Diseases of hypothalamic-pituitary system. Clinic, diagnosis, treatment. 
Diseases of adrenal glands.
Chronic insufficiency of adrenal glands. Hormone-active tumours.
Adrenal glands

Adrenals are a pair of triangular structures located on top of the kidney and weighting approximately 5 g each.
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Vascularization: a. renalis superior (from a. phrenica inferior), a. suprarenalis media (from aorta abdominalis), a suprarenalis inferior (from a. renalis). Innervation: n. splanchnicus major (through plexus celiacus and plexus renalis), fibrae n. vagus and n. phrenicus). 
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Anatomy of adrenal glands

The adrenals are divided into an outer area, the cortex, which accounts for about four fifth of the gland, and inner area or medulla. The cortex originates from mesodermal tissue and the medulla from the ectodermal tissue.

Adrenal cortex include three zones:
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Pict. Structure of adrenals.
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· Glomerular (glomerulosa) (produces mineralocorticoids (e.g., aldosterone));

· fascicular (fasciculata) (produces glucocorticoids (e.g., cortisol (hydrocortisone)));

· reticular (reticularis) (produces cortisol and androgens (dehydroisoandrosterone (dehydroepiandrosterone)), which exert their chief physiologic activity after conversion to testosterone and dihydrotestosterone).

· A fetal zone, unique to primates, produces dehydroepiandrosterone, a precursor of both androgens and estrogens. This zone involutes within the first few months of postnatal life
Action of mineralocorticoids:

· regulation of electrolyte balance in the organism (increasing the level of sodium (by sodium retention in distal nephron, colon, salivary gland) and decreasing the level of potassium (by excretion)).

Action of glucocorticoids:

· increasing of  glycogen synthesis in liver and decreasing of glucose utilization by peripheral tissues, increasing gluconeogenesis;

· increasing of protein synthesis in liver and decreasing of its synthesis in muscles and increasing of protein destruction in muscles;

· increasing of lipolisis;

· anti-inflammatory function and immunomodulation;

· cardiovascular regulation (increasing of blood pressure).

Regulation of secretion of glucocorticoid:
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· Cortisol secretion is regulated by ACTH, which, in turn, is regulated by CRH from the hypothalamus. Serum cortisol inhibits secretion of CRH and ACTH, thus preventing excessive secretion of cortisol from the adrenal glands. Adrenal androgen secretion is regulated partially by ACTH but also by other unknown factors. ACTH not only stimulates cortisol secretion, it also promotes growth of the adrenal cortex in conjunction with growth factors such as insulinlike growth factor (IGF)-1 and IGF-2.
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The cortisol levels in the blood show a circadian rhythm.
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Adrenal medulla produces catecholamines. (Catecholamines are produced from the tyrosine (organism takes it from the meal or from the phenilalanine in the liver) → dioxyphenilalanine (DOPHA) → dopamine (it goes into blood only from some neurons of the central nervous system) → norepinephrine (noradrenaline) (it goes into blood only from sympathetic teleneurons) → epinephrine (adrenaline) (it goes into blood only from adrenal medulla). The principle urinary metabolic products of epinephrine and norepinephrine are the metanephrines and vanillylmandalic acid (VMA).

Action of catecholamines:

· modulate vascular tone;

· increase heart rate;

· antagonize insulin action.

Regulation of secretion of catecholamines:

· mineralocorticoids’ secretion is regulated by the renin – angiotensin system, the level of Na+, K+ in blood, and to a lesser extent of ACTH. 

CHRONIC ADRENOCORTICAL INSUFFICIENCY.

It is an insidious and usually progressive disease resulting from adrenocortical hypofunction.

Frequency: 

The calculated incidence is approximately 5-6 cases per million persons per year. 

Mortality/Morbidity: 
Adrenal insufficiency is a potentially fatal disease if unrecognized and untreated. Death usually results from hypotension or cardiac arrhythmia secondary to hyperkalemia. 

Race: Adrenal insufficiency exhibits no racial predilection. 

Sex: 
· Autoimmune adrenal insufficiency is more common in females than males. 

· Adrenal insufficiency due to adrenoleukodystrophy is limited to males because it is X-linked, as is a form of congenital adrenal hypoplasia, termed adrenal hypoplasia congenita (AHC). Both conditions are relatively rare. 

· Secondary adrenal insufficiency due to a deficiency of ACTH or CRH, or to a lack of ACTH receptors, is equally common among males and females. 

Age: Autoimmune adrenal insufficiency is more common in adults than in children. Congenital causes, such as congenital adrenal hyperplasia (CAH), congenital adrenal hypoplasia, and defects in the ACTH receptor, are more commonly recognized in childhood. 

Classification.

1. Primary adrenocortical insufficiency (Addison’s disease).

2. Secondary adrenocortical insufficiency .

Primary adrenal insufficiency occurs when the adrenal gland itself is dysfunctional. Secondary adrenal insufficiency, also termed central adrenal insufficiency, occurs when lack of corticotropin-releasing hormone (CRH) secretion from the hypothalamus or adrenocorticotropic hormone (ACTH) secretion from the pituitary is responsible for hypofunction of the adrenal cortex. Adrenal insufficiency can be classified further as congenital or acquired.

Etiology of

primary adrenocortical insufficiency:

1. In developed countries, the most common cause is autoimmune destruction (50 – 65 %) of the adrenal cortex. This disorder may exist in isolation or may be part of a polyglandular autoimmune disorder 

· Type 1 autoimmune polyglandular disease presents in the first decade of life and is transmitted as an autosomal recessive disorder with all or some of the following: 

· Adrenal failure

· Hypoparathyroidism

· Hypothyroidism

· Gonadal failure

· Diabetes mellitus type 1

· Vitiligo 
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Pict. Vitiligo.

· Alopecia 
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Pict. Alopecia

· Pernicious anemia

· Chronic mucocutaneous candidiasis

· Type 2 autoimmune polyglandular disease consists of type 1 diabetes mellitus, autoimmune thyroid disease, and adrenal failure. This condition presents in the second and third decades of life and is transmitted as an autosomal disorder with variable penetrance. 

2. Less common causes of adrenal failure include the following:

1) Tuberculosis;
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2) neoplasm, metastatic carcinoma;

3) inflammatory necrosis;

4) amyloidosis;

5) bilateral adrenal hemorrhage or infarction, intra – adrenal hemorrhage (Waterhouse – Friedrichsen syndrome following meningococcal septicemia);

6) heamochromatosis (may cause either primary or secondary adrenal insufficiency. Iron deposition in the pituitary and/or adrenal glands in multiply transfused patients with thalassemia patients also may cause adrenal insufficiency);
7) bilateral adrenalectomy;

3. Congenital primary adrenal insufficiency

· Congenital disease may occur from adrenal hypoplasia or hyperplasia.

· Adrenal hypoplasia congenita (AHC), inherited as an X-linked disorder, is caused by deletion of the DAX1 gene on chromosome X and often is part of a contiguous gene deletion that involves glycerol kinase deficiency, Duchenne muscular dystrophy, and hypogonadotropic hypogonadism. An alternate form, also X-linked, has been described characterized by intrauterine growth retardation and skeletal and genital anomalies. A third form of AHC is autosomal recessive.

· CAH results from a deficiency of 1 of several enzymes required for adrenal synthesis of cortisol. Adrenal insufficiency most often develops with combined deficiencies of cortisol and aldosterone. The most prevalent form of CAH is caused by a steroid 21-hydroxylase deficiency.

· Lipoid adrenal hyperplasia is another rare form of adrenal insufficiency caused either by a mutation in the steroid acute regulatory protein or a mutation in the cholesterol side chain cleavage gen. This disease causes a defective synthesis of all adrenocortical hormones and, in its complete form, is lethal.

· Mutations or deletions of P450 oxidoreductase, a flavoprotein that provides electrons to various enzyme systems, results in combined deficiencies of 17 hydroxylase, 21 hydroxylase, and 17-20 lyase activities resulting in adrenal insufficiency often accompanied by primary hypogonadism.

Etiology of

secondary adrenocortical insufficiency:

1) Most cases are iatrogenic, caused by long-term administration of glucocorticoids. A mere 2 weeks' exposure to pharmacological doses of glucocorticoids can cause CRH-ACTH-adrenal axis suppression. Suppression can be so great that acute withdrawal or stress may prevent the axis from responding with sufficient cortisol production to prevent an acute adrenal crisis. Recently, treatment with megesterol acetate, an orixegenic agent, has resulted in iatrogenic adrenal suppression, presumably through glucocorticoid properties of megesterol acetate.

2) hypothalamic or pituitary disease (primary injury of these organs leads to insufficiency of ACTH secretion that cause the two – side atrophy of adrenal glands).

Pathogenesis.

Cortisol deficiency contributes to the hypotension and produces in carbohydrate, fat, and protein metabolism, and severe insulin sensitivity. In the absence of cortisol, insufficient carbohydrate is formed from protein; hypoglycemia and diminished liver glycogen result. Weakness, due in part to deficient neuromuscular function follows. Resistance to infection, trauma, and other stress is diminished because of reduced adrenal output. Cardiac output is reduced and circulatory failure can occur. Reduced cortisol blood levels result in increased pituitary ACTH production and an increase in beta – lipotropin, which has melanocyte – stimulating activity and produces the hyperpigmentation of skin and mucous membranes characteristic of Addison’s disease.

There is increased excretion of Na and decreased excretion of K chiefly in the urine, but also in the sweat, saliva, and gastrointestinal tract. Low blood concentrations of Na and Cl and high serum K result. These changes in electrolyte balance produce increased water excretion with severe dehydration, increased plasma concentration, decreased circulatory volume, hypotension, and circulatory collapse.

Symptoms and signs.

Presentation may be acute and chronic. Frequently clinical signs of the primary chronic adrenocortical insufficiency are manifested in that time when adrenocortical tissue is destroyed on 70-90 %. 

The most common complaints are: weakness, malaise, weight loss, anorexia, depression.
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Objective examination:

1. Increased pigmentation (in patients with primary adrenal insufficiency) is characterized by diffuse tanning of both exposed and nonexposed portions of the body, scars, and extensor surfaces, black freckles over the forehead, face, neck, and shoulders; bluish – black discoloration of the areolas and the mucous membranes of the lips, mouth, rectum and vagina are common. After compensation hyperpigmentation will decrease. Patients in 15 – 20 % of cases may have areas of vitiligo (depigmentation)  as the sign of autoimmune process.
, especially on pressure points (bony prominences), skin folds
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2. Hypotension or postural hypotension (88 – 90 %) with syncopal attacks can occur.

3. Tachycardia.

4. Weight loss (due to dyspeptic syndrome, true muscle tissue catabolism, dehydration).

5. Anorexia, nausea, vomiting, abdominal pain, diarrhea are often.  Gastritis, ulcer disease can occur.

6. Decreased cold tolerance, with hypometabolism may be noted.

7. Sexual disorders.

8. Neurologic and psychiatric disorders: decreasing of the memory, mental activity, concentration of attention, depressions, hallucinations can occur due to chronic hypoglycemia which leads to changes of metabolism in brain tissue.

9. Hypoglycemia.

There are three stages of severity: mild, moderate and severe.

Laboratory findings.

· Clinical suspicion is important because presentation of the disorder may be insidious and subtle. When adrenal insufficiency is suspected, the following laboratory studies help establish the diagnosis: 
· Electrolytes 

· Fasting blood sugar 

· Serum ACTH 

· Plasma renin activity 

· Serum cortisol 

· Serum aldosterone 
1. A low serum Na level and a high serum P level together with a characteristic clinical picture suggest the possibility of Addison’s disease.

2. Adrenal insufficiency can be specifically diagnosed by:

· low levels of plasma glucocorticoids and mineralocorticoids, or urinary 17 – hydroxycorticosteroid (17 – OHCS) or 17 – ketogenic steroid (17 – KGS);

· demonstrating failure to increase plasma cortisol levels, or urinary 17 – OHCS or 17 – KGS excretion, upon administration of ACTH (in patients with primary adrenal insufficiency).

3. To distinguish between primary and secondary adrenal insufficiency, me have to find the level of plasma ACTH: primary shows increased, and secondary shows decreased level: when plasma ACTH determination is not available, 0.25 mg of cosyntropin or depo-senacten(a synthetic ACTH that has fewer side effects than the natural preparations) may be infused IV (after dilution with dextrose or sodium chloride solution) over a period of 8 h daily for 2 days. Patients with primary adrenocortical insufficiency will show a little or no increase in plasma cortisol or 24 - h urinary corticosteroid levels. Those with secondary adrenocortical insufficiency  will have a significant increase in plasma cortisol or 24 - h urinary corticosteroid levels.

· So, when hyponatremia or hyperkalemia is found, conduct a spot urine or 24-hour urine test for sodium, potassium, and creatinine, along with a simultaneous serum creatinine test to determine whether inappropriate natriuresis is occurring. 

· Interpret random serum cortisol concentrations within the context from which they were obtained. (For example, adrenal insufficiency is unlikely in an otherwise healthy individual with an 8:00 am serum cortisol concentration more than 10 mcg/dL. Yet a serum cortisol concentration less than 18 mcg/dL in a sick and stressed patient highly suggests adrenal insufficiency.) 

· A diagnosis of adrenal insufficiency is confirmed by a serum cortisol concentration less than 18 mcg/dL in the presence of an elevated serum ACTH concentration and plasma renin activity, or a concentration lower than that level obtained 60 minutes following cosyntropin administration. 

· Diagnosis also is confirmed when serum cortisol concentrations fail to increase to more than 18-20 mcg/dL by 60 minutes following cosyntropin administration. 

· Note that these guidelines do not apply to premature and low birth weight infants, who have much lower cortisol secretion. 
· If serum cortisol is low with elevated ACTH, measure antiadrenal antibodies. Antibodies to 1 or more steroidogenic enzymes, particularly 21-hydroxylase, often are found in autoimmune adrenal disease. 
· Cosyntropin administration is controversial because whether the best dose is the standard 250 mcg, the 1 mcg, or the low 0.5 mcg/m2 is unresolved, particularly in the pediatric age group. The standard dose, therefore, is suggested. The common preparation of cosyntropin makes it cumbersome to deliver 1 mcg or less, and both doses seem supraphysiological. 
· When serum cortisol response to cosyntropin is subnormal, but serum ACTH is not elevated, confirm the possibility of central adrenal insufficiency. In this context, a 6-hour or 3-day treatment with ACTH can produce a normal cortisol response, confirming that initial low cortisol response to cosyntropin was related to chronic ACTH deficiency. The dose of ACTH for the 6-hour test is 25 IU administered IV over the 6 hours. If the 3-day test is chosen, administer 25 mg/m2 of ACTH gel IM every 12 hours for the 3 days. Plasma cortisol should increase to more than 40 mcg/dL in response to either of these tests. Alternatively, 24-hour urinary 17-hydroxysteroid concentrations should increase 5-10 fold in response to the 3-day ACTH stimulation test. 
· If the patient has recent onset (ie, <10 d) of central adrenal insufficiency (as in a recent surgery in the hypothalamus or pituitary regions), resorting to a more cumbersome and risk-bearing insulin tolerance test or metyrapone stimulation test may be preferable. These conditions are the only real indication for performing these tests in a patient with adrenal insufficiency 
· An insulin tolerance test requires IV administration of insulin (usually 0.05-0.15 units regular insulin/kg) to induce a 50% drop in blood sugar. Measure cortisol and glucose concentrations every 15 minutes for 60 minutes. The test is considered adequate if the blood sugar drops by at least 50%. In response to this hypoglycemic stimulus, serum or plasma cortisol concentrations should rise to more than 20 mcg/dL. This test involves some risk of hypoglycemic seizure; therefore, closely monitor the patient and reverse the hypoglycemia if the patient becomes overly symptomatic. 
· Standard metyrapone stimulation tests involve administering 300 mg/m2 metyrapone in 6 divided doses over 24 hours. Because metyrapone inhibits 11-hydroxylase, the last enzyme step in cortisol synthesis, the cortisol precursor 11-deoxycortisol increases in the plasma. A normal response is a rise in 11-deoxycortisol concentrations to more than 10.5 mcg/dL 4 hours following the last dose of metyrapone or a 2- to 3-fold increase in 24-hour urinary 17-hydroxycorticosteroid concentrations (which include tetrahydro compound S [urinary metabolite of 11-deoxycortisol]), on the day or day following metyrapone administration. This test is cumbersome and carries some risk of inducing an adrenal crisis. 
· When primary adrenal insufficiency is confirmed, antiadrenal antibodies can confirm an autoimmune cause for the disorder. If the test results for antiadrenal antibodies are negative, search for another etiology such as TB, adrenal hemorrhage, or adrenoleukodystrophy. 
· The standard ovine or human CRH stimulation test is reliable in the diagnosis and differential diagnosis of adrenal insufficiency. 
· Patients with glucocorticoid deficiency of any etiology have subnormal cortisol responses. 
· Patients with primary glucocorticoid deficiency have elevated ACTH concentrations basally and after CRH administration. 
· Patients with secondary glucocorticoid deficiency have low ACTH levels throughout the test if they suffer from a primary pituitary deficiency, or these patients have exaggerated responses if their problem is tertiary. 
Imaging Studies:
1. The ECG may decreased voltage and prolonged P – R and Q – T intervals.

2. The EEG shows alized slowing of the α – rhythm.

3. CT is the imaging study of choice and helps identify adrenal hemorrhage, calcifications, or infiltrative disease. MRI is not as useful as CT.
4. Abdominal radiographs may reveal bilateral adrenal calcifications, which suggest a history of bilateral adrenal hemorrhage, TB, or Wolman disease.

5. Ultrasonography is a poor imaging modality for investigation of the adrenal glands.
6. Iodocholesterol scanning is not particularly useful.

Procedures:
· CT-guided fine-needle aspiration sometimes helps diagnose the etiology of infiltrative adrenal diseases. 
Histologic Findings:

Findings depend on the underlying cause. In cases of autoimmune adrenal failure, the adrenal gland is destroyed by lymphocytic infiltration. Granulomatous changes within the adrenal glands indicate tuberculous adrenal insufficiency. Neoplastic infiltrations are caused by metastatic tumors. Hemorrhagic adrenal insufficiency shows hemorrhagic destruction of adrenals. Fungal disease produces typical pictures.
Differential diagnosis.

· primary and secondary adrenocortical insufficiency (patients with secondary adrenal insufficiency are not hyperpigmented, they have relatively normal electrolyte values; those with panhypopituitarism have depressed thyroid and gonadal function; tests to differentiate primary and secondary adrenal insufficiency were discussed earlier);
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Primary 


and 


secondary 

adrenal insufficiency

· hyperpigmetation due to bronchogenic carcinoma, ingestion of heavy metals such as iron or silver, chronic skin conditions or hemochromatosis; Peutz – Jeghers syndrome (pigmentation of the buccal and rectal mucosa);

· hyperinsulinism;

· neuropsychiatric weakness;

· anorexia nervosa:

[image: image17.emf]
· diseases of the gastrointestinal tract.

Treatment.

I. Etiologic: appropriate treatment of complicating infections (e.g., tuberculosis).

II. Pathogenic:

1. Diet (enough quantity of proteins, vitamins, salt and water).

2. Glucocorticoids (normally, glucocorticoids are secreted maximally in the early morning hours, little being secreted at night).

Average dosage is:

· cortisol: 20 – 25 mg daily;

· prednisolone 5 – 7.5 mg daily;

· hydrocortisone 30 – 40 mg orally daily.

2/3 of the dose can be given in the morning and 1/3 in the afternoon. Night doses should be avoided, as they may produce insomnia.

3.  Mineraloocorticoids.

DOCSA 5 mg orally daily should be used in patients with severe and moderate duration or fludrocortisone 0.1 – 0.2 mg orally once a day is recommended (this mineralocorticoid replaces aldosterone, some times it is necessary to reduce the dose to 0.05 mg every 2nd day on initial institution of  therapy because of ankle edema, but the patient usually adjusts and can then take the larger doses)

4. Intercurrent illnesses (e.g., infections) should be regarded as potentially serious and the patient should double his dosage until he is well.

5. If nausea or vomiting preclude oral therapy, medical attention should be sought immediately and parental therapy started.

Adrenal crisis -

is a medical emergency caused by sudden marked insufficiency of adrenocortical hormones.

Precipitating factors.

1) stress (infection (especially with septicemia, trauma, surgery, prolonged fasting, salt loss due to excessive sweating during hot weather);

2) sudden withdrawal of adrenocortical hormone therapy in patients with chronic insufficiency.

Clinical features.

An adrenal crisis is characterized by:

· profound asthenia, 

· severe pains in the abdomen, lower back or legs; 

· nausea, vomiting diarrhea; 

· peripheral vascular collapse; 

· renal shutdown with azotemia. 

· Body temperature may be subnormal, through severe hyperthermia due to infection is often seen.

Treatment.

Therapy should be instituted immediately once a provisional diagnosis of adrenocortical failure has been made.

1) hydrocortisone 100 – 150 mg as a water – soluble ester (usually the succinate or phosphate) is injected IV over 30 seconds, followed by infusion of 1 L of 5 % glucose – in – saline solution containing 100 mg hydrocortisone ester given over 2 h. Additional saline is given until dehydration and hyponatremia have been corrected. Hydrocortisone therapy is given continuously to a total dosage in 24 h of 400 – 600 – 800 mg. Mineralocorticoids are not required when high – dose hydrocortisone is given. Restoration of BP and general improvement may be expected within 1h or less after the initial dose of hydrocortisone. Vasopressors may be needed until the full effect of hydrocortisone is apparent (a delay in instituting corticosteroid therapy may result in the patient’s death, particularly if hypoglycemia and hypotension are present). A total dose of hydrocortisone 150 mg is usually given over the second 24-h period if the patient is markedly improved, and 75 mg is given on the third day. Maintenance oral doses of hydrocortisone (30 mg) and fludrocortisone acetate (0.1 mg) are given daily there – after. Recovery depends upon treatment of the underlying cause and adequate hydrocortisone therapy.

2) Treatment of complications (hyperpyrexia, psychotic reactions).

Prognosis.

With a substitution therapy, the prognosis is excellent and a patient with Addison’s disease should be able to lead a full life.

PHEOCHROMOCYTOMA.

It is a tumor of chromaffin cells that secrete catecholamines.

Pheochromocytoma is a rare catecholamine-secreting tumor derived from chromaffin cells. Tumors that arise outside the adrenal gland are termed extra-adrenal pheochromocytomas or paragangliomas. Because of excessive catecholamine secretion, pheochromocytomas may precipitate life-threatening hypertension or cardiac arrhythmias. If the diagnosis of a pheochromocytoma is overlooked, the consequences could be disastrous, even fatal; however, if a pheochromocytoma is found, it is potentially curable.

The term pheochromocytoma (phios means dusky, chroma means color, and cytoma means tumor) refers to the color the tumor cells acquire when stained with chromium salts. 

[image: image18.jpg]



Etiology is unknown.

In about 80 – 90 % of cases, pheochromocytomas are found in the adrenal medulla, but may also be found in other tissues derived from neural crest cells (e.g., tumors may be found in the paraganglia of the sympathetic chain, retroperitoneally along the course of the aorta, in the carotid body, in the organ of Zuckerkandl (at the aortic bifurcation) in the GU system, in the brain, and in the dermoid cysts.

[image: image19.png]



 Pict. Localization of pheochromocytomas.
· Pheochromocytomas are known to occur in certain familial syndromes. These include MEN 2A and 2B, neurofibromatosis (von Recklinghausen disease), and VHL disease. The MEN 2A and 2B syndromes, which are autosomally inherited, have been found to have germline mutations in the ret proto-oncogene. The ret proto-oncogene, located on chromosome 10, encodes a tyrosine kinase receptor involved in the regulation of cell growth and differentiation. Pheochromocytomas occur bilaterally in the MEN syndromes in as many as 70% of cases. Pheochromocytomas occur in 1% of neurofibromatosis cases. VHL syndrome is associated with pheochromocytomas, cerebellar hemangioblastomas, and renal cell carcinoma. 

· MEN 2A (Sipple syndrome) is characterized by medullary thyroid carcinoma, hyperparathyroidism, pheochromocytomas, and Hirschsprung disease. Over 95% of cases of MEN 2A are associated with mutations in the ret proto-oncogene affecting 1 of 5 codons in exon 10 (codons 609, 611, 618, 620) or exon 11 (codon 634). 

· Medullary thyroid carcinoma, pheochromocytoma, mucosal neurofibromatosis, intestinal ganglioneuromatosis, Hirschsprung disease, and a marfanoid body habitus characterize MEN 2B. A germline missense mutation in the tyrosine kinase domain of the ret proto-oncogene (exon 16, codon 918) has been reported to be present in 95% of patients with MEN 2B. 

· Pheochromocytoma, cerebellar hemangioblastoma, renal cell carcinoma, renal and pancreatic cysts, and epididymal cystadenomas are associated with VHL disease. One study found that this syndrome was present in nearly 19% of patients with pheochromocytomas (Neumann, 1993). More than 75 germline mutations have been identified in a VHL suppressor gene located on chromosome 3. 

· Congenital anomalies (often benign tumors) of the skin, nervous system, bones, and endocrine glands characterize neurofibromatosis, or von Recklinghausen disease. Only 1% of patients with neurofibromatosis have been found to have pheochromocytomas, but as many as 5% of patients with pheochromocytomas have been found to have neurofibromatosis. 

· Other neuroectodermal disorders associated with pheochromocytomas include tuberous sclerosis (Bourneville disease, epiloia) and Sturge-Weber syndrome. 

· Pheochromocytomas may produce calcitonin, opioid peptides, somatostatin, corticotropin, and vasoactive intestinal peptide. Corticotropin hypersecretion has caused Cushing syndrome, and vasoactive intestinal peptide overproduction causes watery diarrhea. 

Classification.

1. Paroxysmal form (45 %).

2. Permanent form (50 %):

· with crisis;

· without crises.

3. Latent or silent form (nonsymptomatic).

Clinical features

is due to secretion of one or more of the catecholamine hormones or precursors: norepinephrine (noradrenaline), epinephrine (adrenaline), dopamine. 

· Clinical signs 

· The most prominent feature is hypertension (paroxysmal in 50% of cases) 

· Postural hypotension: This results from volume contraction. 

· Hypertensive retinopathy 

· Hypertrophy of left ventricle 
· Weight loss 

· Pallor 

· Fever 

· Tremor 

· Neurofibromas 

· Café au lait spots: These are patches of cutaneous pigmentation, which vary from 1-10 mm and occur any place on the body. Characteristic locations include the axillae and intertriginous areas (groin). They vary from light to dark brown, hence the name café au lait. 

· Tachyarrhythmias 

· Pulmonary edema 

· Cardiomyopathy 

· cold and clammy skin, severe headache, angina, palpitation, 

· visual disturbances, 

· dyspnea, parasthesias, 

· nausea, vomiting, epigastric pain, constipation or diarrhea and a sense of impending doom are common; some or all of these symptoms and signs may occur in any patient. 
Duration of hypertensive crisis is variable, lasting from a seconds or few minutes to a days., but 50 % of the paroxysms last less than 15 min. Permanent form of the disease’s duration looks like malignant hypertension. Nonsymptomatic form of the disease is rare.

The severity of the retinopathy and cardiomegaly is often less extensive than might be expected for the degree of hypertension present.

Laboratory features and investigations.

1. Hyperglycemia 

2. Hypercalcemia 

3. Erythrocytosis

4. An increased  3-h (24-h) urinary excretion of epinephrine, norepinephrine and their metabolic products (VMA or metanephrines).

5. Increased plasma epinephrine, norepinephrine. 

Imaging Studies
CT scanning or MRI of the abdomen for the localization of the adrenal and extra – adrenal tumors  is useful.

· Over 90 % of pheochromocytomas are located within the adrenal glands, and 98 % are within the abdomen. Extra-adrenal pheochromocytomas develop in the paraganglion chromaffin tissue of the sympathetic nervous system. They may occur anywhere from the base of the brain to the urinary bladder. Common locations for extra-adrenal pheochromocytomas include the organ of Zuckerkandl (close to origin of the inferior mesenteric artery), bladder wall, heart, mediastinum, and carotid and glomus jugulare bodies. 

· Only perform imaging studies after biochemical studies have confirmed the diagnosis of a pheochromocytoma. MRI is preferred over CT scanning. MRI has a reported sensitivity of up to 100% in detecting adrenal pheochromocytomas , does not require contrast, and does not expose the patient to ionizing radiation. MRI is also superior to CT scanning for detecting extra-adrenal pheochromocytomas. Typically, (approximately 70% of cases), pheochromocytomas appear hyperintense on T2-weighted images because of their high water content. 
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Pict. Abdominal MRI showing right-sided pheochromocytoma
· CT scanning of the abdomen has an accuracy of 85-95% for detecting adrenal masses with a spatial resolution of 1 cm or greater. CT scanning is less accurate for lesions smaller than 1 cm. Diferentiating an adenoma from a pheochromocytoma is more difficult using CT scanning. While most pheochromocytomas have CT attenuation greater than 10 Hounsfield units (HU), they rarely contain sufficient intracellular fat to have an attenuation of less than 10 HU. In addition, most pheochromocytomas have enhancement loss that is similar to that of adrenal metastases and significantly less than that of adrenal adenomas. However, in patients in whom pheochromocytomas are strongly suspected, adrenal pheochromocytomas cannot be entirely excluded from the list of differential diagnoses of adrenal neoplasms with less than 10-HU attenuation value and greater than 60% washout on delayed scanning. 

· A scan with iodine I 131–labeled metaiodobenzylguanidine (MIBG) is reserved for cases in which a pheochromocytoma is confirmed biochemically but CT scanning or MRI do not show a tumor. The molecular structure of iodine I 123 MIBG resembles norepinephrine and concentrates within adrenal or extra-adrenal pheochromocytomas. This isotope has a short half-life and is expensive. It frequently is used in cases of familial pheochromocytoma syndromes, recurrent pheochromocytoma, or malignant pheochromocytoma. In the United States, only 131I-labeled MIBG is available, whereas 123I MIBG is used in Europe and Japan. 
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Pict. MIBGscan of left adrenal pheochromocytoma
· A somatostatin receptor analog indium In 111 pentetreotide is less sensitive than MIBG and may be used to visualize pheochromocytomas that do not concentrate MIBG. 

· Positron emission tomography (PET) scanning has been used as an imaging modality and has shown promising results. PET of 18F-fluorodeoxyglucose, which is selectively concentrated as part of the abnormal metabolism of many neoplasms, has been demonstrated to detect occult pheochromocytomas. Pheochromocytomas usually show increased uptake on PET scanning, as do adrenal metastases. The most impressive results to date have been with 6-[18F] fluorodopamine PET scanning and carbon 11 hydroxyephedrine PET scanning. Results of these studies suggest that PET scanning performed with both of these radioisotopes is extremely useful in the detection and localization of pheochromocytomas. Further study results with these agents are eagerly awaited. 

Histologic Findings:

can help in differentiation of benign and malignant tumors.
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Pict This higher power field emphasizes the variety of sizes and

shapes and nuclear pleomorphism of the cluster of cells that make up even a benign pheochromocytoma.

Differential diagnosis:

 hypertensive disease, symptomatic hypertension. 

Treatment.

Surgical resection of the tumor is the treatment of choice and usually results in cure of the hypertension. Careful treatment with alpha- and beta-blockers is required preoperatively to control blood pressure and prevent intraoperative hypertensive crises.

· Start alpha blockade with phenoxybenzamine 7-10 days preoperatively to allow for expansion of blood volume. 

· The patient should undergo volume expansion with isotonic sodium chloride solution. Encourage liberal salt intake. 

· Initiate a beta-blocker only after adequate alpha blockade. If beta blockade is started prematurely, unopposed alpha stimulation could precipitate a hypertensive crisis. 

· Administer the last doses of oral alpha- and beta-blockers on the morning of surgery. 
Surgical Care
Both an experienced anesthesiologist and an experienced surgeon are crucial to the success of the operation. Surgical mortality rates are less than 2-3% with an experienced anesthesiologist and surgeon.

· Administer stress-dose steroids if bilateral resection is planned. 

· An anterior midline abdominal approach was used in the past; however, in current practice, laparoscopic adrenalectomy is the preferred procedure for lesions smaller than 8 cm. 
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Pict. Laparoscopic adrenalectomy

If the pheochromocytoma is intra-adrenal, remove the entire adrenal gland. In the case of a malignant pheochromocytoma, resect as much of the tumor as possible. 

Medical therapy is used for preoperative preparation prior to surgical resection, acute hypertensive crises, and primary therapy for patients with metastatic pheochromocytomas. Preoperative preparation requires combined alpha and beta blockade to control blood pressure and to prevent an intraoperative hypertensive crisis. Alpha-adrenergic blockade, in particular, is required to control blood pressure and prevent a hypertensive crisis. High circulating catecholamine levels stimulate alpha-receptors on blood vessels and cause vasoconstriction.

Phenoxybenzamine (Dibenzyline) is the preferred alpha-blocker in preparation for surgery. After effective alpha blockade, administer a beta-blocker. Beta-blockers are needed to control the tachycardia associated with high circulating catecholamine levels and alpha blockade. Beta-adrenergic blockers are used if significant tachycardia occurs after alpha blockade. Only administer beta-adrenergic blockers after adequate alpha blockade because unopposed alpha-adrenergic receptor stimulation can precipitate a hypertensive crisis. Noncardioselective beta-blockers, such as propranolol (Inderal) or nadolol (Corgard), are often used; however, cardioselective agents, such as atenolol (Tenormin) and metoprolol (Lopressor), also may be used.

Labetalol (Trandate, Normodyne) is a noncardioselective beta-adrenergic blocker and selective alpha-adrenergic blocker that has been shown to be effective in controlling hypertension associated with pheochromocytoma. It has also been associated with paradoxic episodes of hypertension thought to be secondary to incomplete alpha blockade. Thus, its use in the preoperative treatment of patients with pheochromocytoma is controversial.

During surgery, intravenous phentolamine, a rapid-acting alpha-adrenergic antagonist, is used to control blood pressure. Rapid-acting intravenous beta-blockers, such as esmolol, are also used to normalize blood pressure. Selective alpha1-blocking agents, such as prazosin (Minipress), terazosin (Hytrin), and doxazosin (Cardura), have more favorable adverse effect profiles and are used when long-term therapy is required (metastatic pheochromocytoma). These medications are not used to prepare patients for surgery because of their incomplete alpha blockade.

During crisis a combination of α- and β- adrenergic blocking agents (phentolamine (tropaphen) 2 - 4 mg every 5 - 10 min till stopping of the crisis, phenoxybenzamine 10 – 20 mg 3 – 4 times daily, propranolol 30 – 60 mg/day) and infusion of  sodium nitroprusside.

PRIMARY HYPERALDOSTERONISN (CONN‘S SYNDROME)
The primary hyperaldosteronism is a syndrome that is observed in the relative clinicobiochemical signs, but differing from pathogenesis of disease (in base of which lies the excessive and independent, on the renin-angiotensin system, production of aldosterone by adrenal cortex.

Etiology
During the primary hyperaldosteronism the higher aldosterone production is caused by primary changes in cortical adrenal substance. To the primary hyperaldosteronism ate applied the following pathology:

1. Aldosteron producing adrenal cortical adenoma - the aldosteroma (the Con's syndrome).

2. Bilateral adrenal cortical hyperplasia:

-  idiopathic hyperaldosteronism (with unsuppressed aldosterone production);

- dexamethasone suppressed hyperaldosteronism.

3. Hyperaldosteronism caused by extraadrenal tumors.

On the most patient (60%) with primary hyperaldosteronism is discovered the adenoma (aldosteroma), which, as a rule, is one - sided with nor over 4sm sizes. On 15-20% of cases the primary hyperaldosteronism is coursed with bilateral macromodular or micronodular adrenal cortical hyperplasia. It was showed, that in this case even there bilateral remove of suprarenal glands doesn't initiate a hypotensive effect. There fore, it is possible, that it isn't a primary hyperaldosteronism and it was caused by extrarenal mechanism. There fore, this hyperaldosteronism form is named a idiopathic or pseudo-primary hyperaldosteronism.

Also there are the dexamethasone- suppressed form or primary hyperaldosteronism, in this the aldosteron hypersecretion is suppressed by glucocorticoids (dexamethasone). It is possible also the next variant of primary hyperaldosteronism caused by extraadrenal tumors (tumors of ovaries, intestine, thyreoid gland).

Pathogenesis
Hypersecretion of aldosterone by the zonal glomerulosa of adrenal cortex intensifies sodium reabsorbtion in renal tubules and potassium excretion, therefore develop the following signs:

hypematremia, hypokaliemia, hyponatruria, hyperkaliuria. Sodium retention increases the water retention and consequently, increases volume of extrasellular fluid, causes arterial hypertension. This leads to higher glomerular filtration and following reducing of renin secretion. Hypokaliemia lends to development ofhypokaliemic nephropathy, diabetic alterations in myocardium, muscles.

Clinics
Disease frequently is in women with 30 - 40 years age. The fundamental clinic manifestations are concluded in three syndromes:

I.     Cardiovascular syndromes:

- permanent arterial hypertension AD achieves higher level - 220 - 260/120 - 140 Hg. Hypertonic crises are razes. A higher AP leads to appearance of excessive headaches, cardiac pains, reducing of visual activity:

-  Dystrophic alterations in myocardium (cardiac arrhythmia's, frequently - bradycardia, it may be appear a blood circulation incompetence).

II.    Neuromusculary syndrome:

- Myasthenia (more oftenly are involved muscles of limbs and neck), the myastenic attacks may last from several minute to some hours;

-   Paresthesias;

· Muscularly weakness (usually with recurrent character), it is possible development ofmuscular paralyses. 

III.    The potassicopenic syndrome:

- on excessive thirst;

- polyuria with nicturia;

- development of the chronic pyelonephritis owing to alkaline urinal pH and decreasing of renal tissue resistibility to infection.

Laboratory and instrumental results

1. Total blood analysis is without characteric changes.

2. Urinalysis : hypoisosthenuria, alkaline reaction, and rarer the proteinuria.

3. Biochemical blood analysis: hypematremia, hyhypotassemia.

4. Higher level of aldosteron in blood and lower level of renin

5. ECG: bradycardia, arrhythmia, slowerring atrioventricular conduction, depressed ST interval to down from isoline, the T - wave inversion, prolonged Q - T interval, pathologic V - wave. These changes of ECG are caused by hypokaliemia and hypematremia.

6. USE and computed tomography of the suprarenal glands show the adenoma or adrenal hyperplasia presence.

7. The adrenal scanning with using of the 9 - iodocholesterol which is tilted by 131I, discoveries an isotope accumulation asymmetry in suprarenal grants during tumor presence.

The tolerance diagnostic test:
The tolerant diagnostic tests are based on stimulation or suppression of the renin - angiotensin -aldosterone system. During 10 days before examination it is canceled the all medical therapy, at first of all, the hypotensive, diuretic preparations.

Verospiron is canceled before 2-4 weeks to examination. It there is a higher blood pressure, then it is possible to use only Clophelinum and Dibazolum.

The examined patients are on the diet number 10 with higher contents of sodium (160 - 180 mmole/day) and fluid until -1,5 liters per day.

Diet controlling is fulfilled owing to examination of sodium excretion with urine per day (it must be 150-180 mmole).

The one- hour walking test
On this probe phone in the most healthy and people and patients with arterial hypertension and secondary hyperaldosteronism there is a stimulation of renin production. Growthing of renin level in blood plasma is Img (ml per hour and more over).

On the base of this test there are distinguished the patients with secondary hyperaldosteronism. For demarcation of the patients with primary (tumoral) and idiopathic (hyperplastic) hyperaldosteronism in who's the growthing of renin level in blood after 1 hour of week remains lower than 1 mg/ per hour, are conductor the supplementary tests.

 The four- hours walking test
Probe is grounded on stimulating of walk on the renin- angiotensin- aldosterone system with taking into account of circadian cycles and dependence on aldosterone and hydrocarbon secretion from ACTH- secretion. The most higher secretion of ACTH is in early morning, then it gradually reduces to evening.

Activation of the renin- angiotensine- aldosterone system on the 4- hours walking phone leads to increasing of aldosterone concentration in plasma in 1,5 - 2 ones in all patients with primary hyperaldosteronism, except ones with aldosteroma, in whose the aldosterone level in blood remains unchanged or reduced, because of in tumor cells aldosterone secretion independes on the renin -angiotensine- aldosterone system and ACTH.

Test methods: blood is taken in 8 hours of morning on an empty stomach (patient is lining on the bed), then in noon after 4 - hours walking in moderative tempo, this manipulation is repeated. The basal aldosterone level in blood is higher if it is more over 120-140 mg/ml.

Desoxicotricosterone test
It is based on hampering of aldosterone secretion during use of desoxicorticosterone, because of it increase the extra cellular fluid volume, that suppresses the renin -angiotensin aldosterone system activity. This test discoveries the decreasing of aldosterone concentration more than 30- 50% in comparing with result before desoxicorticosterone using in all patients with hyperaldosteronism, except patients with aldosteroma.

The test methodic: oil solution ofDOCA is intramusculary injected over 10 mg x 2 ones per day during three days. Examination of aldosterone contains in blood plasma is conducted in the morning in rest state before DOCA use and on the fourth day after injection. Probe is fulfilled under the AP and ECG monitoring. Of the blood pressure level is higher than 230/130 Hg, then this probe is contraindicated.
Test with oval use of sodium chloride

In patients with primary hyperaldosteronism the use of sodium chloride over 10 mg per day during 5 days leads to acute decreasing of potassium level in blood. This probe is used for discovering ofnormokaliemic forms of disease.

Test with Verospiron
To patient, who was on diet containing not lower than 6 mg of sodium chloride, is prescribed Verospiron over 100 mg x 4 ones per day during 3 days. Increasing of potassium concentration in blood on the fourth day, more over than on the 1 mmole/1, relates about hyperproduction of aldosterone. During aldosteroma there is a reducing in blood of aldosterone level and activity of renin of plasma, but in some patients these rates may don't change.

Test with using of Furosemide
To prescribe to patient orally 0,08 gm of Furosemide and in three hours is controlled concentration of aldosterone and renin in blood. Increasing of aldosterone and reducing of renin relates about primary hyperaldosteronism.

Primary Hyperaldosteronism Therapy

Therapeutic programme

• Surgical operation

• Pre-operative preparation:
• medical diet

• potassium preparations therapy

• aldosterone antagonists therapy

• arterial hypertension management

• pre-and postoperative corticosteroid therapy

• Conservative therapy

Surgical operation

If the diseases reason is the adrenal aldosterone-producing adenoma (aldosteroma) unilateral adrenalectomia (tumour resection) is performed.

If aldosteronism is caused by the bilateral micro- and macronuclear hyperplasion of adrenal cortex, bilateral adrenalectomia is performed.

Some specialists consider that the cases of adrenal cortex bilateral hyperplasion can be treated conservatively with the aldosterone antagonists. Surgical operation should be prescribed after the conservative therapy failure only.

Pre-operative preparation

Medical diet.

Potassim-containing food recommended (bakedpotatoes, meat, oranges, plums, tomatoes, carrot juice, raisins, apricots, peaches, cacao, doughnuts, buckwheat. Salt is limited. The same concerns salty food.

 Therapy with potassium preparations

10% solution of potassium chloride is recommneded to compensate hypokahaemia. It is taken by two spoonfulls 3-4 times a day with fruit or tomato juice. The course is 7-10 days.

If the kalium deficiency can't be compensated by peroral preparations, intravenous infusions of 4% potassium chloride are needed (10 ml solved in 500-600 ml of glucose, infusion speed rate- 30-40 drops per minute).

Therapy with aldosterone antagonists

Aldosterone antagonists monitor sodium and potassium metabolism and decrease the sympthoms of hypokaliaemia rate.

The most popular aldosterone antagonists is spironolactone (verospirone, aldactone), 200-400 mg daily. The pre-operational therapy also includes verospirone in 1-3 months courses for mineral level normalisation and hypertension management.

Triamterne can be used as verospirone substitute which is prescribed in cases of poor tolerancy of the latter one in doses of 40 mg per day.

Arterial hypertension management

Spironolactone causes hypertension rate decrease and further blood pressure normalisation in many patients, unless it happens nifedipine can be used (10-20 mg- 3 times a day), lomire (2.5 mg -3 times a day) or clofeline (clonidine, hemitone- 0.075 mg- 3 times a day) can be used also.

Spironolactone acts as the hypotensive agent due to the inhibition of APE (Stimpel, 1985). If it proves ineffective , additional individual doses of capotene (1.25-75 per day) can be suggested. The purpose of the pre-operational period is the blood pressure normalisation.

Glucocorticoids

Acute adrenal insufficiency can be managed by the i/m injections of 100-150 mg of hydrocortisone. If there is the intra-operational blood pressure fall, hydrocortisone hemisuccinate is administered intravenously. 30-60 mg of prednisolone injected intravenously is the alternative.

The post-operational period management includes i/m injections of 30 mg of hydrocortisone acetate each 4-6 hours with a tendency to dose decrease depending on the patients condition, BP level, and the rate of adrenal insufficiency sympthoms.

The patients after the hemilateral adrenalectomia due to aldosteroma with one intact adrenal gland usually have no postoperative adrenal insufficiency because of its activity.

Substitutional corticosteroid therapy (as in case of primary chronic adrenal insufficiency) is prescribed to the patients after the bilateral adrenalectomia or the hemiectomia with the subtotal resection of the other one. The reason for such operations is the adrenal cortex bilateral hyperplasion.

Conservative therapy

Indications:
• Bilateral   adrenal   hyperplasion   (idiopathic   and   non-differentiated hyperaldosteronism according to Biglieri&Baxters classification)

• Aldosterone-producing glucocorticoido-supressed adrenal cortex adenoma

• Inoperable , metastasing adrenal carcinoma

During bilateral hyperplasion of adrenal cortex (idiopathic hyperaldosteronsm with    non-supressed    aldosterone    hyperproduction    and    non-determined hyperaldosteronism with aldosterone secretion selective supression) the surgical treatment is not always indicated. It is effective in 40% of cases only, 60% don't get any relief of arterial hypertension. So, the conservative therapy of bilateral adrenal cortex hyperplasion can be the alternative to surgical operation.

Conservative therapy includes potassium diet, salt cancelled, spironolactonic programme. Aldosterone antagonists are effective during the therapeutic courses only. Threfore, spironlocatone therapy should be constant (up to 400 mg per day). It may cause impotency and hynekomastia in males due to its anti-androgenic activity (supression oftestosterone production by the principle ofconcurent antagonism).

Aldosteron-producing glucocorticoido-supressed hyperaldosteronism ism treated with dexamethasone and doesn't need surgical invasion. The dexamethasone dose is 0.75-1 mg per day. It normalises the blood pressure, potassium metabolism and aldosterone secretion rate.

Prophylaxis

Patients with primary hyperaldosteronism are usually invalids of the 11 group. They stay invalid even after the operation for 6-12 months. They are dyspanserised at this period and are examined by the endocrinologist once per month. Blood levels of potassium and sodium are controlled once per month. Constant control of blood pressure is needed.

They start working in 12 months after the complete convalescence. 

If the sympthoms stay after the operation patients become partially valid (II invalid group) depending on these sympthoms rate.

LATERALIZATION AND TREATMENT OF ADRENAL ADENOMAS

Once an adrenal adenoma is diagnosed by the above endocrine testing, it can be lateralized by CT scan in 80 % of cases. In the 20 % of patients in whom the CT scan fails to fnd the adenoma, adrenal vein catheterization is the next step used. Alternatively, an adrenal iodocholesterol scan may be done; the patient must be given dexamethasone to reduce uptake by the normal adrenal. Once the adenoma is localized, the patient is given spirono-lactone in doses of 200400 mg/day to normalize the serum potassium and improve the blood pressure. Once the serum potassium is normal, the dose of spironolactone may usually be reduced 50 %. If the patient is not ‘pre​pared’ for surgery, postoperative hypotension and hyperkalemia may occur due to prior suppression of the renin-angiotensin system.

Cushing's syndrome

Cushing syndrome is caused by prolonged exposure to elevated levels of either endogenous glucocorticoids or exogenous glucocorticoids.

The source of cortisol excess can be:

· the adrenal gland (endogenous Cushing's syndrome);
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Pict. Adrenal adenoma
· administration of supraphysiologic doses of a glucocorticoid (exogenous Cushing's syndrome).

Endogenous Cushing's syndrome can be:

1) ACTH – dependent, caused by:

· increased pituitary ACTH secretion (it has frequently been reffered to as Cushing’s disease, implying a partucular physiologic abnormality. Patients with Cushing’s disease may have a basophilic adenoma of the pituitary, or a chromophobe adenoma. In some cases, no histologic abnormality is found in the pituitary despite clear evidence of ACTH overproduction. Microadenomas, which are difficult to visualize radiographically, are often the cause);
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Pict. Pituitary MRI - basophilic adenoma of the pituitary
· nonpituitary ACTH secretion by nonendocrine tumors;

2) Non – ACTH – dependent:

· caused by cortisol secretion by benign or malignant adrenal tumors;

· micronodular or macronodular dysplasia of the adrenal (the condition occurs most commonly in children and young adults).

In pituitary-dependent Cushing's syndrome, increased secretion of endogenous ACTH leads to bilateral adrenal hyperplasia and cortisol overproduction. ACTH secretion continues despite high circulating cortisol, indicating an ab​normality in the feedback mechanism. A good number of these patients harbor a pituitary microadenoma which secretes ACTH. Despite normal x-rays of the sella, including tomograms, the neurosurgeon often finds and removes the microadcnoma through the transsphenoidal route. Pituitaty – dependent adrenal hyperplasia accounts for about 60 to 70 percent of endogenous Cushing’s syndrome cases.

A polypeptide that resembles pituitary ACTH in its biologic and immunologic action can be secreted by a great variety of nonendocrine tumors, particularly oat cell carcinoma of the lung, but also by carcinoid bronchial adenomas, and by carcinomas of the prostate, ovaries, and pancreas, as well as others. Nonpituitary ACTH stimulates the adrenals to hypertrophy and to overproduce cortisol. Because the feedback mechanism is intact, pituitary ACTH secretion is suppressed by cortisol.

In patients with adrenal tumors, the excessive production of cortisol suppresses endogenous secretion of ACTH by the pituitary gland. An adrenal tumors is foud in 20 percent of the patients.

Exogenous, or iatrogenic, Cushing’s syndrome is caused by administration of supraphysiologic doses of glucocorticoids. Besides cortisol, other synthetic steroids with glucocorticoid activity have the ability to suppress ACTH secretion by the anterior pituitary. Adrenal atrophy and a decrease in cortisol secretion then result. Although the patients exibits the clinical manifestations of Cushing’s syndrome, adrenal insufficiency may actually occur if the steroid is discontinued abruptly. Because of the widespread use of glucocorticoids, iatrogenic Cushing’s syndrome is the most common type.

History:
· Patients with Cushing syndrome may complain of weight gain, especially in the face, supraclavicular region, upper back, and torso.

· Frequently, patients notice changes in their skin, including purple stretch marks, easy bruising, and other signs of skin thinning.

· Women may complain of irregular menses and hirsutism.

· Because of progressive proximal muscle weakness, patients may have difficulty climbing stairs, getting out of a low chair, and raising their arms.

· Psychological problems such as depression, cognitive dysfunction, and emotional lability may develop.

· New-onset or worsening of hypertension and diabetes mellitus, difficulty with wound healing, increased infections, osteopenia, and osteoporotic fractures may occur.

· Patients with an ACTH-producing pituitary tumor (Cushing disease) may develop headaches, polyuria and nocturia, visual problems, or galactorrhea.

· If sufficient mass effect from the tumor is present on the anterior pituitary, hyposomatotropism, hypothyroidism, hyperprolactinemia or hypoprolactinemia, and hypogonadism may develop.

· In addition, look for the following:

· Irregular menses or amenorrhea in women and decreased libido, infertility, and impotence in men

· Polyuria or polydipsia from diabetes mellitus or diabetes insipidus

· Impaired wound healing or predisposition to infections from immunosuppression

· When rapid onset of glucocorticoid excess occurs, virilization in women or feminization in men may be seen. This scenario suggests an adrenal carcinoma as the underlying cause of the Cushing syndrome.

Physical:
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Obesity

· Patients may have increased adipose tissue in the face (moon facies), upper back at the base of the neck (buffalo hump), and above the clavicles (supraclavicular fat pads).
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Pict.Moon face.

· Central obesity  with increased adipose tissue in the mediastinum and peritoneum; increased waist-to-hip ratio greater than 1 in men and 0.8 in women; and, upon CT scan of the abdomen, increased visceral fat is evident.
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Pict. Central obesity
Skin

· Facial plethora may be present, especially over the cheeks.
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 Pict. Facial plethora
· Violaceous striae, usually more than 1 cm in width, is observed most commonly over the abdomen, buttocks, lower back, upper thighs, upper arms, and breasts .
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Pict. Striae.

· Ecchymoses may be present.

· Patients may have telangiectasias and purpura.

· Cutaneous atrophy with exposure of subcutaneous vasculature tissue and tenting of skin may be evident.

· Hirsutism and male pattern balding may be present in women.

· Patients may have increased lanugo facial hair.

· Steroid acne, consisting of papular or pustular lesions over the face, chest, and back, may be present.

· Acanthosis nigricans, which is associated with insulin resistance and hyperinsulinism, may be present. The most common sites are axilla and areas of frequent rubbing, such as over the elbows, around the neck, and under the breasts.

Cardiovascular and renal

· Hypertension may be present. 

· Volume expansion may occur, with edema from sodium and water retention. 

· Diabetes mellitus may be present.

Gastroenterologic

· Peptic ulceration may occur with or without symptoms. 

· Particularly at risk are patients given high doses of glucocorticoids (rare in endogenous hypercortisolism).

Endocrine

· Hypothyroidism may occur from anterior pituitary tumors, which can interfere with proper thyroid-releasing hormone (TRH) and thyroid-stimulating hormone (TSH) function. 

· Galactorrhea may occur when anterior pituitary tumors compress the pituitary stalk, leading to elevated prolactin levels. 

· Other pituitary function may be interrupted. Possibilities include polyuria and nocturia from diabetes insipidus. 

· Menstrual irregularities, amenorrhea, and infertility may occur due to inhibition of pulsatile secretion of luteinizing hormone (LH) and follicle-stimulating hormone (FSH), which likely is due to interruption of luteinizing hormone-releasing hormone (LHRH) pulse generation. 

· Low testosterone levels in men may lead to decreased testicular volume from inhibition of LHRH and LH/FSH function. 

· Low estrogen levels in women may result from inhibition of LHRH and LH/FSH function. 

· Increased synthesis of high-density lipoprotein (HDL), low-density lipoprotein (LDL), and triglycerides may occur. 

· With severe hypercortisolism, hypokalemic metabolic alkalosis may occur.

Skeletal/muscular 

· Proximal muscle weakness may be evident. 
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Atrophy of muscles

· Osteoporosis may lead to incident fractures and kyphosis, height loss, and axial skeletal bone pain. Avascular necrosis of the hip also is possible from glucocorticoid excess.

Neuropsychological 

· Patients may experience emotional liability, fatigue, and depression. 

· Visual-field defects, often bitemporal, and blurred vision may occur in individuals with large ACTH-producing pituitary tumors that impinge on the optic chiasm.

Adrenal crisis 

· Patients with cushingoid features may present to the emergency department in adrenal crisis. Adrenal crisis may occur in patients on steroids who stop taking their glucocorticoids or neglect to increase their steroids during an acute illness. It also may occur in patients who have recently undergone resection of an ACTH-producing or cortisol-producing tumor. 

· Physical findings that occur in a patient in adrenal crisis include hypotension, abdominal pain, vomiting, and mental confusion (secondary to low serum sodium level or hypotension). Other findings include hypoglycemia, hyperkalemia, hyponatremia, and metabolic acidosis.

Diagnosis.

There are two phases of investigation: 

· confirmation of the presence or absence of Cushing’s syndrome;

· differential diagnosis of its case.

1. Exogenous Cushing's syndrome should offer no problems in diagnosis since a history of chronic ingestion of suprapliysiologic doses of glucocorlicoids is usually present. However, occasionally patients deny, either deliberately or because of ignorance, that they have been taking the glucocorticoid. In this case, the diagnosis can easily be made by obtaining a blood sample at 8 a.m. for corlisol and ACTH, both of which are characteristically low. Glucocorlicoids suppress ACTH secretion, causing adrenal atrophy and decreased cortisol syn​thesis. Current radioimmunoassay techniques for measuring cortisol in plasma are very specific and do not detect appreciable quantities of any of the synthetic glucocorticoids (prednisone, prednisolone, dexamethasone, etc.) that the patient may be taking. Cortisol is unlikely to yield a significant plasma level as well since the steroid has a short half-life; it disappears from blood 4 to 8 h after oral administration. If a plasma ACTH assay is not available, a plasma cortisol determination is sufficient.

2. Single-dose dexamethasone suppression test. This is the pre​ferred procedure for screening patients for Cushing's syndrome. The patient ingests 1.0 mg of dexamethasone at bedtime (10 to 12 p.m.), and a blood sam​ple for plasma cortisol is obtained the following morning at 8 a.m. In normal patients, the steroid suppresses plasma cortisol below 5 mkg/dl. whereas patients with Cushing's syndrome do not respond and cortisol values of greater than 20 mkg/dl are not unusual. This procedure is simple, convenient, and inexpensive since it does not require hospitalization. It is also very reliable, being accurate in about 95 percent of the patients. A few patients with Cushing's syndrome will respond to 1.0 mg of dexamethasone by suppression of plasma cortisol. If the clinical suspicion is strong, 0.5 mg of dcxamethasone should be given and cortisol determination should again be made. This procedure takes advantage of the fact that while normal subjects suppress equally well with 0.5 and 1.0 mg of dexathasone, the few patients with Cushing's syndrome who suppress with 1.0 mg will not suppress with the lower dosage.

(There are a few clnical situations in which failure of dexamethasone suppression occurs in the absence of Cushing's syndrome. Patients who are under acute stress, particularly those with fever and infections, and depressed individuals may not respond to dexamelhasone. Therapy with estrogen, and occasionally phenobarbital or phenothiazines may alter the response to dexamethasone. To some extent, all these drugs induce the hepatic microsomal enzymes that metabolize dexamethasone, and acceleration of the hepatic metabolism of the steroid results in insufficient plasma levels to yield a normal response. In these conditions, and in any others in which an abnormality in the metabolism of dexamethasone is suspected, simultaneous quantitation of the plasma dexamethasone concentration offers extremely useful information. Compared with individuals who exhibit no abnormalities in the metabolism of the steroid, individuals with altered hepatic metabolism have a much lower plasma concentration. Estrogens also increase the synthesis of corticusteroid-binding globulin (CBG) by the liver. Since plasma cortisol assays measure both bound and free cortisol, values are high in people on estrogen medication.)

3. 48 – hour low dose dexamethasone test. The results obtained with the single-dose dexamethasone suppression test are comparable to those of the first suppression test developed by Liddle. In this procedure, eight 0.5-mg doses of dexamethasone at 6-h intervals are given orally; 24-h urine samples for 17-hydroxycorticosteroids (17-OHCS) excretion are collected before and during dexamethasone administration. In normal subjects, 17-OHCS values are below 3 mg per 24 h on the second dexamethasone day. Patients with Cushing's syndrome fail to suppress. Not only is this test less convenient and more expensive but it may not be accurate if incomplete urine collections have been obtained.

4. High-dose dexamethasone suppression test. After the oral administration of a single dose of 4.0 mg of dexamethasone between 10 p.m. and midnight, the measured 8 a.m. cortisole the following morning is less than 2 mkg/dl in normal individuals. Patients with pituitary-dependent Cushing’s syndrome demonstrate a plasma cortisol suppression of more than 50 % compared with the baseline values. Those wiyh adrenal tumors or nonpituitary ACTH-secreting tumors do not respond. (This procedure is comparable to the high-dose dexamethasone suppression test developed by Liddle(2.0 mg dexamethasone every 6 h for eight doses with three 24-h urine sample collections for 17-OHCS, one collection before and two during dexamethasone administration). The single-dose 4.0 mg dexamethasone suppression test is simpler, less expensive, and more convinient.

5. radiologic diagnosis includes X-ray examination for a pituitary tumor, and computed tomography which is the most popular procedure for visualizing the adrenals in patients with Cushing's syndrome. 

Treatment.

surgery. If clinical manifestations are severe and definitive correction is immediately required, surgery will be the procedure of choice for most patients with Cushing's syndrome. Pituitary surgery is the preferred therapeutic modality for pituilary-dependent Cushing's syndrome. The transsphenoidal route is most commonly utilized, but transfruntal exploration may be required for large tumors or areas where there is extrasellar extension. There is general agreement that once the diagnosis of pituitary-dependent Cushing's syndrome has been established the pituitary should be explored with or without radiologic evidence of a pituitary tumor. Operative morbidity of pituitary surgery is 2 to 5 %. Transphenoidal hypophysectomia is usually successfulwhen carried out by an experienced  neurosurgeon. While the majority of patients may be cured by this operation and normal pituitary function will remain intact, recurrences occur and may appear months or years after the operation.

Because a pituitary adenoma is not found in all cases, complete tumor removal is difficult, and recurrences arise following adenomectomy, partial or even total hypophysectomy has been recommended by some clinicians. With partial hypophyseclomy best results are obtained by removing the central mucoid zone which contains most of the ACTH-secreting cells. With total hypophysectomy, the problem of recurrences is resolved but hypopituitarism develops, necessitating permanent hormone-replacement therapy. Therefore, indiscriminate use of total hypophysectomy is not justified. Adrenalectomy is the treatment of choice in patients with adrenal tumors. Since the lesion is unilateral in most cases, only one adrenal is removed. Therapy with glucocorticoids, is required for as long as a year because of chronic suppression of ACTH secretion and atrophy of the contralaleral adrenal.

Bilateral adrenalectomy is utilized to treat patients with primary adrenocortical nodular dysplasia. although a few patients with this condition have responded to hypophyseclomy. Bilateral adrenalectomy is a difficult procedure, with an operative mortality of 4 to 10 percent of patients. There is a recurrence of the disease as the result of hyperplastic remnant in 10 percent of patients, and development of hyperpigmentation with rapid growth of pituitary tumors in 10 to 20 percent.

In patients with nonpituitary tumors that are secreting ACTH, surgery or chemotherapy my be helpful. In patients with severe hypercortisolism that is not controlled by surgery or drugs, bilateral adrenalectomy may be necessary . The changes produced by Cushing's disease are partially reversible (after several months).
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pituitary irradiation. If clinical manifestations are not severe, pituitary irradiation may be tried initially. Pituitary irradiation is delivered by means of conventional cobalt radiotherapy (4500 rads), by proton-beam irradiation, or by pituitary implantation of radioactive material. Conventional cobalt radiotherapy has a cure rate in 46 to 83 percent of patients. Two-thirds of these patients experience a complete resolution of the signs and symptoms, and the others man​ifest some degree of improvement. The response is better in younger individuals. Improvement, however, is slow and may take 6 to 18 months. Radiation effects continue for many years, and the incidence of hypopituitarism is 80 percent at 20 years. If there is no response to pituitary irradiation after 6 month, adrenalectomy is indicated.

drugs. Several drugs have been used to treat patients with Cushing's syn​drome. Improvement of the clinical manifestations is the result of a decrease in ACTH secretion by the pituitary gland or cortisol secretion by the adrenals.

Cyproheptadine (Periactin) and peritol have been helpful in some patients with pituitary-dependent Cushing's syndrome. Cyproheptadine has peripheral and central antiserotonergic, antihistaminergic, anticholinergic, and antidopaminergic actions, but the inhibition on ACTH secretion is the result off its antiserotonin effect on the hypothalamus. The drug is administered orally at an initial dose of 4 mg three times a day, which is increased to a maximum dose of 4 mg every 4 h over 2 to 4 weeks. Clinical and biochemical responses occur within 2 to 3 months after initiation of therapy, and the return of dexamethasone suppressibility and ACTH and cortisol periodicity are observed by 6 to 12 months. Remission of the disease occurs in 30 to 50 percent of the patients and the longest duration of remission has been 5 years. Although a few cases of permanent remission after discontinuation of the drug have been reported, relapse is the rule. Cyproheptadine can be used in combination with pituitary irradiation. The drug is given for 4 to 6 months to control symptoms before the effects of irradiation are manifested. The two major side effects are hyperphagia (with weight gain) and somnolence. The dopamine agonist bromocrip​tine is very useful. The usual dose is 2.5 mg three times a day. But the therapy has to be began from the ¼ of a tablet (2.5 mg) at a bedtime for 3 to 4 days (because of its side effect such as somnelence), then it has to be increased on ¼ of a tablet each 3 days to 7.5 mg.

Several adrenal cortisol inhibitors are available to treat patients with Cushing's syndrome, particularly those with adrenal carcinomas or nonpi-tuitary ACTH-secreting tumors. Mitotane, Lysodren inhibit adrenal growth and interferes with cortisol synthesis by blocking the conversion of cholesterol into pregnenolone. The dose is 1 to 10 g/day. Side effects in​clude gastrointestinal complaints, sedation, depression, and adrenal insufficiency. Because of its inhibitory effect on adrenal growth, the drug is preferred for the treatment of adrenal cancer. Aminoglutethimide (Cytadren, Elipten) inhibits the conversion of cholesterol into pregnenolone as well, but it does not have any effect on adrenal growth. The usual dose is 250 to 500 mg four times a day. Side effects are gastrointestinal complaints, drowsiness, skin rash, goiter, and adrenal insufficiency. Metyrapone (Metopirone) inhibits the last step in cortisol synthe​sis - the conversion of 11-deoxycortisol into cortisol. Effective doses range from1 to 4 g/day. Better results are obtained when metyrapone is administered every 2 h rather than every 4 h. Hirsutism is the most frequent problem with prolonged metyrapone usage. Trilostane, at a dosage of 0.25 to 1.0 g/day, can reduce corti​sol synthesis effectively. A combination of two drugs, such as aminoglutethimide and metyrapone, usually is more effective than any drug alone. Problems shared by all of these drugs are (1) the fact that their effects cease as the result of both a compensatory increase in ACTH secretion and of stimulation of partially suppressed adrenals and (2) the development of adrenal insufficiency. These prob​lems can be minimized by administering physiologic amounts of a glucocorticoid, such as 0.5 mg/day of dexamethasone. If hypotension and electrolyte problems develop, 0.1 mg/day of the mineralocorticoid 9-alfa-fluorohydrocortisone (Florinef) should be given.

Hypothalamic syndrome of pubertal period.

Particularities.
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1. Obesity is not cushingoid (not central).

2. Striae (pink and not very large).

3. Hypertension (constant or permanent).

4. Glucose intolerance.

Treatment.

1. Diet  8.

2. Parlodel (2.5 – 5 mg for 3 – 6 month).

3. Peritol (4 mg 2 times a day for 1 month).

4. Dehydration therapy (hypothiasid 50 – 100 mg/day MgSO4  25 % solution intramuscular 10 – 15 times).

5. Nonsteroid antiinflammatory drugs (indometacine).

6. Biogenic stimulators (aloe, plasmol).

7. Increasing of  microcirculation of the blood in the brain (cavinton, piracetam).

8. Vitamintherapy.

9. Symptomatic therapy (hypotensive therapy).

10. Phisiotherapy.
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Pict. ACE – angiotensin – converting enzyme


JGA – juxtaglomerular apparatus


MR – mineralocorticoid receptor


β –LPH – β-lipotropic hormone, a fragment of the ACTH precursor peptide pro-opiomelanocortin�
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Pict. Normal adrenal glands�
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Pict. Tuberculosis destruction of adrenal gland�
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Pict. Weakness of posterior extremitas in dog after adrenalectomy�
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