AHA Scientific Statement
Treatment of Hypertension in the Prevention and
Management of Ischemic Heart Disease
A Scientific Statement From the American Heart Association Council for
High Blood Pressure Research and the Councils on Clinical Cardiology
and Epidemiology and Prevention
Clive Rosendorff, MD, PhD, FAHA, Chair; Henry R. Black, MD; Christopher P. Cannon, MD, FAHA;
Bernard J. Gersh, MB ChB, DPhil, FAHA; Joel Gore, MD, FAHA; Joseph L. Izzo, Jr, MD;
Norman M. Kaplan, MD; Christopher M. O’Connor, MD, FAHA;
Patrick T. O’Gara, MD, FAHA; Suzanne Oparil, MD, FAHA

Downloaded from http://circ.ahajournals.org/ by guest on June 17, 2018

E

pidemiological studies have established a strong association between hypertension and coronary artery disease
(CAD). Hypertension is a major independent risk factor for
the development of CAD, stroke, and renal failure. The
optimal choice of antihypertensive agents remains controversial, and there are only partial answers to important questions
in the treatment of hypertension in the prevention and
management of ischemic heart disease (IHD), such as:
●

●

●

●

of the best available evidence, to develop recommendations
that will be appropriate for both BP reduction and the
management of CAD in its various manifestations. Where
data are meager or lacking, the writing group has proposed
consensus recommendations, with all of the reservations that
that term implies and with the hope that large gaps in our
knowledge base will be filled in the near future by data from
well-designed prospective clinical trials.
All of the discussion and recommendations refer to adults.
The writing committee has not addressed hypertension or
IHD in the pediatric age group. Also, there is no discussion of
the different modes of assessing BP, including 24-hour
ambulatory BP monitoring. These were the subject of an
American Heart Association (AHA) scientific statement in
2005.1
A classification of recommendation and level of evidence
have been assigned to each recommendation, according to the
AHA format as follows:

What are the appropriate systolic blood pressure (SBP) and
diastolic blood pressure (DBP) targets in patients at high
risk of developing CAD or in those with established CAD?
Are the beneficial effects of treatment simply a function of
blood pressure (BP) lowering, or do particular classes of
drugs have uniquely protective actions in addition to
lowering BP?
Are there antihypertensive drugs that have shown particular efficacy in the primary and secondary prevention of
IHD?
Which antihypertensive drugs should be used in patients
who have established CAD with stable or unstable angina
pectoris, in those with non–ST-elevation myocardial infarction (NSTEMI), and in those with ST-elevation myocardial infarction (STEMI)?

Classification of Recommendations:
Class I: Conditions for which there is evidence and/or
general agreement that a given procedure or treatment is
beneficial, useful, and effective.
Class II: Conditions for which there is conflicting
evidence and/or a divergence of opinion about the
usefulness/efficacy of a procedure or treatment.
Class IIa: Weight of evidence/opinion is in favor of
usefulness/efficacy.

This scientific statement summarizes the published data
relating to the treatment of hypertension in the context of
CAD prevention and management and attempts, on the basis
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TABLE. Summary of Main Recommendations
Area of Concern

BP Target,
mm Hg

Lifestyle
Modification†

General CAD prevention

⬍140/90

Yes

Any effective antihypertensive drug or
combination‡

If SBP ⱖ160 mm Hg or DBP ⱖ100 mm Hg, then start with 2 drugs

High CAD risk*

⬍130/80

Yes

ACEI or ARB or CCB or thiazide diuretic or
combination

If SBP ⱖ160 mm Hg or DBP ⱖ100 mm Hg, then start with 2 drugs

Stable angina

⬍130/80

Yes

␤-Blocker and ACEI or ARB

If ␤-blocker contraindicated, or if side effects occur, can substitute
diltiazem or verapamil (but not if bradycardia or LVD is present)

Specific Drug Indications

Comments

Can add dihydropyridine CCB (not diltiazem or verapamil) to
␤-blocker
A thiazide diuretic can be added for BP control
UA/NSTEMI

⬍130/80

Yes

␤-Blocker (if patient is hemodynamically
stable) and ACEI or ARB§

If ␤-blocker contraindicated, or if side effects occur, can substitute
diltiazem or verapamil (but not if bradycardia or LVD is present)
Can add dihydropyridine CCB (not diltiazem or verapamil) to
␤-blocker
A thiazide diuretic can be added for BP control

STEMI

⬍130/80

Yes

␤-Blocker (if patient is hemodynamically
stable) and ACEI or ARB§

If ␤-blocker contraindicated, or if side effects occur, can substitute
diltiazem or verapamil (but not if bradycardia or LVD is present)
Can add dihydropyridine CCB (not diltiazem or verapamil) to
␤-blocker
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A thiazide diuretic can be added for BP control
LVD

⬍120/80

Yes

ACEI or ARB and ␤-blocker and aldosterone
antagonist¶ and thiazide or loop diuretic and
hydralazine/isosorbide dinitrate (blacks)

Contraindicated: verapamil, diltiazem, clonidine, moxonidine,
␣-blockers

UA indicates unstable angina; LVD, LV dysfunction; and ACEI, ACE inhibitor.
Before making any management decisions, you are strongly urged to read the full text of the relevant section of the scientific statement.
*Diabetes mellitus, chronic kidney disease, known CAD or CAD equivalent (carotid artery disease, peripheral arterial disease, abdominal aortic aneurysm), or 10-year
Framingham risk score ⱖ10% (see Appendix).
†Weight loss if appropriate, healthy diet (including sodium restriction), exercise, smoking cessation, and alcohol moderation.
‡Evidence supports ACEI (or ARB), CCB, or thiazide diuretic as first-line therapy.
§If anterior MI is present, if hypertension persists, if LV dysfunction or HF is present, or if the patient has diabetes mellitus.
¶If severe HF is present (New York Heart Association class III or IV, or LVEF ⬍40% and clinical HF). See text.

Class IIb: Usefulness/efficacy is less well established
by evidence/opinion.
Class III: Conditions for which there is evidence and/or
general agreement that a procedure/treatment is not
useful/effective and in some cases may be harmful.
Level of Evidence:
Level of Evidence A: Data derived from multiple
randomized clinical trials or meta-analyses.
Level of Evidence B: Data derived from a single
randomized trial or nonrandomized studies.
Level of Evidence C: Only consensus opinion of
experts, case studies, or standard of care.
The general design of the scientific statement is based on
the concept that each of the clinical sections refers to a
particular subset of patients, so that each section should
provide a “stand-alone” description of the recommendations
and their justification, independent of the other sections. This
should make it easier for practitioners to extract the information relevant to any particular patient, without needing to
cross-reference, and we hope it will thereby increase the
utility of the document. With this organization, there may be
some repetition of information from one section to the next,
but we have tried to keep that to a minimum. A summary of
the main recommendations is presented in the Table.

Epidemiology of Hypertension and CAD
Hypertension is a major independent risk factor for CAD,
stroke, and renal failure. The latest version of the Joint

National Committee on Prevention, Detection, Evaluation,
and Treatment of High Blood Pressure2 recommendations has
defined “hypertension” as a BP of ⱖ140/90 mm Hg. At this
cutoff value, at least 65 million adult Americans, or nearly
one fourth of the adult population of the United States, have
hypertension. Another one fourth of the population is in the
“prehypertension” range, defined as an SBP of 120 to
139 mm Hg or a DBP of 80 to 89 mm Hg.
There is a strong but complex association of BP and age.
Until about 50 years of age, SBP and DBP rise in tandem.
After age 50 years, SBP continues to rise steadily, whereas
DBP tends to fall. The prevalence of systolic hypertension is
thus directly proportional to the age of the population, and
more than half of Americans over age 65 years have isolated
systolic or combined systolic-diastolic hypertension. In contrast, the prevalence of diastolic hypertension diminishes, and
fewer than 10% of individuals over the age of 65 years have
diastolic hypertension. The Framingham Heart Study has
estimated the 20-year risk of developing hypertension as
⬎90% for men and women not yet hypertensive by middle
age (55 to 65 years of age).3 There is also an enhanced risk for
cardiovascular events associated with increased pulse pressure; this is discussed more fully in the section on “Primary
Prevention of CAD in Hypertension: Observational Studies.”
There is a change with age in the relative importance of
SBP and DBP as risk indicators. Below age 50 years, DBP is
the major predictor of IHD risk, whereas above age 60, SBP
is more important.4 Because the prevalence of hypertension
increases with age, adequate control of both SBP and pulse
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pressure rather than DBP in the elderly has become the
dominant public health imperative. However, nearly all of the
epidemiological and clinical trial data concerning outcomes
have been based on SBP and/or DBP, so there are few if any
data on the efficacy of antihypertensive drugs as a function of
pulse pressure. Also, at all ages, the relationship between SBP
or DBP and IHD mortality is consistent, robust, and continuous, with no apparent threshold value. In a meta-analysis of
61 studies that included almost 1 million adults, BP was
related to fatal IHD over the BP range of 115/75 to 185/
115 mm Hg. Overall, each increase in SBP of 20 mm Hg (or
10 mm Hg in DBP) doubles the risk of a fatal coronary event.
Absolute risk of these adverse outcomes also increases with
age, such that for any given SBP, the risk of fatal CAD was
⬇16-fold higher for persons 80 to 89 years of age than for
those 40 to 49 years of age.5 In the Chicago Heart Association
Detection Project in Industry, men 18 to 39 years of age at
baseline with a BP of 130 to 139/85 to 89 mm Hg or with
stage 1 hypertension (140 to 159/90 to 99 mm Hg) accounted
for nearly 60% of all excess IHD, overall cardiovascular
disease, or all-cause mortality.6 On the basis of these epidemiological data, it can be argued from a public health
perspective that many people with BPs previously regarded
as normal could benefit from BP reduction if they are at
significant risk for future coronary events for other reasons.7

Effects of Treatment
The risk of cardiovascular disease in the patient with hypertension can be greatly reduced with effective antihypertensive
therapy. The major reductions in cardiovascular morbidity
and mortality over the past 50 years have been attributed
mainly to the increased availability and utilization of various
drug treatments for hypertension. Randomized trials have
shown that BP lowering produces rapid reductions in cardiovascular risk8 that are highly consistent with predictions of
risk reduction that can be inferred from observational studies.
For example, a 10-mm Hg–lower usual SBP (or a 5-mm Hg–
lower usual DBP) would predict a 50% to 60% lower risk of
stroke death and an approximately 40% to 50% lower risk of
death due to CAD or other vascular causes at middle age,
benefits that are only slightly less in older people.5 However,
there are data to show in very old individuals, those at least 85
years of age, that the association between high BP and
mortality is weaker9 and that lowering BP in patients older
than 80 years reduces stroke but not nonstroke (including
coronary) deaths.10
Several studies (HOPE [Heart Outcomes Prevention Evaluation], SAVE [Survival And Ventricular Enlargement], and
EUROPA [EUropean trial on Reduction Of cardiac events
with Perindopril in stable coronary Artery disease]; see
below) have shown a beneficial effect of angiotensinconverting enzyme (ACE) inhibitors on cardiovascular outcomes in individuals, some hypertensive and some not but all
with established cardiovascular disease or with high risk for
the development of cardiovascular disease. However, we do
not yet have any outcome studies of treatment of “prehypertension” in individuals with BPs in the range of 130 to 139/80
to 89 mm Hg. The only prospective clinical trial of BP
reduction in individuals with “normal” BPs is the TROPHY
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(TRial Of Preventing HYpertension) study,11 in which subjects with an SBP of 130 to 139 mm Hg or a DBP of 85 to
89 mm Hg were randomized to be treated for 2 years with
either the angiotensin receptor blocker (ARB) candesartan or
placebo and followed up for an additional 2 years. Hypertension developed in significantly more participants in the
placebo group (two thirds of this cohort at 4 years) than in the
candesartan group, with a relative risk reduction of 66.3% at
2 years and 15.6% at 4 years. However, the study was not
designed or powered to assess cardiovascular outcomes.

Risk Factor Interactions
Data from the Framingham Heart Study have provided
evidence supportive of an interrelationship between hypertension, dyslipidemia, glucose intolerance, cigarette smoking,
and left ventricular (LV) hypertrophy.12 These 5 primary risk
factors are the most important reversible determinants of
cardiovascular risk and appear to operate independently of
one another, although it appears that the risk increases in a
multiplicative rather than simply additive fashion. This has
led to the idea that the threshold at which a patient should be
treated for hypertension, as well as the goal to which he/she
should be treated, is lowered in those at high risk for
cardiovascular disease by virtue of the presence of other risk
factors. In the guidelines developed by the National Kidney
Foundation,13 this principle has been followed for patients
with albuminuria and even modest chronic renal insufficiency, for which the BP threshold for the institution of
antihypertensive therapy is 130/80 mm Hg. The American
Diabetes Association,14 the National Kidney Foundation,13
and the Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure2 all agree
that the BP goal of treatment in individuals with diabetes
mellitus or with chronic kidney disease should be ⬍130/
80 mm Hg, a lower goal than that recommended for other
hypertensive patients (⬍140/90 mm Hg).
There is also a correlation between hypertension and body
mass, and both are strongly correlated with CAD. Hypertension and abdominal obesity are components of a larger risk
factor constellation of cardiovascular risk factors, the “metabolic syndrome,” which also includes a characteristic form
of dyslipidemia (high triglycerides and low high-density
lipoprotein cholesterol), and an elevated fasting blood glucose level.15

Mechanisms of Hypertension and CAD
The diffuse arteriosclerosis of hypertension, the more patchy
atherosclerotic lesions of epicardial CAD, and the remodeling
of medium and small coronary arteries may all have common
pathophysiological mechanisms. Prevention and reversal of
these processes are major goals of therapy for hypertension,
CAD, and ischemic heart failure (HF).

Physical Forces and Hemodynamics
In hypertension, there is both an increased myocardial oxygen
demand and a diminished coronary blood flow or, at least, a
diminished coronary flow reserve. The increased demand is
due to the increased LV output impedance, which raises
intramyocardial wall tension, as well as to LV hypertrophy if
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present. The diminished coronary flow reserve is a complex
function of the plaque-related occlusive CAD, remodeling of
medium and small coronary arteries, and, if the diastolic
pressure is low enough, a decrease in coronary perfusion
pressure.
Physical forces (pressure and flow) are the primary determinants of cardiac structure and function and also influence
vascular remodeling and atherosclerosis. When SBP is elevated, there is an increase in both LV output impedance and
intramyocardial wall tension, which increase myocardial
oxygen demand. The wide pulse pressure and systolic hypertension in older individuals are almost always due to inappropriately high aortic impedance, which results from decreased aortic diameter or increased effective stiffness due to
aortic wall thickening or changes in wall composition. Aging
is associated with thinning and fragmentation of vascular
elastin together with increased collagen deposition; this
degenerative process is more pronounced in individuals with
sustained systolic hypertension.
SBP is not constant within the arterial tree because of
structural and functional variation in properties related to
wave propagation and wave reflection. Central SBP is particularly influenced by pressure wave reflection, which in
turn increases with age and structural changes in arteries.
Increased wave reflection leads to central systolic pressure
augmentation, which increases LV pressure load and cardiac
work. These in turn may cause angina pectoris and LV
hypertrophy.

Systolic Hypertension
In persons who have elevated or high-normal BP at an early
age, the increased vascular wall tension leads to thinning,
fragmentation, and fracture of elastin fibers, as well as
increased collagen deposition in arteries, which results in
decreased compliance of these vessels. In addition to these
structural abnormalities, endothelial dysfunction, which develops over time as a consequence of both aging and
hypertension, contributes functionally to increased arterial
rigidity in elderly persons with a widened pulse pressure and
subsequent isolated systolic hypertension.16 Increased arterial
stiffness, with related increases in pulse wave velocity and
reflection, leads to augmentation of central SBP and afterload, and also decreased DBP, which has the potential to
compromise coronary perfusion pressure. Augmentation of
central aortic SBP, as seen in aging and in the presence of
hypertension and/or arterial disease, greatly increases cardiac
work and pressure-related cardiac pathology, including both
CAD and LV hypertrophy, because it is the pressure against
which the LV must eject blood into the systemic circulation.

Oxidative Stress
Oxidative stress is a critical feature in both hypertension and
atherogenesis.17,18 Excessive generation of reactive oxygen
species can damage endothelial or muscular cells and lead to
acute and chronic changes in structure and function. For
example, injured endothelium loses its vasodilator capacity
and contributes to thrombosis and occlusion. Reactive oxygen
species stimulate release of chemotactic cytokines and adhesion molecules on the luminal surface of the injured endo-

thelium, thereby promoting adhesion of circulating leukocytes to the vessel wall. This low-grade, self-perpetuating
vascular inflammatory process underlies the ongoing atherosclerotic process and contributes to continuing recruitment of
leukocytes from the circulation into the subendothelial space.
Inflammatory mediators also activate medial smooth muscle
cells, causing them to proliferate and migrate into the subintimal space. In the presence of dyslipidemia, monocytes
within the vessel wall incorporate oxidized low-density lipoprotein cholesterol and become lipid-laden macrophages,
the core of the atherosclerotic plaque. In established lesions,
resident macrophages secrete metalloproteinase and cathepsins, which may destabilize the fibrous cap of the plaque,
result in plaque rupture, and release tissue factor to cause
thrombosis, coronary occlusion, and acute myocardial
infarction.
These processes may also contribute to the microcirculatory structural abnormalities seen in chronic hypertension. In
vascular tissue, the principal effectors of oxidative injury are
the NAD(P)H oxidases, which are activated by mechanical
forces (eg, hypertension), hormones (particularly angiotensin
II), oxidized cholesterol, and cytokines.19 When cells are
activated, these oxidases facilitate superoxide anion (·O2⫺)
generation. ·O2⫺ readily reacts with nitric oxide to form
peroxynitrite (ONOO⫺), a particularly toxic metabolite that
also shortens the half-life of endothelium-derived nitric oxide. Reactive oxygen species such as hydrogen peroxide and
ONOO⫺ rapidly oxidize lipids, which makes them more
atherogenic, and produce phenotypic changes such as vascular smooth muscle cell proliferation, adhesion molecule
expression, and premature senescence in vascular cells.20
Several NAD(P)H oxidase isoforms expressed in endothelial
and vascular smooth muscle cells appear to be upregulated in
the setting of atherosclerosis and arterial injury.21

Humoral and Metabolic Factors
Many of the mechanisms of the initiation and maintenance of
hypertension are also those that mediate damage to target
organs, including the coronary vessels and the myocardium.
These mechanisms include increased sympathetic nervous
system and renin-angiotensin-aldosterone system (RAAS)
activity; deficiencies in release and/or activity of vasodilators,
for example, nitric oxide, prostacyclin, and the natriuretic
peptides; structural and functional abnormalities in conductance and resistance arteries, particularly endothelial dysfunction; and increased expression of growth factors and inflammatory cytokines in the arterial tree.17 The corollary of this
idea is that antihypertensive drugs may exert at least some of
their beneficial effects on the vasculature by actions that are
independent of BP lowering alone. This is controversial and
will be discussed more fully in later sections.
Angiotensin II elevates BP and promotes target-organ
damage, including atherosclerosis, by a large variety of
mechanisms. There are direct effects of angiotensin II on
constriction and remodeling of resistance vessels, aldosterone
synthesis and release, enhancement of sympathetic outflow
from the brain, and facilitation of catecholamine release from
the adrenals and peripheral sympathetic nerve terminals.18,22,23 Aldosterone may mimic or potentiate the vaso-
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toxic properties of angiotensin II and norepinephrine.24 Angiotensin II promotes cardiac and vascular smooth muscle
cell hypertrophy directly via activation of the angiotensin II
type 1 (AT1) receptor and indirectly by stimulating expression of a number of growth factors and cytokines, for
example, platelet-derived growth factor, basic fibroblast
growth factor, insulin-like growth factor-1, and transforming
growth factor-␤ and their receptors, as well as monocyte
chemoattractant protein-1 and vascular cell adhesion
molecule-1. Finally, there is a link between RAAS activation
and fibrinolysis. Angiotensin II induces the formation of
plasminogen activator inhibitor-1 via an AT1 receptor–
dependent effect on endothelial cells, whereas ACE downregulates tissue plasminogen activator production by degrading bradykinin, a potent stimulator of endothelial tissue
plasminogen activator expression.25,26
ACE inhibitors and ARBs have been shown to limit
oxidative reactions in the vasculature by blocking the activation of NAD(P)H oxidase, which supports the concept that
these RAAS blockers may have important vasoprotective
effects beyond BP lowering.27 Furthermore, there is evidence
of interaction between the RAAS and dyslipidemia, wherein
hypercholesterolemia upregulates the RAAS, particularly
vascular AT1 receptor density and functional responsiveness,
and systemic angiotensin II peptide synthesis,28,29 whereas
the RAAS stimulates the accumulation of low-density lipoprotein cholesterol in the arterial wall.30

Calcium
Calcium ions (Ca2⫹) are major intracellular mediators of
vascular smooth muscle cell contraction, as well as of
inotropic and chronotropic functions of the heart. Ca2⫹ enters
vascular smooth muscle cells, cardiomyocytes, and pacemaker cells via voltage-dependent L- and T-type calcium
channels.31 In vascular smooth muscle, the voltage-gated
L-type (long-acting, slowly activating) channel allows entry
of sufficient Ca2⫹ for initiation of contraction by calciuminduced intracellular Ca2⫹ release from the sarcoplasmic
reticulum. In addition to these acute regulatory functions,
increased intracellular Ca2⫹ has atherosclerosis-promoting
effects.32
The dihydropyridine calcium channel blockers (CCBs)
bind to a common site on the ␣1-subunit of the L-type
channel. The dihydropyridine CCBs are highly selective for
arterial/arteriolar tissues, including the coronary arteries,
where they cause vasodilation. The nondihydropyridine
CCBs, including the phenylalkylamines (verapamil-like) and
benzothiazepines (diltiazem-like), bind to different sites on
the ␣1-subunit and are less selective for vascular smooth
muscle; they have negative chronotropic and dromotropic
effects on sinoatrial and atrioventricular nodal conducting
tissue and negative inotropic effects on cardiomyocytes. The
nondihydropyridine CCBs have greater effects on the atrioventricular node than on the sinoatrial node and may predispose to high-degree atrioventricular block when administered
to patients with preexisting atrioventricular nodal disease or
when given with other agents, for example, ␤-blockers, that
depress the atrioventricular node. Both dihydropyridine
CCBs and nondihydropyridine CCBs are indicated for the
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treatment of hypertension and angina pectoris. The antianginal effects of CCBs result from afterload reduction, that is,
their ability to decrease SBP, as well as coronary vasodilation, and in the case of nondihydropyridine CCBs, heart rate
slowing. CCBs are particularly effective in treating angina
due to coronary spasm, for example, Prinzmetal’s variant or
cold-induced angina.33

Primary Prevention of CAD in Hypertension
Primary Versus Secondary Prevention
IHD can be prevented or reversed when aggressive targets are
achieved for major cardiovascular disease risk factors.2,34 The
distinction between primary and secondary prevention is
arbitrary, because the major therapeutic objective in any
individual is to retard or reverse the underlying atherosclerotic disease process. Furthermore, existing therapies are the
same for primary or secondary cardiac protection. The effectiveness of any therapy is judged by the degree of reduction
in the surrogate end point (BP) and the ability of the chosen
regimen to reduce clinical end points (eg, myocardial infarction [MI]).

BP and Treatment Goals
The overall goal of therapy is to reduce excess morbidity and
unnecessary deaths. In the case of hypertension, dyslipidemia, and diabetes mellitus, surrogate end points (BP, cholesterol, and blood glucose) have been established as diagnostic markers, and discrete values of these markers have
been established as therapeutic targets. The current consensus
target for BP is ⬍140/90 mm Hg in general and ⬍130/
80 mm Hg in individuals with diabetes mellitus or chronic
kidney disease.2,13,14 Recently, it has been found that treatment of prehypertension (BP 120 to 139/80 to 89 mm Hg)
reduces the incidence of subsequent hypertension.11 An
analysis of the 274 patients with CAD who completed the
intravascular ultrasound substudy of the CAMELOT (Comparison of AMlodipine versus Enalapril to Limit Occurrences
of Thrombosis) trial35 showed that those subjects with a
“normal” BP according to the definition given in the Seventh
Report of the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood Pressure2 (⬍120/80 mm Hg) had a mean decrease of atheroma
volume of 4.6 mm3; “prehypertensive” (120 to 139/80 to
89 mm Hg) subjects had no significant change; and “hypertensive” (ⱖ140/90 mm Hg) subjects had a mean increase in
atheroma volume of 12.0 mm3. There is, therefore, a very
powerful historical trend for lower BP goals, especially in
those with target-organ damage. There remains, however,
controversy about specific BP treatment goals for individuals
with nascent or overt CAD. On the one hand, it can be argued
from pathophysiological principles that very low SBP values
(ie, ⬍120 mm Hg) may be appropriate to reduce myocardial
workload.2,36 At the same time, there is a concern that
excessive lowering of DBP may impair coronary perfusion.
At present, there are no clinical trials specifically designed
to answer the question of what the most appropriate BP
target(s) should be in individuals with latent or overt CAD.
Judgments and recommendations must be based on the
analysis of large epidemiological studies, such as the data in

2766

Circulation

May 29, 2007

Downloaded from http://circ.ahajournals.org/ by guest on June 17, 2018

986 000 individuals followed up for a median of 12.7 years in
the Prospective Studies Collaboration, in which there was a
strong log-linear association between BP and cardiovascular
disease risk. Over the range of 115/75 to 185/115 mm Hg,
each 20-mm Hg elevation in SBP (or 10-mm Hg elevation in
DBP) roughly doubled the risk of dying of IHD or stroke.5
Although epidemiological correlations cannot be used as
proof of the value of treatment, they are useful in establishing
expectations for reasonable treatment strategies. However, on
the basis of this huge cohort and prospective studies such as
the intravascular ultrasound substudy of CAMELOT,35 it
appears reasonable to propose that the target BP for individuals at risk for the development of CAD should be lower than
that for low-risk individuals. Specifically, we recommend a
target BP of ⬍130/80 mm Hg for individuals with demonstrated CAD, or CAD risk equivalents (carotid artery disease,
peripheral arterial disease, abdominal aortic aneurysm), and
for high-risk patients, defined as those with diabetes mellitus,
chronic renal disease, or a 10-year Framingham risk score of
ⱖ10%.
We believe that the Framingham risk score together with
the presence or absence of diabetes mellitus or chronic renal
disease effectively predicts CAD risk, at least in a middleaged white population. The Framingham risk score is a
simple prediction algorithm that uses categorical variables; it
was also used as the basis of risk stratification in the Adult
Treatment Panel III guidelines of the National Cholesterol
Education Program to establish guidelines for the treatment
of dyslipidemias.15 Strong support for the use of a simple risk
score such as the Framingham risk score has been provided
very recently from the Framingham Heart Study in an
investigation of the possible incremental usefulness of multiple biomarkers for predicting the risk of cardiovascular
events. The finding was that the use of 10 “contemporary”
biomarkers, namely, high-sensitivity C-reactive protein, brain
natriuretic peptide, N-terminal pro-atrial natriuretic peptide,
aldosterone, renin, fibrinogen, plasminogen activator inhibitor-1, D-dimer, homocysteine, and albuminuria, added very
little to the overall prediction of risk based on the conventional cardiovascular risk factors of age, cigarette smoking,
BP, total and high-density lipoprotein cholesterol, and presence or absence of diabetes mellitus.37

Coronary Perfusion and the J Curve
Many studies demonstrate that lowering either SBP or DBP
decreases overall cardiovascular risk. Yet, concern has persisted that excessive DBP lowering may have adverse consequences for the heart. In virtually all instances, lowering
SBP improves cardiac function and outcomes, probably
through reduction in cardiac work and improved myocardial
oxygen balance. On the other hand, it is theoretically possible
that lowering of DBP improves cardiovascular outcomes only
when coronary perfusion is maintained above the lower limit
of coronary autoregulation.

Coronary Autoregulation
Myocardial perfusion occurs almost exclusively during diastole, and therefore DBP is the coronary perfusion pressure.
Like most vascular beds, the coronary circulation is capable

of autoregulation, such that a fall in perfusion pressure is
accompanied by coronary vasodilation, which maintains a
fairly constant coronary blood flow. The problem is that this
ability of coronary resistance vessels to dilate in response to
a falling perfusion pressure is limited, and at the point of
maximal vasodilation, a further fall in coronary perfusion
pressure will result in a decrease in flow. In conscious
instrumented dogs, contractile function (transmural wall
thickening and subendocardial segment shortening) is well
maintained at mean coronary filling pressures down to
40 mm Hg, which corresponds to a DBP of ⬇30 mm Hg.38
The lower limit of autoregulation in dogs with LV hypertrophy is shifted upward by ⬇15 to 20 mm Hg but can be
partially restored by ACE inhibition, with accompanying
regression of LV hypertrophy.39 These studies were in dogs
with normal intramural coronary arteries. We do not have
good data on equivalent values for the human coronary
circulation.
In the presence of occlusive coronary disease, the hemodynamics become much more complicated. Significant CAD
will shift the lower autoregulatory limit upward. However,
because myocardial blood flow is very heterogeneous,40 the
consequences of coronary underperfusion are unpredictable
and may depend on the intramyocardial wall stress (which in
turn is increased by a high arterial pressure but decreased by
LV hypertrophy), the effects of antihypertensive medications
on these variables, and, of course, the severity of the
occlusive coronary disease.
There is also a lowered coronary flow reserve (defined as
the difference between resting flow and flow through a
maximally dilated coronary circulation, at any level of
perfusion pressure) in patients with LV hypertrophy or with
coronary atherosclerosis and/or microangiopathy, with a reduced functional or structural capacity of coronary resistance
vessels to dilate.41 This potential for impairment of myocardial oxygen supply may be compounded by an increased
myocardial oxygen demand due to exercise, LV hypertrophy
(if present), and the increase in the output impedance of the
LV because of the increased SBP. This combination of a
lowered oxygen supply and an increased oxygen demand,
especially during exercise, is particularly pernicious in the
heart, because the heart is an aerobic organ that can develop
only a small oxygen debt, and oxygen extraction is almost
maximal even at rest and can increase little with increased
demand.
It is theoretically possible, therefore, that although lowering BP improves cardiovascular outcomes in hypertensive
patients as long as coronary perfusion is maintained above the
lower autoregulatory limit for coronary blood flow, any
further reduction of DBP to levels below the lower autoregulatory limit could reduce coronary blood flow, especially
when myocardial oxygen consumption is increased, such as
during exercise, and that this could be translated to an upturn
in the incidence of coronary events as DBP is lowered beyond
this point. The relationship between DBP and coronary events
would, if this were true, show a J-shaped curve. A major
difficulty is that we do not have data about the DBP level that
corresponds to the lower limit of autoregulation in the intact
human coronary circulation, and even fewer data in patients
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with hypertension and CAD. It would be reasonable to
assume, also, that a rapid reduction in DBP to very low levels
may be more hazardous in patients with combined hypertension and CAD, although we have no experimental or clinical
trial evidence to support this idea. We therefore must rely on
observational studies and clinical trials data to resolve this
issue.

Observational Studies
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If coronary autoregulation is clinically important, it would be
predicted that a U-shaped or J-shaped relationship should
exist between DBP and CAD events. It would also be logical
to assume that an unduly rapid decrease in coronary perfusion
pressure could precipitate a coronary event, whereas more
gradual lowering of coronary perfusion pressure may allow
appropriate physiological or structural adaptations to occur.
There is epidemiological evidence to both support and refute
the existence of a J curve. The first retrospective study in
1979 reported a 5-fold increase in MI among treated patients
with DBP (Korotkoff phase IV) values of ⬍90 mm Hg
(Korotkoff phase V, ⬇80 to 85 mm Hg).42 This observation
was confirmed by a subsequent meta-analysis in 198743 and
by more recent reanalysis of the 1985 Medical Research
Council’s trial of mild hypertension, which reported an
increased MI prevalence in those with achieved DBP of
⬍80 mm Hg.44 In these analyses, investigators using the same
data have drawn opposite conclusions about whether a J
curve really exists.45,46 There is much debate and disagreement regarding methodological assumptions and pitfalls, and
several reports have articulated how confounding variables,
especially age and comorbidities, including late-stage HF,
could have affected the conclusions.47–50
In none of the retrospective analyses was it possible to
control adequately for the many interacting comorbid conditions that accompany and confound low DBP or for the
complex relationships among age, DBP, and cardiovascular
disease risk. Age, DBP, and cardiovascular risk are positively
associated until about age 50 years. For the remainder of life,
DBP decreases and pulse pressure widens, whereas cardiovascular risk increases logarithmically. Age is by far the most
important risk factor for CAD; the prevalence of fatal
ischemic cardiac events increases by 64-fold as age doubles
from 40 to 80 years. Yet a high SBP, a low DBP, and a wide
pulse pressure are each independent risk factors for CAD.51,52
Thus, the effects of aging cannot be separated easily from
those of low DBP or wide pulse pressure in predicting the risk
of a fatal MI, primarily because the exponent of the age-cardiovascular disease risk relationship is greater and more
consistent than the impact of the (curvilinear) relationship
between either age and diastolic DBP or diastolic DBP and
cardiovascular disease risk. This important confounder is
sufficient to explain much of the confusion over the existence
of a J curve in observational studies. In the Framingham
Heart Study, after 12 years of follow-up of ⬇7800 participants initially free of cardiovascular disease, a statistically
significant excess of cardiovascular events was found in those
with isolated systolic hypertension (follow-up pressures
⬎140 systolic and ⬍80 mm Hg diastolic).51 These results
suggest that wide pulse pressure is a significant determinant
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of whether high diastolic DBP is a major risk predictor. In
fact, another reanalysis of the Framingham data demonstrates
that DBP is useful as a cardiovascular disease risk predictor
only in individuals younger than age 50 years, whereas SBP
elevation is most important in older individuals.4
Perhaps the strongest evidence that a treatment-induced
fall in DBP does not increase cardiovascular risk is a
meta-analysis of individual patient data from 7 randomized
clinical trials.52 A J-shaped relationship was observed between DBP and mortality in both treated and untreated
hypertensive subjects. There was also a J curve for noncardiovascular mortality in the treated group (but not in the
untreated subjects). The conclusion was that increased risk in
patients with low BP was not primarily related to antihypertensive treatment or BP-related events but more likely to poor
health conditions that caused a low BP.

Clinical Trials
Data from controlled trials have not shown a J curve. In the
Hypertension Optimal Treatment (HOT) trial, ⬇19 000 patients with average pretreatment BPs of 170/105 mm Hg were
randomized to 3 treatment groups with different DBP targets,
namely, ⱕ90, ⱕ85, or ⱕ80 mm Hg.53 At the end of the study,
there was little separation in the achieved DBP (mean values
85.2, 83.2, and 81.1 mm Hg, respectively), which impaired
the power to detect any meaningful difference among treatment groups. Lower BPs did not further decrease or increase
the incidence of adverse cardiovascular events, except for a
small increase in mortality in those whose diastolic pressures
were reduced to ⬍70 mm Hg.53,54 Of note, the diabetic
subgroup of HOT clearly benefited when DBP was
⬍80 mm Hg.
In the International Verapamil-Trandolapril Study (INVEST)
of ⬇22 000 patients with known CAD and hypertension, DBP
values lower than 70 mm Hg were associated with increased risk
for MI55; however, subjects with DBP ⬍70 mm Hg were older
than those with higher DBP and were more likely to have a
history of MI, bypass surgery and angioplasty, diabetes mellitus,
HF, and cancer. In the Irbesartan Diabetic Nephropathy Trial
(IDNT) of ⬇1600 patients with hypertension and diabetic
nephropathy, the incidence of MI was increased in those with
DBP values ⬍80 mm Hg, with a 61% increase in the relative
risk per each 10-mm Hg decrease in diastolic DBP.56 In that
study, the inverse relationship between DBP and relative risk of
MI extended over the entire range of diastolic pressures from
95 mm Hg to 55 mm Hg. This is inconsistent with the data from
nearly all of the early trials of antihypertensive therapy, which
showed a clear cardioprotective effect of lowering DBP. In the
CAMELOT trial,57 60% of 1991 patients had hypertension and
angiographically documented CAD. Most were already being
treated with a ␤-blocker, one third were taking a diuretic, and the
mean entry BP was 129/77 mm Hg. Treatment with either an
ACE inhibitor or a CCB lowered BP by an additional
5/2 mm Hg, with no evidence of a J curve in either treated group.

Conclusions
Although lower SBP values are associated with better IHD
outcomes, the evidence that excessive lowering of DBP may
compromise cardiac outcomes (the J curve) is inconsistent.
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Epidemiological and clinical trial evidence both supports and
refutes the existence of a J curve for DBP but not SBP, which
suggests the presence of major confounders of data interpretation, including selection bias, comorbidities, and nonlinear
interactions among age, decreasing DBP, and increasing
cardiovascular risk. The vast majority of hypertensive individuals, including those with wide pulse pressures or overt
cardiac disease, will not experience problems related to
lowering of DBP when standard antihypertensive medications are used. Concerns that coronary perfusion is limited by
an autoregulatory threshold have not yet been validated in
humans with healthy or diseased coronary arteries, and no
consensus exists regarding the minimum safe level of DBP in
these individuals.58 Nevertheless, in view of the uncertainty
on this issue, it would seem prudent to counsel that in patients
with an elevated DBP and occlusive CAD with evidence of
myocardial ischemia, the BP should be lowered slowly, and
caution is advised in inducing falls of DBP below 60 mm Hg
if the patient has diabetes mellitus or is over the age of 60
years. In older hypertensive individuals with wide pulse
pressures, lowering SBP may cause very low DBP values
(⬍60 mm Hg). This should alert the clinician to assess
carefully any untoward signs or symptoms, especially those
due to myocardial ischemia.

Nonpharmacological Therapies
Although hypertension, hypercholesterolemia, cigarette
smoking, obesity, and sedentary lifestyles are potentially
modifiable risk factors for IHD,2,12 it has never been proven
that lifestyle modifications can reduce clinical events in
individual patients. Nevertheless, recommendations for modification of these risk factors are appropriate for reducing the
burden of hypertension in the population as a whole. Tightly
controlled dietary modification, as in the Dietary Approaches
to Stop Hypertension (DASH) study,59 can reduce mean SBP
by a modest amount: 3.0, 6.2, and 6.8 mm Hg in subjects on
a low-, intermediate-, and high-sodium intake diet, respectively. In the DASH study, all food was provided. Secondary
protection has been claimed for aggressive calorie-restricted
and low-fat diets, which in a small study60 reduced the
recurrence of acute MI, but the feasibility of stringent dietary
modification in the general population has not been clearly
established. Nevertheless, lifestyle modifications, including
smoking cessation, weight loss, reduced sodium intake,
moderation of alcohol consumption (among those who drink),
exercise, and an overall healthy dietary pattern,61,62 are
entirely appropriate for patients with CAD.

Pharmacological Therapy
The most important strategy for lowering the burden of
atherosclerotic disease is fastidious BP control. Although it
might be anticipated that some classes of antihypertensive
drugs, through mechanisms independent of their BP-lowering
action, may have greater antiatherosclerotic actions than
others, this has not been demonstrated convincingly. Metaanalyses have demonstrated that BP lowering is more important than choice of drug class in the primary prevention of the
complications of hypertension.63,64 Furthermore, effective
combination antihypertensive drug therapy is usually re-

quired to achieve and sustain effective long-term BP control.2
Thus, the question of which class of agents to use first in
hypertension is essentially moot.
In contrast, for secondary protection in individuals with
“compelling indications” such as IHD, chronic kidney disease, or recurrent stroke, not all drug classes have been
proven to confer optimal benefit. Patients who have had an
MI or who have HF have improved outcomes with ACE
inhibitor therapy, consistent with the actions of these drugs in
preventing or retarding atherogenesis.65 However, both the
Valsartan Antihypertensive Long-term Use Evaluation
(VALUE) trial66 and the Antihypertensive and Lipid-Lowering
Treatment to Prevent Heart Attack Trial (ALLHAT)67 failed to
show any particular benefit for valsartan and lisinopril, respectively, over comparator drugs of other classes. There is also
continuing debate over whether there are “class effects” for
antihypertensive drugs or whether each drug must be considered
individually. It is reasonable to assume that there are class effects
for thiazide-type diuretics, ACE inhibitors, and ARBs, which
have a high degree of homogeneity in their mechanisms of
action and side effects. It is equally clear that there are major
differences between drugs within more heterogeneous classes of
agents, such as ␤-blockers or CCBs.
Thiazide-Type Diuretics
Thiazides are highly effective in reducing BP and preventing
cerebrovascular events, as demonstrated most convincingly in
early studies such as the Veterans Administration studies,68 the
Medical Research Council (MRC) trial,69 and the Systolic
Hypertension in the Elderly Program (SHEP).70 The benefit of
thiazide-based therapy in hypertension treatment is evident from
the large ALLHAT trial.67 In the aftermath of ALLHAT, there
are continuing concerns about whether thiazide-induced hyperglycemia and diabetes mellitus contribute to long-term IHD risk
not measured during the study interval.71

␤-Blockers
␤-Blockers comprise a relatively heterogeneous class of
antihypertensive drugs with differing effects on resistance
vessels and on cardiac conduction and contractility.
␤-Blocker administration remains a standard of care in
patients with angina pectoris, those who have had an MI, and
those who have LV dysfunction with or without HF symptoms, unless contraindicated.63 The ␤-blockers carvedilol,
metoprolol, and bisoprolol have been shown to improve
outcomes in patients with HF. However, in patients who do
not have symptomatic CAD, have not had an MI, or do not
have HF, the evidence for ␤-blocker cardioprotection is
weak, especially in the elderly,72 and there are other studies
that suggest a relative lack of benefit on cerebrovascular73 and
renal74 disease end points. In the Controlled-ONset Verapamil
IN Cardiovascular Endpoints (CONVINCE) trial75 and the
INVEST study,55 outcomes with verapamil-based therapy were
similar to those with ␤-blocker– based therapy. The large AngloScandinavian Cardiac Outcomes Trial (ASCOT) was stopped
prematurely because atenolol-based therapy was inferior to
amlodipine-based therapy in reducing cardiovascular events,76
and in the Conduit Artery Function Evaluation (CAFÉ) substudy
of ASCOT, atenolol was found to be less effective than amlo-
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dipine in reducing central SBP and cardiac afterload, which
perhaps explains the lesser benefits of ␤-blockers.77
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ACE Inhibitors
ACE inhibitors, a relatively homogeneous class of antihypertensive agents, are effective in reducing initial IHD events
and are recommended for consideration in all patients after
MI. They are proven to forestall and treat HF78,79 and kidney
failure,80 and when combined with thiazide-type diuretics,
they also reduce the incidence of recurrent stroke.81
Three major trials have addressed the use of ACE inhibitors in patients with or at high risk for CAD but without HF
or known significant LV systolic impairment. In HOPE, 9297
patients 55 years of age or older who had evidence of vascular
disease or diabetes mellitus plus 1 other cardiovascular risk
factor were assigned to receive either ramipril (target dose 10
mg/d) or placebo and followed up for a mean of 5.0 years.82
Forty-seven percent of patients were hypertensive, and 8.4%
had electrocardiographic evidence of LV hypertrophy. Treatment with ramipril was associated with a 22% reduction in
the composite end point of cardiovascular death, MI, and
stroke (P⬍0.001) and comparably significant reductions in
each of the individual components. The magnitude of the
reduction in the composite end point was similar for patients
with and without hypertension at baseline. There were also
significant reductions in the rates of revascularization, cardiac
arrest, HF, worsening angina, and all-cause mortality with
ramipril therapy. The mean reduction in BP with active
treatment was small (3/2 mm Hg). These cardiovascular
benefits were initially claimed to be independent of BP, but
an important HOPE substudy revealed a marked reduction in
24-hour ambulatory BP with the ACE inhibitor that was
missed in the main trial that measured only office BPs.83
The EUROPA investigators randomized 12 218 patients to
perindopril or placebo.84 Only 27% of patients were classified
as hypertensive, although the definition was based on a BP
recording in excess of 160/95 mm Hg or treatment with
antihypertensive medications at baseline. Mean follow-up
was 4.2 years. Perindopril therapy (target dose 8 mg/d) was
associated with a 20% relative risk reduction in the primary
end point, a composite of cardiovascular death, MI, or cardiac
arrest (P⫽0.003). The benefit of active treatment with perindopril was similar for patients with or without hypertension.
The mean reduction in BP was 5/2 mm Hg. EUROPA
patients were at lower risk than HOPE patients; one third
were younger than 55 years, fewer had diabetes mellitus
(12% versus 39%), and proportionately more EUROPA
patients used antiplatelet (92% versus 76%) and lipidlowering (58% versus 29%) drugs.
In an even lower-risk group than the subjects in EUROPA,
patients in the Prevention of Events with Angiotensin Converting Enzyme inhibition (PEACE) trial had stable CAD and
normal or slightly reduced LV function and were randomized
to trandolapril (target dose 4 mg) or placebo.85 Median
follow-up was 4.8 years. No difference between the groups
was found in the incidence of the primary composite end
point of cardiovascular death, MI, or coronary revascularization. Forty-six percent of patients were hypertensive, and
treatment with trandolapril was associated with a mean
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4.4/3.6-mm Hg reduction in BP. The annualized rate of
all-cause mortality was only 1.6%, a rate similar to that of an
age- and sex-matched cohort without CAD. The investigators
concluded that ACE inhibitors might not be necessary as
routine therapy in low-risk CAD patients with preserved LV
function, especially those who have received intensive treatment with revascularization and lipid-lowering agents.
Thus, 2 large studies (HOPE and EUROPA) showed
cardioprotection by ACE inhibitors, and 1 (PEACE) did not.
In addition, cardiovascular protection with captopril was
demonstrated in the SAVE trial.86 However, in ALLHAT,
there were no significant differences between the thiazide
diuretic chlorthalidone, the calcium antagonist amlodipine,
and the ACE inhibitor lisinopril in the combined outcomes of
fatal CAD and nonfatal MI (the primary outcome of the
study), in combined CAD (the primary outcome plus coronary revascularization or hospitalization for angina), or in
all-cause mortality.67 Soon after the ALLHAT results were
published, the Second Australian National Blood Pressure
Study Group (ANBP-2) reported the results of a prospective,
open-label study in patients 65 to 84 years of age who had
hypertension that showed, in men but not in women, better
cardiovascular outcomes with ACE inhibitors than with
diuretics despite similar reductions in BP.87
Angiotensin Receptor Blockers
ARBs are highly uniform in their cardiovascular effects, and
several have been shown to reduce the incidence or severity
of IHD events, renal failure, and cerebrovascular events.
ARBs are generally considered to be appropriate therapy in
individuals with cardiovascular disease who are intolerant of
ACE inhibitors. Primary protection against cardiovascular
events similar to that produced by a calcium antagonist
(amlodipine) was demonstrated in the VALUE study.65 Positive cardiovascular disease outcomes were not found in the
OPtimal Trial In Myocardial infarction with the Angiotensin
II Antagonist Losartan (OPTIMAAL),88 but these negative
results were most likely due to inadequate doses. In the
Valsartan in Acute Myocardial Infarction Trial (VALIANT),
ARB therapy was similar to ACE inhibition in reducing
cardiovascular event end points.89 However, in VALIANT,
the addition of the ARB to adequate doses of an ACE
inhibitor yielded an increase in adverse events with no
incremental benefit for cardiovascular events.
Aldosterone Antagonists
As add-on to conventional antifailure therapy, spironolactone
and eplerenone lowered BP and had a secondary protective
effect in patients with severe HF in the Randomized Aldactone
Evaluation Study (RALES)90 and in patients with LV dysfunction after MI in the Eplerenone Post-acute myocardial infarction
HEart failure efficacy and SUrvival Study (EPHESUS) trial.91
There has been no major study of cardiovascular outcomes in
individuals treated with aldosterone antagonists for hypertension
without LV dysfunction.
Calcium Channel Blockers
L-channel CCBs form a heterogeneous class of agents with
similar BP effects but differing actions on cardiac conduction
and contractility. Primary prevention of cardiovascular events
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with the dihydropyridine CCB amlodipine was equivalent to
that produced by thiazide diuretic or ACE inhibitor– based
therapy in ALLHAT,67 and superiority over a ␤-blocker was
claimed in ASCOT.76 Primary protection with verapamilbased therapy was shown to be similar to diuretic- or
␤-blocker– based therapy in CONVINCE75 and INVEST.55 In
the NORdic DILtiazem (NORDIL) study, overall cardiovascular event rates were similar for diltiazem and a combination
of diuretic and ␤-blocker.92 Calcium antagonists are alternatives to ␤-blockers in the treatment of angina but are not
generally recommended for secondary cardiac protection
because of the relative inability of this class to prevent
ventricular dilatation and HF,93 especially compared with
ACE inhibitors67 or ARBs.66

Limitations of Clinical Trials
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All clinical trials are inherently limited by a number of
important methodological problems. The most common confounder is the heterogeneity of the populations included in the
study. In many studies, results are driven by particular
subpopulations, and the main trends reported may not extend
to the population at large. In most trials, multiple drugs are
used, and the reported outcomes are the result of the interaction of several agents. Another pitfall in many clinical trials is
the failure to investigate higher doses of drugs. Accordingly,
there is a strong tendency to find that combination or add-on
therapies are more effective than single agents; however,
uptitration of the background therapy might have been
equally efficacious. This is especially problematic for drugs
that have overlapping mechanisms of action (such as agents
that inhibit components of the RAAS, for example,
␤-blockers, ACE inhibitors, ARBs, and aldosterone antagonists). These important caveats limit the applicability of trial
results to everyday practice and make physician judgment a
major factor in choosing optimal therapy for individual
patients.

Recommendations
1. For the primary prevention of CAD in hypertension, aggressive BP lowering is appropriate, with a
target BP of <130/80 mm Hg in individuals with
any of the following: diabetes mellitus; chronic
renal disease; CAD; CAD risk equivalents; carotid
artery disease (carotid bruit, or abnormal carotid
ultrasound or angiography); peripheral arterial disease; abdominal aortic aneurysm; and for high-risk
patients, defined as those with a 10-year Framingham risk score of ⱖ10% (see Appendix); and a
target BP of <140/90 mm Hg in individuals with
none of the above (Class IIa; Level of Evidence B).
2. In patients with an elevated DBP and CAD with
evidence of myocardial ischemia, the BP should be
lowered slowly, and caution is advised in inducing
falls of DBP below 60 mm Hg if the patient has
diabetes mellitus or is over the age of 60 years. In
older hypertensive individuals with wide pulse pressures, lowering SBP may cause very low DBP values
(<60 mm Hg). This should alert the clinician to

assess carefully any untoward signs or symptoms,
especially those due to myocardial ischemia. In the
very old, those over 80 years of age, antihypertensive therapy is effective in reducing stroke risk, but
evidence for a reduction in coronary events is less
certain (Class IIa; Level of Evidence C).
3. The choice of drugs remains controversial. There is
a general consensus that the amount of BP reduction, rather than the choice of antihypertensive
drug, is the major determinant of reduction of
cardiovascular risk; however, there is sufficient
evidence in the comparative clinical trials to support
the use of an ACE inhibitor (or ARB), CCB, or
thiazide diuretic as first-line therapy, supplemented
by a second drug if BP control is not achieved by
monotherapy. Most patients will require 2 or more
drugs to reach goal, and when the BP is >20/
10 mm Hg above goal, 2 drugs should usually be
used from the outset. In the asymptomatic post-MI
patient, a ␤-blocker is a more appropriate choice for
secondary prevention for at least 6 months after the
infarction and is the drug of first choice if the patient
has angina pectoris. This is discussed further in the
next section (Class I; Level of Evidence A).

Management of Hypertension in Patients With
CAD and Stable Angina
Management of hypertension in patients with chronic CAD
and chronic stable angina is directed toward the prevention of
death, MI, and stroke; a reduction in the frequency and
duration of myocardial ischemia; and the amelioration of
symptoms. Lifestyle changes and the adoption of a hearthealthy approach are critical, with the usual attention to diet,
sodium intake, moderation of alcohol, regular exercise,
weight loss, smoking cessation, glycemic control, lipid management, and antiplatelet therapy. Recognition and treatment
of hypothyroidism and obstructive sleep apnea are important
adjuncts in at-risk patients. Pharmacological management is
inevitably required. A reasonable BP target for hypertensive
patients with demonstrated CAD or with CAD risk equivalents (carotid artery disease, peripheral arterial disease, abdominal aortic aneurysm, diabetes mellitus, or chronic renal
disease) is ⬍130/80 mm Hg, as described in the previous
section.

Pharmacological Therapy
␤-Blockers
␤-Blockers are the drugs of first choice for the treatment of
hypertension in patients with CAD that causes angina.94 They
alleviate ischemia and angina primarily as a function of their
negative inotropic and chronotropic actions. The decreased
heart rate increases diastolic filling time for coronary perfusion. ␤-Blockers also inhibit renin release from the juxtaglomerular apparatus. Cardioselective (␤1) agents without intrinsic sympathomimetic activity are used most frequently.
Relative contraindications to their use include significant
sinus or atrioventricular node dysfunction, hypotension, decompensated HF, and severe bronchospastic lung disease.
Peripheral arterial disease is rarely made symptomatically
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worse by the use of these agents, and mild bronchospastic
disease is not an absolute contraindication. Caution is needed
when treating brittle diabetic patients with a history of
hypoglycemic events, because ␤-blockers may mask the
symptoms of hypoglycemia. Recently, there has been considerable controversy concerning the appropriateness of using
␤-blockers as first-line therapy in hypertension in those
patients who do not have a compelling indication; however,
their use in patients with angina, prior MI, or HF has a solid
basis of positive data. The use of ␤-blockers for secondary
prevention in all but the lowest-risk patients is a Class I
American College of Cardiology (ACC)/AHA recommendation (Level of Evidence A).95 Even for the lowest-risk
patients, the weight of evidence and consensus opinion favor
their use (Class IIa ACC/AHA recommendation, Level of
Evidence B).95
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Calcium Channel Blockers
CCBs are added to, or substituted for, ␤-blockers when BP
remains elevated, when angina persists, or when drug side
effects or contraindications mandate.96 As a class, CCBs
reduce myocardial oxygen demand by decreasing peripheral
vascular resistance and lowering BP and increase myocardial
oxygen supply by coronary vasodilation. The nondihydropyridine agents, diltiazem and verapamil, also decrease the sinus
node discharge rate and slow atrioventricular nodal conduction. Long-acting dihydropyridine agents are preferred over
nondihydropyridines for use in combination with ␤-adrenoreceptor blockers, to avoid excessive bradycardia or heart
block. Diltiazem or verapamil should not be used in patients
with HF or LV systolic dysfunction,97 and short-acting
nifedipine should be avoided because it causes reflex sympathetic activation and worsening myocardial ischemia.94
Although CCBs are useful in the management of angina,
there is no consensus about their role in preventing cardiovascular events in patients with established CAD. The INVEST
investigators randomized ⬎22 000 hypertensive patients with
chronic CAD to the nondihydropyridine CCB verapamil or the
␤-blocker atenolol.55 By 24 months, the ACE inhibitor trandolapril had to be added in 63% of verapamil patients and 52% of
atenolol patients, and hydrochlorothiazide was added in 44% of
verapamil and 60% of atenolol patients, respectively. There was
no difference between the groups in the composite end point of
death, MI, or stroke over a mean follow-up of 2.7 years. More
than 50% of patients in ALLHAT had a history or signs of
atherosclerotic vascular disease, and there was no significant
difference in the incidence of coronary end points among
patients allocated a thiazide diuretic, a long-acting dihydropyridine CCB, or an ACE inhibitor.67 CAMELOT compared amlodipine or enalapril to placebo in normotensive patients with
CAD, ⬇60% of whom had a history of hypertension.57 Although BP reduction was similar in the 2 active treatment
groups, adverse cardiovascular events occurred less frequently in
the amlodipine group than in the enalapril group. An intravascular ultrasound substudy showed progression of atherosclerosis
in the placebo group (P⬍0.001), a trend toward progression in
the enalapril group (P⫽0.08), and no progression in the amlodipine group (P⫽0.31). Amlodipine may have pleiotropic ef-
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fects beyond BP lowering that favor atherosclerotic plaque
stabilization.98
The VALUE trial randomized 15 245 hypertensive patients
at high risk of cardiac events to valsartan or amlodipine.66
Forty-six percent of patients in both groups had CAD. Mean
follow-up was 4.2 years. No difference between groups was
observed in the primary composite end point of cardiac
morbidity and mortality. The risk of MI was lower in the
amlodipine group, whereas the risk of new-onset diabetes
mellitus was lower in the valsartan group. Of note, amlodipine was significantly more effective in reducing BP, especially over the first year of the trial. There was also a strong
trend for an excess risk of stroke in the valsartan group, likely
due to this same BP differential that favored amlodipine. The
investigators highlighted the need for aggressive BP control
in high-risk hypertensive patients, a goal that frequently
requires combination therapy at the outset, a concept supported by the Blood Pressure Lowering Treatment Trialists’
Collaboration.99
ACE Inhibitors
The long-term use of ACE inhibitors in patients with CAD
who also have diabetes mellitus and/or LV systolic dysfunction is a Class I ACC/AHA recommendation (Level of
Evidence A).94,95,97 Their use is also particularly appropriate
for CAD patients with hypertension. The clinical trials that
support the use of ACE inhibitors in the management of
patients with stable CAD were described in the last section.
They are the HOPE study,82 in which high-risk individuals
given an ACE inhibitor (ramipril 10 mg/d) experienced a
reduction in cardiovascular disease end points by 20% to
25%; EUROPA,84 which showed a 20% relative risk reduction in the primary end point, a composite of cardiovascular
death, MI, or cardiac arrest in patents treated with perindopril
8 mg/d versus placebo; and SAVE.86
On the other hand, there have been negative studies, also
described in the previous section. These include PEACE,85 in
which patients with stable CAD and normal or slightly
reduced LV function were randomized to trandolapril (target
dose 4 mg) or placebo. No difference between the groups was
found in the incidence of the primary composite end point of
cardiovascular death, MI, or coronary revascularization. In
ALLHAT,67 there were no significant differences among
chlorthalidone, amlodipine, and lisinopril in the combined
outcomes of fatal CAD and nonfatal MI (the primary outcome of the study), in combined CAD (the primary outcome
plus coronary revascularization or hospitalization for angina),
or all-cause mortality. It has already been noted that soon
after the ALLHAT results were published, ANBP-2 reported
the results of a prospective, open-label study in patients aged
65 to 84 years with hypertension that showed, in men but not
in women, better cardiovascular outcomes with ACE inhibitors than with diuretic agents despite similar reductions in
BP.87
Angiotensin Receptor Blockers
ARBs are indicated during hospitalization and at discharge
for STEMI patients who are intolerant of ACE inhibitors and
have HF or an ejection fraction ⬍0.40 (Class I ACC/AHA
recommendation, Level of Evidence B).95 The combination
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of ACE inhibitors and ARBs has been used for the treatment
of advanced or persistent HF in the convalescent or chronic
phase after STEMI (Class IIb ACC/AHA recommendation,
Level of Evidence B).97
In the VALUE trial,66 there was no difference in cardiac
mortality and morbidity in patients with hypertension and
high risk of cardiovascular events who were treated with
regimens based on valsartan versus amlodipine, even though
the BP-lowering effect of amlodipine was greater than that of
valsartan. In VALIANT,89 valsartan was as effective as
captopril in patients who were at high risk for cardiovascular
events after MI.
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Diuretics
Thiazide diuretics reduce cardiovascular events, as demonstrated most convincingly in early studies, such as the
Veterans Administration studies,67 the MRC Trial,69 and
SHEP,69 and in later studies, such as ALLHAT.67 These
studies are discussed in greater detail in the previous section.
Nitrates
Long-acting nitrates are indicated for the treatment of angina
not controlled with adequate doses of ␤-blockers and CCBs
in hypertensive CAD patients. Nitrates are also used in
combination with hydralazine in selected HF patients, with or
without hypertension.97 They should not be used with phosphodiesterase inhibitors of the sildenafil type. Hypertension
does not impact the use of long-acting nitrates for the
prevention of angina or of sublingual nitrate preparations for
relief of an anginal attack. Conversely, nitrates have not been
shown to be of use in the management of hypertension.

Recommendations
The management of symptomatic CAD, particularly angina
pectoris, is directed to the relief of the angina and the
prevention of both the progression of CAD and coronary
events. The mainstays of angina treatment are ␤-blockers,
CCBs, and nitrates. Pharmacological strategies for the prevention of cardiovascular events in these patients include
ACE inhibitors, ARBs, thiazide diuretics, ␤-blockers (particularly after MI), CCBs, antiplatelet drugs, and drugs for the
treatment of dyslipidemia.
1. Patients with hypertension and chronic stable angina
should be treated with a regimen that includes a
␤-blocker in patients with a history of prior MI, an
ACE inhibitor or ARB if there is diabetes mellitus
and/or LV systolic dysfunction, and a thiazide diuretic
(Class I; Level of Evidence A). The combination of a
␤-blocker, ACE inhibitor or ARB, and a thiazide
diuretic should also be considered in the absence of a
prior MI, diabetes mellitus, or LV systolic dysfunction
(Class IIa; Level of Evidence B).
2. If ␤-blockers are contraindicated or produce intolerable side effects, a nondihydropyridine CCB (such as
diltiazem or verapamil) can be substituted, but not if
there is LV dysfunction (Class IIa; Level of Evidence B).
3. If either the angina or the hypertension remains uncontrolled, a long-acting dihydropyridine CCB can be
added to the basic regimen of ␤-blocker, ACE inhibitor, and thiazide diuretic. The combination of a

␤-blocker and either of the nondihydropyridine CCBs
(diltiazem or verapamil) should be used with caution in
patients with symptomatic CAD and hypertension
because of the increased risk of significant bradyarrhythmias and HF (Class IIa; Level of Evidence B).
4. The target BP is <130/80 mm Hg. If ventricular dysfunction is present, consideration should be given to
lowering the BP even further, to <120/80 mm Hg. In
patients with CAD, the BP should be lowered slowly,
and caution is advised in inducing falls of DBP below
60 mm Hg. In older hypertensive individuals with wide
pulse pressures, lowering SBP may cause very low
DBP values (<60 mm Hg). This should alert the clinician to assess carefully any untoward signs or symptoms, especially those due to myocardial ischemia
(Class IIa; Level of Evidence B).
5. There are no special contraindications in hypertensive
patients to the use of nitrates, antiplatelet or anticoagulant drugs, or lipid-lowering agents for the management of angina and the prevention of coronary events,
except that in uncontrolled severe hypertension in
patients who are taking antiplatelet or anticoagulant
drugs, BP should be lowered without delay to reduce
the risk of hemorrhagic stroke (Class IIa; Level of
Evidence C).

Management of Hypertension in Patients With
Acute Coronary Syndromes—Unstable Angina
and NSTEMI
There are few data on the impact of antihypertensive treatment on clinical outcomes in hypertensive patients presenting
with the acute coronary syndromes, and in particular, in
patients with NSTEMI.

Prevalence
In 2 large, multinational, randomized trials in patients with
NSTEMI, the overall prevalence of hypertension based on the
patient’s clinical record was 50% (54% for patients in the
United States, 63% of US women, and 50% of men).100 The
prevalence ranged from 37.2% in Western Europe to 58.3%
in Eastern Europe. Men and women with hypertension were
older, were more likely to be black, and had a much higher
prevalence of other risk factors such as diabetes mellitus,
hyperlipidemia, prior MI, prior stroke, a history of HF, and
prior revascularization. In 2 earlier trials in patients with
NSTEMI, the prevalence of hypertension was 54% and
49.7%, respectively.101,102 In 2 other European trials, hypertension prevalence was lower, 30.5% in the Fragmin and fast
Revascularization during InStability in Coronary artery disease (FRISC) Trial in Sweden103 and 38.5% in a recent trial
from Holland (ICTUS [Invasive versus Conservative Treatment in Unstable coronary Syndrome]).104

Impact on Prognosis
Hypertension is integrated into various risk scores as an
adverse prognostic factor. In the Thrombolysis In Myocardial
Infarction (TIMI) risk score, hypertension is one of several
classic risk factors for CAD, and the variable “3 or more risk
factors for CAD” is an independent predictor of the composite end point of mortality and recurrent ischemic events.105 In
patients with stabilized acute coronary syndromes in the
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Sibrafiban versus aspirin to Yield Maximum Protection from
ischemic Heart events postacute cOroNary sYndromes
(SYMPHONY) trials, hypertension was an independent predictor of death and MI at 90 days.100 In the large Platelet
glycoprotein IIb/IIIa in Unstable angina: Receptor Suppression Using Integrilin Therapy (PURSUIT) trial of glycoprotein IIb/IIIa inhibitors, hypertension was predictive of death
and death due to MI on univariate but not on multivariate
analyses.101 In the Global Use of Strategies To Open occluded coronary arteries (GUSTO IIb) and PURSUIT trials,106 a very low SBP (⬍91 mm Hg) was strongly associated
with 48-hour and 30-day mortality, but surprisingly, there
was little difference in mortality between patients who had a
high SBP (ⱖ141 mm Hg) and those with an SBP in the
normal or prehypertensive range (121 to 140 mm Hg).
The limitation of all of these studies is that the correlation
between BP and prognosis is based on a clinical history of
hypertension or baseline BP. What the data do not provide is
an evaluation of the impact on prognosis of treating hypertension during an acute episode.

General Principles of Management
The cornerstone of the management of hypertension in
patients with acute coronary syndromes is the modification of
the balance between myocardial oxygen supply and demand,
in addition to the initiation of anticoagulant and platelet
inhibitor therapy.65,107,108 Patients with acute coronary syndromes are especially vulnerable to perturbations in this
relationship, because the development of an acute coronary
syndrome is a clinical manifestation of an alteration in the
supply-demand equation, such that ischemia occurs at rest.
Although an elevated BP increases myocardial oxygen demand, rapid and excessive lowering of the DBP has the
potential to result in impairment of coronary blood flow and
oxygen supply, as discussed in the section on “Primary
Prevention of CAD in Hypertension.” In addition, patients
with acute coronary syndromes often have vasomotor instability, with an increased tendency to exaggerated responses to
antihypertensive therapy
Initial management includes bed rest, continuous electrocardiographic monitoring, supplemental oxygen, morphine
sulfate if pain persists, and sedation if necessary. Whether the
patient should be monitored in the coronary care unit,
intermediate care unit, or a general ward with monitoring
capabilities will depend on the availability of facilities and
the level of risk.

Anti-Ischemic and Antihypertensive Therapies
Nitroglycerin
Nitroglycerin has been a cornerstone of therapy for decades,
and in the hypertensive patient, intravenous nitroglycerin is
effective in the reduction of BP and symptoms.107 Clinical
trials of nitrates in non–ST-elevation acute coronary syndromes have, however, been relatively small.
Patients need to be monitored for potential adverse effects,
particularly profound hypotension, which can exacerbate
ischemia. Patients at increased risk include the elderly,
individuals who are volume depleted, and those who have
used sildenafil within 24 hours. Nitrate tolerance is a problem
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even within the first 24 hours, and attempts should be made
to minimize this by reducing intravenous dosages and implementing intermittent dosing by nonintravenous routes once
the patient is stable from an ischemic standpoint.

␤-Blockers
␤-Blockers are a rational choice based on their ability to
reduce both heart rate and BP and thus, myocardial oxygen
demand, but their widespread use was based more on logic
than hard evidence, because their popularity antedated large
trials.108 However, later trials have demonstrated the benefits
of ␤-blockers in conjunction with nitrates in patients who
have not previously taken ␤-blocker therapy, and others
provide evidence to suggest that the addition of ␤-blockers is
helpful in patients with persistent chest pain. In patients
presenting with persistent pain, and in the absence of contraindications, ␤-blockers should be started intravenously, followed by the use of oral ␤-blockers when the patient is
stable.109 The choice of a ␤-blocker is based on pharmacokinetic and side effect criteria, as well as physician familiarity,
but in general, cardioselective (␤1-selective) ␤-blockers without intrinsic sympathomimetic activity are preferable. Examples are metoprolol and bisoprolol. Shorter-acting drugs, such
as esmolol, may be preferred in the acute care setting. If the
patient is hemodynamically unstable, the initiation of
␤-blocker therapy should be delayed until stabilization of
cardiogenic shock or HF has been achieved. The clinical trials
evidence for this is discussed in more detail in the section on
“Management of Hypertension in Patients With Acute Coronary Syndromes—STEMI.”
Contraindications to the use of ␤-blockers in acute coronary syndromes include severe first-degree heart block (electrocardiographic PR interval ⬎0.24 second), second- or
third-degree heart block, severe bronchospastic lung disease,
and decompensated HF. Two recent meta-analyses concluded
that cardioselective ␤-blockers do not produce clinically
significant adverse respiratory effects in patients with mild to
moderate reactive airway disease,110,111 which suggests that
␤-blockers should not be withheld from these patients.
Calcium Channel Blockers
The AHA/ACC guidelines for the management of unstable
angina and NSTEMI109 suggest that in patients with continuing or frequently recurring ischemia when ␤-blockers are
contraindicated, a nondihydropyridine CCB (verapamil or
diltiazem) can be used as initial therapy in the absence of
severe LV dysfunction or other contraindications. There are
several randomized clinical trials that show efficacy for
CCBs in acute coronary syndromes. These show that these
agents prevent or relieve symptoms and the related ischemia
as well as ␤-blockers do. The largest of these trials is the
DAnish Verapamil Infarction Trial (DAVIT), which showed
a trend in reducing the outcomes of death or nonfatal MI in
3447 patients with suspected acute coronary syndromes
administered intravenous verapamil at admission and then
orally for 1 week.112 In the Diltiazem Reinfarction Study
(DRS),113 576 patients were treated with diltiazem or placebo
24 to 72 hours after the onset of non–Q-wave MI. There was
a significant reduction in reinfarction and refractory angina at
14 days. Similar findings were reported in the Multicenter
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Diltiazem Post-Infarction Trial (MDPIT).114 Retrospective
analyses of the DAVIT and MDPIT trials have concluded that
the administration of verapamil or diltiazem to patients with
suspected acute coronary syndromes who have LV dysfunction has an overall detrimental effect on mortality, although
some studies have shown that verapamil and diltiazem may
be safe in these patients.115,116 However, it is prudent to avoid
the use of verapamil or diltiazem in patients who have LV
dysfunction, and they should definitely not be used together
with ␤-blockers in that situation.
Evidence for the use of dihydropyridine CCBs in acute
coronary syndromes is based on small trials. These agents
alone, or in combination with ␤-blockers, are effective in the
management of symptoms, and there is good evidence,
summarized in the previous section, that they have favorable
effects on long-term mortality and recurrent infarction rates.
Long-acting dihydropyridine CCBs should be used; shortacting dihydropyridine CCBs such as nifedipine can cause
severe hemodynamic instability and should never be used
unless in combination with a ␤-blocker. All CCBs have the
potential to cause hypotension and conduction disturbances,
particularly when used in conjunction with ␤-blockers. The
combination of a long-acting dihydropyridine CCB and
␤-blocker should be used with great caution in patients with
significant LV dysfunction.
ACE Inhibitors and ARBs
An ACE inhibitor should be prescribed if hypertension
persists, if the patient has evidence of LV dysfunction or HF,
or if the patient has diabetes mellitus.109 Whether the drug is
administered intravenously or orally will depend on the
hemodynamic stability of the patient. In patients with LV
dysfunction after STEMI, ARBs have been shown to be an
excellent alternative. Few data are available in NSTEMI.
Diuretics
Although thiazide diuretics play a major role in the long-term
control of BP, in the acute setting, diuretics are primarily used
for patients with evidence of increased filling pressures,
pulmonary venous congestion, or HF.
Adjunctive Therapy
The role of antithrombotic and antiplatelet therapy will not be
discussed in the context of this statement. Such drugs are a
pivotal aspect of therapy, and in the setting of uncontrolled
hypertension, the risk of hemorrhagic stroke is increased.
This provides another rationale for the aggressive control of
hypertension in patients with acute coronary syndromes. The
decision to pursue an invasive as opposed to a conservative
approach is based on standard clinical, demographic, and
angiographic criteria. Hypertension per se should not influence the decision other than indirectly, in relationship to renal
function and to the presence or absence of renal artery
stenosis as raising the possibility of combined coronary and
renal angioplasty. It is logical, however, for BP to be stable
and controlled before any intervention is begun.

Acute Severe Hypertension and “Flash”
Pulmonary Edema
Such patients may have elevated biomarkers and fall under
the rubric of a non–ST-elevation acute coronary syndrome.

Initial therapy with intravenous nitroglycerin, furosemide,
and a short-acting or intravenous ACE inhibitor is appropriate, followed by the addition of other drugs under tight
control and monitoring. If tachycardia or ischemia is the
predominant presentation, intravenous esmolol together with
intravenous nitroglycerin is usually the first choice. BP
lowering should be aggressive but requires close monitoring,
particularly in the presence of ongoing ischemia or cerebral
symptoms. Intravenous labetalol is helpful in some patients.
Intravenous nitroprusside is used frequently, but the key is
careful titration and monitoring to avoid hypotension. The
risk of cyanide toxicity limits the long-term use of
nitroprusside.

Conclusions
In 56 963 elderly patients with NSTEMI in the CRUSADE
(Coronary Revascularization UltraSound Angioplasty DEvice trial) Registry,117 the use of guidelines-recommended
care was associated with improved in-hospital outcomes in
patients treated invasively or conservatively. The frequency
of hypertension was 61.8% in patients ⬎65 years of age and
approximately 75% in an older age group. Age had a
relatively modest impact on the use of aspirin and ␤-blockers,
but the use of antithrombotics and platelet inhibitors was
considerably less in the elderly.
Hypertension will continue to be highly prevalent in
populations with acute coronary syndromes, many of whom
are elderly. Nonetheless, the majority will respond to standard methods of hypertension control. The benefits of treating
hypertension in the acute coronary syndrome setting are
logical, but perhaps the major impact on long-term morbidity
and mortality depends on the efficacy of continued outpatient
BP control once effective therapy has been initiated in the
hospital.

Recommendations
1. In unstable angina or NSTEMI, the initial therapy
of hypertension should include short-acting ␤1selective ␤-blockers without intrinsic sympathomimetic activity, usually intravenously, in addition to
nitrates for symptom control. Oral ␤-blockers can
be substituted at a later stage of the hospital stay
(Class IIa; Level of Evidence B). Alternatively, oral
␤-blockers may be started promptly without prior use
of intravenous ␤-blockers (Class I; Level of Evidence
A). If the patient is hemodynamically unstable, the
initiation of ␤-blocker therapy should be delayed until
stabilization of HF or shock has been achieved. Diuretics can be added for BP control and for the management of HF (Class I; Level of Evidence A).
2. If there is a contraindication to the use of a
␤-blocker, or if the patient develops intolerable side
effects of a ␤-blocker, then a nondihydropyridine
CCB, such as verapamil or diltiazem, may be substituted, but not if there is LV dysfunction. If the
angina or the hypertension is not controlled with a
␤-blocker alone, then a longer-acting dihydropyridine CCB may be added. A thiazide diuretic can
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also be added for BP control (Class I; Level of
Evidence B).
3. If the patient is hemodynamically stable, an ACE
inhibitor (Class I; Level of Evidence A) or ARB
(Class I; Level of Evidence B) should be added if the
patient has an anterior MI, if hypertension persists,
if the patient has evidence of LV dysfunction or HF,
or if the patient has diabetes mellitus.
4. The target BP is <130/80 mm Hg. However, in
patients with an elevated DBP and acute coronary
syndrome, the BP should be lowered slowly, and
caution is advised in inducing falls of DBP below
60 mm Hg. In older hypertensive individuals with
wide pulse pressures, lowering SBP may cause very
low DBP values (<60 mm Hg). This should alert the
clinician to assess carefully any untoward signs or
symptoms, especially those due to worsening myocardial ischemia (Class IIa; Level of Evidence B).
5. There are no special contraindications in hypertensive patients to the use of nitrates, anticoagulants,
antiplatelet drugs, or lipid-lowering agents for the
management of acute coronary syndromes. For the
same reason, BP should be lowered without delay in
patients with uncontrolled hypertension who are
taking antiplatelet or anticoagulant drugs (Class
IIa; Level of Evidence C).

Management of Hypertension in Patients With
Acute Coronary Syndromes—STEMI
Although a major risk factor for cardiovascular disease, the
impact of hypertension on STEMI outcomes is not well
described. Thus, although acute treatment for STEMI may
include many antihypertensive drugs, little has been published on the appropriate treatment of hypertension at the
time of presentation with STEMI.

Prevalence and Prognostic Impact
As in the unstable angina/NSTEMI cohort described in the
previous section, a history of hypertension has been found to
increase the risk of mortality after STEMI.118 However, the
prognostic significance of BP on presentation for STEMI is
not well characterized. Although several prognostic scores for
STEMI include BP, they most frequently describe low BP on
presentation as a negative predictor of survival. Yet, because
of the increased risk of intracranial hemorrhage in patients
with uncontrolled hypertension at presentation, hypertension
remains a relative contraindication to fibrinolysis for
STEMI.95 Thus, both acute hypotension and hypertension are
associated with an increased risk of adverse outcomes in the
setting of acute coronary syndromes. In reviewing the current
evidence on the management of hypertension, few data are
available to specifically address the issue of risk stratification; however, there is substantial evidence to support (or not)
the use of various classes of antihypertensive agents.

General Principles of Management
As in the case of unstable angina/NSTEMI, the cornerstone of
the management of hypertension in patients with acute
coronary syndromes is modification of the balance between
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myocardial oxygen supply and demand, in addition to the
initiation of antithrombotic and platelet inhibitor therapy.
Patients with acute coronary syndromes are particularly
vulnerable to perturbations in this relationship, because the
development of an acute coronary syndrome is a clinical
manifestation of an alteration in the supply-demand equation
such that ischemia occurs at rest. Although an elevated BP
increases myocardial oxygen demand, rapid and excessive
lowering of the DBP can result in impairment in coronary
blood flow and oxygen supply, as discussed in the section
“Primary Prevention of CAD in Hypertension.”

Anti-Ischemic and Antihypertensive Therapies
Nitroglycerin
Nitroglycerin has historically been the preferred choice for
management of both ischemic discomfort in acute coronary
syndromes and acute hypertension; however, the level of
evidence for these practices is not high. The Gruppo Italiano
per lo Studio della Sopravvivenza nell’Infarto Miocardico
(GISSI)-3 and International Study of Infarct Survival (ISIS)-4
trials included almost 80 000 patients and found no difference
in mortality with the use of nitrates (7.0% for those treated
versus 7.2% who received placebo in GISSI-3, and 7.3%
versus 7.5%, respectively, in ISIS-4).119,120 Thus, the ACC/
AHA guidelines do not recommend the use of nitroglycerin to
reduce events but only to relieve ischemic pain or acute
hypertension, or to manage pulmonary congestion, at a “C”
level of evidence. Furthermore, the guidelines caution that
nitroglycerin should not be used at the expense of agents with
proven benefits on outcomes, such as ␤-blockers or ACE
inhibitors (see below), particularly in the convalescent
stage.95

␤-Blockers
As in the unstable angina/NSTEMI setting, ␤-blockers are a
logical choice in an attempt to reduce heart rate, contractility,
and thereby oxygen demand. Their benefits when initiated at
discharge and continued long term have been shown in
multiple trials,121,122 and early intravenous use of ␤-blockers
was seen in the TIMI II-B study to reduce ischemic events
versus later use.123 Early intravenous ␤-blockade was also
supported in the ISIS-1 trial and by a meta-analysis of 30
trials in nearly 30 000 patients.124,125 The recent publication
of the COMMIT (ClOpidogrel and Metoprolol in Myocardial
Infarction Trial)/Chinese Cardiac Study (CCS)-2 provided
additional insight into ␤-blocker strategies.126 The investigators randomized 45 852 acute MI patients to intravenous then
oral ␤-blockers at presentation versus placebo and assessed
the coprimary outcomes of (1) the composite of death,
reinfarction, or cardiac arrest and (2) death due to any cause.
At discharge or up to 4 weeks after randomization, neither
outcome was reduced with metoprolol; however, the COMMIT
trial did demonstrate a reduction in reinfarction (2.0% versus
2.5%) and ventricular fibrillation (2.5% versus 3.0%), but at the
expense of an increase in cardiogenic shock (5.0% versus 3.9%).
The excess risk of shock was highest in the first 2 days of
hospitalization, especially in patients with evidence of hemodynamic instability at presentation. In a subset analysis of patients
with hypertension (SBP ⬎140 mm Hg), there were no statisti-
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cally significant differences between the ␤-blocker and placebo
arms with respect to the composite primary end point, death, or
cardiogenic shock alone, although there was a trend in favor of
the ␤-blocker. The conclusion is that early intravenous ␤-blocker
therapy is beneficial but should be reserved for low-risk patients
and delayed a few days until after patients with signs of HF or
shock have been stabilized. Hypertension is not a contraindication to early intravenous ␤-blockade in the absence of hemodynamic instability.
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ACE Inhibitors
ACE inhibitors have also been tested as early interventions
for acute MI. In the setting of STEMI, ischemic/infarcted
muscle increases wall stress, which causes the myocardium to
remodel and dilate, a process that begins at the time of initial
ischemic insult. ACE inhibitors could reduce infarct expansion/remodeling and chamber dilatation, thereby preventing
sequelae such as ventricular arrhythmia, failure, or rupture.119,127,128 The GISSI-3, ISIS-4, and CCS-1 trials demonstrated a benefit to early administration of ACE inhibitors,
with absolute reductions in mortality of 0.8%, 0.5%, and
0.5%, respectively, seen as early as 4 weeks after
AMI.119,120,129 This effect of early (within 24 hours) ACE
inhibitor therapy is particularly pronounced in higher-risk
patients: those with anterior or particularly large infarcts,
previous infarction, HF, depressed LV ejection fraction
(LVEF), and tachycardia.95,118,125
Angiotensin Receptor Blockers
ARBs are a useful alternative to ACE inhibitors. The VALIANT
trial89 randomized patients with LV dysfunction and/or HF
within 10 days after acute MI to additional therapy with
valsartan, captopril, or both and monitored them for ⬇2 years.
Valsartan was as effective as captopril for reducing cardiovascular events in these high-risk patients; however, the combination of valsartan with captopril increased the rate of adverse
events without improving survival. On the other hand, the
OPTIMAAL trial showed a trend toward increased mortality in
patients receiving 50 mg of losartan once daily over patients
receiving 50 mg of captopril 3 times daily,88 but these negative
results may be due to inadequate dosing.
Aldosterone Antagonists
Both spironolactone and eplerenone lower BP. These agents
had a secondary protective effect in patients with severe HF
in the RALES study90 and in patients with LV dysfunction
(LVEF ⱕ40%) after MI in EPHESUS.91 In the EPHESUS
trial, there was a 15% reduction in mortality with eplerenone
at 16 months. A reduction in mortality was seen as early as 30
days, which emphasizes the benefit of early inhibition of the
RAAS and the clinical need to start therapy before discharge.130 However, aldosterone antagonists should be
avoided in patients with elevated serum creatinine levels
(ⱖ2.5 mg/dL in men, ⱖ2.0 mg/dL in women) or elevated
potassium levels (ⱖ5.0 mEq/L), because there is a serious
risk of hyperkalemia with use of these agents in patients with
an estimated creatinine clearance of ⬍50 mL/min.95
Calcium Channel Blockers
In general, CCBs have not been found to be useful in the
setting of acute STEMI. Clinical trials of the dihydropyridine

class, specifically the rapid-release form of nifedipine, have
indicated no benefit and a potential increase in mortality in
patients treated with this agent.131 This conclusion was
independent of the reperfusion strategy selected. The nondihydropyridine agents diltiazem and verapamil have also been
disappointing in the early-MI setting and are not recommended for patients with STEMI.95,132,133 However, no harm
was observed in 1 study with verapamil in patients with HF
after an acute MI, all of whom were treated with ACE
inhibitors.112 Long-acting dihydropyridine CCBs are preferred after an acute MI for patients with continuing ischemic
discomfort or rapid ventricular arrhythmias who are unresponsive to ␤-blockers or in whom ␤-blockers are contraindicated. Nondihydropyridine CCBs (diltiazem and verapamil)
should be avoided in patients with modest to severe HF or
bradyarrhythmias.95
Diuretics
Although diuretics have a major role in the treatment of
chronic hypertension and exacerbations of acute HF, their use
is not supported in the acute STEMI setting.

Acute Severe Hypertension and “Flash”
Pulmonary Edema
The same principles apply when this occurs in the setting of
STEMI as when it occurs in unstable angina/NSTEMI. Refer
to the discussion above (“Management of Hypertension in
Patients With Acute Coronary Syndromes—Unstable Angina
and NSTEMI”).

Conclusions
Despite clear evidence of reductions in morbidity and mortality with several of the above agents, research from the
National Registry of Myocardial Infarction and the Cooperative Cardiovascular Project has shown that only a small
fraction of patients are getting them.134,135 Although hypertension in STEMI has not yet been shown to have as profound
a predictive value as hypotension, it still provides an important opportunity for physicians to improve outcomes in such
patients. Careful selection of therapies in the appropriate
patients can improve symptoms, cardiac function, and mortality and decrease complications during and after
hospitalization.

Recommendations
1. In STEMI, the principles of therapy for hypertension are similar to those for unstable angina and
NSTEMI as described above, with some exceptions.
Initial therapy of hypertension can include shortacting ␤1-selective ␤-blockers without intrinsic
sympathomimetic activity, usually intravenously, in
addition to nitrates for symptom control (Class IIa;
Level of Evidence B). However, if the patient is
hemodynamically unstable, the initiation of
␤-blocker therapy should be delayed until stabilization of HF or shock has been achieved. Oral
␤-blockers can be substituted at a later stage of the
hospital stay. Alternatively, oral ␤-blockers may be
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started promptly without prior intravenous
␤-blockers (Class I; Level of Evidence A). Diuretics
can be added for BP control and for management of
HF (Class I; Level of Evidence A).
2. An ACE inhibitor (Class I; Level of Evidence A) or
ARB (Class I; Level of Evidence B) should be
administered early in patients with STEMI and
hypertension, particularly in anterior MI, or if
hypertension persists or there is LV dysfunction,
HF, or diabetes mellitus. ACE inhibition has been
found to be particularly beneficial in patients in
whom the infarct is large and/or there is a history of
previous infarction, HF, and tachycardia. ACE inhibitors and ARBs should not be given together
because there is an increase in the incidence of
adverse events without improving survival.
3. Aldosterone antagonists may be useful in the management of STEMI with LV dysfunction and HF
and may have an additive BP-lowering effect. Serum potassium levels must be monitored. These
agents should be avoided in patients with elevated
serum creatinine levels (ⱖ2.5 mg/dL in men, ⱖ2.0
mg/dL in women) or elevated potassium levels (ⱖ5.0
mEq/L) (Class I; Level of Evidence A).
4. CCBs do not reduce mortality rates in the setting of
acute STEMI and can increase mortality if there is
depressed LV function and/or pulmonary edema.
Long-acting dihydropyridine CCBs can be used
when ␤-blockers are contraindicated or inadequate
to control angina, or as adjunct therapy for BP
control. Nondihydropyridine CCBs may be used for
the treatment of patients with supraventricular
tachycardia but should not be used in patients with
bradyarrhythmias or impaired LV function (Class
IIa; Level of Evidence B).
5. As in patients with unstable angina/NSTEMI, the
target BP in patients with STEMI is <130/
80 mm Hg; however, in patients with an elevated
DBP and STEMI, the BP should be lowered slowly,
and caution is advised in inducing falls of DBP
below 60 mm Hg. In older hypertensive individuals
with wide pulse pressures, lowering SBP may cause
very low DBP values (<60 mm Hg). This should
alert the clinician to assess carefully any untoward
signs or symptoms, especially those due to worsening myocardial ischemia (Class IIa; Level of Evidence B).
6. There are no special contraindications in hypertensive patients to the use of nitrates, anticoagulant and
antiplatelet drugs, or lipid-lowering agents for the
management of STEMI. Uncontrolled hypertension
is a contraindication to fibrinolytic therapy because
of the risk of intracranial hemorrhage. For the same
reason, BP should be lowered without delay in
patients with uncontrolled hypertension who are
taking antiplatelet or anticoagulant drugs (Class IIa;
Level of Evidence C).
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Management of Hypertension in HF of
Ischemic Origin
Although guidelines from the ACC and the AHA exist for the
treatment of chronic HF,97,136 evidence on which to base
guidelines for the treatment of hypertension in patients with
HF of ischemic origin is limited. On the basis of information
from the Acute Decompensated Heart Failure National Registry (ADHERE),137 ⬇75% of patients hospitalized with HF
had hypertension, with most having SBPs ⬎140 mm Hg.

Hypertension and HF
Most patients with HF have arterial hypertension.138 Not only
is hypertension an important concomitant disorder, but it also
contributes to the pathogenesis of systolic and diastolic HF.
Hypertension is a major risk factor for IHD and can lead to
the development of HF by causing LV hypertrophy, impaired
cardiac myocyte contractility, ventricular chamber remodeling, and eventually diastolic and systolic dysfunction.139 –141

Demographics
Patients presenting with HF are more likely to be older and
hypertensive, and more than half have a normal LVEF.137,142
Early investigations of patients with HF, such as the Framingham Heart Study,143 cited hypertension as the most frequent
comorbidity. Approximately 15% of participants in the Studies
Of Left Ventricular Dysfunction (SOLVD) trial had a DBP
⬎90 mm Hg at enrollment.144 In a population-based epidemiological trial in Olmstead County, Minnesota, ⬇50% of patients
presenting with new-onset HF had hypertension.145
However, recent randomized trials have probably underestimated the contribution of hypertension to the development
and progression of HF, possibly because elderly patients are
often not included in clinical trials of HF. Of note, HF
symptoms are rare in hypertensive individuals whose BP is
well controlled and who have not sustained an MI.146

Hypertension and Systolic Dysfunction
Initially, concentric hypertrophy of the LV compensates for
pressure overload and normalizes systolic wall stress. This
adaptive hypertrophy is accompanied by structural modifications of the cardiac muscle, including alterations in gene
expression, loss of cardiomyocytes, defective vascular development, and fibrosis. Thus, the compensatory response may
transition to HF with progressive contractile dysfunction.147
In the second stage, CAD causes myocardial ischemia or MI,
which results in HF. BP falls as HF develops, such that the
contribution of hypertension to the HF syndrome may be
underestimated.
The mechanisms by which increased LV mass leads to
depressed LVEF remain ill defined. Traditionally, an MI has
been viewed as an obligatory event in the transition to
depressed systolic function. Because MI occurs in 16% of
those who develop depressed LVEF compared with 3% of
those who do not, it is an important risk factor.148 However,
there must be other mechanisms, because increased LV mass
remains associated with the development of depressed LVEF
even in patients free of clinically manifest CAD, including
MI. With antihypertensive treatment, the incidence of LVH in
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treated patients is reduced by 35%, and the development of
HF is reduced by 52%.146

CAD and Acute HF
Ischemia may trigger acute pulmonary edema. The majority
of patients with flash pulmonary edema have preserved
systolic function.137,149 –153 These patients are generally elderly and have severe CAD, typically with 1 occluded vessel
and a severely stenosed coronary artery supplying collateral
flow.152–154 Patients with preserved systolic function and LV
hypertrophy are particularly susceptible to this type of episode because of their reduced ventricular distensibility, in
which small changes in ventricular volume status can lead to
large changes in filling pressures. This abnormal diastolic
pressure-volume relationship may also explain why these
patients frequently improve quickly with diuresis and lowering of BP.155
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Therapeutic Strategies
The therapeutic goals in patients presenting with HF are to
reverse hemodynamic abnormalities, relieve symptoms, and
initiate treatments that will decrease disease progression and
improve survival.
Behavioral Modifications
Sodium restriction is important in the management of both
hypertension and LV dysfunction. Exercise training156,157 has
been shown to reduce recurrent cardiac events in patients
with LV dysfunction from ischemic causes. For patients with
HF, close medical supervision and careful monitoring of the
BP response to exercise and of the ECG for ventricular
arrhythmias are appropriate.158,159
Diuretics
Thiazide diuretics are effective in preventing HF in hypertensive patients.67 Thiazide diuretics are the drugs of choice
in patients with mild HF because of a more sustained
natriuretic and diuretic action than loop diuretics, particularly
in those individuals in whom BP control may be more
important than correction of volume overload.
In more severe HF, diuretics are used to reverse volume
overload and associated symptoms. Usually loop diuretics,
such as furosemide and torsemide, are used because they
produce a greater diuresis for the same degree of natriuresis;
they work even in the presence of renal impairment, a
frequent accompaniment of severe HF; and their doseresponse characteristics are linear and steep, which allows for
escalation to high doses.
By inducing sodium and water loss, diuretics also activate
several adverse mechanisms. There may be a decrease in right
ventricular filling pressure, with a fall in stroke volume and
activation of the RAAS and the sympathetic nervous system,160 effects that would be expected to be harmful.161,162
This problem is avoided by combining diuretic therapy with
an ACE inhibitor or ARB, a ␤-blocker, and/or an aldosterone
antagonist, all of which have been shown to provide effective
therapy in HF.
ACE Inhibitors
ACE inhibitors are thought to reduce the remodeling that
occurs after MI,163 improve ischemic preconditioning, reverse

angiotensin II–induced vasoconstriction and inotropy, prevent the depletion of high-energy phosphate stores, enhance
nitric oxide release through prevention of bradykinin breakdown,164 and reduce blood coagulability through the endothelial release of tissue plasminogen activator.165 ACE inhibitors have been shown in many trials to be beneficial in
patients with LV dysfunction of ischemic origin. The Trandolapril Cardiac Evaluation (TRACE) trial showed a 7%
absolute reduction in mortality rate.166,167 In the Acute Infarction Ramipril Efficacy (AIRE) trial,168 ramipril administered
3 to 7 days after MI reduced the relative mortality risk by
27% in the total cohort, by 15% in normotensive subjects, and
by 41% in hypertensive subjects, which supports the particular importance of ACE inhibition in hypertensive patients
with LV dysfunction in the post-MI period. In the Assessment
of Treatment with Lisinopril and Survival (ATLAS) trial,
mortality was significantly lower in patients with HF who
received a high dose of lisinopril (32.5 to 35 mg/d) than in
those treated with a low dose of lisinopril (2.5 to 5 mg/d).169
However, the message has not gotten through to clinicians as
well as it should; in the ADHERE registry, only 73% of
eligible patients with LV dysfunction were prescribed an
ACE inhibitor, and in the post-MI setting, this number is
probably lower.137
Angiotensin Receptor Blockers
The VALIANT trial found valsartan to be noninferior to
captopril, although it did not show superiority.89 The Evaluation of Losartan In The Elderly (ELITE)-II trial compared
the efficacy of losartan 50 mg/d with captopril 150 mg/d and
found that the rates of all-cause mortality and sudden death or
resuscitated arrests for the losartan group were not significantly different from those for the captopril group.170 The
Valsartan Heart Failure Trial (Val-HeFT) assessed the efficacy of valsartan at doses of up to 320 mg/d added to standard
therapy for reducing morbidity and mortality in patients with
HF.171 Patients receiving valsartan demonstrated a 13.2%
reduction in the combined end point of cardiovascular mortality and morbidity compared with patients receiving placebo. Additional insights into the value of ARBs are provided
by the Candesartan in Heart failure: Assessment of Reduction
in Mortality and morbidity (CHARM) program.172–175 In
patients not receiving ACE inhibitors because of previous
intolerance, the use of candesartan was associated with a
significant reduction in the primary composite end point of
cardiovascular death and hospital readmission for HF compared with placebo.172
In the combination arm of VALIANT, valsartan and
captopril together showed no increased effect over captopril
alone and had a higher incidence of discontinuation due to
adverse effects.89 These results differed from those of the
CHARM-Added trial, in which patients with stable LV
dysfunction benefited from the combination of an ACE
inhibitor and the ARB candesartan.176 The lack of superiority
of the combination treatment in the VALIANT trial was
likely due to the fact that ACE inhibitors and ARBs were
titrated aggressively at the same time in the early post-MI
period, which resulted in more side effects. In the stable HF
patients undergoing an established ACE inhibitor therapy, the
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CHARM trial showed that the addition of an ARB was well
tolerated and beneficial. This is a strategy that could be used
to control BP if needed.
Nitrates
Nitrate tolerance has limited the ability of long-term nitrates
alone to be effective as antihypertensive agents. The addition
of hydralazine to a nitrate reduces this tolerance. Interest in
this combination for HF has been revived by a recent trial that
suggested that a combination of a fixed dose of both isosorbide dinitrate and hydralazine provides additional benefit in
black patients with advanced HF. The trial was stopped early
because of a significantly higher mortality rate in the placebo
group than in the group receiving isosorbide dinitrate plus
hydralazine (10.2% versus 6.2%, P⫽0.02).177
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␤-Adrenoreceptor Blockers
␤-Blockers lower BP and are negatively inotropic and chronotropic. They therefore alleviate ischemia and angina in
addition to lowering BP. The role of ␤-blockers in the
management of patients with HF is well established. The
Metoprolol CR/XL Randomized Intervention Trial in Heart
failure (MERIT-HF) randomized patients with New York
Heart Association class II to IV HF symptoms to receive
metoprolol succinate versus placebo.178 This trial was
stopped prematurely because of a 34% reduction in mortality
in the metoprolol arm.
Four clinical trials of carvedilol in HF were stopped
prematurely because of a highly significant 65% reduction in
mortality in patients treated with carvedilol compared with
placebo.179 The CarvedilOl ProspEctive RaNdomIzed CUmulative Survival (COPERNICUS) trial assessed patients
with severe HF symptoms who were clinically not volume
overloaded and who had an LVEF of ⬍25%. Compared with
placebo, carvedilol reduced the mortality risk at 12 months by
38% and the risk of death or hospitalization for HF by
31%.180 The Multicenter Oral Carvedilol Heart failure Assessment (MOCHA) trial demonstrated that this effect of
carvedilol is dose-related, with higher doses of 25 mg twice
daily showing greater LV functional and clinical superiority
than 6.25 mg twice daily, a dose that was superior to
placebo.181 Another longer-acting ␤-blocker, bisoprolol,
showed similar long-term benefit on survival in patients with
HF. The Cardiac Insufficiency Bisoprolol Study (CIBIS-II)
showed a 32% reduction in all-cause mortality in bisoprololtreated patients with New York Heart Association class III or
IV HF caused by ischemic and nonischemic cardiomyopathy
at median follow-up of 1.3 years. In that trial, sudden deaths
were reduced by 44% in the bisoprolol-treated group,
whereas pump-failure deaths were reduced by 26%.182 Although all 3 of these agents (metoprolol, carvedilol, and
bisoprolol) are beneficial in patients with HF, the Carvedilol
or Metoprolol European Trial (COMET) demonstrated a 17%
greater mortality reduction in favor of carvedilol compared
with metoprolol XL, with mean daily doses of 85 and 42
mg/d, respectively.183 Carvedilol may be particularly appealing because of its additional ␣-blocking properties. In addition, there may be a more favorable effect on glycemic
control. As a result of these studies, ␤-blockers are recom-
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mended for the long-term management of patients with
hypertension-related LV systolic dysfunction.
Aldosterone Receptor Antagonists
Aldosterone has been shown to promote myocardial fibrosis.
Long-term treatment with ACE inhibitors has not been
associated with suppression of plasma aldosterone levels.
This had led to an interest in evaluating aldosterone receptor
antagonists as adjunctive therapy to ACE inhibition in patients with HF. RALES reported the effect of adding the
competitive aldosterone antagonist spironolactone versus placebo to standard HF therapy in patients with stage 3 (New
York Heart Association class III or IV) HF. There was a 30%
reduction in total mortality with spironolactone. 90
Eplerenone, a selective aldosterone inhibitor, showed similar
survival benefit when evaluated in the EPHESUS trial.
Patients with an LVEF of ⬍40% were randomly assigned at
3 to 14 days after MI to therapy with eplerenone or placebo.
During a mean follow-up of 16 months, eplerenone significantly improved mortality by ⬇15%.91 Although these trials
did not specifically evaluate patients with hypertension and HF,
the improvement in relative risk with eplerenone was greater in
the subgroup with a history of hypertension than in normotensive subjects,91 which suggests that these agents may be particularly beneficial in patients with hypertension and HF.

Target BP
BP targets in HF have not been firmly established, but in most
successful trials, SBP was lowered to the range of 110 to
130 mm Hg. One trial, COPERNICUS,180 demonstrated benefits of carvedilol in patients with entry criteria that included
an SBP as low as ⱖ85 mm Hg and who had a mean
pretreatment BP of 123/76 mm Hg, which suggests that lower
BPs (SBP ⬍120 mm Hg) may be desirable in some patients.
On this basis, we make the recommendation that the target BP
in patients with HF should be ⬍130/80 mm Hg, but we also
suggest that consideration should be given to lowering the BP
even further, to ⬍120/80 mm Hg.

Drugs to Avoid
There are several classes of drugs that should be avoided in
patients with ischemic systolic HF with hypertension. Because of their negative inotropic properties and the increased
likelihood of worsening HF symptoms, nondihydropyridine
CCBs such as diltiazem and verapamil should be avoided.184
The dihydropyridine CCB amlodipine appeared to be safe in
patients with severe systolic HF in the Prospective Randomized Amlodipine Survival Evaluation (PRAISE) trial,185 as
was felodipine as supplementary vasodilator therapy in the
Vasodilator-Heart Failure Trial (V-HeFT) III.186 Although
clonidine is an effective antihypertensive agent, another drug
in the same class, moxonidine, was associated with increased
mortality in patients with HF,187 and therefore clonidine
should probably also be avoided. In the ALLHAT trial, the
doxazosin arm of the trial was discontinued because of a
2.04-fold increase in relative risk of developing HF compared
with chlorthalidone treatment.188 Although there are several
caveats about extrapolating these data to the management of
hypertension in patients with HF, ␣-blockers should be used
only if other agents used for the management of hypertension
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and HF are inadequate to achieve good BP control, and even
then, they should be used with caution.

Recommendations
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1. The treatment of hypertension in patients with HF
should include behavioral modification, such as
sodium restriction, and a closely monitored exercise
program (Class I; Level of Evidence C). Other
nonpharmacological approaches are the same as for
patients without HF.
2. Drugs that have been shown to improve outcomes
for patients with HF generally also lower BP. Patients should be treated with diuretics, ACE inhibitors (or ARBs), ␤-blockers, and aldosterone receptor
antagonists (Class I; Level of Evidence A).
3. Thiazide diuretics should be used for BP control
and to reverse volume overload and associated symptoms. In severe HF, or in patients with severe renal
impairment, loop diuretics should be used for volume
control, but these are less effective than thiazide
diuretics in lowering BP. Diuretics should be used
together with an ACE inhibitor or ARB and a
␤-blocker (Class I; Level of Evidence C).
4. Studies have shown equivalence of benefit of ACE
inhibitors and the ARBs candesartan or valsartan in
HF. Either class of agents is effective in lowering
BP. Drugs from each class can be used together,
provided that the patient is hemodynamically stable
and not in the immediate post-MI period (Class I;
Level of Evidence A).
5. Among the ␤-blockers, carvedilol, metoprolol succinate, and bisoprolol have been shown to improve
outcomes in HF and are effective in lowering BP
(Class I; Level of Evidence A).
6. The aldosterone receptor antagonists spironolactone and eplerenone have been shown to be beneficial in HF and should be included in the regimen if
there is severe HF (New York Heart Association
class III or IV, or LVEF <40% and clinical HF).

One or the other may be substituted for a thiazide
diuretic in patients requiring a potassium-sparing
agent. If an aldosterone receptor antagonist is administered with an ACE inhibitor or an ARB or in the
presence of renal insufficiency, the serum potassium
should be monitored frequently. These drugs should
not be used, however, if the serum creatinine level is
ⱖ2.5 mg/dL in men or ⱖ2.0 mg/dL in women, or if the
serum potassium level is ⱖ5.0 mEq/L. Spironolactone
or eplerenone may be used together with a thiazide
diuretic, particularly in patients with refractory hypertension (Class I; Level of Evidence A).
7. Consider the addition of hydralazine/isosorbide dinitrate to the regimen of diuretic, ACE inhibitor or
ARB, and ␤-blocker in black patients with NYHA
class III or IV heart failure (Class I; Level of
Evidence B). Others may benefit similarly, but this
has not yet been tested.
8. Drugs to avoid in patients with HF and hypertension
are nondihydropyridine CCBs (such as verapamil and
diltiazem), clonidine, and moxonidine (Class III; Level
of Evidence B). ␣-Adrenergic blockers, such as doxazosin, should be used only if other drugs for the
management of hypertension and HF are inadequate
to achieve BP control at maximum tolerated doses
(Class IIa; Level of Evidence B).
9. The target BP is <130/80 mm Hg, but consideration
should be given to lowering the BP even further, to
<120/80 mm Hg. In patients with an elevated DBP
who have CAD and HF with evidence of myocardial
ischemia, the BP should be lowered slowly, and
caution is advised in inducing falls of DBP below
60 mm Hg if the patient has diabetes mellitus or is
over the age of 60 years. In older hypertensive
individuals with wide pulse pressures, lowering SBP
may cause very low DBP values (<60 mm Hg). This
should alert the clinician to assess carefully any
untoward signs or symptoms, especially those due to
myocardial ischemia and worsening HF (Class IIa;
Level of Evidence B).
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Appendix

Men
Age

Women
Points

Age

-9
-4
0
3
6
8
10
11
12
13

20-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79

Points
Total
Cholesterol Age 20-39 40-49 50-59 60-69 70-79
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<160
160-199
200-239
240-279
280

0
4
7
9
11

0
1
1
2
3

Points
Total
Cholesterol Age 20-39 40-49 50-59 60-69 70-79
<160
160-199
200-239
240-279
280

0
0
0
1
1

0
4
8
11
13

0
3
6
8
10

0
2
4
5
7

0
1
2
3
4

0
1
1
2
2

Points

Points
Age 20-39 40-49 50-59 60-69 70-79

0
8

HDL
(mg/dL)

Points

60
50-59
40-49
<40

-1
0
1
2

<0
0-4
5-6
7
8
9
10
11
12
13
14
15
16
17

0
2
3
4
5

-7
-3
0
3
6
8
10
12
14
16

Age 20-39 40-49 50-59 60-69 70-79
Nonsmoker
Smoker

Point Total

0
3
5
6
8

Points

20-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79

0
5

0
3

0
1

Systolic BP
(mmHg)
Untreated
<120
120-129
130-139
140-159
160

0
0
1
1
2

0
1

Nonsmoker
Smoker

Treated
0
1
2
2
3

10-Year Risk %
<1
1
2
3
4
5
6
8
10
12
16
20
25
30

HDL
(mg/dL)

Points

60
50-59
40-49
<40

-1
0
1
2

Point Total

10-Year risk ______%

0
9

<9
9-12
13-14
15
16
17
18
19
20
21
22
23
24
25

0
7

0
4

0
2

Systolic BP
(mmHg)
Untreated
<120
120-129
130-139
140-159
160

0
1
2
3
4

0
1

Treated
0
3
4
5
6

10-Year Risk %
<1
1
2
3
4
5
6
8
11
14
17
22
27
30

10-Year risk ______%

Calculating a 10-year risk for coronary heart disease using Framingham point scores. Reprinted from The National Heart, Lung, and
Blood Institute as a part of the National Institutes of Health and the US Department of Health and Human Services, NIH Publication No.
01-3305. Available at: http://www.nhlbi.nih.gov/guidelines/cholesterol/risk_tbl.htm.

2782

Circulation

May 29, 2007

Disclosures
Writing Group Disclosures
Writing Group
Member

Other
Research
Support

Downloaded from http://circ.ahajournals.org/ by guest on June 17, 2018

Speakers’
Bureau/Honoraria

Ownership
Interest

Consultant/Advisory
Board

Other

None

AstraZeneca;
Cardiovascular
Therapeutics;
Schering-Plough

None

Siemens Diagnostics

None

Pfizer

None

Novartis; Pfizer; Sanofi;
Bristol-Myers Squibb

None

Intercure; MSD;
Myogen; Novartis;
Pfizer; Sanofi

None

TIMI Study Group,
Brigham and
Women’s Hospital

Accumetrics;
AstraZeneca; Merck;
Merck/Schering-Plough
Partnership;
Schering-Plough

None

Accumetrics;
AstraZeneca;
Bristol-Myers Squibb;
Genentech; Merck;
Merck/Schering-Plough
Partnership; Pfizer;
Sanofi-Aventis;
Schering-Plough

None

Abbott; Alnylam; Arena;
AstraZeneca; Biosite;
Bristol-Myers Squibb;
Eisai; GlaxoSmithKline;
Johnson & Johnson;
Merck;
Merck/Schering-Plough
Partnership; Pfizer;
Sanofi-Aventis;
Schering-Plough;
Tethys; Vertex

None

Mayo Clinic

AstraZeneca;
Bristol-Myers Squibb;
Boston Scientific;
Abbott Laboratories;
Cardiovascular
Therapeutics Inc

None

None

None

None

None

University of
Massachusetts
Medical Center

Sanofi-Aventis;
Medicine Group

None

None

None

None

None

Joseph L. Izzo, Jr

Erie County Medical
Center

Pfizer; Novartis; Alteon;
GlaxoSmithKline;
Omron; Sankyo

None

Boehringer Ingelheim;
Merck; AstraZeneca;
Novartis; Biovail;
Sankyo

None

Merck; AstraZeneca;
Novartis; Alteon;
GlaxoSmithKline;
Intercure; Omron;
Sankyo

None

Norman M. Kaplan

University of Texas
Southwestern
Medical Center

None

None

AstraZeneca;
Boehringer; Abbott;
Novartis; Pfizer

None

None

None

Duke University
Medical Center

GlaxoSmithKline

None

Pfizer; GlaxoSmithKline;
Medtronic; Nitromed

None

Pfizer; GlaxoSmithKline;
Medtronic; Nitromed

None

Brigham and
Women’s Hospital

None

None

None

None

Boston Scientific

None

University of
Alabama

Abbott Laboratories;
Boehringer Ingelheim;
Bristol-Myers Squibb;
Daiichi Sankyo; Merck;
Novartis; Pfizer;
Sanofi-Aventis

None

Boehringer Ingelheim;
Bristol-Myers Squibb;
Daiichi Sankyo; Forest
Laboratories; Merck;
Novartis; Pfizer

Member, Board
of Directors,
Encysive
Pharmaceuticals

Bristol-Myers Squibb;
Merck; Sanofi-Aventis;
Novartis; Pfizer; The
Salt Institute

None

Employment

Research Grant

Clive Rosendorff

Veterans Health
Administration;
Mount Sinai School
of Medicine

Bristol-Myers Squibb;
Merck; Daiichi Sankyo
Pharmaceutical;
AstraZeneca

Henry R. Black

Rush University
Medical Center

Christopher P.
Cannon

Bernard J. Gersh

Joel Gore

Christopher M.
O’Connor
Patrick T. O’Gara
Suzanne Oparil

This table represents the relationships of writing group members that may be perceived as actual or reasonably perceived conflicts of interest as reported on the
Disclosure Questionnaire, which all members of the writing group are required to complete and submit.

Reviewer Disclosures
Reviewer
Robert M. Carey
Douglas S. Schocken
Michael Weber

Employment

Research
Grant

Other Research
Support

Speakers’ Bureau/
Honoraria

Expert
Witness

Ownership
Interest

Consultant/
Advisory Board

Other

University of Virginia

None

None

None

None

None

None

None

University of South Florida

None

None

None

None

None

None

None

SUNY Downstate

None

None

None

None

None

None

None

This table represents the relationships of reviewers that may be perceived as actual or reasonably perceived conflicts of interest as reported on the Disclosure
Questionnaire, which all reviewers are required to complete and submit.

Rosendorff et al

Treatment of Hypertension in Ischemic Heart Disease

References

Downloaded from http://circ.ahajournals.org/ by guest on June 17, 2018

1. Pickering TG, Hall JE, Appel LJ, Falkner BE, Graves J, Hill MN, Jones
DW, Kurtz T, Sheps SG, Roccella EI; Subcommittee of Professional and
Public Education of the American Heart Association Council on High
Blood Pressure Research. Recommendations for blood pressure measurement in humans and experimental animals, part 1: blood pressure
measurement in humans: a statement for professionals from the Subcommittee of Professional and Public Education of the American Heart
Association Council on High Blood Pressure Research. Hypertension.
2005;45:142–161.
2. Chobanian AV, Bakris GI, Black HR, Cushman WC, Green LA, Izzo JL
Jr, Jones DW, Materson BJ, Oparil S, Wright JT, Rocella EJ; Joint
National Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure; National Heart, Lung, and Blood
Institute; National High Blood Pressure Education Program Coordinating Committee. Seventh Report of the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of High Blood
Pressure. Hypertension. 2003;42:1206 –1252.
3. Vasan RS, Beiser A, Seshadri S, Larson MG, Kannel WB, D’Agostino
RB, Levy D. Residual lifetime risk for developing hypertension in
middle-aged women and men: the Framingham Heart Study. JAMA.
2002;287:1003–1010.
4. Franklin SS, Larson MG, Khan SA, Wong ND, Leip EP, Kannel WB,
Levy D. Does the relation of blood pressure to coronary heart disease
risk change with aging? The Framingham Heart Study. Circulation.
2001;103:1245–1249.
5. Lewington S, Clarke R, Qizilbash N, Peto R, Collins R; Prospective
Studies Collaboration. Age-specific relevance of usual blood pressure to
vascular mortality: a meta-analysis of individual data for one million
adults in 61 prospective studies [published correction appears in Lancet.
2002;361:1060]. Lancet. 2002;360:1903–1913.
6. Miura K, Daviglus ML, Dyer AR, Liu K, Garside DB, Stamler J,
Greenland P. Relationship of blood pressure to 25-year mortality due to
coronary heart disease, cardiovascular diseases, and all causes in young
adult men: the Chicago Heart Association Detection Project in Industry.
Arch Intern Med. 2001;161:1501–1508.
7. Yusuf S. Preventing vascular events due to elevated blood pressure.
Circulation. 2006;113:2166 –2168.
8. Neal B, MacMahon S, Chapman N; Blood Pressure Lowering Treatment
Trialists’ Collaboration. Effects of ACE inhibitors, calcium antagonists,
and other blood-pressure-lowering drugs: results of prospectively
designed overviews of randomized trials. Lancet. 2000;356:1955–1964.
9. van Bemmel T, Gussekloo J, Westendorp RGJ, Blauw GJ. In a
population-based prospective study, no association between high blood
pressure and mortality after age 85 years. J Hypertens. 2006;24:
287–292.
10. Bulpitt CJ, Beckett NS, Cooke J, Dumitrascu DL, Gil-Extremera B,
Nachev C, Nunes M, Peters R, Staessen JA, Thijs L; on behalf of the
Hypertension in the Very Elderly Trial (HYVET) Working Group.
Results of the pilot study for the Hypertension in the Very Elderly Trial.
J Hypertens. 2003;21:2409 –2417.
11. Julius S, Nesbitt SD, Egan BM, Weber MA, Michelson EL, Kaciroti N,
Black HR, Grimm RH Jr, Messerli FH, Oparil S, Schork MA; Trial of
Preventing Hypertension (TROPHY) Study Investigators. Feasibility of
treating prehypertension with an angiotensin-receptor blocker. N Engl
J Med. 2006;354:1685–1697.
12. Kannel WB. Some lessons in cardiovascular epidemiology from Framingham. Am J Cardiol. 1976;37:269 –285.
13. National Kidney Foundation. K/DOQI clinical practice guidelines for
chronic kidney disease: evaluation, classification and stratification. Am J
Kidney Dis. 2002;39(suppl 1):S1–S246.
14. Arauz-Pacheco C, Parrott MA, Raskin P; American Diabetes Association. Treatment of hypertension in adults with diabetes. Diabetes
Care. 2003;26(suppl 1):S80 –S82.
15. National Cholesterol Education Program (NCEP) Expert Panel on
Detection, Evaluation, and Treatment of High Blood Cholesterol in
Adults (Adult Treatment Panel III). Third report of the National Cholesterol Education Program (NCEP) Expert Panel on the Detection,
Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult
Treatment Panel III): final report. Circulation. 2002;106:3143–3421.
16. Franklin SS, Gustin W IV, Wong ND, Larson MG, Weber MA, Kannel
WB, Levy D. Hemodynamic patterns of age-related changes in blood
pressure. Circulation. 1997;96:308 –315.
17. Opari1 S, Zaman MA, Calhoun DA. Pathogenesis of hypertension. Ann
Intern Med. 2003;139:761–776.

2783

18. Dzau V. The cardiovascular continuum and renin-angiotensin-aldosterone system blockade. J Hypertens Suppl. 2005;23:S9 –S17.
19. Griendling KK, Sorescu D, Ushio-Fukai M. NAD(P)H oxidase: role in
cardiovascular biology and disease. Circ Res. 2000;86:494 –501.
20. Stocker R, Keaney JF Jr. Role of oxidative modifications in atherosclerosis. Physiol Rev. 2004;84:1381–1478.
21. Sorescu D, Weiss D, Lasseque B, Clempus RE, Szocs K, Sorescu GP,
Valppu L, Quinn MT, Lambeth JD, Vega JD, Taylor WR, Griendling
KK. Superoxide production and expression of nox family proteins in
human atherosclerosis. Circulation. 2002;105:1429 –1435.
22. Rosendorff C. The renin-angiotensin system and vascular hypertrophy.
J Am Coll Cardiol. 1996;28:803– 812.
23. Dzau V. Tissue angiotensin and pathobiology of vascular disease: a
unifying hypothesis. Hypertension. 2001;37:1047–1052.
24. Schiffrin EL. Effects of aldosterone on the vasculature. Hypertension.
2006;47:312–318.
25. Vaughan DE, Lazos SA, Tong K. Angiotensin II regulates the
expression of plasminogen activator inhibitor-1 in cultured endothelial
cells: a potential link between the renin-angiotensin system and
thrombosis. J Clin Invest. 1995;95:995–1001.
26. Oikawa T, Freeman M, Lo W, Vaughan DE, Fogo A. Modulation of
plasminogen activator inhibitor-1 in vivo: a new mechanism for the
anti-fibrotic effect of renin-angiotensin inhibition. Kidney Int. 1997;51:
164 –172.
27. Cai H, Griendling KK, Harrison DG. The vascular NAD(P)H oxidases
as therapeutic targets in cardiovascular diseases. Trends Pharmacol Sci.
2003;24:471– 478.
28. Nickenig G, Sachinidis A, Michaelsen F, Bohm M, Seewald S, Vetter H.
Upregulation of vascular angiotensin II receptor gene expression by
low-density lipoprotein in vascular smooth muscle cells. Circulation.
1997;95:473– 478.
29. Daugherty A, Rateri DL, Lu H, Inagami T, Cassis LA. Hypercholesterolemia stimulates angiotensin peptide synthesis and contributes to atherosclerosis through the AT 1A receptor. Circulation. 2004;110:
3849 –3857.
30. Singh BM, Mehta JL. Interactions between the renin-angiotensin system
and dyslipidemia: relevance in the therapy of hypertension and coronary
heart disease. Arch Intern Med. 2003;163:1296 –1304.
31. Fleckenstein-Grün G, Thimm F, Czirfuzs A, Matyas S, Frey M. Experimental vasoprotection by calcium antagonists against calcium-mediated
arteriosclerotic alterations. J Cardiovasc Pharmacol. 1994;24(suppl
2):S75–S84.
32. Abernethy DR, Schwartz JB. Calcium-antagonist drugs. N Engl J Med.
1999;341:1447–1457.
33. Abrams J, Frishman WH, Bates SM, Weitz JI, Opie LH. Pharmacologic
options for treatment of ischemic disease. In: Antman EM, ed. Cardiovascular Therapeutics: A Companion to Braunwald’s Heart Disease.
2nd ed. Philadelphia, Pa: WB Saunders; 2001:768 –795.
34. Sytkowski PA, Kannel WB, D’Agostino RB. Changes in risk factors and
the decline in mortality from cardiovascular disease: the Framingham
Heart Study. N Engl J Med. 1990;322:1635–1641.
35. Sipahi I, Tuzcu EM, Schoenhagen P, Wolski KE, Nicholls SJ, Balog C,
Crowe TD, Nissen SE. Effects of normal, pre-hypertensive, and hypertensive blood pressure levels on progression of coronary atherosclerosis.
J Am Coll Cardiol. 2006;48:833– 838.
36. Izzo JL Jr, Gradman AH. Mechanisms and management of hypertensive
heart disease: from left ventricular hypertrophy to heart failure. Med
Clin North Am. 2004;88:1257–1271.
37. Wang TJ, Gona P, Larson MG, Tofler GH, Levy D, Newton-Cheh C,
Jacques PF, Rifai N, Selhub J, Robins SJ, Benjamin EJ, D’Agostino RB,
Vasan RS. Multiple biomarkers for the prediction of first major cardiovascular events and death. N Engl J Med. 2006;355:2631–2639.
38. Canty JM Jr. Coronary pressure-function and steady-state pressure-flow
relations during autoregulation in the unanesthetized dog. Circ Res.
1988;63:821– 836.
39. Rouleau JR, Simard D, Blouin A, Kingma JG Jr. Angiotensin inhibition
and coronary autoregulation in a canine model of LV hypertrophy. Basic
Res Cardiol. 2002;97:384 –391.
40. Hoffman JI. Heterogeneity of myocardial blood flow. Basic Res Cardiol.
1995;90:103–111.
41. Strauer BE. The concept of coronary flow reserve. J Cardiovasc
Pharmacol. 1992;19(supp1 5):S67–S80.
42. Stewart IM. Relation of reduction in pressure to first myocardial
infarction in patients receiving treatment for severe hypertension.
Lancet. 1979;1:861– 865.

2784

Circulation

May 29, 2007

Downloaded from http://circ.ahajournals.org/ by guest on June 17, 2018

43. Cruickshank JM, Thorp JM, Zacharias FJ. Benefits and potential harm
of lowering high blood pressure. Lancet. 1987;1:581–584.
44. Millar JA, Lever AF. Implications of pulse pressure as a predictor of
cardiac risk in patients with hypertension. Hypertension. 2000;36:
907–911.
45. Farnett L, Mulrow CD, Linn WD, Lucey CR, Tuley MR. The J-curve
phenomenon and the treatment of hypertension: is there a point beyond
which pressure reduction is dangerous? JAMA. 1991;265:489 – 495.
46. MacMahon S, Peto R, Cutler J, Collins R, Sorlie P, Neaton J, Abbott R,
Godwin J, Dyer A, Stamler J. Blood pressure, stroke and coronary heart
disease, part 1: prolonged differences in blood pressure: prospective
observational studies corrected for the regression dilution bias. Lancet.
1990;335:765–774.
47. Waller PC, Isles CG, Lever AF, Murray GD, McInnes GT. Does therapeutic reduction of diastolic blood pressure cause death from coronary
heart disease? J Hum Hypertens. 1988;2:7–10.
48. Fletcher A, Beevers DG, Bulpitt CJ, Butler A, Coles EC, Hunt D,
Munro-Faure AD, Newson R, O’Riordan PW, Petri JC. The relationship
between a low treated blood pressure and IHD mortality: a report from
the DHSS Hypertension Care Computing Project (DHCCP). J Hum
Hypertens. 1988;2:11–15.
49. Samuelsson OG, Wilhelmsen LW, Pennert KM, Wedel H, Berglund GL.
The J-shaped relationship between coronary heart disease and achieved
blood pressure level in treated hypertension: further analyses of 12 years
of follow-up of treated hypertensives in the Primary Prevention Trial in
Gothenburg, Sweden [published correction appears in J Hypertens.
1990;8:following H87]. J Hypertens. 1990;8:547–555.
50. Madhavan S, Ooi WL, Cohen H, Alderman MH. Relation of pulse
pressure and blood pressure reduction to the incidence of myocardial
infarction. Hypertension. 1994;23:395– 401.
51. Kannel WB, Wilson PW, Nam BH, D’Agostino RB, Li J. A likely
explanation for the J-curve of blood pressure cardiovascular risk.
Am J Cardiol. 2004;94:380 –384.
52. Boutitie F, Gueyffier F, Pocock S, Fagard R, Boissel JP. J-shaped
relationship between blood pressure and mortality in hypertensive
patients: new insights from a meta-analysis of individual-patient data.
Ann Intern Med. 2002;136:438 – 448.
53. Hansson L, Zanchetti A, Carruthers SG, Dahlof B, Elmfeldt D, Julius S,
Menard J, Rahn KH, Wedel H, Westerling S. Effects of intensive
blood-pressure lowering and low-dose aspirin in patients with hypertension: principal results of the Hypertension Optimal Treatment (HOT)
randomised trial. Lancet. 1998;351:1755–1762.
54. Kaplan N. J-curve not burned off by HOT study. Lancet. 1998;351:
1748 –1749.
55. Pepine CJ, Handberg EM, Cooper-DeHoff RM, Marks RG, Kowey P,
Messerli FH, Mancia G, Cangiano JL, Garcia-Barreto D, Keltai M,
Erdine S, Bristol HA, Kolb HR, Bakris GL, Cohen JD, Parmley WW;
INVEST Investigators. A calcium antagonist vs a non-calcium antagonist treatment strategy for patients with coronary artery disease: the
International Verapamil-Trandolapril Study (INVEST): a randomized
controlled trial. JAMA. 2003;290:2805–2816.
56. Berl T, Hunsicker LG, Lewis JB, Pfeffer MA, Porush JG, Rouleau JL,
Drury PL, Esmatjes E, Hricik D, Pohl M, Raz I, Vanhille P, Wiegmann
TB, Wolfe BM, Locatelli F, Goldhaber SZ, Lewis EJ; the Collaborative
Study Group. Impact of achieved blood pressure on cardiovascular
outcomes in the Irbesartan Diabetic Nephropathy Trial. J Am Soc
Nephrol. 2005;16:2170 –2179.
57. Nissen SE, Tuzcu EM, Libby P, Thompson PD, Ghali M, Garza D,
Berman L, Shi H, Buebendorf E, Topol EJ; CAMELOT Investigators.
Effect of antihypertensive agents on cardiovascular events in patients
with coronary disease and normal blood pressure: the CAMELOT study:
a randomized controlled trial. JAMA. 2004;292:2217–2226.
58. Messerli FH, Mancia G, Conti CR, Hewkin AC, Kupfer S, Champion A,
Kolloch R, Benetos A, Pepine CJ. Dogma disputed: can aggressively
lowering blood pressure in hypertensive patients with coronary artery
disease be dangerous? Ann Intern Med. 2006;144:884 – 893.
59. Svetkey LP, Simons-Morton DG, Proschan MA, Sacks FM, Conlin PR,
Harsha D, Moore TJ; for the DASH-Sodium Collaborative Research
Group. Effect of the Dietary Approaches to Stop Hypertension diet and
reduced sodium intake on blood pressure control. J Clin Hypertens
(Greenwich). 2004;6:373–381.
60. Ornish D, Scherwitz LW, Billings JH, Brown SE, Gould KL, Merritt
TA, Sparler S, Armstrong WT, Ports TA, Kirkeeide RL, Hogeboom C,
Brand RJ. Intensive lifestyle changes for reversal of coronary heart

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

disease [published correction appears in JAMA. 1999;281:1380]. JAMA.
1998;280:2001–2007.
Appel LJ, Brands MW, Daniels SR, Karanja N, Elmer PJ, Sacks FM;
American Heart Association. Dietary approaches to prevent and treat
hypertension: a scientific statement from the American Heart Association. Hypertension. 2006;47:296 –308.
Smith SC Jr, Allen J, Blair SN, Bonow RO, Brass LM, Fonarow GC,
Grundy SM, Hiratzka L, Jones D, Krumholz HM, Mosca L, Pasternak
RC, Pearson T, Pfeffer MA, Taubert KA; AHA/ACC; National Heart,
Lung, and Blood Institute. AHA/ACC guidelines for secondary prevention for patients with coronary and other atherosclerotic vascular
disease: 2006 update [published correction appears in Circulation. 2006;
113:e847]. Circulation. 2006;113:2363–2374.
Wang JG, Staessen JA. Benefits of antihypertensive pharmacologic
therapy and blood pressure reduction in outcome trials. J Clin Hypertens
(Greenwich). 2003;5:66 –75.
Staessen JA, Wang J-G, Thijs L. Cardiovascular prevention and blood
pressure reduction: a quantitative overview updated until 1 March 2003.
J Hypertens. 2003;21:1055–1076.
Rosendorff C. Ischemic heart disease in hypertension. In: Black HR,
Elliott WJ, eds. Hypertension: A Companion to Braunwald’s Heart
Disease. Philadelphia, Pa: Saunders Elsevier; 2007:327–339.
Julius S, Kjeldsen SE, Weber M, Brunner HR, Ekman S, Hansson L,
Hua T, Laragh J, McInnes GT, Mitchell L, Plat F, Schork A, Smith B,
Zanchetti A; VALUE Trial Group. Outcomes in hypertensive patients at
high cardiovascular risk treated with regimens based on valsartan or
amlodipine: the VALUE randomised trial. Lancet. 2004;363:
2022–2031.
ALLHAT-Officers and Coordinators for the ALLHAT Collaborative
Research Group. Major outcomes in high-risk hypertensive patients
randomized to angiotensin-converting enzyme inhibitor or calcium
channel blocker vs diuretic: the Antihypertensive and Lipid-Lowering
Treatment to Prevent Heart Attack Trial (ALLHAT) [published corrections appear in JAMA. 2003;289:178 and 2004;291:2196]. JAMA.
2002;288:2981–2997.
Effects of treatment on morbidity in hypertension, II: results in patients
with diastolic blood pressure averaging 90 through 114 mm Hg. JAMA.
1970;213:1143–1152.
Medical Research Council Working Party. MRC trial of treatment of
mild hypertension: principal results. Br Med J (Clin Res Ed). 1985;291:
97–104.
SHEP Cooperative Research Group. Prevention of stroke by antihypertensive drug treatment in older persons with isolated systolic hypertension: final results of the Systolic Hypertension in the Elderly
Program. JAMA. 1991;265:3255–3264.
Verdecchia P, Reboldi G, Angeli F, Borgioni C, Gattobigio R, Filippucci
L, Norgiolini S, Bracco C, Porcellati C. Adverse prognostic significance
of new diabetes in treated hypertensive subjects. Hypertension. 2004;
43:963–969.
Messerli FH, Grossman E, Goldbourt U. Are beta-blockers efficacious
as first-line therapy for hypertension in the elderly? A systematic review.
JAMA. 1998;279:1903–1907.
Dahlof B, Devereux RB, Kjeldsen SE, Julius S, Beevers G, de Faire U,
Fyhrquist F, Ibsen H, Kristiansson K, Lederballe-Pedersen O, Lindholm
LH, Nieminen MS, Omvik P, Oparil S, Wedel H; LIFE Study Group.
Cardiovascular morbidity and mortality in the Losartan Intervention For
Endpoint reduction in hypertension study (LIFE): a randomised trial
against atenolol. Lancet. 2002;359:995–1003.
Wright JT Jr, Bakris G, Greene T, Agodoa LY, Appel LJ, Charleston J,
Cheek D, Douglas-Baltimore JG, Gassman J, Glassock R, Hebert L,
Jamerson K, Lewis J, Phillips RA, Toto RD, Middleton JP, Rostand SG;
African American Study of Kidney Disease and Hypertension Study
Group. Effect of blood pressure lowering and antihypertensive drug
class on progression of hypertensive kidney disease: results from the
AASK trial [published correction appears in JAMA. 2006;295:2726].
JAMA. 2002;288:2421–2431.
Black HR, Elliott WJ, Grandits G, Grambsch P, Lucente T, White WB,
Neaton JD, Grimm RH Jr, Hansson L, Lacourciere Y, Muller J, Sleight
P, Weber MA, Williams G, Wittes J, Zanchetti A, Anders RJ;
CONVINCE Research Group. Principal results of the Controlled Onset
Verapamil Investigation of Cardiovascular End Points (CONVINCE)
trial. JAMA. 2003;289:2073–2082.
Dahlof B, Sever PS, Poulter NR, Wedel H, Beevers DG, Caulfield M,
Collins R, Kjeldsen SE, Kristinsson A, McInnes GT, Mehlsen J,
Nieminen M, O’Brien E, Ostergren J; ASCOT Investigators. Prevention

Rosendorff et al

77.

78.

79.

80.

Downloaded from http://circ.ahajournals.org/ by guest on June 17, 2018

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Treatment of Hypertension in Ischemic Heart Disease

of cardiovascular events with an antihypertensive regimen of amlodipine
adding perindopril as required versus atenolol adding bendroflumethiazide as required, in the Anglo-Scandinavian Cardiac Outcomes
Trial-Blood Pressure Lowering Arm (ASCOT-BPLA): a multicentre
randomised controlled trial. Lancet. 2005;366:895–906.
Williams B, Lacy PS, Thom SM, Cruickshank K, Stanton A, Collier D,
Hughes AD, Thurston H, O’Rourke M; CAFE Investigators; AngloScandinavian Cardiac Outcomes Trial Investigators; CAFE Steering
Committee and Writing Committee. Differential impact of blood
pressure-lowering drugs on central aortic pressure and clinical outcomes: principal results of the Conduit Artery Function Evaluation
(CAFÉ) study. Circulation. 2006;113:1213–1225.
The SOLVD Investigators. Effect of enalapril on survival in patients
with reduced left ventricular ejection fractions and congestive heart
failure. N Engl J Med. 1991;325:293–302.
The SOLVD Investigators. Effect of enalapril on mortality and the
development of heart failure in asymptomatic patients with reduced left
ventricular ejection fractions [published correction appears in N Engl
J Med. 1992:327:1768]. N Engl J Med. 1992;327:685– 691.
Lewis EJ, Hunsicker LG, Bain RP, Rohde RD; the Collaborative Study
Group. The effect of angiotensin-converting-enzyme inhibition on
diabetic nephropathy [published correction appears in N Engl J Med.
1993;330;152]. N Engl J Med. 1993;329:1456 –1462.
PROGRESS Collaborative Group. Randomised trial of a
perindopril-based blood-pressure-lowering regimen among 6,105 individuals with previous stroke or transient ischaemic attack [published
corrections appear in Lancet. 2001;358:1556 and 2002;359:2120].
Lancet. 2001;358:1033–1041.
Yusuf S, Sleight P, Pogue J, Bosch J, Davies R, Dagenais G. Effects of
an angiotensin-converting-enzyme inhibitor, ramipril, on cardiovascular
events in high-risk patients: the Heart Outcomes Prevention Evaluation
Study [published correction appears in N Engl J Med. 2000;342:1376].
N Engl J Med. 2000;342:145–153.
Svensson P, de Faire U, Sleight P, Yusuf S, Ostergren J. Comparative
effects of ramipril on ambulatory and office blood pressures: a HOPE
substudy. Hypertension. 2001;38:E28 –E32.
Fox KM; EURopean trial On reduction of cardiac events with Perindopril in stable coronary Artery disease Investigators. Efficacy of perindopril in reduction of cardiovascular events among patients with stable
coronary artery disease: randomised, double-blind, placebo-controlled,
multicentre trial (the EUROPA study). Lancet. 2003;362:782–788.
Braunwald E, Domanski MJ, Fowler SE, Geller NL, Gersh BJ, Hsia J,
Pfeffer MA, Rice MM, Rosenberg YD, Rouleau JL; PEACE Trial
Investigators. Angiotensin-converting-enzyme inhibition in stable
coronary artery disease. N Engl J Med. 2004;351:2058 –2068.
Pfeffer MA, Braunwald E, Moye LA, Basta L, Brown EJ Jr, Cuddy TE,
Davis BR, Geltman EM, Goldman S, Flaker GC; for the SAVE Investigators. Effect of captopril on mortality and morbidity in patients with
left ventricular dysfunction after myocardial infarction: results of the
Survival And Ventricular Enlargement trial. N Engl J Med. 1992;327:
669 – 677.
Wing LM, Reid CM, Ryan P, Beilin LJ, Brown MA, Jennings GL,
Johnston CI, McNeil JJ, Macdonald GJ, Marley JE, Morgan TO, West
MJ; Second Australian National Blood Pressure Study Group. A comparison of outcomes with angiotensin-converting-enzyme inhibitors and
diuretics for hypertension in the elderly. N Engl J Med. 2003;348:
583–592.
Dickstein K, Kjekshus J; OPTIMAAL Steering Committee of the
OPTIMAAL Study Group. Effects of losartan and captopril on mortality
and morbidity in high-risk patients after acute myocardial infarction: the
OPTIMAAL randomised trial: Optimal Trial in Myocardial Infarction
with Angiotensin II Antagonist Losartan. Lancet. 2002;360:752–760.
Pfeffer MA, McMurray JJ, Velazquez EJ, Rouleau JL, Kober L,
Maggioni AP, Solomon SD, Swedberg K, Van de Werf F, White H,
Leimberger JD, Henis M, Edwards S, Zelenkofske S, Sellers MA, Califf
RM; Valsartan in Acute Myocardial Infarction Trial Investigators. Valsartan, captopril, or both in myocardial infarction complicated by heart
failure, left ventricular dysfunction, or both [published correction
appears in N Engl J Med. 2004;350:203]. N Engl J Med. 2003;349:
1893–1906.
Pitt B, Zannad F, Remme WJ, Cody R, Castaigne A, Perez A, Palensky
J, Wittes J; Randomized Aldactone Evaluation Study Investigators. The
effect of spironolactone on morbidity and mortality in patients with
severe heart failure. N Engl J Med. 1999;341:709 –717.

2785

91. Pitt B, Remme W, Zannad F, Neaton J, Martinez F, Roniker B, Bittman
R, Hurley S, Kleiman J, Gatlin M; Eplerenone Post-Acute Myocardial
Infarction Heart Failure Efficacy and Survival Study Investigators.
Eplerenone, a selective aldosterone blocker, in patients with left ventricular dysfunction after myocardial infarction [published correction
appears in N Engl J Med. 2003;348:2271]. N Engl J Med. 2003;348:
1309 –1321.
92. Hansson L, Hedner T, Lund-Johansen P, Kjeldsen SE, Lindholm LH,
Syvertsen JO, Lanke J, de Faire U, Dahlof B, Karlberg BE. Randomised
trial of effects of calcium antagonists compared with diuretics and
beta-blockers on cardiovascular morbidity and mortality in hypertension: the Nordic Diltiazem (NORDIL) study. Lancet. 2000;356:
359 –365.
93. Goldstein RE, Boccuzzi SJ, Cruess D, Nattel S; the Adverse Experience
Committee; and the Multicenter Diltiazem Postinfarction Research
Group. Diltiazem increases late-onset congestive heart failure in postinfarction patients with early reduction in ejection fraction. Circulation.
1991;83:52– 60.
94. Gibbons RJ, Abrams J, Chatterjee K, Daley J, Deedwania PC, Douglas
JS, Ferguson TB Jr, Fihn SD, Fraker TD Jr, Gardin JM, O’Rourke RA,
Pasternak RC, Williams SV; American College of Cardiology;
American Heart Association Task Force on Practice Guidelines (Committee on the Management of Patients With Chronic Stable Angina).
ACC/AHA 2002 guideline update for the management of patients with
chronic stable angina: summary article: a report of the American College
of Cardiology/American Heart Association Task Force on Practice
Guidelines (Committee on the Management of Patients With Chronic
Stable Angina). J Am Coll Cardiol. 2003;41:159 –168.
95. Antman EM, Anbe DT, Armstrong PW, Bates ER, Green LA, Hand M,
Hochman JS, Krumholz HM, Kushner FG, Lamas GA, Mullany CJ,
Ornato JP, Pearle DL, Sloan MA, Smith SC Jr, Alpert JS, Anderson JL,
Faxon DP, Fuster V, Gibbons RJ, Gregoratos G, Halperin JL, Hiratzka
LF, Hunt SA, Jacobs AK; American College of Cardiology/American
Heart Association Task Force on Practice Guidelines (Writing Committee to Revise the 1999 Guidelines for the Management of Patients
With Acute Myocardial Infarction). ACC/AHA guidelines for the management of patients with ST-elevation myocardial infarction: executive
summary: a report of the ACC/AHA Task Force on Practice Guidelines
(Committee to Revise the 1999 Guidelines for the Management of
Patients With Acute Myocardial Infarction) [published correction
appears in Circulation. 2005;111:2013]. Circulation. 2004;110:
588 – 636.
96. Rosendorff C. Calcium antagonists in the treatment of hypertension in
patients with ischaemic heart disease. Expert Opin Pharmacother. 2003;
4:1535–1541.
97. Hunt SA, Abraham WT, Chin MH, Feldman AM, Francis GS, Ganiats
TG, Jessup M, Konstam MA, Mancini DM, Michl K, Oates JA, Rahko
PS, Silver MA, Stevenson LW, Yancy CW, Antman EM, Smith SC Jr,
Adams CD, Anderson JL, Faxon DP, Fuster V, Halperin JL, Hiratzka
LF, Jacobs AK, Nishimura R, Ornato JP, Page RL, Riegel B; American
College of Cardiology; American Heart Association Task Force on
Practice Guidelines; American College of Chest Physicians; International Society for Heart and Lung Transplantation; Heart Rhythm
Society. ACC/AHA 2005 guideline update for the diagnosis and management of chronic heart failure in the adult: a report of the American
College of Cardiology/American Heart Association Task Force on
Practice Guidelines (Writing Committee to Update the 2001 Guidelines
for the Evaluation and Management of Heart Failure): developed in
collaboration with the American College of Chest Physicians and the
International Society for Heart and Lung Transplantation: endorsed by
the Heart Rhythm Society. Circulation. 2005;112:e154 – e235.
98. Mason RP. Mechanisms of plaque stabilization for the dihydropyridine
calcium channel blocker amlodipine: review of the evidence. Atherosclerosis. 2002;165:191–199.
99. Turnbull F; Blood Pressure Lowering Treatment Trialists’ Collaboration. Effects of different blood pressure-lowering regimens on major
cardiovascular events: results of prospectively-designed overviews of
randomized trials. Lancet. 2003;362:1527–1535.
100. Frazier CG, Shah SH, Armstrong PW, Bhapkar MV, McGuire DK,
Sadowski Z, Kristinsson A, Aylward PE, Klein WW, Weaver WD,
Newby LK; SYMPHONY and the Second SYMPHONY Investigators.
Prevalence and management of hypertension in acute coronary
syndrome patients varies by sex: observations from the Sibrafiban
versus aspirin to Yield Maximum Protection from ischemic Heart events

2786

101.

102.

103.

104.

105.

Downloaded from http://circ.ahajournals.org/ by guest on June 17, 2018

106.

107.

108.
109.

110.
111.

112.

113.

114.

115.

116.

Circulation

May 29, 2007

postacute cOroNary sYndromes (SYMPHONY) Randomized Clinical
Trials. Am Heart J. 2005;150:1260 –1267.
Boersma E, Pieper KS, Steyerberg EW, Wilcox RG, Chang WC, Lee
KL, Akkerhuis KM, Harrington RA, Deckers JW, Armstrong PW,
Lincoff AM, Califf RM, Topol EJ, Simoons ML; the PURSUIT Investigators. Predictors of outcome in patients with acute coronary syndromes without persistent ST-segment elevation: results from an international trial of 9461 patients. Circulation. 2000;101:2557–2567.
The Global Use of Strategies to Open Occluded Coronary Arteries
(GUSTO) IIb Investigators. Comparison of recombinant hirudin with
heparin for the treatment of acute coronary syndromes. N Engl J Med.
1996;335:775–782.
Fragmin and Fast Revascularization during Instability in Coronary
Artery Disease Investigators. Invasive compared with non-invasive
treatment in unstable coronary-artery disease: FRISC II prospective
randomised multicentre study. Lancet. 1999;354:708 –715.
de Winter RJ, Windhausen F, Cornel JH, Dunselman PH, Janus CL,
Bendermacher PE, Michels HR, Sanders GT, Tijssen JG, Verheugt FW;
Invasive versus Conservative Treatment in Unstable Coronary Syndromes (ICTUS) Investigators. Early invasive versus selectively
invasive management for acute coronary syndromes. N Engl J Med.
2005;353:1095–1104.
Antman EM, Cohen M, Bernink PJ, McCabe CH, Horacek T, Papuchis
G, Mautnar B, Corbalan R, Braunwald E. The TIMI risk score for
unstable angina/non-ST elevation MI: a method for prognostication and
therapeutic decision making. JAMA. 2000;284:835– 842.
Chang W-C, Boersma E, Granger CB, Harrington RA, Califf RM,
Simoons ML, Kleiman NS, Armstrong PW; for the GUSTO-IIb and
PURSUIT Investigators. Dynamic prognostication in non-ST-elevation
acute coronary syndrome: insights from GUSTO-IIb and PURSUIT. Am
Heart J. 2004;148:62–71.
Theroux P, Cairns JA. Acute non-ST-segment elevation coronary syndromes: unstable angina and non-ST-segment elevation myocardial
infarction. In: Yusuf S, Cairns JA, Camm AJ, Fallen EL, Gersh BJ, eds.
Evidence-Based Cardiology. 2nd ed. London, UK: BMJ Books; 2003:
397– 425.
White WB. Update on the drug treatment of hypertension in patients
with cardiovascular disease. Am J Med. 2005;118:695–705.
Braunwald E, Antman EM, Beasley JW, Califf RM, Cheitlin MD,
Hochman JS, Jones RH, Kereiakes D, Kupersmith J, Levin TN, Pepine
CJ, Schaeffer JW, Smith EE III, Steward DE, Theroux P. ACC/AHA
2002 guideline update for the management of patients with unstable
angina and non–ST-segment elevation myocardial infarction: a report of
the American College of Cardiology/American Heart Association Task
Force on Practice Guidelines (Committee on the Management of Patients
With Unstable Angina) 2002. Available at: http://americanheart.org/
downloadable/heart/1022188973899unstable may8.pdf. Accessed May 1,
2007.
Andrus MR, Holloway KP, Clark DB. Use of beta-blockers in patients
with COPD. Ann Pharmacother. 2004;38:142–145.
Salpeter S, Ormiston T, Salpeter E. Cardioselective beta-blockers for
chronic obstructive pulmonary disease. Cochrane Database Syst Rev
2005;4:CD003566.
Hansen JF, Hagerup L, Sigurd B, Pedersen F, Mellemgaard K, PedersenBjergaard O, Mortensen LS; Danish Verapamil Infarction Trial
(DAVIT) Study Group. Cardiac event rates after acute myocardial
infarction in patients treated with verapamil and trandolapril versus
trandolapril alone. Am J Cardiol. 1997;79:738 –741.
Gibson RS, Boden WE, Theroux P, Strauss HD, Pratt CM, Gheorghiade
M, Capone RJ, Crawford MH, Schlant RC, Kleiger RE. Diltiazem and
reinfarction in patients with non-Q-wave myocardial infarction: results
of a double-blind, randomized, multicenter trial. N Engl J Med. 1986;
315:423– 429.
Boden WE, Krone RJ, Kleiger RE, Oakes D, Greenberg H, Dwyer EJ Jr,
Miller JP, Abrams J, Coromilas J, Goldstein R; for the Multicenter
Diltiazem Post-Infarction Trial Research Group. Electrocardiographic
subset analysis of diltiazem administration on long-term outcome after
acute myocardial infarction. Am J Cardiol. 1991;67:335–342.
Hansen JF, Tingsted L, Rasmussen V, Madsen JK, Jespersen CM.
Verapamil and angiotensin-converting enzyme inhibitors in patients
with coronary artery disease and reduced left ventricular ejection
fraction. Am J Cardiol 1996;77:16D–21D.
Theroux P, Gregoire J, Chin C, Pelletier G, de Guise P, Juneau M.
Intravenous diltiazem in acute myocardial infarction: Diltiazem as

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.
133.

Adjunctive Therapy to Activase (DATA) trial. J Am Coll Cardiol.
1998;32:620 – 628.
Alexander KP, Roe MT, Chen AY, Lytle BL, Pollack CV Jr, Foody JM,
Boden WE, Smith SC Jr, Gibler WB, Ohman EM, Peterson ED;
CRUSADE Investigators. Evolution in cardiovascular care for elderly
patients with non-ST-segment elevation acute coronary syndromes:
results from the CRUSADE National Quality Improvement Initiative.
J Am Coll Cardiol. 2005;46:1479 –1487.
Granger CB, Goldberg RJ, Dabbous O, Pieper KS, Eagle KA, Cannon
CP, Van De Werf F, Avezum A, Goodman SG, Flather MD, Fox KA;
Global Registry of Acute Coronary Events Investigators. Predictors of
hospital mortality in the Global Registry of Acute Coronary Events.
Arch Intern Med. 2003;163:2345–2353.
Gruppo Italiano per lo Studio della Sopravvivenza nell’infarto Miocardico. GISSI-3: effects of lisinopri1 and transdermal glyceryl trinitrate
singly and together on 6-week mortality and ventricular function after
acute myocardial infarction. Lancet. 1994;343:1115–1122.
ISIS-4 (Fourth International Study of Infarct Survival) Collaborative
Group. ISIS-4: a randomised factorial trial assessing early oral captopril,
oral mononitrate, and intravenous magnesium sulphate in 58,050
patients with suspected acute myocardial infarction. Lancet. 1995;345:
669 – 685.
Yusuf S, Wittes J, Friedman L. Overview of results of randomized
clinical trials in heart disease, 1: treatments following myocardial
infarction. JAMA. 1988;260:2088 –2093.
Brand DA, Newcomer LN, Freiburger A, Tian H. Cardiologists’
practices compared with practice guidelines: use of beta-blockade after
acute myocardial infarction. J Am Coll Cardiol. 1995;26:1432–1436.
Roberts R, Rogers WJ, Mueller HS, Lambrew CT, Diver DJ, Smith HC,
Willerson JT, Knatterud GL, Forman S, Passamani E. Immediate versus
deferred beta-blockade following thrombolytic therapy in patients with
acute myocardial infarction: results of the Thrombolysis In Myocardial
Infarction (TIMI) II-B Study. Circulation. 1991;83:422– 437.
First International Study of Infarct Survival Collaborative Group. Randomised trial of intravenous atenolol among 16,027 cases of suspected
acute myocardial infarction: ISIS-I. Lancet. 1986;2:57– 66.
Flather M, Pipilis A, Collins R, Budaj A, Hargreaves A, Kolettis T,
Jacob A, Millane T, Fitzgerald L, Cedro K; ISIS-4 (Fourth International
Study of Infarct Survival) Pilot Study Investigators. Randomized controlled trial of oral captopril, of oral isosorbide mononitrate and of
intravenous magnesium sulphate started early in acute myocardial
infarction: safety and haemodynamic effects. Eur Heart J. 1994;15:
608 – 619.
Chen ZM, Pan HC, Chen YP, Peto R, Collins R, Jiang LX, Xie JX, Liu
LS; COMMIT (ClOpidogrel and Metoprolol in Myocardial Infarction
Trial) Collaborative Group. Early intravenous then oral metoprolol in
45,852 patients with acute myocardial infarction: randomised placebocontrolled trial. Lancet. 2005;366:1622–1632.
Braunwald E, Pfeffer MA. Ventricular enlargement and remodeling
following acute myocardial infarction: mechanisms and management.
Am J Cardiol. 1991;68:1D– 6D.
Kim CB, Braunwald E. Potential benefits of late reperfusion of infarcted
myocardium: the open artery hypothesis. Circulation. 1993;88(pt
1):2426 –2436.
Oral captopril versus placebo among 13,634 patients with suspected
acute myocardial infarction: interim report from the Chinese Cardiac
Study (CCS-l). Lancet. 1995;345:686 – 687.
Pitt B, White H, Nicolau J, Martinez F, Gheorghiade M, Aschermann M,
van Veldhuisen DJ, Zannad F, Krum H, Mukherjee R, Vincent J;
EPHESUS Investigators. Eplerenone reduces mortality 30 days after
randomization following acute myocardial infarction in patients with left
ventricular systolic dysfunction and heart failure. J Am Coll Cardiol.
2005;46:425– 431.
Early treatment of unstable angina in the coronary care unit: a randomised, double blind, placebo controlled comparison of recurrent
ischaemia in patients treated with nifedipine or metoprolol or both:
report of the Holland Interuniversity Nifedipine/Metoprolol Trial
(HINT) Research Group. Br Heart J. 1986;56:400 – 413.
The Danish Study Group on Verapamil in Myocardial Infarction. Verapamil in acute myocardial infarction. Eur Heart J. 1984;5:516 –528.
Boden WE, van Gilst WH, Scheldewaert RG, Starkey IR, Carlier MF,
Julian DG, Whitehead A, Bertrand ME, Col JJ, Pedersen OL, Lie KI,
Santoni JP, Fox KM. Diltiazem in acute myocardial infarction treated
with thrombolytic agents: a randomised placebo-controlled trial:
Incomplete Infarction Trial of European Research Collaborators Eval-

Rosendorff et al

134.

135.

136.

137.

Downloaded from http://circ.ahajournals.org/ by guest on June 17, 2018

138.
139.

140.
141.

142.

143.

144.

145.

146.

147.
148.

149.

150.

151.

152.

Treatment of Hypertension in Ischemic Heart Disease

uating Prognosis post-Thrombolysis (INTERCEPT). Lancet. 2000;355:
1751–1756.
Rogers WJ, Canto JG, Lambrew CT, Tiefenbrunn AJ, Kinkaid B,
Shoultz DA, Frederick PB, Every N. Temporal trends in the treatment of
over 1.5 million patients with myocardial infarction in the US from 1990
through 1999: the National Registry of Myocardial Infarction 1, 2 and 3.
J Am Coll Cardiol. 2000;36:2056 –2063.
Krumholz HM, Rathore SS, Chen J, Wang Y, Radford MJ. Evaluation
of a consumer-oriented internet health care report card: the risk of
quality ratings based on mortality data. JAMA. 2002;287:1277–1287.
Hunt SA, Baker DW, Chin MH, Cinquegrani MP, Feldman AM, Francis
GS, Ganiats TG, Goldstein S, Gregoratos G, Jessup ML, Noble RJ,
Packer M, Silver MA, Stevenson LW, Gibbons RJ, Antman EM, Alpert
JS, Faxon DP, Fuster V, Jacobs AK, Hiratzka LF, Russell RO, Smith SC
Jr; American College of Cardiology/American Heart Association.
ACC/AHA guidelines for the evaluation and management of chronic
heart failure in the adult: executive summary: a report of the American
College of Cardiology/American Heart Association Task Force on
Practice Guidelines (Committee to Revise the 1995 Guidelines for the
Evaluation and Management of Heart Failure). J Am Coll Cardiol.
2001;38:2101–2113.
Adams KF Jr, Fonarow GC, Emerman CL, LeJemtel TH, Costanzo MR,
Abraham WT, Berkowitz RL, Galvao M, Horton DP; ADHERE Scientific Advisory Committee and Investigators. Characteristics and
outcomes of patients hospitalized for heart failure in the United States:
rationale, design, and preliminary observations from the first 100,000
cases in the Acute Decompensated Heart Failure National Registry
(ADHERE). Am Heart J. 2005;149:209 –216.
Kannel WB, Belanger AJ. Epidemiology of heart failure. Am Heart J.
1991;121(pt 1):951–957.
McKee PA, Castelli WP, McNamara PM, Kannel WB. The natural
history of congestive heart failure: the Framingham study. N Engl
J Med. 1971;285:1441–1446.
Topol EJ, Traill TA, Fortuin NJ. Hypertensive hypertrophic cardiomyopathy of the elderly. N Engl J Med. 1985;312:277–283.
Bonow RO, Udelson JE. Left ventricular diastolic dysfunction as a cause
of congestive heart failure: mechanisms and management. Ann Intern
Med. 1992;117:502–510.
Felker GM, Adams KF Jr, Konstam MA, O’Connor CM, Gheorghiade
M. The problem of decompensated heart failure: nomenclature, classification, and risk stratification. Am Heart J. 2003;145(suppl):S18 –S25.
Levy D, Larson MG, Vasan RS, Kannel WB, Ho KK. The progression
from hypertension to congestive heart failure. JAMA. 1996;275:
1557–1562.
Kostis JB. The effect of enalapril on mortal and morbid events in
patients with hypertension and left ventricular dysfunction.
Am J Hypertens. 1995;8:909 –914.
Senni M, Tribouilloy CM, Rodeheffer RJ, Jacobsen SJ, Evans JM,
Bailey KR, Redfield MM. Congestive heart failure in the community:
trends in incidence and survival in a 10-year period. Arch Intern Med.
1999;159:29 –34.
Moser M, Hebert PR. Prevention of disease progression, left ventricular
hypertrophy and congestive heart failure in hypertension treatment trials.
J Am Coll Cardiol. 1996;27:1214 –1218.
Diez J, Fortuno MA, Ravassa S. Apoptosis in hypertensive heart disease.
Curr Opin Cardiol. 1998;13:317–325.
Drazner MH, Rame JE, Marino EK, Gottdiener JS, Kitzman DW,
Gardin JM, Manolio TA, Dries DL, Siscovick DS. Increased left ventricular mass is a risk factor for the development of a depressed left
ventricular ejection fraction within five years: the Cardiovascular Health
Study. J Am Coll Cardiol. 2004;43:2207–2215.
Kramer K, Kirkman P, Kitzman D, Little WC. Flash pulmonary edema:
association with hypertension and reoccurrence despite coronary revascularization. Am Heart J. 2000;140:451– 455.
Goldberger JJ, Peled HB, Stroh JA, Cohen MN, Frishman WH. Prognostic factors in acute pulmonary edema. Arch Intern Med. 1986;146:
489 – 493.
Anguita M, Castillo JC, Ramirez A, Siles JR, Ojeda S, Mesa D, Franco
M, Vallas F. Heart failure caused by severe systolic ventricular dysfunction of hypertensive origin: long-term clinical and functional course
[in Spanish]. Rev Esp Cardiol. 2000;53:927–93l.
Clark LT, Garfein OB, Dwyer EM Jr. Acute pulmonary edema due to
ischemic heart disease without accompanying myocardial infarction:
natural history and clinical profile. Am J Med. 1983;75:332–336.

2787

153. Dodek A, Kassebaum DG, Bristow JD. Pulmonary edema in coronaryartery disease without cardiomegaly: paradox of the stiff heart. N Engl
J Med. 1972;286:1347–1350.
154. Chin MH, Goldman L. Correlates of major complications or death in
patients admitted to the hospital with congestive heart failure. Arch
Intern Med. 1996;156:1814 –1820.
155. Zampaglione B, Pascale C, Marchisio M, Cavallo-Perin P. Hypertensive
urgencies and emergencies: prevalence and clinical presentation. Hypertension. 1996;27:144 –147.
156. Belardinelli R, Georgiou D, Purcaro A. Low dose dobutamine echocardiography predicts improvement in functional capacity after exercise
training in patients with ischemic cardiomyopathy: prognostic implication [published correction appears in J Am Coll Cardiol. 1998;32:
1485]. J Am Coll Cardiol. 1998;31:1027–1034.
157. Specchia G, De Servi S, Scire A, Assandri J, Berzuini C, Angoli L, La
Rovere MT, Cobelli F. Interaction between exercise training and
ejection fraction in predicting prognosis after a first myocardial
infarction. Circulation. 1996;94:978 –982.
158. Fletcher GF, Balady GJ, Amsterdam EA, Chaitman B, Eckel R, Fleg J,
Froelicher VF, Leon AS, Pina IL, Rodney R, Simons-Morton DA,
Williams MA, Bazzarre T. Exercise standards for testing and training: a
statement for healthcare professionals from the American Heart Association. Circulation. 2001;104:1694 –1740.
159. Shephard RJ, Balady GJ. Exercise as cardiovascular therapy. Circulation. 1999;99:963–972.
160. Neuberg GW, Miller AB, O’Connor CM, Belkin RN, Carson PE, Cropp
AB, Frid DJ, Nye RG, Pressler ML, Wertheimer JH, Packer M; PRAISE
Investigators (Prospective Randomized Amlodipine Survival Evaluation). Diuretic resistance predicts mortality in patients with advanced
heart failure. Am Heart J. 2002;144:31–38.
161. Francis GS, Siegel RM, Goldsmith SR, Olivari MT, Levine TB, Cohn
JN. Acute vasoconstrictor response to intravenous furosemide in patients
with chronic congestive heart failure: activation of the neurohumoral
axis. Ann Intern Med. 1985;103:1– 6.
162. Bayliss J, Norell M, Canepa-Anson R, Sutton G, Poole-Wilson P.
Untreated heart failure: clinical and neuroendocrine effects of introducing diuretics. Br Heart J. 1987;57:17–22.
163. Greenberg B, Quinones MA, Koilpillai C, Limacher M, Shindler D,
Benedict C, Shelton B. Effects of long-term enalapril therapy on cardiac
structure and function in patients with left ventricular dysfunction:
results of the SOLVD echocardiography substudy. Circulation. 1995;
91:2573–2581.
164. Longobardi G, Ferrara N, Furgi G, Abete P, Rengo F. Improvement of
myocardial blood flow to ischemic regions by angiotensin-converting
enzyme inhibition. J Am Coll Cardiol. 2000;36:1437–1438.
165. Minai K, Matsumoto T, Horie H, Ohira N, Takashima H, Yokohama H,
Kinoshita M. Bradykinin stimulates the release of tissue plasminogen
activator in human coronary circulation: effects of angiotensinconverting enzyme inhibitors. J Am Coll Cardiol. 2001;37:1565–1570.
166. Kober L, Torp-Pedersen C, Carlsen JE, Bagger H, Eliasen P, Lyngborg
K, Videbaek J, Cole DS, Auclert L, Pauly NC; Trandolapril Cardiac
Evaluation (TRACE) Study Group. A clinical trial of the angiotensinconverting-enzyme inhibitor trandolapril in patients with left ventricular
dysfunction after myocardial infarction. N Engl J Med. 1995;333:
1670 –1676.
167. Gustafsson F, Torp-Pedersen C, Kober L, Hildebrandt P; TRACE Study
Group, Trandolapril Cardiac Event. Effect of angiotensin converting
enzyme inhibition after acute myocardial infarction in patients with
arterial hypertension. J Hypertens. 1997;15:793–798.
168. The Acute Infarction Ramipril Efficacy (AIRE) Study Investigators.
Effect of ramipril on mortality and morbidity of survivors of acute
myocardial infarction with clinical evidence of heart failure. Lancet.
1993;342:821– 828.
169. Packer M, Poole-Wilson PA, Armstrong PW, Cleland JG, Horowitz JD,
Massie BM, Ryden L, Thygesen K, Uretsky BF; ATLAS Study Group.
Comparative effects of low and high doses of the angiotensin-converting
enzyme inhibitor, lisinopril, on morbidity and mortality in chronic heart
failure. Circulation. 1999;100:2312–2318.
170. Pitt B, Poole-Wilson PA, Segal R, Martinez FA, Dickstein K, Camm AJ,
Konstam MA, Riegger G, Klinger GH, Neaton J, Sharma D, Thiyagarajan B. Effect of losartan compared with captopril on mortality in
patients with symptomatic heart failure: randomised trial: the Losartan
Heart Failure Survival Study ELITE II. Lancet. 2000;355:1582–1587.

2788

Circulation

May 29, 2007

Downloaded from http://circ.ahajournals.org/ by guest on June 17, 2018

171. Cohn JN, Tognoni G; Valsartan Heart Failure Trial Investigators. A
randomized trial of the angiotensin-receptor blocker valsartan in chronic
heart failure. N Engl J Med. 2001;345:1667–1675.
172. Granger CB, McMurray JJ, Yusuf S, Held P, Michelson EL, Olofsson B,
Ostergren J, Pfeffer MA, Swedberg K; CHARM Investigators and Committees. Effects of candesartan in patients with chronic heart failure and
reduced left ventricular systolic function intolerant to angiotensinconverting-enzyme inhibitors: the CHARM-Alternative trial. Lancet.
2003;362:772–776.
173. Yusuf S, Pfeffer MA, Swedberg K, Granger CB, Held P, McMurray JJ,
Michelson EL, Olofsson B, Ostergren J; CHARM Investigators and
Committees. Effects of candesartan in patients with chronic heart failure
and preserved left ventricular ejection fraction: the CHARM-Preserved
Trial. Lancet. 2003;362:777–781.
174. Pfeffer MA, Swedberg K, Granger CB, Held P, McMurray JJ,
Michelson EL, Olofsson B, Ostergren J, Yusuf S, Pocock S; CHARM
Investigators and Committees. Effects of candesartan on mortality and
morbidity in patients with chronic heart failure: the CHARM-Overall
programme. Lancet. 2003;362:759 –766.
175. White HD. Candesartan and heart failure: the allure of CHARM. Lancet.
2003;362:754 –755.
176. McMurray JJ, Ostergren J, Swedberg K, Granger CB, Held P, Michelson
EL, Olofsson B, Yusuf S, Pfeffer MA; CHARM Investigators and
Committees. Effects of candesartan in patients with chronic heart failure
and reduced left ventricular systolic function taking angiotensinconverting-enzyme inhibitors: the CHARM-Added trial. Lancet. 2003;
362:767–771.
177. Taylor AL, Ziesche S, Yancy C, Carson P, D’Agostino R Jr, Ferdinand
K, Taylor M, Adams K, Sabolinski M, Worcel M, Cohn JN; AfricanAmerican Heart Failure Trial Investigators. Combination of isosorbide
dinitrate and hydralazine in blacks with heart failure [published correction appears in N Engl J Med. 2005;352:1276]. N Engl J Med.
2004;351:2049 –2057.
178. MERIT-HF Study Group. Effect of metoprolol CR/XL in chronic heart
failure: Metoprolol CR/XL Randomized Intervention Trial in Congestive Heart Failure (MERIT-HF). Lancet. 1999;353:2001–2007.
179. Packer M, Coats AJ, Fowler MB, Katus HA, Krum H, Mohacsi P,
Rouleau JL, Tendera M, Castaigne A, Roecker EB, Schultz MK,
DeMets DL; Carvedilol Prospective Randomized Cumulative Survival
Study Group. Effect of carvedilol on survival in severe chronic heart
failure. N Engl J Med. 2001;344:1651–1658.
180. Packer M, Fowler MB, Roecker EB, Coats AJ, Katus HA, Krum H,
Mohacsi P, Rouleau JL, Tendera M, Staiger C, Holcslaw TL,
Amann-Zalan I, DeMets DL; Carvedilol Prospective Randomized
Cumulative Survival (COPERNICUS) Study Group. Effect of carvedilol

181.

182.
183.

184.

185.

186.

187.

188.

on the morbidity of patients with severe chronic heart failure: results of
the Carvedilol Prospective Randomized Cumulative Survival
(COPERNICUS) Study. Circulation. 2002;106:2194 –2199.
Bristow MR, Gilbert EM, Abraham WT, Adams KF, Fowler MB,
Hershberger RE, Kubo SH, Narahara KA, Ingersoll H, Krueger S,
Young S, Shusterman N; MOCHA Investigators. Carvedilol produces
dose-related improvements in left ventricular function and survival in
subjects with chronic heart failure. Circulation. 1996;94:2807–2816.
CIBIS-II Investigators and Committees. The Cardiac Insufficiency Bisoprolol Study II (CIBIS-II): a randomised trial. Lancet. 1999;353:9 –13.
Poole-Wilson PA, Swedberg K, Cleland JG, Di Lenarda A, Hanrath P,
Komajda M, Lubsen J, Lutiger B, Metra M, Remme WJ, Torp-Pedersen
C, Scherhag A, Skene A; Carvedilol Or Metoprolol European Trial
Investigators. Comparison of carvedilol and metoprolol on clinical
outcomes in patients with chronic heart failure in the Carvedilol Or
Metoprolol European Trial (COMET): randomised controlled trial.
Lancet. 2003;362:7–13.
Moss AJ, Oakes D, Benhorin J, Carleen E; Multicenter Diltiazem PostInfarction Research Group. The interaction between diltiazem and left
ventricular function after myocardial infarction. Circulation. 1989;
80(suppl IV):IV-102–IV-106.
O’Connor CM, Carson PE, Miller AB, Pressler ML, Belkin RN,
Neuberg GW, Frid DJ, Cropp AB, Anderson S, Wertheimer JH, DeMets
DL. Effect of amlodipine on mode of death among patients with
advanced heart failure in the PRAISE trial: Prospective Randomized
Amlodipine Survival Evaluation. Am J Cardiol. 1998;82:881– 887.
Cohn JN, Ziesche S, Smith R, Anand I, Dunkman WB, Loeb H, Cintron
G, Boden W, Baruch L, Rochin P, Loss L; Vasodilator-Heart failure
Trial (V-HeFT) Study Group. Effect of the calcium antagonist felodipine
as supplementary vasodilator therapy in patients with chronic heart
failure treated with enalapril: V-HeFT III. Circulation. 1997;96:
856 – 863.
Cohn JN, Pfeffer MA, Rouleau J, Sharpe N, Swedberg K, Straub M,
Wiltse C, Wright TJ; MOXCON Investigators. Adverse mortality effect
of central sympathetic inhibition with sustained-release moxonidine in
patients with heart failure (MOXCON). Eur J Heart Fail. 2003;5:
659 – 667.
ALLHAT Collaborative Research Group. Major cardiovascular events
in hypertensive patients randomized to doxazosin vs chlorthalidone: the
Antihypertensive and Lipid-Lowering Treatment to Prevent Heart
Attack Trial (ALLHAT) [published correction appears in JAMA. 2002;
288:2976]. JAMA. 2000;283:1967–1975.

KEY WORDS: AHA Scientific Statements 䡲 hypertension 䡲 coronary disease
䡲 angina 䡲 myocardial infarction 䡲 heart failure 䡲 heart diseases

Downloaded from http://circ.ahajournals.org/ by guest on June 17, 2018

Treatment of Hypertension in the Prevention and Management of Ischemic Heart Disease:
A Scientific Statement From the American Heart Association Council for High Blood
Pressure Research and the Councils on Clinical Cardiology and Epidemiology and
Prevention
Clive Rosendorff, Henry R. Black, Christopher P. Cannon, Bernard J. Gersh, Joel Gore, Joseph
L. Izzo, Jr, Norman M. Kaplan, Christopher M. O'Connor, Patrick T. O'Gara and Suzanne
Oparil
Circulation. 2007;115:2761-2788; originally published online May 14, 2007;
doi: 10.1161/CIRCULATIONAHA.107.183885
Circulation is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231
Copyright © 2007 American Heart Association, Inc. All rights reserved.
Print ISSN: 0009-7322. Online ISSN: 1524-4539

The online version of this article, along with updated information and services, is located on the
World Wide Web at:
http://circ.ahajournals.org/content/115/21/2761

Permissions: Requests for permissions to reproduce figures, tables, or portions of articles originally published
in Circulation can be obtained via RightsLink, a service of the Copyright Clearance Center, not the Editorial
Office. Once the online version of the published article for which permission is being requested is located,
click Request Permissions in the middle column of the Web page under Services. Further information about
this process is available in the Permissions and Rights Question and Answer document.
Reprints: Information about reprints can be found online at:
http://www.lww.com/reprints
Subscriptions: Information about subscribing to Circulation is online at:
http://circ.ahajournals.org//subscriptions/

