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Title of Study: EAST - AFNET 4 
 
Early treatment of Atrial fibrillation for Stroke prevention Trial 
 
An Investigator-driven, Prospective, Parallel-group, Randomized, Open, Blinded Outcome 
Assessment (PROBE-design), Multi-centre Trial for the Prevention of Stroke in High-risk Subjects 
with Atrial Fibrillation. 
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See Appendix 1 
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See Appendix 1  
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Objectives: 

The objective of the trial was to test whether an early, comprehensive, rhythm control therapy can 
prevent outcomes in patients with atrial fibrillation (AF) compared to usual care.

Methodology: 

In this international, investigator-initiated, parallel-group, open, blinded-outcome-assessment trial, we 
randomly assigned patients who had early AF (diagnosed ≤1 year before enrollment) and 
cardiovascular conditions to receive either early rhythm control or usual care. 
In the early therapy group, patients received either catheter ablation (usually by pulmonary vein 
isolation), or adequate antiarrhythmic drug therapy at an early time point. The initial therapy was 
selected by the local investigator. Upon AF recurrence, both modalities were combined.  
Usual care was conducted following the current European Society of Cardiology (ESC) guidelines for 
AF treatment. Early rhythm control therapy was guided by electrocardiogram (ECG) monitoring. Usual 
care limited rhythm control to the management of AF–related symptoms. 
All patients received oral anticoagulation, rate control therapy, and therapy of concomitant 
cardiovascular conditions following existing evidence. 
The first primary outcome was a composite of death from cardiovascular causes, stroke, or 
hospitalization with worsening of heart failure or acute coronary syndrome; the second primary 
outcome was the number of nights spent in hospital per year. The primary safety outcome was a 
composite of death, stroke, or serious adverse events related to rhythm-control therapy. Secondary 
outcomes, including symptoms and left ventricular function, were also evaluated. 

Number of patients (planned and analysed): 

Planned: 
• 2810 patients according to original protocol

• 2745 patients to be randomized according to protocol amendment 2019

Analysed: 
• 2789 patients with early atrial fibrillation

The primary intention-to-treat population consisted of all 2789 patients. 
 Diagnosis and main criteria for inclusion: 

We enrolled adults (≥18 years of age) who had early AF (defined as atrial fibrillation diagnosed ≤12 
months before enrolment) and who were older than 75 years of age, have had a previous transient 
ischemic attack (TIA) or stroke, or met two of the following criteria: age greater than 65 years, female 
sex, heart failure, hypertension, diabetes mellitus, severe coronary artery disease, chronic kidney 
disease (Modification of Diet in Renal Disease stage 3 or 4 [glomerular filtration rate, 15 to 59 ml per 
minute per 1.73 m2 of body-surface area]), and left ventricular hypertrophy (diastolic septal wall 
width >15 mm). 
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Test product, dose and mode of administration, batch number: 
 

n.a., no specific IMP was tested in this trial, only treatment strategies were compared 
 

Treatment of cardiovascular conditions, anticoagulation, and rate control were mandated in all 
patients, in accordance with guideline recommendations. Patients were randomly assigned in a 1:1 
ratio to receive early rhythm control or usual care, with randomization stratified according to site and 
with variable block lengths used for concealment of assignments. 
Early rhythm control required antiarrhythmic drugs or atrial fibrillation ablation, as well as 
cardioversion of persistent atrial fibrillation, to be initiated early after randomization. Local study 
teams chose the type of rhythm-control therapy independently to deliver this treatment, using protocol 
guidance based on current guidelines. 
Patients who were randomly assigned to early rhythm-control therapy were asked to transmit a 
patient-operated single-lead ECG twice per week and when symptomatic. All abnormal ECG 
recordings were forwarded to the study site. Documentation of recurrent AF triggered an in-person 
visit from the site team to escalate rhythm-control therapy as clinically indicated.  
 
Despite this proof-of-strategy character, some authorities had insisted that within this trial an 
investigational drug must be defined, partly based on formalities in the registration process. Thus, 
antiarrhythmic drugs to control heart rhythm have formally been defined as investigational drugs in 
some countries. Baseline drugs for therapy of AF which are recommended parts of background 
therapy in AF, e.g., anticoagulants or rate controlling agents cannot be considered investigational 
drugs. Most of the evidence has been reviewed and is outlined in the guidelines for the management 
of AF of the ESC (ESC, Camm AJ et al.: ESC Guidelines for the management of patients with atrial 
fibrillation; Eur Heart J 2012).  
In Germany, Denmark, and Switzerland antiarrhythmic drugs (amiodarone, dronedarone, flecainide 
and propafenone) are considered investigational drugs whereas in the other countries these are not 
considered investigational drugs. 
 
 .  

  

 

Duration of treatment: 
 
First-patient-in to last-patient-out: approx. 8 years 
  
EAST-AFNET 4 was an event-driven trial designed to collect 685 first primary outcome events. The 
trial design included three planned interim analyses after accrual of 25%, 50%, and 75% of the 
outcome events. The trial was terminated due to efficacy at the third interim analysis. Including the 
overrun between the interim analysis and the end of observation period, the primary analysis was 
based on 565 first primary outcome events. A duration of the entire trial of around 8 years was 
expected. In-person follow-up visits were planned after 12 and 24 months in all patients. All patients 
were followed-up until the end of the trial with an average follow-up period of 5 years.  
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Reference therapy, dose and mode of administration, batch number: 
 

Patients who were randomly assigned to usual care were initially treated with rate-control therapy 
without rhythm-control therapy. Rhythm-control therapy was only used to mitigate uncontrolled AF–
related symptoms during adequate rate-control therapy (i.e., therapy that maintained the heart rate 
within guideline-recommended targets). 
 
Standard management of AF:  
All treatments applied within the trial were guideline-conform. The early therapy strategy differed in 
timing of rhythm control therapy only. Management of AF followed evidence-based therapy 
recommendations as summarized in the ESC guidelines for the management of AF. This standard 
management consisted of adequate antithrombotic therapy by either continuous therapy with vitamin 
K antagonists (achieving an International Normal Ratio (INR) of 2-3) or by approved non-vitamin K 
antagonist oral anticoagulants such as thrombin inhibitors or factor Xa inhibitors. The choice of agent 
and monitoring was to follow local routine.  
In patients with AF, ventricular rate was to be well controlled. This was usually achieved by a resting 
heart rate of 80 – 100 beats per minute (bpm). An inadequately controlled ventricular rate was to be 
reduced by atrioventricular (AV) nodal slowing agents.  

Furthermore, the recommendations regarding reduction of cardiovascular risk factors and treatment 
of concomitant cardiovascular conditions, like hypertension, diabetes mellitus, vascular heart 
disease, and heart failure were to be followed.  
 
To ensure that rate and rhythm control therapy was applied safely, timely and within the current 
guidelines for AF management, a section of the study protocol details suggested procedures for 
antiarrhythmic drug therapy and for catheter ablation that are appropriate in the context of early 
therapy. This guidance was aligned with guideline recommendations. When these therapeutic 
modalities are applied in the conventional care group, the same recommendations apply. 
 
Recommendations for usual care:  
Usual care closely follows the suggestions laid out in the current guidelines for AF. In addition to the 
therapeutic modalities mentioned above, antithrombotic therapy and therapy of underlying heart 
disease, usual care usually consists of an initial attempt to control symptoms by rate control therapy. 
Rhythm control interventions are only indicated when symptoms cannot be controlled by optimal rate 
control therapy in the usual care group.  
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Criteria for evaluation: 
 

  Efficacy: 
 

Primary outcome parameter  
The two components of the multiple primary outcome parameter assess clinically relevant 
outcomes from the perspective of the patient (cardiovascular death, stroke, acute heart failure, 
acute coronary syndromes) and from the perspective of the health care system (nights spent in 
hospital).  
The 1st primary outcome parameter is defined as the time to the first occurrence of a composite of  

 cardiovascular death,  
 stroke or TIA with matching lesion on imaging (ischemic stroke and hemorrhagic stroke, 

includes intracranial hemorrhage),  
 worsening of heart failure, and  
 acute coronary syndrome,  

the latter two assessed by hospitalizations.  
 
The second primary outcome parameter is nights spent in hospital per year. This parameter 
integrates a majority of health care expenditures and medical efforts in the management of the 
EAST-AFNET 4 trial population. Nights spent in hospital was chosen over other parameters 
because it is easily and objectively counted.  
 
Secondary outcome parameters  
The secondary outcome parameters are defined as  

 all-cause death,  
 AF-related death,  
 time to the first occurrence of each of the components of the 1st primary outcome,  
 time to recurrent AF (paroxysmal, persistent, long-lasting persistent, permanent),  
 time to first therapy change,  
 time to first cardiovascular hospitalization,  
 number of cardiovascular hospitalizations (over-night stay),  
 left ventricular function at 24 months (change as compared to baseline (continuous) as 

well as categorized <50 vs. ≥50),  
 change in quality of life at 24 months compared to baseline (questionaires EQ-5D, SF-12), 
 functional classification of AF at 12 and 24 months (European Heart Rhythm Association 

(EHRA) score) 
 health-related cost calculation (volumes of medical data (e.g., nights spent in hospital, 

prescription of cardiovascular drugs)),  
 change of cognitive function (Montreal Cognitive Assessment (MoCA)) at 24 months 

compared to baseline (continuous),  
 cardiac rhythm (sinus rhythm and pacing vs. arrhythmia; at 12 and 24 months compared to 

baseline),  
 time to first symptomatic AF recurrence,  
 time to first progression of AF (from paroxysmal to persistent or long-lasting persistent or 

permanent and each of these components).  
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Some further outcome parameters will be investigated in sub-studies that will apply additional tests 
such as intensified ECG monitoring, advanced imaging techniques such as three-dimensional 
echocardiography, or cerebral magnetic resonance imaging, among others.  
 
Safety: 
 

Safety outcome parameters:  
The primary safety outcome parameter is a composite of death including cardiovascular death, 
stroke/TIA, and serious adverse events of special interest related to rhythm control therapy  
Secondary safety outcome parameters are the components of this composite, the number of 
serious adverse events of all types and of each type separately.  
 
 
 
 
 

Statistical methods: 
The trial was designed as an event-driven trial. The first and second primary outcomes were tested 
independently for differences between the treatment groups at an overall two-sided type 1 error 
rate of 4% for the first primary outcome and 1% for the second primary outcome to reach an 
overall type 1 error rate of 5%. A between-group difference of 20% in the annual rate of the first 
primary outcome was deemed a clinically relevant difference. We calculated that 685 events would 
be needed to show a 20% difference in the event rate for the first primary outcome with a power of 
80%. 
Under the assumption of an event rate of 8% per year in the control group, a recruitment time of 
48 months, a minimum follow-up time of 24 months, and a loss-to-follow-up of 5% of the 
observation time, a sample of 2810 patients was calculated to be needed. After a prespecified 
blinded interim analysis of pooled event data that was performed after 42 months of recruitment, 
follow-up time was increased to 30 months and the recruitment period to 65 months, resulting in a 
modified sample of 2745 patients without modifying the required number of events. Three 
unblinded interim analyses for early determination of significance were conducted by the data and 
safety monitoring board when 25%, 50%, and 75% of the required events of the first primary 
outcome had occurred. 
The analyses of the primary outcomes included all patients who underwent randomization and at 
least one follow-up assessment. The analysis of the first primary outcome was a comparison of 
end-point review committee–adjudicated events between the treatment groups. The analysis 
followed a group-sequential design with three interim analyses with O’Brien–Fleming stopping 
boundaries and two-sided log-rank tests comparing early rhythm control with usual care. Deaths 
from non-cardiovascular causes were treated as censored. Additional events at the termination of 
the trial were included with the use of the inverse normal method. As the primary result of the trial, 
the two-sided P value based on Tsiatis, Rosner, and Mehta stagewise ordering, accompanied by 
the corresponding median unbiased estimate of the hazard ratio and 96% confidence interval, is 
given. 
The second primary outcome was calculated as the observed sum of nights in hospital divided by 
the individual follow-up time (in days; in the case of a follow-up time of 0 days, 0.01 days of follow-
up was assumed) and reported as annualized rates. The difference between the treatment groups 
was estimated as the arithmetic mean and t-based 99% confidence interval. For the primary 
analysis of the second primary outcome, a mixed negative binomial regression model was used. 
Explanations of the sensitivity analyses and analyses of secondary outcomes and further statistical 
details are provided in the Appendix 4. 
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SUMMARY – CONCLUSIONS 
 

EFFICACY RESULTS: 
 
Primary Outcomes 
 
The trial was stopped for efficacy at the third interim analysis after a median follow-up of 5.1 years 
per patient. A first-primary-outcome event occurred in 249 patients assigned to receive early 
rhythm control (3.9 per 100 person-years) and in 316 patients assigned to receive usual care (5.0 
per 100 person-years) (Appendix 3: Table 2) 
When the results were adjusted for the group-sequential design of the trial, a first-primary-outcome 
event was found to have occurred less often in patients assigned to early rhythm control than in 
patients assigned to usual care (hazard ratio, 0.79; 96% confidence interval [CI], 0.66 to 0.94; 
P = 0.005) (Appendix 3: Figure 2). The effects of early rhythm control on individual components of 
the first primary outcome were consistent with the overall result (Appendix 3: Table 2). The effect 
of early rhythm control on the first primary outcome remained stable after adjustment for relevant 
covariates (hazard ratio, 0.78; 95% CI, 0.66 to 0.92; P = 0.004) (Appendix 3: Figure 3). There was 
no significant difference in the mean (±SD) number of nights spent in the hospital between the 
treatment groups (early rhythm control, 5.8±21.9 days per year; usual care, 5.1±15.5 days per 
year; P = 0.23) (Appendix 3: Table 2).  
 
 
Secondary Outcomes 
 
Left ventricular function and cognitive function were stable at 2 years, with no evidence of 
significant differences between the treatment groups (Appendix 3: Table 2). Most patients in both 
groups were free from AF–related symptoms at 2 years, and the change from baseline in AF–
related symptoms (EHRA score) and quality of life (EQ-5D score) did not differ significantly 
between the groups (Appendix 3: Table 2). 
 
 
 
SAFETY RESULTS: 
 

The numbers of patients with a primary-safety-outcome event did not differ significantly between 
the treatment groups (early rhythm control, 231 patients; usual care, 223 patients) (Appendix 3: 
Table 3 and Table S4). Numerically there were fewer deaths in the patients randomized to early 
rhythm control without significant differences to usual care. Stroke occurred less frequently among 
patients assigned to early rhythm control than among those assigned to usual care. Serious 
adverse events related to rhythm-control therapy were more common in the group assigned to 
early rhythm control but were infrequent; during the 5-year follow-up period, such events occurred 
in 68 patients (4.9%) assigned to early rhythm control and 19 patients (1.4%) assigned to usual 
care (Appendix 3: Table 3 and Table 4). 
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SUMMARY – CONCLUSIONS 
 
Risk-Assessment regarding Covid-19-Pandemic: 
  
Safety of patients:  
Due to End of Observation being set to 06.03.2020 and to collection of last FU information via postal 
questionnaires (no personal visits), the safety of study participants was not affected by the current 
pandemic.  
 
No IMP was in use. 
 
Quality measures:  
On site Monitoring was finalized before start of pandemic.  
 
 
CONCLUSION: 
 

Early initiation of rhythm control therapy reduced cardiovascular outcomes in patients with early AF 
and cardiovascular conditions without affecting nights spent in hospital.  
As expected, the early rhythm control strategy was associated with more adverse events related to 
rhythm control therapy, but the overall safety of both treatment strategies was comparable.  
These results have the potential to inform the future use of rhythm control therapy, further improving 
the care of patients with early AF. 
Early rhythm control therapy should be offered to all patients with recently diagnosed AF and 
concomitant cardiovascular diseases in addition to oral anticoagulation, rate control, and therapy of 
concomitant cardiovascular conditions. 
 
Date of the report: 
 

19th February 2021  
 

Funding:  
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Foundation. Further funding was provided by the European Union (grant agreement 633196 [CATCH 
ME], to Dr. Kirchhof and AFNET and grant agreement EU IMI 116074 [BigData@Heart], to Dr. 
Kirchhof), the British Heart Foundation (FS/13/43/30324, PG/17/30/32961, PG/20/22/35093, and 
AA/18/2/34218, (to Dr. Kirchhof), and the Leducq Foundation (to Dr. Kirchhof). 
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29 May 2020

Country Site Investigator Name
be Hospital Maaseik, B Dr. Yves Cruysberghs
be Hospital Genk, B Dr. Maximo Rivero-Ayerza
be Hospital Aalst, B Dr. Tom de Potter
be Hospital Tielt, B Dr. Francine Desimpel
be CHU Leuven, B Prof. Dr. Joris Ector
be Hospital Hasselt, B Dr. Pieter Koopman
be Hospital Heusden-Zolder, B Dr. Tommy Mulleners
be Hospital Ronse, B Dr. Frederik van Durme
be Hospital Leuven, B Dr. Anne Vandeplas
be Practice Dr. De Wolf, Tienen, B Dr. Luc De Wolf
be Hospital Asse, B Dr. Peter Peytchev
be Hospital Roeselare, B Dr. Bernard Bergez
be Hospital Roeselare-Menen, B Dr. Wim Anné
be Hospital  Overpelt, B Dr. Dirk Faes
be Hospital Turnhout, B Dr. John Thoeng
be Hospital Izegem, B Dr. Filip De Kerpel
ch KHS Luzern, CH Dr. Richard Kobza
ch Uniklinik  Zürich, CH Dr. Laurent Haegeli
ch Hospital Sarnen, CH Dr. Thomas Kaeslin
ch Praxis Dr. Eigenberger, Kreuzlingen, CH Dr. Bernd Eigenberger
ch KHS Kreuzlingen, CH Prof. Dr. Volker Kühlkamp
cz Hospital IKEM Prague, CZ Prof. Josef Kautzner
cz Univ.-Hospital Prague, CZ Dr. Dan Wichterle
cz Military Univ. Hospital Prague, CZ Dr. Patrik Jarkovský
cz Hospital Prague, CZ Dr. Jan Malik
de Praxis Dr. Taggeselle, Markkleeberg, D Dr. Jens Taggeselle
de Praxis Dr. Schön, Mühldorf, D Dr. Norbert Schön
de Uniklinik Leipzig, D Prof. Dr. Gerhard Hindricks
de KHS Konstanz, D Dr. Frank Hamann
de Uniklinik Bonn, D Prof. Dr. Jan Schrickel
de Praxis Dr. Schröder, Hamburg, D Dr. Thomas Schröder
de KHS Bonn Marienhospital, D Dr. Stefan Schlüter
de KHS Hamburg St. Georg, D Prof. Stephan Willems
de KHS Berlin Friedrichshain, D Dr. Stephan Kische
de KHS Ratzeburg, D Dr. Stefan Kuster
de Praxis Dr. Peschel, Leipzig, D Dr. Thomas Peschel
de Praxis Dr. Sarnighausen, Lüneburg, D Dr. Hans-Eckart Sarnighausen
de Uniklinik München, D Prof. Dr. Stefan Kääb
de KHS Berlin Am Urban, D Prof. Dr.  Hüseyin Ince
de Uniklinik Hamburg, D PD Dr. Andreas Metzner
de KHS München Augustinum, D Prof. Dr. Michael Block
de KHS Leverkusen, D Dr. Johannes Aring
de KHS Mindelheim, D PD Dr. Peter Steinbigler
de Praxis Dr. Hostert, Bad Neuenahr , D Dr. Andrea Hostert
de Uniklinik Berlin Charité, D Dr. Leif-Hendrik Boldt
de Praxis Dr. Beermann, Wedel, D Dr. Jens Beermann
de KHS Troisdorf, D Dr. Winfred Theelen
de Praxis Dr. Löbe und Weißbrodt, Leipzig, D Dr. Matthias Löbe
de Praxis Dr. Prohaska, Mühldorf, D Dr. Martin Prohaska
de Praxis Dr. Menz, Menden, D Dr. Volker Menz
de Uniklinik Münster, D Prof. Dr. Lars Eckardt
de Praxis Dr. Boscher, Biberach , D Dr. Dietmar Boscher
de Praxis Dr. Schmidt, Hamburg, D Dr. Ekkehard Schmidt
de Uniklinik Lübeck, D Prof. Dr. Roland Tilz
de KHS Paderborn, D Prof. Dr. Andreas Götte
de KHS Lüneburg, D Prof. Dr. Christian Weiß
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de Praxis Prof. Dr. Klingenheben, Bonn, D Prof. Dr. Thomas Klingenheben
de KHS Lübeck, D Dr. Olaf Krahnefeld
de Praxis Dr. Brunn, Paderborn, D Dr. Jürgen Brunn
de KHS Brühl, D PD Dr. Christoph Kalka
de Praxis Dr. Subin, Hamburg, D Dr. Behrus Subin
de KHS Grevesmühlen, D Dr. Dirk Killermann
de Praxis MVZ Dr. Wilhelm, Dachau, D Dr. Karl Wilhelm
de Praxis Dr. Heinemann, Leichlingen, D Dr. Florian Heinemann
de Praxis Dr. von Rosenthal, Freiburg, D Dr. Jörg von Rosenthal
de Praxis Dr. Brockhoff, Hamburg, D Dr. Carsten Brockhoff
de KHS Ludwigslust, D Prof. Dr. Dierk Werner
de Praxis Prof. Mathey/Prof. Schofer, Hamburg, D Dr. Manfred Geiger
de KHS Konstanz Herz-Zentrum, D Prof. Dr. Volker Kühlkamp
de KHS Salzkotten, D Dr. Christian Kirsch
de KHS Aalen, D Dr. Bernd Hartig
de Praxis Dr. Rieker, Berlin, D Dr. Werner Rieker
de Praxis Dr. Seevers, Hamburg, D Dr. Henning Seevers
de KHS Kiel, D Prof. Dr. Jörg Strotmann
de Gemeinschaftspraxis Dr. Lepique, Leverkusen, D Dr. Christiane Lepique
de Uniklinik Köln, D Prof. Dr. Daniel Steven
de KHS Bielefeld, D Prof. Dr. Christoph Stellbrink
de Praxis Dr. Gekeler, Lörrach, D Dr. Helmut Gekeler
de KHS Bad Krozingen, D Prof. Dr. Thomas Arentz
de KHS Geesthacht, D Prof. Dr. Ralf Köster
de Uniklinik Kiel, D Prof. Dr. Hendrik Bonnemeier
de Praxis Dr. Paul, Münster, D Prof. Dr. Matthias Paul
de Praxis Dr. Doumit, Wesseling, D Dr. Adel Doumit
de Praxis Drs. Fechtrup, Prahl, Paulus, Münster, D Dr. Christian Fechtrup
de KHS Eutin, D PD Dr. Franz Hartmann
de Uniklinik Mainz, D Prof. Dr. Thomas Rostock
de Praxis Dr. Buhr, Berlin, D Dr. Marianne Buhr
de Praxis Dr. Klünsch, Leverkusen, D Dr. Hans-Lothar Klünsch
dk Hospital Esbjerg, DK Dr. Ulrik Hintze
dk Univ.-Hospital Odense, DK Prof. Dr. Axel Brandes
dk Univ.-Hospital Copenhagen, DK Dr. Steen Pehrson
dk Hospital Vejle, DK Dr. Birger Engby
dk Hospital Haderslev, DK Dr. Joergen Meinertz Byg
es Univ.-Hospital Barcelona, E Prof. Dr. Lluis Mont
es Hospital Madrid San Carlos, E Dr. Julián Villacastin
es Univ.-Hospital Reus, E Dr. Josep M. Alegret
es Hospital Alcoy, E Dr. Carlos Israel Chamorro Fernández
es Hospital Barcelona Del Mar, E Dr. Julio Marti Almor
es Hospital Sabadell, E Prof. Dr. Antoni Martinez-Rubio
es Univ.-Hospital Madrid Ramon y Cajal, E Dr. Antonio Hernández-Madrid
es Hospital Madrid Jimenez Diaz , E Prof. Dr. Jerónimo Farré
es Univ.-Hospital Alicante, E Dr. Juan Gabriel Martinez
es Univ.-Hospital Elche, E Miguel Ahumada Vidal
es Univ.-Hospital Alicante San Juan, E Dr.  Vicente Bertomeu
fr CHU Nancy, F Prof. Dr. Etienne Aliot
fr Hôpital Neuilly sur Seine, F Dr. Bruno Cauchemez
gb Hospital Kettering, GB Dr. Salman Nishtar
gb Univ.-Hospital Westcliff-on-sea, GB Dr Thuraia Nageh
gb Hospital Birmingham City, GB Dr. Derek Connolly
gb Hospital Broomfield, GB Dr. Reto Gamma
gb Hospital London, GB Dr. Ron Simon
gb Hospital Grantham, GB Dr. Kelvin Lee
gb Univ.-Hospital Leicester, GB Prof. Dr.  G. André Ng
gb Hospital Oldham, GB Dr. Jolanta Sobolewska
gb Hospital Barnet, GB Dr. Ameet Bakhai
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gb Hospital Harlow, GB Dr. Debashis Roy
gb Hospital Birmingham Sandwell, GB Dr. Derek Connolly
gb Hospital Birmingham Queen Elisabeth, GB Dr. Joseph De Bono
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Protocol History: 

EAST: Early treatment of Atrial fibrillation for Stroke prevention Trial  
An Investigator-driven, Prospective, Parallel-group, Randomized, Open, Blinded Outcome 
Assessment (PROBE-design), Multi-centre Trial for the Prevention of Stroke in High-risk Subjects with 
Atrial Fibrillation.  
EudraCT number: 2010-021258-20  
ISRCTN04708680  
ClinicalTrial.gov: NCT01288352  
Sponsor: Atrial Fibrillation NETwork [AFNET]  

Protocol  
Version control:  
Final, dated September 21st, 2010  
Amended, dated December 10th, 2010  
Amended, dated April 11th, 2011, Denmark only  
Amended, dated October 11th, 2011, administrative 
Amended, dated December 9th, 2011  
Amended, dated May 10th, 2013, administrative 
Amended, dated May 14th, 2015  
Amended, dated August 12th, 2019, administrative  

Amendment December 1 0 th , 2010 
Essential changes:  

 …. 
6.2.3 Inclusion criteria 
Old version (September 21 s t , 2010) : 
…. 
• heart failure (stable NYHA II or LVEF <50%)
…. 
New version: 
…. 
• stable heart failure (NYHA II or LVEF <50%)
…. 
Rationale: 
Correction of wrong word order. 
… 

Further administrative changes 

Amended, dated December 9th, 2011 

See Attachment for essential changes  

Further administrative changes 

Amended, dated May 14th, 2015 

See Attachment for essential changes 

Further administrative changes 
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Figure 1 

CONSORT Flow Diagram of the EAST – AFNET 4 study 

 

 

 

 

 

 

 

Assessed for eligibility (n=2,810) 

Excluded for not meeting inclusion 
criteria (n=21) 

Analysed for primary analysis (n=1,395) 

Allocated to early treatment (n=1,395) 
Were not planned to receive early rhythm 
control after randomization (n=72) 
Were not on rhythm control therapy at 1 year 
(n=408) 
Were not on rhythm control therapy at 2 years 
(n=487) 

Analysed for primary analysis (n=1,394) 

Randomized (n=2,789) 

Total FU-years expected: 6859 
Total FU-years lost: 409 (6.0%) 

299 FU-years lost due to withdrawal of consent 
in 79 patients (4.4%) 

110 FU-years lost due to lost to follow-up in 65 
patients (1.6%) 

Allocated to usual care (n=1,394) 
Were planned to receive rhythm control 
therapy after randomization (n=59) 
Received rhythm control therapy at one year 
(n=175) 
Received rhythm control therapy at two years 
(n=203) 

Total FU-years expected: 6963 
Total FU-years lost: 582 (8.4%) 

465 FU-years lost due to withdrawal of consent 
in 115 patients (6.7%) 

117 FU-years lost due to lost to follow-up in 56 
patients (1.7%) 

EAST-AFNET 4 CSR Appendix 3
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Randomized group 

Early rhythm 
control (N=1395) 

Usual care 
(N=1394) 

Total (N=2789) 

Age Mean ± SD 70.2 ± 8.4 70.4 ± 8.2 70.3 ± 8.3 

Median [IQR] 71.0 [65.0;76.0] 71.0 
[66.0;76.0] 

71.0 
[66.0;76.0] 

Range 39.0-94.0 34.0-91.0 34.0-94.0 

Age ≥ 75 years 403 (28.9%) 409 (29.3%) 812 (29.1%) 

Sex (Male) 750 (53.8%) 746 (53.5%) 1496 (53.6%) 

Weight [kg] 
[N=2777] 

Mean ± SD 85.0 ± 18.4 85.0 ± 18.2 85.0 ± 18.3 

Median [IQR] 82.0 [72.0;95.0] 84.0 
[72.5;95.0] 

83.0 
[72.2;95.0] 

Range 42.0-180.0 42.0-190.0 42.0-190.0 

Body Mass 
Index 
[N=2776] 

Mean ± SD 29.2 ± 5.4 29.3 ± 5.4 29.3 ± 5.4 

Median [IQR] 28.4 [25.5; 32.0] 28.7 [25.4; 
32.3] 

28.6 [25.5; 
32.1] 

Range 16.6 - 58.2 15.9 - 56.7 15.9 - 58.2 

AF Characteristics 

Type of AF First episode 528/1391 (38.0%) 520/1394 
(37.3%) 

1048/2785 
(37.6%) 

Paroxysmal 501/1391 (36.0%) 493/1394 
(35.4%) 

994/2785 
(35.7%) 

Persistent 362/1391 (26.0%) 381/1394 
(27.3%) 

743/2785 
(26.7%) 

Heart rhythm 
at baseline 

Atrial fibrillation or atrial 
flutter 

627/1389 (45.1%) 650/1393 
(46.7%) 

1277/2782 
(45.9%) 

Sinus rhythm 762/1389 (54.9%) 743/1393 
(53.3%) 

1505/2782 
(54.1%) 

Duration of AF 
history at 
baseline 
(days) 
[N=2786] 

Mean ± SD 81.5 ± 172.5 85.5 ± 185.1 83.5 ± 178.9 

Median [IQR] 36.0 [6.0;114.0] 36.0 
[6.0;112.0] 

36.0 
[6.0;112.0] 

Range 0.0-4586.0 0.0-4109.0 0.0-4586.0 

Overall 
symptom 
score 
(EHRA score) 

EHRA I (asymptomatic) 395/1305 (30.3%) 406/1328 
(30.6%) 

801/2633 
(30.4%) 

EHRA II 666/1305 (51.0%) 692/1328 
(52.1%) 

1358/2633 
(51.6%) 

EHRA III 230/1305 (17.6%) 217/1328 
(16.3%) 

447/2633 
(17.0%) 

EHRA IV 14/1305 (1.1%) 13/1328 
(1.0%) 

27/2633 
(1.0%) 

AF therapy Previous cardioversion 546/1364 (40.0%) 543/1389 
(39.1%) 

1089/2753 
(39.6%) 

EAST-AFNET 4 CSR Appendix 3 

Table 1:  Clinical characteristics

Baseline demographic, clinical characteristics and medications at discharge from the 

baseline visit by randomized group and the overall trial population. This table provides a 

longer list of clinical characteristics than the table published in the main paper. 
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Events Person-years Incidence HR [95% CI] p-
value 
Cox 

p-
value 
log-
rank 

PH-
test ERC UC ERC UC ERC UC 

First 
primary 
outcome 

249 316 6399.1 6332.2 0.039 0.050 0.782 
[0.662-
0.923] 

0.004 0.004 0.824 

Cardio-
vascular 
death 

67 94 6915.4 6987.8 0.010 0.013 0.718 
[0.525-
0.983] 

0.039 0.040 0.942 

Stroke 40 62 6812.8 6855.9 0.006 0.009 0.652 
[0.438-0.97] 

0.035 0.034 0.856 

Worsening 
of heart 
failure 

139 169 6620.3 6557.5 0.021 0.026 0.814 
[0.65-1.02] 

0.073 0.076 0.784 

Acute 
coronary 
syndrome 

53 65 6762.0 6816.2 0.008 0.010 0.828 
[0.576-
1.191] 

0.309 0.308 0.814 

*Cox-regression including randomized group as fixed factor and site as random effect.

ERC Early rhythm control, HR hazard ratio, PH proportional hazards, UC Usual care. 

EAST-AFNET 4 CSR Appendix 3: Efficacy

Table 2:  First primary endpoint and components, incidences and test results 

between randomized groups (N=2789).* 
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EAST-AFNET 4 CSR Appendix 3: Efficacy

Figure 2: Cumulative incidence curves (Aalen-Johansen) of first occurrence of cardiovascular 
death, stroke, or hospitalization with worsening of heart failure or acute coronary syndrome 
(first primary outcome parameter) by randomized group. 
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Figure 3: List of covariates for the adjusted analysis of the first primary outcome.

This figure highlights covariates that influenced the occurrence of first primary outcome 

events in the EAST–AFNET 4 population. These covariates were identified prior to 

unblinding without consideration of the randomized group. The presented hazard ratios 

with 95% confidence intervals result from a multiple Cox-regression including a pre-

specified list of covariates as fixed effects and site as random effect. Intention to treat 

(ITT) population (n=2789, events=565) using multiply imputed dataset.  

EAST-AFNET 4 CSR Appendix 3: Efficacy
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Table 3. Safety outcomes. 

Randomized group Total (N=2789) p-value
Early rhythm 

control 
(N=1395) 

Usual care 
(N=1394) 

Occurrence of a primary safety 
outcome  

231 (16.6%) 223 (16.0%) 454 (16.3%) 0.698 

Occurrence of stroke 40 (2.9%) 62 (4.4%) 102 (3.7%) 0.027 
Occurrence of cardiovascular death 67 (4.8%) 94 (6.7%) 161 (5.8%) 0.028 
Occurrence of a serious adverse event 
of special interest (related to rhythm 
control therapy, detailed listing of 
events given in lines below) 

68 (4.9%) 19 (1.4%) 87 (3.1%) <0.001 

AV block 2 (0.1%) 0 (0.0%) 2 (0.1%) 
Bleeding related to AF ablation, 
major  

6 (0.4%) 0 (0.0%) 6 (0.2%) 

Bleeding related to AF ablation, 
non major 

1 (0.1%) 2 (0.1%) 3 (0.1%) 

Blood pressure related 
(hypotension, hypertension; 
except syncope)  

1 (0.1%) 0 (0.0%) 1 (0.0%) 

Drug toxicity of AF-related drug 
therapy  

10 (0.7%) 3 (0.2%) 13 (0.5%) 

Drug-induced bradycardia 14 (1.0%) 5 (0.4%) 19 (0.7%) 
Hospitalization for AF 11 (0.8%) 3 (0.2%) 14 (0.5%) 
Implantation of a pacemaker, 
defibrillator, cardiac 
resynchronization device, or any 
other cardiac device  

8 (0.6%) 4 (0.3%) 12 (0.4%) 

Non-fatal cardiac arrest 1 (0.1%) 1 (0.1%) 2 (0.1%) 
Other cardiovascular event 5 (0.4%) 1 (0.1%) 6 (0.2%) 
Other event 1 (0.1%) 3 (0.2%) 4 (0.1%) 
Pericardial tamponade 3 (0.2%) 0 (0.0%) 3 (0.1%) 
Syncope 4 (0.3%) 1 (0.1%) 5 (0.2%) 
Torsade de Pointes tachycardia 1 (0.1%) 0 (0.0%) 1 (0.0%) 
Worsening of heart failure, 
decompensated  

3 (0.2%) 0 (0.0%) 3 (0.1%) 

Number of serious 
adverse events of all 
types 

Mean ± SD 2.4 ± 3.0 2.5 ± 3.0 2.4 ± 3.0 0.590 
Median [IQR] 1.0 [0.0;3.0] 1.0 [0.0;3.0] 1.0 [0.0;3.0] 
Range 0.0-24.0 0.0-24.0 0.0-24.0 

Occurrence of death 138 (9.9%) 164 (11.8%) 302 (10.8%) 0.105 
*For dichotomous outcomes mixed logistic regression models with a random effect for center were used for
comparison of random groups. For number of serious adverse event of special interest mixed negative
binomial regression models with a random effect for center were used for comparison of random groups.

AF atrial fibrillation, AV atrioventricular, IQR inter quartile range, SD standard deviation. 

EAST-AFNET 4 CSR Appendix 3: Safety 
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AF ablation 0/1390 (0.0%) 0/1394 
(0.0%) 

0/2784 (0.0%) 

Surgical treatment of AF 0/1390 (0.0%) 1/1394 
(0.1%) 

1/2784 (0.0%) 

Diastolic LA 
diameter 
[mm] 
[N=2407] 

Mean ± SD 43.8 ± 8.4 44.0 ± 8.6 43.9 ± 8.5 

Median [IQR] 43.0 [38.0;48.0] 43.0 
[39.0;48.0] 

43.0 
[38.0;48.0] 

Range 23.0-86.0 19.0-85.0 19.0-86.0 

Concomitant conditions 

Prior stroke or transient ischemic attack 175 (12.5%) 153 (11.0%) 328 (11.8%) 

MoCA total 
score 
[N=2667] 

Mean ± SD 25.5 ± 3.7 25.5 ± 3.8 25.5 ± 3.8 

Median [IQR] 26.0 [23.0;28.0] 26.0 
[23.0;28.0] 

26.0 
[23.0;28.0] 

Range 6.0-30.0 4.0-30.0 4.0-30.0 

At least mild cognitive impairment 
(MoCA < 26) 

582/1326 (43.9%) 584/1341 
(43.5%) 

1166/2667 
(43.7%) 

Arterial hypertension 1230 (88.2%) 1220 (87.5%) 2450 (87.8%) 

Systolic blood 
pressure 
[mmHg] 
[N=2776] 

Mean ± SD 136.5 ± 19.4 137.5 ± 19.3 137.0 ± 19.3 

Median [IQR] 135.0 
[122.0;150.0] 

136.0 
[123.0;150.0] 

135.0 
[123.0;150.0] 

Range 85.0-240.0 90.0-230.0 85.0-240.0 

Diastolic 
blood 
pressure 
[mmHg] 
[N=2776] 

Mean ± SD 80.9 ± 12.1 81.3 ± 12.0 81.1 ± 12.0 

Median [IQR] 80.0 [73.0;90.0] 80.0 
[74.0;90.0] 

80.0 
[73.0;90.0] 

Range 42.0-126.0 40.0-126.0 40.0-126.0 

Stable heart failure 
(NYHA stage II or LVEF < 50%) 

396 (28.4%) 402 (28.8%) 798 (28.6%) 

Heart failure 
symptoms 
(NYHA 
classification) 

No heart failure 905/1390 (65.1%) 914/1394 
(65.6%) 

1819/2784 
(65.3%) 

I 165/1390 (11.9%) 166/1394 
(11.9%) 

331/2784 
(11.9%) 

II 255/1390 (18.3%) 259/1394 
(18.6%) 

514/2784 
(18.5%) 

III 65/1390 (4.7%) 55/1394 
(3.9%) 

120/2784 
(4.3%) 

Severe coronary artery disease (previous 
myocardial infarction, CABG or PCI)  

243 (17.4%) 236 (16.9%) 479 (17.2%) 

Peripheral artery disease 63 (4.5%) 59 (4.2%) 122 (4.4%) 

Diabetes 351/1390 (25.3%) 343/1394 
(24.6%) 

694/2784 
(24.9%) 

History of valve replacement 11/1390 (0.8%) 12/1394 
(0.9%) 

23/2784 
(0.8%) 

CHA2DS2-VASc 
Score 
[N=2784] 

Mean ± SD 3.4 ± 1.3 3.3 ± 1.3 3.3 ± 1.3 

Median [IQR] 3.0 [2.0;4.0] 3.0 [2.0;4.0] 3.0 [2.0;4.0] 

Range 1.0-8.0 1.0-9.0 1.0-9.0 

Left ventricular hypertrophy 65 (4.7%) 67 (4.8%) 132 (4.7%) 

Valvular heart disease 609/1389 (43.8%) 642/1391 
(46.2%) 

1251/2780 
(45.0%) 
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Table 4. All adjudicated SAE per patient. 

Early Rhythm Control 
(N=1395)  

Usual Care 
(N=1394) 

SAE of special interest 

1 - Transient ischemic attack (TIA) 23 (1.6%) 23 (1.6%) 
2 - Ischemic stroke (including transient events with matching lesion 

on cerebral imaging)  
34 (2.4%) 51 (3.7%) 

3 - Hemorrhagic stroke  8 (0.6%) 12 (0.9%) 
4 - Stroke, other cause  0 (0.0%) 0 (0.0%) 
5 - Stroke, unknown cause  0 (0.0%) 0 (0.0%) 
6 - STEMI  11 (0.8%) 9 (0.6%) 
9 - NSTEMI  26 (1.9%) 44 (3.2%) 
10 - Unstable AP  16 (1.1%) 15 (1.1%) 
11 - Stable AP or atypical chest pain  65 (4.7%) 39 (2.8%) 
12 - Worsening of heart failure, decompensated  134 (9.6%) 165 (11.8%) 
13 - Worsening of heart failure, not decompensated  10 (0.7%) 12 (0.9%) 
14 - Torsade de Pointes tachycardia  1 (0.1%) 0 (0.0%) 
15 - Ventricular tachycardia  4 (0.3%) 4 (0.3%) 
16 - Ventricular fibrillation  3 (0.2%) 3 (0.2%) 
17 - Drug-induced bradycardia  34 (2.4%) 22 (1.6%) 
18 - AV nodal block  5 (0.4%) 3 (0.2%) 
19 - Ablation-induced or drug-induced atrial flutter / atrial 

tachycardia  
4 (0.3%) 1 (0.1%) 

20 - Syncope  55 (3.9%) 44 (3.2%) 
21 - Bleeding caused by catheter intervention or antithrombotic 

therapy  
53 (3.8%) 59 (4.2%) 

22 - Pulmonary vein stenosis  0 (0.0%) 0 (0.0%) 
23 - Pericardial tamponade  6 (0.4%) 2 (0.1%) 
24 - Atrio-esophageal fistula  0 (0.0%) 0 (0.0%) 
25 - Drug toxicity of AF-related drug therapy  17 (1.2%) 8 (0.6%) 
26 - Non-fatal cardiac arrest  10 (0.7%) 4 (0.3%) 
27 - Cardiac transplantation  0 (0.0%) 0 (0.0%) 
28 - Any type of cardiovascular surgery  57 (4.1%) 57 (4.1%) 
29 - Implantation of a pacemaker, ICD, CRT or any other cardiac 

device  
98 (7.0%) 103 (7.4%) 

30 - Percutaneous coronary (e.g. PCI), cerebrovascular or peripheral 
procedure  

81 (5.8%) 79 (5.7%) 

31 - Blood pressure related (hypotension, hypertension; except 
syncope)  

47 (3.4%) 53 (3.8%) 

32 - Cardiovascular infection (e.g. endocarditis, pericarditis, 
infectious myocarditis)  

5 (0.4%) 3 (0.2%) 

33 - Major bleeding  104 (7.5%) 88 (6.3%) 
34 - Pulmonary embolism or deep vein thrombosis 15 (1.1%) 12 (0.9%) 
35 - Hospitalization for AF  306 (21.9%) 297 (21.3%) 
36 - Other cardiovascular event  99 (7.1%) 91 (6.5%) 
37 - Other event  654 (46.9%) 686 (49.2%) 
38 - Death as primary event (sudden death)  66 (4.7%) 72 (5.2%) 

MedDRA Primary System Organ Class of all SAE 

Blood and lymphatic system disorders  21 (1.5%) 22 (1.6%) 
Cardiac disorders  526 (37.7%) 527 (37.8%) 
Congenital, familial and genetic disorders 3 (0.2%) 4 (0.3%) 
Ear and labyrinth disorders  19 (1.4%) 11 (0.8%) 
Endocrine disorders  13 (0.9%) 5 (0.4%) 
Eye disorders  7 (0.5%) 5 (0.4%) 
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Early Rhythm Control 
(N=1395)  

Usual Care 
(N=1394) 

Gastrointestinal disorders  107 (7.7%)  103 (7.4%) 
General disorders and administration site conditions  179 (12.8%)  185 (13.3%) 
Hepatobiliary disorders  17 (1.2%)  22 (1.6%) 
Immune system disorders  3 (0.2%)  4 (0.3%) 
Infections and infestations  187 (13.4%)  201 (14.4%) 
Injury, poisoning and procedural complications  208 (14.9%)  227 (16.3%) 
Investigations  54 (3.9%)  43 (3.1%) 
Metabolism and nutrition disorders  19 (1.4%)  27 (1.9%) 
Musculoskeletal and connective tissue disorders  63 (4.5%)  54 (3.9%) 
Neoplasms benign, malignant and unspecified (incl cysts and 
polyps)  

133 (9.5%) 130 (9.3%) 

Nervous system disorders  165 (11.8%) 164 (11.8%) 
Product issues  4 (0.3%) 7 (0.5%) 
Psychiatric disorders  8 (0.6%) 13 (0.9%) 
Renal and urinary disorders  46 (3.3%) 46 (3.3%) 
Reproductive system and breast disorders  6 (0.4%) 8 (0.6%) 
Respiratory, thoracic and mediastinal disorders  75 (5.4%) 75 (5.4%) 
Skin and subcutaneous tissue disorders  9 (0.6%) 15 (1.1%) 
Surgical and medical procedures  571 (40.9%) 584 (41.9%) 
Vascular disorders  135 (9.7%) 153 (11.0%) 

MedDRA Primary System Organ Class of non-cardiovascular SAE 

Blood and lymphatic system disorders  14 (1.0%) 17 (1.2%) 
Cardiac disorders  5 (0.4%) 6 (0.4%) 
Congenital, familial and genetic disorders  2 (0.1%) 4 (0.3%) 
Ear and labyrinth disorders  19 (1.4%) 10 (0.7%) 
Endocrine disorders  8 (0.6%) 5 (0.4%) 
Eye disorders  4 (0.3%) 4 (0.3%) 
Gastrointestinal disorders  72 (5.2%) 73 (5.2%) 
General disorders and administration site conditions  79 (5.7%) 86 (6.2%) 
Hepatobiliary disorders  17 (1.2%) 20 (1.4%) 
Immune system disorders  3 (0.2%) 3 (0.2%) 
Infections and infestations  181 (13.0%) 199 (14.3%) 
Injury, poisoning and procedural complications  108 (7.7%) 147 (10.5%) 
Investigations  11 (0.8%) 18 (1.3%) 
Metabolism and nutrition disorders  17 (1.2%) 25 (1.8%) 
Musculoskeletal and connective tissue disorders  62 (4.4%) 54 (3.9%) 
Neoplasms benign, malignant and unspecified (incl cysts and 
polyps)  

129 (9.2%) 130 (9.3%) 

Nervous system disorders  50 (3.6%) 38 (2.7%) 
Product issues  0 (0.0%) 1 (0.1%) 
Psychiatric disorders  7 (0.5%) 13 (0.9%) 
Renal and urinary disorders  44 (3.2%) 37 (2.7%) 
Reproductive system and breast disorders  6 (0.4%) 8 (0.6%) 
Respiratory, thoracic and mediastinal disorders  43 (3.1%) 46 (3.3%) 
Skin and subcutaneous tissue disorders  9 (0.6%) 14 (1.0%) 
Surgical and medical procedures  270 (19.4%) 288 (20.7%) 
Vascular disorders  4 (0.3%) 4 (0.3%) 

AF atrial fibrillation, AP angina pectoris, AV atrioventricular, CRT cardiac resynchronization therapy, ICD 

implantable cardioverter-defibrillator, MedDRA Medical Dictionary for Regulatory Activities, NSTEMI non-ST 

elevation myocardial infarction, PCI percutaneous coronary intervention, SAE serious adverse event(s), STEMI 
ST elevation myocardial infarction. 
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EAST-AFNET 4 CSR Appendix 4

Statistical analysis - details 

Database for the current analysis 

On 17 February 2020 a meeting of the Data Safety Monitoring Board (DSMB) of EAST–

AFNET 4 took place at which the 3rd planned interim analysis was discussed, including safety 

data until 15 January 2020 and more than 514 first primary outcome events. Following the 

closed session, the DSMB recommended to the executive Steering Committee (eSC) to stop 

the trial for effectiveness as the 3rd interim analysis showed a positive effect regarding the 

first primary outcome parameter which reached the pre-defined significance level given for 

the 3rd interim analysis in Appendix XI of the study protocol and in the DSMB charter. This 

recommendation was formalized in a letter to the eSC on 5 March 2020. In its meeting on 6 

March 2020, the eSC of the EAST-AFNET 4 trial unanimously agreed to follow the statement 

of the DSMB and to recommend to end the observation period for all patients on the day of 

the meeting and to subsequently terminate the total trial. The sponsor followed this 

recommendation on 6 March 2020 which then became the end of observation (EOO). 

To obtain complete follow-up information on all patients with the best achievable precision, 

all centers were asked to contact their study patients to enable a rapid collection of data on 

events that occurred up to the date of trial termination (final assessment). This final 

assessment followed the same procedures as the follow-up questionnaires described above. 

The end of study date was set to 31 May 2020, the last event was adjudicated by the 

Endpoint Review Committee on 12 June 2020, and the final database was locked on 29 June 

2020. The final database included the overrun of events occurring between 15 January 2020 

(status of data base for the 3rd interim analysis) and 6 March 2020 (EOO). This database was 

used for the analyses presented here. 
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Consideration of site effects 

In EAST-AFNET 4, the recruitment of centers was performed in a two-step procedure. First, 

centers that were able to perform ablation procedures were selected (A sites). These ablation 

centers selected smaller hospitals or office-based cardiologists, that operated as full study 

sites (D sites) and executed all study procedures with the exception of AF ablation, which, 

when needed, was performed in the ablation site of that cluster1.  With this recruitment 

strategy, a special cluster structure results of D sites nested in A sites, reflecting potential 

differences between A sites and D sites due to differences in patient populations and medical 

standards. This cluster structure had to be taken into account for the randomization 

procedure as well as for the statistical analysis.  Therefore, the randomization was stratified 

by D sites. In the statistical analysis, potential site effects were taken into account by adding 

two nested random terms for D sites within A sites to the statistical models. However, during 

the statistical analysis it turned out that the contribution of A sites to the cluster effect was 

marginal while the contribution of D sites was substantial. We thus decided to model a 

common cluster effect for A and D sites to increase model stability. Cluster effects were taken 

into regard in almost all statistical models, denoted by the term ‘mixed’ in the model 

descriptions. The only exceptions were the interim analyses during the running study after 

adjudication of 25%, 50%, and 75% of the first primary outcome events, and the primary 

analysis of the first primary outcome that took the interim analysis into account. 

The described models take into regard the cluster effect due to site differences in patients 

and medical standard. They do not take into account whether the treatment effect of early 

rhythm-control differs between sites. The subgroup analysis in Figure S5 only distinguishes 

between A sites without nested D sites (sites that perform atrial fibrillation (AF) ablation 

themselves and D sites nested in A sites (sites that only offer antiarrhythmic drug therapy 

themselves and refer patients for AF ablation to an A site), but not between individual D 

sites. The question of whether early rhythm therapy works independently of the site will be 
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answered in the context of more sophisticated analyses of the treatment effects which will be 

published at a later point in time.  

Consideration of competing events 

The first primary outcome parameter does not include non-cardiovascular death. Further, 

withdrawals may have compromised the time-to-event analyses. Both event types, non-

cardiovascular death and withdrawal may not occur independently of the composite outcome 

parameter. Thus, it is not sufficient to model these events as censored, as it is frequently 

done. Instead, they should be considered as competing events in the time-to-event analysis. 

For this purpose, we abstained to present Kaplan-Meier curves in this paper as these curves 

may be biased in the presence of competing events.2 Instead, we present Aalen-Johansen 

cumulative incidence curves throughout which are not biased in the presence of competing 

risks.3 Further, we fitted Cox proportional hazards models for the first primary outcome 

(sensitivity analyses) as well as its components which allow the bias-free estimation of cause-

specific hazard ratios even in the presence of competing risks.2,4 As a sensitivity analysis we 

further fitted Fine and Gray models5 to the data which explicitly include the competing 

events and report the results of Gray’s test6 for differences between treatments (see below in 

chapter ‘sensitivity analyses’).   

Handling of missing data 

To set up a proper imputation model, we followed the recommendations of White, Royston 

and Wood7. Our imputation model consisted of three “types” of variables: 1. Outcome 

parameter variables, which are to be imputed. These were left ventricular ejection fraction 

(LVEF), EQ-5D visual analogue scale (VAS), SF-12 Mental and Physical Score and Montreal 

Cognitive Assessment (MoCA)) (at 24 months and to optimize prediction baseline values 

were also included in the multiple imputation model) as well as sinus rhythm and EHRA 

score (at baseline, 12 and 24 months). 2. Outcome parameter variables, which do not need to 

be imputed, but will be used in the final regression. These were the number of nights spent in 

hospital as well as the primary outcome parameter (represented by the Nelson-Aalen 
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estimator of the cumulative hazard function and the censoring indicator). 3. Further 

adjusting variables, which were planned to be included in the adjusted analysis of primary 

outcome parameter. These were center type (A vs. D-Site), age, gender, stroke, atrial 

fibrillation pattern, diabetes mellitus, chronic obstructive pulmonary disease (COPD), kidney 

disease, diastolic left atrial diameter as well as heart failure (NYHA classification at baseline, 

12 and 24 months). 

Considering all those variables in all time points, we found missing values in at least one 

variable in 58.6% of patients. Following the rule of thumb by White, Royston & Wood7 we 

decided to conduct a multiple imputation procedure with 60 repetitions. While for the EQ5D 

visual analogue scale it was decided in the Statistical Analysis Plan to replace the score with 

zero for deceased patients, for all other variables not mentioned above we did not replace 

missing values.   

Statistical analysis of the second primary outcome parameter 

Based on a blind review of the pooled database before code break, it was decided to use a 

zero-inflated mixed negative binomial model for the analysis of the nights spent in hospital8. 

These models combine a binomial model for hospitalization (yes/no) with a count model for 

the nights in hospital if hospitalized and allow to distinguish between the treatment effect on 

the likelihood to be hospitalized at all during the study and the treatment effect on the 

number of hospital nights once a patient was hospitalized. The log (years in follow-up) was 

used as offset for both components while a random intercept modeling site effects was only 

fitted to the count model. 

Using this model, the odds ratio for the zero-inflated part was estimated to be 1.69, 95% CI 

0.77-3.72, p=0.192, indicating a lower likelihood for hospitalization for the early rhythm-

control group, while the incidence rate ratio for nights spent in hospital was estimated to 

1.09, 95% CI 1.00-1.20, p=0.049, indicating a trend for a higher number of hospital nights in 

the early treated patients once they were hospitalized. However, both effects were not 
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significant as the alpha level for the second primary outcome parameter was set to 0.01. The 

two non-significant trends have different directions. Patients in the early rhythm-control 

group tended to be less frequent in hospital but to stay longer in hospital after admission. 

Since both effects were not significant, we simplified the model by omitting the term 

measuring the zero inflation, ending up with a simpler mixed negative binomial model for 

the counts of the hospital nights. With this model, the incidence rate ratio was estimated to 

be 1.08, 95% CI 0.95-1.23, p=0.226, indicating that there was no significant increase in the 

number of hospital nights in patents with early rhythm-control . Sensitivity analyses 

supported this result (see below in chapter ‘sensitivity analyses’). 

Statistical analysis of secondary outcome parameters 

Secondary outcome parameters were analyzed according to the type of scale: time-to-event 

outcome parameters (components of the first primary outcome: cardiovascular death, 

stroke, worsening of heart failure, and acute coronary syndrome) were analyzed without 

adjustment for group-sequential design by use of Cox-proportional hazards models with a 

frailty term for sites to estimate the (cause-specific) hazard ratio of early intervention 

compared to usual care. Proportional hazards assumption was assessed by visual inspection 

of log-log-plots and tested using the log hazard-ratio function (PH test). Aalen-Johansen 

cumulative incidence curves that take into account non-cardiovascular death as competing 

event were computed for visualization. Change from baseline to 24 months in continuous 

outcome parameters (LVEF, EQ-5D VAS, SF-12 Mental and Physical Score and MoCA) was 

analyzed after multiple imputation of missing values in survivors using mixed linear 

regression models adjusting for baseline measurement and site effect (random effect). 

Categorical variables determined at 24 months (patients in sinus rhythm and asymptomatic 

patients (EHRA I)) were analyzed using baseline-adjusted mixed logistic regression models 

with a random term for site after multiple imputation of missing values in survivors. For 

EAST-AFNET 4 CSR Appendix_20210216 49/52



dichotomous safety outcomes mixed logistic regression models with a random effect for site 

were used for comparison of random groups.  

Sensitivity analyses 

The presented primary analysis of the first primary endpoint takes the interim analyses 

during the running study into account. However, this analysis does not take potential site 

effects or the influence of the competing event ‘non-cardiac death’ into account. As a 

sensitivity analysis, we therefore calculated a Cox proportional hazards model with a frailty 

term for site effects added to the data. The resulting cause-specific hazard ratio was 

estimated to 0.78, 95% confidence interval [0.66- 0.92], p=0.004. The proportional hazards 

test was not significant. This result is almost identical to the result of the primary analysis. 

Additionally, we performed a Gray’s test6 that directly compares the group-specific Aalen-

Johansen cumulative incidence curves3 shown in Figure 2 (and in Figure S4 for the 

components) that take the non-cardiac death as competing event into account. This analysis 

was pre-specified in the Statistical Analysis Plan as a sensitivity analysis. The corresponding 

p-value for the primary outcome was 0.003 and again very similar to the p-value of the

primary analysis. This analysis shows that the consideration of non-cardiac death as 

competing event does not change the conclusions of the study. Furthermore, we analyzed 

whether adjustment for baseline imbalances would change the estimate of the hazard ratio of 

the primary analysis. The forest plot9 of the corresponding Cox regression analysis is shown 

in Figure S1. The adjusted hazard ratio of treatment was only marginally different from the 

estimate of the primary analysis. 

For sensitivity analysis of the second primary outcome parameter, a two-sample permutation 

test (Fisher-Pitman10) was pre-specified in the Statistical Analysis Plan to compare the yearly 

averages of nights spent in hospital between groups. The corresponding p-value of the 

Fisher-Pitman-Test was 0.808. Additionally, a Mann-Whitney-U test was applied to the 

same data, yielding a p-value of 0.725. These results support the conclusion of non-

significance in the main paper. 
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An additional sensitivity analysis was added post-hoc in reaction to the observation of group 

differences in the withdrawal rates, see below in the chapter ’Post-hoc analysis of 

withdrawals’.   

Post-hoc analysis of withdrawals 

Surprisingly, when the data set was analyzed, it turned out that the withdrawal rates were 

significantly different between random groups (Figure S2). Differential withdrawal rates 

have the potential to bias a study. Since this effect was not anticipated, there was no 

provision for this case in the Statistical Analysis Plan. We thus performed an additional 

sensitivity analysis for a better understanding of the potential contribution of withdrawals to 

the main study results.  

We first performed a cause-specific Cox regression analysis of the time to withdrawal, based 

on the same baseline covariates used for adjustment when analyzing the clinical outcome 

parameters. For this purpose, we fitted a Cox proportional hazards regression model on time 

to withdrawal using the imputed dataset that was used for the first primary outcome 

parameter. However, the covariates did not fully explain the differences between the random 

groups. We then added interaction terms of all adjusting variables with randomized group to 

the model in order to identify variables that might explain the differential withdrawal rates. 

After a backward selection procedure, the difference between A sites (without nested D sites) 

and D sites (nested in A sites) was the only variable that could explain the differential 

withdrawals, indicating that the excess of withdrawals in the treatment group was mainly 

located in A sites (p=0.012). This means that withdrawals occurred predominantly in 

ablation centers without supporting D sites. 

Secondly, we repeated the sensitivity analysis of the first primary outcome parameter by 

adding withdrawal as second competing event (in addition to non-cardiac death) to the 

competing event model. The resulting sub-distribution hazard ratio2 was 0.76, 95% CI 0.65-

0.90, p=0.002. The resulting figures are almost identical to the figures resulting if no 
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correction for withdrawals is performed, indicating that the reported treatment effect is not 

caused by group differences in non-cardiac deaths or differential withdrawal rates. 

Deviations of the published analysis from study protocol and Statistical Analysis Plan, 

post-hoc analyses    

The analyses followed the Statistical Analysis Plan in almost all details. Small deviations and 

additions in the statistical methodology are described in detail above. However, not all 

analyses provided in the study protocol or in the Statistical Analysis Plan could be presented 

in this paper. A list of secondary outcomes not presented here or not analyzed yet is included 

in Table S4. AF including the best estimate of AF burden is adequately represented by the 

secondary outcome “cardiac rhythm (sinus rhythm and pacing vs. arrhythmia; at 12 and 24 

months compared to baseline)”. The analysis of AF burden, proposed in the study protocol, 

is captured by the analysis of this outcome. Therefore, the planned analysis will be dropped 

as the number of available ECGs does not allow to meaningfully express AF burden 

according to its definition in the study protocol. Post-hoc a detailed sensitivity analysis of the 

withdrawals was added that was not pre-specified since the observation of differences in the 

withdrawal rates was not anticipated. This analysis is likewise documented in this statistical 

supplement. 
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