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Background: Atrial fibrillation (AF) is a common complication after cardiac surgery. Ranolazine is a Food
and Drug Administration approved anti-ischemic drug, which also has anti-arrhythmic properties.
Recent studies have demonstrated the benefit of ranolazine in preventing post-operative AF (POAF) in
patients undergoing cardiac surgery. Hence, we performed a meta-analysis of published studies com-
paring ranolazine plus standard therapy versus standard therapy for POAF prevention in patients
undergoing cardiac surgery.
Methods: We performed a comprehensive search of Medline, Google Scholar, PubMed, abstracts from
annual scientific sessions, and Cochrane library database for studies that assessed the effectiveness of
ranolazine plus standard therapy by comparing it with standard therapy alone in preventing POAF in
patients undergoing cardiac surgery. From all the studies, data on POAF events among groups were
collected, and the random-effects (DerSimonian and Laird) method was used for meta-analysis.
Results: Four studies with 663 patients were included in the final analysis, with 300 and 363 patients in
the ranolazine plus standard therapy and standard therapy groups, respectively. The types of cardiac
surgeries were coronary artery bypass grafting (CABG), valve surgery or combination of CABG, and valve
surgeries. After pooled analysis, ranolazine plus standard therapy was associated with a significant
reduction in POAF events compared to standard therapy alone (risk ratio=0.44 [0.25, 0.78],
p-value=0.005). There was no difference in adverse events between the two therapies. However, in one
study, more patients in the ranolazine group had transient symptomatic hypotension after the surgery.
Conclusions: Ranolazine may prove beneficial in POAF prevention following cardiac surgeries. Although
the pooled treatment effect is quite impressive with a reduction of more than 50% of risk of developing
POAF, small number of studies and variation in ranolazine dose regimen in each study make our results
inconclusive, but worthy of further investigation. That is why this result has to be interpreted as only
hypothesis generating, rather than conclusion drawing.
© 2016 Japanese Heart Rhythm Society. Published by Elsevier B.V. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Atrial fibrillation (AF) is the most common cardiac arrhythmia,
and it commonly occurs after cardiac surgery. AF is often asso-
ciated with stroke, congestive heart failure, and myocardial
infarction, all of which contribute to the increase in the length of
hospital stay, higher medical costs, and increase in morbidity and
mortality [1-6]. Approximately 20%-50% of patients experience
post-operative atrial fibrillation (POAF) after cardiac surgery [1,6].
Based on the American and European task forces, AF prevention is
one of the essential goals after any cardiac procedure [4,7,8]. POAF
prevention has been a therapeutic challenge so far, and a number
of medications have been studied, such as beta-blockers, amio-
darone, colchicine, and calcium channel blockers [4,5,9,10]. Recent
meta-analysis showed that beta-blockers reduces POAF incidence
rate from 31% to 16.3% compared with controls, whereas amio-
darone decreased the incidence of POAF to 19.4% compared with a
33.3% incidence rate in the control group [5,6]. Ranolazine is a
Food and Drug Administration-approved anti-anginal drug (AAD),
which also blocks abnormal late sodium channels and rapidly
activates delayed rectifier potassium channels, which leads to
attenuation of sodium-calcium currents and excessive electrical
activity in atrial tissue. Thus, reduced after depolarization reserve
suppresses AF [6,11,12]. Moreover, the mechanism of ranolazine to
increase the refractory period after repolarization [5,13] could
decrease AF after cardiac surgery. Ranolazine has been studied to
prevent POAF; however, ranolazine is not required to prevent
POAF, based on formal guidelines. Recent studies demonstrated
promising results of ranolazine plus standard therapy compared to
standard therapy in preventing POAF in patients undergoing car-
diac surgery. Effectiveness of ranolazine in preventing POAF has
been studied in a few randomized control trials, and the data
suggests that ranolazine may have a role in preventing POAF
without causing a significant increase in postoperative complica-
tions or mortality.

2. Materials and methods
2.1. Search strategy and study selection

We evaluated all the relevant studies published before
December 2015. We included all the studies where ranolazine plus
standard therapy was used and compared with the standard
therapy for prevention of AF following cardiac surgeries. The stu-
dies were searched from Medline, Google Scholar, PubMed,
Cochrane library database, annual scientific sessions of American
Heart Association, American College of Cardiology, Heart Rhythm
Society, and European Society of Cardiology. Two independent
reviewers performed the search electronically or manually. Dis-
agreements were resolved through discussion to reach final deci-
sions. All the animal, editorial, and review studies were excluded.
Data on the type of cardiac surgery, ranolazine dosage, duration of
therapy, type of comparison group, type of cardiac surgery, and AF
incidence rate following cardiac surgery were collected.

2.2. Selected published clinical studies

We reviewed 116 manuscript publications and 44 conference
abstracts (Fig. 1). Out of those, 19 studies assessed the effect of
ranolazine on AF after cardiac surgery. We excluded 12 studies
because they were review articles, and 1 article was excluded
because ranolazine was used in combination with amiodarone in
the study group instead of ranolazine alone. Two studies were
excluded because they were abstract presentations at conferences
for the same study, which was included in our final analysis.
Finally, four studies (three manuscript publications and one
abstract publication from the American Heart Association's Sci-
entific Session) [14-17] were included in the final analysis.

2.3. Statistical analysis

We performed a meta-analysis by including four clinical studies
to provide an overall estimate of the effect of ranolazine therapy in
preventing post-operative AF in patients undergoing cardiac sur-
gery. The presence of heterogeneity among these studies was
evaluated with Cochrane Q y2 test, and inconsistency was assessed
with I? test that describes the percentage of the variability in effect
estimates that is due to heterogeneity. Publication bias was
assessed and displayed as a funnel plot of precision. Furthermore,
we performed Egger's test and Begg and Mazumdar's rank corre-
lation test to assess publication bias. Statistical level of significance
for the summary treatment effect estimate was analyzed by ran-
dom effect method [18]. Overall p-value of less than 0.05 was
considered as statistically significant except for heterogeneity and
publication bias testing where a two-tailed p-value of less than
0.1 considered as statistically significant. The meta-analysis was

160 potentially relevant
citations/abstracts were
screened

32 studies excluded (basic
science,animal model and
studies on ranolazine usage in
treatment of AF)

>

16 manuscripts and 3
abstracts were on
ranolazine usage in
prevention of AF

15 studies excluded
(12 review papers, in 1 study
ranolazine was used with
amiodarone in the study
group, 2 were excluded
because they were conference
abstracts for the same study,
which was used in our final
analysis)

Two randomized and
two non-randomized
study evaluating the
effect of ranolazine in
prevention of AF
included

Fig. 1. Selection process of studies included in the systematic review. (AF=atrial
fibrillation) Search criteria: ("ranolazine"[MeSH Terms] OR "ranolazine"[All Fields])
AND ("atrial fibrillation"[MeSH Terms] OR ("atrial"[All Fields] AND "fibrillation"[All
Fields]) OR "atrial fibrillation"[All Fields]).



Table 1

Characteristics of the included studies in the meta-analysis.

Bekheit et al. [17]

Hammond et al. [16]

Tagarakis et al. [14]

Miles et al. [15]

Study

Characteristics

54

205

102

393

Number of patients

Design

Single-center, double-blinded, rando-

mized trial
14 days

Single-center, retrospective cohort study

Prospective, single-center, single-blinded, ran-

domized study

10 days
CABG

Single-center, non-randomized retrospective cohort

study

7 days

30 days
CABG

Follow up

CABG and|/or aortic valve replacement

surgeries

CABG, valve and combination surgeries

Type of Cardiac

Procedures

Mode of AF

Holter monitoring

Continuous electrocardiographic monitoring

Continuous electrocardiographic monitoring

Continuous electrocardiographic monitoring

diagnosis
Intervention

Ranolazine group received ranolazine 1000 mg on the Randomized to receive either placebo

morning of surgery and 1000 mg twice daily until the or ranolazine 1000 mg twice daily

Randomized in 1:2 to receive either standard
therapy or ranolazine 375 mg twice daily

Amiodarone 400 mg/day 7 days preoperatively and
until the 10-14th postoperative day. Ranolazine
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7th postoperative day. Non-ranolazine group received 48 hours prior to surgery to 14th

standard therapy

1000 mg one day before or on the day of surgery and 3 days prior to surgery until day of discharge

1000 mg twice daily until the 10-14th postoperative

day

postoperative day

Atrial fibrillation

Atrial fibrillation

Atrial fibrillation or other arrhythmias

Atrial fibrillation

Primary endpoint

CABG: coronary artery bypass grafting.

performed by the Review Manager 5.3
Collaboration, 2011).

(The Cochrane

3. Results
3.1. Study characteristics

Tables 1 and 2 summarize the study and population char-
acteristics, respectively.

Tagarakis et al. assessed the associations between ranolazine
and POAF in a prospective, single-center, single-blinded, rando-
mized study of 102 patients (34 patients in the ranolazine group,
68 patients in the standard therapy group) scheduled for elective
on-pump coronary artery bypass grafting (CABG). The ranolazine
group received 375 mg ranolazine orally twice daily, which was
started 3 days before the planned surgery and continued until the
discharge day. The control group received standard care which
consists of aspirin, atorvastatin, metoprolol and perindopril.
Although patients in the ranolazine group were older and required
longer aortic cross clamp time, only 3 (8.8%) patients from the
ranolazine group demonstrated AF compared to 21(30.8%) patients
in the control group (p-value < 0.001).

Miles et al. compared effectiveness and safety of ranolazine
with amiodarone in prevention of POAF after CABG in a single-
center, non-randomized retrospective cohort study involving 393
patients. Of these 393 patients, 211 were administered amiodar-
one 400 mg/day for 7 days before elective CABG, and all patients
were maintained on amiodarone 400 mg/day for 10 to 14 days
postoperatively. In the ranolazine group, there were 182 patients
who received ranolazine 1500 mg one day before CABG or on the
day of CABG in an emergent situation. Ranolazine was continued
at 1000 mg twice daily for 10-14 days after the surgery. No sig-
nificant difference was found in the baseline characteristics of both
groups, except 3% lower ejection fraction and slightly high inci-
dence of class IV heart failure in the amiodarone group of patients.
POAF occurred in 56(26.5%) patients in the amiodarone group
compared with 32(17.5%) patients in the ranolazine group (p-
value=0.035). No significant difference was found in adverse
events across the groups.

Hammond et al. performed a single-center, retrospective
cohort study to evaluate the incidence of POAF and the role of
ranolazine in 205 patients who underwent CABG, valve, or com-
bination surgeries. A total of 136 patients in the non-ranolazine
group received standard beta-blocker therapy, and 69 patients
were administered 1000 mg ranolazine before the surgical pro-
cedure and continued on the same dose twice daily for 7 days or
until discharge in postoperative period. Because of non-
randomized nature of the study propensity score matching was
adopted and in the final analysis 57 pair of patients were matched
on propensity scores that were estimated by using age, sex, eth-
nicity, comorbidities, type of surgery, urgency of surgery, pre-
operative medications and type of insurance. By propensity score
match analysis POAF incidence occurred in 6 (10.5%) patients in
ranolazine group and 26(45.7%) patients in the control group (p-
value < 0.001).

Bekheit et al. performed a single-center, prospective, double-
blinded, randomized trial involving 54 patients in order to assess
the role of ranolazine for primary prevention of POAF in patient
undergoing CABG and/or aortic valve replacement surgery. Twenty
seven patients were randomly selected to receive ranolazine
1000 mg twice daily for 2 weeks and same number of patient
received placebo for similar duration. Incidence rate of POAF was 5
(19%) versus 8(30%) in ranolazine and control group respectively
(p-value=0.53).
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Table 2
Baseline characteristics of study patients.
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Variables Miles et al. [15] Tagarakis et al. [14] Hammond et al.* [16] Bekheit et al. [17]
Ranolazine Control Ranolazine Control Ranolazine Control Ranolazine Control
(n=182) (n=211) (n=34) (n=68) (n=57) (n=57) (n=27) (n=27)

Age, years 66.7 +£9.3 64.9 +10.9 69+7 67+8 60.3 + 111 59.6 £ 11.5 64.3+11.4

Male 127(70) 162(77) 24 (71) 45 (66) 38(67) 38(67) 44(81)

Hypertension 158(87) 182(86) - - 45(79) 48(84) 48(89)

Diabetes 71(39) 76(36) - - 20(35) 20(35) 22(41)

History of AF 8 (4) 16(8) - - 1(2) 1(2) -

LVEF (%) 57.7+9.8 54,7 +12.7 52.6 + 8.6 53.8+9.4 - - 46.4 +14.6

Values are reported as mean + SD or n (%). AF, atrial fibrillation; LVEF, left ventricular ejection fraction; CABG, coronary artery bypass grafting * propensity score-matched

analysis was used for the study.

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Miles etal. (2011) 32 182 56 211 391% 0.66 (0.45,0.97) 2011 —
Tagarakis et al. (2013) 3 34 2 68 16.6% 0.29(0.09,0.89) 2013 I —
Hammond et al. (2014) 6 57 26 57 245% 0.23[0.10,0.52) 2014 —_—
Bekheit et al (2015) 5 27 8 27 19.9% 0.63[0.23,1.67) 2015 —_—
Total (95% CI) 300 363 100.0% 0.44[0.25, 0.78] g
Total events 46 111
Heterogeneity: Tau®= 0.18; Chi*= 6.59, df= 3 (P = 0.09); F=54% o oh 0 100

Testfor overall effect Z= 2.80 (P = 0.005)

Favours [experimental] Favours [control]

Fig. 2. Forest plot showing the risk ratio (RR) of atrial fibrillation associated with ranolazine use in each study and the overall RR. Square boxes denote RR; horizontal lines
represent 95% confidence interval (random effects model was used to calculate pooled estimate).

Funnel Plot of Standard Error by Log risk ratio
0.0

0.1
0.2
0.3

0.4 o

Standard Error

0.5 o

0.6
-2.0

0.0
Log risk ratio

0.5 1.0 2.0

Fig. 3. Funnel plot of the standard error by logarithm risk ratio. There is no pre-
sence of publication bias on visual estimation [Also, there was no evidence of
publication bias by Egger's test (p-value=0.31) or Begg and Mazumdar's rank
correlation test (p-value=0.50).]

3.2. Efficacy outcome

Overall, 663 patients (300 ranolazine, 363 control group) were
included in the analysis. After a pooled analysis, ranolazine was
significantly associated with 56% reduction in AF events compared
to the control group (risk ratio: 0.44, 95% confidence interval:
(0.25, 0.78), p-value=0.005) (Fig. 2). There was moderate amount
of heterogeneity (I*: 54.0%); however, it was not statistically sig-
nificant. There was no publication bias on visual estimation
(Fig. 3). Also, there was no evidence of publication bias by Egger's
test (p-value=0.31) or Begg and Mazumdar's rank correlation test
(p-value=0.50).

3.3. Safety outcome

Because of variable safety outcome among studies and small
number of patients with adverse outcome, pooled estimate was
not calculated. In general, there was no difference in adverse
events between two groups. Only in the study by Hammond et al.,

more patients in ranolazine group had transient symptomatic
hypotension after the surgery. In that study more patients in the
ranolazine group had significant hypotension within 3 days after
the surgery, and ranolazine was discontinued for symptomatic
hypotension in one patient; however, hypotension did not persist
at 1 week after cardiac surgery. No difference was found in the
intensive care unit length of stay, 30 days readmission, or mor-
tality between the two groups.

In the study by Miles et al., small number of patients in each
group developed renal failure, which required dialysis; however, it
was not different between the groups. In addition, no significant
difference was found in the 30-day readmission or mortality and
prolonged ventilation between the two groups. One patient had
thromboembolic complication in the ranolazine group.

In the study by Tagrakis et al., no adverse outcomes were
observed in either group. None of the patients required ionotropic
support or moderate blood transfusion. Two patients died in each
group; however the cause of death was as a result of a non-cardiac
condition.

In the study by Bekheit et al., QT duration was longer in the
ranolazine group; besides that, no significant difference was found
in the 30-day readmission and length of hospital stay between the
two groups.

4. Discussion

A number of clinical studies have confirmed the beneficial effect of
ranolazine in either prevention or treatment of AF. The first strong
evidence was provided by MERLIN-TIMI 36 trial [the Metabolic Effi-
ciency With Ranolazine for Less Ischemia in Non-ST-Elevation Acute
Coronary Syndrome-Thrombolysis in Myocardial Infarction] [19], which
showed that ranolazine may reduce the incidence rate of paroxysmal
AF in patients with non-ST elevated acute coronary syndrome, and it
also reduced overall AF burden. Few more studies showed the benefit of
ranolazine in pharmacological cardioversion. Fragakis et al. [20] con-
cluded that ranolazine-amiodarone combination showed a higher rate
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of pharmacological cardioversion compared to amiodarone alone, sug-
gesting a potential synergistic effect of ranolazine when added to
amiodarone. In another study on pharmacological cardioversion con-
ducted by Murdock et al. [21], patients with paroxysmal AF converted
to sinus rhythm within only 6 h of ranolazine administration. The
HARMONY trial [22] evaluated the safety and efficacy of ranolazine-
dronedarone combination in the treatment of patients having parox-
ysmal AF. In that trial, a significant AF reduction was observed by
synergistic effect of ranolazine plus dronedarone, with a good safety
profile. Another groundbreaking RAFFAELLO clinical trial [Ranolazine in
Atrial Fibrillation Following an ELectrical. CardiOversion] [23] assessed
the safety and efficacy of ranolazine in the prevention of AF recurrence
after successful electrical cardioversion and to ascertain the most
appropriate dose of ranolazine. The RAFFAELLO trial was a prospective,
multicenter, randomized, double-blind, placebo-controlled parallel
group phase Il dose-ranging clinical study and concluded that ranola-
zine on 500 mg and 750 mg significantly reduce recurrence after suc-
cessful electrical cardioversion. Although several studies have shown
the effect of ranolazine in the prevention or treatment of arrhythmia,
most of them were designed differently except for the studies on the
prevention of AF post-cardiac surgery. Thus, we decided to perform the
meta-analysis on Efficacy of Ranolazine in Preventing Atrial Fibrillation
following cardiac surgery, and to the best of our knowledge, this is the
first study that evaluated the effectiveness of ranolazine in preventing
POAF occurrence after cardiac surgery through a meta-analysis. The
finding from our study shows that the addition of ranolazine to the
standard therapy reduces POAF nearly 55% compared to standard
therapy alone. POAF is the most common tachyarrhythmia and fre-
quently occurring complication following cardiac surgery. POAF can
lead to severe thromboembolic complications, such as stroke. It reduces
the quality of life and increases the hospitalization period. Furthermore,
early POAF is the predictor of late recurrence, and hence, preventing
POAF incidence is important. AF after cardiac surgery remains a chal-
lenge, and the results from currently available treatment options are
unsatisfactory. Amiodarone is the most potent AAD and often used
along with standard therapy to prevent AF after cardiac surgery;
however, it is frequently associated with hepatic, pulmonary, and
thyroid adverse events. Therefore, it is imperative to find a treatment
plan to prevent the POAF. Ranolazine, an anti-ischemic medication with
novel inhibitory action on late inward sodium channels within cardio-
myocytes, demonstrates promising potential in AF prevention. Several
recent studies have shown the benefit of ranolazine in POAF prevention
in patients undergoing cardiac surgery. Moreover, a recently published
review article from Saad et al. [24] thoroughly discussed the potential of
ranolazine in prevention of not only atrial arrhythmias but also ven-
tricular arrhythmias. Our findings will help in designing a randomized
control trial to evaluate the efficacy, safety, dose regimen and cost-
effectiveness analysis of ranolazine in AF management. Despite this
promising finding, our study has several limitations. First, only four
studies were included in the analysis, and the overall sample size was
small. In addition, a minor difference was found in the study design
among the included studies. Out of four studies, two studies were non-
randomized retrospective studies. Moreover, the ranolazine dose was
different in one study, and the duration of ranolazine therapy was
different in each study. In the study by Miles et al. [15], a major lim-
itation was the retrospective study design and comorbidities, such as
heart failure, were more in the amiodarone group, which could have
influenced the result. Moreover, it was the only study of the four
wherein ranolazine was compared with amiodarone, as amiodarone
was the standard therapy at that hospital. Hammond et al. study
evaluated the patients by propensity matching, which could have
reduced the bias, but it was also a retrospective design. The study by
Tagarakis et al. was the first randomized trial comparing ranolazine to
placebo in prevention of AF post cardiac surgery but the sample size
was too small. In addition, low-dose ranolazine was used in that study
compared with other studies. Last, the study by Bekheit et al. was a

conference presentation; hence, we were unable to collect data in
detail. Despite this minor discrepancy, the role of ranolazine in pre-
vention of AF cannot be disregarded and it will help in designing future
randomized clinical trials.

5. Conclusions

Ranolazine may prove beneficial in the prevention of POAF
following cardiac surgeries. As such the result from this study has
to be interpreted as only hypothesis generating, rather than con-
clusion drawing because of some limitations. Although the pooled
ranolazine effect is quite impressive with a reduction of more than
50% in the risk of developing POAF, variation in ranolazine dosage
and duration in each study make our results inconclusive, but
worthy of further investigation.
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