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Early and delayed afterdepolarizations (EAD/DAD) cause triggered ventricular ectopy.
Because ranolazine (RAN) suppresses EAD/DAD, we postulated that RAN might be
effective in reducing premature ventricular contractions (PVCs).

To assess the effect of RAN in patients with symptomatic PVCs due to triggered ectopy
and its safety and tolerability.

A total of 59 patients with symptomatic PVCs were identified from full-disclosure Holters.
Doses of 500 and 1,000 mg offlabel RAN, daily, were given to 34 and 66% patients,
respectively, and repeat Holters were performed prospectively during mean followup of 3.1
months. The two Holters were retrospectively compared. Congestive heart failure (CHF)
was defined as symptoms including dyspnea, orthopnea, paroxysmal nocturnal dyspnea,
and fatigue, with a brain natriuretic peptide > 400. Systolic (heart failure with reduced
ejection fraction) versus diastolic (heart failure with preserved ejection fraction, HFpEF) CHF
depended upon an echocardiographic left ventricular ejection fraction (LVEF) at least 50%
by apical two- and four-chamber Simpson’s method (HFpEF).

The mean age of the patients was 63 years, 60% were males, mean left ventricular ejection
fraction was 60%, with 34% having coronary artery disease, 73% were hypertensive, 24% had
type 2 diabetic, and 34% were on beta blockers. Upon repeat Holters at a mean of 3.1
months after initiating RAN, 95% (56/59) of the patients had their PVC count reduced as
follows: 24% (14/59) had more than 90% decrease, 34% (20/59) had 71 to 90% decrease,
and 17% (10/59) had 50 to 70% decrease. In the entire group, RAN reduced PVCs by 71%
(mean: 13,329 to 3,837; p < 0.001). Ventricular bigeminy was reduced by 80% (4,168 to
851; p < 0.001), ventricular coupletswere reduced by 78% (374 to 81; p < 0.001), and
ventricular tachycardiawas reduced by 91% (56 to 5; p < 0.001). The PVC reduction was
dose dependent.

Off-label RAN offers an effective and safe pharmacologic treatment for symptomatic
triggered PVCs. A large, prospective randomized study is needed.

Ranolazine (RAN) is a novel antianginal agent with antiar-
rhythmic properties. In the therapeutic concentration range
of 2 to 6 uM, RAN inhibits the late sodium current (Iy,),
resulting in suppression of early and delayed afterdepolari-
zations (EAD/DAD), thereby reducing triggered ventricular
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ectopy.' Anincrease of the late Iy, induces EAD/DAD resulting
in triggered activity.? The diastolic transient inward current
in the long QT syndrome? is caused by calcium overload and is
inhibited by RAN.3 Because RAN has no known proarrhyth-
mic effects and, to the contrary, protects against torsades de
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pointes,* we hypothesized that RAN could be an effective and
safe pharmacologic treatment for symptomatic premature
ventricular contractions (PVCs).

Methods

Using full-disclosure 24-hour Holters (Burlick), 59 adult
patients with highly symptomatic, frequent PVCs (examples
in =Fig. 1) were identified during routine outpatient clinic
visits (=Table 1).The PVCs met criteria for “ventricular para-
systole” (VP): nonfixed coupling, fusion, interpolation, and a
mathematical relationship with R-R intervals. Doses of 500
and 1,000 mg RAN, daily,were given to 34 and 66% patients,
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respectively, depending on tolerability, without the side
effects of headache, dizziness, nausea, or constipation, or
the patients’ symptomatic improvement. Holters were re-
peated at 1 week and up to 2 years (mean: 3.1 months) and
were retrospectively compared. Response was defined as at
least 50% reduction in PVC count and/or at least 70% reduction
in complex PVCs. All statistics, including means, standard
deviations, and Student’s t-tests, were performed under SPSS
v 14.1 (IBM). Student’s t-tests were performed as two-tailed
tests with equal variance. Significant values were determined
on the null hypothesis that the pre- and posttreatment values
were equal. All patients were informed that RAN administra-
tion for PVCs was not approved by the U.S. Food and Drug
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Fig.1 Representative electrocardiographicfindings. (A) A 72-year-old male with 28,466 PVCs per 24 hours, 149 bigeminal cycles, 4,662 couplets,
and 862 runs ventricular tachycardia. (B) 83-year-old male with 47,211 PVCs per 24 hours, 29,573 bigeminal cycles, and 24 couplets. Post-RAN,

only 13 isolated PVCs per 24 hours
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Table 1 Patient demographics

Gender 34 males, 25 females
Age (mean) 63

LVEF (mean) 0.60

HTN 73%

CAD 34%

DM 24%

BB 34%

PHx of CHF 8% (three diastolic,

two systolic patients)

RAN dose (mean) 866 mg daily
Time in between Holters (mean) 3.10 mo
Symptoms

Palpitations 100%

Dizziness 65%

Fatigue 33%

Abbreviations: BB, beta blocker; CAD, coronary artery disease; CHF,
congestive heart failure; DM, type 2 diabetes; HTN, hypertension; LVEF,
left ventricular ejection fraction; PHx, past history; RAN, ranolazine.

Administration, hence it was off-label use, and gave appro-
priate informed consent.

Results

Patient demographics are summarized in =~ Table 1. Mean age
was 63 years, 58% were males, mean left ventricular ejection
fraction (LVEF) was 0.60 with only 8% having a history of
congestive heart failure (CHF; two systolic, three diastol-
ic),73% were hypertensive, 34% had coronary artery disease
(CAD; all revascularized), 34% were taking a beta blocker, and
the mean RAN dose was 866 mg per day. All patients experi-
enced palpitations, 65% had dizziness, and 33% complained of
fatigue. These symptoms improved in proportion to PVC
reduction: 100% of responders reported fewer palpitations,
90% were less fatigued, and dizziness improved in 73%.

The Holter results of the responders (95% of patients) to RAN
are listed in =Table 2. Over 40% of patients had at least 10,000

Table 2 Holter results of patients responding to ranolazine®

Pre-RAN Post-RAN p-Value
Total QRS 102,667 99,826 p=NS
Isolated PVCs | 13,329 3,837 (-71%) | p < 0.001
Ventricular 4,168 851 (—80%) p < 0.001
bigeminy
Ventricular 374 81 (-78%) p < 0.001
couplets
Runs VT 56 5(-91%) p < 0.001

Abbreviations: PVCs, premature ventricular contractions; RAN, ranola-
zine; VT, ventricular tachycardia.
*95% (56/59) of patients had their ventricular ectopy reduced by RAN.
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PVCs, and over 25% had greater than 20,000 PVCs. In the entire
group, RAN reduced PVCs by 71% (mean: 13,329 to 3,837;
p < 0.001). Approximately 24% (14/59) of patients had more
than 90% decrease in PVCs, 34% (20/59) had 71 to 90% decrease,
and 17% (10/59) had 50 to 70% decrease. Ventricular bigeminy
was reduced by 80% (4,168 to 851; p < 0.001), couplets were
reduced by 78% (374 to 81; p < 0.001), and ventricular tachy-
cardia (VT) reduced by 91% (56 to 5; p < 0.001). The maximum
reduction in PVCs was from 47,211 with 29,573, ventricular
bigeminy to 13 PVCs per 24 hour, and no bigeminy, accompanied
by a robust resolution of the patient’s incapacitating fatigue. This
patient stated: “My life has been returned to me. I can return to
work”. No proarrhythmia was observed, and there were no
significant side effects of treatment. Approximately 6% of pa-
tients reported one or more of the following side effects:
constipation, dizziness, nausea, or headache. One of the initial
three nonresponders had response 1.5 years later with 16,890
PVCs and 10,114 ventricular bigeminy reduced to only 3 PVCs
per 24 hours.

Discussion

RAN has several electrophysiological effects with no known
proarrhythmi.su.L2 Ik and late Iy, are inhibited at concentra-
tions within therapeutic range. In addition, RAN has been
shown to inhibit the diastolic transient inward current,’
resulting in suppression of afterdepolarizations. Although
the QT interval is prolonged by approximately 6 ms due to
I inhibition, there is no transmural dispersion of repolari-
zation, and RAN is protective against torsades de pointes.*
EAD/DAD are causes of triggered ventricular ectopy>® and
can be induced by late Iy, that RAN inhibits."2 DAD are due to
spontaneous release of Ca** from the sarcoplasmic reticu-
lum, and EAD are directly due to Ca* " entry through the Ca**
window current, except in Purkinje fibers where EAD are due
to late Iy, window current.”

Some clinical scenarios of EAD/DAD-mediated ventricular
arrhythmias include CHF? catecholaminergic polymorphic
VT,? hypokalemia,'? left ventricular hypertrophy (LVH),"
long QT syndrome,'? and cocaine use.'*> Our patients met
criteria for VP.'*1° This is the second study reporting effects
of RAN on PVCs in humans, '® but the first focusing exclusively
on triggered ventricular ectopy.

VP (PVCs with variable coupling, fusion, interpolation, and a
mathematical relationship with R-R intervals) occurs in 1 of
1,300 patients and can be a highly symptomatic arrhythmia,
which is thought to be caused by EAD/DAD.'” Prognosis depends
upon any coexisting cardiac disease. Rarely does ventricular
fibrillation or syncope occur, and VT is slower than reentrant VT.
Several drugs have been tried as treatment for VP. Verapamil
produced a satisfactory response in 18% of treated patients.'® A
report of two patients responding to adenosine has been
published.'® Dilantin was successful in one patient.?’ Cardiac
pacing succeeded in two patients.2! Amiodarone produced good
results in nine patients.?? Only 33% of patients with VP re-
sponded to the usual sodium channel blockers.

Activation of late Iy, (for example, by phosphoralization by
Ca + +/calmodulin kinase 1l), may be a common myocardial
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response to stress. Therefore, RAN may have a therapeutic role
in treating many cardiac conditions, including unstable ische-
mic patients with PVCs and patients with atrial fibrillation.?3

RAN was very well tolerated, with only 6% of patients
experiencing headache, dizziness (not BP-related, but a direct
CNS effect), nausea, or constipation, with no known organ toxicity.
Patients’ symptoms improved proportionally to PVC reduction.

In canine ventricular wedge preparations, RAN did not
induce torsades de pointes, reduced the action potential
duration of M cells, and suppressed EAD induced by
d-sotalol.?* These are potential explanations of why RAN
administration caused no proarrhythmia in this study.

RAN is metabolized by CYP 3A so that inhibitors of this
enzyme, such as ketoconazole, diltiazem, verapamil, macro-
lide antibiotics, HIV protease inhibitors, and grapefruit juice,
increase RAN levels. Inhibitors of g-glycoprotein increase
plasma levels two- to threefold. RAN increases digoxin con-
centrations 1.4- to 1.6-fold, and simvastatin Cmax is doubled.

The patient population herein reported (=Table 1) seems
reasonably typical of adults who would be referred to a cardiol-
ogy practice primarily for ventricular arrhythmia evaluation and
therapy. Patients were essentially Medicare-age with multiple
comorbidities, but well-preserved LVEF and highly symptomatic
with palpitations, dizziness, and fatigue (-Table 1). Syncope and
cardiac arrest were not methods of presentation.

In summary, RAN was found to be highly effective in
suppressing triggered VPC. Isolated PVCs were reduced
from 13,329 to 3,837, ventricular bigeminy reduced from
4,168 to 851, ventricular couplets reduced from 374 to 81,
and VT was reduced from 56 to 5, representing reductions of
71, 80, 78, and 91%, respectively. One of the initial three
nonresponders demonstrated a remarkable response 1.5
years later with 16,890 PVCs reduced to only 3 PVCs per 24
hours (99% reduction). The presenting symptoms were
improved in proportion to PVC reduction (marked decrease
in palpitations, fatigue, and dizziness).

Limitations

This is a single-center open-label study. A larger, randomized
prospective study might be useful in confirming these results.
Furthermore, RAN can suppress the more common reentrant
PVCs.? Reentrant patients weren't studied, but if RAN were a
successful therapy because of its safety, then RAN could be the
first drug choice to treat the majority of patients with
symptomatic PVCs.

Conclusion

RAN offers a safe, effective pharmacologic therapy for symp-
tomatic VP patients whose PVCs are due to triggered activity,
with no known proarrhythmia or significant organ toxicity. It
may have a role to play in treating symptomatic PVCs in
patients with LVH, CHF, hypokalemia, acute hypoxia,® oxida-
tive stress,?’?® long QT syndrome,'? especially long QTs3
catecholaminergic polymorphic VT, cocaine-related PVCs,'3
and drug-induced torsades de pointes.* It is the pharmaco-
logic treatment of choice for VP.
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