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Abstract

Aims

Methods
and results

Conclusion

A strategy of systematic, early rhythm control (ERC) improves cardiovascular outcomes in patients with atrial fibrillation
(AF). It is not known how this outcome-reducing effect is mediated.

Using the Early treatment of Atrial Fibrillation for Stroke prevention Trial (EAST—AFNET 4) data set, potential mediators of
the effect of ERC were identified in the total study population at 12-month follow up and further interrogated by use of a
four-way decomposition of the treatment effect in an exponential model predicting future primary outcome events.
Fourteen potential mediators of ERC were identified at the 12-month visit. Of these, sinus rhythm at 12 months explained
81% of the treatment effect of ERC compared with usual care during the remainder of follow up (4.1 years). In patients not
in sinus rhythm at 12 months, ERC did not reduce future cardiovascular outcomes (hazard ratio 0.94, 95% confidence inter-
val 0.65-1.67). Inclusion of AF recurrence in the model only explained 31% of the treatment effect, and inclusion of systolic
blood pressure at 12 months only 10%. There was no difference in outcomes in patients who underwent AF ablation com-
pared with those who did not undergo AF ablation.

The effectiveness of early rhythm control is mediated by the presence of sinus rhythm at 12 months in the EAST-AFNET 4
trial. Clinicians implementing ERC should aim for rapid and sustained restoration of sinus rhythm in patients with recently
diagnosed AF and cardiovascular comorbidities.
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Structured Graphical Abstract

Key Question

Which component or mediator of early rhythm control therapy conveys the reduction in cardiovascular death, stroke, or hospitalization
for heart failure or acute coronary syndrome, in the EAST-AFNET 4 trial?

Key Finding

The presence of sinus rhythm at 12 months explained 81% of the effect of early rhythm control on preventing cardiovascular

outcomes. Other factors, e.g. blood pressure, recurrent atrial fibrillation (AF), or AF ablation, only explained small portions of the effect.

Take Home Message

Clinicians implementing early rhythm control to prevent cardiovascular complications of atrial fibrillation should aim for rapid and
sustained restoration of sinus rhythm in patients with recently diagnosed AF and cardiovascular comorbidities.

28288 2,789 patients randomized
Early rhythm control (ERC) N=1,395 Usual Care N=1,394

Identification of 14 potential mediators of ERC at 12 months

Average of 4.1 years of FU for events associated with potential

mediators in 2,517 patients still in FU at 12 months (1,257 ERC, 1,260 usual care)
to determine key mediators of ERC

Treatment effect on first primary endpoint from 12 months on

Mediators Hazard Ratio (HR) with 95%-ClI HR 95%-Cl
Total effect —— 0.73 0.61-0.92
Sinus rhythm at 12 months visit
Natural direct effect —— 0.77 0.64-0.97
Controlled direct effect for patients:
e in sinus rhythm at 12 months —_—— 0.70 0.57-0.90
e not in sinus rhythm at 12 months < 0.94 0.65-1.67
AF recurrence up to 12 months visit
Natural direct effect —y— 0.75 0.62-0.94
Controlled direct effect for patients:
o without AF rec. up to 12 months ——— 0.71 0.57-0.94
o with AF rec. up to 12 months —_—— 0.81 0.61-1.19
05 075 1 5 2

— —>
Favours early rhythm control Favours usual care

The EAST-AFNET 4 trial data set was analysed for potential mediators of the outcome-reducing effect of the early rhythm control strategy in the
trial. All factors that were different between randomized groups at the 12-month visit were considered. Attaining sinus rhythm explained most of the
treatment effect in a landmark analysis considering the remaining 4.1 follow-up years. In conclusion, clinicians aiming to implement early rhythm

control should try to attain sinus rhythm.

Keywords Atrial fibrillation * Rhythm control * AF ablation * Antiarrhythmic drugs ¢ Stroke ¢ Randomized trials ¢ Mediator

analysis

Introduction

The Early treatment of Atrial Fibrillation for Stroke prevention Trial
(EAST-AFNET 4) demonstrated that a strategy of systematic initiation
of early rhythm control (ERC) reduced cardiovascular outcomes by

21% compared with usual care.' Several prespecified subanalyses, in-
cluding comparisons of patients with and without heart failure,> with
and without symptoms,® and patients with different atrial fibrillation
(AF) patterns,* did not identify a differential effectiveness of ERC.
The general safety of ERC has recently also been corroborated by
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Mediators of early rhythm control in EAST-AFNET 4

analyses in large observational data sets.>® Based on the inclusion cri-
teria of the EAST-AFNET 4 trial, the majority of patients with new-
onset AF are eligible for ERC.® The results have started to shift the
use of rhythm control therapy from a symptom-driven therapy to a
risk-reducing strategy aiming at restoring and maintaining sinus rhythm
as the default therapy in patients with recently diagnosed AF and stroke
risk factors.”®

EAST-AFNET 4 tested ERC as a therapy strategy. There has been
much speculation on the drivers of the reduction in outcomes within
this treatment strategy. The availability of AF ablation, improvements
in the safe use of antiarrhythmic drugs, including patients with heart fail-
ure, continuation of improved oral anticoagulation, and therapy of con-
comitant conditions irrespective of achieved rhythm,” and the early
initiation of rhythm control with the associated prevention of severe
forms of atrial cardiomyopathy, have been discussed. To identify pos-
sible factors associated with prevention of cardiovascular outcomes
on ERC therapy, we scrutinized the EAST-AFNET 4 trial data set for
factors and mediators of ERC that are associated with reduced cardio-
vascular outcomes.

Methods

Sample characteristics of the available patients are given as absolute and
relative frequencies, mean + standard deviation or as median with inter-
quartile range. A two-tailed P < 0.05 was considered to be statistically sig-
nificant. The reported P-values and confidence intervals (Cls) have not
been adjusted for multiplicity. All analyses were conducted with Stata soft-
ware (StataCorp 2021, Stata Statistical Software: Release 17; StataCorp
LLC, College Station, TX, USA) and the package med4way.

For model building, missing values in medical relevant baseline variables as
well as follow-up data of medication, recurrent AF, blood pressure, and sec-
ondary endpoints were multiply imputed with 65 repetitions following the
recommendations of White et al.'® As in the primary analysis of the EAST
trial, missing values were imputed in survivors only, except of the EQ-5D
visual analogue scale where deceased patients received a score of 0.

All analyses were adjusted for medical relevant baseline variables to re-
duce potential confounding bias: age, gender, centre type (D or A site),
European Heart Rhythm Association (EHRA) score, New York Heart
Association (NYHA) class, prior stroke or transient ischaemic attack, AF
pattern, left atrial diastolic diameter, MoCA (Montréal Cognitive
Assessment) score, arterial hypertension, diabetes, peripheral artery dis-
ease, severe coronary artery disease (previous myocardial infarction, cor-
onary artery bypass graft, or percutaneous coronary intervention), left
ventricular hypertrophy on echocardiography (>15 mm wall thickness),
left ventricular ejection fraction, AF duration at baseline (categorized
<10, 10-100, and >100 days), chronic obstructive pulmonary disease,
chronic kidney disease (Modification of Diet in Renal Disease Stage Il or
IV), physical and mental SF-12 component summary scores, and cardiac
rhythm.

Objective 1

A causal mediation analysis was conducted in the total study population to
identify mediators of treatment success with respect to the primary out-
come parameter and two of its key components, cardiovascular death
and stroke. In this modelling approach, the overall effect of a treatment
on the outcome is decomposed into a direct effect and a pathway via a po-
tential mediator. This pathway is determined by the effect of the treatment
on the mediator and the effect of the mediator on the outcome, which may
depend on the treatment group (treatment—mediator interaction). Thus, it
may be that the mediator itself modifies the treatment effect when it is pre-
sent. The ongoing treatment may be more (or less) advantageous for pa-
tients depending on the mediator, i.e. the mediator may moderate the
treatment effect. Potential mediators of treatment effect are thus variables

that are affected by the treatment and associated with the outcome. This
four-way decomposition allows to estimate different effects:

* The total effect (TE) is an estimate of the treatment effect on the out-
come, adjusted for potential confounders, taking the considered media-
tors into regard.

The natural direct effect estimates the adjusted treatment effect on the

outcome not caused by changes in the mediator.

* The controlled direct effects [CDE(m)] at Level m quantifies the adjusted
treatment effect on the outcome, with the mediator being fixed at a cer-
tain value.

* The proportion eliminated [PE = (TE-CDE(m))/TE] is a measure that re-
flects the importance of a mediator for the explanation of the treatment
effect if moderation effects are additionally taken into regard.

The outcome of interest in the mediation model is the time to the first
primary endpoint occurring after the 12-month visit. We estimated the
treatment and the mediator effect on the outcome using an accelerated fail-
ure time regression with an exponential distribution allowing to convert ac-
celeration effects to hazard ratios (HRs). We selected the first in-person
follow-up visit at 12 months (12-month follow up) as the survey time of po-
tential mediators. All patients who had experienced the first primary end-
point by this time, who died or who had withdrawn their consent by
then, were excluded from the mediation analysis. Later survey times would
have led to a further reduction of the analysable sample and a loss of stat-
istical power.

First, we examined all clinically meaningful parameters captured at
12-month follow up to determine the extent to which they were influenced
by treatment. This was done by testing the difference in the 12-month
measurement between randomized groups using adjusted mixed linear,
mixed logistic, mixed ordinal (with site as random effect), or multinomial lo-
gistic regression, where appropriate. All models were further adjusted for
the respective baseline measurement, if available. From the list of these po-
tential mediators, we selected all variables with significant differences be-
tween the treatment groups to perform separate mediation analyses in a
second step. Parameters that are a direct reflection of the intervention,
e.g. echocardiography (ECG) changes reflecting antiarrhythmic drug ther-
apy or complications of AF ablation, were not carried forward. The results
of the mediation analyses are presented as HR with corresponding 95% ClI
of alandmark analysis with the first in-person follow-up visit at 12 months as
the starting point.

To determine the effects of AF ablation on the primary outcome, we
performed two further analyses studying ablation as a time-dependent
variable.

Objective 2

In a first step, we investigated the effect of ablation in the total study
population using a Cox model with a time-dependent variable for abla-
tion and an interaction term between treatment group and ablation to
consider that the indication for an ablation was not the same in the
two random groups. In this model, we also included all two-way interac-
tions between adjusting baseline covariates and treatment group taking
into account that the covariates may act differently in the random groups.
We did a backwards selection (selection criterion P <0.01) using likeli-
hood ratio tests. As no interaction with treatment group showed a
P-value <0.01, the adjusting baseline covariates remained in the model
as main effects.

To describe the ablation effect within the ERC and usual care group, the
respective contrasts of the two-way interaction between ablation and
treatment groups were estimated and presented as HR with corresponding
95% Cl.

Objective 3

In a second step, we examined if there is a difference between early
(delivered within 8 weeks after randomization) or late ablation (delivered
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Figure 1 CONSORT diagram of the analyses. (A) Objective 1: Population analysis for the mediator analysis at the 12-month visit and follow-up time
for future events (landmark analysis). (B) Objectives 2 and 3: Population analysis for the effect of atrial fibrillation ablation as a component of early

rhythm control.

>8 weeks after randomization). This analysis was restricted to the ERC pa-
tients only because the predominant indication for ablation differed be-
tween the random groups and there were only nine patients with early
ablations in the usual care group. We used a Cox model with two time-
dependent covariates. This analysis compared all periods after early ablation
or late ablation with all periods without ablation, controlling for patient
characteristics. Results are presented as HR together with 95% CI.

Results

Mediators of early rhythm control leading
to improved cardiovascular outcomes
(Objective 1)
A total of 1257/1395 (90%) patients randomized to ERC and 1260/
1394 (90%) patients randomized to usual care were seen at the
12-month visit without reaching a first primary outcome event
(Figure 1). Analysis of all parameters captured at that visit identified
14 potential mediators of the treatment effect on the outcome
(Table 1). The effects of ERC on these parameters at 12 months
were determined. Systolic blood pressure, sinus rhythm at 12 months,
and no recurrence of AF up to 12 months were significantly different
between random groups (Table 1).

To determine the effect of these mediators on outcomes, we con-
ducted a landmark analysis evaluating all first primary outcome

events after the 12-month visit. Early rhythm control reduced the
first primary outcome from 12 months on up to the study end (me-
dian follow-up time 4.1 years, HR 0.73, 95% CI 0.61-0.92; Figure 2).
Sinus rhythm at 12 months explained 81% of the treatment effect of
ERC therapy compared with usual care during the remainder of fol-
low up. In patients not in sinus rhythm at 12 months, ERC did not
reduce further cardiovascular outcomes. Atrial fibrillation recur-
rence in the first 12 months of follow up only explained 31% of
the treatment effect, systolic blood pressure at the 12-month visits
only 10% (Table 2). For cardiovascular death and stroke, two key
components of the primary outcome, similar effects were observed
with larger Cl due to smaller event numbers (Table 2). The key me-
diator ‘sinus rhythm at 12 months’ was partially correlated with re-
current AF in the first year (Spearman’s p =0.59) and in a weaker
way with paroxysmal AF (Spearman’s p =—0.32). As expected, re-
current AF was more common in patients who were not in sinus
rhythm at the 12-month visit (Figure 3). None of the other mediators
were correlated with sinus rhythm at 12 months (Spearman’s p =—
0.22 to 0.13).

Effect of atrial fibrillation ablation
(Objective 2)

Patients who underwent AF ablation were younger than patients trea-
ted without AF ablation (Table 3). The use of AF ablation did not affect
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Table 1 Descriptive statistics of the potential mediators at 12 months by random group; restricted to patients
without first primary endpoint and withdrawal of consent before first in-person follow-up visit at 12 months

Random group

Early rhythm control
(n=1257)

Usual care
(n=1260)

Total (n=2517) P-value

Body mass index (calculated) (kg/m®) Median (IQR)

Systolic blood pressure (mmHg)

Diastolic blood pressure (mmHg)

Suspected acute coronary syndrome

AF recurrence(s) since last visit

Type of AF

Overall symptom score (EHRA)

Cardiac rhythm

Heart rate (b.p.m.)

Ventricular rate in AF (average of 10

intervals)

Bundle branch block
AV nodal block
INR value

PT value (seconds)

Missing
Median (IQR)
Missing
Median (IQR)
Missing

No

Yes, one time
Yes, several times
Still in AF?
Missing
Paroxysmal

Persistent or
long-standing
persistent

Missing
EHRA |
EHRA I
EHRA Il
EHRA IV
Missing

Sinus rhythm
Median (IQR)
Missing
Median (IQR)
Missing

Median (IQR)
Missing
Median (IQR)
Missing

284 (25.6-323)
98 (8%)
140 (127-150)
110 (9%)
80 (71-88)
110 (9%)
7/1178 (0.6%)
816 (69.3%)
122 (10.4%)
190 (16.1%)
50 (4.2%)
79 (6%)
873 (77.5%)
254 (22.5%)

130 (10%)
875 (74.5%)
263 (22.4%)
36 (3.1%)
1(0.1%)
82 (7%)
977/1140 (85.7%)
62 (57-71)
252 (20%)
80 (69-92)
1123 (89%)
156/1103 (14.1%)
203/1093 (18.6%)
1.3 (1.1-2.1)
469 (37%)
57 (32-88)
673 (54%)

28.7
102
135

98
80
98
4/1185

25.6-32.5)
8%)
125-150)
8%)
74-88)
8%)
0.3%)
60.6%)
11.0%)
10.4%)
18.1%)
6%)
75.5%)
24.5%)

718
130
123
214

75
733
238

—_~ o~ TN e - e

289 (23
843 (71.1%)
302 (25.5%)
39 (3.3%)
1(0.1%)
75 (6%)
763/1150 (66.3%)
64 (57-71)
481 (38%)
81 (71-94)
889 (71%)
124/1124 (11.0%)
151/1096 (13.8%)
4(1.1-2.1)
426 (34%)
58 (33-87)
638 (51%)

28.6 (25.6-32.4) 0.817

200 (8%)
138 (125-150)  <0.001

208 (8%)
80 (73-88) 0971

208 (8%)
11/2363 (0.5%) 0.130
1534 (64.9%) <0.001

252 (10.7%)
313 (13.2%)
264 (11.2%)
154 (6%)

1606 (76.5%) 0079
492 (23.5%)

419 (16%)

1718 (72.8%) 0216
565 (23.9%)
75 (3.2%)
2 (0.1%)
157 (6%)
174012290 (76.0%) <0.001
63 (57-71) 0461
733 (29%)
81 (71-94) 0.161
2012 (80%)
280/2227 (12.6%) 0010
354/2189 (16.2%) <0.001
1.3 (1.1-2.1) 0277
895 (36%)
57 (32-87) 0.852

1311 (52%)

P-values of the treatment effect on the respective potential mediator, adjusted for baseline characteristics, and the respective baseline measurement, if one was available (there was no

baseline measurement available for AF recurrence(s) since last visit).

IQR, interquartile range.

*No documented SR in between.
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Treatment effect on first primary endpoint from 12 months on

Mediators Hazard Ratio (HR) with 95%-CI HR 95%-ClI
Total effect —_—— 073 0.61-0.92
Sinus rhythm at 12 month visit
Natural direct effect l— 0.77 0.64-0.97
Controlled direct effect for patients:
...in sinus rhythm at 12 months —_—— 0.70 0.57-0.90
...not in sinus rhythm at 12 months & 0.94 0.65-1.67
AF recurrence up to 12 month visit
Natural direct effect —— 0.75 062-0.94
Controlled direct effect for patients:
...without AF rec. up to 12 months —— 0.71 0.57 -0.94
...with AF rec. up to 12 months ——r—— 0.81 0.61-1.19

5 75 1 1.5 2

favours favours
Early Rhythm Control Usual Care

Multiple imputed dataset: 65 imputations, 2517 patients

Figure 2 Strong mediating and moderating effect of sinus rhythm at 12 months on the first primary outcome of the EAST-AFNET 4 trial. The pres-
ence of sinus rhythm at 12 months explains about 81% of the effect of early rhythm control on the first primary outcome, a composite of cardiovascular
death, stroke, or hospitalization for heart failure, or acute coronary syndrome. This can be appreciated in the first horizontal line in the graph (natural
effect). There is hardly any effect of early rhythm control in patients who are not in sinus rhythm at the 12-month visit, visible in lack of a controlled
direct effect in patients not in sinus rhythm at 12 months. Atrial fibrillation recurrence at any time up to the 12-month visit, in contrast, only explains
31% of the effect of early rhythm control, due to the small differences between the effects of the two subgroups (controlled effect in patients without
AF recurrence and patients with AF recurrence). The analysis is adjusted for baseline characteristics that may confound the treatment effects on the
mediator or the mediator effect on the outcome. Total effect indicates the adjusted treatment effect on the outcome; natural direct effect indicates the
adjusted treatment effect due to the observed distribution of the mediator; controlled direct effect indicates the adjusted treatment effect for sub-
groups of patients with and without sinus rhythm or with and without atrial fibrillation recurrence at 12 months.

the primary outcome of the trial (Figure 4). Older age, presence of heart
failure, peripheral or severe coronary artery disease, and a lower phys-
ical component of the SF-12 score had clear effects on the primary out-
come (Figure 4, Table 4).

Effect of atrial fibrillation ablation as a
component of early rhythm control
(Objective 3)

A total of 340/1395 (24%) patients randomized to ERC therapy under-
went AF ablation. Similar to the analysis in the entire population
(Figure 4), older age, heart failure, and peripheral or severe coronary ar-
tery disease had clear effects on the primary outcome (Figure 5, all P <
0.05). In an exploratory analysis of the timing of AF ablation, 98 patients
underwent early AF ablation as first-line therapy within the protocol-
specified period. Compared with non-ablated time intervals within pa-
tients randomized to ERC, cardiovascular outcomes appeared reduced
in time intervals after early ablation within 8 weeks after randomization
(HR 0.66, 95% Cl 0.35-1.25; Figure 5). Atrial fibrillation ablation at a la-
ter time was associated with increased cardiovascular outcomes (HR
1.27,95% Cl 0.87-1.84 compared with non-ablated time intervals).

Discussion

This prespecified, hypothesis-generating analysis of the EAST-AFNET 4
trial data set identified factors and mediators of ERC that were associated

with reduced cardiovascular outcomes. Key findings are: (i) sinus rhythm
at 12 months explained 81% of the treatment effect of ERC compared
with usual care during the remainder of follow up; (i) these analyses con-
firm that the effectiveness of the ERC therapy strategy tested in
EAST-AFNET 4 relies on attaining sinus rhythm. Consequently, ERC ther-
apy should aim for early and sustained restoration of sinus rhythm in pa-
tients with recently diagnosed AF to improve cardiovascular outcomes;
and (jii) in the EAST-AFNET 4 trial setting where AF ablation was readily
available when needed, the use of AF ablation was not associated with
better outcomes than antiarrhythmic drug therapy (Structured Graphical
Abstract). Future trials assessing the effectiveness and safety of early AF ab-
lation in patients with cardiovascular comorbidities are warranted.

Sinus rhythm at 12 months explains most
of the effect of early rhythm control

Our main modelling analysis demonstrates that the presence of sinus
rhythm at 12 months, the first follow-up interval with rhythm assess-
ment in all patients, explains 81% of the outcome reduction achieved
with ERC. This is an important mechanistic confirmation of the initial
hypothesis of EAST-AFNET 4: restoring and maintaining sinus
rhythm is the predominant effect of the ERC strategy in
EAST-AFNET 4. Earlier trials comparing rate control only to rhythm
control limited to antiarrhythmic drug therapy and cardioversion did
not show reduced outcomes in patients randomized to rhythm con-
trol ‘cherapy.ﬂ'12 However, a modelling analysis of the AFFIRM data
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L. Eckardt et al.

A Time to first recurrent AF by SR at 12 months

Within first 12 months after randomization
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0 3 6 9 12
Time (months after randomization)
Patients at risk
No SR at 12 months 180 128 116 106 0
SR at 12 months 1009 840 802 763 0

Recurrent AF documented by a scheduled or unscheduled
visit prior to the 12-months visit by rhythm status
(sinus rhythm or no sinus rhythm) at the 12-months visit

Events within 12 Sinus rhythm at 12 Total
months months

No Yes

75 721 796
No recurrent AF (41.7%) (71.5%) (66.9%)
At least one 105 288 393
recurrent AF (58.3%) (28.5%) (33.1%)
Total 180 1009 1189

Figure 3 Time to recurrent atrial fibrillation and number of patients
with recurrent atrial fibrillation in patients randomized to early rhythm
control by rhythm status at 12 months. (A) The survival curves show
the time to recurrent atrial fibrillation from randomization to 12
months in patients randomized to early rhythm control who were
in sinus rhythm at 12 months and for patients who were not in sinus
rhythm at 12 months. Patients who reached a primary outcome event
or died in the first 12 months were not included. Recurrent atrial fib-
rillation was documented by triggered visits due to atrial fibrillation in
the telemetric echocardiography or by an unscheduled visit due to
clinically documented atrial fibrillation. (B) The tabulated data show
the proportion of patients without recurrent atrial fibrillation and
with recurrent atrial fibrillation who were in sinus rhythm at the
12-month visit: 58.3% (105/180) of patients not in sinus rhythm at
12 months had a scheduled or unscheduled visit due to recurrent atrial
fibrillation, while only 28.5% (288/1009) of those in sinus rhythm at 12
months had such a visit.

set also suggested that successful maintenance of sinus rhythm was
associated with improved survival."® The practice of stopping oral
anticoagulation after apparently successful restoration of sinus
rhythm may have led to worse outcomes in patients randomized
to rhythm control therapy in AFFIRM."® This factor was irrelevant
in the present trial, as over 90% of all patients were on continued
oral anticoagulation, irrespective of their rhythm status.”® A similar
association of presence of sinus rhythm with better outcomes com-
pared with patients who remained in AF was observed in the AF sub-
study of the DIAMOND trial."* These prior analyses are in line with
our analysis and underline the outstanding role of sinus rhythm for

prognosis in AF patients. As a snapshot, the 12-month ECG follow
up, even though it only provides a very crude estimate of AF burden
and recurrent AF,%">'¢ identified patients in whom ERC therapy was
not successful. These patients did not show reduced primary out-
come events in our landmark analysis (Figure 3). Atrial fibrillation re-
currence during the first year of follow up explained a smaller
portion of the therapy effect. Broadly speaking, patients with recur-
rent AF are either patients in whom another attempt at rhythm con-
trol is successful (leading to sinus rhythm at 12 months), or patients
in whom rhythm control remains futile (resulting in AF at 12
months). The former group is likely to see the beneficial effects of
ERC, the latter probably not. This consideration can explain the
weaker effect of recurrent AF on cardiovascular outcomes com-
pared with attaining sinus rhythm at 12 months.

By identifying sinus rhythm during the initial follow up as the major
mediator of the effectiveness of rhythm control therapy, our analysis
provides a physiological rationale for ERC in routine care. The safety
of ERC has been replicated in several analyses of large record data
sets in South Korea,17 the USA,5 and in the UK BioBank.®
Consistent with our observation, randomization to the antiarrhyth-
mic drug dronedarone was associated with reduced cardiovascular
mortality and less ischaemic strokes (HR 0.66; 95% Cl 0.45-0.96)
in a subanalysis of the ATHENA trial (a placebo-controlled, double-
blind, parallel arm trial to assess the efficacy of dronedarone 400 mg
twice daily for the prevention of cardiovascular hospitalization or
death from any cause in patients with AF/atrial flutter),18 in addition
to reducing a primary outcome of death or cardiovascular hospital-
ization."® Even the lack of effectiveness of dronedarone in the subse-
quent PALLAS study, where dronedarone therapy without
restoration of sinus rhythm was associated with worse cardiovascu-
lar outcomes, can be aligned with our analysis.*® Based on this ana-
lysis, and consistent with explorative analyses of earlier trials,
achieving sinus rhythm is the key mediator of ERC leading to reduced
cardiovascular complications.

Atrial fibrillation ablation as a component
of early rhythm control

Atrial fibrillation ablation was readily available for all patients rando-
mized to ERC therapy within EAST-AFNET 4. Early rhythm control
was often initiated using antiarrhythmic drugs (1211/1395 patients;
87%). Overall, ablation was used in 340/1395 (24%) of the patients
randomized to ERC in EAST-AFNET 4."” This underpins that AF ab-
lation was a necessary component of the ERC strategy but also high-
lights that most patients were treated without AF ablation. Atrial
fibrillation ablation creates durable rhythm control in many patients
and is more effective in maintaining sinus rhythm than antiarrhythmic
drugs.2122 Studies in selected patients with severe heart failure and AF
suggested that AF ablation could improve outcomes? and there is
good evidence that AF ablation improves left ventricular function.**
These data led many to speculate that ablation-based rhythm control
therapy would improve outcomes compared with antiarrhythmic drug-
based rhythm control. Our exploratory analysis did not find that AF ab-
lation was associated with better outcomes than antiarrhythmic drug
therapy. Our analysis is supported by the neutral main finding of the
CABANA trial, a randomized study comparing AF ablation to rhythm
control based on antiarrhythmic drugs.”® An exploratory analysis of
CABANA suggested that AF ablation may improve cardiovascular out-
comes in young patients with fewer comorbidities.?® A post hoc subana-
lysis of the EAST-AFNET 4 trial, in contrast, demonstrated a strong
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Mediators of early rhythm control in EAST-AFNET 4

Downloaded from https://academic.oup.com/eurheartj/advance-article/doi/10.1093/eurheartj/ehac471/6675568 by guest on 14 September 2022

“UOIJBISBYIUBLL BSEDSIP DARSR INOYIAA,
"UONBISIJIUBLU SSBISIP DAIIIR AJUSLIND YUAA,
SSOUPILY [[BM W G| <

|Dd 40 ‘DgyD ‘UoIDBJUI [BIPJBIOAW SNOIARI],
*98ueJ 3|ienbusiul ‘YO

(%€'91) 0L€
(%S°Th) £96
(%8°0) 61
(%T0p) SLe
(%0°£1) 98€
(%¥'%) L0L
(%79) opL
(%1°06) 6¥0T
(%769) €251
(%£°0€) £69
(%T°08) €781
(%¥%) 66
(%€0) £

(%€'91) 00T
(%6°0) LOS
(%80) 01
(%6°0¥) LOS
(%1°£1) 60T
(%) 85
(%€9) ££
(%9'68) 8601
(%+°0L) 798
(%1°2€) €6€
(%€'58) S¥OL
(%5°9) £9

(%10 1

(%T91) 01
(%¥¥) 99%
(%60) 6
(%5°6€) 1t
(%6'91) £L)
(%19) €%
(%09) €9
(%L°06) 156
(%8°29) LLL
(%0'60) +0€
(%TvL) 8LL
(%1°€) €
(%90) 9

(%£'91) 58
(%1°s¥) 67T
(%0'1) §
(%+°0%) S0T
(%¥v1) €L
(%6°€) 0T
(%€'8) T
(%1°26) 89
(%£°0L) 6S¢€
(%1°€€) 891
(%6'€8) 9Ty
(%€9) €

(%5'51) 9T
(%6'6€) £9
(%9°0) L
(%£°5€) 09
(%1°€1) TT
(%9°0) L
(%6'8) 5L
(%5°06) TS1
(%969) L11
(%1°2€) ¥5
(%6'98) 9v1

(%L°01) 81

(%¥°L1) 65
(%9°1¥) T91
%T1) ¥
(%9°Th) Spl
(%0°51) 1S
(%9°9) 61
(%6'L) LT
(%626) 91€
(%T1L) Tt
(%5°€€) L1
(%¥'78) 08C
(%1%) ¥1

uonegda.33e 19|91e(d Jo JouqIyy)

uneis

s3nup [euiduenuy

sanRJINIg

JhR_qeIpIUE [BI0

ulnsu|

93.ueydsip Je 3siuoSejue 403dadau PlOdIIIOD0RIDUI|
(VA 8 DVON) uonendeodnue [eiQ

Japojq Joydadad || uisuslolue Jo suoNqIyul IOV
s)siuogejue [uueyd wnidjed)

SJ49320|q B39g

UIXO3Ip Jo uxodiq

S3uIssI|A|

as8.aeydsip 3e uonedIpap

uone|qe oN

uone|qy

panupuo) € 3|qeL



12 L. Eckardt et al.

HR 95% CI p-value

Ablation (ref. no ablation) by treatment 0.654
Usual care —_— 0.94 0.59-1.49 0.787
Early rhythm control —— 1.06 0.77 -1.47 0.703

Baseline measurements

Age per 10 years increase -+ 165 1.38-1.75 <0.001
Gender (ref. male) ——- 0.88 0.73-1.07 0.198
D-site (ref. A-site) —— 1.05 0.82-1.33 0.703
EHRA score (ref. EHRA I) 0.737
EHRA I — 0.89 0.72-1.10 0.283
EHRA I — 097 074-126 0.801
EHRA IV + 0.88 0.35-2.18 0.776
NYHA (ref. no HF) <0.001
NYHA I —— 1.08 0.82-142 0.607
NYHA I — 150 1.19-1.89 0.001
NYHA Il —_—— 2.00 1.41-2.85 <0.001
Prior stroke or TIA -—— 118 0.92-1.52 0.187
AF pattern (ref. first episode) 0.746
Paroxysmal — 0.97 0.77-1.21 0.783
Persistent or long-standing persistent —— 1.07 0.83-1.36 0.613
Diastolic LA diameter” - 116 1.03-1.31 0.013
Arterial hypertension —— 1.26 0.95-1.69 0.111
Diabetes —— 1.17 0.96 - 1.41 0.113
Peripheral artery disease —_—— 1.55 1.10-2.19 0.012
Severe coronary artery disease” —— 143 1.17-1.75  0.001
Left ventricular hypertrophy on ECQ” — 135 093-196 0.115
LVEF (per 5%) * 0.95 0.91-0.99 0.025
Cardiac rhythm —— 0.83 0.68-1.01 0.058
AF duration (ref. <10) 0.324
10-100 — 1.02 0.82-1.26 0.872
>100 —- 0.86 0.66-1.12 0.259
Chronic obstructive lung disease —_— 1.04 0.78-1.39 0.766
Chronic kidney disease® —— 127 1.01-1.60 0.042
MOCA score L 0.99 0.96-1.01 0.301
Physical component summary (SF-12) * 0.98 0.97-0.99 <0.001
Mental component summary (SF-12) * 1.00 0.99-1.01 0.523
l | | I |
.25 5 1 2 4
Risk decreased Risk increased
2) previous myocirdial nfartion cABG orpe Hazard rattio (HR) with 95% Cl

3) > 15mm wall thickness
4) MDRD stage lll or IV

Figure 4 Association of atrial fibrillation ablation and primary outcome for all patients: results of an adjusted Cox model with ablation as a time-
dependent predictor and its interaction with treatment, and random effect for centre (n =2789, events = 565).

beneficial effect of ERC in patients with multiple comorbidities, without a effectiveness and safety of an AF ablation-dominated rhythm control
detectable effect of age.”” Given that AF ablation has so far mainly been strategy in patients with multiple comorbidities are needed, potentially
evaluated in younger AF patients, dedicated clinical trials testing the utilizing simple ‘single-shot’ devices.>"*2?8
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Early ablation (ref. no ablation)
Late ablation (ref. no ablation)

Baseline measurements
Age per 10 years increase
Gender (ref. male)
D-site (ref. A-site)
EHRA score (ref. EHRA |)
EHRA I
EHRA 1lI
EHRA IV
NYHA (ref. no HF)
NYHA |
NYHA I
NYHA 1l
Prior stroke or TIA
AF pattern (ref. first episode)
Paroxysmal
Persistent or long-standing persistent
Diastolic LA diameter”
Arterial hypertension
Diabetes
Peripheral artery disease
Severe coronary artery disease’
Left ventricular hypertrophy on ECQ”
LVEF (per 5%)
Cardiac rhythm
AF duration (ref. <10)
10-100
>100
Chronic obstructive lung disease
Chronic kidney disease®
MOCA score
Physical component summary (SF-12)
Mental component summary (SF-12)

)

| 1
5 1

Risk decreased

1) max. diameter per 10 mm

2) previous myocardial infarction CABG or PCI
3) > 15mm wall thickness

4) MDRD stage Il or IV

Hazard ratio (HR) with 95% CI

HR

0.66
1.27

1.57
0.87
1.01

1.01
0.95
1.01

1.07
1.64
2.37
0.86

0.73
0.87
1.16
1.12
1.21
1.97
1.62
1.53
0.97
0.79

0.98
0.92
0.80
1.02
0.99
0.98
1.00

Risk increased

95% ClI

0.35-1.25
0.87 - 1.84

1.31-1.88
0.65-1.16
0.72-1.¢1

0.73-1.38
0.62-1.44
0.24 - 4.26

0.70-1.63
1.16 - 2.32
1.40-4.01
0.57-1.28

0.52-1.03
0.60-1.26
0.96 - 1.40
0.74-1.71
0.90 - 1.61
1.22-3.18
1.19-2.19
0.85-2.75
0.90-1.03
0.59 -1.07

0.71-1.35
0.62 -1.37
0.50-1.29
0.70 - 1.47
0.96 - 1.03
0.97 -1.00
0.99-1.01

p-value

0.205
0.210

<0.001
0.343
0.960
0.992
0.970
0.798
0.985
0.003
0.760
0.005
0.001
0.454
0.197
0.072
0.463
0.114
0.590
0.207
0.005
0.002
0.154
0.331
0.126
0.915
0.881
0.684
0.367
0.927
0.778
0.044
0.928

Figure 5 Association of early, late, or no atrial fibrillation ablation and primary outcome for patients randomized to early rhythm control: results of an
adjusted Cox model with two time-dependent variables for early and late ablation as predictors and random effect for centre (n = 1395, events = 249).
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What can be learned for the management
of patients with atrial fibrillation at 1 year
after initiation of early rhythm control
therapy?

A systematic ERC therapy strategy reduced outcomes in the
EAST-AFNET 4 trial."® This outcome-reducing effect of ERC was
achieved by delivering therapy with relatively few complications. This
main finding should in our view guide the management of patients pre-
senting in AF after 12 months of rhythm control therapy. There will be
patients in this group in whom further rhythm control therapy can be
delivered with an acceptable safety profile, e.g. a first or recurrent AF
ablation, or a combination of AF ablation and antiarrhythmic drugs.**=°
In others, in whom multiple therapies and experimental treatment
combinations may be needed, a treatment strategy of rate control
only may be advisable. Future trials may explore the best therapy for
patients who are not in sinus rhythm after 1 year of ERC. Until such
trials report, a careful balance of the expected effectiveness and safety
of further rhythm control therapy seems warranted.

Statistical considerations

An analysis using time-dependent covariates like the analysis pre-
sented here was also conducted within the AFFIRM trial."®
Differences in our analysis result from a different data structure:
the date of AF ablation therapy was known while other potential
mediators were only available at the two main follow-up visits (at
12 and 24 months). For these mediators, we used the causal medi-
ation analysis approach to investigate the effect of them on the rela-
tionship between treatment and outcome. The classical approach
introduced by Baron and Kenny?'
132 was challenged by Valeri and Vanderweele*® who remarked
that this approach does not allow causal interpretation in the pres-

and recently applied by Fitchett
eta

ence of treatment—mediator interaction. The four-way decompos-
ition used here allows the intended causal interpretation.

Limitations

The presented analyses are not bias protected by randomization. Thus,
an extended adjustment of covariates was required, but could not re-
place a randomization that was not possible by design in this study.
Although we considered all factors measured at the 12-month visit in
our mediation analysis, unmeasured confounders may explain the effect
seen in patients who were in sinus rhythm at the 12-month visit in this
analysis. Our analysis identifies sinus rhythm at 12 months as the dom-
inant factor for future outcomes. The number of triggered,
therapy-related visits was small in the EAST-AFNET 4 population,
but we cannot exclude that a structured follow-up regimen contributed
to differences in clinical outcomes seen in the trial. We used all available
information to adjust for differences in baseline characteristics between
the groups compared in these subanalyses. Still there may be differ-
ences that we have failed to adjust for. Our analysis may suffer from hid-
den biases and other unidentified confounders. Future randomized
studies evaluating, e.g. ablation-based ERC strategies, are warranted.
Furthermore, the described approach examined the effect of the med-
iators independently of each other, one at a time. The relationship be-
tween different mediators cannot be identified by use of observational
mediation models as the mediators are not randomized to the treat-
ment gr‘oups.34

Conclusion

Successful rhythm control therapy, estimated by presence of sinus
rhythm at 12 months after randomization, explains most of the reduc-
tion in cardiovascular outcomes achieved by ERC in the EAST-AFNET 4
trial. Based on these results, clinicians implementing ERC should aim for
early and sustained restoration of sinus rhythm in patients with recently
diagnosed AF and cardiovascular comorbidities. Further population-
based investigations and clinical trials of AF management strategies
may help to clarify the role of AF ablation and antiarrhythmic drug ther-
apy for outcome reduction in patients with recently diagnosed AF and
comorbidities.
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