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Background: Patients with ischemic cardiomyopathy (ICM) may continue to experience 

persistent chest pain and/or dyspnea despite pharmacologic therapy and revascularization. We 

hypothesized that ranolazine would reduce anginal symptoms or dyspnea in optimally treated 

ICM patients.

Methods: In this randomized, double-blind, crossover-design pilot study, 28 patients with ICM 

(ejection fraction less or equal 40%) were included after providing informed consent. A total of 

24 patients completed both placebo and ranolazine treatments and were analyzed. All patients were 

on treatment with a beta blocker, an angiotensin-converting enzyme inhibitor (or angiotensin recep-

tor blocker), and at least one additional antianginal drug. After randomization, patients received 

up to 1,000 mg ranolazine orally twice a day, as tolerated, versus placebo. The primary end point 

was change in angina as assessed by the Seattle Angina Questionnaire (SAQ), or in dyspnea as 

assessed by the Rose Dyspnea Scale (RDS). Change in the RDS and SAQ score from baseline was 

compared, for ranolazine and placebo, using the Wilcoxon signed rank test or paired t-test.

Results: Patients had the following demographic and clinical variables: mean age of 71.5 years; 

male (82.1%); prior coronary bypass surgery (67.9%); prior coronary percutaneous intervention 

(85.7%); prior myocardial infarction (82.1%); diabetes (67.9%); and mean ejection fraction of 

33.1%. No statistical difference was seen between baseline RDS score and that after placebo 

or ranolazine (n=20) (P$0.05). There was however, an improvement in anginal frequency  

(8/10 patients) (P=0.058), quality of life (8/10 patients) (P=0.048), and mean score of all com-

ponents of the SAQ questionnaire (n=10) (P=0.047) with ranolazine compared with placebo.

Conclusion: In optimally treated ICM patients with continued chest pain or dyspnea, ranola-

zine possibly had a positive impact on quality of life, a reduction in anginal frequency, and an 

overall improvement in the mean SAQ component score compared with baseline. Ranolazine 

did not change the dyspnea score compared with baseline.

Keywords: controlled study, ischemic heart disease, reduced ejection fraction, microvascular 

disease, angina

Introduction
Patients with ischemic cardiomyopathy (ICM) and reduced ejection fraction (EF) 

may continue to experience persistent chest pain and dyspnea despite optimal medi-

cal therapy and/or revascularization. In a recent study of a large database from Duke 

University Medical Center, 59% of patients with ICM and reduced EF were found to 
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continue to have angina pectoris despite medical therapy, and 

this was associated with an increased risk of cardiovascular 

death and cardiovascular hospitalization.1 Angina in patients 

with ICM does respond favorably to afterload reduction and 

nitrate therapy.2 However, in some patients, this may persist, 

likely due to microvascular disease, diastolic dysfunction, and 

diffuse nontreatable coronary artery disease. Even in patients 

with nonischemic cardiomyopathy, angina is prevalent and 

is likely due to reduction in myocardial perfusion at rest and 

stress, and, subsequently, subendocardial ischemia.3

Ranolazine has been shown to reduce anginal frequency 

and to increase exercise time without angina or electrocardio-

graphic ischemic changes when compared with placebo, in 

patients on anti-ischemic drugs.4,5 Its safety has been validated 

by the Metabolic Efficiency with Ranolazine for Less Ischemia 

in Non-ST-Elevation Acute Coronary Syndromes (MERLIN)-

TIMI 36 trial.6 MERLIN demonstrated no increase in arrhyth-

mia or mortality in patients with acute coronary syndromes 

treated with ranolazine compared with placebo.

Patients with reduced EF and known diabetes were 

included in the ranolazine trials, and there was no evidence that 

they responded less to treatment. No safety issues were raised 

in these subgroups. However, there is no randomized double 

blind study that has evaluated ranolazine in patients with 

continued angina and ICM with an EF of less than 40%.

The purpose of this randomized pilot study was to deter-

mine the efficacy and safety of ranolazine compared with 

placebo, in symptomatic patients with ICM and reduced EF 

despite optimal medical therapy and revascularization.

Methods
This was a prospective, double-blind, crossover, randomized 

pilot trial (ClinicalTrials.gov identifier: NCT01345188) in 

which a total of 28 patients with ICM nontreatable by further 

revascularization were enrolled and randomly assigned to an 

initial treatment with ranolazine or placebo, in addition to 

conventional medical treatment for their cardiomyopathy. 

Patients were on angiotensin-converting enzyme inhibi-

tor (ACEI) or angiotensin receptor blocker (ARB), a beta 

blocker, and at least one additional anti-ischemic drug 

(amlodipine or long-acting nitrate).

Following a 2-week washout period, patients were 

randomized to either placebo or ranolazine for 6 weeks fol-

lowed by a 2-week washout period before crossing over to 

the alternative treatment for 6 additional weeks (Figure 1). 

A total of 24 patients were able to complete the study and 

were treated randomly with both placebo and ranolazine. 

During the study, patients were kept on the same antianginal 

drugs in addition to the study drug. The primary end point 

of the study was the improvement in angina as assessed by 

the Seattle Angina Questionnaire (SAQ),7 or in dyspnea as 

assessed by the Rose Dyspnea Scale (RDS).8 The SAQ and 

RDS were administered at baseline immediately prior to 

randomization, after 6 weeks of each treatment with either 

placebo or ranolazine, and at the end of the 2-week washout 

period immediately prior to crossover treatment. The inves-

tigators and the patient remained blinded to the treatment 

until the completion of the trial.

The SAQ7 score was determined by a core laboratory (CV 

Outcomes, Inc. www.cvoutcomes.org) that was blinded to 

patient treatment. SAQ is a self-administered questionnaire that 

objectively scores five components of coronary artery disease 

presentation, including anginal stability, anginal frequency, 

physical limitation, treatment satisfaction, and disease percep-

tion. Scoring is done by assigning each response an ordinal 

value. A low score indicates a low level of functioning. Typi-

cally, scores for each component are analyzed and compared 

independently. Although a mean score of SAQ components 

was calculated in this report, its value has not been validated.

The RDS8 is a four-item questionnaire that evaluates 

a patient’s dyspnea with regular activities. Each question 

answered positively is given a score of 1, and the total 

score is 4. A higher score indicates dyspnea leading to more 

physical limitation.

Figure 1 Crossover randomized design of ranolazine versus placebo in patients with ischemic cardiomyopathy and persistent angina or dyspnea.
Abbreviations: R, randomization; RDs, Rose Dyspnea scale; saQ, seattle angina Questionnaire.
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Patients were included in the study if they: 1) had ICM 

with continued symptoms on guideline-directed medical 

treatment, where optimal medical treatment was defined 

as treatment with two anti-ischemic agents (amlodipine 

or long-acting nitrates on top of beta blockers) as well 

as an ACEI/ARB unless contraindicated, and continued 

symptoms defined as significant exertional angina or dys-

pnea, interfering with the patient’s daily activity; 2) had 

angiographic documentation of coronary artery disease that 

was not amenable to treatment by coronary intervention 

(already treated or nontreatable); 3) had a recent EF of 

less than or equal to 40% within 6 months of enrollment, 

as assessed by echocardiography or isotope ventriculogra-

phy; and 4) were able to sign an informed consent before 

enrollment. There was no prespecified exclusion based on 

QTc or renal function. Dialysis patients were excluded. 

The protocol was conducted using Good Clinical Practice 

(http://www.fda.gov/ScienceResearch/SpecialTopics/

RunningClinicalTrials/) and was approved by the Institu-

tional Review Board at UnityPoint Health System, Trinity 

Medical Center.

There was a high prevalence of patients with prior diabetes 

mellitus (67.9%) and prior myocardial infarction (82.1%). 

The mean EF was 33.1%. All patients received ranolazine 

500 mg tablets or a matching placebo to take twice daily for  

1 week. If tolerated, both ranolazine and the matching 

placebo were increased to 1,000 mg orally twice a day. 

If the patient experienced side effects from the high 

dose of ranolazine or placebo, the drug was resumed at 

500 mg orally twice daily (Figure 2). All patients had 

an electrocardiogram, a physical exam, vital signs, and 

chest pain and/or dyspnea assessment with the SAQ and 

RDS, respectively, at each visit. Compliance with medi-

cations was assessed at each visit (baseline and end of 

each treatment).

statistical analysis
RDS scores at baseline and after treatment with ranolazine 

or placebo were compared using the Wilcoxon signed rank 

test. Continuous data from the SAQ was compared using 

paired t-test. In this exploratory randomized pilot study, no 

statistical power or sample size was prespecified.

Results
A total of 28 patients were included in this study. In all,  

24 patients received the allocated ranolazine treatment, and 

Figure 2 CONSORT flow diagram of the Ranexa® trial in ischemic cardiomyopathy patients with reduced ejection fraction.
Abbreviations: COnsORT, Consolidated standards of Reporting Trials; FU, follow up; RDs, Rose Dyspnea scale; Rx, prescription; saQ, seattle angina Questionnaire.
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25 patients received the placebo treatment. A total 24 patients 

completed both treatment arms and were the subject of this 

analysis (Figure 2). Of the 24 patients analyzed, ten patients 

had angina and 20 patients had dyspnea (six patients had both). 

Demographic and clinical variables are presented in Table 1. 

The majority of the patients had advanced heart failure symp-

toms based on dyspnea with minimal activity, indicating the 

extent of limitation on their daily activity. The mean QTc was 

429 msec (range 320–534 msec). Also, three patients had a 

creatinine over 2 mg/dL, but no patients were on dialysis.

The pretreatment baseline SAQ and RDS scores prior 

to randomization (after the first washout period) and before 

crossover treatment (after the second washout period) were 

not statistically different. Among the patients with dyspnea 

(n=20), no statistically significant change in mean RDS 

score was seen following treatment with either placebo or 

ranolazine (-0.34 versus -0.45, respectively) (P$0.05), 

although a type II error cannot be excluded because of the 

small number of patients in the study. There was, however, 

an apparent improvement in anginal frequency (8/10 patients) 

(P=0.058), quality of life (8/10 patients) (P=0.048), and 

average score of all components of the SAQ questionnaire 

(n=10) (P=0.047) between baseline and after treatment with 

ranolazine (Table 2 and Figure 3).

The most common side effects reported in the ranolazine 

arm included nausea, dizziness, constipation, headache, 

hypotension, and dyspnea; all have been previously reported 

with ranolazine.4,5 No sustained ventricular arrhythmia 

was noted. In the placebo patients, dizziness was reported. 

One patient had to withdraw after transferring to a nurs-

ing home. Three patients withdrew voluntarily shortly 

after randomization, and one person was lost to follow up.  

In all, 11/24 (45.8%) patients on ranolazine were able to be 

increased to 1,000 mg twice a day. The remaining 13/24 

(54.2%) patients remained at 500 mg twice a day because 

of: 1) intolerance to high dose related to side effects (6/24); 

2) potential drug interactions with metformin, simvastatin, 

or digoxin (as per investigator’s preference) (4/24); or  

3) for other, undetermined reasons (3/24). On the other hand, 

16/24 (66.7%) patients on placebo had their dose increased 

to 1,000 mg twice a day.

Two serious adverse events (SAEs) occurred: one was 

a stroke in a patient who was on ranolazine but who had a 

history of atrial fibrillation; another patient was admitted to 

the hospital with exacerbation of his heart failure, but this 

patient also had pneumonia and sepsis. Both SAEs were 

considered unrelated to the study drug.

Discussion
Ranolazine is a selective inhibitor of the late Na+ current, 

reducing excess Na+ entry into the cells and, therefore, 

reducing Na+/Ca2+ exchanger-mediated Ca2+ overload.  

Ca2+ overload is associated with mechanical and electrical 

instability and mitochondrial dysfunction, all leading to 

diastolic dysfunction, arrhythmia, and cell injury.9 In the 

Monotherapy Assessment of Ranolazine in Stable Angina 

(MARISA) trial, ranolazine increased exercise duration, 

time to 1 mm ST depression, and time to angina. Ranolazine 

minimally affected heart rate and systolic blood pressure.4 

Exercise duration was dose-dependent, as were side effects. 

More adverse events were noted at the 1,500 mg twice daily 

dosing, which is not an approved dose. In MARISA, 16.8% 

of patients had class I/II heart failure, and the treatment effect 

in this subgroup was not different from the entire cohort.4

Similarly, in the Combination Assessment of Ranolazine 

in Stable Angina (CARISA) trial,5 exercise duration was 

also significantly increased following ranolazine compared 

with placebo. Also time to angina was increased, and the 

Table 1 Descriptive and clinical characteristics

n Mean ± SD

age 28 71.5±8.4
Body mass index 28 32.5±8
ejection fraction 28 33.1±7.6

Percentage
Male 28 82.1
Prior coronary intervention 28 85.7
Prior coronary bypass surgery 28 67.9
Previous myocardial infarction 28 82.1
Renal insufficiency (creatinine .1.5 mg/dl) 28 10.7
Chronic lung disease 28 10.7
Peripheral vascular disease 28 17.9
hypertension 28 75
Cerebrovascular disease 28 14.3
hyperlipidemia 28 96.4
new York heart association class 28

1 3.6
2 3.6
3 89.2
4 3.6

Tobacco use 28
never smoked 32.1
Current smoker 53.6
stopped 6 or more months 14.3

Diabetes mellitus 28
none 32.1
Type 1 39.3
Type 2 28.6

Device implant 28
none 32.4
Pacer 21.4
Internal defibrillator 17.9
Combined pacer/defibrillator 28.3

Abbreviation: sD, standard deviation.
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Table 2 seattle angina Questionnaire variables

Baseline 1 Ranolazine Baseline 2 Placebo P-value* P-value**

Physical limitation 62.19 64.35 62.35 58.02 0.223 0.168
anginal stability 61.11 61.11 50 63.89 0.500 0.123
anginal frequency 71.11 86.67 74.44 74.44 0.058 0.500
Treatment satisfaction 88.89 92.36 89.58 87.5 0.151 0.384
Quality of life 58.33 72.22 68.52 66.67 0.048 0.389
Mean score 68.33 75.34 68.98 70.10 0.047 0.374

Notes: *Comparing baseline 1 to ranolazine. **Comparing baseline 2 to placebo. Baseline 1 = baseline score at time of randomization. Baseline 2 = baseline score at end 
of washout period.

Figure 3 Line graph showing the change in scores of each component and the mean score of the Seattle Angina Questionnaire, with ranolazine (A) and placebo (B), when 
compared at baseline and after 6 weeks of treatment.
Abbreviation: QOl, quality of life.

number of anginal attacks and use of nitroglycerin were 

reduced with ranolazine compared with placebo. In the 

CARISA study, 28% to 31% of patients had congestive 

heart failure. Ranolazine effectiveness was not affected by 

the presence of heart failure.

Intracellular Na+ is increased in patients with heart failure, 

probably related, in part, to increase in CaMKII-dependent 

phosphorylation of Na+ channels, with subsequent increase 

in the inward Na+ current.10,11 In the present study, anginal 

frequency and the mean of SAQ component scores was 

improved with ranolazine in patients with ICM and reduced 

EF, possibly related to reduction of intracellular Na+ and 

Ca2+, and improvement in diastolic dysfunction and coronary 

perfusion. Dyspnea score, however, was not changed with 

ranolazine. The etiology of dyspnea can be multifactorial, 

including fluid overload, deconditioning, obesity, ischemia, 

and pulmonary conditions. Therefore, dyspnea may have 

not been a reliable symptom to measure the effectiveness of 

ranolazine in patients with ICM and reduced EF. Although 

ranolazine may positively influence ischemia-induced dysp-

nea, it is likely that it has no effect on other causes of dyspnea. 

Also, it should be noted that most of the study patients had 

very advanced New York Heart Association functional class 

III symptoms despite medical treatment and, therefore, may 

represent a cohort of patients with advanced disease that may 

not be responsive to ranolazine.

Guideline-based therapy considers beta blockers and 

ACEI as ACC/AHA Class I treatment in patients with isch-

emic heart disease and reduced left-ventricular function.12 

The addition of a Ca2+ channel blocker, nitrates, or ranolazine 

is also considered class I therapy in ischemic heart disease 

patients with continued symptoms and already receiving beta 

blockers. In our study, patients were on a beta blocker and an 

ACEI/ARB. Also, all of them received one additional anti-

ischemic drug in addition to beta blockers, meeting guideline-

based therapy for ischemic heart disease. They were included 

in the study only after failure of two anti-ischemic drugs and, 

therefore, they represent a challenging subgroup of patients to 

treat. Despite this, ranolazine demonstrated a possible benefit 

in this subgroup, as demonstrated by the SAQ.

Ranolazine at a 500 mg twice daily dose was well-

tolerated in this study. However, 6/24 (25%) patients could 

not tolerate the higher dose of 1,000 mg twice daily. Also, 

44.8% in the ranolazine arm were advanced to the higher dose 

versus 66.7% in the placebo arm, which may reflect on some 

increase in side effects with ranolazine at higher dosing in 

ICM. There were no fatal or sustained ventricular arrhythmias 

noted, consistent with the drug safety profile.
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Conclusion
In conclusion, ranolazine possibly exerted a positive effect 

in reducing angina and improving the composite SAQ 

score when compared with placebo, in patients with ICM 

and reduced EF. Quality of life also improved significantly. 

Ranolazine, however, had no impact on the dyspnea score.  

A large randomized trial is needed to validate these findings.

limitation of the study
In any crossover randomized trial, patients may become aware 

of the active drug because of either its effectiveness or side 

effects, which could bias their reporting of symptoms. Also, 

the impact of the initial treatment may have influenced the 

response to the alternative subsequent treatment, although this 

is less likely given the 2-week washout period and the short 

half-life of ranolazine (7 hours). In fact, the baseline SAQ 

scores at onset of randomization and after the 2-week washout 

period were statistically not different. Furthermore, the use of 

spironolactone was not a prerequisite to enroll patients in this 

study. Whether the use of aldosterone inhibitors would have 

affected the findings of this study is unclear. It is, however, 

unlikely, as the same patients were crossed over randomly to 

both placebo and ranolazine on the background of unchanged 

baseline medical therapy. Finally, this study was an explor-

atory pilot trial with no prespecified statistical power or sample 

size calculations. The positive outcomes on angina, however, 

should encourage a larger trial to validate these findings.
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