Hypertension
Definitions and Classification


In the US, 20% of all adults have HTN: 95% are essential and 5% are secondary.
Essential Hypertension


Essential HTN is when the systolic BP > 140mmHg or the diastolic BP >90mmHg with no underlying identifiable cause.  Causes, however, may include genetics, diet, environment, or social factors.  Risk factors include increasing age, men, and African-American descent.  


The progression of essential HTN is usually slow and asymptomatic.  If it is acute, it may be associated with end organ damage or an underlying disease.  
Secondary Hypertension


Secondary HTN is HTN caused by an underlying or primary disease (i.e. pheochromocytoma or renal disease).
Stage 1-4 Classification

	Classification
	Systolic BP (mmHg)
	Diastolic BP (mmHg)

	Stage 1 (mild)
	140-159
	90-99

	Stage 2 (moderate)
	160-179
	100-109

	Stage 3 (severe)
	180-209
	110-119

	Stage 4 (very severe)
	>210
	>120


JNC 7 Classification (SEE HANDOUT!)


Systolic blood pressure is more of a risk factor than diastolic blood pressure.  The main changes in the JNC 7 classification are two-fold: 1) added a pre-HTN category 2) combined stage 2 and stage 3.  Patients with pre-HTN have an increased risk of developing HTN.  If your blood pressure is 130/80-139/89, you have a 2x risk of developing HTN.


Other risk factors for cardiovascular disease include smoking, obesity, physical inactivity, dyslipidemia, Diabetes, microalbuminuria, males > 55, females > 65, and family history
Physiological Regulation of Blood Pressure


Blood pressure is regulated primarily by the SNS and the kidneys through their influences on cardio output (CO) and peripheral vascular resistance (PVR).  SEE CHART!
Blood pressure = cardiac output x peripheral vascular resistance
Cardiac Output


Cardiac output (CO) is a product of stroke volume (SV) and heart rate (HR).  CO is increased by SNS stimulation via beta-1 receptors in the heart.  Can also be influenced by the kidneys are their regulation of blood volume.
Peripheral Vascular Resistance


Alpha-1 receptors stimulate arteriolar smooth muscle contraction, causing vasoconstriction.  Peripheral vascular resistance (PVR) is the resistance of blood flow through the vessels.  


Vasopressin and angiotensin-II are blood-borne substances that cause vasoconstriction.  Adenosine, serotonin, endothelin, and prostaglandins are substances produced in the various tissues of the body that produce vasoconstriction.  
Baroreceptor Reflex


The baroreceptor reflex produces short-term regulation of blood pressures.  It modulates SNS stimulation of CO and PVR and will adjust blood pressure in response to posture changes and changes in physical activity.
Non-Pharmacological Treatment


Lifestyle modifications should be initiated in patients with pre-HTN and stage 1 HTN.  These modifications include weight reduction, a low sodium/rich potassium and calcium diet, exercise, and moderation of alcohol intake.  SEE CHART!
Initiating Drug Treatment


Drug therapy should be started immediately in the following cases: 1) diastolic blood pressure >110mmHg 2) blood pressure still >140/90mmHg after 3-6 months of lifestyle modifications 3) blood pressure >130/80mmHg in patients with DM or chronic kidney disease.


Thiazide diuretics are usually the first line treatment, except if another class is specifically indicated or if there is an absolute contraindication.  SEE CHART!
Diuretics


All types of diuretics cause an increase in renal sodium excretion (natriuresis).  This blocks the reabsorption of water and enhances its secretion, which decreases blood volume, SV, and CO.  As a result, blood pressure is decreased.  


The decreased amount of sodium ions that results from diuretics decreases the influx of sodium into smooth muscle cells.  This decreases contractility and PVR, leading to a decrease in blood pressure.  This mechanism is primarily for thiazides.


Diuretics are also used in the treatment of edema associated with CHF and renal disease.  
Thiazide Diuretics

Thiazide diuretics block the reabsorption of NaCl at the distal convoluted tubule, decreasing Ca excretion in the urine.  The calcium is reabsorbed back in the blood stream, making thiazide diuretics useful for osteoporosis. Caution should be taken in patients with sulfa allergy due to sulfonamide structure.  These drugs are good as single drug therapy in mild HTN.


ADRs include hypokalemia, hyperglycemia, hyponatremia, hypomagnesaemia, increased cholesterol and triglycerides, and impotence.  Low potassium levels can lead to low insulin, therefore causing the hyperglycemia.  Hyperuricemia can occur due to inhibition of uric acid secretion in the proximal tubule, increasing the amount of uric acid (must monitor uric acid levels in patients with gout).

Diuretic effect may be decreased with NSAIDs.  NSAIDs increase sodium and water retention so they can increase blood pressure.


Hydrochlorothiazide (HCTZ) is dosed 25-50mg.  There is no effect over 50mg but it can lead to excessive hypokalemia.
Loop Diuretics


Loop diuretics block the reabsorption of sodium in the ascending loop of Henle.  Loop diuretics can also increase the Na/K exchange in the Na/K pump at the late distal tubule and collecting duct.  There is more powerful natriuresis than other diuretics (dose-dependent effect).  They are more effective in patients with creatinine clearance <30.  They are also the drug of choice for edema caused by CHF and cirrhosis.  Caution should be taken in sulfa allergy.


ADRs include more profound hypokalemia, hypocalcemia, increase BUN/creatinine, hyperglycemia, hyperuricemia, pancreatitis, hepatic damage, and impotence.  Ototoxicity can be reversed with discontinuation of the drug.  Presents with tinnitus, ear pain, vertigo, and hearing loss.


DDI include NSAIDs (see thiazides) and aminoglycosides.

Includes Bumetanide (Bumex), Furosemide (Lasix), and Torsemide (Demadex).   
Potassium Sparing Diuretics


Potassium sparing diuretics block the reabsorption of sodium via sodium channels in the collecting duct but reduce potassium secretion into the urine.  They cause hyperkalemia.  


Used in combination therapy with loops and thiazides to treat hypokalemia.  Spironolactone (Aldactone) is an aldosterone antagonist.  Aldosterone promotes sodium and water retention, which can increase blood pressure.  Spironolactone blocks the binding of aldosterone to the mineralocorticoid receptor in the distal convoluted tubule.  It is also used in the treatment of primary hyperaldosteronism, polycystic ovary disease, and hirsutism.  Unique ADRs for sprionolactone include gynecomastia, impotence, and amenorrhea.  

Overall ADRs include hyponatremia, increased BUN/creatinine, jaundice, headache, and N/V/D.

DDI include hyperkalemia with ACE-I and potassium supplements, NSAIDs.


Other drug in this group is Amiloride (Midamor).
SEE CHART FOR RENIN-ANGIOTENSIN-ALDOSTERONE AXID!!!!    
Angiotensin Converting Enzyme Inhibitors (ACE Inhibitors)


Angiotensin converting enzyme inhibitors (ACE inhibitors) act at the renin-angiotensin-aldosterone axis to block the conversion of angiotensin I to angiotensin II (potent vasoconstrictor).  They also block the degradation of bradykinin (potent vasodilator), thereby reducing PVR and blood pressure.  ACE-I do not have a great effect on CO.  Also used for CHF and post-MI.  


All ACE-I are pregnancy category C in the 1st trimester but are category D in the 2nd and 3rd trimester.  They are known to have caused fetal and neonatal morbidity and mortality, making them an absolute contraindication.

ACE-I can cause renal failure in patients with bilateral renal artery stenosis. These patients depend on angiotensin-II to maintain renal blood flow and glomerular filtration rate.  ACE-I are preferred in patients with DM because they delay the progression of nephropathy.  Also preferred in patients wit coexisting heart failure or MI due to their positive cardiac effects.  All ACE-inhibitors except for Captopril have an approximate DOA of 24 hours.  Captopril has the shortest DOA so it is used initially for elderly patients.


ADRs include nonproductive cough (20%) that is believed to occur due to increased bradykinin.  Patients cannot be given cough suppressants.  You can switch to an ARB to get rid of the cough.  Other ADRs include angioedema (suspected cause – bradykinin), hyperkalemia, decreased renal function, little or no sexual dysfunction, dizziness, rash, and abnormal taste.


DDIs – antihypertensive effects are increased with thiazide and loop diuretics, hyperkalemia with potassium sparing diuretics, increased lithium levels when combined with lithium, and decreased effect of ACE-I with NSAIDs.


ALL ACE-I end in “PRIL”!!!!
Angiotensin Receptor Blockers (ARB)


Angiotensin receptor blockers (ARB) block the binding of angiotensin II to its receptors in vascular smooth muscle, leading to vasodilation and decreased PVR, which will decrease blood pressure.  They primarily block type I angiotensin receptors.  Most are given QD with only a couple agents given BID.  ARB also block the binding of angiotensin II to its receptors in the adrenal cortex.  This will lead to decreased aldosterone secretion, blood volume, SV, and CO, which will all lower blood pressure.  Same cautions and pregnancy categories as ACE-I.

ADRs are the same as ACE-I but with less effects on the kidney and incidences of cough and angioedema.  However, they do produce increased incidences of URI.  ACE-I are primarily given first because of their efficacy and therapeutic effects.


ALL ARB end in “SARTAN”!!!  Losartan (Cozaar) is the main drug in this group.  
Beta Blockers (BB)


Beta blockers (BB) block beta receptors in the heart and other tissues.  This will decrease heart rate (negative chronotropic), contractility (negative inotropic), and CO, which will decrease blood pressure.  BB also inhibit renin secretion from renal juxtaglomerular cells.  This will decrease the formation of angiotensin II, aldosterone secretion, blood volume, SV, and CO, which will decrease blood pressure


BB are also used for angina and post MI.  Specific BB are used for arrhythmias, migraine, and glaucoma.  They are contraindicated in sinus bradycardia, > 1st degree heart block, uncompensated cardiac failure, cardiogenic shock, and pulmonary edema.  Beta-1 specific agents, such as Atenolol and Metoprolol, should be used for DM and asthma.

BB have intrinsic sympathomimetic activity, meaning they have weak agonist activity on beta-receptors, resulting in a smaller reduction in heart rate and less ADR on lipid profile.


Most BB are classified as C by their manufacturer, however they are category D in 2nd and 3rd trimester based on expert analysis.


ADRs include bradycardia, impotence, impaired glycogenolysis, CHF, hypotension, bronchoconstriction, fatigue, cold extremities (reflex peripheral vasoconstriction), hypercholesterolemia, masked symptoms of hypoglycemia (tachycardia and nervousness, and CNS side effects with lipid soluble BB (vivid dreams).


DDI are present with digoxin and CCB (increased bradycardia) and NSAIDs (decreased Hypotensive effect of BB).


ALL drugs end in “OLOL, ILOL, and ALOL”!!!  
Calcium Channel Blockers (CCB)


Calcium channel blockers (CCB) block calcium ion channels in the plasma membranes of smooth muscle, relaxing the smooth muscle and causing vasodilation.  This decreases PVR and blood pressure.  Found in pregnancy category C.


Verapamil and Diltiazem (non-dihydropyridines) exert significant effects in the myocardium, reducing heart rate and slowing nodal conduction.  These two are particularly effective for cardiac arrhythmias.  They are also contraindicated in hypotension (SBP<90), cardiogenic shock, sick sinus syndrome, and 2nd or 3rd degree heart block.

CCB are the most preferred class for blacks and asthma patients.  As a class, they are very good for HTN and are also used for angina.


ADRs include very problematic constipation, bradycardia, flushing, reflex tachycardia if too much vasodilation, sexual dysfunction, CHF, heart block and hypotension (with Verapamil and Diltiazem), fatigue, headache, dizziness, and peripheral edema.  The short acting form of Nifedipine has been associated with serious adverse events (syncope, heart block, sinus arrest, acute MI, EKG changes, and fetal distress) when used in the treatment of hypertensive emergencies.  Therefore, it is no longer used and the long acting form is preferred.

There are several DDI, especially with verapamil and diltiazem.  They include digoxin, amiodarone, azoles, etc.  DDI can occur pharmacokinetically (CYP45) or pharmacodynamically, which is the case with CCB and BB.


The dihydropyridines all end in “PINE”.  This class has very little effect on the cardiac tissue.  Drugs in this group include Amlodipine (Norvasc) and Felodipine (Plendil).  SEE DRUGS IN THE NON-DIHYDROPYRIDINE CLASS.   
Alpha-1 Blockers


Alpha-1 blockers block vasoconstriction of peripheral vascular smooth muscle, causing vasodilation.  This decreases PVR and blood pressure


Alpha-1 blockers may cause some activation of the SNS and therefore can increase heart rate and contractility.  They activate the renin system and may cause fluid retention, so they are often combined with diuretics to counteract some of the fluid tension that may occur.  Alpha-1 blockers cause syncope mostly after the first dose and especially with diuretics, so they are usually given at bedtime.


These drugs are also used for BPH.  Also have positive effects on lipids, lowering LDL and increasing HDL.  Found in pregnancy category C.


ADRs include orthostatic hypotension, sexual dysfunction, reflex tachycardia (more so with non-selective), dizziness, N/V/D, headache, drowsiness, Epitaxis, dry mouth, nasal congestion, and edema.


ALL these end in “AZOSIN”!!!
Alpha-2 Agonists (Central Acting)


Alpha-2 agonists work centrally but have peripheral effects.  They reduce SNS outflow from the brainstem to the heart, blood vessels, and other tissues.  This decreases PVR and blood pressure.  The heart rate and CO are either reduced or remain unchanged.  


In general, these drugs are reserved for refractory HTN after other agents fall.  Caution should be taken in the elderly.


ADRs include bradycardia, heart block, impotence, CNS side effects because they are centrally acting, dry mouth, sedation, and depression.  Tricyclic antidepressants can block the effects of centrally acting drugs, so concurrent use should be avoided.  Severe rebound HTN can occur; therefore taper gradually over 1-2 weeks.


Clonidine (Catapres) is available in a Transdermal patch.  It also binds to the imidazoline receptors.  Research is being done to develop drugs which bind specifically to these receptors and avoid the other CNS effects.


Methyldopa (Aldomet) is the preferred anti-HTN drug for pregnancy.  It has a unique MOA because it interferes with dopa’s conversion to NE.  Instead, dopa is converted to methyl-NE (20x less active than NE).  Has immunologic SEs and may cause Coomb’s positive hemolytic anemia.

Guanethidine and reserpine are neuronal blockers rarely used anymore.
Direct Vasodilators


Direct vasodilators directly dilate arteriolar smooth muscle.


ADRs include reflex tachycardia, angina, myocardial ischemia, nausea, flushing, and edema.


Hydralazine (Apresoline) is used for eclamspia and CHF.  It can cause a lupus like reaction.  More used in practice for pregnancy.


Minoxidil (Loniten) is also a direct vasodilator.  Sodium Nitroprusside (Nipride) and Diazoxide (Hyperstat) are used for hypertensive crisis.      
