatigue, weakness seen in 1o adrenal insufficiency

· Different Positive - Sx of lacking other hormones( growth delay, DI, hypothyroid, hypogonad
· Negative - unlike 1o, no hyperpigmentation (low ACTH) and no hypotension (aldosterone ok)
Adrenal Crisis 
· Adrenal Crisis - sudden shutdown of adrenal glands

· Causes - most commonly from hemorrhage, drugs (inc. metabolism or dec. production), or exogenous corticoid removal
· Presentation - patient will have catecholamine-resistant hypotension, or hypotension + abd pain
· Key tip-offs - include hyperpigmentation, hyperK, hypoNa, hypoglycemia
· Management - the more severe the stress, the more cortisol a patient needs (to make up for loss)

· Acute Therapy - IV fluids, IV cortisol hi dose, glucose

· Maintenance Tx - give glucocorticoids (hydrocortisone), mineralocorticoids, DHEA
· Tapering T​x - be careful, especially if high dose or chronic = suppression more severe

· Pharmacologic ( Physiologic - can reduce taper to this level immediately, no effect

· Physiologic ( Off - this is where tapering is needed, otherwise can’t make necessary hormones
Adrenal Insufficiency Screening 

· Morning cortisol level - rarely helps; can rule out disease if really high (rule in if extremely low)

· ACTH Stimulation Test - give patient exogenous ACTH
· 1o Adrenal insufficiency - will rule in this disease
· Mechanism - exogenous ACTH should induce cortisol rise, unless 1o insufficiency
· Interpretation - subnormal cortisol is diagnostic of AI; ACTH extremely hi is consistent w/ primary AI but not diagnostic
· Insulin Hypoglycemia Test - give patient exogenous insulin
· 2o/3o Insulin insufficiency - will rule in this disease
· Mechanism - insulin induces hypoglycemia ( stress response ( ACTH rise, unless 2o insuff.
· Interpretation - subnormal cortisol is diagnostic of AI; subnormal cortisol is diagnostic of secondary AI
Treatment of Adrenal Insufficiency

· Acute (crisis or signnificant illness) - IV fluids, high dose IV cortisol, glucose, treat underlying event
· Maintenance - hydrocortisone (inactive form of cortisol) and/or fludrocortisone, DHEA
· Tapering - need to taper off glucocorticoids after long term treatment b/c of suppression and atrophy of HPA axis
DHEA
· DHEA - has two key functions:
· Testosterone substrate - DHEA ultimately converted to testosterone…
· Neurohormone - binds to membrane receptors in brain 
· DHEAS - DHEA only sulfated in adrenal, thus excess DHEAS = hyperactive adrenal
· Supplements - watch out for DHEA, available at GNC, but dangerous
Congenital Adrenal Hyperplasia

· Enzyme Block - missing enzyme in biosynthetic pathway for cortisol/aldosterone
· 2o Compensatory Hyperplasia - adrenal hyperplasia is result of enzyme block ( no negative feedback

· Result - causes massive shunting to precursor molecule, often excess androgens ( masculinization
Hypercortisolism Causes

· Physiologic - includes pregnancy, stress, chronic excessive exercise, malnutrition

· Pathologic - most commonly Cushing’s Syndrome, DM, stress disorders

· Pharmacologic - use of glucocorticoids

Cushing’s Syndrome
· Cushing’s Syndrome - involves excess cortisol, and absent circadian rhythm:

· Adrenal Cushing’s Syndrome - autonomous adrenal activation, low ACTH
· ACTH-dependent Cushing’s Syndrome - by definition, high ACTH
· Hyperpituitarism - aka Cushing’s disease; can cause high ACTH

· Ectopic ACTH - tumors can produce ACTH, leads to low pituitary ACTH
· Ectopic CRH - tumors can make CRH ( hi pituitary ACTH (low hypothalamus CRH)

· No ectopic cortisol ( would take several mutations activating several enzymes…
· Causes - often pharmacologic (excess Rx glucocorticoids), pituitary adenoma, ectopic ACTH/CRH
· Ectopic production - bronchial carcinoid, oat cell carcinoma, pheochromocytoma, thyroid ca.

· 1o adrenal hyperplasia - adenoma/carcionoma makes excess cortisol, which is 1o defect; ACTH-independent
· Sx - recall cortisol excess ( includes fat redistribution, opposite of insulin, bone breakdown
· Classic - include central adiposity, moon face, acanthosis nigricans, purple striae
· Myopathy - proximal muscle wasting ( can’t get up without using arms

· Oligomenorrhea/Impotence - shut down HPG axis

· Osteoporosis - due to bone breakdown

· Hypertension - facilitation of catechol synthesis

· Opportunistic infections - anti-inflammatory effects

· Psychiatric - steroid psychosis
· QUIZ: ACTH-Dependent Only - hyperpigmentation (POMC ( MSH), bitemporal hemianopsia if pituitary mass

· ACTH Dependent or Mixed Adrenal - androgen excess, acne, irregular menses, balding

· Dx - assess cortisol excess, determine if pathologic, and ACTH-dependence:
· Cortisol excess - see if 24 hr urine cortisol > 100
· Pathologic excess - low-dose dexamethasone should suppress cortisol… won’t if diseased
· ACTH dependence - is ACTH normal/high (ACTH-dependent), or low (ACTH-independent)
· Pituitary/Ectopic - high-dose dexamethasone might suppress if pituitary, never suppress ectopic

· Suppression - means cause is from pituitary

· No Suppression - means cause is from either
· Inferior petrosal sinus sample - hi ACTH near pituitary ( pituitary; hi ACTH peripheral ( ectopic
· Imaging - can also image adrenals to help distinguish (uni-/bilateral?), or image pituitary

· Bilaterally large - probably some pituitary/ectopic cause

· Unilaterally small/large - larger gland is hyperactive leading to suppression of opposite gland

· Tx - surgical resection (of whatever…), cortisol replacement; if refractory give irradiation
Primary Aldosteronism - skipped but will be covered in small group
· Conn Syndrome - involves primary hyperaldosteronism (adrenal adenoma/hyperplasia)
· Sx - see effects of aldosterone: hyperNa (HTN), hypoK (neuromuscular parasthesia/weak, polyuria), abnormal GTT

· RAAS System:
1) Renin secreted from kidney JGA (in response to low pressure, hypo-osmolarity)

2) Renin acts to convert Angiotensinogen ( Angiotensin I in the liver

3) Angiotensin I ( Angiotensin II in the lung, by ACE
4) Angiotensin II acts on Z. glomerulosa, makes aldosterone ( binds MR in distal tubule

5) Aquaporins activated by MR receptor, water resorption (Na into blood, K into urine)

· Work-up
· R/o other causes of low K (low intake, N/V/D, diuretics)

· 24h urine aldo if low r/o primary aldo but if hi check renin
· If renin is high JGA renin tumor, if  low primary hyperaldo
· Imaging - CT; venous cath to measure aldo in right vs left, elevation on one side ( small adenoma; bilat ( hyperplasia

· Treatment – spironolactone or eplerinone
· QUIZ: Key tip-off is HTN + HypoK ( measure aldosterone level to Dx!

· Adrenocortical carcinoma - if larger than 5cm mass, not benign; rapid development of Cushingoid features, associated w/ elevated DHEA-S and virulization
