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هل هو دواء حقيقي محفز القلب والأوعية الدموية أو جاك له جميع الصفات، ولكنه سيد لا شيء؟
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abstract: Cardiovascular disease (CVD) is a leading cause of morbidity and mortality worldwide. Although the 
majority of patients with CVD are treated with interventional procedures, a substantial number require medical 
therapy in terms of both prognosis and symptomatic relief. However, commonly used agents such as β-blockers 
and calcium channel blockers reduce blood pressure in patients whose resting pressures are often already low. 
Ranolazine is a promising agent that does not have significant effects on blood pressure or heart rate. Use of 
this drug has been documented in various cardiovascular conditions, including ischaemic heart disease, heart 
failure and arrhythmias. This review article aimed to examine current evidence on the use of ranolazine in various 
cardiovascular conditions in order to determine whether it is a true pluripotent cardiovascular agent or, on the 
other hand, a “jack of all trades, master of none.”
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الملخ�ص: تعتبر �أمرا�ض القلب والأوعية الدموية ال�سبب الرئي�سي للمرا�ضه والوفيات في جميع �أنحاء العالم. وعلى الرغم من �أن غالبية 
المر�ضى الذين يعانون من الأمرا�ض القلبية الوعائية يتم التعامل معهم ب�إجراءات تدخلية، �إلا �أن عددًا كبيًرا منهم يحتاجون �إلى علاج 
طبي للأعرا�ض و�أي�ضا للتنب�ؤ بم�سار المر�ض. ومع ذلك، ف�إن العوامل الم�ستخدمة ب�شكل �شائع مثل حا�صرات م�ستقبلات بيتا وحا�صرات 
قنوات الكال�سيوم تقلل من �ضغط الدم لدى المر�ضى الذين تكون عندهم �ضغوط الراحة منخف�ضة بالفعل. رانولازين هو دواء جديد واعد 
و لي�س له �أثار كبيرة على �ضغط الدم �أو معدل �ضربات القلب. وقد تم توثيق ا�ستخدام هذا الدواء في مختلف الحالات القلبية الوعائية، بما 
في ذلك مر�ض نق�ص تروية القلب، وف�شل القلب وعدم انتظام �ضربات القلب. هدفت هذه المقالة المرجعية �إلى فح�ص الأدلة الحالية على 
ا�ستخدام دواء الرانولازين في مختلف الحالات القلبية الوعائية من �أجل تحديد ما �إذا كان هذا الدواء متعدد القدرات فعلا �أم، من ناحية 

�أخرى، انه “جاك له جميع ال�صفات، ولكنه �سيد لا �شيء.”
الكلمات المفتاحية: العلاج بالعقاقير؛ رانولازين؛ عقاقير القلب والأوعية الدموية؛ �أمرا�ض القلب والأوعية الدموية؛ مر�ض القلب الإقفاري.
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Cardiovascular disease (cvd) is a lead- 
ing cause of mortality worldwide; moreover, 
according to the British Heart Foundation, 

CVD-related morbidity continues to represent a 
main cause of hospital admission.1 Chest pain and 
stable angina are common manifestations of ischaemic 
heart disease (IHD), while breathlessness is the main 
presentation of heart failure.2 Other cardiovascular 
conditions that result in hospital admission and out- 
patient visits include arrhythmias, such as atrial fibrill-
ation (AF) or supraventricular tachycardia. Certain 
cardiovascular agents—such as β-blockers, calcium 
(Ca) channel blockers and angiotensin-converting 
enzyme inhibitors—can be used for both patients 
with IHD and those with heart failure; however, most 
of these agents lower blood pressure and heart rate 
among patients who often have low blood pressure to 
begin with, thus limiting their use.2 Recently, ranolazine 
has been increasingly prescribed in IHD cases, in part 

due to the fact that it does not affect blood pressure. 
Mihos et al. recently summarised ongoing clinical trials 
of ranolazine for various indications worldwide.3 This 
review article aimed to examine the current role of 
ranolazine in IHD cases and its potential role in other 
cardiovascular conditions such as heart failure and AF.

Administration and 
Pharmacokinetics

The chemical name of ranolazine is N-(2,6-dimethyl-
phenyl)-2-(4-(2-hydroxy-3-(2-methoxyphenoxy)
propyl)piperazin-1-yl) acetamide.4 Its molecular formula 
is C24H33N3O4. Ranolazine was initially approved by the 
USA Food and Drug Administration in 2006 and by 
the European Medicine Agency in 2008; it is currently 
available in the form of oral prolonged-release 
tablets at doses of 375, 500 and 750 mg, with twice 
daily administration recommended.3 Ranolazine is an 
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acetanilide and piperazine derivative with a molecular 
weight of 427.545 g/mol.3 The drug has poor water 
solubility; after the oral administration of prolonged-
release tablets, peak plasma concentration occurs 
within 2–6 hours but it can take up to three days to 
reach a steady state.5

In the human body, approximately 62% of rano- 
lazine is bound to plasma proteins; as such, haemo-
dialysis is not effective in clearing the drug in cases of 
an overdose.4 Ranolazine is eliminated primarily by 
the metabolism, with less than 5% of the dose excreted 
unchanged in the urine and faeces. More than 40 and 
100 metabolites have been identified in the plasma 
and urine, respectively, following administration.3 
Ranolazine is metabolised in the hepatocytes and the 
intestinal tract, primarily via cytochrome P450 3A 
(CYP3A) but also by CYP2D6.6 Clearance is dose-
dependent, decreasing with an increase in dose. The 
half-life of slow-release preparations is 7–9 hours and 
excretion is 75% renal and 25% intestinal.6 When pres-
cribing ranolazine to patients with mild-to-moderate 
renal impairment, it is important to remember that 
the peak serum concentration is increased by 40–50%; 
therefore, the dose should be adjusted accordingly.5,6

Mechanism of Action

It was initially thought that ranolazine exhibits its 
anti-anginal effects by selectively inhibiting fatty acid 
oxidation and improving the efficiency of glucose 
oxidation.7,8 However, more recent data have invalid-
ated these theories and demonstrated that the 
anti-anginal effect is mainly due to inhibition of the 
late inward sodium (Na) ion current (INa).

9,10 In the 
presence of ischaemia, a decrease in mitochondrial 
adenosine triphosphate production in the myocyte 
leads to reduced excitation-contraction coupling and 
impaired ion homeostasis. As a result, there is increased 
accumulation of intracellular Na+ due to disruption in 
the opening of the INa channel, Na+ influx through the 
Na/hydrogen pump and the lack of Na+ elimination 
through the Na/potassium pump.9,10 The increase in 
intracellular Na+ disrupts the Na-Ca exchanger, leading 
to an intracellular Ca2+ overload causing impaired 
relaxation of the myocytes, diastolic dysfunction and 
impaired coronary blood flow in the diastole, thereby 
worsening the ischaemia and creating a dangerous 
feedback loop. Ranolazine selectively inhibits the late INa, 
reducing Na+ overload and the subsequent intra-
cytosolic Ca2+ accumulation and leading to a reduction 
in diastolic wall stress and improved coronary blood 
flow.11,12 In animal studies, ranolazine also exhibited 

weak β1 and β2 and Ca channel antagonist activity.13,14 
However, in clinical trials, ranolazine doses had 
no clinically significant effect on resting heart rate  
or arterial blood pressure.15

Recommendations and 
Guidelines

In the European Society of Cardiology (ESC) guide- 
lines on the management of stable angina, ranolazine 
is given a class IIa (level of evidence B) recommend-
ation as a second-line agent for the relief of angina 
and ischaemia.2 Its use is also suggested for patients 
with low blood pressure and those with microvascular 
angina. The National Institute for Health and Care 
Excellence guidelines from the UK also recommend 
the use of ranolazine either as monotherapy 
or in combination with other agents in stable 
angina cases where β-blockers and Ca channel blockers 
are either contraindicated or cannot be tolerated.16 The 
American College of Cardiology (ACC)/American 
Heart Association (AHA) guidelines for the management 
of stable angina give ranolazine a class IIa recom-
mendation either as a substitute for β-blockers when 
β-blockers are either not tolerated or contraindicated 
(level of evidence B), or in combination with β- 
blockers where the initial use of β-blockers alone has 
not proven effective (level of evidence A).17

Ranolazine is not included in the ESC or ACC/ 
AHA guidelines for the management of non-ST-segment 
elevation myocardial infarctions (NSTEMIs).18,19 

However, the ACC/AHA guidelines for the manage-
ment of NSTEMIs mention that ranolazine is indicated 
in chronic stable angina (CSA) and that it can be used 
to control ischaemia and symptoms in the post-acute 
phase. Neither the ACC/AHA nor the ESC mention 
ranolazine in their guidelines for the management of 
heart failure.20–22 

Although they provide a summary of the existing 
clinical data regarding ranolazine, the ESC guidelines 
for AF management state that there is currently 
insufficient evidence to recommend the drug either 
on its own or in combination with an anti-arrhythmic 
agent.23 Similarly, while the ESC guidelines for 
managing ventricular arrhythmias do mention that 
ranolazine has been used in combination with other 
anti-arrhythmic agents to suppress drug-resistant 
ventricular arrhythmias, they also note that it is currently 
not approved for this indication.24 The ACC/AHA 
guidelines on AF and supraventricular tachycardias do 
not mention ranolazine at all.25,26
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Treatment Efficacy

ischaemic heart disease

While IHD is often treated with interventional 
techniques such as percutaneous coronary inter-
vention (PCI) or coronary artery bypass grafting 
(CABG), such interventions are unsuitable for patients 
with certain types of coronary anatomy or those who 
remain symptomatic due to microvascular disease 
despite adequate revascularisation.2 Drugs such as 
nitrates, β-blockers and Ca channel blockers are the 
mainstay of medical therapy in these patients. However, 
an important and unfortunate side-effect of most of 
these agents is hypotension, often leading to the dis-
continuation of treatment.2 Therefore, an anti-anginal 
agent is needed that is effective, well-tolerated and 
does not affect blood pressure. 

Multiple randomised placebo-controlled trials 
have shown that ranolazine is a cost-effective treatment 
for patients with CSA.27 It decreases the frequency 
of the angina episodes and improves functional 
capacity whilst having no clinically significant effects 
on resting heart rate or arterial blood pressure. In 
the Combination Assessment of Ranolazine in Stable 
Angina (CARISA) study, a randomised three-group 
parallel double-blind placebo-controlled trial was perf- 
ormed in which 823 patients with symptomatic 
chronic angina received either 750 or 1,000 mg of 
slow-release ranolazine twice daily or a placebo in 
addition to standard anti-anginal therapy (atenolol, 
amlodipine and diltiazem) for a period of three 
months.28 The effects of the therapy were assessed 
by treadmill testing at two and six weeks at trough 
levels and two and 12 weeks at peak levels. The study 
demonstrated that ranolazine significantly increased 
the patient’s exercise capacity (mean treadmill time 
increase: 24–34 seconds; P <0.05) and reduced angina 
attacks and nitroglycerin use by approximately one 
per week (P <0.02) in comparison to a placebo.28 In the 
CARISA trial and its associated long-term open-label 
study, the survival rate of patients taking ranolazine 
was 98.4% at one year and 95.9% at two years.28,29

Using a randomised double-blind four-period 
crossover study design, the Monotherapy Assessment 
of Ranolazine in Stable Angina (MARISA) study 
assessed the relationship between ranolazine dose and 
anti-anginal effects among patients with stable angina.30

After discontinuing their usual angina medications, 
191 patients with treadmill-inducible stable angina 
of more than three months’ duration received either 
500, 1,000 or 1,500 mg sustained-release doses of 
ranolazine or placebo monotherapy twice daily for one 
week. Exercise testing according to a modified Bruce 

protocol was performed at baseline, at the end of 
each period, at trough levels (12 hours post-dose) 
and at peak levels (four hours post-dose).30 Plasma 
levels of ranolazine were assessed to determine the 
dose-response relationship. The study demonstrated 
a significant increase in exercise duration in a dose-
dependent fashion among patients treated with rano-
lazine versus those receiving a placebo (P <0.005).30 
Both the MARISA trial and its open-label follow-up 
study showed a survival rate of 96.3 ± 1.7% at one 
year.30,31 Within the cohort, 24% were diabetic; an 
analysis of the efficacy of ranolazine therapy between 
diabetic and non-diabetic patients showed that a history 
of diabetes did not have a statistically relevant impact 
on the anti-anginal effect of ranolazine (P = 0.77).30 
Moreover, the frequency of adverse reactions and side-
effects was comparable in both subgroups. Asthaenia, 
constipation, dizziness and nausea were the most 
common side-effects reported in both subgroups.30

The Efficacy of Ranolazine in Chronic Angina 
(ERICA) study was a multinational double-blind 
randomised trial comparing the effects of ranolazine to 
a placebo among 565 patients with CSA who had more 
than three angina attacks per week despite receiving 
a maximal dose of amlodipine (10 mg/day).32 A total of 
281 patients were randomly assigned to the ranolazine 
group, while the remaining 284 subjects formed the 
placebo group. The patients received either 1,000 mg 
of ranolazine twice per day or a placebo for a period 
of six weeks.32 The primary endpoint was the weekly 
frequency of angina attacks, with responses to the 
Seattle Angina Questionnaire (SAQ) and nitroglycerin 
consumption levels also used to assess the efficiency 
of the treatment.33 The ERICA trial demonstrated that 
ranolazine was well-tolerated and significantly reduced 
the frequency of angina attacks compared to a placebo 
(mean: 2.88 ± 0.19 attacks versus 3.31 ± 0.22 attacks; 
P = 0.028).32 Patients who had more frequent weekly 
angina attacks at baseline seemed to benefit from more 
pronounced treatment effects. Nitroglycerin use was 
also reduced in the ranolazine group versus the placebo 
group (mean: 2.03 ± 0.20 doses versus 2.68 ± 0.22 
doses; P = 0.014).24 However, it is worth noting that 
patients with a corrected QT interval of >500 ms at 
baseline and those with class III or IV heart failure, 
recent unstable angina, acute coronary syndrome 
(ACS) or revascularisation within two months of the 
study period were excluded from both the ERICA and 
MARISA trials.30,32

Known as the Type 2 Diabetes Evaluation of 
Ranolazine in Subjects with Chronic Stable Angina 
(TERISA) study, an international double-blind random- 
ised trial was conducted to evaluate the efficacy of 
ranolazine versus a placebo among 949 patients with 
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type 2 diabetes, coronary artery disease and stable 
angina already receiving one or two other anti-anginal 
agents.34 Initially, all patients were single-blinded and 
received a placebo during a four-week period. Subse-
quently, the cohort was randomised and received either 
ranolazine (1,000 mg twice daily) or a placebo in a 
double-blind fashion for eight weeks.34 The primary 
outcome of the study was the average number of angina 
attacks per week during the final six weeks of the 
study period, with the frequency of angina attacks and 
the use of nitroglycerin documented daily. The study 
demonstrated that ranolazine significantly reduced the 

frequency of angina attacks versus a placebo (3.8 versus 
4.3 attacks/week; P = 0.008) and also reduced nitrogly-
cerin use (1.7 versus 2.1 doses/week; P = 0.003).34 The 
incidence of serious adverse events was similar in both 
groups. In the TERISA trial, the benefits of ranolazine 
appeared more prominent in patients with high gly-
cated haemoglobin levels.34 

The Metabolic Efficiency with Ranolazine for Less 
Ischaemia in Non-ST Elevation Acute Coronary Synd- 
rome Thrombolysis in Myocardial Infarction 36 (MER- 
LIN-TIMI 36) trial was a multinational randomised 
double-blind placebo-controlled parallel group study 

Table 1: Clinical trials investigating the anti-anginal and anti-ischaemic effects of ranolazine28,30,32,34,35,37–39

Clinical 
trial

N Study design 
and type

Ranolazine 
dosage

Endpoints Conclusions

CARISA28 823 patients with 
chronic angina

Randomised, 
DB, PC trial

Either 750 or 
1,000 mg BID

• Exercise duration 
according to an ETT
• Time before angina 
symptoms
• Time to ECG changes 
(ST-segment depression of 
1 mm)

• Increased exercise 
duration and time before 
angina symptoms
• Reduction in angina 
frequency and NTG use 
per week
• No difference in 
mortality

MARISA30 191 patients with 
stable angina

DB, PC 
crossover 

study

Either 500, 1,000 
or 1,500 mg BID

• Exercise duration 
according to ETT
• Time before angina 
symptoms
• Time to ECG changes 
(ST-segment depression of 
1 mm)

• Increased exercise 
duration and time before 
angina symptoms
• Reduction in angina 
frequency

ERICA32 565 patients with 
coronary disease

Randomised, 
DB, PC, 

multinational 
trial

1,000 mg as 
well as 10 mg of 
amlodipine BID

• Angina frequency per week
• QOL

• Reduction in angina 
frequency and NTG use 
per week
• Improved QOL

TERISA34 949 type 2 
diabetics with 

coronary artery 
disease and 

stable angina

Randomised, 
DB, PC, 

international 
trial

1,000 mg BID • Average number of angina 
episodes per week
• Average NTG use per week
• Number of angina 
episode-free days 
(i.e. ≥50% reduction in 
angina frequency)
• QOL

• Reduction in angina 
frequency and NTG use 
per week
• More patients achieved 
a ≥50% reduction in 
weekly angina frequency
• No change in QOL

MERLIN-
TIMI 3635,37,38

6,560 patients 
with NSTEMIs

Randomised, 
DB, PC, 

multinational 
trial

200 mg IV 
infusion over one 
hour, followed by 
80 mg IV infusion 
over 12–96 hours 

and 1,000 mg 
extended-release 
oral tablets BID*

• Composite of CV death, 
MI or recurrent ischaemia
• Recurrent ischaemia
• Documented symptomatic 
arrhythmia
• All-cause mortality

• No change in composite 
CV death, MI or 
recurrent ischaemia
• Reduction in 
recurrent ischaemia 
and symptomatic 
documented arrhythmias
• No change in all-cause 
mortality

RIVER-PCI39 2,651 patients 
with incomplete 
revascularisation 

after PCI

Randomised, 
DB, PC, 

international 
trial

1,000 mg BID • Time to first occurrence 
of ischaemia-driven 
revascularisation or 
ischaemia-driven 
hospitalisation without 
revascularisation

• No difference in 
primary endpoint

CARISA = Combination Assessment of Ranolazine in Stable Angina; DB = double-blind; PC = placebo-controlled; BID = twice daily; ETT = exercise 
tolerance test; ECG = electrocardiography; NTG = nitroglycerin; MARISA = Monotherapy Assessment of Ranolazine in Stable Angina; ERICA = 
Efficacy of Ranolazine in Chronic Angina; QOL = quality of life; TERISA = Type 2 Diabetes Evaluation of Ranolazine in Subjects with Chronic Stable 
Angina; MERLIN-TIMI 36 = Metabolic Efficiency with Ranolazine for Less Ischaemia in Non-ST Elevation Acute Coronary Syndrome Thrombolysis 
in Myocardial Infarction 36; NSTEMI = non-ST-segment elevation myocardial infarction; IV = intravenous; CV = cardiovascular; MI = myocardial 
infarction; RIVER-PCI = Ranolazine in Patients with Incomplete Revascularisation after PCI; PCI = percutaneous coronary intervention.
*Plus standard non-ST-elevation acute coronary syndrome therapy.
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analysing the efficacy of ranolazine in the treatment of 
high-risk ACS.35 In total, 6,560 patients with NSTEMIs 
received either ranolazine (initially intravenous and 
then an oral preparation) or a placebo; the baseline 
characteristics of the two groups were well-matched. 
The study had a primary composite endpoint of cardio- 
vascular death, myocardial infarction (MI) or recurrent 
ischaemia at 30 days.35 The secondary endpoint was 
the first occurrence of a major cardiovascular event, in 
which the MI had to be distinct from the index event. In 
addition, the patient’s quality of life was assessed four 
months after treatment using the SAQ.33,36 Patients 
were followed up at four and eight months and 
ischaemia was assessed via an exercise tolerance test.35 
In the ranolazine group, 21.8% and 23.5% of the 
ranolazine and placebo groups, respectively, experienced 
cardiovascular death, MI or recurrent ischaemia 
(P = 0.11). The secondary endpoint occurred in 18.7% of 
the ranolazine group versus 19.2% of the placebo group 
(P = 0.5).35 

Accordingly, the MERLIN-TIMI 36 study demon-
strated that ranolazine was not an effective add-on 
therapy for patients presenting with ACS. However, 
approximately one half of the MERLIN-TIMI 36 cohort 
had angina; a subgroup analysis demonstrated that 
patients treated with ranolazine could exercise for 
32 seconds longer than the placebo group (P = 0.002).37 
The SAQ responses demonstrated a significant decrease 
in the frequency of angina attacks in the ranolazine 
group versus the placebo group (P <0.001).33,36 Overall, 
ranolazine had a favourable safety profile.35–38

Recently, the Ranolazine in Patients with Inc-
omplete Revascularisation after Percutaneous Coro-

nary Intervention (RIVER-PCI) study evaluated the 
use of ranolazine in 2,651 patients with incomplete 
revascularisation following a PCI procedure.39 The 
RIVER-PCI study had a composite endpoint of 
ischaemia-driven revascularisation or hospitalisation 
without revascularisation. In comparison to a placebo, 
ranolazine showed no benefit.39 Table 1 provides 
details of the clinical trials investigating the anti-anginal 
and anti-ischaemic effects of ranolazine.28,30,32,34,35,37–39

heart failure

In experimental models of heart failure, ranolazine 
significantly improved left ventricular (LV) perform-
ance by the late inhibition of the INa.

40,41 Ranolazine 
has also been shown to significantly reduce LV end 
diastolic pressure and increase LV ejection fraction 
in dogs in the absence of any haemodynamic effects.42 
In a normal dog model, there was no effect on LV func- 
tion.43 In human subjects with decreased LV function, 
infusions of ranolazine did not improve LV func-
tion but appeared to improve regional diastolic 
function.44 In an open-label trial during which rano-
lazine was given to patients with either diastolic or 
systolic heart failure on top of guideline-driven 
therapy, there appeared to be an improvement in LV 
systolic function and autonomic measures; however, 
clinical parameters were not investigated.45

A prospective single-centre randomised double-
blind placebo-controlled proof-of-concept study termed 
the Ranolazine for the Treatment of Diastolic Heart 
Failure (RALI-DHF) study was conducted to determine 
if ranolazine would be more effective in improving 
diastolic function among patients with heart failure 

Table 2: In vitro and in vivo studies investigating the effects of ranolazine on atrial arrhythmia models51–54

Author and year 
of study

Study type Study objective Conclusions

Kumar et al.51 
(2008)

Porcine in 
vivo model

Investigation of surface ECG and 
electrophysiological parameters in normal 
closed-chest anaesthetised pigs following 
ranolazine administration

• Ranolazine produced a mild increase in 
QT intervals and a marked increase in VF 
thresholds 
• Ranolazine does not augment and may 
improve ventricular repolarisation dispersion 
• Ranolazine potentially triggers an anti-
arrhythmic action

Burashnikov et al.52 
(2010)

Canine in 
vitro model

Investigation of the electrophysiological 
effects of ranolazine and dronedarone 
in canine-isolated coronary-perfused 
atrial and ventricular preparations and 
pulmonary vein preparations

• Low concentrations of ranolazine or 
dronedarone alone resulted in weak AF 
suppression 
• Combined ranolazine and dronedarone 
resulted in a potent synergistic effect causing 
atrial-selective depression of INa-dependent 
parameters and effective suppression of AF

Burashnikov et al.53 
(2007)

Canine in 
vitro model

Investigation of the electrophysiological 
effects of ranolazine in canine-isolated 
coronary-perfused atrial and ventricular 
preparations

• Ranolazine blocked INa-dependent 
parameters in the atrial, but not the 
ventricular preparations, suppressing and 
preventing the induction of AF

Sossalla et al.54 
(2010)

Human in 
vitro model

Investigation of the electrophysiological 
effects of ranolazine on isolated human 
right atrial appendages from patients with 
either AF or normal sinus rhythm

• The inhibition of INa with ranolazine had 
anti-arrhythmic effects and resulted in 
improved diastolic function

ECG = electrocardiography; VF = ventricular fibrillation; AF = atrial fibrillation; INa = sodium ion current.
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with preserved ejection fraction compared to a 
placebo.46 However, despite improving haemodynamic 
parameters, the RALI-DHF study found no improve- 
ment in relaxation parameters according to echocardio-

graphy findings.46 Larger studies with long-term 
follow-up are required to see whether ranolazine 
results in clinical benefits for patients with diastolic 
heart failure. 

Table 3: Clinical trials, studies and case series investigating the efficacy of ranolazine in atrial fibrillation35,37,38,55–63

Clinical trial/
author and 
year of study

N Study 
design and 

type

Ranolazine 
dosage

Findings Conclusions

MERLIN-TIMI 
3635,37,38,55

6,560 
patients 

with 
NSTEMIs

Randomised, 
DB, PC, 

multinational 
trial

200 mg IV 
infusion over one 
hour, followed by 
80 mg IV infusion 
over 12–96 hours 

and 1,000 mg 
extended-release 
oral tablets BID*

• Decreased new-onset AF (1.7% 
versus 2.4%; P = 0.08) 
• Lower AF burden in patients with 
paroxysmal AF (4.4% versus 16.1%; 
P = 0.015)

• Ranolazine resulted in a trend 
in decreased new-onset AF, 
although the study focused on 
NSTEMI ischaemia

HARMONY56 134 patients 
with 

paroxysmal 
AF and 

permanent 
pacemakers

Randomised, 
PC, DB, 

parallel trial

750 mg in 
combination 

with either 150 
or 225 mg of 

dronedarone BID

• Reduced AF burden in combination 
with 225 mg of dronedarone 
compared to patients receiving a 
placebo (P = 0.008)
• However, AF burden was not 
reduced in combination with 250 mg 
of dronedarone compared to patients 
receiving a placebo (P = 0.072)

• Ranolazine has a synergistic 
effect with dronedarone and 
this combination can be used 
to reduce the AF burden in 
patients with paroxysmal AF 

Koskinas et al.57 
(2014)

121 patients 
with recent-

onset AF 
undergoing 

EC

Prospective, 
SB, 

randomised 
study

1,500 mg in 
combination with 
IV amiodarone or 

IV amiodarone 
alone prior to EC

• Conversion within 24 hours (87% 
versus 70%; P = 0.024) and 12 hours 
(52% versus 32%; P = 0.021) was 
achieved more frequently compared to 
patients receiving amiodarone alone 
• Time to conversion was significantly 
shorter (10.2 ± 3.3 hours versus 
13.3 ± 4.1 hours; P = 0.001)

• The addition of ranolazine 
to amiodarone significantly 
improved the success rate of EC

Miles et al.58 
(2011)

393 CABG 
patients

Retrospective 
cohort study

1.5 g 
preoperatively 

and then 1 g BID 
for 10–14 days

• Decreased AF occurrence compared 
to patients receiving amiodarone 
(17.5% versus 26.5%; P = 0.035)

• Ranolazine was more useful 
than amiodarone in preventing 
postoperative AF in patients 
undergoing CABG

RAFFAELLO59 241 patients 
with 

persistent 
AF

Prospective, 
multicentre, 
randomised, 

DB, PC 
parallel trial

375, 500 or 
750 mg

• AF recurrence occurred in 56.9% 
of patients taking 375 mg, 41.7% of 
patients taking 500 mg and 39.7% 
taking 750 mg of ranolazine compared 
to 56.4% of patients receiving a 
placebo

• No specific dose of ranolazine 
significantly reduced the time to 
AF recurrence 
• However, higher doses 
of ranolazine reduced AF 
recurrence

Murdock et al.60 
(2009)

18 patients 
with 

paroxysmal 
AF

Off-label UC 
study

Single 2,000 mg 
dose using a ‘pill 

in the pocket’ 
approach

• Following treatment at the time of 
AF onset, 72% of patients reverted to 
normal sinus rhythm 

• Ranolazine can be useful in 
converting paroxysmal AF to 
normal sinus rhythm

Murdock et al.61 

(2012)
25 EC-

resistant 
patients

UC case 
series

2,000 mg prior to 
cardioversion

• Normal sinus rhythm was 
successfully maintained in 76% of 
patients

• Ranolazine can be useful in 
the pretreatment of patients 
undergoing EC

Fragakis et al.62 
(2012)

51 patients 
with AF 

undergoing 
EC

Prospective 
randomised 
pilot study

1,500 mg in 
combination with 
IV amiodarone or 

IV amiodarone 
alone prior to EC

• Conversion was achieved more 
frequently compared to patients 
receiving amiodarone alone 
(88% versus 65%; P = 0.056)

• The combination of ranolazine 
and amiodarone can improve 
the rate of cardioversion

Tagarakis et al.63 
(2013)

102 patients 
scheduled 
for CABG

Prospective, 
randomised, 
SB, single-
centre trial

375 mg BID for 
three days prior 
to CABG until 

discharge

• Reduced postoperative AF incidence 
compared to patients receiving a 
placebo (8.8% versus 30.8%; P <0.001)

• Ranolazine is useful in 
preventing postoperative AF in 
patients undergoing CABG

MERLIN-TIMI 36 = Metabolic Efficiency with Ranolazine for Less Ischaemia in Non-ST Elevation Acute Coronary Syndrome Thrombolysis in Myocardial Infarction 
36; NSTEMI = non-ST-segment elevation myocardial infarction; DB = double-blind; PC = placebo-controlled; IV = intravenous; BID = twice daily; AF = atrial 
fibrillation; HARMONY = Study to Evaluate the Effect of Ranolazine and Dronedarone when Given Alone and in Combination in Patients with Paroxysmal Atrial 
Fibrillation; EC = electrical cardioversion; SB = single-blind; CABG = coronary artery bypass grafting; RAFFAELLO = Ranolazine in Atrial Fibrillation Following an 
Electrical Cardioversion; UC = uncontrolled.
*Plus standard non-ST-elevation acute coronary syndrome therapy.
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arrhythmias

Atrial Arrhythmias

The anti-atrial arrhythmic properties of ranolazine 
have been demonstrated in both animal and human 
experiments.9,10 The threshold for potential atrial firing 
is lowered by enhanced INa in atrial myocytes, leading to 
increased excitability and atrial arrhythmias. Rano- 
lazine inhibits various Ca2+ channels that block both 
peak and late INa, thereby affecting the automaticity 
and excitability of the myocardium.47,48 It is beyond 
the scope of this review article to go into the details 
of the possible mechanism of action of ranolazine in 
arrhythmias; however, several excellent reviews on 
this topic are available in the literature.49,50 Table 2 
summarises several experimental studies investigating 
the effects of ranolazine on myocardial electro-
physiology.51–54

Clinically, the results of ranolazine among 
patients with AF are limited. A subgroup analysis 
of the MERLIN-TIMI 36 study found that patients 
treated with ranolazine had fewer episodes of new-
onset AF versus patients in the placebo group; how-
ever, these findings were not significant (1.7% versus 
2.4%; P = 0.08).38 Further analysis of the data showed 
that, among patients with paroxysmal AF, the overall 
burden was significantly lower with ranolazine than with 
a placebo (4.4% versus 16.1%; P = 0.015).55 Similarly, 
over a one-year period, patients treated with ranolazine 
had fewer AF events compared to those receiving a 
placebo (2.9 versus 4.1 events; P = 0.01). However, this 
trial was designed to focus on clinical endpoints in 
NSTEMI management rather than AF; therefore, def- 
initive conclusions on this topic cannot be drawn.55 It 
could be that the lower rate of ischaemic events resulted 
in the lower AF burden.

The Study to Evaluate the Effect of Ranolazine 
and Dronedarone when Given Alone and in 
Combination in Patients with Paroxysmal Atrial 
Fibrillation (HARMONY) trial compared the efficacy 
of either ranolazine or dronedarone alone or combined 
in reducing the AF burden among 134 patients with 
paroxysmal AF and permanent pacemakers.56 The 
HARMONY trial found that a combination of both 
drugs significantly reduced the AF burden as compared 
to a placebo (P = 0.008), whilst either agent on its own 
was unsuccessful (P ≥0.49). Ranolazine has also been 
shown to result in a higher conversion rate of AF to 
normal sinus rhythm when used in combination with 
amiodarone in comparison to amiodarone alone.57

Ranolazine has also been shown to reduce the 
incidence of postoperative AF in patients undergoing 
CABG as compared to those receiving a placebo or 

amiodarone.58 The Ranolazine in Atrial Fibrillation 
Following an Electrical Cardioversion (RAFFAELLO) 
trial demonstrated a decreased recurrence rate in 241 
successfully cardioverted patients with persistent 
AF at high doses of ranolazine.59 However, there was 
no significant reduction in the time to recurrence in 
the RAFFAELLO trial. The ‘pill in the pocket’ 
approach—involving the administration of a single 
dose of oral ranolazine at the time of onset of the 
AF—has been attempted in a small number of patients, 
with a success rate of approximately 72%.60 Various clinical 
trials, studies and case series involving ranolazine as a 
treatment for AF are detailed in Table 3.35,37,38,55–63

Ventricular Arrhythmias
Some experimental evidence exists to suggest the 
benefit of ranolazine in treating ventricular arrhyth-
mias.47,51,64 However, in the clinical setting, data are 
limited. In patients with ventricular arrhythmias, rano- 
lazine has been shown to significantly shorten QTc 
intervals and reduce the burden of ventricular tachy- 
cardia (VT) and the number of shocks required for 
patients with implantable cardioverter defibrillators.65,66 
It has also been shown to reduce the QTc in patients 
with congenital long-QT syndrome.67 In the MERLIN- 
TIMI 36 trial, intravenous ranolazine also significantly 
reduced the frequency of VT lasting eight or more 
beats over a 24-hour period as compared to a placebo.38

In the Ranolazine Implantable Cardioverter-
Defibrillator (RAID) trial, 1,012 patients with an 
implantable cardioverter defibrillator were randomised 
to receive either ranolazine or a placebo.68 Although 
there was no difference in terms of the frequency of 
the composite endpoint of VT, ventricular fibrillation 
or death, patients receiving ranolazine experienced a 
significant reduction in VT events requiring anti-
tachycardia pacing.68 The various clinical trials and 
studies investigating the use of ranolazine in ventricular 
arrhythmias are summarised in Table 4.38,65,66,68

Side-Effects and Tolerabil ity

Ranolazine is contraindicated in patients with severe 
renal impairment (creatinine clearance of <30 mL/
minute).4,5 Given the three-fold increased risk of QT 
prolongation, ranolazine is also contraindicated in 
patients with hepatic impairment.4 Furthermore, 
patients taking strong CYP3A inhibitors (i.e. clarith-
romycin, ketoconazole, itraconazole, voriconazole, 
posaconazole, HIV protease inhibitors, telithromycin 
or nefazodone) or CYP3A4 inducers (i.e. rifampicin, 
phenytoin, phenobarbital, carbamazepine or St. John’s 
wort) should not be prescribed ranolazine.69 If rano-
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lazine is concomitantly administrated with moderate 
CYP3A inhibitors (e.g. diltiazem, macrolide antibiotics 
or fluconazole) or P-glycoprotein inhibitors (e.g. vera-
pamil or cyclosporin), the dose should be carefully 
titrated up to a maximum of 500 mg twice daily.4 
Grapefruit products also have a moderate CYP3A-
inhibiting effect and should therefore be avoided.4

Data derived from a phase III clinical trial and 
the MARISA, ERICA and TERISA studies suggest 
that patients over 75 years old seem to have a higher 
incidence of ranolazine-related adverse events.29,30,32,34 
These trials also indicate that ranolazine-associated 
side-effects are more frequent at higher dosages. The 
main treatment-related adverse events observed were 
dizziness, headaches, nausea, vomiting, blurred vision, 
visual disturbance, diplopia, hypotension, fatigue, peri- 
pheral oedema and acute renal failure; however, such 
side-effects were rare.29,30,32,34

Cost-Effectiveness

Several studies have analysed the cost-effectiveness of 
ranolazine.70–72 In a systematic review of the existing 
evidence, Vellopoulou et al. found that ranolazine, 

when added to a standard of care, appeared to be 
cost-effective primarily due to its ability to decrease 
angina-related hospitalisation and marginally improve 
quality of life.73

Conclusion

Ranolazine appears to be a fairly versatile cardio-
vascular agent with other potential indications beyond 
that of angina control, which was its original purpose. 
It is a well-tolerated drug and can be used in patients 
with low blood pressure for whom β-blockers and Ca 
channel blockers are not advised. Due to its mechanism 
of action, ranolazine may also have a promising role in 
the management of heart failure and arrhythmias, 
particularly AF. Its role in ventricular arrhythmias is 
also very promising, although the drug is not yet 
included in the international management guidelines 
for this condition.

References
1.	 Townsend N, Wilson L, Bhatnagar P, Wickramasinghe K, Rayner M, 

Nichols M. Cardiovascular disease in Europe: Epidemiological 
update 2016. Eur Heart J 2016; 37:3232–45. doi: 10.1093/eurheartj/ 
ehw334.

Table 4: Clinical trials and studies investigating the efficacy of ranolazine in ventricular arrhythmias38,65,66,68

Clinical 
trial/author 
and year of 
study 

N Study 
design and 

type

Ranolazine 
dosage

Findings Conclusions

MERLIN-
TIMI 3638

6,560 patients 
with NSTEMIs

Randomised, 
DB, PC, 

multinational 
trial

200 mg IV 
infusion over one 
hour, followed by 
80 mg IV infusion 
over 12–96 hours 

and 1,000 mg 
extended-release 
oral tablets BID*

• Reduced incidence of VT 
lasting ≥8 beats compared 
to patients receiving a 
placebo (5.3% versus 8.3%; 
P <0.001)

• Ranolazine can reduce 
ventricular arrhythmias 
in the setting of 
NSTEMI

Moss et al.65 
(2008)

5 patients with 
congenital 

LQTS

Cohort study 45 mg/hour IV 
infusion for three 
hours followed by 

90 mg/hour for 
five hours

• Digital 24-hour Holter 
recordings indicated that 
QTc was shortened in 
comparison to baseline 
parameters by 26 ± 3 
minutes (P <0.0001)

• Ranolazine can 
shorten QTc duration 
in patients with 
congenital LQTS

Bunch et al.66 
(2011)

12 patients 
with drug-

resistant VT 
and recurrent 
ICD shocks

Prospective 
cohort study

1,000 mg BID 
in combination 
with other anti-

arrhythmic agents

• There was a reduction in 
ICD shocks and VT burden 
in comparison to baseline 
data in 92% of patients

• Ranolazine can 
reduce the VT burden 
in patients with drug-
resistant VT

RAID68 1,012 patients 
with ICDs

Randomised, 
DB, PC trial

1,000 mg BID • There was no difference in 
the combined frequency of 
VT, VF or death 
• However, there was a 
reduction in VT events 
requiring antitachycardia 
pacing

• Ranolazine can reduce 
VT events in patients 
with an ICD

MERLIN-TIMI 36 = Metabolic Efficiency with Ranolazine for Less Ischaemia in Non-ST Elevation Acute Coronary Syndrome Thrombolysis 
in Myocardial Infarction 36; NSTEMI = non-ST-segment elevation myocardial infarction; DB = double-blind; PC = placebo-controlled; 
IV = intravenous; BID = twice daily; VT = ventricular tachycardia; LQTS = long-QT syndrome; ICD = implantable cardioverter defibrillator; 
RAID = Ranolazine Implantable Cardioverter-Defibrillator; VF = ventricular fibrillation.
*Plus standard non-ST-elevation acute coronary syndrome therapy.

https://doi.org/10.1093/eurheartj/ehw334
https://doi.org/10.1093/eurheartj/ehw334


Alice Mezincescu, V. J. Karthikeyan and Sunil K. Nadar

Review | e21

2.	 Montalescot G, Sechtem U, Achenbach S, Andreotti F, Arden C, 
Budaj A, et al. 2013 ESC guidelines on the management of stable 
coronary artery disease: The task force on the management 
of stable coronary artery disease of the European Society of 
Cardiology. Eur Heart J 2013; 34:2949–3003. doi: 10.1093/eurhea 
rtj/eht296.

3.	 Mihos CG, Krishna RK, Kherada N, Larrauri-Reyes M, 
Tolentino A, Santana O. The use of ranolazine in non-anginal 
cardiovascular disorders: A review of current data and ongoing 
randomized clinical trials. Pharmacol Res 2016; 103:49–55. 
doi: 10.1016/j.phrs.2015.10.018.

4.	 European Medicines Agency. Ranexa (previously Latixa): 
Ranolazine. From: www.ema.europa.eu/ema/index.jsp?curl= 
pages/medicines/human/medicines/000805/human_med_001009.
jsp&mid=WC0b01ac058001d124  Accessed: Dec 2017. 

5.	 Jerling M, Abdallah H. Effect of renal impairment on multiple-
dose pharmacokinetics of extended-release ranolazine. Clin 
Pharmacol Ther 2005; 78:288–97. doi 10.1016/j.clpt.2005.05.004.

6.	 Jerling M. Clinical pharmacokinetics of ranolazine. Clin Pharma- 
cokinet 2006; 45:469–91. doi: 10.2165/00003088-200645050-00003.

7.	 McCormack JG, Barr RL, Wolff AA, Lopaschuk GD. Ranola-
zine stimulates glucose oxidation in normoxic, ischemic, and 
reperfused ischemic rat hearts. Circulation 1996; 93:135–42. 
doi: 10.1161/01.CIR.93.1.135.

8.	 McCormack JG, Baracos VE, Barr R, Lopaschuk GD. Effects 
of ranolazine on oxidative substrate preference in epitroch-
learis muscle. J Appl Physiol (1985) 1996; 81:905–10. doi: 10.11 
52/jappl.1996.81.2.905.

9.	 Antzelevitch C, Belardinelli L, Zygmunt AC, Burashnikov A, 
Di Diego JM, Fish JM, et al. Electrophysiological effects of 
ranolazine, a novel antianginal agent with antiarrhythmic 
properties. Circulation 2004; 110:904–10. doi: 10.1161/01.CIR.00 
00139333.83620.5D.

10.	 Antzelevitch C, Belardinelli L, Wu L, Fraser H, Zygmunt AC, 
Burashnikov A, et al. Electrophysiologic properties and anti- 
arrhythmic actions of a novel antianginal agent. J Cardiovasc Phar-
macol Ther 2004; 9:S65–83. doi: 10.1177/107424840400900106.

11.	 Bers DM, Barry WH, Despa S. Intracellular Na+ regulation in 
cardiac myocytes. Cardiovasc Res 2003; 57:897–912. doi: 10.10 
16/S0008-6363(02)00656-9.

12.	 Murphy E, Cross H, Steenbergen C. Sodium regulation during 
ischemia versus reperfusion and its role in injury. Circ Res 1999; 
84:1469–70. doi: 10.1161/01.RES.84.12.1469.

13.	 Allen TJ, Chapman RA. Effects of ranolazine on L-type calcium 
channel currents in guinea-pig single ventricular myocytes. Br J 
Pharmacol 1996; 118:249–54. doi: 10.1111/j.1476-5381.1996.
tb15395.x.

14.	 Létienne R, Vié B, Puech A, Vieu S, Le Grand B, John GW. 
Evidence that ranolazine behaves as a weak beta1- and beta2- 
adrenoceptor antagonist in the rat [correction of cat] cardio-
vascular system. Naunyn Schmiedebergs Arch Pharmacol 2001; 
363:464–71. doi: 10.1007/s002100000378.

15.	 Chaitman BR. Ranolazine for the treatment of chronic 
angina and potential use in other cardiovascular 
conditions. Circulation 2006; 113:2462–72. doi: 10.1161/
CIRCULATIONAHA.105.597500.

16.	 National Institute for Health and Care Excellence. Clinical 
guideline no. CG126: Stable angina - Management. From: www.
nice.org.uk/guidance/cg126  Accessed: Dec 2017. 

17.	 Fihn SD, Gardin JM, Abrams J, Berra K, Blankenship JC, 
Dallas AP, et al. 2012 ACCF/AHA/ACP/AATS/PCNA/SCAI/
STS guideline for the diagnosis and management of patients 
with stable ischemic heart disease: A report of the American 
College of Cardiology Foundation/American Heart Association 
task force on practice guidelines, and the American College 
of Physicians, American Association for Thoracic Surgery, 
Preventive Cardiovascular Nurses Association, Society for 
Cardiovascular Angiography and Interventions, and Society of 
Thoracic Surgeons. Circulation 2012; 126:e354–471. doi: 10.1161/
CIR.0b013e318277d6a0.

18.	 Roffi M, Patrono C, Collet JP, Mueller C, Valgimigli M, 
Andreotti F, et al. 2015 ESC guidelines for the management of 
acute coronary syndromes in patients presenting without 
persistent ST-segment elevation: Task force for the management 
of acute coronary syndromes in patients presenting without 
persistent ST-segment elevation of the European Society of 
Cardiology (ESC). Eur Heart J 2016; 37:267–315. doi: 10.1093/
eurheartj/ehv320.

19.	 Amsterdam EA, Wenger NK, Brindis RG, Casey DE Jr, 
Ganiats TG, Holmes DR Jr, et al. 2014 AHA/ACC guideline 
for the management of patients with non-ST-elevation acute 
coronary syndromes: A report of the American College of 
Cardiology/American Heart Association task force on practice 
guidelines. J Am Coll Cardiol 2014; 64:e139–228. doi: 10.1016/j.
jacc.2014.09.017.

20.	 Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE Jr, 
Drazner MH, et al. 2013 ACCF/AHA guideline for the 
management of heart failure: A report of the American College of 
Cardiology Foundation/American Heart Association Task Force 
on Practice Guidelines. J Am Coll Cardiol 2013; 62:e147–239. 
doi: 10.1016/j.jacc.2013.05.019.

21.	 Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE Jr, 
Colvin MM, et al. 2017 ACC/AHA/HFSA focused update of 
the 2013 ACCF/AHA guideline for the management of heart 
failure: A report of the American College of Cardiology/
American Heart Association task force on clinical practice 
guidelines and the Heart Failure Society of America. J Am Coll 
Cardiol 2017; 70:776–803. doi: 10.1016/j.jacc.2017.04.025.

22.	 Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JG, 
Coats AJ, et al. 2016 ESC guidelines for the diagnosis and 
treatment of acute and chronic heart failure: The task force for 
the diagnosis and treatment of acute and chronic heart failure 
of the European Society of Cardiology (ESC) - Developed with 
the special contribution of the Heart Failure Association (HFA) of 
the ESC. Eur Heart J 2016; 37:2129–200. doi: 10.1093/eurheartj/
ehw128.

23.	 Kirchhof P, Benussi S, Kotecha D, Ahlsson A, Atar D, Casadei B, 
et al. 2016 ESC guidelines for the management of atrial fib-
rillation developed in collaboration with EACTS. Eur Heart J 
2016; 37:2893–962. doi: 10.1093/eurheartj/ehw210.

24.	 Priori SG, Blomström-Lundqvist C. 2015 European Society 
of Cardiology guidelines for the management of patients with 
ventricular arrhythmias and the prevention of sudden cardiac 
death summarized by co-chairs. Eur Heart J 2015; 36:2757–9. 
doi: 10.1093/eurheartj/ehv445.

25.	 January CT, Wann LS, Alpert JS, Calkins H, Cigarroa JE, 
Cleveland JC Jr, et al. 2014 AHA/ACC/HRS guideline for the 
management of patients with atrial fibrillation: A report of the 
American College of Cardiology/American Heart Association 
task force on practice guidelines and the Heart Rhythm Society. 
J Am Coll Cardiol 2014; 64:e1–76. doi: 10.1016/j.jacc.2014.03.022.

26.	 Page RL, Joglar JA, Caldwell MA, Calkins H, Conti JB, Deal BJ, 
et al. 2015 ACC/AHA/HRS guideline for the management of 
adult patients with supraventricular tachycardia: A report of the 
American College of Cardiology/American Heart Association 
task force on clinical practice guidelines and the Heart Rhythm 
Society. J Am Coll Cardiol 2016; 67:e27–115. doi: 10.1016/j.
jacc.2015.08.856.

27.	 Vellopoulou K, Kourlaba G, Maniadakis N, Vardas P. A 
literature review to evaluate the economic value of ranolazine 
for the symptomatic treatment of chronic angina pectoris. Int J 
Cardiol 2016; 211:105–11. doi: 10.1016/j.ijcard.2016.02.140.

28.	 Chaitman BR, Pepine CJ, Parker JO, Skopal J, Chumakova G, 
Kuch J, et al. Effects of ranolazine with atenolol, amlodipine, 
or diltiazem on exercise tolerance and angina frequency in 
patients with severe chronic angina: A randomized controlled 
trial. JAMA 2004; 291:309–16. doi: 10.1001/jama.291.3.309.

29.	 Koren MJ, Crager MR, Sweeney M. Long-term safety of a 
novel antianginal agent in patients with severe chronic stable 
angina: The Ranolazine Open Label Experience (ROLE). J Am 
Coll Cardiol 2007; 49:1027–34. doi: 10.1016/j.jacc.2006.10.067.

https://doi.org/10.1093/eurheartj/eht296
https://doi.org/10.1093/eurheartj/eht296
https://doi.org/10.1016/j.phrs.2015.10.018
https://doi.org/10.1016/j.clpt.2005.05.004
https://doi.org/10.2165/00003088-200645050-00003
https://doi.org/10.1161/01.CIR.93.1.135
https://doi.org/10.1152/jappl.1996.81.2.905
https://doi.org/10.1152/jappl.1996.81.2.905
https://doi.org/10.1161/01.CIR.0000139333.83620.5D
https://doi.org/10.1161/01.CIR.0000139333.83620.5D
https://doi.org/10.1177/107424840400900106
https://doi.org/10.1016/S0008-6363%2802%2900656-9
https://doi.org/10.1016/S0008-6363%2802%2900656-9
https://doi.org/10.1161/01.RES.84.12.1469
https://doi.org/10.1111/j.1476-5381.1996.tb15395.x
https://doi.org/10.1111/j.1476-5381.1996.tb15395.x
https://doi.org/10.1007/s002100000378
https://doi.org/10.1161/CIRCULATIONAHA.105.597500
https://doi.org/10.1161/CIRCULATIONAHA.105.597500
https://doi.org/10.1161/CIR.0b013e318277d6a0
https://doi.org/10.1161/CIR.0b013e318277d6a0
https://doi.org/10.1093/eurheartj/ehv320
https://doi.org/10.1093/eurheartj/ehv320
https://doi.org/10.1016/j.jacc.2014.09.017
https://doi.org/10.1016/j.jacc.2014.09.017
https://doi.org/10.1016/j.jacc.2013.05.019
https://doi.org/10.1016/j.jacc.2017.04.025
https://doi.org/10.1093/eurheartj/ehw128
https://doi.org/10.1093/eurheartj/ehw128
https://doi.org/10.1093/eurheartj/ehw210
https://doi.org/10.1093/eurheartj/ehv445
https://doi.org/10.1016/j.jacc.2014.03.022
https://doi.org/10.1016/j.jacc.2015.08.856
https://doi.org/10.1016/j.jacc.2015.08.856
https://doi.org/10.1016/j.ijcard.2016.02.140
https://doi.org/10.1001/jama.291.3.309
https://doi.org/10.1016/j.jacc.2006.10.067


Ranolazine 
A true pluripotent cardiovascular drug or jack of all trades, master of none?

e22 | SQU Medical Journal, February 2018, Volume 18, Issue 1

30.	 Chaitman BR, Skettino SL, Parker JO, Hanley P, Meluzin J, 
Kuch J, et al. Anti-ischemic effects and long-term survival 
during ranolazine monotherapy in patients with chronic severe 
angina. J Am Coll Cardiol 2004; 43:1375–82. doi: 10.1016/j.jacc. 
2003.11.045.

31.	 Milne HC, Vallerand AH. Chronic angina and the treatment 
with ranolazine: Facts and recommendations. Prog Cardiovasc 
Nurs 2009; 24:90–5. doi: 10.1111/j.1751-7117.2009.00041.x.

32.	 Stone PH, Gratsiansky NA, Blokhin A, Huang IZ, Meng L. 
Antianginal efficacy of ranolazine when added to treatment 
with amlodipine: The ERICA (Efficacy of Ranolazine in Chronic 
Angina) trial. J Am Coll Cardiol 2006; 48:566–75. doi: 10.1016/j.
jacc.2006.05.044.

33.	 Spertus JA, Winder JA, Dewhurst TA, Deyo RA, Prodzinski J, 
McDonell M, et al. Development and evaluation of the Seattle 
Angina Questionnaire: A new functional status measure for 
coronary artery disease. J Am Coll Cardiol 1995; 25:333–41.

34.	 Kosiborod M, Arnold SV, Spertus JA, McGuire DK, Li Y, Yue P, 
et al. Evaluation of ranolazine in patients with type 2 diabetes 
mellitus and chronic stable angina: Results from the TERISA 
randomized clinical trial (Type 2 Diabetes Evaluation of Rano-
lazine in Subjects with Chronic Stable Angina). J Am Coll 
Cardiol 2013; 61:2038–45. doi: 10.1016/j.jacc.2013.02.011.

35.	 Morrow DA, Scirica BM, Karwatowska-Prokopczuk E, Murphy 
SA, Budaj A, Varshavsky S, et al. Effects of ranolazine on recurrent 
cardiovascular events in patients with non-st-elevation acute 
coronary syndromes: The MERLIN-TIMI 36 randomized trial. 
JAMA 2007; 297:1775–83. doi: 10.1001/jama.297.16.1775.

36.	 Arnold SV, Morrow DA, Wang K, Lei Y, Mahoney EM, 
Scirica BM, et al. Effects of ranolazine on disease-specific health 
status and quality of life among patients with acute coronary 
syndromes: Results from the MERLIN-TIMI 36 randomized 
trial. Circ Cardiovasc Qual Outcomes 2008; 1:107–15. doi: 10.11 
61/CIRCOUTCOMES.108.798009.

37.	 Wilson SR, Scirica BM, Braunwald E, Murphy SA, 
Karwatowska-Prokopczuk E, Buros JL, et al. Efficacy of 
ranolazine in patients with chronic angina observations from 
the randomized, double-blind, placebo-controlled MERLIN-
TIMI (Metabolic Efficiency With Ranolazine for Less Ischemia 
in Non-ST-Segment Elevation Acute Coronary Syndromes) 
36 trial. J Am Coll Cardiol 2009; 53:1510–16. doi: 10.1016/j.
jacc.2009.01.037.

38.	 Scirica BM, Morrow DA, Hod H, Murphy SA, Belardinelli L, 
Hedgepeth CM, et al. Effect of ranolazine, an antianginal agent 
with novel electrophysiological properties, on the incidence of 
arrhythmias in patients with non ST-segment elevation acute 
coronary syndrome: Results from the Metabolic Efficiency 
With Ranolazine for Less Ischemia in Non ST-Elevation Acute 
Coronary Syndrome Thrombolysis in Myocardial Infarction 36 
(MERLIN-TIMI 36) randomized controlled trial. Circulation 2007;  
116:1647–52. doi: 10.1161/CIRCULATIONAHA.107.724880.

39.	 Weisz G, Généreux P, Iñiguez A, Zurakowski A, Shechter M, 
Alexander KP, et al. Ranolazine in patients with incomplete 
revascularisation after percutaneous coronary intervention 
(RIVER-PCI): A multicentre, randomised, double-blind, placebo- 
controlled trial. Lancet 2016; 387:136–45. doi: 10.1016/S0140-
6736(15)00459-6.

40.	 Doshi D, Morrow JP. Potential application of late sodium 
current blockade in the treatment of heart failure and atrial 
fibrillation. Rev Cardiovasc Med 2009; 10:S46–52.

41.	 Doshi D, Marx SO. Ion channels, transporters, and pumps as 
targets for heart failure therapy. J Cardiovasc Pharmacol 2009; 
54:273–8. doi: 10.1097/FJC.0b013e3181a1b9c7.

42.	 Chandler MP, Stanley WC, Morita H, Suzuki G, Roth BA, 
Blackburn B, et al. Short-term treatment with ranolazine 
improves mechanical efficiency in dogs with chronic heart 
failure. Circ Res 2002; 91:278–80. doi: 10.1161/01.RES.0000031 
151.21145.59.

43.	 Sabbah HN, Chandler MP, Mishima T, Suzuki G, Chaudhry P, 
Nass O, et al. Ranolazine, a partial fatty acid oxidation (pFOX) 
inhibitor, improves left ventricular function in dogs with 
chronic heart failure. J Card Fail 2002; 8:416–22. doi: 10.1054/
jcaf.2002.129232.

44.	 Hayashida W, van Eyll C, Rousseau MF, Pouleur H. Effects of 
ranolazine on left ventricular regional diastolic function in 
patients with ischemic heart disease. Cardiovasc Drugs Ther 
1994; 8:741–7. doi: 10.1007/BF00877121.

45.	 Murray GL, Colombo J. Ranolazine preserves and improves left 
ventricular ejection fraction and autonomic measures when 
added to guideline-driven therapy in chronic heart failure. 
Heart Int 2014; 9:66–73. doi: 10.5301/heartint.5000219.

46.	 Maier LS, Layug B, Karwatowska-Prokopczuk E, Belardinelli L, 
Lee S, Sander J, et al. RAnoLazIne for the treatment of diastolic 
heart failure in patients with preserved ejection fraction: The 
RALI-DHF proof-of-concept study. JACC Heart Fail 2013; 
1:115–22. doi: 10.1016/j.jchf.2012.12.002.

47.	 Song Y, Shryock JC, Wu L, Belardinelli L. Antagonism by 
ranolazine of the pro-arrhythmic effects of increasing late INa 
in guinea pig ventricular myocytes. J Cardiovasc Pharmacol 
2004; 44:192–9.

48.	 Wu L, Shryock JC, Song Y, Li Y, Antzelevitch C, Belardinelli L. 
Antiarrhythmic effects of ranolazine in a guinea pig in vitro 
model of long-QT syndrome. J Pharmacol Exp Ther 2004; 
310:599–605. doi: 10.1124/jpet.104.066100.

49.	 Saad M, Mahmoud A, Elgendy IY, Richard Conti C. Ranolazine 
in cardiac arrhythmia. Clin Cardiol 2016; 39:170–8. doi: 10.1002/
clc.22476.

50.	 Sossalla S, Maier LS. Role of ranolazine in angina, heart failure, 
arrhythmias, and diabetes. Pharmacol Ther 2012; 133:311–23. 
doi: 10.1016/j.pharmthera.2011.11.003.

51.	 Kumar K, Nearing BD, Bartoli CR, Kwaku KF, Belardinelli L, 
Verrier RL. Effect of ranolazine on ventricular vulnerability and 
defibrillation threshold in the intact porcine heart. J Cardiovasc 
Electrophysiol 2008; 19:1073–9. doi: 10.1111/j.1540-8167.2008.01204.x.

52.	 Burashnikov A, Sicouri S, Di Diego JM, Belardinelli L, 
Antzelevitch C. Synergistic effect of the combination of rano-
lazine and dronedarone to suppress atrial fibrillation. J Am Coll 
Cardiol 2010; 56:1216–24. doi: 10.1016/j.jacc.2010.08.600.

53.	 Burashnikov A, Di Diego JM, Zygmunt AC, Belardinelli L, 
Antzelevitch C. Atrium-selective sodium channel block as a 
strategy for suppression of atrial fibrillation: Differences in 
sodium channel inactivation between atria and ventricles and 
the role of ranolazine. Circulation 2007; 116:1449–57. doi: 10.1161/
CIRCULATIONAHA.107.704890.

54.	 Sossalla S, Kallmeyer B, Wagner S, Mazur M, Maurer U, 
Toischer K, et al. Altered Na(+) currents in atrial fibrillation 
effects of ranolazine on arrhythmias and contractility in human 
atrial myocardium. J Am Coll Cardiol 2010; 55:2330–42. 
doi: 10.1016/j.jacc.2009.12.055.

55.	 Scirica BM, Belardinelli L, Chaitman BR, Waks JW, Volo S, 
Karwatowska-Prokopczuk E, et al. Effect of ranolazine on atrial 
fibrillation in patients with non-ST elevation acute coronary 
syndromes: Observations from the MERLIN-TIMI 36 trial. 
Europace 2015; 17:32–7. doi: 10.1093/europace/euu217.

56.	 Reiffel JA, Camm AJ, Belardinelli L, Zeng D, Karwatowska-
Prokopczuk E, Olmsted A, et al. The HARMONY trial: 
Combined ranolazine and dronedarone in the management 
of paroxysmal atrial fibrillation - Mechanistic and therapeutic 
synergism. Circ Arrhythm Electrophysiol 2015; 8:1048–56. 
doi: 10.1161/CIRCEP.115.002856.

57.	 Koskinas KC, Fragakis N, Katritsis D, Skeberis V, Vassilikos V. 
Ranolazine enhances the efficacy of amiodarone for conversion 
of recent-onset atrial fibrillation. Europace 2014; 16:973–9. 
doi: 10.1093/europace/eut407.

https://doi.org/10.1016/j.jacc.2003.11.045
https://doi.org/10.1016/j.jacc.2003.11.045
https://doi.org/10.1111/j.1751-7117.2009.00041.x
https://doi.org/10.1016/j.jacc.2006.05.044
https://doi.org/10.1016/j.jacc.2006.05.044
https://doi.org/10.1016/j.jacc.2013.02.011
https://doi.org/10.1001/jama.297.16.1775
https://doi.org/10.1161/CIRCOUTCOMES.108.798009
https://doi.org/10.1161/CIRCOUTCOMES.108.798009
https://doi.org/10.1016/j.jacc.2009.01.037
https://doi.org/10.1016/j.jacc.2009.01.037
https://doi.org/10.1161/CIRCULATIONAHA.107.724880
https://doi.org/10.1016/S0140-6736%2815%2900459-6
https://doi.org/10.1016/S0140-6736%2815%2900459-6
https://doi.org/10.1097/FJC.0b013e3181a1b9c7
https://doi.org/10.1161/01.RES.0000031151.21145.59
https://doi.org/10.1161/01.RES.0000031151.21145.59
https://doi.org/10.1054/jcaf.2002.129232
https://doi.org/10.1054/jcaf.2002.129232
https://doi.org/10.1007/BF00877121
https://doi.org/10.5301/heartint.5000219
https://doi.org/10.1016/j.jchf.2012.12.002
https://doi.org/10.1124/jpet.104.066100
https://doi.org/10.1002/clc.22476
https://doi.org/10.1002/clc.22476
https://doi.org/10.1016/j.pharmthera.2011.11.003
https://doi.org/10.1111/j.1540-8167.2008.01204.x
https://doi.org/10.1016/j.jacc.2010.08.600
https://doi.org/10.1161/CIRCULATIONAHA.107.704890
https://doi.org/10.1161/CIRCULATIONAHA.107.704890
https://doi.org/10.1016/j.jacc.2009.12.055
https://doi.org/10.1093/europace/euu217
https://doi.org/10.1161/CIRCEP.115.002856
https://doi.org/10.1093/europace/eut407


Alice Mezincescu, V. J. Karthikeyan and Sunil K. Nadar

Review | e23

58.	 Miles RH, Passman R, Murdock DK. Comparison of effect-
iveness and safety of ranolazine versus amiodarone for prev- 
enting atrial fibrillation after coronary artery bypass grafting. 
Am J Cardiol 2011; 108:673–6. doi: 10.1016/j.amjcard.2011.04.017.

59.	 De Ferrari GM, Maier LS, Mont L, Schwartz PJ, Simonis G, 
Leschke M, et al. Ranolazine in the treatment of atrial 
fibrillation: Results of the dose-ranging RAFFAELLO (Rano- 
lazine in Atrial Fibrillation Following An ELectricaL Cardi-
Oversion) study. Heart Rhythm 2015; 12:872–8. doi: 10.1016/j.
hrthm.2015.01.021.

60.	 Murdock DK, Kersten M, Kaliebe J, Larrain G. The use of oral 
ranolazine to convert new or paroxysmal atrial fibrillation: 
A review of experience with implications for possible “pill 
in the pocket” approach to atrial fibrillation. Indian Pacing 
Electrophysiol J 2009; 9:260–7.

61.	 Murdock DK, Kaliebe J, Larrain G. The use of ranolazine to 
facilitate electrical cardioversion in cardioversion-resistant 
patients: A case series. Pacing Clin Electrophysiol 2012; 
35:302–7. doi: 10.1111/j.1540-8159.2011.03298.x.

62.	 Fragakis N, Koskinas KC, Katritsis DG, Pagourelias ED, 
Zografos T, Geleris P. Comparison of effectiveness of ranolazine 
plus amiodarone versus amiodarone alone for conversion of 
recent-onset atrial fibrillation. Am J Cardiol 2012; 110:673–7. 
doi: 10.1016/j.amjcard.2012.04.044.

63.	 Tagarakis GI, Aidonidis I, Daskalopoulou SS, Simopoulos V, 
Liouras V, Daskalopoulos ME, et al. Effect of ranolazine in 
preventing postoperative atrial fibrillation in patients under- 
going coronary revascularization surgery. Curr Vasc Pharmacol 
2013; 11:988–91. doi: 10.2174/157016111106140128123506.

64.	 Kloner RA, Dow JS, Bhandari A. The antianginal agent 
ranolazine is a potent antiarrhythmic agent that reduces vent-
ricular arrhythmias: Through a mechanism favoring inhibition 
of late sodium channel. Cardiovasc Ther 2011; 29:e36–41. 
doi: 10.1111/j.1755-5922.2010.00203.x.

65.	 Moss AJ, Zareba W, Schwarz KQ, Rosero S, McNitt S, 
Robinson JL. Ranolazine shortens repolarization in patients 
with sus-tained inward sodium current due to type-3 long-QT 
syndrome. J Cardiovasc Electrophysiol 2008; 19:1289–93. 
doi: 10.1111/j.1540-8167.2008.01246.x.

66.	 Bunch TJ, Mahapatra S, Murdock D, Molden J, Weiss JP, 
May HT, et al. Ranolazine reduces ventricular tachycardia 
burden and ICD shocks in patients with drug-refractory ICD 
shocks. Pacing Clin Electrophysiol 2011; 34:1600–6. doi: 10.11 
11/j.1540-8159.2011.03208.x.

67.	 Chorin E, Hu D, Antzelevitch C, Hochstadt A, Belardinelli L, 
Zeltser D, et al. Ranolazine for congenital long-QT syndrome 
type III: Experimental and long-term clinical data. Circ 
Arrhythm Electrophysiol 2016; 9:e004370. doi: 10.1161/CIRC 
EP.116.004370. 

68.	 Zareba W, Daubert JP, Beck CA, Huang DT, Alexis J, Brown M, 
et al. Abstract C-LBCT02-01: Ranolazine in high risk ICD 
patients (RAID) trial. In: 38th Annual Scientific Sessions 
of the Heart Rhythm Society, 10–13 May 2017, Chicago, 
Illinois, USA. Heart Rhythm 2017; 14:944–7. doi: 10.1016/j.
hrthm.2017.05.010.

69.	 Jerling M, Huan BL, Leung K, Chu N, Abdallah H, Hussein Z. 
Studies to investigate the pharmacokinetic interactions between 
ranolazine and ketoconazole, diltiazem, or simvastatin during 
combined administration in healthy subjects. J Clin Pharmacol 
2005; 45:422–33. doi: 10.1177/0091270004273992.

70.	 Hidalgo-Vega A, Ramos-Goñi JM, Villoro R. Cost-utility of 
ranolazine for the symptomatic treatment of patients with 
chronic angina pectoris in Spain. Eur J Health Econ 2014; 
15:917–25. doi: 10.1007/s10198-013-0534-8.

71.	 Kohn CG, Parker MW, Limone BL, Coleman CI. Cost-
effectiveness of ranolazine added to standard-of-care treatment 
in patients with chronic stable angina pectoris. Am J Cardiol 
2014; 113:1306–11. doi: 10.1016/j.amjcard.2014.01.407.

72.	 Coleman CI, Freemantle N, Kohn CG. Ranolazine for the 
treatment of chronic stable angina: A cost-effectiveness analysis 
from the UK perspective. BMJ Open 2015; 5:e008861. doi: 10.11 
36/bmjopen-2015-008861.

73.	 Vellopoulou K, Kourlaba G, Maniadakis N, Vardas P. A literature 
review to evaluate the pharmacoeconomic value of ranolazine 
for the treatment of symptomatic chronic stable angina. Value 
Health 2015; 18:A395. doi: 10.1016/j.jval.2015.09.893.

https://doi.org/10.1016/j.amjcard.2011.04.017
https://doi.org/10.1016/j.hrthm.2015.01.021
https://doi.org/10.1016/j.hrthm.2015.01.021
https://doi.org/10.1111/j.1540-8159.2011.03298.x
https://doi.org/10.1016/j.amjcard.2012.04.044
https://doi.org/10.2174/157016111106140128123506
https://doi.org/10.1111/j.1755-5922.2010.00203.x
https://doi.org/10.1111/j.1540-8167.2008.01246.x
https://doi.org/10.1111/j.1540-8159.2011.03208.x
https://doi.org/10.1111/j.1540-8159.2011.03208.x
https://doi.org/10.1161/CIRCEP.116.004370
https://doi.org/10.1161/CIRCEP.116.004370
https://doi.org/10.1016/j.hrthm.2017.05.010
https://doi.org/10.1016/j.hrthm.2017.05.010
https://doi.org/10.1177/0091270004273992
https://doi.org/10.1007/s10198-013-0534-8
https://doi.org/10.1016/j.amjcard.2014.01.407
https://doi.org/10.1136/bmjopen-2015-008861
https://doi.org/10.1136/bmjopen-2015-008861
https://doi.org/10.1016/j.jval.2015.09.893

