
Ritchie, L, Qin, S, Penson, P, Henney, N and Lip, G

 Vernakalant hydrochloride for the treatment of atrial fibrillation: An evaluation 
of its place in clinical practice

http://researchonline.ljmu.ac.uk/id/eprint/12861/

Article

LJMU has developed LJMU Research Online for users to access the research output of the 
University more effectively. Copyright © and Moral Rights for the papers on this site are retained by 
the individual authors and/or other copyright owners. Users may download and/or print one copy of 
any article(s) in LJMU Research Online to facilitate their private study or for non-commercial research.
You may not engage in further distribution of the material or use it for any profit-making activities or 
any commercial gain.

The version presented here may differ from the published version or from the version of the record. 
Please see the repository URL above for details on accessing the published version and note that 
access may require a subscription. 

For more information please contact researchonline@ljmu.ac.uk

http://researchonline.ljmu.ac.uk/

Citation (please note it is advisable to refer to the publisher’s version if you 
intend to cite from this work) 

Ritchie, L, Qin, S, Penson, P, Henney, N and Lip, G (2020) Vernakalant 
hydrochloride for the treatment of atrial fibrillation: An evaluation of its 
place in clinical practice. Future Cardiology, 16 (6). pp. 585-595. ISSN 1479-
6678 

LJMU Research Online

http://researchonline.ljmu.ac.uk/
mailto:researchonline@ljmu.ac.uk


   
 

   
 

 1 

 

Vernakalant hydrochloride for the treatment of atrial fibrillation:  

An evaluation of its place in clinical practice 

 

 

Abstract 

Vernakalant is an intravenous anti-arrhythmic drug available in Europe, Canada and some 

countries in Asia for the restoration of sinus rhythm in acute onset atrial fibrillation. Currently, 

it is not available in the United States because the Food and Drug Administration have ongoing 

concerns about its safety. Vernakalant has a unique pharmacological profile of multi-ion 

channel activity and atrial-specificity that distinguishes it from other anti-arrhythmic drugs. 

This is thought to enhance efficacy but there are concerns of adverse events stemming from 

its diverse pharmacology. This ambiguity has prompted a review of the available clinical 

evidence on efficacy and safety to help re-evaluate its place in clinical practice.    
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Introduction 

Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia encountered in 

clinical practice. It represents a global health burden with evidence to suggest a worldwide 

increase in prevalence and incidence, positively correlated with age [1-3]. In 2016, it was 

estimated that 7.6 million people in the European Union over 65 years had AF and this has 

been projected to increase to 14.4 million in 2060, translating to a 22% rise in prevalence [1]. 

Unsurprisingly, the rate of AF-related hospital admissions has been found to increase so 

clinical management with rate-controlling or anti-arrhythmic drugs (AADs) has come under 

scrutiny [4]. 

 

Rate-controlling drugs are often recommended for haemodynamically stable patients with 

acute onset AF in the previous 48 hours for control of ventricular rate and symptom 

alleviation. [5]. For unstable patients, haemodynamic status guides the choice between 

electrical or pharmacological (with AADs) cardioversion for restoration of sinus rhythm. The 

management approach to acute onset AF has been shown to vary considerably across 

countries, with differences in the use of electrical cardioversion, choice of drugs and rate vs 

rhythm control strategies [6]. In acute onset AF presenting without haemodynamic instability, 

the European Society of Cardiology advocate a patient-led decision between pharmacological 

or electrical cardioversion, provided AF onset is within 48 hours. When pharmacological 

cardioversion is preferred, intravenous (IV) administration of amiodarone, ibutilide, 

propafenone, vernakalant or flecainide is recommended, with the choice of drug dependent 

on patient characteristics (Table 1) [7]. 

 

The European Society of Cardiology guidelines recommend restricting the use of IV 

vernakalant, flecainide, ibutilide and propafenone to patients without structural heart disease 

for cardioversion [7]. In severe heart failure with reduced ejection fraction (HFrEF) and aortic 

stenosis, guidelines recommend IV amiodarone. In coronary artery disease (CAD), moderate 

HFrEF, heart failure with mid-range/preserved ejection fraction (HFmrEF/HFpEF) or abnormal 

left ventricular hypertrophy, IV vernakalant or IV amiodarone can be used [7]. Despite the 

subtle differences between AADs and their recommendations for use, most are burdened by 

a poor safety profile. This is attributed to their narrow therapeutic window and extensive 

inter-subject variability. Furthermore AADs have different country-specific availability and 

lower efficacy compared to electrical cardioversion. Nevertheless, AADs continue to be used 

in the management of patients presenting with new onset AF. Without the need for conscious 

sedation or general anaesthesia and fasting requirements of electrical cardioversion, they can 

offer an  advantage over this approach by reducing the potential risk of psychological impact 

on patients. Treatment goals are synonymous for all AADs and include a reduction in the 

duration and frequency of arrhythmia episodes, a reduction in AF-associated hospitalisations 

and importantly, improved patient quality of life. 

 

There are many research efforts concentrating on the discovery of new AADs with improved 

safety, efficacy and less restrictions on use. Novel pharmacological approaches are being 

investigated to target ion channels specifically in the atria, hypothesised to increase efficacy 
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and decrease ventricular pro-arrhythmic effects. Recent research has focused on newer 

agents such as vernakalant, with the potential to mediate atrial specific anti-arrhythmic 

mechanisms.  

 

Vernakalant (Brinavess) is already established as an AAD, available as vials of 20mg/ml 

concentrate to be administered by IV infusion for the rapid termination of recent-onset AF in 

adults. In non-surgical patients, vernakalant can be used if AF has persisted for up to seven 

days. In post-cardiac surgery patients, vernakalant can be used for AF of up to three days 

duration. An initial infusion dose of 3mg/kg should be administered over 10 minutes, and if 

sinus rhythm is not restored within 15 minutes after the end of the infusion, a second infusion 

dose of 2mg/kg may be administered over 10 minutes. A pre-infusion checklist should be 

completed to determine patient eligibility for vernakalant therapy. Owing to the risk of 

arrythmias and hypotension, blood pressure and electrocardiogram monitoring are 

recommended for at least 15 minutes after each infusion is complete. The patient should be 

further observed for two hours after the start of infusion and until clinical and ECG parameters 

have stabilised. Vernakalant should also be avoided when other intravenous class I and III 

AADs have been administered within the previous four hours prior to, or first four hours after 

vernakalant administration [11].  

 

Vernakalant is not available for use in the United States (US) because the Food and Drug 

Administration (FDA) issued an unfavourable ruling in 2019. Despite sufficient evidence to 

support the clinical efficacy of vernakalant for conversion to sinus rhythm, the FDA ruled that 

serious safety liabilities outweighed any potential benefits of treatment [12]. This has 

prompted a critical review of the clinical data available for vernakalant and the aim of this 

article is to help re-evaluate its place in clinical practice.   

 

Chemistry 

Vernakalant is chemically described as (3R)-1-[(1R, 2R)-2-[2-(3, 4 

dimethoxyphenyl)ethoxy]cyclohexyl]pyrrolidin-3-ol. Its molecular weight is 349.5g/mol, its 

empirical formula is C20H31NO4 and its structural formula is outlined in figure 1 [13].  

 

Pharmacokinetics 

Vernakalant exhibits linear pharmacokinetics over the dose range of 0.1mg/kg to 5mg/kg [14]. 

After an initial infusion of 3mg/kg and a second infusion of 2mg/kg (with 15 minutes in 

between infusions), average peak plasma concentrations of vernakalant were reported as 3.9 

μg/ml and 4.3 μg/ml, respectively. Vernakalant is rapidly distributed to tissues and has a 

volume of distribution of approximately 2L/kg. Elimination is determined by CYP2D6 

metaboliser status; in extensive metabolisers, elimination half-life is approximately 3 hours 

and in poor metabolisers it is approximately 5.5 hours, corresponding to time taken for full 

elimination of 15 hours and 27.5 hours, respectively [11].  

 

Pharmacodynamics 
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Vernakalant sits somewhat uncomfortably in the Vaughan-Williams classification of 

antiarrhythmic agents because of its unique pharmacological profile. It does possess atrial IK 

blocking properties like other class III agents, but much of its clinical efficacy in terminating 

AF appears to be derived from its modulatory effects on other ion currents, in particular INa. 

Vernakalant may be described as a multi-ion channel blocking drug, acting on numerous 

potassium currents including the transient outward current Ito1, the ultra-rapid delayed 

rectifier current IKur, the acetylcholine-activated current IK,ACh, the ATP-sensitive current 

controlled by KATP channels, the rapid delayed rectified current IKr, and also frequency- and 

voltage-dependent inhibition of cardiac sodium currents [15]. Because of its complex 

pharmacology, vernakalant offers a different adverse effect profile to that of other class I or 

class III agents, and many of the unwanted clinical effects are explained (and indeed may be 

predicted) by our understanding of vernakalant’s multiple ion-channel modulatory actions. 

The electrophysiological and clinical effects of vernakalant on key ion channels are 

summarised in table 2. 

 

In AF, the cell membranes of atrial myocytes fail to fully repolarise during the latter phases of 

the cardiac action potential, leading to a higher resting potential (phase 4) compared to a 

healthy heart. This is thought to contribute to the state-dependent atrial selectivity of 

vernakalant in the atria in failing hearts compared to healthier ventricular tissue [16]. 

Vernakalant blocks the atrial sodium current INa with relatively weak potency at NaV1.5 

channels at more negative resting potentials and slower rhythms [17], but with the more 

positive resting potentials due to increasing activation rates observed in AF, INa is blocked 

more readily and with a faster onset of action [16, 18]. When the heart rate subsequently 

slows, the affinity of vernakalant for NaV1.5 channels decreases and the drug quickly 

disassociates itself from the receptor [16]. Vernakalant is therefore suited to rapid 

pharmacological cardioversion of acute-onset AF rather than prophylaxis. 

 

Probably the most important electrophysiological effect of vernakalant in AF is its inhibition 

of the peak sodium current, leading to the widening of the QRS complex and slowing 

conduction, which in turn adds to QT length [19].  

 

Other important electrophysiological properties include the inhibition of the atrial early-

activating potassium currents Ito1, IKur and IK,ACh [15, 20]. Blocking the transient outward 

current Ito1 modulates atrial (rather than ventricular) refractoriness [17, 21]. This is a rapidly 

activating and deactivating current, activated by the depolarisation during phase 0 and itself 

contributing to the initial repolarisation of phase 1 of the action potential. The current 

involves a fast Ito1,f variant resulting from the opening of channels formed from KV4.2 and KV4.3 

subunits, and a slow Ito1,s variant from the opening of channels formed from KV1.4 subunits 

[22]. The rapid inactivation of Ito1 halts the atrial repolarisation, ending phase I of the action 

potential. Because of the efflux of K+ with Ito1, this current has an important influence on 

myocyte Ca2+ channel activation during phase 2 and therefore modulates duration of the 

action potential [22]. 
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The potency of vernakalant on Ito1 increases with heart rate, so again we observe frequency-

dependent block. Yet, in the failing heart, the density of ion channels responsible for Ito1 in 

myocyte membranes is decreased [23, 24] and the likely inhibitory effect of vernakalant at 

clinically relevant concentrations may be small. 

 

IKur and IK,ACh are currents specific to the atrial myocytes and inhibition of these currents would 

be expected to prolong the plateau phase of the action potential [19], although this is not 

observed in healthy subjects at normal heart rate [15]. The original classification of 

vernakalant as an atrial repolarisation delaying agent stemmed from its effects on these 

currents [19]. The KV1.5 potassium channel is responsible for the IKur current and is an 

attractive target for novel antiarrhythmic agents since it is atrium specific (largely avoiding 

ventricular effects such as QT prolongation). Vernakalant blocks IKur via KV1.5 channels with 

an IC50 of 13 µM at a frequency of 1 Hz [25] and IK,ACh is blocked with a very similar IC50. The 

effects of IK,ACh inhibition may be minimal in practice [26]. However, KV1.5 expression is 

decreased in chronic AF [27] which reduces its value as a drug target, and at the same time 

the channel is expressed in non-cardiac tissues [25] meaning adverse effects would be likely 

from the increased doses required for cardiac arrhythmic activity. The selective IKur inhibitor 

S66913 was assessed in a clinical trial (the DIAGRAF-IKur study), and no serious adverse events 

were detected but no clinical benefit was observed at the point when the trial was stopped 

[28]. 

 

The most important drug interactions of vernakalant and those adverse effects which are 

predictable stem from its interactions with ion channels. Vernakalant weakly inhibits the rapid 

delayed rectifier current IKr which contributes to cardiac repolarisation by partially blocking 

the hERG channel KV11.1 [16], but in experimental studies the potency of vernakalant on this 

current was 30- to 100-fold less than that for quinidine or propafenone [15]. Compromising 

this current may prolong the QT interval, although at clinically relevant concentrations 

vernakalant has minimal inhibitory effect on this ion channel [16]. In practice, precautionary 

QT monitoring is recommended given the combined risk of hERG channel block and the 

widening of the QRS complex from peak INa inhibition.  

 

Adverse arrhythmia is a known risk with vernakalant, given its multi-channel 

electrophysiological properties. In general, at target doses ventricular refractoriness is not 

affected and ventricular pro-arrhythmias are less likely given its apparent specificity to atrium 

currents in experimental studies. Observations of prolonged QT in patients suggests 

vernakalant is not exclusively atrial specific, and that there is some activity in ventricular 

tissue [15]. The risk of torsades de points is likely to be small but nevertheless present. Above 

target dose the risk of ventricular activity increases and therefore careful monitoring is 

required during treatment. 

 

Hypotension, sometimes severe, has been reported in patients exposed to vernakalant. 

Experimental studies showed a negative inotropic effect and this is more likely to be clinically 

significant in patients with a low SBP prior to treatment [15]. 
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Bradycardia is reported in some patients but the mechanism for this is unclear [15]. 

Vernakalant may slow conduction through the AV node which might show as an increased PR 

interval [29, 30], though there is limited evidence of this effect on the ECG in the clinic. 

 

Clinical Efficacy 

A total of nine randomised controlled trials (RCTs) (seven multi-centre and two single-centre) 

have been conducted to investigate the clinical efficacy and safety of vernakalant for the 

treatment of acute onset AF by comparing to placebo [31-36], ibutilide [37, 38] and 

amiodarone [39]. Study characteristics, clinical and safety outcomes are summarised in Table 

3.   

 

In eight of the trials, clinical efficacy was universally defined as conversion to sinus rhythm for 

≥1 minute within 90 minutes from the start of drug infusion [31-34, 36-39]. In one trial, it was 

defined as conversion to sinus rhythm or another atrial rhythm (such as atrial flutter) for any 

length of time within 30 minutes from the end of drug infusion [35]. Median conversion times 

to sinus rhythm were in the range of 8-14 minutes in seven of the trials [31, 33-37, 39].  Pooled 

analysis of all nine RCTs demonstrated that vernakalant significantly increased the rate of 

conversion to sinus rhythm within 90 minutes (Relative Risk [RR] 5.15; 95% Confidence 

Interval [95% CI] 2.24–11.84, I2 = 91%) [40]. Overall, 50% of vernakalant-treated patients 

converted within 90 minutes. A sensitivity analysis of the six RCTs that compared vernakalant 

to placebo [31-36] found 48% of vernakalant-treated patients converted within 90 minutes 

(RR 7.49; 95% CI 3.57-15.72, I2 = 63%). When compared to an active comparator (ibutilide and 

amiodarone), 56% of vernakalant treated patients converted within 90 minutes compared to 

24%, although heterogeneity limits the conclusions that can be drawn from this comparison 

(RR 2.40; 95% CI 0.76–7.58, I2 = 94%, P for interaction = 0.10).  Another sensitivity analysis 

[40] also revealed vernakalant was less effective in patients after recent cardiac surgery [34] 

(45% conversion, RR 3.03; 95% CI 1.54–5.94) when comparing to trials which excluded 

patients after cardiac surgery (49% conversion, RR 9.62; 95% CI 4.46–20.77, I2 = 48%, P for 

interaction = 0.03) [31-33, 35, 36] 

 

A systematic review by Ma et al [41] included the same nine RCTs in addition to 15 

observational studies, with meta-analysis results presented for RCTs. Similarly to McIntrye et 

al [40], analysis of the six RCTs comparing vernakalant to placebo [31-36] found vernakalant 

was associated with a significantly increased rate of cardioversion, but different values were 

reported (49.7% vs. 6.2%, RR 8.13, 95% CI 5.35 to 12.36,  I2 = 60%,  P<0.00001). Ma et al [41] 

used a fixed-effects model whereas McIntyre et al[40] used random-effects. There were also 

differences in the total number of events reported for two RCTs by Ma et al and McIntyre et 

al because of different approaches whether or not to include patients with atrial flutter [34] 

and patients from both (n=2) vernakalant dose groups [35].  

Meta-analysis was also presented comparing vernakalant to an active comparator, but results 

were presented separately for two RCTs comparing to ibutilide [37, 38] and one RCT 

comparing to amiodarone [39]. Vernakalant was superior to amiodarone for cardioversion of 
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recent-onset AF within 90 minutes (RR 10.00, 95% CI  4.50-22.23), but not ibutilide (62.4% vs. 

47.3%, RR 1.32, 95% CI 1.00 to 1.73,  I2 = 63%, P=0.05) [41]. 

 

In another systematic review and meta-analysis to identify the most effective AAD for 

pharmacological cardioversion in acute onset AF, Bayesian network meta-analysis using a 

random-effects model demonstrated that vernakalant (Odds Ratio [OR] 7.5, 95% CI 3.1-18.6), 

flecainide (OR 6.1, 95% CI 2.9-13.2), propafenone (OR 6.8, 95% CI 3.6-13.8) and ibutilide (OR 

4.1, 95% CI 1.8-9.6) increased the likelihood of conversion within 4 hours compared to 

placebo or control, but treatment effect differences between drugs were small and 

potentially not clinically meaningful. The review alluded to the need for other factors such as 

cost, patient preference and adverse effects to guide drug selection [42]. 

 

Safety and Tolerability 

Safety data collected from all nine RCTs suggest that vernakalant is generally safe and well 

tolerated. This is supported by a meta-analysis of pooled adverse event data from seven RCTs 

[31-34, 36, 37, 39] that found no overall significant difference in the rate of adverse events 

between vernakalant and its comparators (placebo/amiodarone/ibutilide) (RR 0.95; 95% 

Confidence Interval [95% CI] 0.70–1.28; I2 = 0%) [40]. There was no significant difference in 

risk between treatment groups for the following adverse events: ventricular arrhythmia (RR 

0.61; 95% CI 0.31–1.22, P = 0.2); death (RR 1.89; 95% CI 0.42–8.48, P = 0.4), and heart failure 

(RR 0.94; 95% CI 0.15–5.93, P = 1.0) [40]. The fixed-effect meta-analysis by Ma et al [41] also 

reported there was no significant difference in occurring serious adverse events (9.9% vs 

10.4%, RR 0.91, 95% CI 0.67-1.25, P=0.57) and hypotension (5.3% vs 3.3%, RR 1.53, 95% CI 

0.86-2.73, P=0.15) between vernakalant and its comparators. 

 

Dysgeusia was reported as a mild adverse event in seven RCTs [31-33, 36-39]. Paresthesia [31, 

32, 35-37], sneezing [31-33, 36, 37, 39] and nausea [31, 32, 34-36] were also commonly 

reported. In regards to cardiac adverse events, there was only one RCT that reported torsades 

de pointes in two patients post-vernakalant infusion (after 32 hours and on days 16 and 17) 

[36]. Another trial reported rates of ventricular tachycardia as similar between placebo and 

vernakalant groups, noting vernakalant patients to show statistically significant increases in 

the QRS duration, Bazett-corrected QT interval and QTcF but no associations of pro-

arrhythmia [31]. 

 

Four RCTs reported serious adverse events that were considered to be related to vernakalant 

to include dyspnoea (in one patient) [33], nausea, headache, confusional state and cold sweat 

(in one patient) [32], sinus arrest (in one patient) [32], cardiogenic shock (in one patient) [32], 

severe hypotension (one patient in each trial) [31, 34] and atrio-ventricular block (in one 

patient) [34]. Out of the nine RCTs, there were a total of seven deaths [31-33, 36, 39]and only 

two of these were related to vernakalant [31, 32]. One patient, with no previous cardiac 

history, suffered with cardiogenic shock 10 minutes post-vernakalant infusion and went on to 

experience a number of complications leading to death [32]. The other patient presented with 

acute coronary syndrome and AF and had a history of severe valvular stenosis and New York 
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Heart Association class II heart failure. The patient suffered with ventricular fibrillation leading 

to death 47 minutes after the start of the vernakalant infusion [31]. 

 

Real-world data 

A real-world post-authorisation safety study (SPECTRUM) was carried out in six western 

European countries. The registry consisted of 1,778 patients with 2,009 episodes of AF. All 

patients received vernakalant and were followed up for 24 hours after the last infusion, until 

hospital discharge/end of medical encounter and information on adverse events such as 

significant hypotension, significant ventricular arrhythmia, significant atrial flutter and 

significant bradycardia was recorded. The cumulative data demonstrated an incidence of 

adverse events and serious adverse events that was similar or lower than available 

vernakalant clinical trial safety data. The observed conversion rate was also found to be higher 

than that reported in clinical trials, providing further evidence to support vernakalant’s 

efficacy [43]. 

 

There have been a number of other smaller scale studies reporting on real-world safety data 

of  vernakalant in the acute hospital setting. One study of 47 patients administered 

vernakalant in the Emergency Department reported mild and transient adverse effects in five 

patients [44]. Another single-centre study of 42 patients reported no serious adverse events 

during, immediately after, or within the monitoring period following vernakalant infusion (6 

months) [45]. There were 30 adverse events reports from a multi-centre cohort study of 165 

patients who were recruited from five hospitals in Spain and administered vernakalant, but 

none had clinically important consequences [46]., A retrospective study comparing 200 

patients treated with vernakalant (n=100) or flecainide (n=100) reported no serious adverse 

effects of treatment with flecainide or vernakalant that required intensive care or prolonged 

follow up [48]. No serious adverse events were reported in a prospective cohort study of 230 

patients treated with vernakalant  [50]. 

 

Regulatory affairs 

The regulatory environment for vernakalant differs markedly across the globe. Notably, whilst 

the drug is approved for use in Europe, Canada and other countries in Asia, lack of FDA 

approval means that it is not available in the US. This fact limits the worldwide market for 

vernakalant and impacts its future development. Vernakalant was first approved by the 

European Medicines Agency (EMA), the medicines regulatory body of the European Union 

(EU) in September 2010 [15] [11]  under the trade name ‘Brinavess’ on the agreement that a 

real-world post-authorisation safety study would be conducted (SPECTRUM) [43] Vernakalant 

received market authorization in Canada in 2017 [51]. However, repeated applications in the 

US have not resulted in FDA approval. In 2007, the Cardiovascular and Renal Drugs Advisory 

Committee of the FDA recommended that vernakalant be approved for the rapid conversion 

of AF to sinus rhythm, however in August 2008, the FDA withheld approval for the drug on 

the basis of safety concerns, and a perceived lack of evidence demonstrating efficacy [19]. 

After European approval, the FDA requested a further phase 3 study (Beatch et al) [32] but 

after a patient death from cardiogenic shock, a meeting was held with the FDA in 2011 where 



   
 

   
 

 9 

the sponsors and investigators deemed that the study would not meet regulatory 

expectations and it was terminated early. In 2012 Merck halted its developmental programme 

for an oral dosage form of vernakalant based upon its ‘assessment of the regulatory 

environment and projected development timeline’ [52]. In 2019, the SPECTRUM registry data 

(conducted from September 2011 to April 2018) was presented to the Cardiovascular and 

Renal Drugs Advisory Committee of the FDA as part of a resubmitted New Drug Application 

to provide evidence of safety. However, the panel voted overwhelmingly against the approval 

of vernakalant for recent onset AF in the US [12]. Panel members cited concerns that the risk 

of serious adverse effects may not outweigh the benefits of treatment and that the pre-

infusion checklist might not reliably identify individuals at high risk of side effects. It is possible 

that the repeated unfavourable FDA rulings have been influenced by standard clinical practice 

in the US, comprised of a conservative management approach for acute onset AF favouring 

rate control over rhythm control [6]. It seems unlikely; therefore, that vernakalant will gain 

regulatory approval in the US, without further studies to evaluate the safety and efficacy of 

the drug or a marked change in the clinical management approach to acute onset AF.  

 

Conclusion 

Vernakalant is effective for rapid restoration of sinus rhythm in acute onset AF and represents 

an alternative to amiodarone for patients with coronary artery disease, moderate HFrEF, 

HFmrEF, HFpEF and left ventricular hypertrophy. Safety data from RCTs and post-marketing 

studies is reassuring and vernakalant appears to carry a risk of adverse events that is similar 

to ibutilide, amiodarone and flecainide. Further research to address the paucity of evidence 

on the effect of CYP2D6 metaboliser status and different patient subgroups on the risk of 

suffering from adverse effects would provide valuable, additional safety information.   
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Executive Summary 

Indication for use 

 Rapid conversion of recent onset atrial fibrillation (≤ 7 days duration in non-
surgery patients and ≤ 3 days duration in post-cardiac surgery patients) to sinus 
rhythm. 
 

Dosage and administration 

 Available as vials of 20mg/ml concentrate to be administered by IV infusion. 

 Initial infusion dose: 3mg/kg (administered over 10 minutes). 

 Second infusion dose (if sinus rhythm is not restored within 15 minutes after the 
end of the initial infusion): 2mg/kg (administered over 10 minutes). 
 

Mechanism of action 

 Vernakalant is as multi-ion channel blocking drug with atrial-specific activity. 

 It acts on numerous potassium currents including the transient outward current 
Ito1, the ultra-rapid delayed rectifier current IKur, the acetylcholine-activated 
current IK,ACh, the ATP-sensitive current controlled by KATP channels and the rapid 
delayed rectified current IKr. 

 It acts on frequency- and voltage-dependent cardiac sodium currents. 
 

Pharmacokinetic properties 

 Vernakalant is rapidly distributed to tissues and has a volume of distribution of 
approximately 2L/kg. 

 Elimination is determined by CYP2D6 metaboliser status; in extensive 
metabolisers, elimination half-life is approximately 3 hours and in poor 
metabolisers it is approximately 5.5 hours. 

 

Clinical efficacy and safety 

 There are six RCTs that compare vernakalant to placebo (ACT I, ACT II, ACT III, ACT 
V, CRAFT, ASIA-PACIFIC), two that compare vernakalant to ibutilide (Simon et al, 
Vogiatzis et al) and one that compares vernakalant to amiodarone (AVRO). 

 Pooled analysis of all nine RCTs showed vernakalant significantly increased the 
rate of conversion to sinus rhythm within 90 minutes (Relative Risk [RR] 5.15; 95% 
Confidence Interval [95% CI] 2.24–11.84, I2 = 91%). 

 Pooled analysis of seven RCTs showed there was no significant difference in the 
rate of adverse events between vernakalant and its comparators 
(placebo/amiodarone/ibutilide) (RR 0.95; 95% CI 0.70–1.28; I2 = 0%). 

 A real-world post-authorisation study (SPECTRUM) of 1,778 patients treated with 
vernakalant reported an incidence of adverse events/serious adverse events that 
was similar or lower than available clinical trial safety data. It also reported a 
higher conversion rate than that reported in clinical trials.  
 

Regulatory affairs 

 Vernakalant is available in Europe, Canada and some countries in Asia but 
continues to be unavailable in the US after failing to gain FDA approval because of 
ongoing safety concerns.   

Figures 
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   Figure 1. Structural formula of vernakalant hydrochloride. 
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Tables 

 

 

 

 

  

Table 1. Anti-arrhythmic drugs recommended for pharmacological cardioversion. 

Vaughan 

Williams 

classification  

Drug Available route(s) 

of administration 

(PO/IV) 

Main contraindications  

III Amiodarone PO /IV Bradycardia, thyroid dysfunction 

[53] 

III Ibutilide IV QT prolongation [54] 

III & I Vernakalant IV Bradycardia, hypotension, QT 

prolongation,  severe aortic 

stenosis , severe heart failure, heart 

block without pacemaker, recent 

acute coronary syndrome [11] 

IC Propafenone PO/IV Heart failure, QT prolongation, 

significant valvular disease [55] 

IC Flecainide PO/IV Heart failure, QT prolongation,  

significant valvular disease [56] 

PO, oral; IV, intravenous. 
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Table 2. Summary of the electrophysiological and clinical effects of vernakalant on key ion 

cardiac channels. 

Channels 
affected 

Current 
inhibition 

Effect on cardiac AP Clinical effects 

NaV1.5 INa  State-dependent block – 
acts in atria more readily 
and with a faster onset of 
action in AF 

Slower conduction, leading to 
widening of QRS complex and 
lengthened QT interval → 
increased effective refractory 
period 

KV4.2, KV4.3 
and KV1.4 

Ito1 Rapid inactivation of Ito1 
halts atrial repolarisation, 
ending phase I of the 
action potential 

Increased QT interval, although 
clinical effects may be 
small/insignificant 

KV1.5 IKur Elevation of the atrial AP 
plateau voltage 

Increased APD may lead to 
delayed atrial repolarisation in 
acute AF, but effect may be 
diminished in chronic AF 

Kir3.4 IK,ACh Theoretical increase in 
APD  

No clear evidence that any 
clinical effects of vernakalant 
are due to IK,ACh inhibition 

Partial block 
of KV11.1 

IKr Partial inactivation of 
cardiac repolarisation 

Probably little effect on QT 
interval at clinically relevant 
concentrations 
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Table 3. Study characteristics of randomised-controlled trials assessing the efficacy of vernakalant for conversion of acute onset AF to sinus 

rhythm.  

Study, 

Author 

(Year) 

Comparator, 
total  dosing 
of 
vernakalant 

Number of participants 

receiving 

vernakalant/comparator 

Participant 
age, mean 
(SD), 
vernakalant/ 
comparator,  

AF 

duration 

Time to 

conversion 

(Median) in 

vernakalant 

responders 

Conversion to 

sinus rhythm 

within 90 

minutes 

vernakalant 

vs 

comparator, 

n (%), p value 

Safety and tolerability  

ACT III, 

Pratt et 

al (2010) 

Placebo, 
3mg/kg 
followed by 2 
mg/kg if 
required 

86/84 60 (16)/60 
(15)  (short 
duration AF) 

3 hours 

to 7 days  

8 minutes  44 (51.2%) vs 

3 (3.6%), p 

<0.0001  

Transient dysgeusia, 
paresthesia and 
sneezing. Similar 
incidence of ventricular 
tachycardia between 
the vernakalant and 
placebo group, 
vernakalant patients 
showed statistically 
significant increases in 
QRS duration, Bazett-
corrected QT interval 
and QTcF that were 
not associated with 
proarrhythmia. 

ACT V, 
Beatch et 
al (2016) 

Placebo, 
3mg/kg 
followed by 2 

129/68 63.7 
(12.7)/60.8 
(14.1)  

3 hours 
to 7 days 

Not reported 59 (45.7%) vs 
1 (1.5%), p  
<0.0001 

Transient dysgeusia, 
paraesthesia and 
sneezing.  
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mg/kg if 
required 

Three patients had 
serious adverse effects 
considered to be 
related to vernakalant 
(nausea, headache, 
confusional state and 
cold sweat, sinus arrest 
and cardiogenic shock).  

ACT II, 
Kowey et 
al (2009) 

Placebo, 
3mg/kg 
followed by 2 
mg/kg if 
required 

100/50 68.3 
(7.7)/67.8 
(6.4) 

3 to 72 
hours 

12 minutes 47 (47%) vs 7 
(14%), p < 
0.001 

Two patients had 
serious adverse events 
considered to be 
related to vernakalant 
(severe arterial 
hypotension and 
complete AV block). 
There were no cases of 
torsades de pointes, 
sustained ventricular 
tachycardia or 
ventricular fibrillation. 

ASIA-
PACIFIC, 
Beatch et 
al (2017) 

Placebo, 
3mg/kg 
followed by 2 
mg/kg if 
required 

55/56 60.7 
(13.7)/59.2 
(12.0) 

3 hours 
to 7 days 

11 minutes  29 (52.7%) vs 
7 (12.5%), p < 
0.001 

Similar incidence of 
adverse effects 
between vernakalant 
and placebo group. 
Dyspnoea (reported in 
one patient) was the 
only serious adverse 
event considered to be 
related to vernakalant. 
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CRAFT, 
Roy et al 
(2004) 

Placebo, 
0.5mg/kg + 1 
mg/kg 
treatment 
group 1, 
2mg/kg + 3 
mg/kg 
treatment 
group 2 

36/20 67.4 
(treatment 
group 1), 60.8 
(treatment 
group 2)/64 

3 to 72 
hours 

14 minutes Treatment 
group 2: 
11 (61%) vs 1 
(5%), p = 
<0.0005 
within 30 
minutes 

There were no serious 
adverse events 
reported considered to 
be related to 
vernakalant. Mild 
adverse events 
considered to be 
related to vernakalant 
included paresthesia, 
nausea and 
hypotension. 

ACT I, 
Roy et al 
(2008) 

Placebo, 
3mg/kg 
followed by 2 
mg/kg if 
required 

145/75 60.4 (14)/59.9 
(11.8) 

3 hours 
to 7 days 

11 minutes 75 (51.7%) vs 
3 (4%), p  
<0.001 

Four serious adverse 
events reported in 
three patients were 
considered to be 
related to vernakalant 
(hypotension [2 
events], cardiogenic 
shock, complete heart 
block). Mild adverse 
events considered to 
be related to 
vernakalant included 
dysgeusia, paresthesia 
and sneezing. There 
were 3 reports of 
torsades de pointes in 
2 patients 32 hours 
post infusion and 16 
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and 17 days post 
infusion (not related to 
vernakalant). 

AVRO, 

Camm et 

al (2011) 

Amiodarone, 
3mg/kg 
followed by 2 
mg/kg if 
required 

116/116 63.1 
(10.81)/62.2 
(11.63) 

3 to 48 

hours 

11 minutes 60 (51.7%) vs 

6 (5.2%), p < 

0.0001) 

There were no cases of 
torsades de pointes, 
ventricular fibrillation 
or sustained 
ventricular tachycardia 
in either group. Mild 
adverse events 
including dysgeusia, 
sneezing and cough 
were reported in the 
vernakalant group but 
not in the amiodarone 
group. 

Simon et 

al (2017) 

Ibutilide, 
3mg/kg 
followed by 2 
mg/kg if 
required 

49/51 56.2 
(14.32)/56.7 
(15.77) 

No 

longer 

than 48 

hours 

10 minutes 34 (69%) vs 22 

(43%), log-

rank p = 

0.002) 

No serious adverse 
events reported. Mild 
adverse events 
including paresthesia 
and dysguesia were 
reported in the 
vernakalant group but 
not in the ibutilide 
group. Premature 
ventricular 
contraction (8), 
aberrant conduction 
(7), and non-sustained 
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ventricular tachycardia 
(7) were observed 
only in the ibutilide 
group, one leading to 
discontinuation. There 
were no cases of 
torsades de pointes, 
ventricular fibrillation 
or sustained 
ventricular tachycardia 
in either group. 

Vogiatzis 

et al 

(2017) 

Ibutilide, 
3mg/kg 
followed by 2 
mg/kg if 
required 

36/42 62.44 
(7.24)/64.81 
(6.1) 

1 to 48 

hours 

11.8 minutes 
(mean) 

19 (52.78%) 

vs 22 

(52.38%), p = 

0.58   

Vernakalant was 
discontinued in one 
patient due to severe 
hypotension with 
sweating, dizziness and 
nausea. Ibutilide was 
discontinued in 3 
patients due to non-
sustained ventricular 
tachycardia.  

 



   
 

   
 

 19 

References 

1. Di Carlo A, Bellino L, Consoli D et al. Prevalence of atrial fibrillation in the Italian elderly 
population and projections from 2020 to 2060 for Italy and the European Union: the FAI 
Project. Europace 21(10), 1468-1475 (2019). 

2. Public Health England (Phe). Atrial fibrillation prevalence estimatesin England: Application of 
recent population estimatesof AF inSweden.  (2017). 

3. Lane DA, Skjoth F, Lip GYH, Larsen TB, Kotecha D. Temporal Trends in Incidence, Prevalence, 
and Mortality of Atrial Fibrillation in Primary Care. J Am Heart Assoc 6(5), (2017). 
*Analysis of the UK Clinical Practice Research Datalink from 1998-2010 to provide insight 
on incidence, prevalence and mortality of AF. 

4. Rozen G, Hosseini SM, Kaadan MI et al. Emergency Department Visits for Atrial Fibrillation in 
the United States: Trends in Admission Rates and Economic Burden From 2007 to 2014. J Am 
Heart Assoc 7(15), (2018). 

5. Clinical Knowledge Summaries - Atrial fibrillation (last revised March 2020) National Institute 
for Health and Care Excellence guideline-development group's (GDG's) expert opinion 
https://cks.nice.org.uk/atrial-fibrillation#!scenario  

6. Rogenstein C, Kelly A-M, Mason S et al. An International View of How Recent-onset Atrial 
Fibrillation Is Treated in the Emergency Department. Academic Emergency Medicine 19(11), 
1255-1260 (2012). 

7. Kirchhof P, Benussi S, Kotecha D et al. 2016 ESC Guidelines for the management of atrial 
fibrillation developed in collaboration with EACTS. Eur J Cardiothorac Surg 50(5), e1-e88 
(2016). 
**European Society of Cardiology guidelines including information on rate and rhythm 
control for the management of acute onset AF. 

8. Reiffel JA, Camm AJ, Belardinelli L et al. The HARMONY Trial: Combined Ranolazine and 
Dronedarone in the Management of Paroxysmal Atrial Fibrillation: Mechanistic and 
Therapeutic Synergism. Circ Arrhythm Electrophysiol 8(5), 1048-1056 (2015). 

9. De Ferrari GM, Maier LS, Mont L et al. Ranolazine in the treatment of atrial fibrillation: 
Results of the dose-ranging RAFFAELLO (Ranolazine in Atrial Fibrillation Following An 
ELectricaL CardiOversion) study. Heart Rhythm 12(5), 872-878 (2015). 

10. Ratte A, Wiedmann F, Kraft M, Katus HA, Schmidt C. Antiarrhythmic Properties of 
Ranolazine: Inhibition of Atrial Fibrillation Associated TASK-1 Potassium Channels. Frontiers 
in Pharmacology 10(1367), (2019). 

11. European Medicines Agency Summary of Product Characteristics. Brinavess (Vernakalant 
Hydrochloride) EMEA/H/C/001215.  (2015). 
*Manufacturer's information on vernakalant, including information on contraindications, 
side effects and drug interactions. 

12. The Food and Drug Administration. Cardiovascular and Renal Drugs Advisory Committee 
(CRDAC) Meeting. Topic:  New Drug Application 22034. Vernakalant Hydrochloride Injection 
for the Rapid Conversion of Recent Onset Atrial Fibrillation.  (December 2019). 

13. Vernakalant Compound Summary 
https://pubchem.ncbi.nlm.nih.gov/compound/Vernakalant (06/03/20). 

14. Mao ZL, Wheeler JJ, Clohs L, Beatch GN, Keirns J. Pharmacokinetics of novel atrial-selective 
antiarrhythmic agent vernakalant hydrochloride injection (RSD1235): influence of CYP2D6 
expression and other factors. J Clin Pharmacol 49(1), 17-29 (2009). 

15. (Ema) EMA. European Public Assessment Report — Brinvavess.  (2010). 
16. Finnin M. Vernakalant: A novel agent for the termination of atrial fibrillation. Am J Health 

Syst Pharm 67(14), 1157-1164 (2010). 

https://cks.nice.org.uk/atrial-fibrillation#!scenario
https://pubchem.ncbi.nlm.nih.gov/compound/Vernakalant


   
 

   
 

 20 

17. Fedida D. Vernakalant (RSD1235): a novel, atrial-selective antifibrillatory agent. Expert Opin 
Investig Drugs 16(4), 519-532 (2007). 

18. Wettwer E, Christ T, Endig S et al. The new antiarrhythmic drug vernakalant: ex vivo study of 
human atrial tissue from sinus rhythm and chronic atrial fibrillation. Cardiovasc Res 98(1), 
145-154 (2013). 

19. Camm AJ. The vernakalant story: how did it come to approval in Europe and what is the 
delay in the U.S.A? Curr Cardiol Rev 10(4), 309-314 (2014). 

20. Kossaify A. Vernakalant in Atrial Fibrillation: A Relatively New Weapon in the 
Armamentarium Against an Old Enemy. Drug Target Insights 13 1177392819861114 (2019). 

21. Heidbuchel H, Vereecke J, Carmeliet E. Three different potassium channels in human atrium. 
Contribution to the basal potassium conductance. Circ Res 66(5), 1277-1286 (1990). 

22. Wettwer E, Amos G, Gath J, Zerkowski HR, Reidemeister JC, Ravens U. Transient outward 
current in human and rat ventricular myocytes. Cardiovasc Res 27(9), 1662-1669 (1993). 

23. Oudit GY, Kassiri Z, Sah R, Ramirez RJ, Zobel C, Backx PH. The molecular physiology of the 
cardiac transient outward potassium current (I(to)) in normal and diseased myocardium. J 
Mol Cell Cardiol 33(5), 851-872 (2001). 

24. Beuckelmann DJ, Nabauer M, Erdmann E. Alterations of K+ currents in isolated human 
ventricular myocytes from patients with terminal heart failure. Circ Res 73(2), 379-385 
(1993). 

25. Ravens U, Wettwer E. Ultra-rapid delayed rectifier channels: molecular basis and therapeutic 
implications. Cardiovascular Research 89(4), 776-785 (2010). 

26. Podd SJ, Freemantle N, Furniss SS, Sulke N. First clinical trial of specific IKACh blocker shows 
no reduction in atrial fibrillation burden in patients with paroxysmal atrial fibrillation: 
pacemaker assessment of BMS 914392 in patients with paroxysmal atrial fibrillation. 
Europace 18(3), 340-346 (2016). 

27. Van Wagoner David R, Pond Amber L, Mccarthy Patrick M, Trimmer James S, Nerbonne 
Jeanne M. Outward K+ Current Densities and Kv1.5 Expression Are Reduced in Chronic 
Human Atrial Fibrillation. Circulation Research 80(6), 772-781 (1997). 

28. Camm AJ, Dorian P, Hohnloser SH et al. A randomized, double-blind, placebo-controlled trial 
assessing the efficacy of S66913 in patients with paroxysmal atrial fibrillation. Eur Heart J 
Cardiovasc Pharmacother 5(1), 21-28 (2019). 

29. Camm AJ, Toft E, Torp-Pedersen C et al. Efficacy and safety of vernakalant in patients with 
atrial flutter: a randomized, double-blind, placebo-controlled trial. Europace 14(6), 804-809 
(2012). 

30. Dorian P, Pinter A, Mangat I, Korley V, Cvitkovic SS, Beatch GN. The effect of vernakalant 
(RSD1235), an investigational antiarrhythmic agent, on atrial electrophysiology in humans. J 
Cardiovasc Pharmacol 50(1), 35-40 (2007). 

31. Pratt CM, Roy D, Torp-Pedersen C et al. Usefulness of Vernakalant Hydrochloride Injection 
for Rapid Conversion of Atrial Fibrillation. The American Journal of Cardiology 106(9), 1277-
1283 (2010). 

32. Beatch G, Mangal B. Safety and efficacy of vernakalant for the conversion of atrial fibrillation 
to sinus rhythm; a phase 3b randomized controlled trial.  (2016). 

33. Beatch GN, Bhirangi K, Juul-Moller S, Rustige J. Efficacy and Safety of Vernakalant for 
Cardioversion of Recent-onset Atrial Fibrillation in the Asia-Pacific Region: A Phase 3 
Randomized Controlled Trial. Journal Of Cardiovascular Pharmacology 69(2), 86-92 (2017). 

34. Kowey PR, Dorian P, Mitchell LB et al. Vernakalant hydrochloride for the rapid conversion of 
atrial fibrillation after cardiac surgery: a randomized, double-blind, placebo-controlled trial. 
Circulation: arrhythmia and electrophysiology 2(6), 652-659 (2009). 



   
 

   
 

 21 

35. Roy D, Rowe BH, Stiell IG et al. A randomized, controlled trial of RSD1235, a novel anti-
arrhythmic agent, in the treatment of recent onset atrial fibrillation. Journal of the American 
College of Cardiology 44(12), 2355-2361 (2004). 

36. Roy D, Pratt CM, Torp-Pedersen C et al. Vernakalant Hydrochloride for Rapid Conversion of 
Atrial Fibrillation. Circulation 117(12), 1518-1525 (2008). 

37. 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. (2), 233 (2017). 

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

39. Camm AJ, Capucci A, Hohnloser SH et al. A Randomized Active-Controlled Study Comparing 
the Efficacy and Safety of Vernakalant to Amiodarone in Recent-Onset Atrial Fibrillation. 
Journal of the American College of Cardiology 57(3), 313-321 (2011). 

40. Mcintyre WF, Healey JS, Bhatnagar AK et al. Vernakalant for cardioversion of recent-onset 
atrial fibrillation: a systematic review and meta-analysis. EP Europace 21(8), 1159-1166 
(2019). 
**This systematic review and meta-analysis summarised the trial data available on the 
efficacy and safety of vernakalant. 

41. Ma W, Guo X, Wang Q, Sun G, Wang J. Systematic Review and Meta-analysis Appraising 
Efficacy and Safety of Vernakalant for Cardioversion of Recent-onset Atrial Fibrillation. 
Journal of Cardiovascular Pharmacology Publish Ahead of Print (9000). 
**This systematic review and meta-analysis summarised the data available from trials and 
observational studies on the efficacy and safety of vernakalant. 

42. Desouza IS, Tadrous M, Sexton T, Benabbas R, Carmelli G, Sinert R. Pharmacologic 
Cardioversion of Recent-Onset Atrial Fibrillation and Flutter in the Emergency Department: A 
Systematic Review and Network Meta-analysis. Annals of Emergency Medicine 
doi:https://doi.org/10.1016/j.annemergmed.2020.01.013 (2020). 

43. Domanovits H, Carbajosa Dalamau J, Hartikainen J, Juhlin T, Ritz B, Levy S. Efficacy and safety 
of vernakalant for cardioversion of recent-onset atrial fibrillation in real-world clinical 
practice: the SPECTRUM post-approval safety study, European Society of Cardiology 
Congress.  (2019). 
**Real-world study conducted in response to the EMA request of further safety data for 
vernakalant after approval in 2010, subsequently used as part of a New Drug 
Resubmission to the FDA in 2019 to provide evidence of safety.  

44. Cosin-Sales J, Loscos A, Peiro A, Sorando MR, Buendia F, Ruescas L. Real-world Data on the 
Efficacy of Vernakalant for Pharmacological Cardioversion in Patients With Recent-onset 
Atrial Fibrillation. Revista Espanola De Cardiologia 69(6), 619-620 (2016). 

45. Stoneman P, Gilligan P, Mahon P, Sheahan R. Chemical cardioversion 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. Irish Journal of Medical 
Science 186(4), 903-908 (2017). 

46. Carbajosa Dalmau J, Cosín-Sales J, Pérez-Durá MJ et al. [Vernakalant in hospital emergency 
practice: safety and effectiveness]. Emergencias: Revista De La Sociedad Espanola De 
Medicina De Emergencias 29(6), 397-402 (2017). 

47. Kriz R, Freynhofer MK, Weiss TW et al. Safety and efficacy of pharmacological cardioversion 
of recent-onset atrial fibrillation: a single-center experience. The American Journal of 
Emergency Medicine 34(8), 1486-1490 (2016). 

48. Pohjantähti-Maaroos H, Hyppölä H, Hartikainen J, Lekkala M, Sinisalo E, Heikkola A. 
Intravenous vernakalant in comparison with intravenous flecainide in the cardioversion of 

https://doi.org/10.1016/j.annemergmed.2020.01.013


   
 

   
 

 22 

recent-onset atrial fibrillation. European heart journal. Acute cardiovascular care 8(2), 114-
120 (2019). 
**Retrospective study comparing vernakalant to flecainide (not compared in any of the 
available RCTs. 

49. Müssigbrodt A, John S, Kosiuk J, Richter S, Hindricks G, Bollmann A. Vernakalant-facilitated 
electrical cardioversion: comparison of intravenous vernakalant and amiodarone for drug-
enhanced electrical cardioversion of atrial fibrillation after failed electrical cardioversion. Ep 
Europace 18(1), 51-56 (2016). 

50. Simon A, Niederdoeckl J, Janata K et al. Vernakalant and electrical cardioversion for AF - Safe 
and effective. Int J Cardiol Heart Vasc 24 100398-100398 (2019). 

51. Health Canada. Regulatory Decision Summary - Brinavess 190817.  (2017). 
52. O'riordan M. Merck Abandons Oral Vernakalant. Heartwire from Medscape  (2012). 
53. Summary of Product Characteristics. Amiodarone Hydrochloride 50 mg/ml Concentrate for 

Solution for Injection/Infusion. Hameln Pharmaceuticals. Last updated 10 Jan 2019 
https://www.medicines.org.uk/emc/product/3940/smpc#companyDetails (17/02/20). 

54. Medical Information, https://www.pfizermedicalinformation.com/en-us/corvert/warnings 
(17/02/20). 

55. Summary of Product Characteristics. Arythmol 150 mg Tablets. Mylan. Last updated 13 Jun 
2017 https://www.medicines.org.uk/emc/product/1733/smpc# (17/02/20). 

56. Summary of Product Characteristics. Flecainide Acetate 50 mg tablets. Aurobindo Pharma - 
Milpharm. Last updated 06 Sept 2018 
https://www.medicines.org.uk/emc/product/3087/smpc#companyDetails (17/02/20). 

 

https://www.medicines.org.uk/emc/product/3940/smpc#companyDetails
https://www.pfizermedicalinformation.com/en-us/corvert/warnings
https://www.medicines.org.uk/emc/product/1733/smpc
https://www.medicines.org.uk/emc/product/3087/smpc#companyDetails

