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ABSTRACT

OBJECTIVE 
To conduct a randomised, open label comparison 
of the effectiveness and safety of intravenous 
vernakalant and intravenous procainamide for 
the management of acute atrial fibrillation in the 
emergency department.
DESIGN 
Randomised clinical trial (RAFF4 trial).
SETTING 
12 tertiary care emergency departments in Canada.
PARTICIPANTS 
Patients with acute atrial fibrillation for whom acute 
rhythm control was a safe option.
INTERVENTIONS 
Patients were randomised (1:1) to an intravenous 
infusion of vernakalant or procainamide; when rapid 
conversion did not occur, patients were offered 
electrical cardioversion.
MAIN OUTCOMES AND MEASURES 
The primary outcome was conversion to sinus rhythm 
within 30 minutes of drug infusion completion. 
Secondary outcomes included time to conversion 
to sinus rhythm and whether the patient required 
electrical cardioversion.

RESULTS 
Of the 350 enrolled eligible patients, baseline 
characteristics were similar in the procainamide 
(n=172) and vernakalant (n=178) groups. For the 
primary outcome of conversion success, vernakalant 
was more effective (62.4% v 48.3%; adjusted 
absolute difference 15.0%, 95% confidence interval 
4.6% to 25.0%, P=0.005; adjusted odds ratio 1.87, 
95% confidence interval 1.2 to 2.9, P=0.006). 
With vernakalant, time to conversion was faster 
(21.8 v 44.7 minutes; mean difference −22.9, 95% 
confidence interval −29.9 to −16.0, P<0.001), and 
fewer patients underwent attempted electrical 
cardioversion (33.7% v 44.2%; odds ratio 0.62, 95% 
confidence interval 0.39 to 0.96, P=0.033). Adverse 
events were similar in both groups, were generally 
mild and brief, and most patients were discharged 
home. Subgroup analysis strongly favoured 
vernakalant for conversion in patients younger than 70 
years (73.3% v 47.2%; adjusted odds ratio 3.1, 95% 
confidence interval 1.7 to 5.5, P=0.001, interaction 
P=0.005).
CONCLUSIONS 
In this head-to-head comparison, vernakalant was 
superior to procainamide for patients with higher 
conversion rates and faster times to conversion. 
Therefore, vernakalant is a safe and highly effective 
intravenous alternative for the rapid cardioversion 
and discharge home of patients with acute atrial 
fibrillation.
TRIAL REGISTRATION 
ClinicalTrials.gov NCT04485195.

Introduction
Acute (recent onset) atrial fibrillation is the most 
common arrhythmia requiring management in the 
emergency department.1-4 Our focus is on acute 
episodes  of atrial fibrillation, which are usually less 
than  48 hours since onset and are symptomatic, 
requiring rapid treatment in the emergency 
department.5 6 We estimate that there are 500 000 
acute atrial fibrillation visits annually to the emer
gency department in Canada and the United States 
combined.7-10 For acute atrial fibrillation, it is routine 
in Canadian emergency departments for physicians 
to attempt cardioversion to sinus rhythm, either with 
drugs or electrically. Compared with a rate control 

WHAT IS ALREADY KNOWN ON THIS TOPIC
Patients with acute (onset <48 hours) atrial fibrillation usually present to the 
emergency department because of intolerable symptoms
Most Canadian emergency department physicians try immediate cardioversion, 
with drugs or electrically, often using the older and modestly effective drug 
procainamide
The newer drug vernakalant has theoretical advantages and randomised 
comparisons to procainamide are needed

WHAT THIS STUDY ADDS
In this head-to-head, randomised comparison, intravenous vernakalant was 
superior to intravenous procainamide, with higher conversion rates and faster 
times to conversion in patients with acute atrial fibrillation
Vernakalant is a safe and highly effective intravenous alternative for the rapid 
cardioversion and discharge of patients with acute atrial fibrillation
Patients could be discharged home more quickly and frequently avoid electrical 
cardioversion with vernakalant infusion

xx xxxxxxxx
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strategy, early rhythm control allows patients to be 
discharged home sooner, frees up valuable monitors, 
frees up nursing staff, and is associated with lower one 
year mortality rates.6 11-13 In the recent RAFF2 trial, 
we showed good outcomes for acute atrial fibrillation 
managed with rhythm control in the emergency 
department.14 An alternative strategy of patients 
returning the next day for electrical cardioversion by 
cardiology is not feasible in most hospitals and would 
see many patients miss the 12-24 hour window for safe 
cardioversion.15 16

If rhythm control with drugs fails, then patients 
often undergo urgent electrical cardioversion, which 
is effective but may be associated with major delays 
in assembling the team and has been shown to have 
adverse events requiring treatment in 13.9% of 
patients.17 Cardioversion with drugs avoids some of 
the issues associated with electrical cardioversion; 
that is, the need for several skilled staff at the bedside, 
procedural sedation risks, and patient anxiety. 
Intravenous procainamide is a type IA antiarrhythmic 
agent and is recommended by the Canadian 
Cardiovascular Society and the Canadian Association 
of Emergency Physicians.5 18 Procainamide is the 
most commonly used antiarrhythmic for acute atrial 
fibrillation in Canadian emergency departments.6 19 
Intravenous vernakalant acts preferentially in the atria 
by blocking several ion channels and was approved in 
Europe in 2010. This drug has recently been approved 
in Canada, but is not yet widely used and is not available 
in the US.20 21 Intravenous ibutilide has a 2-3% risk of 
torsade de pointes, a potentially lethal arrhythmia,22 

23 and is not currently recommended by the Canadian 
Cardiovascular Society and the Canadian Association 
of Emergency Physicians. Intravenous amiodarone and 
oral sotalol are not recommended in the emergency 
department as they are no more effective than placebo 
in the first six to eight hours.16 24-29 Oral propafenone 
or flecainide, both class IC antiarrhythmic agents, have 
much slower onset of action than intravenous drugs 
and their intravenous formulations are not available in 
North America.30 31

Cardioversion with procainamide is relatively safe, 
but has only a moderate efficacy (50%), requires slow 
infusion typically over one hour, and has a moderate 
rate of adverse events including hypotension.14 We 
hypothesise that vernakalant has the advantages of a 
higher conversion rate, more rapid administration and 
onset, and fewer adverse events,13 20 32-35 and could 
therefore give clinicians an important alternative 
for pharmacological cardioversion of acute atrial 
fibrillation. Therefore, our objective was to conduct 
a randomised comparison of the effectiveness and 
safety of intravenous vernakalant and intravenous 
procainamide for the management of acute atrial 
fibrillation in the emergency department (RAFF4 trial).

Methods
Design and setting
We conducted a comparative effectiveness, patient 
randomised (1:1) trial with an open label comparison 

of cardioversion with intravenous vernakalant and 
intravenous procainamide in patients with acute 
atrial fibrillation attending the emergency department 
(detailed methods in supplementary appendix 1 and 
2). We chose an open label approach because both 
drugs are available for routine use in Canada and other 
countries, and we wanted to mirror actual clinical use. 
The study included an investigator who is a patient 
engagement expert and a patient advisor, following 
existing recommendations.36 The study was conducted 
in the emergency departments of 12 tertiary care 
hospitals in Canada.

Study population
We included patients presenting with an episode of 
acute atrial fibrillation of at least three hours’ duration 
but no longer than seven days, whose condition was 
stable but symptoms required urgent management, 
and where immediate cardioversion was a reasonable 
option according to current guidelines.16 18 37 
Specifically, cardioversion was considered safe if the 
patient had adequate anticoagulation for more than 
three weeks (warfarin and international normalised 
ratio >2.0 or direct oral anticoagulant compliant), 
or did not have adequate anticoagulation for more 
than three weeks with no history of stroke, transient 
ischaemic attack, or valvular heart disease, and 
onset was <12 hours ago, onset was 12-48 hours ago 
and fewer than two CHADS-65 (Canadian Society 
of Cardiology guideline) criteria applied (age≥65, 
diabetes, hypertension, heart failure—which are 
the CHADS criteria, but with age ≥65), or patient 
was negative for thrombus on transesophageal 
echocardiography or computed tomography during 
emergency department visit.16 18 37 We did not exclude 
patients with previous episodes of acute atrial 
fibrillation. We excluded patients for appropriateness 
(eg, unstable vital signs) or safety (eg, prolonged QT 
interval) reasons (see detailed exclusion criteria in 
supplementary appendix).

Randomisation and masking
The 1:1 allocation sequence was computer generated 
by a statistician at the Methods Center of the Ottawa 
Hospital Research Institute. Allocation was stratified by 
site, age (<70 v ≥70 years), and first ever versus repeat 
episode. We used a randomly permuted block design 
with randomly varying lengths. There was no blinding 
of drug treatment, according to the open label approach.

Eligible patients were approached to provide verbal 
or written informed consent according to local research 
ethics board requirements. The research assistants 
obtained the randomised allocation by using an 
online electronic data capture system, which ensured 
concealment.

Procedures
To standardise management of study patients, the 
site investigators agreed to encourage local use of the 
2021 Canadian Association of Emergency Physicians 
acute atrial fibrillation best practices checklist.18 
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Patients randomised to the vernakalant group received 
an initial infusion of 3 mg/kg over 10 minutes by a 
preprogrammed intravenous pump.38 If conversion did 
not occur within 15 minutes after the end of the first 
infusion, and the patient remained stable, a second 
10 minute infusion of 2 mg/kg was administered. 
If conversion occurred during the first or second 
infusion, that infusion was continued to completion. 
If conversion had not occurred within 30 minutes after 
infusion completion, patients were offered electrical 
cardioversion.

Patients randomised to the procainamide arm 
received a continuous infusion of intravenous 
procainamide with a dose of 15 mg/kg in 500 mL of 
normal saline given over 60 minutes (maximum dose 
1500 mg) by a preprogrammed pump. Based on our 
previous RAFF2 trial, we believed that a 60 minute 
period would avoid some episodes of hypotension.14 
The infusion was stopped if there was conversion to 
sinus rhythm before the maximum dose. If conversion 
was not achieved within 30 minutes after the infusion 
ended, patients were offered electrical cardioversion.

The primary outcome was conversion to and 
maintenance of sinus rhythm for at least 30 minutes 
at any time after randomisation until 30 minutes after 
completion of the drug infusion. This was a clinical and 
patient centred outcome because patients experience 
immediate relief from their symptoms once sinus 
rhythm is achieved. If conversion was not achieved 
by this time, it was considered a treatment failure. 
Reversion back to atrial fibrillation is highly unlikely 
in the emergency department when patients have been 
in sinus rhythm for 30 minutes.14 When reversion back 
to atrial fibrillation occurred after conversion, during 
the 30 minute observation period, this was considered 
a treatment failure. Spontaneous conversion after 
randomisation but before study intervention was 
considered a treatment success. These patients were 
analysed in the group to which they were allocated 
according to the analysis plan (details given below). 
When the electrocardiogram interpretation was 
uncertain, rhythm eligibility was determined by an 
electrophysiology cardiologist who was also masked 
to the allocation group and any other clinical factors. 
Patients who were determined post hoc not to be in 
atrial fibrillation on presentation were excluded from 
all analyses.

The following secondary outcomes were assessed 
during the first emergency department visit: time to 
conversion to sinus rhythm (in minutes) from time 
of start of infusion; whether the patient required 
electrical cardioversion; emergency department 
disposition—admission or discharge; length of stay in 
emergency department (in hours) from time of arrival 
to time of disposition; and adverse events, which were 
classified as during or after the infusion, or during or 
after electrical cardioversion.

The following secondary outcomes were assessed 
at 30 days: return visit to the emergency department 
and whether cardioversion or hospital admission was 
required; stroke; death; return to normal activities and 

number of days; and patient’s heart rate—determined 
manually or by a smartphone application (Heartify, 
Heartify Health, Boston, MA, USA). A cost effectiveness 
analysis will be conducted from the Canadian public 
payer’s perspective and published separately.

Follow-up
Patients underwent a structured telephone interview 
at 30 days. Return hospital visits were verified by 
review of hospital records and electrocardiograms. 
We evaluated outcomes of patients lost to follow-up 
by reviewing local hospital records and provincial 
registries when available.

Sample size
The sample size for this superiority trial was determined 
using the primary outcome: conversion to sinus rhythm 
using two independent groups with a 1:1 allocation. 
Based on a poll of investigators, an absolute difference 
of 15% was considered the minimum clinically 
important difference. According to clinical studies of 
patients with acute atrial fibrillation performed in the 
emergency department, we expected a conversion rate 
of 65% for the vernakalant group.13 32 33 A total of 340 
patients (170 per group) achieves 80% power to detect 
an absolute difference in conversion rates of 15%.

Data analysis
Descriptive statistics were used to describe the 
baseline characteristics of patients randomised to 
each treatment group: frequency and percentage for 
categorical variables and mean and standard deviation 
(or median and interquartile range if skewed) for 
continuous variables. The primary analysis of the 
primary outcome, conversion to sinus rhythm, was 
conducted on an intention-to-treat basis, in which all 
randomised patients were analysed in the group to 
which they were allocated. We did not analyse patients 
who were mistakenly included because the treating 
physician’s interpretation of the electrocardiogram 
was incorrect; that is, the patients did not have 
atrial fibrillation.39 To obtain correct inferences, 
increase power and precision, and protect against 
chance imbalances,40 41 the primary analysis used 
multiple logistic regression analysis controlling for 
the stratification variables (age, first or repeat episode 
as fixed effects, and site as a random effect) and the 
following prespecified prognostic variables: sex, time 
from onset, and history of heart failure, all specified 
as fixed effects. The treatment effect was expressed 
as absolute difference and odds ratio, together with 
95% confidence intervals. All tests were carried out 
at the two sided 5% significance level. We also used 
a secondary per protocol analysis to exclude patients 
who were randomised but never received the study 
drug.

The secondary outcomes were evaluated according 
to data type: binary outcomes (ie, attempted electrical 
cardioversion, disposition) were analysed using 
multiple logistic regression with covariates as specified 
for the primary outcome; continuous outcomes (length 
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of stay, time to conversion among those who had 
successful conversion with the drugs) were analysed 
using multiple linear regression with covariates as 
specified for the primary outcome analysis. Time to 
conversion was also analysed using Cox proportional 
hazards regression; patients in whom conversion did 
not occur, spontaneous conversion occurred after 
the observation period, or conversion occurred with 
electrical shock were retained in the analysis by 
censoring their event times at 55 minutes (25 minute 
infusion+30 minute observation) and 90 minutes 
(60 minute infusion+30 minute observation) in the 
vernakalant and procainamide groups, respectively. 
The treatments were compared using adjusted hazard 
ratio and difference in restricted mean survival 
time (area under the survival curve). Additional 
sensitivity analyses of continuous outcomes used log 
transformations to account for skewness.

Because we compared two standards of care, we did 
not conduct formal interim analyses for efficacy. Every 
six months, an independent data safety monitoring 
board reviewed any adverse events, enrolment 
figures, protocol adherence, data quality, and data 
completeness.

The following subgroup analyses were planned a 
priori: episode first ever or repeat, age ≥70 or <70 years, 
onset <12 or ≥12 hours. We had planned to evaluate 
history of heart failure, but found the incidence was 
too low. We added the post hoc subgroup of sex (male 
or female) that was not in the protocol. Subgroup 
analyses were conducted by including the subgroup 
variable and its interaction with the treatment variable 
in the multiple logistic or linear regression analysis. 
We conducted all analyses using Statistical Analysis 
Software (SAS) version 9.4.

Patient and public involvement
We included a patient partner (CC, mentioned in 
acknowledgments) in the study planning and a 
coauthor (SGN) who is the facilitator for our institution’s 
Office for Patient Engagement in Research Activities 
(OPERA) and who advised on patient engagement.

Results
We enrolled patients from June 2021 to August 2024. 
Among the 960 patients approached for the study, 
606 refused to participate and 354 gave consent and 
were randomly allocated (fig 1). Four patients were 

Patients screened

Excluded
Ineligible
Not approached
Refused

10 575
4674

606

Randomly assigned

Assigned to procainamide
172

Assigned to vernakalant
182

Included in intention-to-treat analysis
178

Included in intention-to-treat analysis
172

Included in per protocol analysis
168

Included in per protocol analysis
174

354

15 855

Excluded
Lost to follow-up
Not in atrial fibrillation
    Received vernakalant
    Received no drug

0
4

16 209

4

2
2

Excluded
Withdrew from protocol
Drug not given because of hypotension
Spontaneous conversion to sinus rhythm

2
1
1

4
Excluded

Withdrew from protocol
Drug not given because of hypotension
Spontaneous conversion to sinus rhythm

2
1
1

4

Excluded
Lost to follow-up0

0

Fig 1 | Flow of patients in RAFF4 trial (rapid cardioversion of patients with acute atrial fibrillation)
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Table 1 | Characteristics and emergency department management for 350 patients enrolled in RAFF4 trial
Characteristics Procainamide (n=172) Vernakalant (n=178)
Age (years), mean (SD) 62.4 (15.2) 63.5 (15.0)
  Range 25-92 24-91
Male 114 (66.3) 108 (60.7)
Duration of arrhythmia (h), mean (SD) 18.2 (29.9) 20.6 (28.8)
  Range 3-168 3-168
  <12 h 112 (65.1) 102 (57.3)
  12-48 h 45 (26.1) 49 (27.5)
  >48 h 15 (8.9) 25 (14.1)
Main presenting symptom   
  Palpitations 149 (86.6) 152 (85.4)
  Chest pain 10 (5.8) 18 (10.1)
  Shortness of breath 8 (4.7) 3 (1.7)
  Dizziness 1 (0.6) 1 (0.6)
  Weakness 2 (1.2) 2 (1.1)
  Syncope 0 (0) 1 (0.6)
  Other 2 (1.2) 1 (0.6)
Initial vital signs, mean (SD)   
  Heart rate (beats/min) 109.3 (27.6) 114.2 (29.4)
  Systolic blood pressure (mm Hg) 130.1 (20.5) 131.2 (20.9)
  Oxygen saturation (%) 97.1 (1.9) 97.2 (1.8)
  Temperature (°C) 36.4 (0.6) 36.4 (0.5)
Canadian triage and acuity scale level, median (IQR) 3 (2-3) 3 (2-3)
Previous atrial fibrillation and treatments 130 (75.6) 127 (71.8)
  Electrical cardioversion 79 (60.3) 85 (66.9)
  Cardioversion with drugs 25 (19.1) 21 (16.5)
  Ablation 30 (22.9) 23 (18.1)
CHADS2 criteria   
  Hypertension 81 (47.1) 75 (42.4)
  Age ≥75 years 42 (24.4) 47 (26.6)
  Diabetes mellitus 21 (12.2) 17 (9.6)
  Stroke or transient ischaemic attack 10 (5.8) 8 (4.5)
  Congestive heart failure 6 (3.5) 7 (4.0)
  CHADS2* score
    0 72 (41.9) 78 (43.8)
    1 53 (30.8) 56 (31.5)
    ≥2 47 (27.3) 44 (24.7)
Other medical history   
  Coronary artery disease 26 (15.1) 14 (7.9)
  Valvular heart disease 3 (1.7) 3 (1.7)
  Pacemaker or implantable cardioverter defibrillator 1 (0.6) 5 (2.8)
  Chronic obstructive pulmonary disease or asthma 11 (6.4) 11 (6.2)
Current drugs taken at home
  Anticoagulants 92 (53.5) 102 (57.3)
    Direct anticoagulants 88 (51.2) 97 (54.8)
    Warfarin 2 (1.2) 3 (1.7)
    Low molecular weight heparin 2 (1.2) 2 (1.1)
  Antiarrhythmics 7 (4.1) 11 (6.2)
    Amiodarone 7 (4.1) 8 (4.5)
    Propafenone 0 (0) 1 (0.6)
    Sotalol 0 (0) 2 (1.1)
  Antiplatelet agents 18 (10.5) 17 (9.6)
     Acetylsalicylic acid 18 (10.5) 14 (7.9)
    Clopidogrel 0 (0) 4 (2.2)
  Cardiac medications
    Beta blocker 72 (41.9) 79 (44.6)
    Calcium channel blocker 28 (16.3) 26 (14.7)
Investigations
  Initial ECG calculated heart rate, mean (SD) 118.3 (25.2) 118.9 (26.7)
    Range 62-182 66-178
  International normalised ratio, mean (SD) (n=65 and 71) 1.2 (0.6) 1.2 (0.4)
  Transoesophageal echocardiography 9 (5.2) 9 (5.1)
    Left atrial clot 0 (0) 1 (0.6)
  Cardiac computed tomography scan 1 (0.6) 3 (1.7)
Other treatments in emergency department
  Rate control agents 20 (11.6) 20 (11.3)
  Antithrombotic treatment 29 (16.9) 25 (14.1)

(Continued)
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later determined not to have atrial fibrillation and 
were excluded from the primary analysis (two had 
atrial flutter, two had supraventricular tachycardia). 
Four patients in each group were included in the 
analysis but did not receive the study drug because 
spontaneous conversion to sinus rhythm occurred, 
they developed hypotension, or they withdrew from 
the study intervention. No patients were lost to follow-
up for the primary outcome. We were unable to reach 
8% of patients by telephone, but had complete 30 
day follow-up for all patients through their hospital 
records.

Table 1 compares the characteristics in the 
procainamide (n=172) and vernakalant (n=178) 
groups. Both groups were similar in terms of age (62.4 v 
63.5), male sex (66.3% v 60.7%), duration of symptoms 
in hours (18.2 v 20.6), mean electrocardiogram heart 
rate (118.3 v 118.9), previous atrial fibrillation (75.6% 
v 71.8%), CHADS-65 positivity (58.1% v 56.2%), and 
oral anticoagulant drugs taken at home (52.3% v 
56.2%).

For the primary outcome of conversion to sinus 
rhythm within 30 minutes of infusion completion, 
vernakalant was more effective than procainamide 

(62.4% v 48.3%; adjusted absolute difference 15.0%, 
95% confidence interval 4.6% to 25.0%, P=0.005; 
adjusted odds ratio 1.87, 95% confidence interval 1.20 
to 2.91, P=0.006; table 2). Fewer patients underwent 
attempted electrical cardioversion (33.7% v 44.2%; 
odds ratio 0.62, 95% confidence interval 0.39 to 
0.96, P=0.033). Among patients who had successful 
conversion on the drugs, time from start of infusion to 
conversion was faster for the vernakalant group (21.8 v 
44.7 minutes; mean difference −22.9, 95% confidence 
interval −29.9 to −16.0, P<0.001). Results were similar 
when including patients with censored event times 
(adjusted hazard ratio 2.5, 95% confidence interval 
1.8 to 3.4; difference in restricted mean survival time 
−32.9 minutes, 95% confidence interval −42.8 to 
−23.0, P<0.001). Most patients were discharged home 
from the emergency department (vernakalant 96.1% 
v procainamide 97.7%, P=0.52) and total length of 
stay in the emergency department was similar (8.9 v 
9.2 hours, P=0.54). Conversion did not occur in the 11 
patients who were admitted and their heart rates could 
not be controlled.

Results were similar in the per protocol analysis, 
which excluded eight patients who did not receive the 

Table 1 | (Continued)
Characteristics Procainamide (n=172) Vernakalant (n=178)
  Direct oral anticoagulant 28 (16.3) 22 (12.4)
   Acetylsalicylic acid 1 (0.6) 2 (1.1)
  Clopidogrel 1 (0.6) 2 (1.1)
  Heparin 2 (1.2) 2 (1.1)
Other conditions identified while in emergency department   
  Congestive heart failure 1 (0.6) 1 (0.6)
  Acute coronary syndrome 1 (0.6) 0 (0)
Data are numbers (%) unless indicated otherwise.
ECG=electrocardiogram; IQR=interquartile range; SD=standard deviation.
*CHADS2 is a clinical scoring system used to estimate risk of stroke in patients with atrial fibrillation. It is composed of the variables listed in the table.

Table 2 | Intention-to-treat analysis: outcomes and disposition for 350 patients enrolled in RAFF4 trial
Outcome measure Procainamide (n=172) Vernakalant (n=178) Treatment effect (95% CI)* P value
Primary outcome
Conversion to and maintenance of sinus rhythm within 30 minutes 
of study drug infusion, n (%)

83 (48.3) 111 (62.4) Odds ratio 1.87 (1.20 to 2.91) 0.006
Absolute risk difference 15.0 (4.6 to 25.0)† 0.005

Final conversion status, n (%)    
  Infusion 83 (48.3) 111 (62.4) — —
  Electrical cardioversion 76 (44.2) 54 (30.3) — —
  Spontaneous 7 (4.1) 5 (2.8) — —
  Not converted 6 (3.5) 8 (4.5) — —
Secondary outcomes
Conversion time (min) among patients with successful conversion 
(n=194; start of infusion to conversion), mean (SD)

44.7 (28.4) 21.8 (20.4) Mean difference −22.9 (−29.9 to −16.0) <0.001

Median (IQR) 40 (21-58) 14 (9-26)
Conversion time (min) among randomised patients (n=342; start of 
infusion to conversion or censoring), restricted mean survival time 
(standard error)

75.7 (3.0) 42.8 (4.1) Hazard ratio 2.5 (1.8 to 3.4) <0.001
Mean difference −32.9 (−42.8 to −23.0) <0.001

Attempted electrical cardioversion, n (%) 76 (44.2) 60 (33.7) Odds ratio 0.62 (0.39 to 0.96) 0.033
Disposition: discharged home, n (%) 168 (97.7) 171 (96.1) Odds ratio 0.65 (0.18 to 2.38) 0.52
Total emergency department length of stay (h), mean (SD) 9.2 (6.9) 8.9 (7.9) Mean difference −0.58 (−2.1 to 0.92) 0.11
Median (IQR) 7.4 (5.8-9.7) 7.0 (5.3-8.8) — —
CI=confidence interval; IQR=interquartile range; SD=standard deviation.
*Comparison of vernakalant versus procainamide from multivariable regression analysis adjusted for stratification factors and prespecified prognostic variables: site, age, sex, first or repeat 
episode, time from onset, and history of heart failure. Site modelled as random effect except where convergence failure when it was modelled as fixed effect.
†Site modelled as fixed effect.
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study drug (table 3). For conversion to sinus rhythm, 
vernakalant was more effective than procainamide 
(62.6% v 48.8%; absolute difference 14.1%, 95% 
confidence interval 3.7% to 24.6%, P=0.008; adjusted 
odds ratio 1.81, 95% confidence interval 1.2 to 2.8, 
P=0.009).

Adverse events during or after the drug infusion 
were similar in both groups (17.4% v 25.0%; absolute 
difference −7.6%, 95% confidence interval −16.1% to 
0.95%, P=0.11; table 4). These events were generally 
mild and brief, with hypotension requiring the infusion 
to be stopped in 8.7% of patients in the procainamide 
group. Adverse events during or after electrical 
cardioversion were uncommon and not serious in both 
groups (5.1% v 6.6%, P=0.71).

During the 30 days after the first emergency depart
ment visit, 14.0% of the vernakalant group and 16.9% 
of the procainamide group returned to the emergency 
department and a small proportion required electrical 
cardioversion (5.6% v 7.0%; table 5). No patients died 
from atrial fibrillation, none had a stroke, and only 
one required hospital admission for atrial fibrillation 
(procainamide group). Most patients returned to normal 
daily activities (94.0% v 91.0%). Of the patients reached 
by day 30, heart rate was determined by the smartphone 
application for 111 and manually by 81. Comparing 
vernakalant with procainamide, the mean heart rates 
were 71 versus 69 beats/min.

Subgroup analyses revealed only one significant 
finding favouring vernakalant for conversion in 

Table 3 | Per protocol analysis: outcomes and disposition for 342 patients enrolled in RAFF4 trial
Outcome measure Procainamide (n=168) Vernakalant (n=174) Treatment effect (95% CI)* P value
Primary outcome
Conversion to and maintenance of sinus rhythm within 30 min of 
study drug infusion, n (%)

82 (48.8) 109 (62.6) Odds ratio 1.81 (1.16 to 2.82) 0.009
Absolute risk difference 14.1 (3.7 to 24.6)† 0.008

Final conversion status, n (%)    
  Infusion 82 (48.8) 109 (62.6) — —
  Electrical cardioversion 73 (43.5) 52 (29.9) — —
  Spontaneous 7 (4.2) 5 (2.9) — —
  Not converted 6 (3.6) 8 (4.6) — —
Secondary outcomes
Conversion time (min) among patients with successful conversion 
(n=191; start of infusion to conversion), mean (SD)

44.7 (28.4) 21.8 (20.4) Mean difference −22.9 (−29.9 to −16.0) <0.001

Median (IQR) 40 (21-58) 14 (9-26)
Conversion time (min) among randomised patients (n=342; start of 
infusion to conversion or censoring), restricted mean survival time 
(standard error)

75.7 (3.0) 42.8 (4.1) Hazard ratio 2.5 (1.8 to 3.4) <0.001
Mean difference −32.9 (−42.8 to −23.0) <0.001

Attempted electrical cardioversion 73 (43.5) 58 (33.3) Odds ratio 0.64 (0.41 to 1.01) 0.053
Disposition: discharged home, n (%) 164 (97.6) 168 (96.6) Odds ratio 0.70 (0.17 to 2.79)† 0.61
Total emergency department length of stay (h), mean (SD) 9.3 (6.9) 8.9 (7.9) Mean difference −0.63 (−2.2 to 0.90) 0.076
Median (IQR) 7.4 (5.8-10.0) 6.8 (5.3-8.7) — —
CI=confidence interval; IQR=interquartile range; SD=standard deviation.
*Comparison of vernakalant versus procainamide from multivariable regression analysis adjusted for stratification factors and prespecified prognostic variables: site, age, sex, first or repeat 
episode, time from onset, and history of heart failure. Site was modelled as random effect except where convergence failure when it was modelled as fixed effect.
†Site modelled as fixed effect.

Table 4 | Adverse outcomes for 350 patients enrolled in RAFF4 trial
Outcome measure (%) Procainamide (n=172) Vernakalant (n=178) P value
Adverse event during or after infusion 43 (25.0) 31 (17.4) 0.11
  Urgent electrical cardioversion 1 (0.6) 0 (0) —
  Hypotension (systolic blood pressure <90) 15 (8.7) 3 (1.7) —
  Bradycardia (heart rate <50) 4 (2.3) 5 (2.8) —
  Ventricular tachycardia (≥30 s) 5 (2.9) 1 (0.6) —
  Atrial tachyarrhythmia (heart rate >100) 3 (1.7) 7 (3.9) —
  QRS widening (≥120) 3 (1.7) 0 (0) —
  QT lengthening (>35%) 2 (1.2) 1 (0.6) —
  Sinus pause 2 (1.2) 0 (0) —
  Transient paresthesia 0 (0) 3 (1.7) —
  Nausea 4 (2.3) 7 (3.9) —
  Dizziness 4 (2.3) 4 (2.3) —
Other events   
  Infusion interrupted 24 (14.0) 0 (0) —
  Infusion discontinued 15 (8.7) 4 (2.3) —
  Hypotension treated with intravenous normal saline 11 (7.0) 0 (0) —
Adverse event during or after electrical cardioversion (n=76 and 59) 5 (6.6) 3 (5.1) 0.71
  Hypoxia 1 (0.6) 0 (0) —
  Jaw thrust 5 (2.9) 3 (1.7) —
  Given oxygen 1 (0.6) 0 (0) —
Data are numbers (%). Patients may have had more than one event.
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patients younger than 70 years (73.3% v 47.2%; 
adjusted odds ratio 3.07, 95% confidence interval 
1.71 to 5.50, P<0.001, interaction P=0.005; table 6). 
Sensitivity analyses of continuous outcomes using log 
transformations found no substantive differences in 
the results.

Discussion
Interpretation
This clinical trial compared intravenous procainamide 
with intravenous vernakalant in patients with acute 
atrial fibrillation. In the primary analysis group of 350 
patients, vernakalant was superior to procainamide 
with a 15% absolute improvement in conversion rate, 
as well as time to conversion that was 50% faster. 
Fewer patients in the vernakalant group underwent 
attempted electrical cardioversion. Results were 
similar in the per protocol analysis. The conversion 
advantage was particularly marked in patients younger 
than 70 years. Adverse events were similar in both 

groups and were generally mild and brief, although 
hypotension requiring the infusion to be stopped was 
seen in 8.7% of patients in the procainamide group. 
Patient outcomes were good, with almost all patients 
being discharged home in sinus rhythm. There were no 
meaningful differences between groups at 30 days and 
no recurrence of atrial fibrillation was recorded.

Previous studies
We are aware of no previous studies directly comparing 
intravenous procainamide with intravenous 
vernakalant. In the RAFF2 trial, we showed that a 
strategy of rhythm control for acute atrial fibrillation 
with intravenous procainamide avoided the need for 
electrical cardioversion in about half of patients.14 
The results of our current study suggest that use 
of vernakalant could prevent the need for resource 
intensive procedural sedation required for electrical 
cardioversion in two thirds of patients with acute 
atrial fibrillation. Our reported conversion rates and 

Table 5 | 30 Day follow-up for 350 patients enrolled in RAFF4 trial
Characteristics Procainamide (n=172) Vernakalant (n=178)
Return emergency department visit 29 (16.9) 25 (14.0)
  Related to atrial fibrillation 24 (14.0) 23 (12.9)
    Rate control given in emergency department 4 (2.3) 1 (0.6)
    Antiarrhythmic given in emergency department 7 (4.1) 8 (4.5)
    Electrical cardioversion 12 (7.0) 10 (5.6)
    Spontaneous conversion 9 (5.2) 8 (4.5)
    Admitted for atrial fibrillation 1 (0.6) 0 (0)
    Converted to normal sinus rhythm while in emergency department 21 (12.2) 23 (12.9)
  Days returned after first visit, mean (SD) 13.6 (9.6) 12.7 (7.8)
Stroke 0 (0) 0 (0)
Outpatient visits 27 (15.7) 22 (12.4)
  Cardiology 27 (15.7) 20 (11.2)
  Internal medicine 1 (0.6) 2 (1.1)
Death* 0 (0) 2 (1.1)
  Related to atrial fibrillation 0 (0) 0 (0)
30 day follow-up call 156 (90.7) 166 (93.3)
  Patient returned to normal daily activities since emergency department 142 (91.0) 156 (94.0)
    Mean days (SD) 2.3 (3.6) 2.4 (3.8)
  Average heart rate, mean (SD) (n=96 and 96) 69.3 (12.1) 70.7 (14.9)
Data are numbers (%) unless indicated otherwise.
SD=standard deviation.
*Deaths caused by cancer and sepsis.

Table 6 | Primary outcome subgroup analyses for 350 patients enrolled in RAFF4 trial
Characteristics Procainamide (n=172) Vernakalant (n=178) Odds ratio (95% CI)* Treatment effect P value Interaction P value
Sex 
  Male (n=222) 49 (43.0) 64 (59.3) 1.90 (1.11 to 3.26) 0.02 0.51
  Female (n=128) 34 (58.6) 47 (67.1) 1.41 (0.68 to 2.92) 0.36 —
First or repeat episode
  First (n=92) 21 (50.0) 34 (68.0) 2.10 (0.89 to 4.96) 0.09 0.60
  Repeat (n=258) 62 (47.7) 77 (60.2) 1.60 (0.97 to 2.64) 0.06 —
Age ≥70 years 
  Yes (n=137) 32 (50.0) 34 (46.6) 0.85 (0.43 to 1.68) 0.63 0.005
  No (n=213) 51 (47.2) 77 (73.3) 3.07 (1.71 to 5.50) 0.0002 —
Onset length ≥12 h 
  Yes (n=135) 28 (46.7) 39 (52.0) 1.22 (0.61 to 2.44) 0.57 0.12
  No (n=214) 55 (49.1) 72 (70.6) 2.49 (1.41 to 4.41) 0.002 —
Data are numbers (%).
CI=confidence interval.
*Odds ratios obtained from random effects logistic regression analysis with site specified as random effect.
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times for procainamide and vernakalant were similar 
to those found in previous studies. An observational 
study of 316 patients receiving procainamide found 
a conversion rate of 52.2% and a median time to 
conversion of 55 minutes, and the RAFF2 trial reported 
a conversion rate of 52.0%.14 42 For vernakalant, 
SPECTRUM is a postmarketing surveillance registry in 
Europe that reported on 1289 patients with acute atrial 
fibrillation treated in emergency departments.13 32 33 

43 Overall, successful conversion occurred in 70.2%, 
with a median conversion time of 12 minutes.

Intravenous drugs available elsewhere (flecainide, 
propafenone) are not available in Canada, leaving 
three possible choices: ibutilide, procainamide, and 
vernakalant.1 Intravenous ibutilide has a 2-3% risk of 
torsade de pointes, a potentially lethal arrhythmia,22 

23 and is not currently recommended by the Canadian 
Cardiovascular Society and the Canadian Association 
of Emergency Physicians. Intravenous flecainide and 
propafenone are available in Europe and are listed as 
alternatives to vernakalant by the European Society of 
Cardiology.44

Strengths and limitations
Randomised clinical trials of interventions in the 
emergency department for acute atrial fibrillation 
are uncommon owing to the inherent difficulties of 
performing these procedures in an acute setting. This 
trial was conducted with rigorous methodology and 
data analysis. Our open label trial design allowed the 
true effectiveness of the two drugs to be evaluated in 
a typical clinical setting. We obtained the primary 
outcome for all enrolled patients.

Although compliance with the protocol was good 
overall, we had to exclude four patients enrolled in 
the study by attending physicians because post hoc 
review revealed they did not have atrial fibrillation. 
Because these patients did not have the condition of 
interest, their exclusion was consistent with the goal 
of the intention-to-treat analysis. While delays in 
care in these busy emergency departments led to four 
patients withdrawing from the protocol, they were 
included in the intention-to-treat analysis. However, 
the per protocol analysis mirrored the intention-
to-treat analysis. We were unable to reach 8% of 
patients by telephone, but had satisfactory follow-
up for all patients through their hospital records. 
Many patients refused to participate, mostly because 
they had a strong preference for procainamide or 
electrical cardioversion. Nevertheless, we believe 
our findings are generalisable because the included 
patients had a wide range of characteristics. There 
were no differences in the overall length of stay, which 
was much longer than normally expected because of 
study protocol requirements. In the usual non-study 
situation, one could expect patients treated with 
vernakalant to be discharged much more quickly. 
Although procainamide is not commonly used for atrial 
fibrillation in several countries, it is widely available 
because it is recommended for some advanced cardiac 
life support indications.45

Clinical implications
The study findings provide compelling evidence 
of the superiority of intravenous vernakalant over 
procainamide for rapid cardioversion in patients with 
acute atrial fibrillation. Vernakalant was more effective 
and faster acting, without an increase in adverse events. 
Additionally, vernakalant did not result in discontinued 
infusions because of hypotension that were observed 
with procainamide. Although procainamide is not 
often used for atrial fibrillation, our positive findings 
for vernakalant should lead to consideration of a 
change in practice worldwide. The rapid effectiveness 
observed for vernakalant should encourage more 
clinicians and patients to try cardioversion with drugs, 
rather than the electrical cardioversion or rate control 
approaches. Our results indicate that vernakalant could 
prevent the need for resource intensive procedural 
sedation required for electrical cardioversion in two 
thirds of cases. Vernakalant is particularly effective in 
the 60% of patients younger than 70 years. Regardless 
of the country, there are benefits for the patient and the 
hospital. Our patient partners told us that they would 
prefer to be discharged more quickly and to avoid 
electrical cardioversion. Many emergency departments 
worldwide are crowded and access to cardiac monitors 
is limited. Therefore, more rapid treatment and 
discharge home, which we observed with vernakalant, 
could improve patient flow, reduce waiting times, and 
improve access to care for other patients.

Research implications
We plan to conduct a cost effectiveness analysis 
to compare vernakalant with procainamide. This 
economic evidence will provide policy makers and 
healthcare providers with the information needed to 
make informed choices about resource allocation, 
ensuring that treatment options deliver the greatest 
value for patients and the healthcare system.

Conclusions
In this randomised comparison, our clinical trial 
showed that intravenous vernakalant was superior to 
procainamide for patients with acute atrial fibrillation. 
Vernakalant showed a 15% absolute improvement in 
conversion rate, and time to conversion that was 50% 
faster and was well tolerated. Therefore, vernakalant 
is a safe and highly effective alternative for the rapid 
cardioversion and discharge home of patients with 
acute atrial fibrillation, particularly in those younger 
than 70 years.
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findings to the atrial fibrillation patient community.
Provenance and peer review: Not commissioned; externally peer 
reviewed.

1	 Kirchhof P, Benussi S, Kotecha D, et al; ESC Scientific Document 
Group. 2016 ESC Guidelines for the management of atrial fibrillation 
developed in collaboration with EACTS. Eur Heart J 2016;37:2893-
962. doi:10.1093/eurheartj/ehw210

2	 Scheuermeyer FX, Grafstein E, Heilbron B, Innes G. Emergency 
department management and 1-year outcomes of patients with atrial 
flutter. Ann Emerg Med 2011;57:564-571.e2. 

3	 Hamilton A, Clark D, Gray A, Cragg A, Grubb N; Emergency Medicine 
Research Group, Edinburgh (EMERGE). The epidemiology and 
management of recent-onset atrial fibrillation and flutter presenting 
to the emergency department. Eur J Emerg Med 2015;22:155-61. 
doi:10.1097/MEJ.0000000000000198. 

4	 Do DH, Bernardes-Souza B, Merjanian M, et al. Development of 
a care pathway for atrial fibrillation patients in the emergency 
department. Crit Pathw Cardiol 2022;21:105-13. doi:10.1097/
HPC.0000000000000289. 

5	 Stiell IG, Macle L; CCS Atrial Fibrillation Guidelines Committee. 
Canadian Cardiovascular Society atrial fibrillation guidelines 2010: 
management of recent-onset atrial fibrillation and flutter in the 
emergency department. Can J Cardiol 2011;27:38-46. 

6	 Stiell IG, Clement CM, Rowe BH, et al. Outcomes for emergency 
department patients with recent-onset atrial fibrillation and flutter 
treated in Canadian hospitals. Ann Emerg Med 2017;69:562-71. 

7	 Cairns CK. K. National Hospital Ambulatory Medical Care Survey: 
2022 emergency department summary tables. US Department of 
Health and Human Services, 2022 doi:10.15620/cdc:121911.

8	 Chan TB, Schull MJ, Schultz SE. Emergency department services in 
Ontario 1993-2000. Institute for Clinical Evaluative Sciences, 2001.

9	 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 
2018;7:e009024. doi:10.1161/JAHA.118.009024

10	 Martin SS, Aday AW, Allen NB, et al; American Heart Association 
Council on Epidemiology and Prevention Statistics Committee 
and Stroke Statistics Committee. 2025 Heart disease and stroke 
statistics: a report of US and global data from the American Heart 
Association. Circulation 2025;151:e41-660. doi:10.1161/
CIR.0000000000001303. 

11	 Stiell IG, Clement CM, Brison RJ, et al. Variation in management 
of recent-onset atrial fibrillation and flutter among academic 
hospital emergency departments. Ann Emerg Med 2011;57:13-21. 
doi:10.1016/j.annemergmed.2010.07.005

12	 Kirchhof P, Camm AJ, Goette A, et al; EAST-AFNET 4 Trial Investigators. 
Early rhythm-control therapy in patients with atrial fibrillation. N Engl J 
Med 2020;383:1305-16. doi:10.1056/NEJMoa2019422. 

13	 Martín A, Coll-Vinent B, Suero C, et al; HERMES-AF Investigators. 
Benefits of rhythm control and rate control in recent-onset atrial 
fibrillation: the HERMES-AF study. Acad Emerg Med 2019;26:1034-
43. doi:10.1111/acem.13703

14	 Stiell IG, Sivilotti MLA, Taljaard M, et al. Electrical versus 
pharmacological cardioversion for emergency department patients 
with acute atrial fibrillation (RAFF2): a partial factorial randomised trial. 
Lancet 2020;395:339-49. doi:10.1016/S0140-6736(19)32994-0. 

15	 Pluymaekers NAHA, Dudink EAMP, Luermans JGLM, et al. Early or 
delayed cardioversion in recent-onset atrial fibrillation. N Engl J Med 
2019;100:648. doi:10.1056/NEJMoa1900353

16	 Andrade JG, Aguilar M, Atzema C, et al; Members of the Secondary 
Panel. The 2020 Canadian Cardiovascular Society/Canadian Heart 
Rhythm Society comprehensive guidelines for the management of 
atrial fibrillation. Can J Cardiol 2020;36:1847-948. doi:10.1016/j.
cjca.2020.09.001. 

17	 Stiell IG, Eagles D, Nemnom MJ, et al; RAFF Investigators. Adverse 
events associated with electrical cardioversion in patients with acute 
atrial fibrillation and atrial flutter. Can J Cardiol 2021;37:1775-82. 
doi:10.1016/j.cjca.2021.08.018. 

18	 Stiell IG, de Wit K, Scheuermeyer FX, et al. 2021 CAEP acute atrial 
fibrillation/flutter best practices checklist. CJEM 2021;23:604-10. 
doi:10.1007/s43678-021-00167-y. 

19	 Rogenstein C, Kelly AM, Mason S, et al. An international view of how 
recent-onset atrial fibrillation is treated in the emergency department. 
Acad Emerg Med 2012;19:1255-60. doi:10.1111/acem.12016

10� doi: 10.1136/bmj-2025-085632 | BMJ 2025;391:e085632 | the bmj

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies. 
.

b
y g

u
est

 
o

n
 16 D

ecem
b

er 2025
 

h
ttp

s://w
w

w
.b

m
j.co

m
/

D
o

w
n

lo
ad

ed
 fro

m
 

11 N
o

vem
b

er 2025. 
10.1136/b

m
j-2025-085632 o

n
 

B
M

J: first p
u

b
lish

ed
 as 

https://www.bmj.com/


RESEARCHRESEARCH

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. doi:10.1093/
europace/euz175. 

21	 Joglar JA, Chung MK, Armbruster AL, et al; Peer Review Committee 
Members. 2023 ACC/AHA/ACCP/HRS guideline for the diagnosis and 
management of atrial fibrillation: a report of the American College of 
Cardiology/American Heart Association Joint Committee on Clinical 
Practice Guidelines. Circulation 2024;149:e1-156. doi:10.1161/
CIR.0000000000001193. 

22	 Hongo RH, Themistoclakis S, Raviele A, et al. Use of ibutilide in 
cardioversion of patients with atrial fibrillation or atrial flutter 
treated with class IC agents. J Am Coll Cardiol 2004;44:864-8. 
doi:10.1016/j.jacc.2004.05.051

23	 Gowda RM, Khan IA, Wilbur SL, Vasavada BC, Sacchi TJ. Torsade 
de pointes: the clinical considerations. Int J Cardiol 2004;96:1-6. 
doi:10.1016/j.ijcard.2003.04.055

24	 Martínez-Marcos FJ, García-Garmendia JL, Ortega-Carpio A, 
Fernández-Gómez JM, Santos JM, Camacho C. Comparison of 
intravenous flecainide, propafenone, and amiodarone for conversion 
of acute atrial fibrillation to sinus rhythm. Am J Cardiol 2000;86:950-
3. doi:10.1016/S0002-9149(00)01128-0

25	 Tijunelis MA, Herbert ME. Myth: Intravenous amiodarone is safe in 
patients with atrial fibrillation and Wolff-Parkinson-White syndrome 
in the emergency department. CJEM 2005;7:262-5. doi:10.1017/
S148180350001441X

26	 Hilleman DE, Spinler SA. Conversion of recent-onset atrial fibrillation 
with intravenous amiodarone: a meta-analysis of randomized 
controlled trials. Pharmacotherapy 2002;22:66-74. doi:10.1592/
phco.22.1.66.33492

27	 Chevalier P, Durand-Dubief A, Burri H, Cucherat M, Kirkorian G, 
Touboul P. Amiodarone versus placebo and class Ic drugs for 
cardioversion of recent-onset atrial fibrillation: a meta-analysis. 
J Am Coll Cardiol 2003;41:255-62. doi:10.1016/S0735-
1097(02)02705-5

28	 Letelier LM, Udol K, Ena J, Weaver B, Guyatt GH. Effectiveness of 
amiodarone for conversion of atrial fibrillation to sinus rhythm: a 
meta-analysis. Arch Intern Med 2003;163:777-85. doi:10.1001/
archinte.163.7.777

29	 Miller MR, McNamara RL, Segal JB, et al. Efficacy of agents for 
pharmacologic conversion of atrial fibrillation and subsequent 
maintenance of sinus rhythm: a meta-analysis of clinical trials. J Fam 
Pract 2000;49:1033-46. 

30	 Khan IA. Single oral loading dose of propafenone for pharmacological 
cardioversion of recent-onset atrial fibrillation. J Am Coll Cardiol 
2001;37:542-7. doi:10.1016/S0735-1097(00)01116-5

31	 Alboni P, Botto GL, Baldi N, et al. Outpatient treatment of recent-onset 
atrial fibrillation with the “pill-in-the-pocket” approach. N Engl J Med 
2004;351:2384-91. doi:10.1056/NEJMoa041233

32	 Heikkola AE, Pohjantahti H, Sinisalo E, et al. Comparison of 
intravenous vernakalant and electrical cardioversion in recent-onset 
atrial fibrillation: effect on time to restore sinus rhythm and length of 
hospital stay. Eur Heart J 2017;38. doi:10.1093/eurheartj/ehx504.
P3632.

33	 Lévy S, Hartikainen J, Ritz B, Juhlin T, Carbajosa-Dalmau J, Domanovits 
H. Vernakalant for rapid cardioversion of recent-onset atrial 
fibrillation: results from the SPECTRUM study. Cardiovasc Drugs Ther 
2021;35:283-92. doi:10.1007/s10557-020-07103-9. 

34	 Tsiachris D, Doundoulakis I, Pagkalidou E, et al. Pharmacologic 
cardioversion in patients with paroxysmal atrial fibrillation: a 
network meta-analysis. Cardiovasc Drugs Ther 2021;35:293-308. 
doi:10.1007/s10557-020-07127-1. 

35	 deSouza IS, Shrestha P, Allen R, Koos J, Thode H Jr. Safety and 
effectiveness of antidysrhythmic drugs for pharmacologic 
cardioversion of recent-onset atrial fibrillation: a systematic review 
and Bayesian network meta-analysis. Cardiovasc Drugs Ther 
2025;39:903-23. doi:10.1007/s10557-024-07552-6. 

36	 Archambault PM, McGavin C, Dainty KN, et al. Recommendations 
for patient engagement in patient-oriented emergency medicine 
research. CJEM 2018;20:435-42. doi:10.1017/cem.2018.370. 

37	 Macle L, Cairns J, Leblanc K, et al. 2016 Focused update of the 
Canadian Cardiovascular Society guidelines for the management of 
atrial fibrillation. Can J Cardiol 2016;32:1170-85; doi:10.1016/j.
cjca.2016.07.591

38	 Cipher. Brinavess. Product Monograph 2019. https://www.
cipherpharma.com/wp-content/uploads/2019/10/Brinavess-PM-
EN-April2019.pdf.

39	 Yelland LN, Sullivan TR, Voysey M, Lee KJ, Cook JA, Forbes AB. 
Applying the intention-to-treat principle in practice: guidance 
on handling randomisation errors. Clin Trials 2015;12:418-23. 
doi:10.1177/1740774515588097. 

40	 Kahan BC, Morris TP. Improper analysis of trials randomised using 
stratified blocks or minimisation. Stat Med 2012;31:328-40. 
doi:10.1002/sim.4431. 

41	 Kahan BC, Jairath V, Doré CJ, Morris TP. The risks and rewards of 
covariate adjustment in randomized trials: an assessment of 12 
outcomes from 8 studies. Trials 2014;15:139. doi:10.1186/1745-
6215-15-139. 

42	 Stiell IG, Clement CM, Symington C, Perry JJ, Vaillancourt C, Wells 
GA. Emergency department use of intravenous procainamide for 
patients with acute atrial fibrillation or flutter. Acad Emerg Med 
2007;14:1158-64. doi:10.1197/j.aem.2007.07.016

43	 Martin AMJL, Bager J-E, Domanovits H et al. Rapid cardioversion of 
recent-onset atrial fibrillation in the emergency department with 
vernakalant: insights from the Multinational Spectrum Registry. 
American Heart Association, 2019.

44	 Van Gelder IC, Rienstra M, Bunting KV, et al; ESC Scientific Document 
Group. 2024 ESC Guidelines for the management of atrial fibrillation 
developed in collaboration with the European Association for 
Cardio-Thoracic Surgery (EACTS). Eur Heart J 2024;45:3314-414. 
doi:10.1093/eurheartj/ehae176. 

45	 Soar J, Böttiger BW, Carli P, et al. European Resuscitation Council 
Guidelines 2021: adult advanced life support. Resuscitation 
2021;161:115-51. doi:10.1016/j.resuscitation.2021.02.010. 

Web appendix 1 and 2: RAFF4 detailed methods; 
Protocol

the bmj | BMJ 2025;391:e085632 | doi: 10.1136/bmj-2025-085632� 11

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies. 
.

b
y g

u
est

 
o

n
 16 D

ecem
b

er 2025
 

h
ttp

s://w
w

w
.b

m
j.co

m
/

D
o

w
n

lo
ad

ed
 fro

m
 

11 N
o

vem
b

er 2025. 
10.1136/b

m
j-2025-085632 o

n
 

B
M

J: first p
u

b
lish

ed
 as 

https://www.bmj.com/

