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Abstract

Aims Rapid restoration of sinus rhythm using pharmacological cardioversion is commonly indicated in patients with symptom-
atic recent-onset atrial fibrillation (AF). The objectives of this large, international, multicenter observational study were to
determine the safety and effectiveness of intravenous (IV) vernakalant for conversion of AF to sinus rhythm in daily practice.
Methods and Results Consenting patients with symptomatic recent-onset AF (<7 days) treated with IV vernakalant were
enrolled and followed up to 24 h after the last infusion or until discharge, in order to determine the incidence of predefined
serious adverse events (SAEs) and other observed SAEs and evaluate the conversion rate within the first 90 min. Overall, 2009
treatment episodes in 1778 patients were analyzed. The age of patients was 62.3 +13.0 years (mean =+ standard deviation).
Median AF duration before treatment was 11.1 h (IQR 5.4-27.0 h). A total of 28 SAEs occurred in 26 patients including 19
predefined SAEs, i.e., sinus arrest (n =4, 0.2%), significant bradycardia (n =11, 0.5%), significant hypotension (n =2, 0.1%),
and atrial flutter with 1:1 conduction (n=2, 0.1%). There were no cases of sustained ventricular arrhythmias or deaths. All
patients who experienced SAEs recovered fully (n =25) or with sequelae (n=1). Conversion rate to sinus rthythm was 70.2%,
within a median of 12 min (IQR 8.0-28.0 min).

Conclusions This large multicenter, international observational study confirms the good safety profile and the high effectiveness
of vernakalant for the rapid cardioversion of recent-onset AF in daily hospital practice.

Keywords Atrial Arrhythmias - Atrial fibrillation - Pharmacological cardioversion - Vernakalant

Introduction and Purpose of the Study

Atrial fibrillation (AF) is the most common sustained cardiac
arrhythmia, with an estimated 33.5 million people affected
worldwide [1]. One in four adults over 55 years of age in
Europe and the USA develop AF, with greater prevalence in
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older populations [1, 2]. Patients with AF are at increased risk
of stroke and heart failure [3, 4]. A significant number of
patients with recent-onset AF seen in the emergency depart-
ments (EDs) undergo commonly in Europe pharmacological
cardioversion.

Vernakalant is a partial atrial-selective antiarrhythmic
agent by its action through IKur and IKACh channel inhibi-
tion [5]. However, it has a modest effect on the ventricle via
Ina and IKr channels resulting in a limited effect on ventricular
repolarization (QT interval) [5]. Vernakalant is contra-
indicated in patients with prolonged QT interval.

Intravenous vernakalant has been approved by the
European Medicine Agency [2010] for the rapid conversion
of recent-onset AF [6]. To date, a number of studies have
shown vernakalant to be well tolerated and effective for car-
dioversion of AF [7-18].

The FDA (Food and Drug Administration agency) decided
in 2008 and in December 2019 not to approve to market
vernakalant in the USA for safety concerns. In 2010, the
EMA requested a post-authorization safety study to better
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define the risk benefit ratio in routine clinical practice. The
objectives of SPECTRUM (Surveillance of Pharmacologic
thErapy for Cardioversion in aTrial fibrillation Registry
Using IV treatMent) (NCT01370629 and EUPAS2078) study
were to assess the rates of adverse events and to estimate the
effectiveness of the drug in a large cohort of patients with
recent-onset AF.

Methods
Definitions

Recent-onset AF was defined as symptomatic episode within
7 days that will be undergoing cardioversion taking into ac-
count that about 70% of patients with symptomatic AF <72 h
were reported to convert spontaneously [19]. Beyond 7 days,
AF is likely to persist and the chances of pharmacological
cardioversion to be successful become low. Hypertension
was reported when documented on the medical record or the
patient report. Coronary artery disease (CAD) was diagnosed
when the patient had a documented history of CAD and/or a
history of coronary revascularization.

Patients and Procedures

Adult patients (> 18 years) with recent-onset AF occurring
between September 1, 2011 and April 11, 2018 who received
vernakalant for cardioversion were eligible for inclusion in
this international, multicenter, observational, post-
authorization study. Fifty-five hospitals in Austria, Denmark,
Germany, Spain, Sweden, and Finland participated in the
study, 53 of which enrolled patients. While administration of
vernakalant was at the discretion of the treating physician,
consecutively treated patients were enrolled and reasons for
non-participation were documented. A preinfusion checklist
and healthcare provider educational card were implemented
during the study period to assist in identifying patients for
treatment consistent with the approved indications and
contraindications.

Patients were required to give informed consent for
participation in the study and could be enrolled more than
once if they presented on multiple occasions for AF epi-
sodes. Patients who had participated in an investigational
drug/device clinical trial within 30 days prior to enroll-
ment were not eligible. In order to enhance enrollment
and reach the EMA required target of 2000 episodes, a
protocol amendment was made in September 2016, which
permitted retrospective inclusion of patients who had re-
ceived vernakalant between April 2013 and the end of the
study, provided that they fulfilled the established eligibil-
ity criteria. For prospectively enrolled patients, data were
collected from both medical records and supplemental
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standardized data collection forms. For retrospectively en-
rolled patients, only medical records were available. The
study period comprised a baseline assessment and up to
24-h follow-up after completion of the last infusion or
until discharge. This study was mandated and approved
by the European Committee for Medicinal Products for
Human Use. The study protocol was approved by the
appropriate local research ethics committees for all partic-
ipating centers, and the study was conducted in accor-
dance with applicable national and local regulations/
guidelines, accepted standards for Good Clinical
Practice, Guidelines for Good Pharmacoepidemiology
Practices, and the Declaration of Helsinki [20].

Study Objectives and Endpoints

The primary objectives of the study was to estimate the inci-
dence of clinically predefined serious adverse events (SAEs),
i.e., significant hypotension (systolic blood pressure <
90 mmHg or requiring vasopressors); sustained (> 30 s) ven-
tricular arrhythmias, Torsade de Pointes (>10 s) or ventricular
fibrillation, atrial flutter with 1:1 conduction, bradycardia re-
quiring temporary electrical pacing, or sinus arrest (>3 s).
Definition of these predefined SAEs was based on events
from previous controlled studies on IV vernakalant [7, 8, 11,
12] and from the reported adverse events (AEs) on other an-
tiarrhythmic agents. Secondary objectives included the rates
ofall other SAEs. Each SAE was reviewed and adjudicated by
an independent expert Safety Review Committee (SRC). This
study had also the objective to determine the conversion rate
to sinus rhythm in a large population of patients outside the
setting of controlled clinical trials.

The duration of the index AF episode was calculated as
the time between the patient-reported time of symptom
onset and the start of the first vernakalant infusion.
Successful cardioversion was defined as conversion to
sinus thythm within 90 min of the start of vernakalant
infusion. Conversion rate was calculated in all patients,
as well as in an effectiveness population excluding all
treatment episodes in which patients received another
therapy for cardioversion within 90 min of the start of
vernakalant administration (e.g., electrical or pharmaco-
logical cardioversion). Vernakalant is recommended to
be administered in a step-dose fashion. Each treatment
episode can comprise up to two infusions, separated by
a 15-min observation period. The recommended doses for
the first and second infusions are 3.0 mg/kg and
2.0 mg/kg, respectively, each administered over 10 min.
For patients above 113 kg, vernakalant has a fixed initial
dose of 339 mg. If conversion to sinus rhythm does not
occur within 15 min after the end of the initial infusion, a
second 10-min infusion of 226 mg may be administered.
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Statistics and Analyses

A target sample size of 2000 vernakalant IV treatment epi-
sodes was chosen to allow adequate statistical precision, as
expressed by a two-sided 95% confidence limit. Enrollment
per site was capped at 10% of the total study population and
40% per country to minimize any potential bias in practice
patterns. Categorical variable frequency, along with 95% con-
fidence intervals (Cls), was determined for the summed treat-
ment episodes. Continuous variables were summarized using
descriptive statistics. Data were analyzed based on enrollment
method (prospective vs retrospective) and reported as strati-
fied and unstratified Cls. All analyses were performed using
Statistical Analysis System v9.2, or later, software.

Results
Study Population

A total of 1778 patients who presented with 2009 treatment
episodes were included: 1580 episodes were in prospectively
enrolled patients and 429 in retrospectively enrolled patients
(Table 1). The majority of patients were treated in the ED for
1289 (64.1%) AF episodes and 563 (28.0%) AF episodes in
the coronary or intensive care units, with the remainder 157
(7.8%) episodes being treated in other hospital settings. As
seen in Fig. 1, the main reason for non-inclusion in the study
was lack of informed consent. In 1905 (94.7%) AF episodes,
vernakalant was administered to non-surgery patients, and in
104 (5.2%) to post-cardiac surgery patients. The later are
among the prospectively included patients. The mean age of
the overall patient population at time of treatment was 62.3 +
13.0 years (mean =+ standard deviation [SD]), ranging from
18.0 to 94.0 years, and 1222 (60.8%) episodes occurred in
men (Table 1). At baseline, systolic blood pressure (BP) was
132.5+19.5 mmHg and heart rate (HR) was 112.9 +25.5/min
(mean + SD). The median duration of AF episode prior to
treatment was 11.1 (5.4-27.0) hours (median [interquartile
range, IQR]). In 88.9% of episodes, the patients were treated
within 48 h of the onset of symptoms, and in 72.5% within
24 h. Duration of AF before treatment in 104 post-cardiac
surgery patients was shorter than in the overall population,
with 3.6 h (range 0.8-15.4) (median [IQR]). Baseline demo-
graphics and characteristics were similar between patients en-
rolled prospectively and retrospectively. Total length of ED
stay was 7.5 (5.0-13.5) hours (median [IQR]). Only 167
(13.0%) of patients initially managed in the ED were in hos-
pital for 24 h or longer. The number of vernakalant infusions
was available in 1990 patients. Of these, 1201 (60.4%) re-
ceived one vernakalant infusion and 789 (39.6) received a
total of 2 infusions.

Predefined Serious Adverse Events and Other Adverse
Events

No deaths were recorded in our study. Nineteen predefined
SAEs were reported during or after 17 treatment episodes
(cumulative incidence 0.8%; CI 0.5-1.4%) (Table 2).
Eighteen of the 19 events occurred within 2 h from the start
of infusion. The remaining event was an episode of atrial
flutter with 1:1 conduction which occurred 3.1 h after drug
infusion and was terminated by electrical shock. Symptomatic
bradycardia was the most common event occurring in 11
(0.5%; CI 0.4-1.2%) episodes (Table 2). Conversion to sinus
rhythm occurred in 10 of these cases. A pause described as
sinus arrest preceding the restoration of sinus rhythm occurred
in 4 patients. In 2 patients, sinus arrest was associated with
sinus bradycardia. In all bradycardia and sinus arrest cases, the
vernakalant infusion was immediately discontinued. One of
these 4 sinus arrests occurred in a 66-year-old man, sportive
cyclist with no history of heart disease, admitted for a first
episode of AF with a mean ventricular response of 95 beats/
min. He received 300 mg orally of flecainide which failed to
restore sinus rhythm. The treating physician decided 4 h later,
to administer IV vernakalant. At the end of the infusion, a
pause of 6 s, with a brief dizziness, occurred and resolved
spontaneously, followed by a normal sinus rhythm with a
HR of 47 beats/min which was patient usual HR and a BP
of 120/85 mmHg. This event was considered a SAE although
there was probably an interaction between oral flecainide still
active and vernakalant in this event. One of the bradycardia
events occurred in a retrospectively enrolled 69-year-old
woman on bisoprolol with a history of hypertension and
CAD, who developed 8 min after the second infusion of
vernakalant a sinus bradycardia which rapidly resolved with
IV atropine. Two bradycardia episodes occurred in post-
cardiac surgery patients requiring temporary electrical pacing
through the electrodes left in place by the surgeon. Both pa-
tients converted to sinus rhythm. None of the non-surgery
patients required temporary electrical pacing. Significant hy-
potension occurred on two (0.1%; CI < 0.1-0.4%) occasions,
associated with sinus bradycardia in both instances. Both
events resolved with intravenous atropine and fluid. There
were two cases of atrial flutter with 1:1 ventricular conduction
terminated with electrical shock whereas no cases of sustained
ventricular tachycardia (VT), ventricular fibrillation, or
Torsade de Pointes were observed. In addition to the
predefined SAEs, there were 9 other SAEs, one of which
occurred in a retrospectively enrolled patient (Table 2). They
included two instances of hypotension not requiring vasopres-
sor agents, 2 non-sustained VT which deserve special atten-
tion. The first non-sustained VT occurred in a 48-year-old
man with asthma admitted with fever, palpitations, dyspnea,
and first episode of AF with a ventricular rate of 144 bpm.
During vernakalant infusion, 5 beats of non-sustained VT was
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Table 1 Clinical characteristics of patients
Total Prospective Retrospective
No. of patients 2009 1580 429
Age (years) mean + SD 62.3+£13.0 61.9+13.5 63.6+11.2
Range (years) 18.0-94 18-93 30-94
Male, n (%) 1222 (60.8) 998 (63.2) 224 (52.2)
Body weight (kg) mean + SD 84.1+16.5 84.3+16.5 83.1(16.9)
Range (kg) 45.0-189.0 45.0-189.0 45.0-165.0
Body mass index (kg/m?) 27.8+4.9 27.7+4.8 28.2+5.1
Associated conditions, n (%)
Hypertension 1103 (54.9) 884 (55.9) 219 (51.0)
Coronary artery disease 118 (5.9) 82 (5.2) 36 (8.4)
Cardiomyopathy 33 (1.6) 31 (2.0) 2 (0.5%)
Heart failure (history) 63 (3.1) 59 (3.7) 4(0.9)
Diabetes 199 (9.9) 165 (10.4) 34(7.9)
Stroke (history) 91 (4.5) 68 (4.3) 23 (5.4)
Pacemaker/ICD 36 (1.8) 24 (1.5) 12 (2.8)
Type of AF episode
First detected 477 (23.7) 393 (24.9) 84 (19.6)
Previous history of AF 1458 (72.6) 1115 (70.6) 343 (80.0)
Onset unknown/not assessed 5(0.2) 3(0.2) 2 (0.5)
Post-surgery 69 (3.4) 69 (4.4) 0 (0.0)
Symptoms on admission, 7 (%)
Palpitations, irregular heart beat 1749 (87.1) 1337 (84.6) 412 (96.0)
Dyspnea or shortness of breath 352 (17.5) 306 (19.4) 46 (10.7)
Dizziness, light-headedness 320 (15.9) 251 (15.9) 69 (16.1)
Chest pain 271 (13.5) 220 (13.9) 51(11.9)
Syncope, near syncope 61 (3.0) 53 (3.4) 8(1.9)
Duration of the index episode
Less than 24 h, n (%) 1438 (72.5) 1107 (70.2) 331 (81.5)
24-48 h, n (%) 347 (17.5) 288 (18.3) 59 (14.5)
More than 48 h 199 (10.0) 183 (11.6) 16 (3.9)
Mean duration + SD (h) 2324449 24.9+45.8 16.8+40.6
Median (IQR 25-75) (h) 11.1 (5.44-27.03) 11.9 (5.8-29.7) 8.2 (4.8-18.3)
Antiarrthythmic agents, n (%)
Betablockers 1055 (52.5) 800 (50.6) 255 (59.4)
Calcium channels blockers 22 (1.1) 20 (1.3) 2(0.5)
Class I agents* 85(4.2) 71 (4.5) 14 (3.3)
Class III agents* 98 (4.9) 89 (5.6) 9(2.1)
Digitalis glycosides 22 (1.1) 18 (1.1) 4(0.9)

*Using the Vaughan-Williams classification

observed. Among the tests done, coronary angiography was
reported as normal. The same run of 5 beats of non-sustained
VT was observed 20 h after infusion (next day) making the
causal effect of vernakalant unlikely. The other event occurred
in a 57-year-old patient with a 6-year history of recurrent
symptomatic AF and arterial hypertension with left ventricular
hypertrophy. He was admitted with palpitations, irregular
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heartbeats, and dizziness. He was on dronedarone, and ECG
showed AF with a ventricular rate of 135 bpm. During infu-
sion of vernakalant, he had 6 s of non-sustained VT observed
on the monitor and was given 5 mg of bisoprolol which re-
duced the heart rate to 120 beats/min and relieved patient
symptoms. The Safety Review Committee considered that in
the first case, the wide QRS complexes were due to aberrant
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Patients screened”
N=2546

Patients screened but not

Patients who gave consent to
take part in the study
N=2015

enrolled into registry?
N=531

Patients excluded

Patients who met
eligibility criteria
N=2010

from analysis*
N=5

Patient discontinuation$

Overall analysis population
N=2009

N=1

Patient discontinuation’

Patients who completed
the study
N=2007

Fig. 1 Study flow chart. Flow chart showing patient enrollment in the
SPECTRUM study. The term patient here refers to individual treatment
episodes (asterisk). Owing to lack of informed consent (n = 500) (dagger).
Other reasons included patient enrollment in an investigational drug trial
in the past 30 days, spontaneous conversion to sinus rhythm, ejection
fraction 30-35%, electrical cardioversion preferred, missing information

conduction during rapid AF (Ashman phenomenon). Among
the non-predefined SAEs, one supraventricular tachycardia
(120 beats/min) and a single report each of angina pectoris,
pericardial effusion, transient visual disturbance, and
vernakalant overdose (Table 2). A total of 188 non-serious
AEs were reported, the most common of which were
dysgeusia (n=35) and sneezing (n=27). All patients with
vernakalant-related AEs recovered without sequelae. All but
6 of the 28 SAEs were considered by the investigators and the
SRC to be related to vernakalant administration.

Rates of Conversion to Sinus Rhythm

Overall, conversion to sinus thythm at any time following
vernakalant infusion occurred in 1448 out of 2009 (72.1%)
treatment episodes. Successful cardioversion was recorded in
70.2% (CI 68.1-72.2%) of the 1936 episodes of the effective-
ness population excluding those in which either electrical car-
dioversion (7 =68) or an additional intravenous Class I/III
antiarrhythmic drug (n = 6) was given within 90 min of infu-
sion initiation. The rate of cardioversion was similar between
the 1107 of 1580 (70.1%) episodes included prospectively

N=2

regarding start of atrial fibrillation, inclusion criteria not met, other, or no
reason provided or known. Source data could not be verified to confirm
that vernakalant IV was administered (double dagger). Spontaneous
conversion to sinus rhythm before vernakalant IV administration
(section sign). Patient decision and lack of follow-up after cardioversion
in one case each (double vertical line). IV intravenous

and the 297 of 421 (70.5%) episodes of retrospectively en-
rolled patients. Successful cardioversion of AF was reported
in 68 of 104 (65.4%) of treatment episodes in the post-cardiac
surgery patients. Time to cardioversion was recorded in 1413
of 1448 episodes with successful conversion to sinus rhythm.
The median time to conversion was 12.0 (8.0-28.0) minutes
(median [IQR]) Fig. 2). One thousand one hundred eight of
1413 (78.4%) successful cardioversions were treated with on-
ly one drug infusion. The percentage of successful cardiover-
sion was 70.1% in the prospective patients and 70.5% in the
retrospective patients. The median hospital stay time in those
treated in the ED was 7.5 h allowing patient discharges when
their condition was clinically stable.

Anticoagulation

About a quarter of patients presenting with recent-onset AF at
baseline were on vitamin K antagonists or direct oral antico-
agulants. Investigators respected current guidelines [3] on
anticoagulation both peri-procedurally and after hospital
discharge.
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Table2  Adverse events in 2009 episodes during treatment and observation periods

Event type Number of events Incidence (95% CI) Considered drug-related, n (%)
All SAEs 28 1.3% (0.8-1.9) 22 (78.6)
Predefined SAEs 19 0.8% (0.5-1.4) 18 (94.7)
Significant hypotension 2 0.1% (<0.1-04) 2 (100.0)
Bradycardia® 11 0.5% (0.3-10) 10 (93.3)
Sinus arrest (>3 )P 4 0.2% (<0.1-0.4) 4 (100.0)
Atrial flutter with 1: 1 AV conduction 2 0.1% (0.1-0.4) 2 (100.0)
Ventricular tachycardia ¥ 0 0 0(0.0)
Other than predefined SAEs 9 0.45% 5(55.6)
Hypotension 2 0.1% 1 (50.0)
Supraventricular tachycardia® 1 <0.1% 1 (100.0)
Non-sustained ventricular tachycardia® 2 <0.1% 1(50.0)
Angina pectoris 1(<0.1) <0.1% 0(0.0)
Pericardial effusion 1(<0.1) <0.1% 0(0.0)
Visual disturbance 1(<0.1) <0.1% 0(0.0)
Vernakalant overdose® 1(<0.1) <0.1% 1 (100.0)

*Nine cases of sinus bradycardia and 2 reported as significant bradycardia

# One patient had both sinus arrest followed by sinus bradycardia
Y One event reclassified as atrial flutter with 1:1 conduction
® Atrial arthythmia other than atrial flutter

¢ See text, exceeding 5% of the weight-based dosing recommendation. In this case, the administered dose was 51% in excess of the recommended dose

Discussion

The SPECTRUM study included a large real-world pa-
tient population of 1778 patients with 2009 recent-onset
AF episodes in whom pharmacological cardioversion was
performed with vernakalant. About 70% of patients were
cardioverted within 12 min from onset of infusion and
11 h from the AF onset. Our findings confirm the safety
and efficacy of vernakalant reported in previous studies
[7-18, 21-25] and extend their consistency to routine

hospital use in large populations. To our knowledge, the
present study provides the largest series of patients with
recent-onset AF undergoing pharmacological cardiover-
sion with a specific antiarrhythmic agent. The safety was
the main objective of this study. We found the incidence
of both predefined and other SAEs to be lower than ex-
pected. There were no death and no sustained ventricular
arrhythmia. Overall, 28 SAEs (1.3%) were recorded. The
majority of patients were AF treated in ED and intensive
care units.

Fig. 2 Time to conversion to 1004
sinus rhythm. Time to conversion
to sinus rhythm with vernakalant
IV in the effectiveness analysis = 801
population (N =1936). Time to .§ <

. . E
conversion was not recorded in 29 8 £
treatment episodes in which § £ 60
patients converted to sinus 2 é {
rhythm; these episodes are not E 'g
displayed on the graph but are 2 é 404
taken into account for the §_ 5 ’
proportion calculation. IV a & |
intravenous 8 20 1 1

0¢
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Pharmacological cardioversion is frequently indicated as
part of a thythm control strategy or as a tool to control patient
symptoms and avoid hospitalization in clinically stable condi-
tion [25, 26]. It is often preferred to electrical cardioversion in
patients with hemodynamically stable condition as it does not
require general anesthesia or sedation. Among agents current-
ly available for rapid termination of recent-onset AF,
vernakalant represents an option [3]. However, there has been
to our knowledge, no large study exploring the safety of
vernakalant in daily practice.

There is no universal definition for recent-onset AF. In
current literature, the duration limits of AF episodes range
from <24 [27] to <48 h and even <7 days [28, 29]. The
prevalence of recent-onset AF among all AF subsets varies
from 11% when restricted to the first detected episode (new
onset) [30] to 26% [31]. The characteristics of patients were
similar to those of other AF cohorts [31, 32].

As with electrical cardioversion, pharmacological cardio-
version can be associated with post-cardioversion
bradyarrhythmias, often unmasking pre-existing sinus node
dysfunction or atrioventricular conduction abnormalities and
can result in ventricular escape rhythms or prolonged ventric-
ular pauses. Of interest, these pauses were first reported by
Lown [33], following electrical cardioversion as the possible
reflect of sinus dysfunction. Another possible mechanism for
these sinus arrests is right atrial stunning [34]. The cumulative
incidences of bradycardia (0.5%), sinus arrest (0.2%), and
hypotension (0.1%) observed in this study were also low.
The incidence of atrial flutter with 1:1 conduction was lower
than that reported with oral Class Ic antiarrhythmics, such as
flecainide or propafenone. The “pill in the pocket” approach
requires initiation of therapy in hospital to verify its safety
[35]. No cases of Torsade de Pointes or sustained VT was
observed, which is in line with the low risk of ventricular
proarrhythmia associated with vernakalant owing to its elec-
trophysiological properties [5]. This contrasts with the report-
ed incidence of Torsade de Pointes [24, 36, 37] in patients
with AF/atrial flutter of 4.3% with intravenous ibutilide in
the report of Kowey et al. including 1.7% of which required
cardioversion [36]. Of note, all but one of the predefined
SAEs in this study occurred within 2 h of the start of infusion.
As aforementioned, the remaining patient had atrial flutter
with 1:1 ventricular conduction which occurred 3.1 h follow-
ing infusion initiation, indicating that close cardiac monitoring
should be available during and after treatment in some
patients.

Conversion to sinus rhythm with vernakalant was rapid
(median time of 12.0 min) similar to what was previously
reported [9-18]. The conversion median time of ibutilide
was significantly longer than that of vernakalant (26 min ver-
sus 10 min, P=0.01) in a randomized comparison [18].
Furthermore, in this particularly large real-world study, the
median duration of AF episode was short (11.1 h) as there is

important evidence, and relevant guidelines [3] suggesting
that prompt cardioversion could be associated with benefits
in terms of lower risk of thromboembolic events [4, 38, 39].

Although the baseline characteristics of the study popula-
tion were consistent with AF population-based studies [31,
32] and clinical studies with vernakalant, the conversion rate
was higher than that observed in recent review and meta-
analysis (~50%) [22-25]. This seems likely to be due to pa-
tients being treated soon after symptom onset in European
clinical practice. Other recent but smaller observational stud-
ies [13-15, 17, 18], which collectively included almost 1300
patients, have found similarly high conversion rates (65-86%)
when vernakalant was administered soon after the onset of
AF, particularly within the first 48 h [15, 17, 21].
Vernakalant has also been shown to induce a higher rate of
cardioversion compared with flecainide (67% vs 46%) in a
non-randomized cohort study [21]. Similarly, in randomized
studies, vernakalant was more effective than amiodarone [12]
(52% vs 5%; after 90 min) and ibutilide [18, 24] (69% vs 43%;
within 90 min). The SPECTRUM results are consistent with
previous reports that vernakalant is safe and effective for the
rapid cardioversion of recent-onset AF and extends them to
daily practice.

Owing to the rapid time to conversion with vernakalant, the
median hospital stay time for those treated in the ED was
7.5 h. This is encouraging given that a study in France report-
ed that hospitalization constitutes 60% of the cost of care for
patients with AF [40].

Study Limitations

This multicenter international study was observational as the
main objective was to determine the safety of vernakalant as used
in daily hospital practice without interfering on the management
of recent-onset AF by the treating physician. For these reasons,
the adverse events were expected to be higher in an “uncon-
trolled” setting with no guidance on patient selection than those
reported in controlled studies with strict protocols. In fact, SAEs
were low in this study. Data collection for prospectively enrolled
patients was comprehensive owing to use of both study-specific
tools and medical records. However, for retrospectively enrolled
patients, it was not possible to routinely collect all data of interest
in a standardized manner. Nevertheless, baseline characteristics,
medical histories, and SAEs in the retrospective cohort were
similar to those in the prospective cohort, supporting the use of
a retrospective analysis.

Conclusions
The results of this large multicenter study showed that

vernakalant has a good safety profile and is effective in en-
abling rapid cardioversion in clinical practice. Moreover, the
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rates of serious complications were lower than those observed
in early trials reflecting appropriate patient selection in clinical
practice. In conclusion, vernakalant provides a rapid and ef-
fective means of pharmacological conversion in patients with
recent-onset AF undergoing cardioversion undergoing cardio-
version in daily hospital practice.

Acknowledgments The authors would like to thank all of the investiga-
tors involved in the SPECTRUM study.

Funding This study was funded by Correvio International Sarl, Geneva,
Switzerland. The authors received no funding for their participation in
this manuscript.

Data Availability The data underlying this article will be shared on rea-
sonable request to the corresponding author.

Compliance with Ethical Standards

Conflict of Interest Professor Levy reports no conflicts of interest.
Professor Hartikainen has been an investigator in studies sponsored by
AstraZeneca, Biosense Webster, Boehringer Ingelheim, Correvio
International Sarl, Medtronic, and St. Jude Medical. Dr. Ritz is an em-
ployee of Correvio International Sarl, Geneva, Switzerland. Dr. Juhlin
has received speaker honoraria from Correvio International Sarl.
Professor Domanovits reports no conflicts of interest. Dr. Carbajosa-
Dalmau has received speaker honoraria from Correvio International Sarl.

Appendix. List of Investigators

Austria: Michael Joannidis, Klemens Zotter Frank Hartig,
Anton Sandhofer, Alois Siissenbacher, Bernd Eber,
Elisabeth Lassnig, Ulrike Pfeifenberger, Michaela Steiner,
Hans Domanovits, Alexander Simon, Alexander Spiel, Jan
Niederdockl, Nikola Schuetz, Daniel Wehinger, Franz Xaver
Roithinger, Isabella M. von Katzler, Katharina Bichler,
Robert Schoenbauer, Lukas Fiedler, Michael Pfeffer,
Markus Peck, Florian Benische, Michael Hackl, Susane
Demschar, Astrid Ebner, Melanie Eder, Rainer Huditz,
Arnulf Isak, Michael Moser, Georg Pinter, Thomas Singer,
Claudia Waldhauser, Helmut Piirerfellner, Martin Martinek,
Sandra Muellner, Andrea Ploechl, Tanja Koppler, Elisabeth
Sigmund, Michael Derndorfer, Sabine Metz, Karin Streicher,
Clemens Steinwender, Karim Saleh, Andreas Lueger, Petra
Fladerer, Eiko Meister, Heinz Drexel, Alexandra Schuler,
Susanne Waeger, Karl-Martin Ebner, Christine Heinzle,
Arthur Mader, Peter Schwerzler, Berta Patsch, Abdurahman
Said, Claudia Stoeckloecker, Daniela Zanolin, Jutta Bergler-
Klein, Ljubica Mandic, Mariann Gyongydsi, Neraida Cene,
Zsuzsanna Szankai, Abelina Zimba.

Denmark: Henrik Nielsen, Bjerre Flemming, Michaelsen
Michaelsen, Elisa Stokholm, Katja Holm, Charlotte Schmidt
Skov, Pauline Gogsig Johansen, Soren shjortshoj, Thomas
Melchior, Ole Dyg Pedersen, Sanne Heinsvig, Inge Larsen,
Vibeke Perret-Gentil, Thomas Wagner Nielsen, Axel

@ Springer

Brandes, Marianne Jensen, Ida Rosenlund, Liv Getzsche,
Heidi Munk Andersen.

Germany: Andreas Goétte, Matthias Hammwohner, Britta
Moehring, Jutta Schaertl, Daniel Steven, Iris Berg, Alexandra
Kuehn, Hannes Reuter, Elena Terentieva, Christian Loges,
Christine Lindner, Hendrik Bonnemeier, Christan Wulff,
Thomas Demming, Svenja Gediehn, Johanna Parlitz,
Wilhelm Haverkamp, Buehner Kathrin, Hubert Katja,
Iacovella Ines, Bernhard Korbmacher, Marc Thone, Hannan
Dalyanoglu, Da Un Chung, Naujoks Angela, Dirk Weismann,
Bjorn Lengenfelder, Jan Becher, Klaus Meyer, Irina Turkin,
Sebastian Maier, Marcus Koller, Alban Glaser, Lisa Gebele,
Jale Goezuebueyuek, Ralph Hampe, Barbara Ruemmler,
Hagen Schrotter, Manja Hubald, Cornelia Fritz, Martin
Domhardt, Kathrin Haacke, Nicole Schmiedehausen, Ruth
Strasser, Kristof Graf, Lidia Fischer, Roland Thieme,
Karlheinz Seidl, Martin Kulzer, Monika Zackel, Gerian
Gronefeld, Christina Paitazoglou, Simone Miiller,
ThoraBotschafter Britta Goldmann, Andrea Moeller, Sindy
Bartel, Joern Schmitt, Damir Erkapic, Gabriele Hellwig-
Bahavar, Ritvan Chasan, Christopher Gemein, Victoria
Johnson, Christiane Kelm, Kay Weipert, Johannes
Brachmann, Michael Held, Andrea Hohn, Ute Goebel,
Andrea Linss, Swetlana Rube, Ahmed Saleh, Steffen
Schnupp, Yeong-Hoon Choi, Vera Wolf, Andrea Plate,
Anton Sabashnikov, Antje-Christin Deppe, Petra Krause.

Spain: Ignacio Fernandez Lozano, Manuel Sanchez,
Francisco Hernandez, Alfonso Martin Martinez, Pedro
Vazquez, Esther Alvarez, Pascual Lopez, Raquel Torres,
José Carbajosa Dalmau, Laura Parades, Nestor Hernandez,
Inmaculada Jimenez Ruiz, Ana Maria Lopez, Luis Lopez-
Andujar, Alexandre Noguera, Francisco Roman Cerdan,
Carmen del Arco Galan, Daniel Afonso, Raquel Caminero,
Manual Lunquera, Monica Negro, Cristina Santiago, Nestor
Villalba, José Manuel Garrido Castilla, Roberto Martinez
Asenjo, Elena Mejia Martinez, Jos¢ Luis Merino Llorens,
Maria Jesus Diaz-Pintado, Jorge Alejandro Figueroa,
Alberto Borobia Perez, Sergio Castrejon Castrejon, David
Filgueiras Rama, Manuel Quintana Diaz, Maria Angelica
Ribera Nunez, Miguel Angel Ramirez Marrero, Antonio
Martin, José Miguel Ormaetxe Merodio, Mercedes Varona
Peinador, Maria Fe Arcocha, Larraitz Gaztafiaga, F. Xavier
Palom Rico, Javier Jacob Rodriguez, Pascual Pifiera
Salmeron, Juan Cosin Sales, Isabel Navarro, Francisco
Buendia Funetes.

Sweden: Henrik Wallentin, Kerstin Roos, Arash Mokhtari,
Hans-Jorgen Nilsson, Peter Vasko, Terese Nystrom, Martina
Gustensson, Susanne Johansson, Inga Uggeldahl, Goéran
Andersson, Olle Bergstrom, Thomas Aronsson, Mehmet
Hamid, Kerstin Giocondi, Deborah Svanerd, Qassim Awad,
Tord Juhlin, Hjordis Jernhed, Stefan Berglund, Magnus
Forsgren, Michael Guggi, Péar-Lennart Agren, Kristina
Eriksson, Kristina Karlsson, Per Blomstrom, Alejandro



Cardiovasc Drugs Ther (2021) 35:283-292

291

Utreras, Caroline Lundgren, Maria Soderlund, Frederik Buijs,
Solveig Ostberg, Johan-Emil Bager, Ingrid Hendequist, Maria
Just, Siv Heden, Liselott Lisjo, Chrichan Mansson, Helen
Svanstrom, Mikael Dellborg, Helena Dellborg, Gorel
Hultsberg Olsson, Linus Hansson.

Finland: Hannu Sulonen, Hanna Suurmunne, Anna
Petrovskaja, Johanna Markkanen, Juha Hartikainen, Lari
Kujanen, Antti Heikkola, Hanna Pohjantahti MaarooS.

Safety Review Committee Lars Kober, MD, Samuel Lévy,
MD (Chair), Cristina Varas-Lorenzo, MD, MSc, PhD,
Manel Pladevall-Vila MD, MS.

The authors wish to thank Nathalie Dunkel and her team
for their help in accessing the data of SPECTRUM and pro-
viding information and documents upon our request.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article are included
in the article's Creative Commons licence, unless indicated otherwise in a
credit line to the material. If material is not included in the article's
Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Chugh SS, Havmoeller R, Narayanan K, et al. Worldwide epide-
miology of atrial fibrillation: a global burden of disease 2010 study.
Circulation. 2014;129:837-47.

2. Heeringa J, van der Kuip DA, Hofman A, et al. Prevalence, inci-
dence and lifetime risk of atrial fibrillation: the Rotterdam study.
Eur Heart J. 2006;27:949-53.

3. Kirchhof P, Benussi S, Kotecha D, et al. 2016 ESC guidelines for
the management of atrial fibrillation developed in collaboration
with EACTS; the task force for the management of atrial fibrillation
of the European Society of Cardiology (ESC). Developed with the
special contribution of the European heart rhythm association
(EHRA) ofthe ESC. Endorsed by the European stroke organization
(ESO). Eur Heart J. 2016;37:2893-962.

4. Airaksinen KE, Gronberg T, Nuotio I, et al. Thromboembolic com-
plications after cardioversion of acute atrial fibrillation: the FinCV
(Finnish CardioVersion) study. J Am Coll Cardiol. 2013;62:1187—
11926.

5. Fedida D, Orth PM, Chen JY, et al. The mechanism of atrial anti-
arrhythmic action of RSD1235. J Cardiovasc Electrophysiol.
2005;16:1227-38.

6. European Medicines Agency. Summary of product characteristics:
Vernakalant. https://www.ema.europa.eu/documents/product-
information/brinavess-epar-product-information_en.pdf. Accessed
October 02, 2019.

7. Roy D, Pratt CM, Torp-Pedersen C, et al. Atrial arrhythmia con-
version trial investigators. Vernakalant hydrochloride for rapid con-
version of atrial fibrillation: a phase 3, randomized, placebo-con-
trolled trial. Circulation. 2008;117:1518-25.

10.

11.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Kowey PR, Dorian P, Mitchell LB, et al. Atrial arrhythmia conver-
sion trial I. Vernakalant hydrochloride for the rapid conversion of
atrial fibrillation after cardiac surgery: a randomized, double-blind,
placebo-controlled trial. Circ Arrhythm Electrophysiol. 2009;2:
652-9.

Pratt CM, Roy D, Torp-Pedersen C, et al. Atrial arrhythmia con-
version trial investigators. Usefulness of Vernakalant hydrochloride
injection for rapid conversion of atrial fibrillation. Am J Cardiol.
2010;106:1277-83.

Stiell IG, Roos JS, Kavanagh KM, Dickinson G. A multicenter,
open-label study of vernakalant for the conversion of atrial fibrilla-
tion to sinus rhythm. Am Heart J. 2010;159:1095-101.

Beatch GN, Mangal B. Safety and efficacy of Vernakalant for the
conversion of atrial fibrillation to sinus rhythm; a phase 3b random-
ized controlled trial. BMC Cardiovasc Disord. 2016;16:113.
Camm AJ, Capucci A, Hohnloser SH, et al. AVRO investigators. A
randomized active-controlled study comparing the efficacy and
safety of vernakalant to amiodarone in recent-onset atrial fibrilla-
tion. J Am Coll Cardiol. 2011;57:313-21.

Beatch GN, Bhirangi K, Juul-Moller S, Rustige J. Efficacy and
safety of vernakalant for cardioversion of recent-onset atrial fibril-
lation in the Asia-Pacific region: a phase 3 randomized controlled
trial. J Cardiovasc Pharmacol. 2017;69:86-92.

Costabel JP, Lambardi F, Aragon M, et al. Predictors of conversion
of recent-onset atrial fibrillation treated with vernakalant. Pacing
Clin Electrophysiol. 2015;38:196-200.

Stoneman P, Gilligan P, Mahon P, Sheahan R. Chemical cardiover-
sion of recent-onset atrial fibrillation in the emergency department
using Vernakalant hydrochloride achieves safe and rapid restoration
of sinus rhythm and facilitates same day discharge. Ir J Med Sci.
2017;186:903-8.

Conde D, Costabel JP, Aragon M, et al. Flecainide or propafenone
vs. vernakalant for conversion of recent-onset atrial fibrillation. Can
J Cardiol. 2013;29:1330.e1313.

Carbajosa Dalmau J, Cosin-Sales J, et al. Vernakalant in hospital
emergency practice: safety and effectiveness. Emergencias.
2017;29:397-402.

Simon A, Niederdoeckl J, Skyllouriotis E, et al. Vernakalant is
superior to ibutilide for achieving sinus rhythm in patients with
recent-onset atrial fibrillation: a randomized controlled trial at the
emergency department. Europace. 2017;19:233-40.

Danias PG, Caulfield TA, Weigner MJ, Silverman DI, Manning
WI. Likelihood of spontaneous cardioversion of atrial fibrillation
to sinus thythm. J Am Coll Cardiol. 1998;31:588-92.

World Medical Association. World medical association declaration
of Helsinki: Ethical principles for medical research involving hu-
man subjects. JAMA. 2013;310:2191-4.

Pohjantahti-Maaroos H, Hyppola H, Lekkala M, Sinisalo E,
Heikkola A, Hartikainen J. Intravenous Vernakalant in comparison
with intravenous flecainide in the cardioversion of recent-onset
atrial fibrillation. Eur Heart J Acute Cardiovasc Care. 2019;8:
114-20.

McIntyre WF, Healey JS, Bhatnagar AK, et al. Vernakalant for
cardioversion of recent-onset atrial fibrillation: a systematic review
and meta-analysis. Europace. 2019;21:1159-66.

Bash LD, Buono JL, Davies GM, et al. Systematic review and
meta-analysis of the efficacy of cardioversion by Vernakalant and
comparators in patients with atrial fibrillation. Cardiovasc Drugs
Ther. 2012;26:167-79.

Vogiatzis 1, Papavasiliou E, Dapcevitch I, Pittas S, Koulouris E.
Vernakalant versus ibutilide for immediate conversion of recent-
onset atrial fibrillation. Hippokratia. 2017;21(2):67-73.

Savelieva I, Graydon R, Camm AlJ. Pharmacological cardioversion
of atrial fibrillation with vernakalant: evidence in support of the
ESC guidelines. Europace. 2014;16:162-73.

@ Springer


https://doi.org/

292 Cardiovasc Drugs Ther (2021) 35:283-292
26. Atzema CL, Austin PC, Miller E, Chong AS, Yun L, Dorian P. A 35. Capucci A, Boriani G, Botto GL, et al. Conversion of recent-onset
population-based description of atrial fibrillation in the emergency atrial fibrillation by a single oral loading dose of propafenone or
department, 2002 to 2010. Ann Emergency Med. 2013;62(6):570— flecainide. Am J Cardiol. 1994;74:503-5.
577.¢7. 36. Kowey PR, VanderLugt JT, Luderer JR. Safety and risk/benefit
27. Pluymaekers NAHA, Dudink EAMP, Luermans JGLM et al. analysis of ibutilide for acute conversion of atrial fibrillation/flutter.
RACE 7 ACWAS Investigators. Early or delayed cardioversion Am J Cardiol. 1996:78:46-52.
in recent-onset atrial fibrillation. N Engl J Med. 2019; 380(16): 37. Nair M, George LK, Koshy SK. Safety and efficacy of ibutilide in
1499-1508. cardioversion of atrial flutter and fibrillation. ] Am Board Fam
28. Lévy S, Camm AlJ, Saksena S, et al. International consensus on Med. 2011;24:86-92.
nomenclature and classification of atrial fibrillation; a collaborative 38. January CT, Wann LS, Calkins H, et al. 2019 AHA/ACC/HRS
project of the working group on arrhythmias and the working group focused update of the 2014 AHA/ACC/HRS guideline for the
on cardiac pacing of the European Society of Cardiology and the Management of Patients with Atrial Fibrillation: a report of the
north American Society of Pacing and Electrophysiology. American College of Cardiology/American Heart Association task
Europacg. 2003;5(2):119-22. ) ) force on clinical practice guidelines and the Heart Rhythm Society
29. Humphries KH, Kerr CR, Connolly SJ. New-onset atrial fibrilla- in collaboration with the Society of Thoracic Surgeons. Circulation.
tion: sex differences in presentation, treatment, and outcome. 2019:140:¢125-51.
Circulation. 2001;103:22557370' . 39. Nieuwlaat R, Capucci A, Camm AlJ, et al. European heart survey
30. Nabauer M, Gerth A, lebyrg T, 'et a'l. The r‘eglstry of Gepn'an investigators. Atrial fibrillation management: a prospective survey
competence network on atrial fibrillation: patient characteristics in ESC member countries: the euro heart survey on atrial fibrilla-
anrd initial management. Europace. 2009;'1 1 :'42343.. tion. Eur Heart J. 2005:26:2422-34.
31. Lévy S, Maarek M, Ph C, et al. Characterization of different subsets . . .
. . .. 40. Le Heuzey JY, Paziaud O, Piot O, et al. Cost of care distribution in
of atrial fibrillation in general practice in France: the ALFA study. ety . .
Circulation. 1999:99:3028-35. atrial fibrillation patients: the COC.AF study. Am Heart J.
. . . . . 2004;147:121-6 https://www.ncbi.nlm.nih.gov/pubmed/
32. Zoni-Berisso M, Lercari F, Carazza T, Domenicucci S. 14691429
Epidemiology of atrial fibrillation : European perspective. ’
Clinical Epidemiol. 2014;16:213-20 eCollection 2014.
33. Lown B. Electrical reversion of cardiac arrhythmias. Brit Heart J. Publisher’s Note Springer Nature remains neutral with regard to juris-
1967;29:469-89. dictional claims in published maps and institutional affiliations.
34. Khan IA. Atrial stunning: basics and clinical considerations.

International J Cardiol. 2002;92:113-28.

@ Springer



	Vernakalant for Rapid Cardioversion of Recent-Onset Atrial Fibrillation: Results from the SPECTRUM Study
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction and Purpose of the Study
	Methods
	Definitions
	Patients and Procedures
	Study Objectives and Endpoints
	Statistics and Analyses

	Results
	Study Population
	Predefined Serious Adverse Events and Other Adverse Events
	Rates of Conversion to Sinus Rhythm
	Anticoagulation

	Discussion
	Study Limitations

	Conclusions
	Appendix. List of Investigators
	References


