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Few patients with hypertension meet recommended target blood pressure goals, and
most hypertensive patients require at least 2 antihypertensive medications from differ-
ent pharmacologic classes to adequately lower blood pressure. �-Blockers are guideline-
recommended for the treatment of hypertension with compelling indications. �-Blockers
differ with respect to pharmacology (particularly receptor biology and ancillary proper-
ties), hemodynamic effects, and tolerability. In clinical practice, the choice of �-blockers
for individual patients with hypertension is often based on practical issues such as
convenience and cost. However, given the pharmacologic and clinical trial data demon-
strating differences, the choice of �-blocker for the treatment of high-risk hypertension
should be evidence-based. Vasodilating �-blockers, such as carvedilol, decrease blood
pressure without the concerning hemodynamic, renal, and metabolic responses associ-
ated with most �-blockers. The use of carvedilol CR (once daily) may be preferable to 
a twice-daily regimen.
[Rev Cardiovasc Med. 2008;9(2):96-105]
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Although blood pressure (BP) control rates have improved according to
the most recent National Health and Nutrition Examination Survey
(NHANES) 2001 to 2004 report, they are still below 50%.1 More than

66% of patients with hypertension require at least 2 antihypertensive medica-
tions from different pharmacologic classes to achieve adequate BP control,2 and
initiation of therapy with 2 antihypertensive agents with complementary
mechanisms should be strongly considered in patients who are more than

DOWNLOAD 
POWERPOINT FIGURES @
www.medreviews.com

RICM0421_06-13.qxd  6/13/08  2:44 PM  Page 96



Dose Transition to Carvedilol CR in Patients With Hypertension

VOL. 9 NO. 2  2008    REVIEWS IN CARDIOVASCULAR MEDICINE    97

20/10 mm Hg above their BP goal.2

Moreover, the selection of antihyper-
tensive medications should be indi-
vidually tailored based on com-
pelling indications.2,3

Many drug classes are used in com-
bination with diuretics and calcium
antagonists, but there is limited ac-
ceptance of �-blocker use either
alone or in combination because of
the expectation of negative meta-
bolic effects.4-6 Recent data from a
meta-analysis also suggest that vaso-
constricting �-blockers such as
atenolol may not significantly re-
duce cardiovascular events.7 For this
reason, we have reviewed the utility
of �-blockade in hypertensive pa-
tients with no compelling cardiovas-
cular indications for �-blocker use,
noting the different pharmacological
profiles of various �-blockers used for
the treatment of hypertension. 

Assuming that a therapeutic regi-
men for a patient with complicated
hypertension may include a �-
blocker, then one of the vasodilating
�-blockers may be a reasonable op-
tion. However, many patients cur-
rently being treated with �-blockers
may experience metabolic conse-
quences and other adverse effects of
treatment. It is therefore important
to prescribe a �-blocker that will not
produce undesirable side effects in
patients with hypertension, espe-
cially those who also have diabetes.
To aid clinicians, we present practical
protocols based on recent studies to
facilitate and maximize ease of con-
version from carvedilol twice daily to
the once-daily carvedilol CR (con-
trolled release) and conversion from
a vasoconstricting �-blocker to a
once-daily vasodilating agent.

Role of �-Blockers in High-Risk
Hypertensive Patients
High-risk hypertensive patients (ie,
those with compelling indications),
including patients with heart failure,

myocardial infarction, high coronary
disease risk, diabetes, chronic kidney
disease, and recurrent stroke, war-
rant particularly aggressive treat-
ment and careful selection of specific
antihypertensive medication classes
(Table 1).2 �-Blockers are indicated in
patients with heart failure, high
coronary disease risk, or diabetes,
and following myocardial infarc-
tion.8-12 In addition to having a pow-
erful BP-lowering effect, �-blockers
are: (1) antiatherogenic: they reduce
inflammation, endothelial dysfunc-
tion, and risk for plaque rupture;
(2) antiarrhythmic: they decrease
heart rate and sympathetic activity;
and (3) anti-ischemic: they decrease
heart rate and BP, and reverse cardiac
remodeling.13-15 Because of these
benefits, �-blockers should not be
relegated to second- or third-line
agents in the high-risk hypertensive
patient. Recent literature has ques-
tioned the efficacy of �-blockers in
patients with hypertension,7,16 how-
ever, the implication that all �-block-
ers lack benefit is based almost ex-
clusively on data from atenolol. Both
the European Society of Hyperten-
sion/European Society of Cardiology
and the Seventh Report of the Joint
National Committee on Prevention,
Detection, Evaluation, and Treat-
ment of High Blood Pressure (JNC7)
recommend �-blockers for patients
with hypertension and previous
myocardial infarction, concomitant
heart failure, diabetes, or coronary
artery disease.2,17 Because negative
side effects (along with complexity
of the regimen) are a frequent cause
of patient nonadherence to therapy,
the optimal choice of �-blocker and
how to switch to an optimal �-
blocker are discussed below.

Choice of �-Blocker
in Antihypertensive Therapy
Currently, atenolol, propranolol,
metoprolol (short- and long-acting

formulations), timolol, labetalol, and
carvedilol (short- and long-acting)
are approved by the US Food and
Drug Administration for use in hy-
pertension and are often used in
practice (Table 2).18 However, �-
blockers differ with respect to phar-
macology (particularly receptor
biology and ancillary properties), he-
modynamic effects, and tolerabil-
ity.19-21 In clinical practice, the
choice of �-blockers for individual
patients with hypertension is often
based on practical issues such as con-
venience and cost. However, given
the pharmacologic and clinical trial
data demonstrating differences,22,23

the choice of �-blocker for the treat-
ment of high-risk hypertension
should be evidence-based.

Atenolol is the most frequently
prescribed �-blocker in patients with
hypertension, but it has not been
shown to reduce heart failure or
mortality in this population over the
long-term when compared with
other active agents.7 A meta-analysis
of 4 studies comparing atenolol with
placebo or no treatment showed
that, despite a clear BP-lowering
effect from atenolol, there were no
differences in outcomes (all-cause
mortality, myocardial infarction, or
cardiovascular mortality) between
atenolol and placebo.24 The same au-
thors also performed a meta-analysis
of 5 studies comparing atenolol with
other antihypertensive drugs; al-
though there were no major differ-
ences in BP lowering between the
treatment arms, there were signifi-
cantly higher mortality rates (rela-
tive risk 1.13; 95% confidence inter-
val [CI], 1.02-1.25) with atenolol
than with other antihypertensive
drugs.7,24

�1-Selective blockers, such as
atenolol and metoprolol, and �1-,
�2-blockers, such as propranolol, are
also associated with negative meta-
bolic effects, including decreased
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insulin sensitivity and lipid metabo-
lism.22,25-27 Carvedilol, a vasodilating
�-blocker (�:� ratio 7.6:1),28 does not
exhibit the carbohydrate and lipid
disturbances that may underlie the
apparent failure of some �-blockers
to reduce cardiovascular morbidity
and mortality.22,26 The Glycemic
Effects in Diabetes Mellitus:
Carvedilol-Metoprolol Comparison
in Hypertensives (GEMINI) study
also demonstrated that carvedilol
does not worsen microalbuminuria,

whereas metoprolol tartrate has a
negative effect on it.29 Small studies
have shown that carvedilol improves
decreased left ventricular hypertrophy
in patients with hypertension,30,31 and
in the Carvedilol Post-Infarct Survival
Control in Left Ventricular Dysfunc-
tion (CAPRICORN) trial, a subgroup
analysis of the post–myocardial
infarction (MI) left ventricular dys-
function (LVD) patients with hyper-
tension showed a 23% risk reduction
in all-cause mortality or nonfatal

MI with carvedilol versus placebo
that was equivalent to the overall
population.32

�-blockers may not be tolerated as
well as other antihypertensive classes,
with side effects including fatigue, re-
duced exercise capacity, and impo-
tence that lead to a greater likelihood
of discontinuation and, subsequently,
less successful BP control.33 Nonselec-
tive �-blockers (vasoconstricting �-
blockers) may also further reduce al-
ready compromised renal blood flow

Table 1
Clinical Trial and Guideline Basis for Compelling Indications 

for Individual Drug Classes

High-Risk Condition Thiazide-Type Guideline and/or 
With Compelling Indication* Diuretic �-Blocker ACEI ARB CCB Ald Ant Clinical Trial Basis†

Heart failure X X X X X ACC/AHA heart failure 
guidelines,18 MERIT-HF,55

COPERNICUS,56 CIBIS,9

SOLVD,57 AIRE,58 TRACE,59

Val-HeFT,60 RALES61

Postmyocardial infarction X X X ACC/AHA post-myocardial 
infarction guidelines,62

BHAT,63 SAVE,64

CAPRICORN,10 EPHESUS65

High coronary disease risk X X X X ALLHAT,12 HOPE,66 ANBP2,67

LIFE,68 CONVINCE69

Diabetes X X X X X NKF-ADA guidelines,70

UKPDS,11 ALLHAT12

Chronic kidney disease X X NKF guidelines,71 Captopril
Trial,72 RENAAL,73 IDNT,74

REIN,75 AASK76

Recurrent stroke prevention X X PROGRESS77

*Compelling indications for antihypertensive drugs are based on benefits from outcome studies or existing clinical guidelines; the compelling indication is
managed in parallel with the blood pressure.
†Conditions for which clinical trials demonstrate benefit of specific classes of antihypertensive drugs used as part of an antihypertensive regimen to achieve
blood pressure goal to test outcomes.
ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium channel blocker; Ald Ant, aldosterone antagonist; ACC/AHA,
American College of Cardiology/American Heart Association; MERIT-HF, Metoprolol CR/XL Randomised Intervention Trial in Congestive Heart Failure;
COPERNICUS, Carvedilol Prospective Randomized Cumulative Survival; CIBIS, Cardiac Insufficiency Bisoprolol Study; SOLVD, Studies of Left Ventricular
Dysfunction; AIRE, Acute Infarction Ramipril Efficacy; TRACE, Trandolapril Cardiac Evaluation; Val-HeFT, Valsartan in Heart Failure Trial; RALES, Randomized
Aldactone Evaluation Study; BHAT, Beta-Blocker Heart Attack Trial; SAVE, Survival and Ventricular Enlargement; CAPRICORN, Carvedilol Post-Infarct Survival
Control in Left Ventricular Dysfunction; EPHESUS, Eplerenone Post–Acute Myocardial Infarction Heart Failure Efficacy and Survival Study; ALLHAT, Antihyper-
tensive and Lipid Lowering Treatment to Prevent Heart Attack Trial; HOPE, Heart Outcomes Prevention Evaluation; ANBP2, Second Australian National Blood
Pressure Study; LIFE, Losartan Intervention For Endpoint Reduction; CONVINCE, Controlled Onset Verapamil Investigation of Cardiovascular Endpoints;
NKF-ADA, National Kidney Foundation–American Diabetes Association; UKPDS, UK Prospective Diabetes Study; RENAAL, Reduction in End Points in Nonin-
sulin-Dependent Diabetes Mellitus With the Angiotensin II Antagonist Losartan; IDNT, Irbesartan in Diabetic Nephropathy Trial; REIN, Ramipril Efficacy in
Nephropathy; AASK, African American Study of Kidney Disease and Hypertension; PROGRESS, Perindopril Protection Against Recurrent Stroke Study.
Adapted with permission from Chobanian AV et al.2
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in patients with hypertension and
may even cause slight decreases in the
glomerular filtration rate.34 In con-
trast, carvedilol has been shown to in-
crease renal blood flow and decrease
peripheral resistance in patients with
hypertension.34-38

For patients with hypertension
and diabetes, the American Associa-
tion of Clinical Endocrinologists
(AACE) guidelines recommend
using an angiotensin-converting en-
zyme inhibitor or angiotensin re-
ceptor blocker as a first- or second-
line agent, a thiazide diuretic as a
first- or second-line agent, and a �-
blocker as a second- or third-line
agent in order to reduce BP to less
than 130/80 mm Hg.39 These guide-
lines, along with those of the Na-
tional Kidney Foundation, recom-
mend that the chosen �-blocker
target both the �- and �-receptors,
which carvedilol does.39,40 Another
�-/�-blocker, labetalol, has a �:�

ratio estimated to range from 3:1 to
7:1 but has no outcome data to sup-
port its use.41 The ratio of � to � is
important because it impacts car-
diac output and tolerability. Al-
though labetalol has �1-blocking
properties, it has been associated
with vasodilating side effects such
as postural hypotension and dizzi-
ness.42 This higher �:� ratio has
demonstrated effects on blood glu-
cose similar to those of metoprolol
succinate, thus supporting a pre-
dominantly � effect.42-44

Until recently, carvedilol was
available only as an immediate-
release formulation requiring twice-
daily dosing, which can be an incon-
venience for patients. Hypertension
treatment requires daily lifelong
treatment with rigid adherence to
therapy; proper BP control is crucial
for the avoidance of hypertensive
complications. Use of once-daily
hypertension drug formulations has

been shown to improve medication
adherence.45 Carvedilol CR, a once-
daily formulation of carvedilol, was
approved by the US Food and Drug
Administration for use in patients
with hypertension, heart failure, and
post–MI left ventricular dysfunction.
With the once-daily dosing of
carvedilol CR, there is an opportu-
nity to improve patient care by in-
creasing the likelihood of medica-
tion adherence.46

Conversion to Vasodilating 
�-Blockers in Patients With
Hypertension
Because carvedilol CR is the only
once-daily vasodilating �-blocker
available in the United States, the
focus on conversion will be from a
twice-daily to a once-daily prepara-
tion. Practical protocols for switch-
ing to carvedilol CR from carvedilol
BID or from other �-blockers are out-
lined below.

Switching From Carvedilol to
Carvedilol CR
Carvedilol CR is a once-daily agent
with dosage strengths of 10, 20, 40,
and 80 mg. Prescription of a once-
daily agent may make adherence
easier for many patients, and there-
fore it may be prudent to switch
patients who are currently on a sta-
ble dose of carvedilol twice daily to
carvedilol CR. A pharmacokinetic/
pharmacodynamic study of carvedilol
CR showed that the pharmacokinet-
ics (area under the curve, maximum
plasma concentration, and trough
drug concentration) of carvedilol
were equivalent (carvedilol CR is less
bioavailable than carvedilol per the
labeling) after administration of
carvedilol CR once daily and imme-
diate-release carvedilol twice daily in
all doses used in hypertension (20,
40, and 80 mg).47 The bioequivalent
doses of carvedilol and carvedilol CR
are noted in Table 3. Figure 1 shows

Table 2
ACC/AHA HF Guidelines: Evidence-Based �-Blocker Indications 

for Treatment of Cardiovascular Disease

Acebutolol HTN

Atenolol HTN Post-MI

Betaxolol HTN

Bisoprolol HTN HF

Carteolol HTN

Carvedilol HTN Post-MI HF; post-MI 

Labetalol HTN

Metoprolol succinate HTN HF

Metoprolol tartrate HTN Post-MI

Nadolol HTN

Penbutolol HTN

Pindolol HTN

Propranolol HTN Post-MI

Timolol HTN Post-MI

ACC/AHA, American College of Cardiology/American Heart Association; HF, indicated for heart failure
and asymptomatic left ventricular dysfunction; HTN, indicated for hypertension; Post-MI, indicated for
reduction in heart failure or other cardiac events following myocardial infarction.
Adapted with permission from Hunt SA et al.18
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the mean steady-state concentration-
time profile for S(–)-carvedilol, the
enantiomer responsible for �-block-
ade, after administration of carvedilol
twice daily and carvedilol CR. The
maximum concentration is reached
approximately 3.5 hours later follow-
ing administration of the carvedilol
CR capsule compared with the twice-
daily formulation, as expected from a
controlled-release agent.47

A randomized, double-blind, re-
peat crossover study in 122 patients
with newly diagnosed controlled or
uncontrolled hypertension demon-
strated the side effect profile of pa-
tients switching from carvedilol
twice daily to carvedilol CR.48 Sub-
jects assigned to the lowest dosage of
carvedilol (6.25 mg BID) for 22 days
were switched to the comparable
lowest dosage of carvedilol CR
(20 mg/d) for 8 days, and subjects as-

signed to the high target dosage of
carvedilol (25 mg BID) for 22 days
were switched to the comparable
high dosage of carvedilol CR (80 mg
QD) for 8 days. The number of sub-
jects experiencing adverse events did
not increase following the switch
from the immediate-release twice-
daily formulation to the CR formula-
tion for either the lower or higher

doses of carvedilol (Table 4).48

Although there was no comparison
for statistical significance, patients
seemed to experience fewer adverse
events on the CR formulation, per-
haps due to its slower rate of rise. The
adverse event profile of carvedilol CR
indicates that patients can be safely
switched from twice-daily to once-
daily carvedilol. Further clinical trial
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Table 3
Dose Conversion Chart for

Carvedilol and Carvedilol CR*

Dose of 
Dose of Carvedilol 
Carvedilol CR

3.125 mg BID 10 mg QD

6.25 mg BID 20 mg QD

12.5 mg BID 40 mg QD

25 mg BID 80 mg QD

*Dose strengths are based on the use of
carvedilol phosphate (which has a higher 
molecular weight than carvedilol) and contain
an additional amount of immediate-release
carvedilol compared with the BID formulation
(approximately 30% higher to adjust for
bioavailability). The relative bioavailability 
(area under the curve, maximum plasma
concentrations, and trough drug concentration)
of carvedilol is equivalent after administration
of the once daily formulation and the twice-
daily formulation. 
Reprinted from the American Journal of Cardiol-
ogy, Vol. 98, Tenero DM, Henderson LS, Baidoo
CA, et al. Pharmacokinetic properties of a new
controlled-release formulation of carvedilol.
Pages 27L-31L.47 Copyright 2006, with permis-
sion from Elsevier.

Table 4
Patients Reporting Adverse Events Before and After 

Switch From Carvedilol to Carvedilol CR

Regimen

Switching at Low Dose Switching at High Dose
(n � 18) (n � 26)

Carvedilol Carvedilol CR Carvedilol Carvedilol CR
Adverse Event 6.25 mg BID (%) 20 mg QD (%) 25 mg BID (%) 80 mg QD (%)

Headache 7 (38.9) 4 (22.2) 10 (38.5) 6 (23.1)

Dizziness 1 (5.6) 2 (11.1) 4 (15.3) 1 (3.8)

Orthostatic 2 (11.1) 2 (11.1) 2 (7.7) 2 (7.7)
hypotension

Any adverse 10 (55.6) 6 (33.3) 14 (53.8%) 9 (34.6)
event

Reprinted from the American Journal of Cardiology, Vol. 98, Henderson LS, Tenero DM, Baidoo CA, et al.
Pharmacokinetic and pharmacodynamic comparison of controlled-release carvedilol and immediate-
release carvedilol at steady state in patients with hypertension. Pages 17-26.48 Copyright 2006, with
permission from Elsevier. 

Figure 1. Mean steady-state concentration-time profile for S(–)-carvedilol after administration of carvedilol BID
and carvedilol CR in patients with hypertension. Reprinted with permission from Tenero DM et al.47
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data and use in the community will
determine if the potential for im-
proved tolerability with the long-
acting formulation is realized.

Because patients who do not ad-
here to antihypertensive medication
have been shown to exhibit poor BP
control,49,50 it may be worth switch-
ing patients to carvedilol CR to im-
prove adherence with a simpler regi-
men and potentially decrease side
effects. Switching patients from
twice-daily carvedilol to once-daily
carvedilol CR is straightforward.
Patients should start the equivalent
dose of carvedilol CR the following
day after their last evening dose of
carvedilol (Table 5).51

Switching From Other 
Agents to Carvedilol CR
As mentioned above, there are prac-
tical reasons to consider switching
many patients from a �-blocker such
as atenolol or metoprolol tartrate to
carvedilol; patients with hyperten-
sion and concomitant diabetes
should be switching from a vasocon-
stricting �-blocker such as atenolol
or metoprolol tartrate to carvedilol
CR, and post-MI LVD patients with
hypertension and those with hyper-
tension and heart failure should also
be switched to carvedilol CR. To help
physicians switch �-blockers in a hy-
pertensive patient, we have provided
an algorithm to help ensure that

patients who are switched maintain
an adequate level of BP lowering and
avoid any negative changes in toler-
ability. Switching from one �-blocker
to another is generally safe and well
tolerated, but physicians should use
their judgment regarding individual
patient tolerance at all times. Pa-
tients should not be switched to
carvedilol if they have a contraindi-
cation to the agent, such as reactive
airway disease; these patients should
remain on a �1-selective agent, prefer-
ably metoprolol succinate.

As would be the case with switch-
ing any medication, all other med-
ications should be stable prior to the
switch to carvedilol CR. It would also
be prudent to avoid adding other
agents with vasodilatory properties,
such as calcium channel blockers, ni-
trates, or other antihypertensives, to
the patient’s regimen directly prior
to or during a switch. A practical al-
gorithm for switching patients with
hypertension from atenolol and
metoprolol to carvedilol CR is shown
in Table 6. The dose equivalencies for
this algorithm are derived both from
clinical experience and the degree of
BP lowering that can be expected
with each dose as well as the poten-
tial for �-blocker–related side effects.
In order to avoid postural hypoten-
sion or dizziness, the algorithms sug-
gest that patients on a medium to
high dose of a previous �-blocker

may be switched to a low to medium
dose of carvedilol CR and then upti-
trated to the equivalent dose as tol-
erated. We have erred on the side of
a lower dose of carvedilol CR to
ensure that patients tolerate the side
effects prior to uptitration. 

Previous studies of �-blockers pro-
vide a basis for expected equivalen-
cies. In the GEMINI trial, doses of
carvedilol and metoprolol tartrate
were titrated to the BP target.22 To
lower BP similarly with the 2 drugs,
each patient’s dose was titrated pro-
gressively, from 6.25 mg BID of
carvedilol or 50 mg BID of metopro-
lol to a maximum dose of 25 mg
carvedilol BID or 200 mg metoprolol
BID at 1- to 2-week intervals, toward
target BP levels, for a total of 2 to 7
weeks. To achieve target BP, the
mean dose required for carvedilol
was 17.5 mg BID; for metoprolol it
was 128 mg BID. Approximately half
of each group required the highest
dose.22 Based on that experience,
40 mg/d of carvedilol CR would
lower BP to the same degree as
approximately 100 to 200 mg BID of
metoprolol tartrate.

In previous studies, dosing with
100 mg metoprolol succinate follow-
ing 6 weeks of treatment (measured
by cuff) was associated with mean re-
ductions at 24 hours in systolic BP,
diastolic BP, and heart rate of �15 mm
Hg, �12 mm Hg, and �7 beats per
minute, respectively.52 Mean reduc-
tions in systolic BP and diastolic BP at
24 hours after dosing with 40 mg of
carvedilol CR following 6 weeks of
therapy (measured by cuff) were
�9.1 mm Hg and �7.6 mm Hg, re-
spectively.53 These prior studies pro-
vide data relevant for guidance for
switching and expected BP-lowering
outcomes. However, no study has
provided data on the direct compari-
son of carvedilol CR and metoprolol
succinate or atenolol; these studies
are ongoing, as described below.

Table 5
Recommended Algorithm for Switching From Carvedilol 

to Carvedilol CR in Patients With Hypertension

Current Dose of Carvedilol Starting Dose of Carvedilol CR

6.25 mg BID 20 mg QD
12.5 mg BID Wait 12 hours* 40 mg QD
25 mg BID 80 mg QD

*Suggestion for patients: take the night-time dose of carvedilol BID and start carvedilol CR the next
morning.
Reprinted with permission from Fonarow GC.51
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The goal for switching is to keep,
or improve, BP control without in-
creasing the likelihood that vasodila-
tion symptoms will occur due to the
initiation of �-blockade. The first
part of this goal may best be
achieved by switching to a dose of
carvedilol CR that, based upon the
GEMINI experience, is likely to re-
duce BP to the same extent or more
than the dose of the �1-selective
agent. This approach would mini-

mize the occurrence of increases in
heart rate or BP while the switch is
being made. However, if the physi-
cian decides to switch the patient at
higher doses of carvedilol CR (40-80
mg), the patient should be counseled
to be aware of the potential for
symptoms such as dizziness (which
is generally transient).

In at least some patients—such as
the elderly, patients with diabetic
neuropathy, or those prone to ortho-

static hypotension—switching at
higher doses might result in dizzi-
ness or other unwanted symptoms of
vasodilation. Patients such as these
would likely benefit from the switch
initially being made to a lower dose
of carvedilol CR than would be ex-
pected to produce the same BP re-
sults as the �1-selective blocking
dose. In this case, uptitrating back to
the higher dose could generally be
done at intervals of several days,
rather than of a week or more. 

In summary, in the absence of spe-
cific clinical trial data on switching
and until further experience with
carvedilol CR is gained, these recom-
mendations coupled with physician
judgment should allow an uncom-
plicated switch to carvedilol CR.

Future Studies
Two studies are currently underway
to directly assess the effect of
carvedilol CR vs metoprolol succi-
nate or atenolol on cardiovascular
risk factors in patients with hyper-
tension.54 These studies will help de-
termine whether the metabolic and
cardiovascular profiles of atenolol
and metoprolol succinate warrant a
switch to carvedilol CR in hyperten-
sive patients. In the Randomized,
Double-Blind, Multicenter Study
Comparing the Effects of Carvedilol
Controlled-Release Formulation
(Carvedilol CR) and Atenolol in
Combination with and Compared to
an Angiotensin Converting Enzyme
Inhibitor (Lisinopril) on Left Ventric-
ular Mass Regression in Hypertensive
Subjects with Left Ventricular Hyper-
trophy (CLEVER) trial, atenolol and
carvedilol CR will be compared to de-
termine the effect on left ventricular
mass regression and left ventricular
hypertrophy as well as on secondary
endpoints, such as BP, heart rate,
lipid profile, and new-onset diabetes.
The �-blocker doses chosen for this
trial are carvedilol CR 20 mg versus

Table 6
Suggested Algorithm for Switching From Other �-Blockers 

to Carvedilol CR in Hypertension*

To Carvedilol CR 

Uptitration (after
When Switching several days to 1 
From: Starting Dose† week) as tolerated‡

Atenolol Wait 24 hours from Carvedilol CR Carvedilol CR
last dose of once-daily
atenolol

50 mg daily§ 20 mg daily 40 mg daily
� 75 mg daily 40 mg daily 80 mg daily

Metoprolol Tartrate Wait 12 hours from
last dose of
metoprolol tartrate 

25-50 mg twice daily 20 mg daily 40 mg daily
75-100 mg twice daily 40 mg daily 80 mg daily
� 100 mg twice daily 40-80 mg daily 80 mg daily

Metoprolol Succinate Wait 24 hours from
last dose of
metoprolol succinate

50-100 mg daily 20 mg daily 40 mg daily
150-200 mg daily 40 mg daily 80 mg daily
� 200 mg daily 40-80 mg daily 80 mg daily

*Physicians should be guided by their own judgment and experience in choosing doses when switching
among drugs.
†In clinical trials, carvedilol CR was initiated in �-blocker-naïve patients at 20 mg. The recommenda-
tions in this table are based on the authors’ clinical and research experience, and advise switching pa-
tients already on a medium-to-high dose of another �-blocker to a medium-to-high dose of carvedilol
CR. A caveat, however: older patients (� 65 years), patients with diabetic neuropathy, or those predis-
posed to orthostatic hypotension should generally start at 20 mg if on a low dose of another �-blocker
and 40 mg if on a high dose of another �-blocker. Such patients may then be uptitrated as tolerated;
switching directly to 80 mg is not recommended in these patients. Physicians should closely monitor
all patients to avoid possible worsening of blood pressure and increases in heart rate after switching to
20 or 40 mg of carvedilol CR, which would call for a quicker uptitration.
‡Uptitrate to achieve BP goal. Maximal dose is 80 mg/d (equivalent to 25 mg of carvedilol BID).
§For patients on a dose of atenolol lower than 50 mg (eg, 25 mg/d), it is unclear what the exact dose
of carvedilol CR would be; however, patients at this low a dose should not be started on higher than
20 mg of carvedilol CR.
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atenolol 50 mg, carvedilol CR 40 mg
versus atenolol 75 mg, and carvedilol
80 mg versus atenolol 100 mg (both
arms will have background therapy
of lisinopril). In the Lipids Trial
(Randomized, Double-Blind, Multi-
center Study Comparing the Effects
of Carvedilol CR Formulation with
Metoprolol Succinate on the Lipid
Profile in Normolipidemic or Mildly
Dyslipidemic Hypertensive Subjects),
metoprolol succinate and carvedilol
CR will be compared to determine
the effects of both agents on lipid
profile. In addition, BP, heart rate,
and occurrence of new-onset dia-
betes will be measured. The doses
chosen are consistent with the
switching equivalencies shown in
Table 6. These 2 trials will better de-
fine the effects of these agents in
patients with hypertension and will
definitively determine if switching
to carvedilol CR from atenolol or
metoprolol is warranted to the
degree suggested by other studies. 

Nebivolol (Forest Laboratories,
New York, NY/Mylan, Inc, Canons-
burg, PA), a new beta-blocker, has
recently been approved by the US
Food and Drug Administration (FDA)
for the treatment of hypertension. It
has been shown to produce vasodila-
tion and reduce total peripheral
resistance brought about by modula-
tion of nitric-oxide release. Ongoing

studies show that nebivolol has
efficacy similar to that of other
approved beta-blockers and a favor-
able side effect profile.

Conclusion
Not all patients with hypertension
achieve the recommended BP goal of
less than 140/90 mm Hg, and many
patients with hypertension and dia-
betes do not achieve the more strin-
gent recommended goal of 130/80
mm Hg. A re-evaluation of the bene-
fit of �-blockers in patients with
hypertension may result in more
frequent use of these BP-lowering
agents and, subsequently, better
outcomes for patients. However, �-
blockers are heterogeneous and
should not be used interchangeably.
Vasoconstricting �-blockers such as
atenolol or metoprolol lower cardiac
output and induce an increase in
peripheral vascular resistance. They
may also lead to metabolic conse-
quences that can promote coronary
artery disease: decreased insulin sen-
sitivity and glucose utilization as
well as increased triglyceride levels
and decreased high-density lipopro-
tein cholesterol levels.

The availability of vasodilating �-
blockers, such as the combined non-
selective �- and �1-blocker carvedilol,
represents the opportunity to use a
�-blocker in patients with hyperten-

sion without the concerning hemo-
dynamic, renal, and metabolic re-
sponses associated with most �-
blocker therapy. Furthermore,
carvedilol increases insulin sensitiv-
ity and glucose disposal and has a
neutral effect on lipid profile. The
availability of once-daily carvedilol
CR should increase the probability of
good adherence to therapy.

In light of the proven benefits of
vasodilating �-blocker therapy, the
previous limitations on �-blocker use
for the treatment of hypertension
should now be reappraised. Patients
on carvedilol twice daily may be
switched to the once-daily formula-
tion to ensure adherence and, per-
haps, reduce side effects. Patients
with hypertension taking vasocon-
stricting �-blockers should be
switched to carvedilol CR following
practical protocols. Ongoing head-
to-head studies will add to the litera-
ture that suggests patients would
benefit from switching from a non-
vasodilating �-blocker to a vasodilat-
ing one, such as carvedilol CR.
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Main Points
• Because of their many benefits, �-blockers should not be relegated to second- or third-line agents in the high-risk

hypertensive patient.

• �-blockers differ with respect to pharmacology (particularly receptor biology and ancillary properties), hemodynamic
effects, and tolerability.

• Use of once-daily hypertension drug formulations has been shown to improve medication adherence.

• The adverse event profile of carvedilol CR indicates that patients can be safely switched from twice-daily to once-daily
carvedilol.

• In order to avoid postural hypotension or dizziness, patients on a medium to high dose of a previous �-blocker may
be switched to a low to medium dose of carvedilol CR and then uptitrated to the equivalent dose as tolerated.

RICM0421_06-24.qxd  6/24/08  6:32 PM  Page 103



Dose Transition to Carvedilol CR in Patients With Hypertension continued

104 VOL. 9 NO. 2  2008   REVIEWS IN CARDIOVASCULAR MEDICINE

Heart J. 1996;17:8-16.
29. Bakris GL, Fonseca V, Katholi RE, et al. Differ-

ential effects of beta-blockers on albuminuria
in patients with type 2 diabetes. Hypertension.
2005;46:1309-1315.

30. Verza M, Ammendola S, Gambardella A, et al.
Regression of left ventricular hypertrophy in
hypertensive elderly patients with carvedilol.
Arch Gerontol Geriatr. 1996;22:143-147.

31. Why HJ, Richardson PJ. Effect of carvedilol on
left ventricular function and mass in hyperten-
sion. J Cardiovasc Pharmacol. 1992;19(suppl 1):
S50-S54.

32. Fonarow GC. The management of the diabetic
patient with prior cardiovascular events. Rev
Cardiovasc Med. 2003;4(suppl 6):S38-S49.

33. Messerli FH, Beevers DG, Franklin SS, Pickering
TG. Beta-blockers in hypertension—the em-
peror has no clothes: an open letter to present
and prospective drafters of new guidelines for
the treatment of hypertension. Am J Hypertens.
2003;16:870-873.

34. Heitmann M, Davidsen U, Stokholm KH, et al.
Renal and cardiac function during alpha1-beta-
blockade in congestive heart failure. Scand J
Clin Lab Invest. 2002;62:97-104.

35. Tomita K, Marumo F. Effect of long-term
carvedilol therapy on renal function in essen-
tial hypertension. J Cardiovasc Pharmacol.
1992;19(suppl 1):S97-S101.

36. Dupont AG. Effects of carvedilol on renal func-
tion. Eur J Clin Pharmacol. 1990;38(suppl 2):
S96-S100.

37. Bakris GL, Hart P, Ritz E. Beta blockers in the
management of chronic kidney disease. Kidney
Int. 2006;70:1905-1913.

38. Berger AK, Duval S, Krumholz HM. Aspirin,
beta-blocker, and angiotensin-converting
enzyme inhibitor therapy in patients with end-
stage renal disease and an acute myocardial
infarction. J Am Coll Cardiol. 2003;42:201-208.

39. AACE Hypertension Task Force. American Asso-
ciation of Clinical Endocrinologists medical
guidelines for clinical practice for the diagnosis
and treatment of hypertension. Endocr Pract.
2006;12:193-222.

40. Bakris GL, Williams M, Dworkin L, et al. Pre-
serving renal function in adults with hyperten-
sion and diabetes: a consensus approach. Am J
Kidney Dis. 2000;36:646-661.

41. Richards DA, Prichard BN. Clinical pharmacol-
ogy of labetalol. Br J Clin Pharmacol. 1979;
8(suppl 2):89S-93S.

42. Tomlinson B, Bompart F, Graham BR, et al. Va-
sodilating mechanism and response to physio-
logical pressor stimuli of acute doses of
carvedilol compared with labetalol, propra-
nolol and hydralazine. Drugs. 1988;36:37-47.

43. Chung PC, Sum DC. The effect of high dose in-
travenous labetalol on plasma glucose during
surgery. Ma Zui Xue Za Zhi. 1993;31:233-236.

44. Odugbesan O, Toop M, Barnett AH. Beta- and
alpha-adrenergic blockade and metabolic
responses to insulin induced hypoglycaemia in
diabetics. Diabetes Res. 1987;5:135-138.

45. Claxton AJ, Cramer J, Pierce C. A systematic
review of the associations between dose regi-
mens and medication compliance. Clin Ther.
2001;23:1296-1310.

46. Osterberg L, Blaschke T. Adherence to medica-
tion. N Engl J Med. 2005;353:487-497.

47. Tenero DM, Henderson LS, Baidoo CA, et al.

(investigator-initiated) grants from the
National Institutes of Health (National Insti-
tute of Diabetes and Digestive and Kidney
Diseases/National Heart, Lung, and Blood
Institute), Forest, GlaxoSmithKline, and
Myogen. Dr. Weber has served as a consultant
for Boehringer-Ingelheim, Daiichi-Sankyo,
GlaxoSmithKline, Merck, and Novartis. He has
been a speaker (received honoraria) from
Boehringer-Ingelheim, BMS, Daiichi-Sankyo,
GlaxoSmithKline, Merck, Novartis, Pfizer, and
sanofi-aventis. This article received support
from Corbett Accel Healthcare Group.

References
1. Ong KL, Cheung BM, Man YB, et al. Prevalence,

awareness, treatment, and control of hyperten-
sion among United States adults 1999-2004.
Hypertension. 2007;49:69-75.

2. Chobanian AV, Bakris GL, Black HR, et al. Sev-
enth report of the Joint National Committee
on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure. Hypertension.
2003;42:1206-1252.

3. Douglas JG, Bakris GL, Epstein M, et al. Man-
agement of high blood pressure in African
Americans: consensus statement of the Hyper-
tension in African Americans Working Group
of the International Society on Hypertension in
Blacks. Arch Intern Med. 2003;163:525-541.

4. Sharma AM, Pischon T, Hardt S, et al. Hypoth-
esis: beta-adrenergic receptor blockers and
weight gain: a systematic analysis. Hypertension.
2001;37:250-254.

5. Jacob S, Henriksen EJ. Metabolic properties of
vasodilating beta blockers: management con-
siderations for hypertensive diabetic patients
and patients with the metabolic syndrome.
J Clin Hypertens (Greenwich). 2004;6:690-698.

6. Sarafidis PA, Bakris GL. Antihypertensive ther-
apy and the risk of new-onset diabetes. Diabetes
Care. 2006;29:1167-1169.

7. Lindholm LH, Carlberg B, Samuelsson O.
Should beta blockers remain first choice in the
treatment of primary hypertension? A meta-
analysis. Lancet. 2005;366:1545-1553. 

8. Beta-Blocker Heart Attack Trial Research Group.
A randomized trial of propranolol in patients
with acute myocardial infarction. I. Mortality
results. JAMA. 1982;247:1707-1714.

9. CIBIS Investigators and Committees. A ran-
domized trial of beta-blockade in heart failure.
The Cardiac Insufficiency Bisoprolol Study
(CIBIS). Circulation. 1994;90:1765-1773.

10. CAPRICORN Investigators. Effect of carvedilol
on outcome after myocardial infarction in
patients with left-ventricular dysfunction: the
CAPRICORN randomised trial. Lancet. 2001;
357:1385-1390.

11. UK Prospective Diabetes Study Group. Efficacy
of atenolol and captopril in reducing risk of
macrovascular and microvascular complica-
tions in type 2 diabetes: UKPDS 39. BMJ. 1998;
317:713-720.

12. ALLHAT Collaborative Research Group. Major
cardiovascular events in hypertensive patients
randomized to doxazosin vs chlorthalidone:
the antihypertensive and lipid-lowering treat-

ment to prevent heart attack trial (ALLHAT).
JAMA. 2000;283:1967-1975.

13. Tse WY, Kendall M. Is there a role for beta-
blockers in hypertensive diabetic patients?
Diabet Med. 1994;11:137-144.

14. Fonarow GC. Managing the patient with dia-
betes mellitus and heart failure: issues and con-
siderations. Am J Med. 2004;116(suppl 5A):76S-
88S.

15. Bell DS. Use of beta blockers in the patient with
diabetes. Endocrinologist. 2003;13:116-123.

16. Sever P. New hypertension guidelines from the
National Institute for Health and Clinical
Excellence and the British Hypertension Soci-
ety. J Renin Angiotensin Aldosterone Syst. 2006;7:
61-63.

17. 2003 European Society of Hypertension–
European Society of Cardiology guidelines for
the management of arterial hypertension.
J Hypertens. 2003;21:1011-1053.

18. Hunt SA, Abraham WT, Chin MH, et al.
ACC/AHA 2005 Guideline Update for the Diag-
nosis and Management of Chronic Heart
Failure in the Adult: a report of the American
College of Cardiology American Heart Associa-
tion Task Force on Practice Guidelines (Writing
Committee to Update the 2001 Guidelines for
the Evaluation and Management of Heart Fail-
ure): developed in collaboration With the
American College of Chest Physicians and the
International Society for Heart and Lung Trans-
plantation: endorsed by the Heart Rhythm So-
ciety. Circulation. 2005;112:1825-1852.

19. Bristow MR. Mechanism of action of beta-
blocking agents in heart failure. Am J Cardiol.
1997;80:26L-40L.

20. Bristow MR. Beta-adrenergic receptor blockade
in chronic heart failure. Circulation. 2000;101:
558-569.

21. Packer M. Beta-adrenergic blockade in chronic
heart failure: principles, progress, and practice.
Prog Cardiovasc Dis. 1998;41:39-52.

22. Bakris GL, Fonseca V, Katholi RE, et al. Meta-
bolic effects of carvedilol vs metoprolol in
patients with type 2 diabetes mellitus and
hypertension: a randomized controlled trial.
JAMA. 2004;292:2227-2236.

23. Poole-Wilson PA, Swedberg K, Cleland JG, et al.
Comparison of carvedilol and metoprolol on
clinical outcomes in patients with chronic
heart failure in the Carvedilol or Metoprolol
European Trial (COMET): randomised con-
trolled trial. Lancet. 2003;362:7-13.

24. Carlberg B, Samuelsson O, Lindholm LH.
Atenolol in hypertension: is it a wise choice?
Lancet. 2004;364:1684-1689.

25. Jacob S, Rett K, Wicklmayr M, et al. Differential
effect of chronic treatment with two beta-
blocking agents on insulin sensitivity: the
carvedilol-metoprolol study. J Hypertens. 1996;
14:489-494.

26. Giugliano D, Acampora R, Marfella R, et al.
Metabolic and cardiovascular effects of carvedilol
and atenolol in non-insulin-dependent diabetes
mellitus and hypertension: a randomized, con-
trolled trial. Ann Intern Med. 1997;126:955-959.

27. Haenni A, Lithell H. Treatment with a beta-
blocker with beta 2-agonism improves glucose
and lipid metabolism in essential hyperten-
sion. Metabolism. 1994;43:455-461.

28. Yoshikawa T, Port JD, Asano K, et al. Cardiac
adrenergic receptor effects of carvedilol. Eur

RICM0421_06-21.qxd  6/24/08  12:57 PM  Page 104



Dose Transition to Carvedilol CR in Patients With Hypertension

VOL. 9 NO. 2  2008    REVIEWS IN CARDIOVASCULAR MEDICINE    105

diuretics for hypertension in the elderly. N Engl
J Med. 2003;348:583-592.

68. Dahlöf B, Devereux RB, Kjeldsen SE, et al. Car-
diovascular morbidity and mortality in the
Losartan Intervention For Endpoint reduction
in hypertension study (LIFE): a randomised trial
against atenolol. Lancet. 2002;359:995-1003.

69. Black HR, Elliott WJ, Grandits G, et al. Principal
results of the Controlled Onset Verapamil
Investigation of Cardiovascular End Points
(CONVINCE) trial. JAMA. 2003;289:2073-2082.  

70. Bakris GL, Williams M, Dworkin L, et al for the
National Kidney Foundation Hypertension and
Diabetes Executive Committees Working
Group. Preserving renal function in adults with
hypertension and diabetes: a consensus ap-
proach. National Kidney Foundation Hyperten-
sion and Diabetes Executive Committees Work-
ing Group. Am J Kidney Dis. 2000;36:646-661.

71. National Kidney Foundation. K/DOQI Clinical
Practice Guidelines for Chronic Kidney Disease:
Evaluation, Classification, and Stratification.
http://www.kidney.org/professionals/kdoqi/
guidelines_ckd/toc.htm. Accessed April 9, 2008. 

72. Hebert LA, Bain RP, Verne D, for the Collabora-
tive Study Group. Remission of nephrotic range
proteinuria in type I diabetes. Kidney Int.
1994;46:1688-1693.

73. Brenner BM, Cooper ME, de Zeeuw D, et al.
Effects of losartan on renal and cardiovascular
outcomes in patients with type 2 diabetes
and nephropathy. N Engl J Med. 2001;345:861-
869.

74. Berl T, Hunsicker LG, Lewis JB, et al. Cardiovas-
cular outcomes in the Irbesartan Diabetic
Nephropathy Trial of patients with type 2 dia-
betes and overt nephropathy. Ann Intern Med.
2003;138:542-549.

75. The GISEN Group. Randomised placebo-
controlled trial of effect of ramipril on decline
in glomerular filtration rate and risk of termi-
nal renal failure in proteinuric, non-diabetic
nephropathy. Lancet. 1997;349:1857-1863.

76. Wright JT Jr, Bakris G, Greene T, et al. Effect of
blood pressure lowering and antihypertensive
drug class on progression of hypertensive kid-
ney disease: results from the AASK trial. JAMA.
2002;288:2421-2431.

77. Chalmers J, Neal B, MacMahon S, for the
PROGRESS Management Committee. PROGRESS
(Perindopril Protection Against Recurrent Stroke
Study): regional characteristics of the study
population at baseline. J Hypertens Suppl. 2000;18:
S13-S19.

Pharmacokinetic properties of a new controlled-
release formulation of carvedilol. Am J Cardiol.
2006;98(7A):27L-31L.

48. Henderson LS, Tenero DM, Baidoo CA, et al.
Pharmacokinetic and pharmacodynamic com-
parison of controlled-release carvedilol and
immediate-release carvedilol at steady state in
patients with hypertension. Am J Cardiol. 2006;
98:17-26.

49. Haynes RB, Taylor DW, Sackett DL, et al. Can
simple clinical measurements detect patient
noncompliance? Hypertension. 1980;2:757-764.

50. Weir MR, Maibach EW, Bakris GL, et al. Impli-
cations of a healthy lifestyle and medication
analysis for improving hypertension control.
Arch Intern Med. 2000;160:481-490.

51. Fonarow GC. Profile of carvedilol controlled-
release: a new once-daily formulation of
carvedilol. Expert Opin Pharmacother. 2006;7:
2533-2546.

52. Houtzagers JJ, Smilde JG, Creytens G, Wester-
gren G. Efficacy and tolerability of a new
controlled-release formulation of metoprolol: a
comparison with conventional metoprolol
tablets in mild to moderate hypertension. Eur J
Clin Pharmacol. 1988;33(suppl):S39-S44.

53. Weber MA, Bakris GL, Tarka EA, et al. Efficacy
of a once-daily formulation of carvedilol for
the treatment of hypertension. J Clin Hypertens
(Greenwich). 2006;8:840-849.

54. Bakris GL, Tarka EA, Waterhouse B, et al. Car-
diovascular risk factors in hypertension: ratio-
nale and design of studies to investigate the
effects of controlled-release carvedilol on
regression of left ventricular hypertrophy and
lipid profile. Am J Cardiol. 2006;98:46-52.

55. MERIT-HF Investigators. Effect of metoprolol
CR/XL in chronic heart failure: Metoprolol
CR/XL Randomised Intervention Trial in Con-
gestive Heart Failure (MERIT-HF). Lancet. 1999;
353:2001-2007.

56. Carson P, Fowler MB, Mohacsi P. Effect of
carvedilol in black patients with severe heart
failure: results of the COPERNICUS study. Pre-
sented at the American Heart Association 74th
Annual Scientific Sessions; November 14, 2001;
Anaheim, CA [abstract 3550]. Circulation. 2001;
104(suppl II):II-754.

57. The SOLVD Investigators. Effect of enalapril on
mortality and the development of heart failure
in asymptomatic patients with reduced left
ventricular ejection fractions. N Engl J Med.
1992;327:685-691.

58. The Acute Infarction Ramipril Efficacy (AIRE)

Study Investigators. Effect of ramipril on mor-
tality and morbidity of survivors of acute my-
ocardial infarction with clinical evidence of
heart failure. Lancet. 1993;342:821-828.

59. Køber L, Torp-Pedersen C, Carlsen JR, et al for
the TRACE Study Group. A clinical trial of the
angiotensin-converting enzyme inhibitor
trandolapril in patients with left ventricular
dysfunction after myocardial infarction. N Engl
J Med. 1995;333:1670-1676.

60. Cohn JN, Tognoni G, for the 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.

61. Kulbertus H. Study of the month. The RALES
study (randomized aldactone evaluation study.
Rev Med Liege. 1999;54:770-772.

62. Antman EM, Anbe DT, Armstrong PW, et al.
ACC/AHA guidelines for the management of
patients with ST-elevation myocardial
infarction—executive summary. A report of the
American College of Cardiology/American
Heart Association Task Force on Practice Guide-
lines (Writing Committee to revise the 1999
guidelines for the management of patients with
acute myocardial infarction). J Am Coll Cardiol.
2004;44:671-719.

63. A randomized trial of propranolol in patients
with acute myocardial infarction. I. Mortality
results. JAMA. 1982;247:1707-1714.

64. Pfeffer MA, Braunwald E, Moyé LA, et al. Effect
of captopril on mortality and morbidity in
patients with left ventricular dysfunction after
myocardial infarction: results of the Survival
and Ventricular Enlargement trial. The SAVE
Investigators. N Engl J Med. 1992;327:669-677.

65. Pitt B, Remme W, Zannad F, et al for the
Eplerenone Post-Acute Myocardial Infarction
Heart Failure Efficacy and Survival Study Inves-
tigators. Eplerenone, a selective aldosterone
blocker, in patients with left ventricular
dysfunction after myocardial infarction. N Engl
J Med. 2003;348:1309-1321. 

66. Yusuf S, Sleight P, Pogue J, et al. Effects of an
angiotensin-converting–enzyme inhibitor,
ramipril, on cardiovascular events in high-risk
patients.The Heart Outcomes Prevention Eval-
uation Study Investigators. N Engl J Med.
2000;342:145-153.

67. Wing LM, Reid CM, Ryan P, et al for the Second
Australian National Blood Pressure Study
Group. A comparison of outcomes with an-
giotensin-converting–enzyme inhibitors and

RICM0421_06-21.qxd  6/24/08  12:57 PM  Page 105




