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EMBRYLOGY AND ANATOMY

The adrenal glands are located in the retroperitoneum, just above the kidneys.  In healthy adults, each adrenal gland weighs about 4 grams.  In cross‑section, the glands are triangular.  The cortex is bright yellow due to a high lipid content, and the medulla is pale gray.

The adrenal cortex and medulla originate from different embryonic sources.  The cortex develops from the mesodermal cells on the posterior body wall near the urogenital ridge.  The medullary cells are ectodermal in origin, derived from the neural crest, and therefore represent a modification of sympathetic neurons.

Fetal cortex ‑ The fetal cortex, or X zone, is made up of large eosinophilic cells which involute shortly after birth.  This zone produces weak androgens used as precursors for placental estrogens during the last trimester.

Mature cortex contains three zones:

1)
Zona glomerulosa ‑ produces mineralocorticoids (aldosterone).  This zone, by lacking the 17-hydroxylase enzyme, cannot make cortisol or androgen.  Aldosterone production is independent of ACTH.  The trophic hormone is angiotensin. 

2)
Zona fasciculata     and    


3)  
Zona reticularis ‑ these two zones function as one unit.  Produce glucocorticoids (cortisol, cortisone) and weak androgens (DHEA & androstenedione).   ACTH dependent ‑negative feedback mechanism.

STEROID ACTIONS AND FUNCTION
Consult biochemistry/physiology lecture notes.

Mineralocorticoids, e.g. aldosterone ‑ Responsible for conservation of water and salt and elimination of potassium.  Excess causes hypertension, hypernatremia, hypokalemia and muscle weakness.  Deficiency produces hyponatremia, dehydration and hypovolemia with hyperkalemia and hypotension.

Glucocorticoids, e.g. cortisol ‑ Essential for life and stress response.  These steroids are diabetogenic by antagonizing insulin action and accelerating the synthesis of glucose from protein catabolism.  Increased protein catabolism leads to decreased bone matix (osteoporosis), muscle wasting, skin atrophy with visible striae.  Glucocorticoids promote lipolysis and also influence centripetal redistribution of fat-increased peripheral fat mobilisation, with deposition in liver and central fat depots.  Maintain blood pressure by controlling vascular tone and cardiac performance.  Have a mild salt‑retaining activity.  Deficiency of cortisol will lead to hypotension and hypoglycemia.   Acute adrenal crisis may lead to vascular collapse, coma and death.

Sex steroids ‑ Enhanced secretion can lead to changes in secondary sex characteristics (virilization or  feminization).  The adrenal cortex produces DHEA and androstenedione. In the peripheral tiessuies, these hourmone4s dcan be converted to testosterone and estrogen.

CONGENITAL (DEVELOPMENTAL) DISORDERS
1.
Anencephaly ‑ Failure of hypothalamic and pituitary development results in ACTH deficiency and bilateral atrophy of adrenal cortex.  The patient is usually a stillborn or dies shortly after delivery.

2.
Congenital Adrenal Hyperplasia ‑Syndromes result from autosomal recessive enzymatic defects in the biosynthesis of adrenal steroids. If the enzyme deficiency is severe, clinical manifestations will be noted in newborns and infants.  The commonest variety is 21‑hydroxylase deficiency.  Because of the enzymatic block, only slight amount of cortisol is formed and there is a build‑up of androgenic precursors, leading to virulization (see below: adrenogenital syndrome).  Furthermore, diminished production of cortisol leads to increased ACTH secretion which, in turn, causes enlarged adrenals i.e., bilateral cortical hyperplasia.

SYNDROMES OF CORTICAL HYPERFUNCTION
1.
Cushing's Syndrome
A "syndrome" refers to a set of symptoms which occur together and it can be caused by multiple etiologies.  Cushing's syndrome is the result of  hypersecretion of glucocorticoids.  The four major causes are listed below.  (Note that the first two causes are ACTH-dependent, related to excessive stimulation of the adrenals by ACTH).

a)
Cushing's disease (pituitary‑dependent bilateral adrenal hyperplasia).  Many patients have a pituitary adenoma.

b)
ACTH production in ectopic sites by some (non-pituitary) tumors, e.g. small cell carcinoma of lung, bronchial carcinoid, islet cell tumor, medullary thyroid carcinoma and others.

c)
Autonomously functioning adrenal adenoma or adrenal carcinoma.

d)
Administration of cortisol or other potent synthetic glucocorticoids (iatrogenic).

Cushing's syndrome is most commonly iatrogenic, resulting from chronic glucocorticoid therapy, Among the non-iatrogenic casues, Cushing's disease (due to pituitary adenoma ) is most frequent, accounting for 60-70% of the reported cases, ectopic ACTH secretion and primary adrenal tumor each accounts for 15-20%.  Cushing's syndrome is rare in children.  In contrast to the incidence in adults, adrenal carcinoma is the most frequent cause (50%) and adrenal adenomas are present in 14%. The major clinical features due to overproduction of glucocorticoids are central obesity ("buffalo hump" and "moonface"), diabetes mellitus, osteoporosis, hypertension, muscle wasting, increased growth of body hair in women, skin changes (skin atrophy and striae).

2.
Adrenogenital Syndrome
Overproduction of androgens leads to precocious puberty in males and virilism in females.  In newborns, this is mainly caused by congenital cortical hyperplasia as result of an enymze defect (see above "Congenital disorders").  In adults, it is caused by adrenal cortical adenomas and carcinomas.

3.
Conn's Syndrome
1. Primary hyperaldosteronism is caused by primary adrenal disease, such as a functioning cortical adenoma (relatively common) or idiopathoic hyperplasia of the zona glomeulosa (rare).  Clinical features include hypertension (due to excess salt and water retention), and sometimes muscle paralysis (due to loss of potassium).

2. Secondary hyperaldosteronism is caused by over-stimulation of the renin‑angiotensin system, commonly occurring in various edematous states, such as congestive heart failure, cirrhosis, and nephrotic syndrome.

Histologic Considerations of Cortical Hyperfunction
Cortical Hyperplasia ‑ Both glands are diffusely enlarged and the cortex is thickened, but not necessarily uniform (nodularity may be present).  The adrenal hyperplasia may be caused by pituitary hyperfunction, ectopic ACTH secretion, or congenital enzyme deficiency.  The clinical syndromes result from excess secretion of glucocorticoids or androgenic steroids.   Infrequently, the zona glomerulosa is hyperplastic and excess secretion of aldosterone (Conn's syndrome) is observed.

Cortical Adenoma – Adenomas are circumscribed, discrete tumour.  They are usually small, and seldom weigh more than 150 grams.  Cut surface is bright yellow due to lipid-laden tumour cells. Non-functioning adenomas are more common than functioning (hormonally active) adenomas. Most non-functioning adenomas are clinically silent (unless they are large) and are found incidentally at autopsy.  Functioning cortical adenomas usually hyper-secrete a single hormones, "pure", such as cortisol with resultant.  Cushing's features or aldosterone with hyperaldosteronism.  The combined presence of cortisol and androgen or mineralocorticoid excess suggests the possibility that the tumour may be a cortical carcinoma.

Cortical Carcinoma ‑ Carcinomas are much larger than adenomas and are bulky, yellow masses, often greater than 6 cm. in diameter.  The tumor cells may show numerous mitoses. Cortical carcinomas are frequently functioning and often secrete multiple steroid hormones.  It is an aggressive tumor.  Overall median survival =14 months; 5 yr survival = 24%. 

CORTICAL HYPOFUNCTION
Primary Chronic Insufficiency (Addison's Disease)
Caused by subacute or chronic destruction of the adrenal glands through various mechanisms.

1.
Tuberculosis ‑ Used to be common, but now in North America is an uncommon cause of adrenal insufficiency.

2.
Fungal diseases ‑ In most cases, it is caused by histoplasmosis.

3.
Idiopathic atrophy ‑ Commonest cause today.  A suspected autoimmune etiology (autoimmune adrenalitis) leads to loss of the cortex with fibrous replacement, often with lymphoplasmacytic infiltrate, reminiscent of Hashimoto's thyroiditis.

4.
Metastatic carcinoma – although this is frequent occurrence, but adrenal insufficiency due to this cause is rare.

5.
Congenital ‑ Hypoplasia of glands occurs rarely.

6.
Amyloidosis
Clinical manifestation is due to Addision's disease is due to hypocorticism and unopposed action of elevated ACTH (MSH) in the blood.  Patients present with weight loss, hypotension, hypoglycemic syndrome.  Heart is characteristically small. Elevated level of ACTH (which has also MSH activity) induces skin hyperpigmentation.

Secondary Insufficiency
Atrophy of the cortex, due to ACTH lack, following pituitary &/or hypothhalamic failure.  Syndrome same as Addison's disease, except there is no skin pigment changes( because ACTH is not elevated).

Chronic exogenous steroid therapy also suppresses ACTH production and results in adrenal atrophy.

Acute Insufficiency (Waterhouse‑Friderichsen Syndrome)
Acute hemorrhagic destruction of adrenal glands, usually the result of severe septicemia, particularly with meningococcus.   Extensive hemorrhage is due to damage of the vascular endothelium by bacterial endotoxins and disseminated intravascular coagulopathy (DIC).  Skin may show diffuse petechiae.  Hypotension and shock may complicate systemic sepsis and result in death.

ADRENAL MEDULLA

During fetal life, immature neuroectodermal cells invade the mass of mesenchymal fetal cortex, migrate to its center to form the medulla.  These primitive cells mature in 2 directions to form either ganglion cells or pheochromocytes.


Medulla is not essential for life. Catecholamines (adrenaline and noradrenaline) are synthesized at various body sites: the brain, sympathetic nerve endings, the paraganglia, and chromaffin cells (pheochromocytes) of the adrenal medulla.  Therefore, medullary hypofunction is not a clinical disease.

Pheochromocytoma. 


Most pheochromocytomas arise in the adrenal medulla and 10% of the cases may arise in the paraganglia.  Patients develop paroxysmal, or persistent, hypertension due to excessive catecholamine production.  10% of pheochromocytomas maybe clinically silent; 10% are malignant; and 10% are familial.


Familial Pheochromocytoma



Approximately 10% of all pheochromocytomas are inherited:  The tumor may occur alone or in the context of 1 of 3 inherited encocrinopathies, all with an autosomal dominant inheritance pattern:

1) Multiple endocrine neoplasia (MEN) syndrome, type 2A and type 2B (see below discussion)

2) Associated with neurofibromatosis

3) von-Hippel-Lindau syndrome with cerebellar hemangioblastoma and retinal angiomatosis.

Neuroblastoma  


This is a highly malignant tumor of childhood, composed of immature neuroblasts, which are hyperchromatice, small, round cells. Although neuroblastomas produce catecholamines and their metabolites (e.g. VMA), clinically hypertension is infrequent. These tumors metastasize early, often to bone and liver. The prognosis is better if the patient is <1.5 years.  Some tumors may show maturation into benign ganglioneuromas.  Interestingly, occasional tumors may show spontaneous regression. 

Neurofibromatosis Type1 (von Recklinghausen's disease) 

· NF-1 gene has been identified and mapped to chromosome 17. Mutation rate is very high. Half of the patients represent spontaneous mutation with no familial history. 

· While about 1 % of neurofibromatosis patients develop pheochromocytoma, 10% of patients with pheochromocytoma may develop neurofibromatosis. 

· Clinical features of neurofibromatosis include cafe au lait spots, intertriginous freckles, and skin neurofibromas. 

· A  fair number (about 15-20%) of the patients are mentally impaired; others may develop fatal neurogenic sarcoma and CNS tumors. Still others develop treatable conditions, such as orthopaedic deformities, endocrine neoplasms, and hypertension. 

MULTIPLE ENDOCRINE NEOPLASIA (MEN) SYNDROMES 

There are 3 MEN syndromes consisting of neoplastic or hyperplastic lesions of multiple endocrine glands, transmitted as autosomal dominants. MEN1 syndrome involves germline mutations in the MEN1 tumor suppressor gene on chromosome 11. MEN 2 (2A) and MEN3 (2B) are caused by germline mutations in the RET protooncogene on chromosome 10. DNA genetic screening should be performed in first degree relatives of MEN-2 patients. Those found to have the mutation should be closely monitored or treated appropriately. Genetic screening is controversial in MEN-1 as the long-term benefit of early diagnosis is unclear at present. 
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Typically, familial tumors are multicentric and bilateral. Hence, in patients with endocrine neoplasia involving only a single gland (e.g. parathyroid adenoma), the tumour is likely sporadic rather than familial. While sporadic hyperparathryoidism is usually due to a single parathyroid adenoma, hyperparathyroidism of MEN syndromes is due to diffuse hyperplasia involving all glands. In kindred suspected of MEN-I, hyperparathyroidism precedes other endocrine neoplasia in almost all cases, so simply following serum calcium at yearly intervals is probably sufficient. 

Of the different neoplasms involved in MEN syndromes, medullary thyroid carcinoma (MTC) is the most likely to have a genetic background (25% of MTC), a fact that merits looking for cases of MTC in other family members and looking for pheochromocytoma in patients with MTC. 

In MEN-2B syndrome, mucosal neuromas are present in almost all affected patients. The neuromas appear as small bumps about the lips, tongue, and buccal mucosa. They generally precede thyroid medullary carcinoma or pheochromocytoma. Hence one should always look for mucosal neuromas in kindred suspected of MEN-2B. 

MANAGEMENT OF INCIDENTALLY DISCOVERED ADRENAL MASSES 

The widespread use of abdominal computed tomography (CT) and ultrasonography has led to the incidental discovery of many unsuspected adrenal nodules. If the patient under investigation has a primary cancer elsewhere (e.g., lung, breast), a fine needle aspiration biopsy of the adrenal nodule should be performed to distinguish a metastasis from a primary adrenal mass. 

If the patient has no cancer elsewhere, the primary adrenal mass should be evaluated for hyperfunction. If the mass is functioning (secreting excessive steroid hormones or catecholamines), surgical excision is indicated irrespective of mass size. If the mass is hormonally inactive, managment will depends on the size of the lesion: a) >5 cm: Surgical exploration is probably warranted to rule out a primary adrenal carcinoma; b) between 3-5 cm: A fine needle aspiration biopsy may be performed, and if no atypical or malignant cells are seen, conservative management with CT scans at 6, 1O, and 12 months interval is recommended; c) mass <3 cm: Primary adrenal tumor less than 3 cm in size is highly unlikely to be carcinoma. Therefore, fine needle biopsy is probably not necessary, but interval CT scans are recommended (see Suen KC et al: Fine Needle Aspiration Biopsy of the Adrenal Gland. Endoc Pathol, Vol 3:173-181, 1992) 

MEN 1 = (tumor-supressor-gene on chr 11)


MEN 2 (2A) = (ret proto-oncogene on chr 10)


MEN 3 (2B) = (ret Proto-oncogene on chr 10)
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