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ObjectivesObjectives

Discuss various definitions of hypertensionDiscuss various definitions of hypertension

Discuss Etiology and Pathogenesis of Discuss Etiology and Pathogenesis of 

hypertensionhypertension

Discuss the clinical approach to Discuss the clinical approach to 

assessment and treatmentassessment and treatment



Hypertension DefinitionsHypertension Definitions

Hypertension Hypertension –– Systolic BP of 140 mm Hg or greater Systolic BP of 140 mm Hg or greater 
and/or a DBP of 90 mm Hg or greater in persons not and/or a DBP of 90 mm Hg or greater in persons not 
taking antihypertensive medication. JNC VIItaking antihypertensive medication. JNC VII

PrePre--hypertensionhypertension –– SBP 120SBP 120--139 mm Hg or DBP 80139 mm Hg or DBP 80--89 89 
mm Hg. It is not a disease category. Designation to mm Hg. It is not a disease category. Designation to 
identify individuals at high risk of developing HTN.identify individuals at high risk of developing HTN.

Isolated systolicIsolated systolic hypertension (ISH) hypertension (ISH) –– primarily in primarily in 
elderly SBP of 140 mm Hg or greater in the presence of elderly SBP of 140 mm Hg or greater in the presence of 
a DBP of 90 mg Hg or lower.a DBP of 90 mg Hg or lower.
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Hypertension DefinitionsHypertension Definitions

Essential, primary, or idiopathic HTN Essential, primary, or idiopathic HTN –– High High 

BP  due neither to secondary causes not to a BP  due neither to secondary causes not to a 

mendelianmendelian (monogenetic) disorder, accounts for (monogenetic) disorder, accounts for 

90% of all cases.  90% of all cases.  

Secondary HTN Secondary HTN –– High BP caused by a specific High BP caused by a specific 

potentially curable disorderpotentially curable disorder

Refractory or resistant hypertension Refractory or resistant hypertension –– BP of BP of 

≥≥140/90 mm Hg despite an optimal three drug 140/90 mm Hg despite an optimal three drug 

regimen that includes a diuretic and that has regimen that includes a diuretic and that has 

been given at least one month to take effect. been given at least one month to take effect. 
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Hypertension DefinitionsHypertension Definitions

Spurious HTN (Spurious HTN (pseudohypertensionpseudohypertension) ) ––
artefactuallyartefactually elevated BP obtained by indirect elevated BP obtained by indirect 
cuff measurement secondary to reduced arterial cuff measurement secondary to reduced arterial 
compliance.compliance.

Hypertensive crisisHypertensive crisis –– DBP >120 mm Hg. DBP >120 mm Hg. 

Hypertensive emergencyHypertensive emergency –– If the crisis is If the crisis is 
associated with acute or ongoing target organ associated with acute or ongoing target organ 
damage. If not it is called damage. If not it is called Hypertensive Hypertensive 
urgencyurgency..

Malignant HTNMalignant HTN –– HTNHTN emergency associated emergency associated 
with with papilledemapapilledema. . 

Accelerated HTNAccelerated HTN –– Hypertensive emergency Hypertensive emergency 
associated with retinal hemorrhages and associated with retinal hemorrhages and 
exudates (grade 3 retinopathy).exudates (grade 3 retinopathy).
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Incidence and PrevalenceIncidence and Prevalence

65% of the population in the 65 to 74 65% of the population in the 65 to 74 y/oy/o

SBP increases with advancing age throughout SBP increases with advancing age throughout 
lifelife

DBP tends to plateau or fall after age 60DBP tends to plateau or fall after age 60

Increased Pulse Pressure (PP) Increased Pulse Pressure (PP) -- ↓↓ DBP in the DBP in the 
presence of presence of ↑↑ SBP SBP –– greater CVD risk than SBP greater CVD risk than SBP 
alone.alone.
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Etiology & PathogenesisEtiology & Pathogenesis



Etiology & PathogenesisEtiology & Pathogenesis

Essential HTN Essential HTN –– 90% of all cases of HTN90% of all cases of HTN

FamiliesFamilies

Collection of genetically based diseasesCollection of genetically based diseases

↑↑ SNS activitySNS activity

↑↑ production of sodium retaining hormones an vasoconstrictors production of sodium retaining hormones an vasoconstrictors 
((endothelinendothelin and and thromboxanethromboxane))

High sodium intakeHigh sodium intake

Inadequate intake of dietary potassium and calciumInadequate intake of dietary potassium and calcium

↑↑ or inappropriate or inappropriate reninrenin secretionsecretion

Deficiencies of vasodilators Deficiencies of vasodilators –– prostaglandins and nitric oxideprostaglandins and nitric oxide

Congenital abnormalities of the resistance vesselsCongenital abnormalities of the resistance vessels

Diabetes MellitusDiabetes Mellitus

Insulin resistanceInsulin resistance

ObesityObesity

↑↑ activity of vascular growth factorsactivity of vascular growth factors

Altered cellular ion transportAltered cellular ion transport
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Etiology & PathogenesisEtiology & Pathogenesis

GeneticsGenetics

–– Association  HTN and Association  HTN and dyslipidemiadyslipidemia

–– Association HTN and type 2 diabetes (2x as common) Association HTN and type 2 diabetes (2x as common) 

even stronger in blacks and Mexican Americans.even stronger in blacks and Mexican Americans.

Inherited CV Risk FactorsInherited CV Risk Factors

–– HTN, Insulin resistance, HTN, Insulin resistance, dyslipidemiadyslipidemia, obesity , obesity 

associated with associated with microalbuminuriamicroalbuminuria, high uric acid , high uric acid 

levels, levels, hypercoagulabilityhypercoagulability, and accelerated , and accelerated 

atherosclerosis. atherosclerosis. 
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Etiology & PathogenesisEtiology & Pathogenesis

Sympathetic Nervous SystemSympathetic Nervous System

↑↑ SNS SNS ↑↑ BP stimulation of heart, peripheral BP stimulation of heart, peripheral 

vasculature, and kidneys, vasculature, and kidneys, ↑↑ cardiac output, cardiac output, 

↑↑ vascular resistance, and fluid retentionvascular resistance, and fluid retention

Autonomic imbalance (Autonomic imbalance (↑↑ sympathetic tone sympathetic tone 

accompanied by accompanied by ↓↓parasympathetic tone) parasympathetic tone) 

CardiaCardia Study Study –– association of association of ↑↑HR and HR and 

development of HTNdevelopment of HTN
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Etiology & PathogenesisEtiology & Pathogenesis

Vascular ReactivityVascular Reactivity

↑↑ sensitivity to sensitivity to norepinephrinenorepinephrine

↑↑ peripheral vascular resistanceperipheral vascular resistance

↑↑ BPBP
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Etiology & PathogenesisEtiology & Pathogenesis

Vascular RemodelingVascular Remodeling

PVR elevated in HTNPVR elevated in HTN
–– Alterations in structureAlterations in structure

–– Mechanical properties Mechanical properties 

–– Function of small arteriesFunction of small arteries

Medications normalize resistance vessel Medications normalize resistance vessel 
structurestructure
–– ACEACE

–– ARBARB

–– CCBCCB

BB do NOTBB do NOT
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Etiology & PathogenesisEtiology & Pathogenesis

Arterial StiffnessArterial Stiffness

SBP and PP SBP and PP ↑↑ with agewith age

Endothelial dysfunctionEndothelial dysfunction

↓↓ NO synthesis NO synthesis ↑↑ wall thickness of conduit wall thickness of conduit 
vessels vessels ieie: common carotid artery: common carotid artery

Other factors Other factors 
–– Estrogen deficiencyEstrogen deficiency

–– High dietary sodium intakeHigh dietary sodium intake

–– TOB useTOB use

–– ↑↑ homocysteinehomocysteine

–– DiabetesDiabetes
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Etiology & PathogenesisEtiology & Pathogenesis

↑↑ arterial stiffness contributes to wide PParterial stiffness contributes to wide PP

Pulse wave velocity increased in older persons due to Pulse wave velocity increased in older persons due to 
central arterial stiffening. central arterial stiffening. 

Pulse wave reaches aortic valve before closure, leading Pulse wave reaches aortic valve before closure, leading 
to higher SBP, PP and to higher SBP, PP and afterloadafterload and a decreased DBP and a decreased DBP ––
may compromise coronary perfusion.may compromise coronary perfusion.

↑↑ SBP SBP ↑↑ cardiac metabolic requirements cardiac metabolic requirements –– LVH and HFLVH and HF

PP linked to advanced atherosclerotic disease and CVD PP linked to advanced atherosclerotic disease and CVD 
events (fatal and nonfatal MI and stroke)events (fatal and nonfatal MI and stroke)

PP better predictor of CVD risk than SBP or DBP alonePP better predictor of CVD risk than SBP or DBP alone
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Etiology & PathogenesisEtiology & Pathogenesis

Vasodilator drugs Vasodilator drugs ↓↓ stiffness of peripheral stiffness of peripheral 

arteries, arteries, ↓↓ pulse wave reflection  and pulse wave reflection  and 

augmentation of central aortic and LV augmentation of central aortic and LV 

systolic pressuresystolic pressure

ACEACE

CCBCCB
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Etiology & PathogenesisEtiology & Pathogenesis

ReninRenin--AngiotensinAngiotensin--AldosteroneAldosterone SystemSystem

AngiotensinAngiotensin II II ↑↑ BPBP

–– Constriction of resistance vesselsConstriction of resistance vessels

–– Stimulation of Stimulation of aldosteronealdosterone synthesis and release and synthesis and release and 

of renal tubular sodium of renal tubular sodium reabsorptionreabsorption (directly and (directly and 

indirectly via indirectly via aldosteronealdosterone))

–– Stimulation of thirst and release of Stimulation of thirst and release of antidiureticantidiuretic

hormonehormone

–– Enhancement of sympathetic outflow from the brain Enhancement of sympathetic outflow from the brain 
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Etiology & PathogenesisEtiology & Pathogenesis

ReninRenin AngiotensinAngiotensin AldosteroneAldosterone SystemSystem

AngiotensinAngiotensin II induces cardiac and II induces cardiac and 

vascular cell hypertrophy and hyperplasia vascular cell hypertrophy and hyperplasia 

Angiotensin II
AT1

Growth factors Cytokines

Vasoconstriction, cell growth, cell proliferation



Etiology & PathogenesisEtiology & Pathogenesis

AT 1AT 1

�� Vasoconstriction, Vasoconstriction, 

cell growth and cell cell growth and cell 

proliferationproliferation

�� AntinatriureticAntinatriuretic

�� Free radicalsFree radicals

�� Inhibits PAIInhibits PAI--1 and 1 and 

other growth other growth 

pathwayspathways

AT 2AT 2

VasodilationVasodilation, , 

antigrowth, cell antigrowth, cell 

differentiationdifferentiation

NatriureticNatriuretic

Produces nitric oxide Produces nitric oxide 

(NO) neutralizes free (NO) neutralizes free 

radicalsradicals

Does not inhibit PAI 1Does not inhibit PAI 1



Mechanisms of Mechanisms of AngiotensinAngiotensin IIII--OxidantOxidant--

mediated Vascular Damagemediated Vascular Damage

AngiotensinAngiotensin IIII

Oxidant StressOxidant Stress

PAI 1PAI 1 MCPMCP--1, VCAM,1, VCAM, EndothelinEndothelin Growth Factor Growth Factor 

ICAM,ICAM, ProstanoidsProstanoids MatrixMatrix

CytokinesCytokines

ThrombosisThrombosis InflammationInflammation VasoconstrictionVasoconstriction Vascular LesionVascular Lesion

Formation andFormation and

RemodelingRemodeling

Endothelial Dysfunction ↓ NO



Etiology & PathogenesisEtiology & Pathogenesis

AldosteroneAldosterone

Deleterious effectsDeleterious effects

Brain, Brain, ↑↑ salt appetite, sympathetic outflow, BPsalt appetite, sympathetic outflow, BP

Cardiac hypertrophy and fibrosisCardiac hypertrophy and fibrosis

Endothelial dysfunctionEndothelial dysfunction

Renal Renal arteriopathyarteriopathy with with proteinuriaproteinuria

Vascular inflammation with extracellular matrix Vascular inflammation with extracellular matrix 

depositiondeposition

Fibrosis and increased stiffnessFibrosis and increased stiffness

All often occur in hypertensionAll often occur in hypertension

Low sodium diets Low sodium diets ↓↓ the negative effect on cardiac and the negative effect on cardiac and 

vascular pathologyvascular pathology



Primary Primary AldosteronismAldosteronism (PA)(PA)

Results from Results from ↑↑ production of production of aldosteronealdosterone, , 
may account for as many as 5may account for as many as 5--13% of all 13% of all 
cases of HTN cases of HTN –– most prevalent form of most prevalent form of 
secondary HTNsecondary HTN

Results in suppressed plasma Results in suppressed plasma reninrenin
activity, metabolic alkalosis, potassium activity, metabolic alkalosis, potassium 
losing diathesis (sometimes leading to losing diathesis (sometimes leading to 
hypokalemiahypokalemia; ; ≤≤3.5 3.5 meq/lmeq/l) and HTN ) and HTN --
variablevariable



Primary Primary AldosteronismAldosteronism

All patients with severe or resistant HTNAll patients with severe or resistant HTN

Poorly controlled BP on 3 or more medsPoorly controlled BP on 3 or more meds

No other obvious secondary causesNo other obvious secondary causes

Screen for primary Screen for primary aldosteronismaldosteronism

–– Spontaneous Spontaneous hypokalemiahypokalemia K K ≤≤3.5 3.5 meqmeq

–– Or inappropriate Or inappropriate hypokalemiahypokalemia K K ≤≤3.0 3.0 meqmeq

–– While on conventional doses of diureticsWhile on conventional doses of diuretics

–– Excessive doses of K replacementExcessive doses of K replacement

–– Important Important –– HypokalemiaHypokalemia is not always is not always 
presentpresent

ACC SAP 6 Book 4ACC SAP 6 Book 4



Screen for Primary Screen for Primary AldosteronismAldosteronism
When to Consider Screening for Primary When to Consider Screening for Primary AldosteronismAldosteronism

↑↑PACPAC

↓↓PRAPRA

PAC/PRA ratio PAC/PRA ratio ≥≥20 20 ngng/dl per /dl per ng/ml/hng/ml/h

AndAnd

PAC PAC ≥≥15 15 ngng/dl/dl

Investigate for Investigate for 

Primary Primary AldosteronismAldosteronism

Ratio>70 with PAC of Ratio>70 with PAC of ≥≥15 and a PRA 15 and a PRA ≤≤1 1 ng/ml/hng/ml/h diagnosticdiagnostic

• HTN and hypokalemia

• Resistant HTN

• Adrenal incidentaloma and HTN

• Whenever considering secondary HTN

Morning blood sample in seated ambulant patient

• Plasma aldosterone concentration (PAC)

•Plasma renin activity (PRA)



Etiology & PathogenesisEtiology & Pathogenesis

AldosteroneAldosterone

Many do not manifest low serum K (not Many do not manifest low serum K (not 

reliable screening test)reliable screening test)



Etiology & PathogenesisEtiology & Pathogenesis

EndothelinEndothelin

Potent Potent vasoactivevasoactive peptide produced by peptide produced by 

endothelial cells endothelial cells –– both vasoconstrictor both vasoconstrictor 

and vasodilator properties.and vasodilator properties.

↑↑ endothelinendothelin levels in some HTN levels in some HTN ––

–– African Americans African Americans 

–– Transplant HTNTransplant HTN

–– Endothelial tumorsEndothelial tumors

–– VasculitisVasculitis



Etiology & PathogenesisEtiology & Pathogenesis

EndothelinEndothelin

EndothelinEndothelin receptor antagonists reduce receptor antagonists reduce 

BP and PVR in both BP and PVR in both normotensivenormotensive and and 

mild to mod essential HTNmild to mod essential HTN

This drug class has been discontinued due This drug class has been discontinued due 

to toxicity (to toxicity (teratogenecityteratogenecity, testicular , testicular 

atrophy, and atrophy, and hepatotoxicityhepatotoxicity))

They are used to treat pulmonary HTNThey are used to treat pulmonary HTN



ARS QuestionARS Question

Which of the following system does not Which of the following system does not 

contribute to hypertension?contribute to hypertension?

1.1. Sympathetic nervous systemSympathetic nervous system

2.2. AldosteroneAldosterone

3.3. VasodilationVasodilation

4.4. ReninRenin--angiotensionangiotension--aldosteronealdosterone systemsystem



Clinical ApproachClinical Approach



Diagnostic Work UpDiagnostic Work Up

JNC VIIJNC VII

CV Risk FactorsCV Risk Factors

HypertensionHypertension

Cigarette smokingCigarette smoking

Obesity (BMI >30)Obesity (BMI >30)

Physical inactivityPhysical inactivity

DyslipidemiaDyslipidemia

Diabetes MellitusDiabetes Mellitus

MicroalbuminuriaMicroalbuminuria or GFR or GFR 
<60 ml/m<60 ml/m

Age (>55 y men, >65 y Age (>55 y men, >65 y 
womenwomen

Family History of Family History of 
premature CVD (men<55 premature CVD (men<55 
y/women <65 y)y/women <65 y)

Target Organ DamageTarget Organ Damage

HeartHeart
–– LV hypertrophyLV hypertrophy

–– Angina or prior MIAngina or prior MI

–– Prior coronary Prior coronary 
revascularizationrevascularization

BrainBrain
–– Stroke or TIAStroke or TIA

Chronic Kidney diseaseChronic Kidney disease

Peripheral arterial Peripheral arterial 
diseasedisease

RetinopathyRetinopathy
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Evidence of Secondary HTNEvidence of Secondary HTN

GeneralGeneral

Abrupt onset of HTNAbrupt onset of HTN

Onset of HTN in persons <25 Onset of HTN in persons <25 y/oy/o or >60 or >60 y/oy/o

Refractory or resistant HTNRefractory or resistant HTN

Episodes of hypertensive crisisEpisodes of hypertensive crisis

Sudden worsening of BP controlSudden worsening of BP control

Specific findings from screening data. Specific findings from screening data. 

Resistant HTN Resistant HTN 



Causes of Secondary HTNCauses of Secondary HTN

Systolic and DiastolicSystolic and Diastolic
PregnancyPregnancy--induced induced 
HTNHTN

Sleep ApneaSleep Apnea

CoactationCoactation of the Aortaof the Aorta

Neurologic DisordersNeurologic Disorders

–– DysautonomiaDysautonomia

–– Increased Increased 
Intracranial pressureIntracranial pressure

–– Obstructive Sleep Obstructive Sleep 
ApneaApnea

–– QuadriplegiaQuadriplegia

–– Lead Poisoning Lead Poisoning 
GuillainGuillain--BarrBarréé
SyndromeSyndrome

Postoperative HTNPostoperative HTN

Drugs and ChemicalsDrugs and Chemicals
–– CyclosporineCyclosporine

–– EthanolEthanol

–– Oral ContraceptivesOral Contraceptives

–– GlucocorticoidsGlucocorticoids

–– MineralocorticoidsMineralocorticoids, , 
including Licorice and including Licorice and 
CarbenoxoloneCarbenoxolone

–– SympathomimeticsSympathomimetics

–– TyramineTyramine and Monoamine and Monoamine 
OxidaseOxidase InhibitorsInhibitors

–– ErythropoietinErythropoietin

–– AntidepressantsAntidepressants

–– Appetite Appetite SuppresantsSuppresants

–– NonsteroidalNonsteroidal AntiAnti--
inflammatory agentsinflammatory agents

–– Nasal DecongestantsNasal Decongestants

–– PhenothiazinesPhenothiazines
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Causes of Secondary HTNCauses of Secondary HTN

Systolic and Diastolic HTNSystolic and Diastolic HTN
RenalRenal

Renal Renal ParenchymalParenchymal Ds.Ds.

–– Chronic NephritisChronic Nephritis

–– Polycystic Ds.Polycystic Ds.

–– Collagen Vascular DsCollagen Vascular Ds

–– Diabetic NephropathyDiabetic Nephropathy

–– HydronephrosisHydronephrosis

Renal Vascular DsRenal Vascular Ds

Renal TransplantationRenal Transplantation

ReninRenin Secreting TumorsSecreting Tumors

ACC SAP Book 4ACC SAP Book 4

EndocrineEndocrine
AdrenalAdrenal

–– Primary Primary aldosteronismaldosteronism

–– Overproduction of 11Overproduction of 11--
deoxycorticosterone (DOC), deoxycorticosterone (DOC), 
1818--hydroxyhydroxy--DOC, and other DOC, and other 
MineralocorticoidsMineralocorticoids

–– Congenital Adrenal Congenital Adrenal 
HyperplasiaHyperplasia

–– Cushing SyndromeCushing Syndrome

–– PheochromocytomaPheochromocytoma

–– Extra Adrenal Extra Adrenal ChromaffinChromaffin
TumorsTumors

–– HyperparathyroidismHyperparathyroidism

–– AcromegalyAcromegaly



Causes of Secondary HTNCauses of Secondary HTN

Isolated Systolic HTNIsolated Systolic HTN

Aging, with associated Aortic RigidityAging, with associated Aortic Rigidity

Increased Cardiac OutputIncreased Cardiac Output

–– ThyrotoxicosisThyrotoxicosis

–– Anemia Anemia 

–– Aortic Aortic ValvularValvular insufficiencyinsufficiency

Decreased Peripheral Vascular ResistanceDecreased Peripheral Vascular Resistance

–– ArteriovenousArteriovenous shuntsshunts

–– Paget Paget diseaediseae of boneof bone

–– BeriberiBeriberi

ACC SAP 6 Book 4ACC SAP 6 Book 4



Identifiable Causes of Secondary HTNIdentifiable Causes of Secondary HTN

TSH; serum PTH                     TSH; serum PTH                     ACCSAP6 ACCSAP6 BkBk 44ThroidThroid/parathyroid /parathyroid dsds..

Sleep study with O2 saturationSleep study with O2 saturationSleep apneaSleep apnea

Doppler flow study; magnetic resonance Doppler flow study; magnetic resonance 

angiographyangiography
RenovascularRenovascular HTNHTN

24 hr. urine 24 hr. urine aldosteronealdosterone level or specific level or specific 

measurements of measurements of therther mineralocortcoidsmineralocortcoids
Primary Primary aldosteronismaldosteronism-- other other 

mineralcortcoidmineralcortcoid excess statesexcess states

24 hr urine 24 hr urine metanephrinemetanephrine, , normetanephrinenormetanephrine

and plasma and plasma metanephrinemetanephrine
PheochromocytomaPheochromocytoma

History; drug screeningHistory; drug screeningDrug induced/relatedDrug induced/related

History/History/dexamethasonedexamethasone suppression testsuppression testCushing syndrome and other Cushing syndrome and other 

glucocortcoidglucocortcoid excess states excess states 

including chronic steroid therapyincluding chronic steroid therapy

CT angiographyCT angiographyCoarctationCoarctation of the aortaof the aorta

Estimated GFREstimated GFRChronic Kidney DsChronic Kidney Ds

Diagnostic TestDiagnostic TestDiagnosisDiagnosis



Evaluation of Patient with Elevated Evaluation of Patient with Elevated 

BPBP

Key Historical FeaturesKey Historical Features
Duration and severity of elevated BPDuration and severity of elevated BP

Past experiences with antihypertensive medicationsPast experiences with antihypertensive medications

Symptoms and signs of vascular diseaseSymptoms and signs of vascular disease

Weight changesWeight changes

Other CV risk factorsOther CV risk factors

Current and past medicationsCurrent and past medications

Dietary and exercise habitsDietary and exercise habits

Use of tobacco, alcohol, drugsUse of tobacco, alcohol, drugs

Psychosocial backgroundPsychosocial background

Family history of HTN, diabetes, CVD and other Family history of HTN, diabetes, CVD and other 
disordersdisorders
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In office BP MeasurementIn office BP Measurement

Except in extreme BP elevation (SBP Except in extreme BP elevation (SBP 

>210 mmHg, DBP >120 mm Hg or both) >210 mmHg, DBP >120 mm Hg or both) 

or elevated BP with evidence of ongoing or elevated BP with evidence of ongoing 

target organ damage, HTN diagnosed target organ damage, HTN diagnosed 

when at least 2 separate readings when at least 2 separate readings 

obtained at least 1obtained at least 1--2 weeks apart average 2 weeks apart average 

≥≥140/90 mm Hg.140/90 mm Hg.



Provides information on response to Rx.  May 

help improve adherence to Rx and evaluate 

“white-coat” HTN. 

Self-measurement

Indicated for evaluation of “white-coat” HTN. 

Absence of 10–20% BP decrease during sleep 

indicates increased CVD risk. 

Ambulatory BP monitoring

Two readings, 5 minutes apart, sitting in chair.  

Confirm elevated reading in contralateral arm. 

In-office

Brief DescriptionMethod

JNC VII Guidelines for Measurement of BPJNC VII Guidelines for Measurement of BP

BP=Blood pressure, CVD=Cardiovascular disease,  
HTN=Hypertension

Chobanian AV et al. JAMA. 2003;289:2560-2572



Office BP MeasurementOffice BP Measurement

Patients should be seated with back supported and arm bared and Patients should be seated with back supported and arm bared and 
supported.supported.

The cuff should be at the level of the patientThe cuff should be at the level of the patient’’s hearts heart

Patients should refrain from smoking or ingesting caffeine for 3Patients should refrain from smoking or ingesting caffeine for 30 0 
minutes prior to measurementminutes prior to measurement

The patient should be allowed to rest in a quiet room for five mThe patient should be allowed to rest in a quiet room for five minutes inutes 
prior to measurementprior to measurement

Appropriate cuff size (the bladder within the cuff should encircAppropriate cuff size (the bladder within the cuff should encircle at le at 
least 90% of the patientleast 90% of the patient’’s arm) and calibrated equipment should be s arm) and calibrated equipment should be 
used.used.

Record both systolic and diastolic BPRecord both systolic and diastolic BP’’ss

Two or more readings separated by at least two minutes should beTwo or more readings separated by at least two minutes should be
averagedaveraged

Measure the BP in both arms on the first visit if there is evideMeasure the BP in both arms on the first visit if there is evidence of nce of 
peripheral vascular disease peripheral vascular disease 

Measure the BP in the standing and seated positions in elderly Measure the BP in the standing and seated positions in elderly 
individuals, diabetics, and others in whom orthostatic hypotensiindividuals, diabetics, and others in whom orthostatic hypotension is on is 
common.common.
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When to TreatWhen to Treat

Presence of CV risk factorsPresence of CV risk factors

Elevated BP first office visit common Elevated BP first office visit common ––

reassessreassess

Target organ damage Target organ damage –– long standing long standing ––

poorly controlled BP poorly controlled BP 

Hypertensive crisis SBP>210 mmHg, DBP Hypertensive crisis SBP>210 mmHg, DBP 

>120 mm Hg or both)>120 mm Hg or both)



ElderlyElderly

Accuracy difficult in elderly Accuracy difficult in elderly ––stiffening of arterial stiffening of arterial 

walls walls –– falsely elevatedfalsely elevated

Suspect Suspect pseudohypertensionpseudohypertension if no evidence of if no evidence of 

target organ damage is presenttarget organ damage is present

OslersOslers maneuver maneuver –– inflate BP above the SBP inflate BP above the SBP –– if if 

radial or brachial artery remains palpable radial or brachial artery remains palpable ––

stiffening may be falsely elevating BP stiffening may be falsely elevating BP 

measurementmeasurement
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Laboratory Tests and Other Laboratory Tests and Other 

Diagnostic ProceduresDiagnostic Procedures
ECGECG

UrinalysisUrinalysis

Blood glucoseBlood glucose

HematocritHematocrit

PotassiumPotassium

CreatinineCreatinine

CalciumCalcium

Fasting Blood lipid profile (Fasting Blood lipid profile (T.CholT.Chol, Trig, HDL, LDL), Trig, HDL, LDL)

Optional Optional 
–– Urinary albumin excretion or albumin/Urinary albumin excretion or albumin/creatininecreatinine ratioratio
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Resistant HTNResistant HTN

10% of cases10% of cases

Defined as BP Defined as BP ≥≥140/90 mmHg in the presence 140/90 mmHg in the presence 

of 2 drug regimen that has been in effect for 4 of 2 drug regimen that has been in effect for 4 

weeks or moreweeks or more

Up to 50% caused by nonUp to 50% caused by non--adherenceadherence

CluesClues

–– Missed appointmentsMissed appointments

–– Failure to manifest expected biological effects of Failure to manifest expected biological effects of 

medication such as decreased HR with BB medication such as decreased HR with BB txtx..
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Causes of Resistant HTNCauses of Resistant HTN

JNC VIIJNC VII
Drug Induced or Other causesDrug Induced or Other causes

NonadherenceNonadherence

Inadequate dosesInadequate doses

Inappropriate combinationsInappropriate combinations

NSAIDsNSAIDs; ; cyclocyclo--oxygenaseoxygenase 2 2 
inhibitorsinhibitors

Cocaine, amphetamines, other Cocaine, amphetamines, other 
illicit drugsillicit drugs

SympathomimeticsSympathomimetics
(decongestants, anorectics)(decongestants, anorectics)

Oral contraceptivesOral contraceptives

Adrenal steroidsAdrenal steroids

Cyclosporine and Cyclosporine and tacrolimustacrolimus

ErythropoietinErythropoietin

Licorice (including some chewing Licorice (including some chewing 
tobacco)tobacco)

Selected over the counter dietary Selected over the counter dietary 
supplements (supplements (ephedraephedra, ma , ma 
huanghuang, bitter orange), bitter orange)

Improper BP MeasurementImproper BP Measurement

Volume Overload and Volume Overload and 
PseudotolerancePseudotolerance
–– Excess Sodium intakeExcess Sodium intake

–– Volume retention from kidney Volume retention from kidney 
disease or heart failuredisease or heart failure

–– Inadequate diuretic therapyInadequate diuretic therapy

Associated ConditionsAssociated Conditions
–– ObesityObesity

–– Excessive alcohol intakeExcessive alcohol intake

ACC SAP6 Book 3ACC SAP6 Book 3



TreatmentTreatment



2-drug combination for most†

(usually thiazide-type diuretic 
and ACEI or ARB or BB or 
CCB). 

Yes >100 >160 Stage 2 
Hypertension

Drug(s) for the 
compelling 

indications.‡

Other antihypertensive 
drugs ( as needed. 

Thiazide-type diuretics for 
most.  May consider ACEI, 
ARB, BB, CCB, or 
combination.

Yes 90–99 140–159 Stage 1 
Hypertension

Drug(s) for compelling 
indications. ‡

No antihypertensive drug 
indicated. 

Yes 80–89 120–139Prehypertension

Encourage <80<120 Normal

With compelling 
indications

Without compelling 
indication 

Initial drug therapy
Lifestyle 

modification
DBP*    

mmHg
SBP* 

mmHg
BP 

classification

JNC VII Guidelines for Management and RxJNC VII Guidelines for Management and Rx

and

or

or

or

ACEI=Angiotensin converting enzyme inhibitor, ARB=Angiotensin receptor blocker, BB=β-blocker, BP=Blood 
pressure, CCB=Calcium channel blocker,  DBP=Diastolic blood pressure, SBP=Systolic blood pressure

Chobanian AV et al. JAMA. 2003;289:2560-2572

*Treatment determined by highest blood pressure category.
†Initial combined therapy should be used cautiously in those   

at risk for orthostatic hypotension.
‡Treat patients with chronic kidney disease or diabetes 

mellitus to blood pressure goal of <130/80 mmHg. 



JNC 7 JNC 7 

Hypertension Treatment AlgorithmHypertension Treatment Algorithm

ChobanianChobanian AV, et al. AV, et al. JAMAJAMA. 2003;289:2560. 2003;289:2560--2572.2572.

Not at Goal Blood Pressure (<140/90 mm Hg) 
(<130/80 mm Hg for those with diabetes or chronic kidney disease)

Initial Drug Choices

Lifestyle Modifications

Drug(s) for the Compelling 
Indications 

Other antihypertensive drugs 

(diuretics, ACEI, ARB, BB, CCB) 

as needed. 

Stage 2 Hypertension
(SBP ≥ 160 or DBP ≥ 100 mm Hg) 

2-drug combination for most 

(usually thiazide-type diuretic and 

ACEI, ARB, BB, or CCB)

Stage 1 Hypertension
(SBP 140-159 or DBP 90-99 mm Hg)

Thiazide-type diuretics for most. 

Consider ACEI, ARB, BB, CCB, 

or combination.

With Compelling 
Indications

Without Compelling 
Indications

Not at Goal Blood Pressure

Optimize dosages or add additional drugs 
until goal blood pressure is achieved.

Consider consultation with hypertension specialist.



2-4 mmHg<2 drinks/day for men and <1 
drink/day for women

Moderate 
alcohol 

4-10 mmHgRegular aerobic exercise for at 
least 30 min. most days of the 

week

Physical 
activity

2-8 mmHg<2.4 grams of sodium per dayRestrict sodium 
intake

8-14 mmHgDiet rich in fruits, vegetables, low 
fat dairy and reduced in fat

DASH eating 
plan

5-20 mmHg/10 kg 
weight lost

Maintain normal body weight 
(BMI=18.5-25)

Weight 
reduction

Approximate SBP 
Reduction Range

RecommendationModification

JNC VII Lifestyle Modifications for BP ControlJNC VII Lifestyle Modifications for BP Control

Chobanian AV et al. JAMA. 2003;289:2560-2572

BMI=Body mass index, SBP=Systolic blood pressure



Hypertension Therapies:  JNC VIIHypertension Therapies:  JNC VII

Chobanian AV, et al. Chobanian AV, et al. JAMAJAMA. 2003;289:2560. 2003;289:2560--2572. JNC VII2572. JNC VII

Avoid in patients with serum potassium >5.0 Avoid in patients with serum potassium >5.0 

mEq/L while not taking medicationmEq/L while not taking medication
Aldosterone Aldosterone 

antagonistsantagonists

Avoid in patients with history of        Avoid in patients with history of        

angioedemaangioedema
ACEIsACEIs

ContraindicationsContraindications

PregnancyPregnancy

Women likely to become pregnantWomen likely to become pregnant

ACEIs, ARBsACEIs, ARBs

Avoid in patients with:Avoid in patients with:

AsthmaAsthma

Reactive airways diseaseReactive airways disease

22°°or 3or 3°°heart blockheart block

ββ--blockersblockers

Use with caution in patients with gout Use with caution in patients with gout 

or hyponatremiaor hyponatremia
Thiazide Thiazide 

diureticsdiuretics



Clinical-Trial BasisCompelling Indication 

ALLHAT, HOPE, ANBP2,

LIFE, CONVINCE

High CAD Risk

ACC/AHA Post-MI Guideline, BHAT,

SAVE, Capricorn, EPHESUS

Post-MI

MERIT-HF, COPERNICUS, CIBIS, 

SOLVD, AIRE, TRACE, Val-HeFT, 

RALES 

Initial Therapy Options

Diuretic, BB, ACEI, CCB

BB, ACEI, Aldo ANT

Diuretic, BB, ACEI,

ARB, Aldo ANT

Heart Failure

JNC VII Compelling Indications for Drug ClassesJNC VII Compelling Indications for Drug Classes

ACEI=Angiotensin converting enzyme inhibitor, Aldo ANT=Aldosterone antagonist, ARB=Angiotensin receptor 
blocker, BB=b-blocker, CAD=Coronary artery disease, CCB=Calcium channel blocker, MI=Myocardial Infarction

Chobanian AV et al. JAMA. 2003;289:2560-2572

Recurrent Stroke Prevention PROGRESSDiuretic, ACEI

NKF-ADA Guideline,

UKPDS, ALLHAT

NKF Guideline, Captopril Trial, 

RENAAL, IDNT, REIN, AASK

Diuretic, BB, ACEI,

ARB, CCB

ACEI, ARB

Diabetes Mellitus

Chronic Kidney Disease



Combination Therapy  JNCVIICombination Therapy  JNCVII

Most patients require Most patients require ≥≥ 2 drugs to achieve goals2 drugs to achieve goals

If blood pressure If blood pressure >>20/10 mm Hg above goal, 20/10 mm Hg above goal, 

consider initiating treatment with 2 drugsconsider initiating treatment with 2 drugs

–– Separate prescriptions, or fixedSeparate prescriptions, or fixed--dose combinationsdose combinations

–– Using lowerUsing lower--thanthan--standard doses of standard doses of ≥≥ 2 drugs may 2 drugs may 

improve efficacy and reduce adverse effectsimprove efficacy and reduce adverse effects

Use caution in patients at risk for orthostatic Use caution in patients at risk for orthostatic 

hypotensionhypotension

–– DiabetesDiabetes

–– Autonomic dysfunctionAutonomic dysfunction

–– Older patientsOlder patients

Chobanian AV, et al. Chobanian AV, et al. JAMAJAMA. . 2003;289:25602003;289:2560--2572.  2572.  

Law MR, et al. Law MR, et al. BMJ.BMJ. 2003;326:14272003;326:1427--1434.1434.



Follow Up and Monitoring  JNC VIIFollow Up and Monitoring  JNC VII

Repeat monthly visits until BP goal achievedRepeat monthly visits until BP goal achieved

More frequent visitsMore frequent visits

–– Stage 2 hypertensionStage 2 hypertension

–– Comorbid conditionsComorbid conditions

Monitor serum potassium, creatinine Monitor serum potassium, creatinine 

11--2 times/year2 times/year

When BP is at goal and stable, followWhen BP is at goal and stable, follow--up up 

visits Q 3visits Q 3--6 months6 months

–– More frequent visits for patients with chronic heart More frequent visits for patients with chronic heart 

failure, diabetes, etcfailure, diabetes, etc

Chobanian AV, et al. Chobanian AV, et al. JAMAJAMA. 2003;289:2560. 2003;289:2560--2572.2572.



<130/80

<140/90

<130/80

<130/80

**History of CVD event, stroke, TIA, evidence of targetHistory of CVD event, stroke, TIA, evidence of target--organ damage (eg, LVH, organ damage (eg, LVH, 

microalbuminuria), CHD, or highmicroalbuminuria), CHD, or high--risk for CHD (eg, metabolic syndrome)risk for CHD (eg, metabolic syndrome)

ISHIBISHIB
Blood Pressure GoalsBlood Pressure Goals

Adapted from Douglas JG, et al. Adapted from Douglas JG, et al. Arch Intern Med.Arch Intern Med. 2003;163:5252003;163:525--541.541.

mm Hgmm Hg

Diabetes
Nondiabetic kidney disease (proteinuria <1 g/d)
Nondiabetic kidney disease (proteinuria ≥1 g/d)
High-risk* hypertensives

CCCCCCCConditiononditiononditiononditiononditiononditiononditionondition

Beware of overemphasizing race as a criterion Beware of overemphasizing race as a criterion Beware of overemphasizing race as a criterion Beware of overemphasizing race as a criterion Beware of overemphasizing race as a criterion Beware of overemphasizing race as a criterion Beware of overemphasizing race as a criterion Beware of overemphasizing race as a criterion 
for blood pressure control methods for blood pressure control methods for blood pressure control methods for blood pressure control methods for blood pressure control methods for blood pressure control methods for blood pressure control methods for blood pressure control methods ––––––––

these goals are applicable to patients of all racesthese goals are applicable to patients of all racesthese goals are applicable to patients of all racesthese goals are applicable to patients of all racesthese goals are applicable to patients of all racesthese goals are applicable to patients of all racesthese goals are applicable to patients of all racesthese goals are applicable to patients of all races



Diuretics: Optimal UtilizationDiuretics: Optimal Utilization

Virtually indispensable when >2 nondiuretic drugs have Virtually indispensable when >2 nondiuretic drugs have 

been prescribedbeen prescribed

Monitor potassium closely if potassiumMonitor potassium closely if potassium--sparing diuretics are sparing diuretics are 

used in persons taking ACEI, ARBs, potassium used in persons taking ACEI, ARBs, potassium 

supplementssupplements

Must know kidney function levelMust know kidney function level

–– EGFR < mid 40s: use loop diuretic or metolazoneEGFR < mid 40s: use loop diuretic or metolazone

If furosemide used, dose at least twice dailyIf furosemide used, dose at least twice daily

Conventional thiazide doses are likely to be ineffective, thoughConventional thiazide doses are likely to be ineffective, though higher higher 

doses 50doses 50--100 mg/d may work100 mg/d may work

–– EGFR > mid 40s: use thiazide diuretic (can use metolazone)EGFR > mid 40s: use thiazide diuretic (can use metolazone)

Loop diuretics not as effective as thiazides in Loop diuretics not as effective as thiazides in 

this setting this setting 



AldosteroneAldosterone

AldosteroneAldosterone

NonNon--selective selective aldosteronealdosterone antagonistantagonist

–– SpironolactoneSpironolactone ↓↓ proinflammatoryproinflammatory cytokines, cytokines, 

chemokineschemokines

Selective Selective mineralcorticoidmineralcorticoid receptor antagonistreceptor antagonist

–– EplerenoneEplerenone ↓↓ proinflammatoryproinflammatory cytokines, cytokines, chemokineschemokines

–– Prevents the Prevents the ↑↑ aortic stiffness and pulse pressure aortic stiffness and pulse pressure 

wideningwidening



AngiotensinAngiotensin--Converting Enzyme InhibitorsConverting Enzyme Inhibitors

AdvantagesAdvantages

Proven Proven renoprotectiverenoprotective in in 
type 1 diabetes and type 1 diabetes and 
nondiabeticnondiabetic CKDCKD

Profoundly Profoundly antiproteinuricantiproteinuric

Morbidity and mortality and Morbidity and mortality and 
symptomatic improvement symptomatic improvement 
in CHF patientsin CHF patients

Ventricular remodeling and Ventricular remodeling and 
mortality postmortality post--MIMI

Risk of microRisk of micro-- and and 
macrovascularmacrovascular disease in disease in 
DM and vascular diseaseDM and vascular disease

Risk of diabetesRisk of diabetes

TxTx for CCBfor CCB--induced edemainduced edema

DisadvantagesDisadvantages

Cough (~9%Cough (~9%--20+%)20+%)

AngioedemaAngioedema, more common , more common 
in Africanin African--AmericansAmericans

Rare Rare hyperkalemiahyperkalemia

Higher dose requirements in Higher dose requirements in 
AfricanAfrican--American, women, American, women, 
and/or obese personsand/or obese persons

BPBP--lowering effect very lowering effect very 
sensitive to level of dietary sensitive to level of dietary 
sodium intakesodium intake

↑↑↑↑↑↑↑↑ Serum Serum creatininecreatinine

Rise in Rise in creatininecreatinine reflects reflects 
ACEI MOA; consider ACEI MOA; consider 
lowering dose or stopping if lowering dose or stopping if 
creatininecreatinine increases >30%increases >30%

Adapted from Flack JM. Therapy of hypertension. In: Greenberg A,Adapted from Flack JM. Therapy of hypertension. In: Greenberg A, et al, eds. et al, eds. Primer on Kidney Diseases.Primer on Kidney Diseases. 2nd ed. San Diego, CA: 2nd ed. San Diego, CA: 

NKF/Academic Press, pp 506NKF/Academic Press, pp 506--516.516.



AngiotensionAngiotension II Receptor blockers ARBII Receptor blockers ARB

AdvantagesAdvantages
Most Most renoprotectiverenoprotective drug drug 
class in type 2 diabetes with class in type 2 diabetes with 
nephropathynephropathy

Profoundly Profoundly antiproteinuricantiproteinuric

Excellent longExcellent long--term term 
tolerabilitytolerability

↓↓↓↓↓↓↓↓ Morbidity and mortality in Morbidity and mortality in 
CHF (similar to ACEI)CHF (similar to ACEI)

No coughNo cough

Can substitute for ACEI Can substitute for ACEI 
when the latter arenwhen the latter aren’’t t 
toleratedtolerated

Less Less hyperkalemiahyperkalemia than than 
with ACEIwith ACEI

DisadvantagesDisadvantages
Rare Rare angioedemaangioedema (less than (less than 
ACEI)ACEI)

Infrequent Infrequent hyperkalemiahyperkalemia

Higher dose requirements in Higher dose requirements in 
some Africansome African--AmericansAmericans

↑↑↑↑↑↑↑↑ Serum Serum creatininecreatinine, though , though 
less than with ACEIless than with ACEI

Rise in Rise in creatininecreatinine reflects reflects 
ACEI MOA; consider ACEI MOA; consider 
lowering dose or stopping if lowering dose or stopping if 
creatininecreatinine increases >30%increases >30%

Adapted from Flack JM. Therapy of hypertension. In: Greenberg A,Adapted from Flack JM. Therapy of hypertension. In: Greenberg A, et al, eds. et al, eds. Primer on Kidney Diseases.Primer on Kidney Diseases. 2nd ed. San Diego, CA: 2nd ed. San Diego, CA: 

NKF/Academic Press, pp 506NKF/Academic Press, pp 506--516.516.



Calcium AntagonistsCalcium Antagonists
AdvantagesAdvantages

Highly effective BP lowering Highly effective BP lowering 
efficacy in Africanefficacy in African--Americans, Americans, 
diabetics, elderlydiabetics, elderly

Superior stroke risk reductionSuperior stroke risk reduction

Useful in diastolic Useful in diastolic 
dysfunction (ratedysfunction (rate--lowering)lowering)

Metabolically neutralMetabolically neutral

Minimal erectile dysfunctionMinimal erectile dysfunction

BPBP--lowering effect is robust lowering effect is robust 
in setting of high dietary in setting of high dietary 
sodium intakesodium intake

BPBP--lowering effect not lowering effect not 
attenuated by attenuated by NSAIDsNSAIDs

DisadvantagesDisadvantages

Immediately postImmediately post--MI or during MI or during 
unstable angina (shortunstable angina (short--acting acting 
dihydropyridinesdihydropyridines) may increase ) may increase 
CHD riskCHD risk

RateRate--lowering lowering CCBsCCBs can worsen can worsen 
CHF and mortality in patients CHF and mortality in patients 
with systolic heart failurewith systolic heart failure

Side effect profile variesSide effect profile varies——
verapamilverapamil: constipation: constipation
dihydropyridinesdihydropyridines: pedal edema : pedal edema 
and and vasodilatoryvasodilatory symptomssymptoms

Avoid DHP CCB without RAS Avoid DHP CCB without RAS 
blocker in CKDblocker in CKD

Avoid rateAvoid rate--lowering CCB and lowering CCB and 
betabeta--blocker combinationblocker combination

Adapted from Flack JM. Therapy of hypertension. In: Greenberg A,Adapted from Flack JM. Therapy of hypertension. In: Greenberg A, et al, eds. et al, eds. Primer on Kidney Diseases.Primer on Kidney Diseases. 2nd ed. San Diego, CA: 2nd ed. San Diego, CA: 

NKF/Academic Press, pp 506NKF/Academic Press, pp 506--516.516.



AlphaAlpha11 AntagonistsAntagonists
AdvantagesAdvantages

Positive effect on all Positive effect on all 
lipoprotein fractionslipoprotein fractions

Improved insulin Improved insulin 
sensitivitysensitivity

Unchanged or improved Unchanged or improved 
sexual function in mensexual function in men

Blunts Blunts thiazidethiazide--induced induced 
rise in cholesterolrise in cholesterol

Improves maximum Improves maximum 
urine flow and prostatic urine flow and prostatic 
obstruction symptomsobstruction symptoms

DisadvantagesDisadvantages
Orthostatic hypotension Orthostatic hypotension 
(particularly in the (particularly in the 
elderly, in those with elderly, in those with 
autonomic dysfunction, autonomic dysfunction, 
in combination with in combination with 
other vasodilators, and other vasodilators, and 
in volume depleted in volume depleted 
patients)patients)

AstheniaAsthenia

Slightly higher doses Slightly higher doses 
needed in Africanneeded in African--
AmericansAmericans

Less effective in Less effective in ↓↓↓↓↓↓↓↓ heart heart 
failure risk than failure risk than 
diureticsdiuretics

Adapted from Flack JM. Therapy of hypertension. In: Greenberg A,Adapted from Flack JM. Therapy of hypertension. In: Greenberg A, et al, eds. et al, eds. Primer on Kidney Diseases.Primer on Kidney Diseases. 2nd ed. San Diego, CA: 2nd ed. San Diego, CA: 

NKF/Academic Press, pp 506NKF/Academic Press, pp 506--516.516.



Direct VasodilatorsDirect Vasodilators

AdvantagesAdvantages

Relatively inexpensiveRelatively inexpensive

Effective in severe Effective in severe 
hypertension (hypertension (minoxidilminoxidil > > 
hydralazinehydralazine))

DisadvantagesDisadvantages
Best suited for adjunctive Best suited for adjunctive 
therapytherapy

Salt and water retention Salt and water retention 
necessitate use of loop necessitate use of loop 
diuretics or diuretics or metolazonemetolazone

Reflex tachycardia Reflex tachycardia 
necessitates use of ratenecessitates use of rate--
limiting CCB or betalimiting CCB or beta-- blockerblocker

Do not regress LVHDo not regress LVH

LupusLupus--like syndrome (>200 like syndrome (>200 
mg/d of mg/d of hydralazinehydralazine))

HirsutismHirsutism ((minoxidilminoxidil))

Edema (Edema (minoxidilminoxidil))

Adapted from Flack JM. Therapy of hypertension. In: Greenberg A,Adapted from Flack JM. Therapy of hypertension. In: Greenberg A, et al, eds. et al, eds. Primer on Kidney Diseases.Primer on Kidney Diseases. 2nd ed. San Diego, CA: 2nd ed. San Diego, CA: 

NKF/Academic Press, pp 506NKF/Academic Press, pp 506--516.516.



ARS QuestionARS Question

Which drug is not used to treat systemic Which drug is not used to treat systemic 

hypertension?hypertension?

1.1. CCBCCB

2.2. ACE inhibitorACE inhibitor

3.3. ARBARB

4.4. EndothelinEndothelin receptor antagonistreceptor antagonist



JNCVIIIJNCVIII

Expected Update of Hypertension Expected Update of Hypertension 

Guidelines JNC VIII Summer 2010Guidelines JNC VIII Summer 2010


