Adrenal Pathophysiology
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Normal effects of Glucocorticoids
Cortisol has a circadian rhythm, and peaks in the early morning hours during waking.

Cortisol and aldosterone are both secreted in response to ACTH from the pituitary.
Cortisone (inactive) is converted to cortisol (active) locally by 11-HSD.

During stress (surgery, hemorrhage, sepsis), glucocorticoids spike to boost the cardiovascular 
system and CHO/fat metabolism, while inhibiting the immune system.  People with 
adrenal insufficiency are at risk of life-threatening adrenal crisis if subjected to stress.

1.  Cardiovascular effects – maintain blood pressure by boosting cardiac contractility and output.  
Glucocorticoids also boost vascular sensitivity to the pressor effects of catecholamines.  
Glucocorticoid excess results in severe hypertension.
2.  CHO/fat metabolism – maintain blood glucose by boosting gluconeogenesis and lipolysis.

Glucocorticoids also inhibit glucose uptake into muscle by inhibiting Glut4.


Glucocorticoid excess results in catabolic protein/muscle wasting, DM, and fat redistribution.
3.  Immune system – limit inflammatory response by increasing T cell apoptosis, redistributing 
lymphocytes out of the circulation, inhibiting granulocyte function, depleting macrophages, 
inhibiting histamine/prostaglandin/TNF, and decreasing vascular permeability.

Glucocorticoid excess results in immune suppression.  


Immune suppression is the main clinical application of glucocorticoid agonists.
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Normal effects of Mineralocorticoids
Aldosterone is produced in the zona glomerulosa in response to Angiotensin II, and to a lesser 
extent, ACTH.  ACTH deficiency doesn’t cause mineralocorticoid deficiency, but ACTH 
excess does cause mineralocorticoid excess.
Low renal blood flow causes renin secretion, Angiotensin II production, and aldosterone secretion.
Adrenocortical Insufficiency – Addison’s Disease
Primary Adrenal Insufficiency is caused by damage to the adrenal cortex.  There is cortisol and 
aldosterone deficiency, as well as ACTH and Angiotensin excess (loss of feedback inhibition).

PAI is usually caused by autoimmune destruction, metastatic carcinoma, or TB infection.
Secondary Adrenal Insufficiency is caused pituitary damage, which decreases ACTH secretion.  There 
is cortisol deficiency but normal aldosterone secretion due to normal Angiotensin secretion.

**SAI is usually caused by abrupt withdrawal of steroid hormone treatment.  Steroid treatment 
    must be tapered off due to suppression of the hypothalamic-pituitary-adrenal axis.
	
	Primary Adrenal Insufficiency
	Secondary Adrenal Insufficiency

	ACTH
	High
	Low

	Angiotensin
	High
	Normal

	Cortisol
	Low
	Low

	Aldosterone
	Low
	Normal


Manifestations of Adrenal Insufficiency include:


--Bronzing of the skin (because melatonin-stimulating hormone (MSH) cleaved from ACTH)

--Weakness, anorexia, vomiting, weight loss, hypoglycemia

--Loss of pubic/axillary hair


--Lymphocytosis (high WBC)


--Orthostatic hypotension


--Salt wasting and salt craving


--Hyperpigmentation (ACTH excess)

--Hyponatremia


--Hyperkalemia


--Elevated BUN
Acute Adrenal Crisis manifests as intractable vomiting, severe hypotension resistant to pressors, 
muscle cramping, hypoglycemia, and impaired mentation.

Diagnosis of Adrenal Insufficiency is by ACTH stimulation.  Failure to stimulate cortisol secretion 
suggests primary or chronic secondary adrenal insufficiency.

Treatment is with hydrocortisone (glucocorticoid) and fludrocortisone (mineralocorticoid).

**During stress such as illness or surgery, glucocorticoid therapy such as hydrocortisone 
must be tripled to cope with the stressors.
Congenital Adrenal Hyperplasia (CAH)
CAH is caused by decreased cortisol production.  The resulting high ACTH levels stimulate the 
adrenal hyperplasia.  Androgens levels build up as cortisol precursors are shunted into the 
androgen pathway.
The most common cause of CAH is 21-hydroxylase deficiency.  Both simple-virilizing and     
salt-losing CAH are associated with masculinization of females.
Simple-virilizing CAH is caused by incomplete 21-hydroxylase deficiency.  This is only apparent 
in females, who have androgen excess with menstrual irregularities and hirsutism.
Salt-losing CAH is caused by complete 21-hydroxylase deficiency, which leads to cortisol and 
aldosterone deficiencies.  These patients have very high androgen levels.







Hypercortisolism – Cushing’s Syndrome
Cushing’s Syndrome refers to hypercortisolism of any cause.

Cushing’s Disease refers to hypercortisolism due to an ACTH-secreting pituitary tumor.

Manifestations of Hypercortisolism:


--Truncal obesity with abdominal striae and peripheral wasting


--Moon facies, buffalo hump


--Proximal myopathy


--Amenorrhea, hirsutism


--Mood swings, depression, mania

Causes of Hypercortisolism:


--ACTH dependent = Cushing’s Disease or ectopic ACTH secretion by small cell lung cancer

--ACTH independent = Exogenous glucocorticoid treatment excess or adrenal tumor
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Diagnosis of Hypercortisolism is by 24-hour urinary free cortisol levels, midnight salivary cortisol 


levels, plasma ACTH levels, and DXM test.
The gold standard is the inferior petrosal sinus sample, which localizes the ACTH source.

( pituitary tumors will have a large central:peripheral ACTH gradient


( ectopic ACTH from a small cell lung cancer will have no central:peripheral ACTH gradient
Treatment of Hypercortisolism is usually pituitary surgery.

Hyperaldosteronism
Primary aldosteronism is caused by adrenal adenoma or hyperplasia.  Renin levels will be low.
Secondary aldosteronism is caused by reduced renal blood flow, as in the case of diuretic 
therapy, CHF, renal artery stenosis, or liver cirrhosis.  Renin levels will be high.
Signs of hyperaldosteronism include hypokalemia, hypernatremia, increased plasma volume, HTN.
11β-hydroxysteroid dehydrogenase deficiency mimics mineralocorticoid excess by blocking 
breakdown of cortisol in the kidney.  Licorice blocks this enzyme too, causing an apparent 
aldosterone increase with resulting salt retention and potassium wasting.
Glucocorticoid remediable hyperaldosteronism results from a gene chimera that links the enzymes 
aldosterone synthase and 11β-hydroxylase.  This creates an aldosterone synthase that is under 
the control of ACTH!!  Very weird.  Treated with Dexamethasone to inhibit ACTH.
Pheochromocytoma
This is a catecholamine (epi/norepi) producing tumor of the adrenal medulla chromaffin cells.
Extra-adrenal pheochromocytomas are called paragangliomas.
Pheochromocytomas are part of MEN 2A and 2B.

Signs of pheochromocytoma are usually paroxysmal, not static.  They include headache, 
sweating, tremor, nervousness, pallor, palpitations, and severe hypertension.
Diagnosis of pheochromocytoma is done by 24-hour metanephrine levels (metanephrines are a 
catecholamine metabolite), and by Clonidine suppression test (Clonidine suppresses 
metanephrines in normal individuals but not with pheochromocytoma).

Treatment of pheochromocytoma is surgical.
**Pre-operatively, you must administer alpha-adrenergic blockade with phenoxybenzamine to 
avoid hypertensive crisis.  Also, avoid isolated beta-adrenergic blockage.

Multiple Endocrine Neoplasia (MEN) Syndromes
      MEN 1:   

Pancreatic tumors (secrete gastrin, serotonin, or insulin)

(Inactivating Menin
Parathyroid hyperplasia (secrete PTH, causing hypercalcemia)


mutation)
Pituitary tumors (secrete prolactin or GH)
      MEN 2:

Thyroid Medullary Cancer (C-cell cancer, causing calcitonin secretion)
 (Activating Ret
Pheochromocytoma (secrete epi, norepi)

mutation)
Parathyroid hyperplasia ( MEN 2A
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Specific for Primary Adrenal Insufficiency














