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The Vernakalant Story: How Did It Come to Approval in Europe and

What is the Delay in the U.S.A?
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Abstract: The sudden onset of atrial fibrillation (AF) is often associated with rapid irregular palpitations, chest pain,
shortness of breath and considerable anxiety. If a patient presents shortly after the onset of the arrhythmia the physician
may adopt initially an expectant “wait and see” policy, perhaps with the help of mild sedation and drug therapy to reduce
the ventricular rate. If the arrhythmia does not terminate spontaneously and has been present for less than 24-48 hours res-
toration of sinus rhythm by cardioversion should be considered. This manuscript reviews the option of electrical car-
dioversion versus pharmacologic and the data for, the role of, and the status of vernakalant with respect to the latter.
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INTRODUCTION

The sudden onset of atrial fibrillation (AF) is often asso-
ciated with rapid irregular palpitations, chest pain, shortness
of breath and considerable anxiety. If a patient presents
shortly after the onset of the arrhythmia the physician may
adopt initially an expectant “wait and see” policy, perhaps
with the help of mild sedation and drug therapy to reduce the
ventricular rate. If the arrhythmia does not terminate sponta-
neously and has been present for less than 24-48 hours resto-
ration of sinus rhythm by cardioversion should be consid-
ered. If the patient remains symptomatic and if no transient
causative factors remain, the best option is early cardiover-
sion. If the arrhythmia persists more than 48 hours and the
patient is not anticoagulated rate control should be continued
until the patient has been effectively anticoagulated for at
least three weeks, or transesophageal echocardiography has
shown no thrombus in the left atrium. At this point a deci-
sion on long term rate or rhythm control should be made.
Generally patients who are symptomatic, active, young, and
have less underlying cardiovascular disease are selected for
rhythm control whereas those who are asymptomatic old,
sedentary and have substantial underlying heart disease may
be treated with rate control. Should rhythm control be se-
lected early cardioversion is recommended.

ELECTRICAL VERSUS
CARDIOVERSION

PHARMACOLOGICAL

Electrical cardioversion may be easily accomplished by
DC cardioversion. With relatively recent onset AF the tech-
nique is almost always successful, although recurrences of
the arrhythmia are common. In an urgent setting the tech-
nique has the disadvantages of requiring a fasted patient and
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an anaesthesiologist. If both of these conditions are not met
pharmacological cardioversion should be considered. In
other settings the patient or physician may prefer the use of
antiarrhythmic therapy, which can be easily administered
and rapidly effective. Physician preference for the pharma-
cological approach varies widely and largely depends on
previous experience, local tradition and national regulations,
such as the compulsory attendance of an anesthesiologist. In
theory the pharmacological technique has the advantage of
providing a continuing antiarrhythmic effect immediately
following cardioversion to ward off AF recurrence, and test-
ing the efficacy of a drug which might then be used for long
term control of the arrhythmia although effects re: cardiover-
sion and suppression of recurrence can be discordant.

DRUGS FOR CARDIOVERSION

There is a wide range of antiarrhythmic agents that might
be used for conversion of AF to sinus thythm [1-15] (Table 1).
Flecainide and propafenone may be given orally as a large
single dose — the “pill-in-the-pocket” technique. Usually,
however, antiarrhythmic agents are given intravenously as
prolonged injections or slow infusions. Amiodarone, fle-
cainide, propafenone and ibutilide are the most usual, but
sotalol has also been used. The choice of drug depends on
the availability of the drug, the presence of underlying moderate
or severe structural heart disease, the urgency of the situation
and the experience of the physician. An approach to cardiover-
sion of AF, and the choice of drug is illustrated in (Fig. 1).

VERNAKALANT

Vernakalant is a novel antiarrhythmic agent which is
available in many parts of the world, but only as an intrave-
nous formulation. It is not currently available in the USA.
The drug is designed for rapid termination of acute onset AF
in a patient with no or minimal heart disease and some forms
of structural heart disease including stable coronary heart
disease, left ventricular hypertrophy or mild heart failure [3-
8, 12-21].
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Table 1. Drugs used for cardioversion of AF. Vernakalant is not approved in the USA and ranolazine is not approved anywhere for

this indication. Ibutilide is only sporadically approved outside the USA.
Drug Dose Efficacy Acute Side Effects
200-300 .0. stat
Flecainide .mgp o-sta . 55-85% Hypotension, rapid AFL, QRS widening
2mg/kg i.v. over 10 min
450-600 .0. stat
Propafenone r.ngp o-sta . 52-85% Hypotension, rapid AFL, QRS widening
2 mg/kg i.v. over 10 min
35-90% (delayed by 8-24 | Hypotension, bradycardia, QT prol tion (1 isk of
Amiodarone 150 mg i.v. bolus, or 5 mg/kg i.v. over 1 hour 7 (delayed by ypo en51or‘1,‘ radycardia, QT prolongation (low risk o
h) TdP), phlebitis
Ibutilide 1 mg i.v. over 10 min, repeat if necessary 25-50% QT prolongation, TdP, bradycardia
Vernakalant 3 mg/kg i. v over 10 minutes, then, .if needed, 48-62% Hypot.ension (esp. in heart failure), QT prolongation
after 15 minutes 2mg/kg over 10 minutes (low risk of TdP)
Ranolazine 2 g p.o. stat ~60-70% Well-tolerated, but limited data

Not all drugs which are widely approved are available everywhere. TdP: torsades de pointes, AF: atrial flutter. Flecainide and propafenone are not available i.v. in the U.S.

Patient/physician choice

Structural heart disease

!

Severe Moderate None
(CHF 11I-1V) (CHF I-11) |
v ¥ )
Intravenous Intravenous Pill-in-the
Ibutilide* flecainide pocket
Intravenous vernakalant propafenone (high dose oral)
amiodarone vernakalant flecainide
‘l! ‘1’ propafenone
Intravenous
amiodarone Intravenous
amiodarone

Fig. (1). Choice of pharmacological agent for cardioversion in an acute setting. Choice of an antiarrhythmic drug is dependent on availability
and underlying structural heart disease. Optimum drug choices are indicated in bold. CHF = congestive heart failure.

ELECTROPHYSIOLOGICAL  PROPERTIES OF
VERNAKALANT

Vernakalant [3-8, 12-21] is a novel amino-cyclohexyl
ether drug, which has a unique ion channel-blocking profile
amongst drugs used clinically for cardioversion of AF. It
exerts a frequency- and voltage-dependent Iy, block, includ-
ing inhibition of the late sodium current, which is probably
the most important of its electrophysiological effects with
regard to termination of AF. The powerful effect on intra-
atrial conduction at fast rates is due to blockade of this cur-

rent. However it also inhibits the early activating K chan-
nels (Ixur; Iio) and Ixach. Ixur and Ixach are currents which are
specific to the atrium and cause prolongation of atrial rather
than ventricular refractoriness and may contribute to the effi-
cacy of the drug. The effect of vernakalant on these currents
was responsible for its original classification as an ARDA
(atrial repolarization delaying agent). However, vernakalant
also blocks the rapidly activating potassium current Ix, which
accounts for mild QT prolongation. QRS widening due to Iy,
blockade also contributes to QT prolongation.
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Other drugs such as antazoline [10, 11], a first generation
antihistamine, and ranolazine [1], an agent used predomi-
nantly for the treatment of chronic stable angina, have simi-
lar electrophysiological properties and ranolazine in particu-
lar shares many of the properties of vernakalant including
blockade of the late sodium current.

VERNAKALANT CLINICAL TRIAL PROGRAM [3-8,
12-21]

Clinical electrophysiological studies demonstrated that
vernakalant had a differential effect on cardiac tissue refrac-
toriness, prolonging atrial much more than ventricular refrac-
tory periods. Vernakalant also prolonged AV nodal refracto-
riness and lengthened the Wenckebach point. Sinus node
recovery was prolonged. Although the ventricular QRS dura-
tion increased at fast cycle lengths there was no measurable
effect on atrial paced or spontaneous QRS or QT durations.

CRAFT (Controlled Randomised Atrial Fibrillation
Trial) was a dose ranging study which compared two regi-
mens involving two sequential infusions over 10 minutes
spaced by 15 minutes if atrial arrhythmia had not terminated
following the initial infusion (see Fig. 2). The efficacy of 2
mg/kg followed by 3 mg/kg was inferior to 0.5 mg/kg fol-
lowed by 1 mg/kg in terms of termination of AF (placebo:
1/19, low dose: 2/18 high dose: 11/18 [61%]). Since there
was a substantial increase in termination after the second
infusion the order of dosing was reversed and 3 mg/kg fol-
lowed by 2 mg/kg was selected as the dose regimen for all
subsequent clinical trials.

The pivotal clinical trials (Table 2) were all known as
ACT (Arrhythmia Conversion Trials). ACT I and II were
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controlled randomised (2:1 vernakalant:placebo) trials of AF
termination in patients with AF 3 hours to 45 days duration.
The primary endpoint in this and all other trials in the pro-
gram was the percentage of patients in sinus rhythm at 90
minutes after the start of the vernakalant infusion. Patients
with no heart disease or mild heart failure, or stable coronary
artery disease were enrolled. Some were already on treat-
ment with antiarrhythmic drugs. Patients with baseline QT
prolongation (QT>440 msec), hypotension, moderate to se-
vere heart failure (NHYA II or IV) or acute coronary syn-
drome within 30 days were excluded. The basic trial design
remained similar to that of the CRAFT study and was the
template for all other studies (Fig. 2). Over 500 patients were
enrolled in these two studies.

ACT 1I recruited 160 patients who developed AF, be-
tween 3 and 72 hours duration occurring between 24 hours
and 7 days after cardiac surgery. ACT IV was an uncon-
trolled open-label safety study that recruited 167 patients.

AVRO (A Phase III Prospective, Randomized, Double-
Blind, Active-Controlled, Multi-Center, Superiority Study of
Vernakalant Injection versus Amiodarone in Subjects with
Recent Onset Atrial Fibrillation) was an active comparator
study that was required by European regulators. The com-
parator was amiodarone, which was chosen because it was
the market leader for this indication (most popular drug for
AF conversion), available in all the countries in which the
study took place and approved for use in patients with under-
lying heart disease. Other antiarrhythmics, such as fle-
cainide, were considered but rejected for obvious reasons.
However, comparisons with class 1C agents are now needed.
Since the universal endpoint in the vernakalant development

Table 2. Clinical trial program for vernakalant. All trials included patients with atrial fibrillate except Scene 2 which enrolled
patients with atrial flutter.
Study Design Number of patients | AF duration Primary endpoint
Double-blind, dose-ranging, Proportion of patients converted to SR during or
CRAFT 56 3-72h s . . .
placebo-controlled, phase 1T within 30 minutes after the last infusion
3h-45d
Double-blind, placebo . s Proportion of patients converted to SR within 90
ACTI1 336 stratified by 3 h - 7 days . .
controlled, phase III minutes of drug initiation in AF 3 h - 7 days
and 8-45 days
. 3-72h . . o
ACTII Double-blind, placebo 160 24 h - 7 days after cardiac Proportion of patients converted to SR within 90
controlled, phase III 4 minutes of drug initiation in AF 3 h - 7 days
surgery
3h-45d
Double-blind, placebo . s Proportion of patients converted to SR within 90
ACT 111 262 stratified by 3 h - 7 days . .
controlled, phase III minutes of drug initiation in AF 3 h - 7 days
and 8-45 days
Open-label, safety, phase Proportion of patients converted to SR within 90
ACTIV 16 AF3h-45d
¢ /v 7 ays minutes of drug initiation in AF 3 h - 7 days
Double-blind, active- . R o
. . Proportion of patients converted to SR within 90
AVRO controlled (i.v. amiodarone), | 232 AF3-48h . .
minutes of drug initiation
phase IIT
Double-blind, controlled, . Proportion of patients converted to SR within 90
Scene 2 54 Atrial flutter 3 h - 45 days . .
phase II/IIT minutes of drug initiation
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Fig. (2). Schematic of the clinical trials for the development of vernakalant. All trial used sinus rhythm at 90 minutes after the start of the
vernakalant infusion as the primary endpoint. In CRAFT the infusion doses were reversed. In CRAFT, ACT I, II and III patients were ran-
domised to blinded vernakalant or placebo. In AVRO patients received either amiodarone or vernakalant (or appropriate placebos) in a in a
double-blind, double-dummy design. ACT IV was not controlled, but contributed to the safety database of vernakalant.

program was the percentage of patients in sinus rhythm at 90
minutes this was also the primary endpoint in the AVRO
study. Because of the fundamentally different methods of
intravenous administration of amiodarone and vernakalant a
double-blind, double-dummy technique was employed (see
Fig. 2). Patient recruitment was similar to that in the ACT I
and III trials except that less hypotensive patients (blood
pressure less than 110 mmHg rather than 100 mmHg) were
excluded.

The results of all studies were remarkably consistent —
approximately 50% of the patients who received vernakalant
reverted to sinus rhythm before 90 minutes compared with
approximately 5% with placebo or amiodarone (Fig. 3). In
ACT 1II 14% of placebo treated patients reverted to sinus
rhythm which was not unexpected. The efficacy difference
between amiodarone and vernakalant was remarkable but
anticipated. Although amiodarone slows the ventricular rate
promptly and therefore reduces symptoms, AF conversion is
generally late and closer to 24 hours than 90 minutes.

Modelling studies based on the date from the ACT stud-
ies suggest that the conversion rate is critically dependent on
the duration of the AF episode, and that approximately 75%
of AF lasting less than 24 hours should terminate in response
to vernakalant infusion. Meta-analysis shows that most pa-
tients respond similarly except those with heart failure who
are more resistant. Indirect comparisons show that verna-
kalant is at least as good, if not superior to flecainide and

propafenone. The effect of vernakalant infusion is durable in
that AF recurs within 30 days in less than 5%.

Of note: in each of these studies, despite efficacy for AF,
vernakalant was no better than placebo for terminating atrial
flutter.

Adverse effects were few — only one case of torsades de
pointes could possibly have been related to vernakalant infu-
sion and in that case an ibutilide infusion had also been ad-
ministered (a protocol violation). Hypotension and sinus
bradycardia were the most significant cardiovascular adverse
events. Hypotension can be minimised by ensuring adequate
hydration prior to administration of vernakalant. A constella-
tion of dysgeusia, paraesthesia and nausea occurred in be-
tween 10 - 20% of patients, but these effects were neither
prolonged nor serious.

POST APPROVAL STUDIES

Since approval in Europe and elsewhere vernakalant has
been used in a variety of settings. Urgent and near immediate
cardioversions have been performed in the emergency room,
catheter laboratory, electrophysiology laboratory, coronary
care unit and intensive care unit. The drug has also been used
electively in patients with minimal or modest heart disease.
Most of these small but relevant studies have not yet been
fully reported but the results have been favorable and the
investigators have been enthusiastic in their endorsement of
this new drug. Few if any proarrhythmic effects other than
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Fig. (3). Termination of recent onset AF following intravenous infusion of vernakalant compared with placebo (ACT I, II and III) or amio-
darone (AVRO). The median time to termination was between 8 and14 minutes. 75-80% converted after the first dose.

transient ventricular arrhythmias and 1:1 atrial flutter have
been reported. Importantly there are not yet any report of
torsade de pointes.

TERMS OF APPROVAL IN THE EUROPEAN UNION

In 2010 vernakalant was approved by the European Un-
ion for cardioversion of AF which was less than 7 days in
duration, or for post-operative AF less than 3 days in dura-
tion. The drug is contraindicated when systolic blood pres-
sure is less than 100 mm Hg, when severe aortic stenosis, or
heart failure (class NYHA III and IV) is present, when acute
coronary syndrome has occurred within the previous 30
days, if there is QT interval prolongation (baseline > 440
msec), or when intravenous Class I/III antiarrhythmic dugs
have been administered within the previous 4 hours. Before
its use patients should be adequately hydrated and ECG and
hemodynamic monitoring should be used. It was noted that
the infusion can be followed by DC cardioversion if neces-
sary.

The terms of the approval are very strictly aligned to the
evidence base for vernakalant. Of the drugs previously ap-
proved for cardioversion only ibutilide had a comparably
sized database and the safety of ibutilide was compromised
by the risk of torsade de pointes which had not surfaced as a
problem during the development of vernakalant. Regulators
were able to label the drug to avoid the majority of other
adverse effects of vernakalant offered an alternative to amio-
darone in patients with mild or moderate heart disease. Al-
though amiodarone achieves conversion in a high proportion
of patients its action is relatively delayed. A clear unmet
need could potentially be filled by this new antiarrhythmic
drug. The efficacy of vernakalant versus its placebo for atrial
fibrillation conversion was greater in its clinical trials than
that of ibutilide versus placebo in its clinical trials, whereas
the opposite was true for atrial flutter.

Vernakalant has been marketed in some, but not all
European countries, both within and outside the European
Union. Other countries, notably in Asia have also used the
drug after appropriate approval.

WHAT IS THE SITUATION IN THE USA?

When vernakalant appeared before an FDA advisory
panel it was recommended for approval, but the FDA con-

tinued to have questions about the safety of the drug, and to
some extent about the need for pharmacological cardiover-
sion. In any event it was agreed with the FDA that a further
study with any drug should be conducted (ACT V) designed
not only to bolster efficacy data, but most importantly to
further explore safety and to strengthen the safety database.
Unfortunately the study ran into difficulty early when a sin-
gle patient died following the infusion of vernakalant with-
out certainty that the drug was not involved. Although full
details of this event have not been made public the FDA did
not favor the continuation of the study without further proto-
col revisions. The study was then discontinued. Despite fur-
ther discussion and negotiations the sponsor and the agency
were unable to agree on any further study that would satis-
factorily clarify the benefit-risk ratio of intravenous verna-
kalant for AF cardioversion. Thus, the FDA remained un-
convinced that vernakalant was worthy of approval.

Although an on-going post-approval database was being
steadily accumulated outside of the U.S. and plans were
made for development of the oral formulation of vernakalant,
the then sponsor of vernakalant decided that reluctance from
the FDA to license the intravenous administration of verna-
kalant for AF termination rendered further development un-
attractive and its further development was halted.

Meanwhile the drug remains marketed in many other
parts of the world and is generally considered useful for the
rapid termination of recent onset AF, provided that patients
are appropriately selected, both electrocardiographic and
hemodynamic monitoring are in place, and the drug is in-
fused in accordance with its approved label. In the future
other sponsors may elect to apply to the FDA for further
consideration for U.S. approval. Meanwhile other drugs, old
and new with similar electrophysiological properties con-
tinue to be investigated and developed.

The difference between regulatory opinions on both sides
of the Atlantic is disturbing and perplexing. Agencies in
Europe and the USA came to different conclusions when
examining the same evidence-base. Thus, neither opinion
can be entirely or easily accepted. Such differences lead to
implausible and ridiculous positions that cannot be defended.
The importance of the USA “market” is such that the deci-
sions of the FDA have an influence that is more widespread
than its jurisdiction or mandate should allow. Sponsors
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abandon drugs that do not have the blessing of the FDA and
leave the world in general at a loss to influence progress.
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