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Vernakalant in hospital emergency practice: safety and
effectiveness

José Carbajosa Dalmau1,2, Juan Cosín-Sales3, María José Pérez-Durá4, José Noceda5,
Amós Urtubia-Palacios6, Néstor Hernández-Sori1,2, Ana Peiró-Gómez7, Javier Jacob8,
Pere Llorens9, Luis Ruescas-Gómez7, Alfonso Martín-Martínez2,10

Objectives. To study the effectiveness and safety of vernakalant for restoration of sinus rhythm in patients with atrial
fibrillation (AF) in routine hospital emergency department care, and to evaluate factors associated with a more effec-
tive response.

Methods. Prospective multicenter cohort study enrolling consecutive patients who were administered vernakalant for
medical cardioversion of AF between September 2014 through March 2016 in 5 hospitals in the Spanish autonomous
community of Valencia.

Results. We studied 165 cases. The median (interquartile range) was 68 years (56–77) years. Cardioversion with ver-
nakalant was effective in 77.6% (95% CI, 71.1%–84%). The median time to conversion was 8 ( 6–12) minutes after a
first dose and 34 (22–62) minutes after a second dose. A prior history of cardiac insufficiency was nonsignificantly less
common in patients who converted with vernakalant (6.3%) than in those who did not (18.9%) (adjusted odds ratio
[OR], 0.45 [95% CI, 0.13–1.56]; P=.208). Having no prior history of AF was nonsignificantly related to greater effec-
tiveness (in 54.7% vs in 35.1% with prior AF). Duration less than 12 hours was significantly associated with greater
effectiveness (83.6% vs 59.5%; adjusted OR, 2.76 [95% CI, 1.12–6.80]; P=.028). Adverse events were reported for 30
patients. None of the events had clinically important consequences, and in only 2 cases (1.2%) was it necessary to
suspend treatment.

Conclusion. Vernakalant is effective and safe for restoring sinus rhythm in the hospital emergency department.
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Seguridad y eficacia de vernakalant en la práctica clínica de los servicios
de urgencias

Objetivo. Describir la eficacia y seguridad de vernakalant para la reversión de la fibrilación auricular (FA) a ritmo sinu-
sal en la práctica clínica habitual de los servicios de urgencias hospitalarios (SUH), así como evaluar las características
asociadas a mayor respuesta eficaz.

Método. Estudio de cohortes multicéntrico, analítico, prospectivo, con inclusión consecutiva de pacientes en los que
se administra vernakalant para realizar cardioversión farmacológica de una FA, llevado a cabo desde Septiembre 2014
hasta Marzo 2016 en 5 hospitales de la Comunidad Valenciana.

Resultados. Se analizaron 165 casos con una mediana de edad de 68 años [rango intercuartil (RIC): 56-77]. La rever-
sión eficaz fue de 77,6% (IC 95%: 71,1%-84,0%). La mediana del tiempo de reversión fue de 8 minutos (RIC: 6-12)
con la primera dosis y de 34 minutos (RIC: 22-62) con la segunda. La presencia de insuficiencia cardiaca previa fue
menos frecuente en el grupo que revirtió con vernakalant, 6,3% frente a 18,9%, con una OR ajustada de 0,45
(IC 95%: 0,13-1,56), p = 0,208. Ser un primer episodio de FA y tener una duración de menos de 12 horas se relacio-
nó con mayores tasas de reversión, 54,7% frente a 35,1% y de 83,6% frente a 59,5%, respectivamente, pero solo la
segunda fue significativa con una OR ajustada de 2,76 (IC 95%: 1,12-6,80), p = 0,028. Se notificaron eventos adver-
sos en 30 pacientes. Ninguno de ellos tuvo consecuencias relevantes y sólo dos (1,2%) motivaron la suspensión del
fármaco.

Conclusiones. Vernakalant es un fármaco eficaz y seguro para la restauración del ritmo sinusal en los SUH.

Palabras clave: Fibrilación auricular. Cardioversión. Vernakalant. Urgencias.
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Introduction

Atrial fibrillation (AF) is the cardiac arrhythmia main-
tained most frequently treated in the hospital emer-
gency services (HES), with a prevalence of 3-4% of ge-

neral emergencies and greater than 2% in the general
population, which is calculated that will double in the
next few years due to population aging1-3. It is estima-
ted that it affects 5-6% of those over 65 and increases
above 10% in those over 804, representing an impor-
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tant health problem, since it is associated with a higher
death rate, heart failure (HF), cerebrovascular accident
(CVA) and other thromboembolic episodes5.

Current guidelines for the management of AF1,6,7 re-
commend cardioversion and maintenance of the pa-
tient in sinus rhythm (SR), whenever possible. For this,
we have two strategies: electrical and pharmacological
cardioversion. Regardless of the chosen strategy, it is
important to carry it out as soon as possible, with the
intention of minimizing the electrical and structural re-
modelling that begins already in the first hours, and
that favours the perpetuation of the arrhythmia8-10. Un-
til now, for the pharmacological strategy, IC an-
tiarrhythmics are recommended, with success rates
between 65-80%, but contraindicated in patients with
structural heart disease due to their pro-arrhythmic
risk11. Another option recommended in the guidelines
is amiodarone7, although it has the disadvantage of its
lower efficacy and delayed cardioversion, which causes
an increase in the length of hospital stay12. Vernakalant
is a drug recommended in the European guidelines of
the AF since 20127 that offers greater safety than fle-
cainide and propafenone in patients with structural he-
art disease and greater efficacy and speed than amio-
darone; with an excellent safety profile in patients with
structural heart disease13. It acts mainly in the atrium,
with little impact on the ventricle due to its lower ex-
pression of the receptors where it acts, thus reducing
the risk of pro-arrhythmia. Clinical trials have shown
efficacy around 50% achieving rapid reversion, in
about 11 minutes on average13-16. We have little infor-
mation on efficacy and safety outcomes in routine cli-
nical practice (real life data), outside of the criteria for
the selection of clinical trials. In this regard, the study
carried out at the University of Malmö (Sweden)17 per-
formed in the emergency hospital setting, as well as
other studies done in our environment, suggest that
success rates could be higher in routine clinical practi-
ce18,19.

The aim of this study is to describe the efficacy and
safety of treatment with vernakalant in patients with
AF in the real conditions of the hospital emergency
services (HES) and to evaluate the characteristics asso-
ciated with a higher rate of successful response to ver-
nakalant.

Method

This is a multicentre, analytical, prospective cohort
study with consecutive inclusion of patients in whom
vernakalant is administered to perform pharmacological
cardioversion of an AF. It was carried out from Septem-
ber 2014 to March 2016 in 5 hospitals of the Valencian
Community: Hospital Arnau de Villanova, Hospital Ge-
neral Universitario de Alicante, La Fe University and
Polytechnic Hospital of Valencia, Sagunto Hospital and
Elda Hospital.

The inclusion criteria were to present an AF candi-
date for pharmacological cardioversion with vernakalant

according to the current guidelines7 and obtain infor-
med consent. Patients with contraindications specific to
the use of vernakalant according to the data sheet were
excluded from the study: hypersensitivity to the active
principle or to any of the components, severe aortic
stenosis, systolic blood pressure < 100 mmHg and pa-
tients with HF in class NYHA III and IV. Also, patients
with uncorrected electrolyte abnormalities, prolonged
QT interval in the initial situation (> 440 ms uncorrec-
ted), severe bradycardia, sinus node dysfunction or se-
cond and third degree atrioventricular block in the ab-
sence of pacemaker, acute coronary syndrome within
the last 30 days, and refusal of the patient to participa-
te in the registry. The inclusion of patients treated with
administered antiarrhythmics (class I and III) was allo-
wed at least 4 hours before.

A first dose adjusted to weight (3 mg/kg) adminis-
tered in 10 minutes was prescribed by an intravenous
infusion pump. After a period of 15 minutes of their
end, they received a second dose (2 mg/kg in 10
min.) If the first one did not achieve reversion to SR.
The treated subjects remained monitored (blood pres-
sure, heart rate, heart rate and pulse oximetry) during
the infusion and until at least 2 hours after the end of
the last dose of drug and, in the event of no cardio-
version, electrical cardioversion was considered. The
study was approved by the Clinical Research Ethics
Committee of the General University Hospital of Ali-
cante. The registration was made following the guide-
lines of the Declaration of Helsinki on the ethical prin-
ciples for medical research.

All patients underwent an electrocardiogram, which
was assessed by an emergency doctor and transcribed
in the patient's clinical history, according to the usual
clinical practice. Efficacy and safety data were collected
until discharge from the emergency department, at le-
ast 2 hours after drug administration.

We collected demographic data (age and sex), ba-
seline characteristics (cardiovascular personal history: ar-
terial hypertension, diabetes mellitus, peripheral arterial
disease, stroke, HF, and we calculated the CHA2DS2-
VASc and CHADS2 scores for each of them), antiarrhyth-
mic treatment (amiodarone, beta-blocker, calcium anta-
gonist, f lecainide, propafenone, digoxin or
dronedarone) and whether or not taking anticoagulant
prior to the administration of vernakalant, as well as the
characteristics of AF (first episode or paroxysmal/persis-
tent and duration). The duration of the arrhythmia was
calculated by measuring the time in minutes from the
onset of symptoms until the time of drug infusion, and
was classified according to current guidelines1,6,7. The ti-
mes were recorded (time between admission to the
emergency department and the first dose of vernaka-
lant, time between the 1st dose of vernakalant and the
reversal to SR, time between the 2nd dose of vernaka-
lant and the reversal to SR, length of stay in the emer-
gency room); and adverse events until discharge from
the HES.

For the description of the qualitative variables we
used absolute and relative frequencies and for the
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quantitative ones, the median and the interquartile ran-
ge (IQR). For the comparisons, the chi-square test was
used for the first ones (or in the 2 × 2 tables the Fisher
exact test when the expected strengths were less than
5) and for the second the Student's t test for indepen-
dent measurements or the Mann-Whitney U test if the
variables did not follow a normal distribution, which
was checked with the Kolmogorov-Smirnov test. The
main outcome dependent variable was “successful car-
dioversion with vernakalant”. A logistic regression mo-
del with "introduction method" was performed for the
main variable of cardioversion success, adjusted to the
variables that in the bivariate study were associated
with p < 0.2. The differences were considered to be
statistically significant when the p-value was less than
0.05 or when the confidence interval (CI) at 95% of
the odds ratio (OR) excluded the value 1. The statistical
program used was SPSS 19.0.

Results

In the HES of the 5 hospitals of the Valencian
Community, 165 cases of AF treated with vernakalant
were recruited. The median age of the patients was
68 years (IQR: 56-77) and 46.1% were women. Verna-
kalant reversed 77.6% (95% CI: 71.1%-84%) of the
treated episodes, 60.6% (95% CI: 53.1%-68.1%) with
the first dose. This implies that 78.1% (95% CI:
70.9% -85.4%) of the total AF that vernakalant rever-
sed did with the first dose.

Table 1 shows the demographic characteristics and
cardiovascular risk factors of the patients treated, as
well as the differences depending on whether or not
they reversed SR with vernakalant. 45% of the cases
had received antiarrhythmics, either as usual treat-
ment or had been administered before the first dose
of vernakalant. None of the antiarrhythmics studied
(amiodarone, beta blockers, flecainide and propafeno-
ne) showed significant differences in terms of success
in cardioversion with vernakalant. Previous HF was less
frequent in patients who responded to the drug, 6.3%
versus 18.9%, but with a non-significant adjusted OR
of 0.45 (95% CI: 0.13-1.56), p = 0.208 (Table 2).

50.3% were patients who had a first episode of AF
diagnosed against a paroxysmal or persistent episode.
This fact was related to a greater tendency to cardiover-
sion, 54.7% versus 35.1%, but with a non-significant

adjusted OR of 1.77 (95% CI: 0.68-4.58), p = 0.242
(Table 2).

78.2% of the patients had less than 12 hours of
evolution with symptoms. This variable was more fre-
quent in the group of patients who responded to treat-
ment with vernakalant (83.6% vs. 59.5%); Adjusted OR
of 3.64 (95% CI: 1.62-8.19, p = 0.002), as shown in
Table 2.

Table 3 shows the results related to the times since
the arrival of the patient to the HES. The median time
to revert to SR of the patients who responded to the
first dose of vernakalant was 8 (IQR: 6-12) minutes and
34 (IQR: 22-62) minutes those who did it with the se-
cond. The median delay in administering the drug sin-
ce the arrival of the patient in the emergency depart-
ment was 87 (IQR: 50-160) minutes in total. Overall,
the emergency room was 271 (IQR: 214-471) minutes,
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Table 1. General characteristics of the cases collected and
comparative study depending on whether there is reversion or
not to sinus rhythm with vernakalant

Total Reverse No reverse p
N = 165 with with
n (%) vernakalant vernakalant

N = 128 N = 37
n (%) n (%)

Demographics
Age [median (IQR)] 68 (56-77) 68 (56-77.8) 65 (53-75) 0.555
Age > 75 years 49 (29.7) 41 (32.0) 8 (21.6) 0.222
Female 76 (46.1) 63 (49.2) 13 (35.1) 0.130

Personal history
Arterial hypertension 99 (60.0) 77 (60.2) 22 (59.5) 0.939
Mellitus diabetes 16 (9.7) 14 (10.9) 2 (5.4) 0.317
Arteriopathy
peripheral 3 (2.8) 3 (3.9) 0 (0) 0.296

Vascular accident
cerebral 12 (7.5) 9 (7.4) 3 (8.1) 0.883

Heart failure 15 (9.1) 8 (6.3) 7 (18.9) 0.018
CHA2DS2-VASc,
[median (IQR)] 2 (1-4) 2 (1-4) 2 (1-3) 1.000

CHADS2 [mean (IQR)] 1 (0-2) 1 (0-2) 1 (0-2) 1.000
Previous treatment
Previous anticoagulation 34 (29.6) 24 (27.9) 10 (34.5) 0.502
Beta-blockers 31 (20.4) 23 (19.0) 8 (25.8) 0.402
Amiodarone 11 (7.2) 8 (6.6) 3 (9.7) 0.557
Antiarrhythmic IC group 5 (3.3) 3 (6.5) 2 (2.5) 0.270
No antiarrhythmic
base 99 (65.1) 83 (68.6) 16 (51.6) 0.077

Characteristics of atrial fibrillation
First episode 83 (50.3) 70 (54.7) 13 (35.1) 0.036
Less than 12 hours 129 (78.2) 107 (83.6) 22 (59.5) 0.002

IQR: Interquartile range.

Table 2. Crude and adjusted odds ratios of the independent predictor variables of response to vernakalant in the bivariate study

Raw OR (95% CI) p Adjusted OR* (95% CI) p
Personal history

Previous heart failure 0.29 (0.10-90.85) 0.018 0.45 (0.13-1.56) 0.208
Characteristics of AF

First episode of AF 2.23 (1.04-4.76) 0.036 1.77 (0.68-4.58) 0.242
Duration of the episode of AF

Less than 12 hours 3.47 (1.55-7.78) 0.002 2.76 (1.12-6.80) 0.028
AF: Atrial fibrillation.
* OR adjusted for female gender, previous heart failure, no antiarrhythmic based, first episode of AF and episode duration less than 12 hours.
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and was significantly shorter in the patients who res-
ponded to the vernakalant: median of 243 (IQR: 201-
375) versus 493 (IQR: 374-664) minutes, p < 0.001.
Twenty patients (12.1%) received electrical cardiover-
sion in the emergency room, carried out at least 2
hours after the end of the administration of the drug.
There were no complications except one of them who
presented a hypertensive crisis with acute pulmonary
oedema after the electric shock, resolved with conven-
tional treatment, and who was discharged home 8
hours later.

32 adverse events were reported in 30 patients (Ta-
ble 4), mostly mild (dysgeusia, cough, nausea, snee-
zing, etc.). Although there were 4 episodes of non-sus-
tained ventricular tachycardia (two reversed SR with the
first dose), 2 hypotension and 2 bradycardia, no death
or torsade de pointes episodes were reported during
treatment with vernakalant. Of these last 8 patients,
only one had a history of HF and none of these episo-
des had relevant consequences. In 2 cases the appea-
rance of an adverse effect led to the suspension of the
treatment by the responsible physician.

Discussion

We submit the data obtained from a study on the
use of vernakalant in 5 HES. This is to date one of the
studies with the largest number of patients collected
internationally on the use of vernakalant in usual me-
dical practice. As in most of the few published works
of real-life data with vernakalant17-21, the efficacy of the
drug in our study has been clearly superior, 77.6%
(95% CI 71.1% -84%), to the published in the ACT I-
IV and AVRO13-16 studies, which was around 50%; and
even better to 70% published in the study carried out
in 351 patients at the Skäne University Hospital in
Malmö (Sweden)17. Congruently with this last study,
which describes a 76% success in patients with less
than 10 hours of evolution in, versus 66% in those
with more than 10 hours of evolution, the key to the
greater efficacy of vernakalant in our work is probably
the time of evolution of the arrhythmia, since the du-
ration of the episode less than 12 hours was one of

the variables independent predictors of response to
vernakalant.

The baseline characteristics of the patients in our
study are similar to those of other records of AF perfor-
med in Spain22, so our sample is representative of the
population with AF of recent start attended in Spanish
HES and the results applicable to that population. The
median age was higher than that of the clinical trials
performed with vernakalant13-16 which, as seen in other
registers, reflects the reality of the Spanish HES23-25.

Although in our study the patients who reverted to
SR were older than those who did not, the difference
was not statistically significant. The oldest group (> 75
years) was specifically studied without showing any dif-
ferences either. For that reason, in agreement with
other works17, we consider that the age is not an in-
fluential factor in the likelihood of successful reversal to
SR with vernakalant. This fact is of undoubted clinical
relevance, since, although cardioversion is performed to
a lesser extent in elderly patients, our data suggest that
it should be the patient's profile (type of AF, time of
evolution, history of HF, etc.) and not your age which is
decisive to when proposing the restoration of SR in the
recently started AF1. Our sample contains a high per-
centage of women and, unlike what was published in
the Juul-Möller study17, women's sex (although more
prevalent in the group that did respond to the drug)
decreasing has not been related to a higher probability
of cardioversion. This data is also consistent with other
studies18.

Of all the variables collected as cardiovascular his-
tory, only HF was associated with a lower tendency to
revert to SR. This is probably due to the greater altera-
tion of the atrial cellular structure of these patients,
which favours the perpetuation of the arrhythmia and
makes its reversion more difficult26. As we have mentio-
ned previously, it is important to highlight the efficacy
in patients with an AF of less than 12 hours of evolu-
tion. This is explained by the fact that early cardiover-
sion is associated with higher rates of success in restora-
tion to SR and a reduction in the risk of recurrences
due to reduced electrical remodelling (changes in the
effective refractory period), structural and contractile re-
modelling, which already appear in the first hours of
the beginning of AF27,28.

Compared with other antiarrhythmics, vernakalant is
a drug that achieves a rapid cardioversion to SR (8 mi-
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Table 3. Times from the arrival of the patient to the hospital
emergency department until the administration of the drug
and for the passage to sinus rhythm

Timing Total Reverse No p
(minutes) N = 165 with revierten con
[mean (IQR)] vernakalant vernakalant

N = 128 N = 37
Time 1 87 (50-160) 83 (45-154) 91.5 (56-217) 0.231
Time 2 8 (6-12) 8 (6-12) – –
Time 3 37 (22-60) 34 (22-62) – –
Total stay in emergency
department 271 (214-471) 243 (201-375) 493 (374-664) < 0.001

IQR: Interquartile range
Time 1: door time - Vernakalant; Time 2: time vernakalant 1st dose -
reversion to sinus rhythm; Time 3: Vernakalant time 2nd dose - rever-
sion to sinus rhythm.

Table 4. Description of adverse events related to the
administration of vernakalant

Adverse effects Total
N = 165
n (%)

Sneezing 9 (5.5)
Dysgeusia 7 (4.2)
Ventricular tachycardia 4 (2.4)
Cough 4 (2.4)
Nausea 4 (2.4)
Hypotension (SBP < 90 mmHg) ) 2 (1.2)
Bradycardia 2 (1.2)
SBP: systolic blood pressure.
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nutes median those that respond to the first dose and
34 minutes with the second in our study). Therefore,
we think that it is a drug with an excellent profile for its
use in HES, in many cases with structural and human
resources difficulties for performing electrical cardiover-
sion, and it is a good alternative if the pharmacological
option is chosen, since it could reduce the workload
and personnel to carry out a necessary cardioversion. In
addition, we know that hospital expenditure is the
main determinant of the total cost of AF in Europe29. As
shown in this study, vernakalant reduces the hospital
stay of patients who responded to treatment (77.6% of
the treated) and therefore could reduce the number of
admissions and therefore the overall costs derived from
the hospital care of this disease.

Regarding safety, as in clinical trials, vernakalant has
behaved as a safe drug, with few adverse effects,
mostly mild and transient (dysgeusia, sneezing, nausea)
and already described in clinical trials. The drug was
suspended in 2 cases at the discretion of the responsi-
ble physician. One for increased heart rate, in a patient
with no relevant history and without prior antiarrhyth-
mic treatment, which resolved within a few minutes of
stopping the drug. The second was due to a sympto-
matic sinus pause immediately after the reversal to SR,
in a woman with a history of interventional aortic ste-
nosis, resolved without further incidents.

In other studies20 HF has been related to a higher
probability of serious adverse effects (ventricular tachy-
cardia and hypotension, fundamentally). In our study, 4
episodes of non-sustained ventricular tachycardia (2 of
them reverted to SR), 2 episodes of hypotension and 2
episodes of bradycardia are cited as the most relevant
events, all of them without consequences and that we-
re resolved with conservative treatment. Only one of
these patients had a history of HF. On the other hand,
it is known that the majority of patients with AF treated
in our HES are polymedicated1 and this can be a pro-
blem, since the administration of several antiarrhyth-
mics together is not recommended because they en-
hance the proarrhythmic effect30. In our work, almost
35% of the patients had taken a previous antiarrhyth-
mic (at least 4 hours before) to the administration of
vernakalant, there were no reported problems in terms
of safety or having found significant differences in effec-
tiveness. Calcium antagonists, dronedarone and digoxin
were not studied due to lack of sample size.

This study presents a series of limitations. The con-
clusions of this work must be handled with caution. In
the case of an observational study, there may be an un-
controlled selection bias. The proportion of patients
with AF of few hours of evolution has been surprisingly
high, as well as the percentage of patients with their
first episode of AF. The data recorded that were used
for the analysis were limited until discharge from the
HES and no subsequent efficacy and safety data were
investigated. Taking into account that patients who had
previously participated in the registry were not exclu-
ded, it is likely that the treatment was applied more
than once to the same patient, although in different

episodes. It would also have been interesting to know
the number of patients with AF that went to the HES in
the study period, to obtain the percentage of all pa-
tients treated with vernakalant, as well as the number
of patients treated with vernakalant during the study
period. not included or excluded by any of the defined
criteria. Unfortunately, we do not have these data, since
they were not considered in the design of the study.

As conclusions of this work, we can point out that
the need for information in the real healthcare setting is
an increasingly relevant fact, which influences health
care decision making and resource management. Our
study shows a greater efficacy of vernakalant than that
described in clinical trials, with a rapid reversal to SR
and with an adequate safety profile. For all these rea-
sons, and based on our experience, we believe that ver-
nakalant is a drug with excellent characteristics for use
in hospital emergency services.
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