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Abstract

The impact of ranolazine, an anti-ishemic agent with antiarrhythmic properties, on paroxysmal atrial fibrillation (PAF) in patients with
coronary artery disease (CAD) remains unclear. Pacing devices can be useful tools for disclosing even asymptomatic PAF. Purpose of this
study is to assess the effect of ranolazine on atrial fibrillation (AF), in patients with CAD, PAF and a dual-chamber pacemaker.
We studied 74 patients with CAD, PAF, and sick sinus syndrome or atrio-ventricular block, treated with pacemakers capable to detect PAF
episodes. The total time in AF, AF burden, and the number of PAF episodes within the last 6 months before enrolment in the study, mean
AF duration per episode, and the QTc interval were initially assessed. Subsequently, patients were randomized into additional treatment
with ranolazine (375 mg twice daily) or placebo. Following six months of treatment, all parameters were reassessed and compared to those
before treatment.
Ranolazine was associated with shorter total AF duration (81.56±45.24 hours versus 68.71±34.84 hours, p=0.002), decreased AF burden
(1.89±1.05% versus 1.59±0.81%, p=0.002), and shortened mean AF duration (1.15±0.41 hours versus 0.92±0.35 hours, p=0.01). In the
placebo group no such differences were observed. In both groups, no significant differences in the number of PAF episodes and QTc duration
were observed.
We conclude that in patients with CAD and PAF, ranolazine reduces the total time in AF, AF burden, and mean AF duration. These findings
may imply additional antiarrhythmic properties of ranolazine on atrial myocardium and might indicate the necessity of its use in ischemic
patients with PAF.

Introduction

Ranolazine is an antianginal and anti-ischemic drug with
antiarrhythmic properties, as shown in experimental and clinical
studies.1-8 In atrial myocytes, ranolazine exerts its antiarrhythmic
effect mainly by inhibiting IKr, early INa, and late INa currents in
a selective, use-dependent way.9,10 There are reports suggesting that
ranolazine prevents the induction of atrial fibrillation (AF) and
terminates the episodes of the arrhythmia.6,11-13 However, in clinical
practice, a considerable proportion of AF episodes are asymptomatic
and this poses difficulties in the detection of the arrhythmic events
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and the evaluation of antiarrhythmic medications.14,15
The efficacy of ranolazine in patients with ischemic heart disease
and paroxysmal AF (PAF) has not been completely studied. Since
implantable pacemakers can store significant information about
high atrial rate episodes and rhythm control in patients with AF,
they can be useful tools in evaluating the antiarrhythmic potency of
ranolazine on both symptomatic and asymptomatic episodes of AF.1621
Therefore, in a prospective, placebo-controlled, randomized study,
we used diagnostic data derived from the interrogation of pacing
devices in order to assess the antiarrhythmic effect of ranolazine in
patients with coronary artery disease (CAD) and PAF, who had been
treated with a permanent dual-chamber pacemaker, due to sick sinus
syndrome (SSS) or atrio-ventricular conduction block (AVB).

Material and Methods
Patients
Among patients routinely followed in the Pacemaker Clinic within
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an 18-month period, 460 individuals were initially assessed, and
patients eligible for enrollment in the study were those with known
CAD and myocardial ischemia, who had been implanted a dualchamber pacemaker due to SSS or AVB. The pacemakers should be
implanted at least six months before recruitment in the study and
should be able to store and recall atrial high-rate episodes.
The diagnosis of CAD was based on patients’ history,
documented in the past by typical symptoms, electrocardiographic
recordings, markers of myocardial necrosis, coronary angiography
and interventions for cardiac revascularization, when indicated.
Exercise stress test or myocardial scintigraphy revealed myocardial
ischemia. SSS and atrio-ventricular conduction abnormalities were
diagnosed by symptoms (syncope, presyncope or inappropriate
fatigue) combined with 12-lead electrocardiogram, 24-hour Holter
recordings and electrophysiologic study, if necessary. PAF was defined
according to the Task Force for management of Atrial Fibrillation
of the European Society of Cardiology, and documented by Holter
recordings and the interrogation of the pacing devices.22
Exclusion criteria were recent myocardial infarction, unstable
angina, candidacy for revascularization, congestive heart failure,
renal failure (creatinine clearance < 30 ml/min), hepatic impairment,
and age above eighty-five years. Additionally, patients under
antiarrhythmic medication were not included in the study, in order to
avoid drug interactions that would make the evaluation of the effect
of ranolazine difficult.
Patients received the optimal hemodynamically tolerated
treatment, and were randomly assigned to adjunctive treatment with
ranolazine or placebo (control group), in an 1:1 order. Each patient
was given a unique 3-digit numeric code upon enrollment, and the
“Random Allocation Software” for parallel group randomized trial
was used to produce a simple 1:1 randomization of the predefined
candidacy code numbers.
The following pacemaker models had been implanted in the
studied population: 1) Adapta DR, Medtronic, Minneapolis,
USA, 2) Symphony DR, Sorin, Milan, Italy, 3) Insignia Ultra DR,
Boston Scientific, Phoenix, Arizona, USA, 4) T60 DR and C70
DR, Vitatron, Maastricht, Netherlands, and 5) Victory XL DR and
Identity XL DR, St. Jude Medical, St. Paul, Minneapolis, USA.
The devices had automatic mode switch features and could provide
information concerning the number of AF episodes (mode switches),
the duration of each episode, and the total time in AF (AF burden)
between two sequential interrogations. Additionally, AF burden was
automatically calculated and expressed as percentage (%).

Initial Evaluation and Assessed Parameters

Clinical examination, twelve-lead electrocardiogram along with
assessment of the corrected Q-T interval (QTc), evaluation of
renal function, and transthoracic echocardiographic study were
performed at baseline. Left ventricular end-diastolic and end-systolic
diameter (LVEDD and LVESD, respectively) were measured, and
left ventricular ejection fraction (EF) was estimated according to
the modified Simpson’s method. The anteroposterior diameter of
the left atrium (LA) was measured at the parasternal short axis.
Demographics, clinical characteristics and medication of the studied
population are presented in the Table. The total time in AF, AF
burden, and the number of AF episodes during the last six months
before enrolment in the study were recalled during the interrogation
of the pacemakers at the time of recruitment (baseline). Furthermore,
AF duration per episode (mean AF duration) was calculated.
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QTc was the Q-T interval corrected for heart rate and expressed in
msec. It was calculated by the duration of the QT interval divided by
the square root of the R-R interval, according to the Bazett’s formula.
AF burden was presented as percentage (%), and defined as the
total time in AF (time in mode-switch) during follow-up, divided by
the time of follow-up (six months) and multiplied by 100.
AF duration per episode (mean AF duration) was calculated by
dividing the total time in AF by the number of AF episodes.

Randomized Treatment and Follow-Up

In the ranolazine group, ranolazine was administered at a dose of
375 mg twice daily, as an adjunctive therapy on top of conventional
medication for CAD, according to current indications and the rules
of the Hellenic National drug Organization.23 This dose scheme
Demographics, clinical characteristics, history of revascularization
Table 1: and medication of the studied population, presented in groups,
according to randomization.
Ranolazine group
(n=36)

Control group
(n=36)

p value

Age (yrs)

73.8 ± 6.8

73.9 ± 4.5

0.726

Male gender (%)

25 (69.4%)

22 (61.1%)

0.621

SSS

21 (58.3%)

23 (63.9%)

0.809

AVB

15 (41.7%)

13 (36.1%)

0.809

Prior revascularization

18 (50.0%)

15 (41.7%)

0.637

CABG

5 (13.9%)

4 (11.1%)

1.000

PCI

13 (36.1%)

11 (30.6%)

0.803

Angina

21 (58.9%)

23 (63.9%)

0.809

Positive stress test/scintigraphy

36 (100%)

36 (100%)

1.000

EF (%)

54.6 ± 6.3

54.3 ± 7.6

0.943

LVEDD (mm)

51.4 ± 2.7

50.7 ± 2.8

0.233

LVESD (mm)

32.4 ± 2.2

32.1 ± 2.2

0.446

LA diameter (mm)

42.9 ± 2.7

42.6 ± 3.1

0.687

QTc (msec)

436 ± 10

437 ± 9

0.857

total time in AF (hrs)

81.56 ± 45.24

80.28 ± 43.198

0.903

AF burden (%)

1.89 ± 1.05

1.86 ± 1.00

0.903

number of AF episodes

77.3 ± 36.1

71.56 ± 30.92

0.468

mean duration (hrs)

1.05 ± 0.41

1.12 ± 0.43

0.486

hypertension

28 (77.8%)

29 (80.6%)

1.000

dyslipidemia

24 (66.7%)

26 (72.2%)

0.798

diabetes mellitus

8 (22.2%)

3 (8.3%)

0.189

thyroid disease

2 (5.6%)

3 (8.3%)

1.000

nitrates

30 (83.3%)

33 (91.6%)

0.631

β-blocker

36 (100.0%)

35 (97.2%)

1.000

ACE inhibitor/ARB

29 (80.6%)

25 (69.4%)

0.415

calcium channel blocker

12 (33.3%)

14 (38.9%)

0.806

dihydropyridine

9 (25.0%)

12 (33.3%)

0.605

non-dihydropyridine

3 (8.3%)

2 (5.6%)

1.000

statin

34 (94.4%)

36 (100%)

0.798

diuretics

13 (36.1%)

16 (44.4%)

0.631

Echocardiography

AF statistics at baseline

Comorbidities

Medication

yrs: years, SSS: sick sinus syndrome, AVB: atrio-ventricular conduction block, CABG: coronary
artery bypass grafting, PCI: percutaneous coronary intervention, EF: ejection fraction, LVEDD: left
ventricular end-diastolic diameter, LVESD: left ventricular end-systolic diameter, LA: left atrium, QTc:
corrected Q-T interval, AF: atrial fibrillation, hrs: hours, ACE: angiotensin converting enzyme, ARB:
angiotensin receptor blockers
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was decided in order to avoid interactions with other drugs and
serious side effects that could cause premature discontinuation
of the treatment. In the control group, placebo was administered
twice daily. During a six-month follow-up period, all patients were
prospectively reevaluated with programmed visits in the pacemaker
clinic. Interrogation of the devices and clinical evaluation was taking
place every second month and when symptoms were reported, and
performed by specialized physicians. The total time in AF, AF burden,
the number of AF episodes during follow-up, mean AF duration per
episode, and QTc were reassessed after six months of treatment and
compared to that before randomization. Renal function was also
evaluated at each programmed visit.
During follow-up, pacemaker settings and medication remained
unaltered. If changes in treatment were necessary or clinical
instability was observed, the patients were excluded from the study.
Other exclusion criteria secondary to enrolment were: serious
deterioration of renal function, serious adverse events associated
with ranolazine and requiring temporary interruption or permanent
cessation of treatment, consent withdrawal or loss of contact during
follow-up. The study protocol was approved by the institutional
ethics committee and all patients gave their informed consent before
enrolment.
The investigators of the study were assigned into two groups.
The first one was responsible for the enrollment in the study,
randomization, and clinical follow-up, until the end of the study.
The second group was blinded to treatment, and performed the
interrogation of the pacing devices, data extraction, processing
and analysis. All episodes were evaluated by the interval plots and
electrocardiographic tracings saved by the devices and confirmed by
experienced electrophysiologists.

Statistics

Statistical analysis was carried out by SPSS for Windows, version
17.0 (SPSS Inc. Chicago, IL, USA). Data are expressed as mean ±
standard deviation (SD) for continuous variables and as frequency
(percentage) for categorical parameters. Normality of distribution
of continuous variables was assessed by the Kolmogorov-Smirnov
test corrected by Lilliefors, and moreover confirmed graphically by
Q-Q plots. Whenever the normality hypothesis was rejected, nonparametric significance tests were used.

The flow diagram of the study shows the initial assessment
Figure 1: of eligibility, and the randomization of enrolled patients into
adjunctive treatment with ranolazine or placebo.
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Comparisons of continuous variables between groups were
performed using Student’s t-test for independent samples, preceded
by Levene’s test for equality of variances, or Mann–Whitney U nonparametric test, as appropriate. Comparisons of continuous variables
within the same group prior to and following six months of treatment
were performed using paired Student’s t-test or Wilcoxon signedrank test for related samples, as appropriate. Categorical data were
summarized in contingency tables and between groups comparisons
were performed using the Fisher’s exact test.
All statistical significance tests were two-sided and the null
hypothesis was the presumption of equality of means. Differences
between and within groups were considered to be statistically
significant if the null hypothesis could be rejected with >95% level of
confidence (p-value <0.05).

Results

Baseline Characteristics

Out of the 460 patients’ pool, 77 met the eligibility criteria for
the study. Seventy four of them provided written informed and were
initially enrolled. Two patients were excluded from the study: one from
the ranolazine group developed unstable angina and another from
the control group had to change his treatment due to unsatisfactory
control of his blood pressure (Figure 1). Demographics, clinical
characteristics, history, medication of the remaining 72 studied
patients and comparison between groups are presented in the Table.
During the initial evaluation, patients treated with ranolazine and
controls were comparable regarding the aforementioned parameters
(Table 1).

Treatment and Follow-Up

Ranolazine was overall well tolerated and no serious side effects
were reported. Initially, five patients complained about constipation,
abdominal discomfort or dizziness within the first two weeks of
ranolazine administration. However, these symptoms were attenuated

Figure 2:

Total time in AF during the last six months before treatment (white
bars) and during the 6-month period of treatment (dark bars) is
shown in the two groups. Statistical significance of difference
within each group (p-values) is also presented.

AF: atrial fibrillation, hrs: hours, NS: statistically not significant (p>0.05)
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later on and patients continued treatment for the entire follow-up
period.
Within group comparisons showed a statistically significant
decrease of the total time of AF with ranolazine, from 81.56 ±
45.24 hours before treatment to 68.71 ± 34.84 hours during therapy
(p=0.002), as presented in Figure 2. AF burden decreased too (Figure
3), from 1.89 ± 1.05 % to 1.59 ± 0.81 % (p=0.002). The number of AF
episodes under treatment with ranolazine was not significantly lower
compared to that before treatment (75.53 ± 33.13 episodes versus
77.33 ± 36.12 episodes, respectively, p=0.61), as depicted in Figure 4.
However, the mean AF duration decreased from 1.05 ± 0.41 hours
before treatment to 0.92 ± 0.35 hours (p=0.01) with ranolazine
(Figure 5). The duration of QTc interval following ranolazine
administration was comparable with that before treatment (436 ± 10
msec and 438 ± 10 msec, respectively, p=0.25).
In the control group, no significant changes were observed between
the six-month period before enrolment in the study and during
follow-up regarding the total time in AF (80.28 ± 43.20 hours versus
81.40 ± 42.54 hours, p=0.57), AF burden (1.86 ± 1.00 % versus 1.88
± 0.99 %, p=0.57), mean time in AF per episode (1.12 ± 0.43 hours
versus 1.11 ± 0.40 hours, p=0.53), the number of AF episodes (71.56
± 30.92 episodes versus 72.39 ± 26.99 episodes, p=0.66), and QTc
duration (437 ± 9 msec versus 437 ± 10 msec, p=0.60).
The comparison between groups confirmed the significant
difference in the mean duration of AF episodes (p=0.034).
Furthermore, when the changes in all the aforementioned parameters
were compared between groups, a statistically significant difference
favoring ranolazine was found (Table 2).

Discussion

In the present study, the effect of adjunctive treatment with
ranolazine on AF burden was evaluated in patients with ischemic
heart disease and PAF. Implanted dual-chamber pacing devices were
used for heart rhythm monitoring, detection of asymptomatic PAF,
and providing information regarding the number and duration of

AF burden (%) during the six months before (white bars) and under
Figure 3: treatment (dark bars) is compared within each group. For each
comparison, p-value is presented.
AF: atrial fibrillation, NS: statistically not significant (p>0.05)
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The differences in total time in AF, AF burden, number of AF
Table 2: episodes, and mean duration of each episode between baseline and
during follow-up are compared between the two groups.
Ranolazine group
(n=36)

Control group
(n=36)

p value

Difference in total time in AF (hrs)

- 12.85 ± 22.94

1.13 ± 11.77

0.002

Difference in AF burden (%)

- 0.30 ± 0.53

0.03 ± 0.27

0.002

Difference in the number of AF episodes

- 1.81 ± 12.55

0.83 ± 11.28

0.528

Difference in mean duration (hrs)

- 0.13 ± 0.30

- 0.01 ± 0.19

0.041

hrs: hours

AF episodes. At the selected dose-scheme, ranolazine was associated
with a statistically significant decrease in the total time in AF, AF
burden, and the duration of each AF episode.
The studied patients were clinically stable during follow-up, so
that the progression of ischemia would not be involved in the results.
Patients with highly symptomatic AF necessitating antiarrhythmic
medication were excluded, in order i) to avoid interactions between
the antiarrhythmic agents and ranolazine, and ii) to evaluate the pure
antiarrhythmic effect of ranolazine. These restrictions resulted in a
highly selected sample, and give advantages to the study.

Total AF Burden

Experimental and clinical studies suggest an antifibrillatory
impact of ranolazine on atrial myocardium. It has been reported
that ranolazine is more effective than lidocaine in terminating AF
in perfused canine right atrial preparations, mainly through the
development of a rate-dependent postrepolarization refractoriness.11
In canine isolated atrial preparations, ranolazine was comparable to
propafenone in terminating acetylcholine-mediated persistent AF.24
Besides, ranolazine suppressed triggers of AF originating from the
sleeves of pulmonary veins.25 Additionally, it has been proposed that
ranolazine may prevent AF by suppressing cellular calcium overload
and delayed afterdepolarizations that can trigger atrial arrhythmias.26
The role of the late phase 3 EAD-induced trigger activity has been

Figure 4:

In both groups, the number of AF episodes before (white bars) and
during treatment (dark bars) are not significantly different.

AF: atrial fibrillation, NS: p-value not statistically significant (p>0.05)
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shown to be involved in the reinduction immediately after an episode
of atrial fibrillation and the prolongation of the total duration of the
arrhythmia.27
In human right atrial appendages obtained from patients
undergoing heart surgery, ranolazine was found to suppress
calcium- or isoprenaline-induced premature atrial contractions that
might initiate or perpetuate AF.28 Furthermore, there are clinical
observations suggesting that oral ranolazine could be used in a “pill
in the pocket” approach to convert PAF, and that it could facilitate
electrical cardioversion in cardioversion-resistant cases.12,29
In accordance with these studies, we found that treatment with
ranolazine at the aforementioned dose-scheme was associated with
decreased AF burden during follow-up and shorter AF duration per
episode. These observations indicate the earlier termination of AF
episodes and could be attributed to the use-dependent properties of
ranolazine, the increase of atrial refractoriness and the suppression of
premature contractions in the atrium or pulmonary veins that can not
only induce but also perpetuate AF. The reduction of AF burden and
AF duration per episode may have an even greater clinical importance
in patients with higher AF burden and more frequent AF relapse.30
Finally, an additional anti-ischemic effect and the improvement in
diastolic dysfunction might also be involved in this beneficial effect,
since ischemia has been implicated in the pathophysiology of AF.31-35
Dual-chamber pacemakers have been used as tools for the evaluation
of the efficacy of antiarrhythmic agents before. In a recent study,
budiodarone, a novel chemical analogue of amiodarone, administered
at a dose of 200 mg daily in patients with PAF and a dual-chamber
pacemaker, decrease in AF burden by 14% approximately.36 Our
results are comparable with those of budiodarone, since ranolazine
was associated with a decrease in total time in AF and AF burden
by 16%. The antiarrhythmic effect of ranolazine was observed despite
the relatively low initial load of AF in the studied population.
Although this effect may have a small impact on the quality of life
among asymptomatic patients or those with short AF duration, it is
important in terms of pathophysiology and deserves further clinical
investigation.

Number of AF Episodes

Treatment with ranolazine was not associated with a significant
decrease in the number of AF episodes. This can be explained if the
following aspects are taken under consideration: i) Some episodes
of AF might have been aborted by the beneficial effect of atrial
pacing. In patients with SSS, atrial pacing reduces the incidence of
AF, especially when ventricular pacing is minimized.37,38 Besides, it
has been reported that atrial pacing diminishes the arrhythmogenic
dispersion of atrial refractoriness associated with bradycardia.39
Furthermore, atrial pacing may prevent the induction of AF by
suppressing premature atrial contractions.40,41 ii) Ranolazine exhibits
rate-dependent antiarrhythmic properties.9,11,42 This may result in an
increased effect of the drug during each PAF episode compared to
that in sinus rhythm. iii) Higher doses of ranolazine, if well tolerated,
may be more effective in reducing AF recurrence. iv) The studied
population was mainly characterized by short and sporadic episodes
of PAF. This might be an additional reason for not observing any
significant difference in the number of AF episodes with ranolazine.
The confirmation of this antiarrhythmic effect in patients with high
AF burden is a challenge for the future and it could introduce new
indications for the use of ranolazine.
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Mean AF duration before treatment (white bars) and during
Figure 5: treatment (dark bars) is shown by groups. Statistical significance
of comparisons within each group (p-values) is also presented.
AF: atrial fibrillation, hrs: hours, NS: statistically not significant (p>0.05)

QTc Duration and Side Effects

Ranolazine was not associated with a significant prolongation
in the QTc segment. In accordance with our observation, in the
MERLIN-TIMI 36 trial, ranolazine did not have a major impact on
the QT interval, although, during chronic treatment, the oral dose
was 1000 mg twice daily for the majority of the patients (83%).43 In
that study, in only 0.9% of the studied patients the dose of ranolazine
was reduced due to persistent QTc prolongation.
Ranolazine can be associated with minor side effects, such as
dizziness, nausea, constipation and headache.44 The MERLIN-TIMI
36 trial reported discontinuation of the drug due to adverse events
in 8.8% of the patients who received ranolazine.43 In our study, a
lower dose of ranolazine was associated with minor symptoms that
were diminished following the first days of treatment. No significant
interactions with other drugs were observed. These observations
suggest that treatment with ranolazine at the dose of 375 mg twice
daily is an effective and safe option as an adjunctive therapy in patients
with coronary artery disease, relatively preserved LV function and
paroxysmal AF.

Limitations of the Study

Data concerning AF recurrence and duration derived from the
pacing devices, based on algorithms of high atrial rate detection
and also on the statistics collected and saved by the pacemakers.
Therefore, more specific details regarding the characteristics of AF,
and the pathophysiologic mechanisms of induction and perpetuation
of the arrhythmia are limited and beyond the main purpose of the
study.
Enrollment in the study was based on the presence of ischemic
heart disease and not on the severity of AF symptoms, the frequency
of recurrences, or the duration of the arrhythmia. Therefore, total
time in AF, AF burden and mean AF duration were relatively small,
and their decrease with ranolazine was proportionately limited.
Despite this, our findings are statistically significant, and imply that
ranolazine warrants further evaluation among non-paced patients,
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and individuals with higher AF burden, more frequent and longer
AF episodes.
The potential antiarrhythmic effect of pacing cannot be ruled
out. However, this beneficial impact was equally distributed in the
controls and the ranolazine-group.
The number of patients enrolled in the study is relatively small, due
to the specific inclusion criteria and the indications for ranolazine
administration. Therefore, they were not separately studied in
different groups according to a predominantly atrial pacing (sinus
node dysfunction) versus ventricular pacing (impaired atrioventricular
conduction). A potential correlation between the ischemic burden
and the effect of ranolazine was not assessed in the study. However,
in the within-group statistical analysis, each patient was the control
of himself and the antiarrhythmic effect was evaluated on the same
ischemic substrate, and with the same pacing mode before and
following treatment.

Conclusions:

In a selected population of patients with CAD, PAF, and a dualchamber pacemaker, ranolazine may have an antiarhythmic effect,
indicated by a shorter total time in AF, a reduced AF burden, and
decreased mean AF duration, as documented by the pacing devices.
These observations may imply a beneficial effect of ranolazine
administration in patients with CAD and PAF, necessitating further
clinical confirmation.
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