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Aims Vernakalant is a novel, relatively atrial-selective antiarrhythmic agent for conversion of atrial fibrillation (AF) to sinus
rhythm. This study examined the safety and efficacy of vernakalant in converting atrial flutter (AFL) to sinus rhythm.

Methods
and results

This was a phase 2/3, randomized, double-blind, placebo-controlled trial. Adults with AFL received either a 10 min
infusion of 3.0 mg/kg vernakalant (n ¼ 39) or placebo (n ¼ 15). If AFL or AF persisted at the end of a 15 min obser-
vation period, a second 10 min infusion of 2.0 mg/kg vernakalant or placebo was administered. The primary efficacy
outcome was the proportion of patients who had treatment-induced conversion of AFL to sinus rhythm for a
minimum duration of 1 min within 90 min after the start of the first infusion. No patient in the placebo group
met the primary outcome. Only one patient receiving vernakalant (1 of 39, 3%) converted to sinus rhythm. A
reduced mean absolute ventricular response rate occurred within 50 min in patients receiving vernakalant (mean
change from baseline –8.2 b.p.m.) vs. patients receiving placebo (–0.2 b.p.m.) (P ¼ 0.037). A post-hoc analysis
revealed that vernakalant increased AFL cycle length by an average of 55 ms, whereas the AFL cycle length was un-
changed in the placebo group (P , 0.001). There was no occurrence of 1 : 1 atrio-ventricular conduction. Dysgeusia
and sneezing were the most common treatment-related adverse events, consistent with previous reports.

Conclusion Vernakalant did not restore sinus rhythm in patients with AFL. Vernakalant modestly slowed AFL and ventricular re-
sponse rates, and was well tolerated.
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Introduction
Atrial flutter (AFL) is a macro re-entrant atrial tachycardia that is
characterized by an organized atrial rhythm with a rate usually
between 250 and 350 b.p.m.1 The annual incidence of AFL in the
United States is estimated to be 200 000.2 Compared with patients
with atrial fibrillation (AF), patients with AFL may be more likely to
have a history of chronic obstructive pulmonary disease, heart
failure, and smoking.2,3

Atrial tachycardia, AFL, and AF are interrelated and can co-exist
in the same patient.4 Patients presenting with atrial tachycardia or
AFL are at risk of developing AF.5 Atrial flutter often deteriorates
into AF, and AF and AFL may switch back and forth to one
another.6

Most drugs currently used to treat atrial arrhythmias have
effects on the entire heart, have limited efficacy, and may induce
ventricular proarrhythmia.7 Those with prominent sodium
channel blocking properties but no direct effect on increasing
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atrio-ventricular (AV) nodal refractoriness can increase ventricular
rate during AFL indirectly by slowing the atrial rate, which physio-
logically increases AV conduction.8

Vernakalant is a novel, relatively atrial-selective antiarrhythmic
agent for the conversion of AF to sinus rhythm that acts by block-
ade of various potassium currents (e.g. IKur, Ito, IKAch, and IKr) and
frequency-dependent blockade of sodium channels.9,10 In phase 2
and 3 trials vernakalant rapidly converted AF to sinus rhythm in
patients with recent-onset AF11–13 and in patients with post-
operative AF.14 The present study examined the ability of vernaka-
lant to convert AFL to sinus rhythm, the efficacy of vernakalant in
lowering the ventricular response rate, and the safety of vernaka-
lant in patients experiencing AFL. A post-hoc analysis assessed ver-
nakalant’s effect on AFL cycle length in order to provide insight
into the potential risk of 1 : 1 AV conduction.

Methods

Study design
The study was a phase 2/3, prospective, randomized, double-blind,
placebo-controlled trial conducted at 24 sites in Denmark, Canada,
the United States, and Sweden (Clinical Trial Registration—clinical-
trials.gov. identifier: NCT00476112). The study was approved by an in-
stitutional review board at each site and conducted in accordance with
the Declaration of Helsinki. All patients provided written informed
consent prior to enrolment.

Patients
Eligible patients were men and non-pregnant women ≥18 years of age
with AFL that had been sustained for .3 h and ≤45 days. Atrial flutter
included typical AFL defined as an atrial rate between 220 and
320 b.p.m. and a typical sawtooth pattern in electrocardiogram
(ECG) leads II and III. Atypical AFL was included in the absence of a
typical sawtooth pattern when there was clear evidence of regular,
organized atrial activity in other leads (particularly lead V2) within
this range of rates and fixed AV conduction (2 : 1, 3 : 1, etc.). Patients
had to have adequate anticoagulant therapy as judged by the investiga-
tor, be haemodynamically stable (systolic blood pressure 90–
160 mmHg and diastolic blood pressure ,95 mmHg at screening
and baseline), and have a body weight between 45 and 136 kg.

Patient exclusions were identical to those of previous studies of ver-
nakalant for conversion of AF.11 –13 Briefly, they excluded those at risk
of QT prolongation, bradycardia, or other proarrhythmia; haemo-
dynamically unstable patients; and those with reversible causes of
AFL or recent use of other antiarrhythmic drugs.

Treatments
Patients were randomly assigned (2 : 1) to receive either a 10 min infu-
sion of 3.0 mg/kg vernakalant or placebo (normal saline solution), fol-
lowed by a 15 min observation period. If the patient was in AFL or in
AF at the end of the observation period, a second 10 min infusion of
2.0 mg/kg vernakalant or placebo was administered. The infusion was
discontinued if any of the following were observed: uncorrected QT
interval of 550 ms or QT prolongation of .25% of baseline; heart
rate between 40 and 50 b.p.m. lasting ≥30 s with symptoms of brady-
cardia, or,40 b.p.m. lasting ≥30 s with or without symptoms; systolic
blood pressure .190 mmHg or ,85 mmHg; new bundle-branch
block or QRS interval prolongation of 50% of control; any polymorph-
ic ventricular tachycardia; one or more sinus pause of ≥5 s; or any

intolerable side effect or change in cardiac rhythm or AV conduction
deemed by the investigator as unsafe.

Study outcomes
The primary efficacy outcome was the proportion of patients who
received treatment and converted from AFL to sinus rhythm for a
minimum duration of 1 min within 90 min after the start of the first in-
fusion. Patients were assessed for the presence of AFL symptoms at
screening, baseline, 90 min post-dose, 24 h post-dose, at a Day 7
follow-up visit, and by telephone on Day 30. Secondary efficacy out-
comes included time-to-conversion of AFL to sinus rhythm and abso-
lute reduction (change from baseline) of the ventricular response rate
at 50 min after first exposure to treatment.

Conversion of AFL to sinus rhythm was confirmed by members of a
Clinical Events Committee (who were blinded to treatment assignment),
using the results of the Holter monitor and/or two consecutive 12-lead
ECG recordings at least 1 min apart within 90 min of first exposure to
study drug. All ECGs through Day 7 were reviewed by the committee.

Analysis of electrocardiogram intervals
The ECG intervals were measured at several time points throughout
the first 24 h and again at the Day 7 follow-up visit. The QT intervals
were corrected by both Bazett and Fredericia formulae.15,16

A separate post-hoc analysis was done to assess the effect of
vernakalant on AFL cycle length and the potential risk of 1 : 1 AV
conduction. The 12-lead ECGs were masked concerning treatment
group assignment. The AFL rate was assessed by determination
of the average of five FF intervals (interval between atrial depolariza-
tions in AFL; AFL cycle length) per ECG. The FF intervals were
determined for the three successive baseline ECGs (recorded
between T ¼ –10 min and 0) and for the ECGs obtained at 5, 10,
15, and 30 min following the initiation of infusion.

Safety
Safety was assessed by adverse events (AE), serious adverse events (SAE),
vital signs, Holter monitor variables (including specifically 1 : 1 AV conduc-
tion), laboratory parameters (haematology, serum chemistry, and urinaly-
sis), and physical examination results. Adverse events and SAEs were
monitored over a 30-day period following drug administration.

Statistical analysis
All statistical tests were two-sided and conducted at the 0.05 signifi-
cance level. All patients in each treatment group who received any
amount of study drug (full analysis set) were analysed for efficacy
and safety. Sample size calculation was based on the assumption that
the conversion to sinus rhythm in the placebo group would be 20%
and the conversion rate in the vernakalant group would be 60%.
Thus, a sample size of 60 patients with AFL, 20 patients in the
placebo group, and 40 in the vernakalant group would provide 86%
power using a two-sided test with a 5% significance level.

Demographics and baseline characteristics were compared using a
one-way analysis of variance with a fixed effect for treatment for continu-
ous variables (a Wilcoxon test was used for the duration of AFL) and a x2

test for categorical variables (a Fisher test was used where appropriate).
The primary outcome was analysed by the Cochran–Mantel–Haenszel
test stratified by country. Time to conversion of AFL to sinus rhythm
was analysed by the product-limit method to obtain estimates of the
median time to conversion, the associated 95% confidence intervals
(CIs), and the survival curves associated with each treatment group.
The two treatment groups were compared using a log rank test. Absolute
reduction of the ventricular response rate was analysed by analysis of
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covariance with treatment as a fixed effect and baseline heart rate as a cov-
ariate. A three-parameter sigmoid model was fit to the cycle length data,
allowing each parameter to vary by patient, and fitting different average
maximal values for each treatment.

Results

Patient disposition
Sixty patients were randomized and 53 (88%) completed the study
(Figure 1). Six patients (five in the placebo group, one in the verna-
kalant group) did not receive any study drug. In the placebo group,
two patients spontaneously converted to sinus rhythm, one patient
withdrew at baseline due to a thrombus (left atrium) observed
during a transoesophageal echocardiogram, one patient withdrew
consent, and site personnel were unable to obtain a second intra-
venous access line for one patient. In the vernakalant group, one
patient had a serum potassium level of 3.0 mmol/L at baseline
and failed to meet screening criteria.

The full analysis set was defined as all randomized patients who
received any amount of study drug (placebo, n ¼ 15; vernakalant,
n ¼ 39) and was designated as the primary analysis set for all effi-
cacy and safety analyses.

Demographic and baseline clinical characteristics (Table 1) were
similar between the two groups. Although mean diastolic blood
pressure was higher (P , 0.05) in the placebo group (84+

Figure 1 Disposition of patients. aThe reason for ‘other’ in the placebo group was that the site personnel were unable to obtain a second
intravenous line.
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Table 1 Demographic and baseline characteristics

Parameter Treatment group

Placebo
(n 5 15)

Vernakalant
(n 5 39)

Male, n (%) 12 (80) 26 (67)

White, n (%) 15 (100) 36 (92)

Age, years, mean+ standard
deviation

69+11 67+11

Body mass index, kg/m2,
mean+ standard deviation

29.7+7.0 29.3+5.3

Current smoker, n (%) 2 (13) 6 (15)

Any AFL symptom at baseline, n
(%)

10 (67) 28 (72)

AFL symptom duration, h,
median (range)

178 (32–
760)

98 (5–784)

Systolic blood pressure, mmHg,
mean+ standard deviation

129+13 126+15

Diastolic blood pressure, mmHg,
mean+ standard deviation

84+12 76+13*

Heart rate, b.p.m.,
mean+ standard deviation

106+28 100+33

AFL, atrial flutter; b.p.m., beats per minute.
*P ¼ 0.03 vs. placebo.

A.J. Camm et al.806
D

ow
nloaded from

 https://academ
ic.oup.com

/europace/article/14/6/804/547632 by guest on 16 August 2022



12 mmHg) compared with the vernakalant group (76+
13 mmHg), this difference was not considered to be clinically
meaningful.

Efficacy
One of 39 (3%) vernakalant patients and 0 of 15 (0%) placebo
patients converted to sinus rhythm within 90 min [2.6% difference
in treatment success (95% CI –2.4 to 7.5%); P ¼ 0.45]. The Clinical
Events Committee assessed the screening and baseline ECG data
for this patient as AF. The time to conversion in the one vernaka-
lant patient who met the primary efficacy outcome was 11 min,
and sinus rhythm was maintained at all subsequent time points
through to the Day 7 follow-up visit.

Heart rate and AFL cycle length were analysed from 46 patients
(11 placebo, 35 vernakalant) with full sets of ECGs. A significantly
(P ¼ 0.037) reduced mean absolute ventricular response rate oc-
curred within 50 min in patients receiving vernakalant [mean
(standard deviation) change from baseline –8.2 (17.7) b.p.m.] com-
pared with patients receiving placebo [–0.2 (9.0) b.p.m.].

Vernakalant was associated with an average 55 ms increase in
AFL cycle length (FF interval) (P , 0.001; 95% CI 39–71 ms),
with 50% of the effect occurring within 4 min (Figure 2). There
were no occurrences of 1 : 1 AV conduction.

Safety
At least one treatment-emergent AE was reported by 73% of
patients in the placebo arm and 87% of patients in the vernakalant
arm (Table 2). Most of the AEs were transient and mild to moder-
ate in severity. The most frequently reported AEs associated with
vernakalant included sneezing (15 of 39, 38%), dysgeusia (15 of 39,
38%), and paraesthesia (6 of 39, 15%). Treatment-emergent AEs
that resulted in discontinuation of study drug occurred in three
(8%) patients in the vernakalant group: dysgeusia and a feeling of
suffocation in one patient, hypotension in one patient, and QRS
prolongation in one patient. No patients in the placebo group
had a treatment-emergent AE that led to discontinuation of
study drug.

Figure 2 Atrial flutter cycle length (FF interval) and heart rate from baseline to 30 min. Vernakalant was given at time 0. n ¼ 11 placebo and
35 vernakalant patients; data were not available for eight patients (four placebo and four vernakalant). The grey lines represent individual patient
data, the thin blue line represents the mean, and the bold blue line represents the median. The shaded grey region is the sample interquartile
range. b.p.m., beats per minute.
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There were no deaths during this study. Serious adverse events
were reported in 11 of 54 (20%) patients overall: 4 of 15 (27%)
patients in the placebo group and 7 of 39 (18%) patients in the ver-
nakalant group. Most SAEs were not considered by the investigator
to be related to study drug. Two SAEs reported for patients re-
ceiving vernakalant were considered by the investigator to be
probably or definitely related to study drug and began during the
0–24 h time period: hypotension (1 of 39, 3%) and a feeling of
suffocation (1 of 39, 3%).

A nine-beat asymptomatic run of TdP was captured by Holter
monitoring �2 h after the infusion of vernakalant and immediately
following an infusion of ibutilide. The event was not observed or
reported as an AE by the investigator.

Discussion
Vernakalant did not restore sinus rhythm in patients with AFL with
duration .3 h and ≤45 days. Only 1 of 39 patients receiving ver-
nakalant injection had sinus rhythm restored. This result agrees
with previously reported studies in which vernakalant failed to
convert AFL to sinus rhythm in patients with short-duration AFL
(one conversion out of 14 patients)13 or in patients with AFL
after cardiac surgery (zero conversions out of six patients).14

Vernakalant is effective in converting AF to sinus rhythm in
patients with recent onset AF (51% conversion rate)11,13 and in
patients with AF following heart surgery (47% conversion
rate).14 The explanation for its lack of effect in converting AFL
to sinus rhythm is unclear. It is possible that more selective and
potent blockade of the rapidly activated delayed rectifier potas-
sium current (IKr), as seen with ibutilide17– 19 or dofetilide,20,21 is
required for effective conversion of AFL to normal sinus rhythm.

Slowing excessively rapid heart rates is an important step in
managing AF and AFL.22 Vernakalant was associated with a signifi-
cant absolute reduction in atrial rate and ventricular response rate;
however, these reductions were modest. Vernakalant has rate-
related blocking effects on sodium channels (INa), which is the
probable explanation for the modest effect on AFL rate. Other
antiarrhythmic agents (such as flecainide) with more potent
sodium channel blocking properties can markedly slow the
flutter rate or convert AF to slow AF often with a widened
QRS.23 Marked slowing of atrial rate can result in haemodynamic-
ally unstable 1 : 1 AV conduction indirectly with a high ventricular
rate and often aberrant conduction (widened QRS).24– 26 This
rhythm can sometimes be confused with ventricular tachycardia
and is an important safety issue with these drugs.

In the present study of AFL, and also in prior clinical trial experi-
ence, no 1 : 1 AV conduction with rapid ventricular response
(.200 b.p.m.) was observed with vernakalant. The observed
effect on atrial rate was modest and vernakalant slightly prolonged
AV nodal refractoriness at higher doses, tending to slightly prolong
AV nodal and His Purkinje conduction as well as intraventricular
conduction.10 This combination of effects probably explains the
lack of 1 : 1 AV conduction. In this particular respect, there is no
apparent safety concern over rapid conduction to the ventricles
when using vernakalant for pharmacologic cardioversion.

Vernakalant was generally well tolerated. Transient dysgeusia
and sneezing were the most common treatment-related AEs,
which is consistent with previous reports.11,13

Conclusion
Vernakalant is well tolerated, but does not restore sinus rhythm in
patients with AFL. Vernakalant modestly slows AFL and ventricular
response rates.
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Table 2 Adverse events occurring in ≥5% of patients
within a treatment group

Adverse event Treatment group

Placebo (n 5 15) Vernakalant (n 5 39)

Any adverse event 11 (73) 34 (87)

Dysgeusia 0 15 (38)

Paraesthesia 0 6 (15)

Dizziness 0 5 (13)

Headache 0 3 (8)

Syncope 1 (7) 1 (3)

Sneezing 0 15 (38)

Cough 0 5 (13)

Dyspnea 1 (7) 2 (5)

Bradycardia 0 4 (10)

Nausea and vomiting 1 (7) 9 (23)

Hypotension 1 (7) 5 (13)

Hyperhidrosis 0 4 (10)

Infusion site pain 0 3 (8)

Pain in extremity 0 2 (5)

Values are patients, n (%).
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