Adrenal glands
Surgical anatomy:
The adrenal gland is formed of two separate parts: Adrenal cortex and adrenal medulla

Both are two separate secretory glands. The left adrenal is larger than the right one. They are related to the upper pole of the kidneys.

Arterial supply: several from phrenic, aortic and renal artery.

Venous drainage: all through one vein.

On the right side: short and direct to the IVC. On the left side: drain at the left renal vein.
Physiology of adrenal cortex:
Three layers:

Zona Granulosa: Mineralocorticoids 
Zona Fasciculata: Glucocorticoids 
Zona Reticularis: Sex Hormones

Mineralocorticoids most important is Aldosterone which is a self regulating hormone for Sodium, Potassium and water.

Glucocorticoids: the best known is the Hydrocortisone and the Cortisone.
Sex Hormones: are Androgenic and Estrogenic Hormones.
Physiology of adrenal medulla:
The medulla is ectodermal in origin. It is chromaffin tissue which stain yellow with Chromic acid. The secretions consist of Catecholamines: Adrenaline and Noradrenaline.
Tests of Adrenocortical activity:
· Plasma electrolytes: Sodium and Potassium.

· Plasma Cortisol levels: Diurnal variation with maximum value at 8 am. Lost in cortical disease.

· Plasma ACTH levels: low in adrenal tumours and high in pituitary tumours.

· Urinary steroids excretion: we can use radioactive cotisol and measure the metabolized amount in urine. The excretion in 24 hours urine sample is the best screening test.

· Dexamethasone suppression test: 0.5 mg Dexamethasone administered 6 hourly for 2 days: 1- Inhibition of ACTH I production and Cortisol in pituitary disease.
2- In adrenal disease or ectopic: no effect.

3- By higher doses: 2 mg/6 hours/ several days: reduction of urinary steroid excretion in hyperplasia and no effect in autonomous tumour disease.

· Metyrapone test: inhibits the biosynthesis of cortisol from 17, hydroxyl 1 1, deosoxy corticosterone. This is positive in pituitary lesion and negative Cushing disease (adrenal in origin).

Diagnostic imaging of adrenals:
· CT: has significant advance in imaging adrenal glands. Accuracy reaches 90%, CT either for pituitary fossa to show enlarged fossa and increase of ACTH which indicates basophilic adenoma, while CT abdomen diagnoses adrenal tumours.

· Ultrasonography: can detect most adrenal masses larger than 2 cm in diameter.

· Scintigraphy: if the adrenal gland which shows increase uptake in functioning adrenal tumours. While the carcinoma doesn't concentrate the isotope.

· MRI: is of great value to detect small adrenal masses.

Disease of adrenal cortex:

1. Chronic hypocorticism (Addison's disease):

It's adrenocortical insufficiency due to autoimmune disease leading to lymphatic infiltration of all adrenal zones. Other causes Tuberculosis, Amyloidosis, metastatic carcinoma and surgical removal of adrenals.

· Pathology: There's excessive excretion of Sodium and water retention of Potassium.

· Clinical picture: - Age: 30-40 y - Gender: both sexes

- Features: muscle weakness, decrease blood pressure, easy fatigability, dusky pigmentation of the skin, less common mucous membranes, nausea, vomiting, abdominal pain and impotence in males and amenorrhea in females.
- Acute Adrenocortical insufficiency: serious crises end by hypotensive shock.
· Treatment: mainly medical. 20-30 mg Hydrocortisone in divided doses with Fludrocortisone 0.1 mg daily as M Mineralocorticoids.

2. Hypercorticism: its adrenal cortical hyper functioning according to age:
* Infantile
* Prepubertal

* Adult (Cushing's syndrome)

* Post-menopausal * primary Aldosteronism (Conn's Syndrome)

· Cushing's syndrome: It results from over secretion of Glucocorticoids mainly Hydrocortisone.

· Etiology:

i) Pituitary dependant (65%): It's due to increase ACTH and bilateral adrenal hyperplasia.

ii) Adrenal autonomous tumours (25%): Adenoma (20%) & Carcinoma (5%)

iii) Ectopic causes of ACTH increase (10%): like functioning carcinoma of lung, thymus or pancreas.

iv) Non ACTH dependant hyperplasia: It's rare.

· Clinical picture: - Female: Male = 3:1

- Age: 15 — 40 y

· Gross obesity: moon face, rounded with pursed lips cervicodorsal hump but cylindrical limbs (Buffalo appearance) due to obliteration of supraclavicular region, protuberant abdomen, thick neck (Buffalo appearance). Limbs thin: lemon on match stick.

- Atrophy of elastic tissues: of the skin: tissue paper skin and inelastic purple striae on the abdomen. Ecchymoses and bruising are frequent. low resistance to infection

-4 acne.

· Increase growth of Lanugo hair but no hirshutism.

· Amenorrhea and impotence.

· Hypertension and headache: It may end by congestive heart failure with mild glucosuria - DM.

· Pathological fractures: due to severe osteoporosis.

- Emotional disturbances: leading to psychosis.

· Diagnosis:
· Screening test: Mainly: - Plasma cortisol levels and diurnal variation
- Plasma ACTH level.


- 24 hours urinary free cortisol excretion


- Over night Dexamethasone level. 
· Definite diagnosis: The best confirmatory test is the low dose Dexamethasone test by 1 mg given orally at night, If pituitary is affected - decrease ACTH level -) decrease morning plasma cortisol level.

But in case of autonomous adrenal tumours or ectopic ACTH tumours4 no effect.

So, this is used to differentiate between pituitary and adrenal Cushing's disease.

So, high ACTH after Dexamethasone dose indicates autonomous non pituitary tumours (ectopic).

The main path gnomonic laboratory finding of adrenocortical tumours is low level of ACTH by suppression of normal pituitary.

· Localization studies: Mainly CT scan on pituitary and adrenal glands. Also searching for ectopics in lungs, pancreas, mediasinum. Selective venous sampling of ACTH from inferior petrosal veins.

· Treatment:

· Medical: indicated only in non operable cases. Drugs to block cortisol synthesis like: Metyrapone and Aminoglutethimide may be used.

· Surgical:

1. Trans-Sphenoidal pituitary adenectomy in pituitary Cushing's.

2. Bilateral total adrenalectomy in hyperplasia due to pituitary stimulation and pituitary operation has failed.

3. Surgical resection of adrenal tumour as unilateral adrenalectomy.

4. Surgical resection of benign ectopic ACTH tumours.

· Radiotherapy: Pituitary irradiation used in inoperable cases.

Disease of adrenal medulla:

( Either: -Neoplasms of sympathetic neurons as ganglion neuroma or neuroblastoma

- Neoplasms of Chromaffin cells- Pheochromocytoma.

1. Ganglion neuroma: It's benign. Presented as retroperitoneal mass sympathetic. 15% from adrenal and 85% from sympathetic chain. Treatment is surgical removal.

2. Neuroblastoma: It's a malignant disease of children and infants (50% below 2 y). Age incidence: 0-8y. It involves any part of symapathetic nervous system. 75% in the abdomen- 50% of these in the adrenal.
Clinically: 
It metastasizes early. It's presented by abdominal mass, weight loss, anorexia, abdominal pain, symptoms of excessive Catecholamines, like hypertension, sweating, flushing and irritability.

Diagnosis: Mainly measurement of urine metabolites such that Venillyl Mandilic Acid (VMA) and Homovanillic Acid (HVA) Imaging: - Plain X-Ray: stippling of

- CT Scan
- Abdominal Ultrasonography - MRI

Treatment: Mainly surgical excision in localized disease. While in advanced cases chemotherapy and radiotherapy may be helpful.

3. Pheochromocytoma: It's the 10% tumour.

10%: bilateral, malignant, extra adrenal, multiple, familial and in children.

90% in adrenal

10% paraganglionic: Zauter Kandle Organ in aortic bifurcation, chest, bladder, renal hilum and the neck.

Pathology: soft, vascular tumour less than 5 cm in diameter or much larger. Round or ovoid in shape, grey or brownish formed of ganglion and fibrous cells with chromaffin granules. Malignancy (10%): evident by local or distant metastasis.

Clinical picture: The patient says `I'm going to die', sense of fear. The symptoms are variable according to the relative epinephrine and norepinphrine produced by the tumour. Norepinphrine is more potent vasoconstrictor, but metabolic effect of epinephrine is 30-100 times. Paroxysmal attacks of hypertension and tachycardia, headache, palpitations, sweating, vomiting, dyspnea, weakness, pallor and hyperglycemia. Sometimes haematuria due to bladder pheochromocytoma. Many differential diagnoses. So, how you have to think?

DD: hyperthyroidism, hypertension, DM, hypocalcaemia and anxiety neurosis.

Diagnosis:

Laboratory:
· Plasma Catecholamines: sensitive assays excess of I000Mg/ml

· Urine studies: Elevated VMA: level above 12 mg/day is suggestive for presence of secreting tumour.

· Suppression test, by Regitime antagonize the actions of Catecholamines by IV injection -> drop of blood pressure 4 suggestive of adrenal tumour.

Imaging:
· Abdominal Ultrasonography

· CT Scan revealed up to 90-95%

· Selective venous sampling.

· Radionuclide imaging: by Iodine labeled MIBG (Metalodo Benzyl Guanidine) mainly localize ectopic pheochromocytoma and not visualize normal adrenal.
Treatment:
· Preoperative preparation: To minimize the operative risks by using alpha blockers, Phenoxy Benzamine (Dibenzyline) and beta blockers, propranolol (Inderal). To control hypertension and arrhythmia (tachycardia).

· Avoid hypovolemia by blood.

· Then operate, hazardous phases at operation:

1. Induction

2. Mobilization and handling of tumour.

3. Removal of tumour

( Intra abdominal approach is the ideal, first ligate the main adrenal vein.

( Approaches for adrenalectomy:

1 Posterior approach (lumbar approach): It's the best for unilateral adrenalectomy in obese patients. Oblique incision along the last rib.
 Rib resection. Avoid pleura. Expose the kidney and high suprarenal. First ligate the vein.

2. Thoraco-abdominal approach (bed of 10th rib): The tenth rib resected on the right side. The eleventh rib resected on the left side. Opening of the pleura. Incision of diaphragm to expose the kidney and suprarenal.

3. Anterior approach (for bilateral exposure): Through curved or long midline incision. Opening of the peritoneum. Exposure of the adrenal according to the side, right or left.

4. Laparascopic adrenalectomy: New technique, good exposure and transabdominal exposure.







