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CHRONIC ANGINA IS A DEBILI-
tating illness affecting at least
6.6 million US residents.1 Pa-
tients report limitation of

their work and other activities 2 to 3
times more frequently than what is re-
ported by the general population.2 De-
spite the continued explosive growth
in myocardial revascularization,1 largely
to prevent angina attacks,3 most pa-
tients continue to require antianginal
drugs; furthermore, despite both revas-
cularization and pharmacotherapy, up
to 26% of patients still experience at-
tacks.4,5

Currently available antianginal drugs
(�-blockers, calcium channel block-
ers, and nitrates) all work to reduce
myocardial oxygen demand by decreas-
ing 1 or more indices of cardiac work
(although the latter 2 classes may also
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Context Many patients with chronic angina experience anginal episodes despite re-
vascularization and antianginal medications. In a previous trial, antianginal mono-
therapy with ranolazine, a drug believed to partially inhibit fatty acid oxidation, in-
creased treadmill exercise performance; however, its long-term efficacy and safety have
not been studied in combination with �-blockers or calcium antagonists in a large pa-
tient population with severe chronic angina.

Objectives To determine whether, at trough levels, ranolazine improves the total
exercise time of patients who have symptoms of chronic angina and who experience
angina and ischemia at low workloads despite taking standard doses of atenolol, am-
lodipine, or diltiazem and to determine times to angina onset and to electrocardio-
graphic evidence of myocardial ischemia, effect on angina attacks and nitroglycerin
use, and effect on long-term survival in an open-label observational study extension.

Design, Setting, and Patients A randomized, 3-group parallel, double-blind, placebo-
controlled trial of 823 eligible adults with symptomatic chronic angina who were ran-
domly assigned to receive placebo or 1 of 2 doses of ranolazine. Patients treated at
the 118 participating ambulatory outpatient settings in several countries were en-
rolled in the Combination Assessment of Ranolazine In Stable Angina (CARISA) trial
from July 1999 to August 2001 and followed up through October 31, 2002.

Intervention Patients received twice-daily placebo or 750 mg or 1000 mg of rano-
lazine. Treadmill exercise 12 hours (trough) and 4 hours (peak) after dosing was as-
sessed after 2, 6 (trough only), and 12 weeks of treatment.

Main Outcome Measures Change in exercise duration, time to onset of angina,
time to onset of ischemia, nitroglycerin use, and number of angina attacks.

Results Trough exercise duration increased by 115.6 seconds from baseline in both rano-
lazine groups (pooled) vs 91.7 seconds in the placebo group (P=.01). The times to an-
gina and to electrocardiographic ischemia also increased in the ranolazine groups, at peak
more than at trough. The increases did not depend on changes in blood pressure, heart
rate, or background antianginal therapy and persisted throughout 12 weeks. Ranolazine
reduced angina attacks and nitroglycerin use by about 1 per week vs placebo (P�.02).
Survival of 750 patients taking ranolazine during the CARISA trial or its associated long-
term open-label study was 98.4% in the first year and 95.9% in the second year.

Conclusion Twice-daily doses of ranolazine increased exercise capacity and pro-
vided additional antianginal relief to symptomatic patients with severe chronic angina
taking standard doses of atenolol, amlodipine, or diltiazem, without evident adverse,
long-term survival consequences over 1 to 2 years of therapy.
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improve oxygen supply). However, for
many patients receiving treatment, an-
gina persists, illustrating the need for
a drug with an anti-ischemic mecha-
nism complementary and therefore po-
tentially additive to those of the exist-
ing agents.

The antianginal action of ranola-
zine may be related to partial inhibi-
tion of fatty acid oxidation,6,7 which can
produce anti-ischemic effects without
depressing hemodynamic function.8 In-
hibition of fatty acid oxidation recip-
rocally increases glucose oxidation,
which generates more adenosine tri-
phosphate for each molecule of oxy-
gen consumed.9 This shift in substrate
selection may reduce myocardial oxy-
gen supply needed to support a given
level of cardiac work so that for any
level of coronary flow, ischemia should
be less likely.

The Monotherapy Assessment of
Ranolazine In Stable Angina (MARISA)
trial was the first placebo-controlled
trial to establish the antianginal and
anti-ischemic effects of ranolazine
monotherapy, demonstrating in-
creased exercise tolerance and pro-
longed times to exercise-induced an-
gina and ischemic ST-segment
depression with twice-daily ranola-
zine doses ranging from 500 mg to 1500
mg.10 The Combination Assessment of

Ranolazine In Stable Angina (CARISA)
trial assessed the antianginal and anti-
ischemic effects of ranolazine in symp-
tomatic chronic angina patients with se-
vere coronary disease, evidenced by
exercise-induced myocardial ische-
mia at low workloads despite treat-
ment with standard doses of atenolol,
amlodipine, or diltiazem.

METHODS
Study Overview

CARISA was a double-blind, 3-group
parallel trial in which patients were ran-
domly assigned to receive twice-daily
placebo or 750 mg or 1000 mg of sus-
tained-release ranolazine for 12 weeks
(CV Therapeutics, Palo Alto, Calif)
(FIGURE 1). Patients were stratified ac-
cording to the antianginal therapy they
were taking at the time of enrollment
(50 mg of atenolol , 180 mg of diltia-
zem in a once-a-day formulation, or 5
mg of amlodipine once a day). The
choice of back-ground therapy was at
the discretion of the investigator and the
doses were fixed throughout the study.
One patient interrupted background
therapy (atenolol) for 1 day prior to per-
forming the week 12 exercise tread-
mill test. The protocol was approved by
the appropriate institutional review
board governing each participating cen-
ter, and all participants signed a writ-

ten informed consent form that ex-
plained the risks and benefits of study
participation.

The primary aim of the study was to
compare the effects of ranolazine vs pla-
cebo on treadmill exercise duration at
trough ranolazine levels (ie, 12 hours af-
ter dosing). Secondary efficacy end
points included exercise duration at the
approximate time of peak drug levels (ie,
4 hours after dosing), times to angina
and to 1 mm ST-segment depression at
peak and trough, and the angina at-
tacks and sublingual nitroglycerin uses
reported in the patients’ daily diaries. Vi-
tal signs were measured and recorded,
and drug tolerability and safety were as-
sessed.

Patient Selection
All patients had coronary artery dis-
ease (confirmed by angiography, docu-
mented prior myocardial infarction, or
a diagnostic stress myocardial imag-
ing study) and a minimum 3-month
history of exertional angina. Patients
were withdrawn from antianginal drugs
(other than the required background
therapy) for at least 5 days before the
first qualifying exercise test and for the
remainder of the trial. At the screen-
ing visit, which was at the start of the
washout phase, a medical history,
physical examination, resting electro-
cardiogram (ECG), blood pressure and
heart rate measurements, and clinical
laboratory tests were performed. Eli-
gible patients had reproducible an-
gina, ischemic ST-segment depression
of at least 1 mm and limited exercise
capacity on treadmill testing (3-9 min-
utes on a modified Bruce protocol)
while receiving required background
antianginal treatment with the most
commonly used agents and doses in
clinical practice (atenolol 50 mg, am-
lodipine 5 mg, or diltiazem 180 mg once
daily). Factors that precluded satisfac-
tory interpretation of the ECG (eg, rest-
ing ST-segment depression �1 mm in
any lead, left bundle-branch block, di-
goxin therapy), class III or IV heart fail-
ure, or an acute coronary syndrome or
coronary revascularization procedure
within the prior 2 months were exclu-

Figure 1. Patient Study Flow Diagram

823 Patients Randomized

279 Included in Safety Analysis269 Included in Safety Analysis

258 Included in Primary
Efficacy Analysis

272 Included in Primary
Efficacy Analysis

275 Included in Safety Analysis

261 Included in Primary
Efficacy Analysis

258 Completed the 2-wk Exercise
Treadmill Test

11 Dropped Out

272 Completed the 2-wk Exercise
Treadmill Test

7 Dropped Out

261 Completed the 2-wk Exercise
Treadmill Test

14 Dropped Out

244 Completed the 12-wk Exercise
Treadmill Test

14 Dropped Out

254 Completed the 12-wk Exercise
Treadmill Test

18 Dropped Out

239 Completed the 12-wk Exercise
Treadmill Test

22 Dropped Out

269 Assigned to Receive Placebo
Twice Daily

279 Assigned to Receive Ranolazine
750 mg Twice Daily

275 Assigned to Receive Ranolazine
1000 mg Twice Daily

Safety data are presented for all 823 patients who received at least 1 dose of study medication. Efficacy data
are available from 791 patients (737 patients completed the full 12-week protocol and 54 patients had the last
observation carried forward).
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sion criteria. Voltage criteria for left ven-
tricular hypertrophy in the absence of
repolarization abnormalities were not
an exclusion criterion.

Randomization
Quintiles (UK) Limited (Bracknell, En-
gland) generated separate randomiza-
tion schedules using a random num-
ber generator in SAS version 6.12 (SAS
Institute, Cary, NC). Randomization
was stratified by the 3 background an-
tianginal therapies (atenolol, amlo-
dipine, and diltiazem), using a block
size of 6. The schedules were sent to
Brecon Pharmaceuticals Ltd (Hay-on-
Wye, England), for drug packaging and
preparation of the code break enve-
lopes. A second paper copy and a disk-
based electronic backup were filed se-
curely in a sealed envelope at Quintiles
Limited. Brecon provided the sealed
medication assignment envelope to the
clinical units for each patient random-
ized in the study. Depending on ex-
pected enrollment, each site received
study medication in either single or
multiple sets of mini blocks. The medi-
cation assignment was provided to the
principal investigator in a sealed enve-
lope to be used only if knowledge of the
therapeutic assignment was required to
treat a medical emergency.

Exercise Protocol
Eligible patients entered a single-
blind, placebo-treatment qualifying
phase during which they had 2 modi-
fied Bruce exercise treadmill tests11 con-
ducted 1 week apart. A supine stan-
dard 12-lead ECG was obtained before
each exercise treadmill test, and stand-
ing torso ECGs were monitored
throughout the exercise testing. A core
ECG laboratory (St Louis University; St
Louis, Mo) blinded to treatment as-
signment interpreted all rest and exer-
cise ECGs. All rest ECGs were classi-
fied using the Minnesota code. All
exercise ECGs were analyzed using cus-
tomized software as previously de-
scribed.12 The longest QT interval in
each 12-lead ECG was reported, cor-
rected using Bazett’s formula. QT dis-
persion measurements, defined as the

difference in milliseconds between the
longest and shortest QT interval ob-
served in the ECG tracing, were re-
corded.

Exercise-induced ECG ischemia was
defined as the new development of hori-
zontal or down-sloping ST-segment de-
pression (�1 mm at 80 milliseconds af-
ter the J point) vs baseline tracing. For
patients with permitted baseline ST-
depression at rest (�1 mm), qualify-
ing ST-segment depression was de-
fined as additional ST depression of at
least 1 mm below the resting value. Pa-
tients were randomized into the double-
blind phase of the study if they devel-
oped exercise-limiting angina and ECG
ischemia between 3 and 9 minutes dur-
ing both qualifying exercise treadmill
tests, and the difference in exercise du-
ration between the 2 tests did not ex-
ceed 20% of the longer test or 1 minute.

Subsequent exercise tests were per-
formed at trough drug levels 2, 6, and
12 weeks after randomization. At 2 and
12 weeks after randomization, a peak
exercise test was performed approxi-
mately 4 hours after dosing, and on the
same day, after the 12-hour postdos-
ing trough exercise test had been com-
pleted.

Statistical Analyses
Under the assumptions of normally dis-
tributed data and an SD of 80 seconds,
a sample size of 462 evaluable patients
was projected to have 90% power to de-
tect a difference of 30 seconds in the pri-
mary end point (exercise duration at
trough) between 750 mg of ranolazine
and placebo and between 1000 mg of
ranolazine and placebo. After consider-
ing a potential 20% dropout rate, it was
estimated that 577 patients would need

Table 1. Baseline Characteristics*

Variables
Placebo
(n = 269)

Ranolazine, mg
Twice Daily

P
Value

750
(n = 279)

1000
(n = 275)

Background antianginal drug
once daily, No. (%)

Atenolol, 50 mg 118 (43.9) 119 (42.7) 117 (42.6)

Amlodipine, 5 mg 81 (30.1) 86 (30.8) 89 (32.4) .69

Diltiazem, 180 mg 70 (26.0) 74 (26.5) 69 (25.1)

Age, mean (SD), y 63.7 (8.9) 64.3 (9.3) 63.9 (9.3) .73

Age, No. (%), y
�65 140 (52.0) 138 (49.5) 137 (49.8)

.80
�65 129 (48.0) 141 (50.5) 138 (50.2)

Male, No. (%) 202 (75.1) 217 (77.8) 219 (79.6) .45

Baseline electrocardiographic results, No. (%)
Pathologic Q waves 45 (16.7) 59 (21.1) 55 (20.0)

Major ST-T wave abnormalities† 39 (14.5) 41 (14.7) 35 (12.7)
.57

Minor ST-T wave abnormalities† 71 (26.4) 68 (24.4) 82 (29.8)

No pathologic Q or ST-T waves 114 (42.4) 111 (39.8) 103 (37.5)

Prior medical history, No. (%)
Hypertension 173 (64.3) 177 (63.4) 177 (64.4) .97

Unstable angina 54 (20.1) 58 (20.8) 65 (23.6) .54

Myocardial infarction 150 (55.8) 166 (59.5) 158 (57.5) .67

Congestive heart failure 77 (28.6) 87 (31.2) 78 (28.4) .72

Coronary artery bypass graft surgery 36 (13.4) 53 (19.0) 56 (20.4) .07

Percutaneous coronary intervention 53 (19.7) 46 (16.5) 53 (19.3) .57

Diabetes mellitus 57 (21.2) 68 (24.4) 64 (23.3) .67

Angina frequency, mean (SD), attacks/wk 4.6 (5.7) 4.3 (5.3) 4.5 (5.4) .84

Nitroglycerin use, mean (SD), tablets/wk 4.0 (6.7) 4.0 (7.7) 3.7 (6.9) .86

*Treatment comparison P values for continuous variables are from an analysis of variance with effects fitted for treat-
ment and background therapy. Treatment comparison P values for categorical variables are based on a Cochran
Mantel-Haenszel test, stratified by background therapy.

†Without pathologic Q waves.
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to be enrolled. To reassess the sample
size estimate, the protocol specified that
a treatment-blinded interim assess-
ment of the SD about the primary end
point (change from baseline in total ex-
ercise treadmill test duration at trough)
would be performed when 231 or one
half of the planned completed study pa-
tients had been randomized and fol-
lowed up for 12 weeks. The recalcula-

tion of sample size, using only blinded
data, was adjusted based on the esti-
mated SD of the primary efficacy pa-
rameter (exercise duration at trough)
from the aggregate data and yielded a re-
vised SD estimate that increased the
sample size to at least 810 patients (ad-
justed for dropouts).13-15

The primary efficacy parameter was
the change from baseline in exercise

treadmill time at trough, analyzed us-
ing an analysis of variance model with
terms for treatment, pooled site, back-
ground therapy, and baseline exercise
treadmill time, using the last observa-
tion carried forward after randomiza-
tion on an intent-to-treat basis. For the
primary efficacy parameter, a 2-stage,
step-down procedure, based on closed
testing and union intersection prin-
ciples, maintained the experiment-
wise type I error rate at .05.16,17 The first
step compared the 2 ranolazine treat-
ment doses with placebo. When statis-
tical significance was achieved, the in-
dividual doses were compared with
placebo. All comparisons were carried
out using 2-sided � of .05.

Angina frequency and nitroglycerin
consumption per week of double-
blind treatment were descriptively
summarized. Because the data were not
normally distributed, treatment com-
parisons between ranolazine and pla-
cebo were obtained from a nonpara-
metric analysis of variance model using
ranked data with effects of treatment,
baseline covariate, pooled site, and
background therapy.18A survival curve
was prepared using Kaplan-Meier es-
timates for 750 patients, including 554
who received ranolazine in the CARISA
trial and 196 patients who began open-
label ranolazine after receiving double-
blind placebo during the CARISA trial.
Patients were censored 1 day after their
last treatment with ranolazine. Data are
given as least square means (SE unless
otherwise noted).

RESULTS
The CARISA trial began in July 1999
and ended in August 2001. Long-term
follow-up is reported through Octo-
ber 31, 2002. Patients (n=823) were
randomized at 118 investigational sites
in 15 countries, received at least 1 dose
of the double-blind study medication,
and contributed safety data. At enroll-
ment, 354 patients (43%) were taking
atenolol; 256 (31.1%), amlodipine; and
213 (25.9%), diltiazem. Baseline char-
acteristics, including the distribution of
the background antianginal drugs, an-
gina frequency, and nitroglycerin use,

Table 2. Treadmill Exercise Data, Intent-to-Treat Population*

Variables
Placebo
(n = 258)

Ranolazine, mg Twice Daily

750
(n = 272)

1000
(n = 261)

Trough Ranolazine Levels

Background antianginal drug once daily, No. (%)
Atenolol, 50 mg 115 (44.6) 116 (42.7) 112 (42.9)

Amlodipine, 5 mg 77 (29.8) 86 (31.6) 86 (33.0)

Diltiazem, 180 mg 66 (25.6) 70 (25.7) 63 (24.1)

Exercise duration, mean (SE), s
Baseline 418.3 (6.3) 416.4 (6.2) 414.7 (6.3)

Change from baseline 91.7 (8.3) 115.4 (8.0) 115.8 (8.2)

Difference from placebo 23.7 (10.9) 24.0 (11.0)

P value vs placebo .03 .03

Time to onset of angina, mean (SE), s
Baseline 326.7 (6.4) 324.7 (6.5) 326.7 (6.7)

Change from baseline 114.3 (9.2) 144.0 (8.9) 140.3 (9.1)

Difference from placebo 29.7 (12.1) 26.0 (12.2)

P value vs placebo .01 .03

Time to ECG ischemia, mean (SE), s
Baseline 298.9 (8.9) 310.0 (9.1) 301.6 (9.2)

Change from baseline 125.1 (9.2) 145.1 (9.0) 146.2 (9.3)

Mean difference from placebo 19.9 (12.2) 21.1 (12.4)

P value vs placebo .10 .09

Peak Ranolazine Levels

(n = 256) (n = 270) (n = 255)

Exercise duration, mean (SE), s
Baseline 466.5 (8.2) 464.8 (8.1) 470.4 (7.9)

Change from baseline 65.4 (8.1) 99.4 (7.8) 91.5 (8.1)

Mean difference from placebo 34 (10.7) 26.1 (10.8)

P value vs placebo .001 .02

Time to onset of angina, mean (SE), s
Baseline 389.2 (8.3) 387.8 (8.5) 383.6 (8.2)

Change from baseline 88.9 (9.4) 126.9 (9.1) 126.8 (9.4)

Mean difference from placebo 38.0 (12.4) 37.9 (12.6)

P value vs placebo .002 .003

Time to ECG ischemia, mean (SE), s
Baseline 404.3 (9.5) 410.5 (9.4) 400.4 (10.3)

Change from baseline 59.2 (9.0) 100.0 (8.7) 93.8 (8.9)

Mean difference from placebo 40.8 (11.8) 34.5 (11.9)

P value vs placebo �.001 .004
Abbreviation: ECG, electrocardiogram.
*All values (except baselines, which are mean [SE]) are least square means (SEs) based on an analysis of variance

model, including effects for baseline, pooled site, background therapy, and treatment. There were no significant dif-
ferences between treatment groups in any baseline exercise time. Times to angina and to ECG ischemia substitute
exercise duration when angina or ECG ischemia did not occur. Changes from baseline are to last observation car-
ried forward.
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were similar across the 3 treatment
groups at baseline, although margin-
ally fewer patients in the placebo group
had undergone bypass surgery
(TABLE 1). Two hundred sixty-nine pa-
tients were assigned to receive pla-
cebo, and 279 were assigned to re-
ceive 750 mg, and 275 to receive 1000
mg of ranolazine (Figure 1). Each medi-
cation dosage was prescribed to be
taken twice a day.

Treadmill Exercise Testing
The primary end point of the study
was met. Exercise duration for those
taking either ranolazine dose (pooled)
was increased compared with placebo
(P=.01). Each individual ranolazine
dose increased treadmill exercise
duration at both trough (P=.03) and
peak (P�.02) (TABLE 2). This effect
was sustained throughout 12 weeks of
therapy a t bo th dosage leve l s
(FIGURE 2). Similar results were
observed for times to angina and to
ECG ischemia. Effects at peak were
generally greater than at trough. Anti-
anginal background therapy did not
significantly modify the response to
ranolazine (FIGURE 3).

In addition to testing differences be-
tween placebo and ranolazine using last
observation carried forward analysis, a
sensitivity analysis of the primary effi-
cacy variable was found to support the
conclusions obtained. We found that
the study would have failed to demon-
strate efficacy if the 11 patients with
missing data in the placebo group had
an increase from baseline in exercise du-
ration of 91.7 seconds while the 21 pa-
tients taking ranolazine with missing
data had a decrease from baseline of 40
seconds or more, which is unlikely. Fi-
nally, differences between treatment
groups were tested in all patients after
12 weeks of treatment. The results were
not appreciably different from results
obtained using the last observation car-
ried forward method.

Angina Frequency and
Nitroglycerin Consumption
At baseline, patients were very symp-
tomatic, experiencing an average of 4.5

angina attacks per week, prompting
nearly as many nitroglycerin uses.
Ranolazine reduced the mean (SE) an-
gina attacks per week from 3.3 (0.3) for
placebo to 2.5 (0.2) for 750 mg
(P = .006) to 2.1 (0.2) for 1000 mg
(P�.001) ranolazine. Ranolazine also
significantly reduced nitroglycerin con-
sumption with a similar dose re-
sponse (FIGURE 4).

Hemodynamic Data
There were no clinically meaningful
changes in standing or end-exercise
blood pressures or heart rates. The fol-
lowing least square means (SEs) change
from baseline reached statistical sig-
nificance vs placebo: For the 1000-mg
ranolazine group, standing systolic
blood pressure decreased by 2.8 (1.1)
mm Hg at trough and 2.8 (1.2) mm Hg
at peak (P=.02), end-exercise systolic
blood pressure decreased by 3.3 (1.5)
mm Hg at trough (P=.04) but did not
change at peak, and end-exercise heart
rate at trough was reduced by 2.8/min
(1.2/min; P = .02) and decreased by
2/min at peak (P=.09). For the 750-mg
ranolazine group, the end-exercise heart
rate decreased by 3.1/min (1.2/min;
P=.01) at trough and by 2.3/min at peak
(1.2/min; P=.05).

Adverse Events
Adverse events were reported in 26.4%
of patients in the placebo group and
31.2% in the 750-mg and 32.7% in the
1000-mg ranolazine groups. The most
common dose-related adverse effects
were constipation, dizziness, nausea,
and asthenia (�7.3% in both ranola-
zine groups; �0.7% in the placebo
group). Mortality during the 12-week
randomization trial (including the 14-
day safety follow-up) in the placebo
group was 1.1% (3/269) and was 0.7%
(2/279) in the 750-mg and 0.4% (1/
275) in the 1000-mg ranolazine groups.
Five patients in the 1000-mg ranola-
zine group reported experiencing syn-
cope. None were injured during their
events; all recovered spontaneously, and
no symptoms, signs, or ECG evidence
of ventricular tachyarrhythmias were
recorded.

ECG Findings
Small, dose-related increases in
Bazett’s QTc interval occurred with
ranolazine vs placebo. At week 12, the
mean (SE) QTc were 421.5 (1.0) mil-
liseconds for the placebo group and
427.6 (1.0) milliseconds for the
750-mg and 430.7 (1.0) miliseconds
for the 1000-mg ranolazine groups.
The mean (SE) increases over placebo
were 6.1 (1.3) milliseconds for the
750-mg and 9.2 (1.4) milliseconds for
the 1000-mg ranolazine groups (P
�.001). Ranolazine did not affect QT

Figure 2. Change in Treadmill Exercise
Duration From Baseline at Trough Ranolazine
Levels Over Time
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Figure 3. Change in Treadmill Exercise
Duration by Background Antianginal
Treatment
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dispersion. No torsade de pointes was
observed.

Long-term Follow-up
As of October 31, 2002, among 750 pa-
tients who took ranolazine during the
CARISA trial or during the open-label
follow-up study, 685 had received their
first dose at least 1 year earlier; 292 pa-
tients received their first dose at least
2 years earlier. Of these, 480 (70.1%)
after year 1 and 173 (59.2%) after year
2 continued taking ranolazine. After 2
years, 128 (74.0%) of 173 patients were
still receiving doses of less than 1000
mg of ranolazine twice a day. Survival
rates for those taking ranolazine were
98.4% (95% CI, 97.4%-99.5%) at year
1 and 95.9% (95% CI, 94.0%-97.7%) at
year 2 .

COMMENT
The frequency of angina attacks is the
most significant determinant of qual-
ity of life for patients with chronic an-
gina, even after adjusting for their many
comorbidities.19 Consequently, an in-
creasing majority of revascularization
procedures are done for angina relief
rather than for improving survival, es-
pecially in the United States.1,3 Never-
theless, a year after their procedures,
most patients still require antianginal
medications and up to 26% of them still
have angina attacks.4,5

We report the first evidence that rano-
lazine can reduce both angina fre-
quency and nitroglycerin consumption
when added to a standard dose of 1 of 3
frequently prescribed antianginal drugs:
atenolol, amlodipine or diltiazem. The
decrease in angina attacks vs placebo was
slightly less than 1 per week for those in
the 750-mg and somewhat more than 1
per week for those in the 1000-mg rano-
lazine groups(Figure 4). Exercise dura-
tion after 12 weeks of ranolazine therapy
increased by 115.6 seconds at trough for
those taking ranolazine compared with
91.7 seconds for those taking placebo.
This net increase is similar to that ob-
served with ranolazine as monotherapy
in an earlier placebo-controlled random-
ized trial10 and to improvements ob-
served in some trials of current thera-
pies added to one another.20,21 Of note,
however, in several earlier studies, cur-
rent antianginal drugs in combination
have not always improved exercise ca-
pacity compared with monotherapy.22-24

Exercise testing also confirmed continu-
ous antianginal and anti-ischemic ef-
fects throughout the 12-hour dosing in-
terval, maintained from 2 through 12
weeks of treatment. The absence of an
evident dose response in exercise pa-
rameters between 750-mg and 1000-mg
ranolazine groups in the CARISA trial
contrasts to the dose effects observed for
angina frequency and nitroglycerin use
in this study. In the MARISA trial,10 a
broader dose range (500-1500 mg of
ranolazine twice daily) likely facilitated
the demonstration of a clear dose effect
on exercise parameters.

Experimental studies with ranola-
zine suggest that the most likely mecha-
nism of action is mediated through a
partial reduction in fatty acid oxida-
tion and consequent reciprocal in-
crease in glucose oxidation during pe-
riods of myocardial stress, resulting in
more adenosine triphosphate synthe-
sized per molecule of oxygen con-
sumed.6-9 To confirm the proposed
mechanism of action of ranolazine, in
the clinical setting of patients with an-
gina, additional studies would need to
be performed. Unlike nitrates, �-block-
ers, and calcium antagonists that me-

diate their action through hemody-
namic effects, ranolazine did not have
clinically significant effects on heart rate
or blood pressure, consistent with its
proposed metabolic mechanism.7,10

Ranolazine may thus be well suited for
patients with lower blood pressures or
heart rates, in whom the institution or
upward titration of antianginal drugs
with important hemodynamic effects
may not be tolerated.

The most common adverse effects
with ranolazine were constipation, nau-
sea, asthenia, anddizziness,nomore than
6.2%greater thanwhat theplacebogroup
experienced for each reaction. Five pa-
tients taking 1000 mg of ranolazine ex-
perienced syncope. Four of the 5 were
taking diltiazem, which is known to in-
crease ranolazine plasma levels,25 and all
were taking an angiotensin-converting
enzyme inhibitor. Although little or no
effect of ranolazine on mean blood pres-
sures has been observed over the dose
range of 500 mg to 1000 mg twice daily,
postural hypotension and syncope have
occurred in healthy volunteers given
higher doses, up to 2000 mg twice daily.
This is likely due to �1-adrenergic re-
ceptor blocking activity at higher doses
and plasma concentrations. Thus, syn-
cope should be avoidable by the usual
clinical practice of initiating antiangi-
nal therapy with the lowest available dose
and carefully titrating upward based on
both efficacy and tolerability. Small QTc
increases (�10 milliseconds vs pla-
cebo, on average) were not associated
with persistent, frank QT prolongation
in any patient nor with a mean increase
in QT dispersion. Torsade de pointes has
not been reported on ranolazine. The
ECG effects with ranolazine appear to be
balanced between inhibition of the po-
tassium currents, IKr and IKs , which
lengthens the QT, and inhibition of the
late sodium current, late INa,26 that sup-
presses early after depolarizations in iso-
lated cardiomyocytes.

One- and 2-year survival rates of
98.4% and 95.9% with ranolazine are
not worrisome, considering that these
patients had severe chronic angina, with
about four angina attacks per week at
baseline, and exercise-induced angina

Figure 4. Angina Frequency and
Nitroglycerin Consumption in the
Intent-to-Treat Population
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and ischemic ST segment depression at
workloads of less than 5 metabolic
equivalents. Annual mortality rates in
such patients have been reported rang-
ing from 4% to 13%.27,28

In conclusion, ranolazine affords ad-
ditional anti-anginal and anti-ischemic
efficacy in patients with severe chronic
angina who remain symptomatic while
taking standard doses of atenolol, am-
lodipine, or diltiazem, with minimal he-
modynamic effects and without evi-
dent adverse long-term survival
consequences over 1 to 2 years of
therapy. It may be particularly useful in
patients who cannot tolerate the initia-
tion or upward titration of currently
available antianginal drugs because of
their depressive effects on blood pres-
sure and heart rate.
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Be able to be alone. Lose not the advantage of soli-
tude, and the society of thyself.

—Sir Thomas Browne (1605-1682)

RANOLAZINE FOR TREATMENT OF CHRONIC ANGINA

316 JAMA, January 21, 2004—Vol 291, No. 3 (Reprinted) ©2004 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023


