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I.
Definition
There is no clear dividing line between normal and high blood pressure.  Arbitrary levels have been established to define those people at increased risk of developing a morbid cardiovascular event and who will benefit from medical therapy.  Hypertension is classified as follows:

	
Diastolic blood pressure (mm Hg)
	
 Category

	
<85


85‑ 89


90‑104


105‑114


>115
	Normal

High normal 

Mild hypertension

Moderate hypertension 

Severe hypertension 


In patients with a normal diastolic pressure (<90 mm Hg), systolic pressures are classified as follows:

	
Systolic blood pressure (mm Hg) 
	
Category 

	
<140


140‑159


>160
	Normal

Borderline

Isolated systolic 

   hypertension


II.
Clinical Significance
Hypertension is a major risk factor for atherosclerosis and ischemic heart disease.  It also predisposes its victims to stroke and kidney disease.  Consider the following facts about hypertension:

‑
high prevalence (15‑20% of all adults in North America);

‑
asymptomatic in the great majority of patients;

‑
easy to detect;

‑
effective treatment is available;

‑
adherence to therapy is essential to reduce the risk of complications.


The identification and treatment of hypertensive patients is a major public health priority.  Success in this venture is largely responsible for the decline in cardiovascular mortality during the past 15 years.

III.
Regulation of Blood Pressure
Blood pressure is maintained by the complex interactions of cardiac output, vascular volume and arterial vascular tone.  These factors, in turn, are governed by the neurologic and hormonal mechanisms described below:

	
Factor
	
Site of synthesis
	
Mechanism and sites of action 

	Adrenergic system

    Epinephrine

   Norepinephrine

Body fluid volume

   Renin

   Angiotensin II

   Aldosterone

   Antidiuretic hormone

      (ADH)

   Atrial natriuretic factor

Vascular autoregulation

	Adrenal medulla

Terminals of sympathetic nervous

 system

Juxtaglomerular cells of kidney

Angiotensin-converting enzyme

Adrenal cortex

Neurohypophysis

Heart

Tissue/organ specific


	Vasodilation of arterioles of skeletal muscle; vaso-constriction of arterioles of skin, mucous membranes and viscera;  increases in rate and force of cardiac contraction.

General vasoconstriction.

Converts angiotensinogen to angiotensin I.

Potent vasoconstrictor; stimulates aldosterone production.

Renal tubular sodium reabsorption; increases plasma volume.

Enhanced water reabsorption; increases plasma volume.

Increases urinary excretion of sodium; decreases peripheral vascular resistance.

Local mechanisms to maintain constant tissue perfusion.


IV.
Causes of Hypertension
In spite of our increasingly detailed knowledge about how blood pressure is regulated, the cause of hypertension is unknown in over 90% of patients.  These people have idiopathic or essential hypertension.  Patients with a definable cause of hypertension (secondary hypertension) may have renal disease, endocrine abnormalities or one of a large number of miscellaneous conditions.  The prevalence of various forms of hypertension in the general population is given below:

	
Diagnosis
	
% of Patients

	Essential hypertension

Renal hypertension:

   Parenchymal  

   Renovascular

Endocrine hypertension: 

   Primary aldosteronism

   Cushing's syndrome 

   Pheochromocytoma

    Other

Miscellaneous

   Oral contraceptive‑induced


	
92‑94


 2‑3 


 1‑2


 0.3


<0.1  


<0.1  


<0.1  


2‑4




A.
Renal hypertension

Renovascular ‑ decreased perfusion of renal tissue due to stenosis of a main or branch renal artery activates the renin‑angiotensin system.  Angiotensin II elevates arterial pressure by direct vasoconstriction, by stimulation of aldosterone secretion with resultant sodium retention, and by stimulating the adrenergic nervous system.

Parenchymal disease ‑ inflammatory and fibrotic changes involving multiple small intrarenal vessels may lead to decreased perfusion of renal tissue and activation of the renin‑angiotensin system.  However, other mechanisms may be operative as well.  These include (1) production of an unidentified vasopressor substance, (2) failure to produce a necessary vasodilator substance (prostaglandin ?), (3) failure to inactivate circulating vasopressor substances, and (4) inability to excrete sodium.

B.
Endocrine hypertension

Primary aldosteronism ‑ increased production of aldosterone by a tumor of the adrenal cortex or bilateral adrenal hyperplasia.  It is characterized by sodium retention at the expense of potassium, leading to hypokalemia.  Serum aldosterone is increased and renin is suppressed.

Cushing's syndrome ‑ increased production of cortisol by the adrenal glands, due to tumors of adrenal, pituitary, or other (ectopic ACTH) origin.  Glucocorticoids in large amounts exert mineralocorticoid‑like effects on sodium retention and potassium excretion.

Pheochromocytoma ‑ increased secretion of epinephrine and norepinephrine by a tumor of the adrenal medulla.  These compounds stimulate adrenergic receptors, causing peripheral vasoconstriction and increased cardiac output.

Other ‑ congenital adrenal hyperplasia is a group of genetic disorders caused by enzymatic defects in the steroid biosynthetic pathway.  The most common form (21‑hydroxylase) may cause mineralocorticoid deficiency, but two rarer forms (11‑hydroxylase and 17‑hydroxylase) cause a buildup of mineralocorticoids.  Acromegaly, primary hyperparathyroidism, myxedema and thyrotoxicosis are other unusual causes of endocrine hypertension.

C.
Miscellaneous

Oral contraceptives ‑ use of estrogen‑containing oral contraceptives may be the most common cause of secondary hypertension.  Estrogens stimulate the hepatic synthesis of angiotensinogen, favoring increased production of angiotensin II and aldosterone release.

Coarctation of the aorta ‑ narrowing or constriction of the lumen of the aorta, most commonly distal to the origin of the left subclavian artery.  Shunting of blood to the upper extremities causes hypertension (as measured in the arms).  Blood pressure in the legs is lower than in the arms, and the femoral pulse may be absent or markedly diminished.

V.
Diagnostic Evaluation
The investigation of hypertension is directed toward:

1)
distinguishing essential from secondary hypertension;

2)
uncovering other risk factors for the development of arteriosclerotic    cardiovascular disease;

3)
establishing a pretreatment baseline.

The most important part of the investigation is #1, since secondary hypertension is often curable, whereas essential hypertension is only treatable.

A.
Initial Tests

Renal status 

‑ 
urinalysis (chemical and microscopic), serum urea, creatinine, uric acid

Endocrine status
‑ 
electrolytes, calcium

Risk factors
 
‑
glucose, cholesterol, triglycerides, HDL cholesterol

Cardiac status 

‑
electrocardiogram (left ventricular hypertrophy) chest x‑ray (enlargement of the heart, aortic dilation, rib notching)

B.
Specific Tests

Patients in whom the history, physical exam and preliminary lab tests suggest a secondary cause of hypertension should be further investigated.  Test selection depends upon which diagnosis is being considered.

Primary aldosteronism ‑ these patients almost always have hypokalemia.  Since diuretics can also cause hypokalemia, this cause must be eliminated.  Appropriate tests to order include:

	
Test
	
Result

	Plasma aldosterone

24-hr urine aldosterone

Plasma renin
	
(

(

(


Once the diagnosis has been established, one must differentiate between unilateral and bilateral disease.

Cushing's syndrome ‑ these patients may also have hypokalemia, as well as increased serum glucose.  The best tests to order are:

	
Test
	
Result

	1 mg dexamethasone suppression test

24‑hr urine cortisol
	failure to suppress 


(



High‑dose dexamethasone suppression test and serum ACTH will distinguish between the various causes of this syndrome.

Pheochromocytoma ‑ this diagnosis should be considered in patients with the abrupt onset of severe hypertension, or who experience episodic headaches, palpitations, sweating and/or anxiety attacks.  Measurements of catecholamines and their metabolites in urine are confirmatory.

	
Test
	
Result

	24‑hr urine:  
catecholamines

metanephrines

vanillylmandelic acid (VMA) 
	
(

(
(


Renovascular hypertension ‑ the standard screening test is a rapid sequence intravenous pyelogram (IVP).  It may demonstrate morphologic abnormalities of the kidneys, or there may be a delay in the appearance and excretion of contrast material in the diseased kidney.  The definitive test is the combination of a renal angiogram (to visualize the arterial lesion) and renal vein renin determinations (to demonstrate the abnormal physiology).  Blood samples drawn from the left and right renal veins will show a difference in renin activity of 1.5‑fold or greater, due to increased renin release by the ischemic kidney.

	
Test
	
Result

	renal vein renin

 (left and right sides)
	ratio >   1.5




6
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