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BACKGROUND: The purpose of the RAFAS (Risk and Benefits of Urgent Rhythm Control of Atrial Fibrillation in Patients With
Acute Stroke) trial was to explore the risks and benefits of early rhythm control in patients with newly documented atrial fibril-
lation (AF) during an acute ischemic stroke (IS).

METHOD AND RESULTS: An open-label, randomized, multicenter trial design was used. If AF was diagnosed, the patients in
the early rhythm control group started rhythm control within 2 months after the occurrence of an IS, unlikely the usual care.
The primary end points were recurrent IS within 3 and 12 months. The secondary end points were a composite of all deaths,
unplanned hospitalizations from any cause, and adverse arrhythmia events. Patients (n=300) with AF and an acute IS (63.0%
men, aged 69.6+8.5 years; 51.2% with paroxysmal AF) were randomized 2:1 to early rhythm control (n=194) or usual care
(n=106). A total of 273 patients excluding those lost to follow-up (n=27) were analyzed. The IS recurrences did not differ be-
tween the groups within 3 months of the index stroke (2 [1.1%] versus 4 [4.2%)]; hazard ratio [HR], 0.257 [log-rank P=0.091])
but were significantly lower in the early rhythm control group at 12 months (8 [1.7%)] versus 6 [6.3%)]; HR, 0.251 [log-rank
P=0.034]). Although the rates of overall mortality, any cause of hospitalizations (25 [14.0%)] versus 16 [16.8%)]; HR, 0.808 [log-
rank P=0.504]), and arrhythmia-related adverse events (5 [2.8%] versus 1 [1.1%]; HR, 2.565 [log-rank P=0.372]) did not differ,
the proportion of sustained AF was lower in the early rhythm control group than the usual care group (60 [34.1%] versus 59
[62.8%)], P<0.001) in 12 months.

CONCLUSIONS: The early rhythm control strategy of an acute IS decreased the sustained AF and recurrent IS within 12 months
without an increase in the composite adverse outcomes.
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CLINICAL PERSPECTIVE

What Is New?

e In this study, patients with atrial fibrillation (AF)
who experienced an acute ischemic stroke (IS)
were randomized to either an early rhythm con-
trol group or usual care group.

e Because patients who experience acute IS are
at high risk of recurrent stroke, early detection of
AF has important clinical implications.

What Are the Clinical Implications?

e The purpose of this randomized trial was to
evaluate a clinical benefit and risk of early rhythm
control of AF in patients who experience acute IS.

e The early rhythm control of AF in patients who
experienced an acute stroke reduced the
risk of sustaining AF and recurrent IS within
12 months without an increase in mortality or
hospitalizations.

e Finally, in patients with AF and an acute IS, early
rhythm control of AF is superior to usual care to
prevent recurrent strokes.

Nonstandard Abbreviations and Acronyms

AAD antiarrhythmic drug agent
AHA American Heart Association

CHA,DS,VASc congestive heart failure,
hypertension, age >75 years
(2 points), type 1 or 2
diabetes, stroke or transient
ischemic attack or
thromboembolism (2 points),
vascular disease (prior
myocardial infarction,
peripheral artery disease, or
aortic plaque), aged 65-75
years, sex category (female)

EAST-AFNET 4 Early Treatment of Atrial
Fibrillation for Stroke
Prevention Trial

RAFAS Risk and Benefits of Urgent
Rhythm Control of Atrial
Fibrillation in Patients With
Acute Stroke

IS ischemic stroke
mRS modified Rankin scale
NIH National Institutes of Health

of deaths from all cardiovascular diseases, and the

Isohemic stroke (IS) accounts for a large proportion
1-year mortality rate after an IS is ~12%.! Cardiogenic
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embolisms accounts for ~20% of IS cases.? The atrial
fibrillation (AF) detection rate within 30 days by outpa-
tient telemetry is =23% in patients with cryptogenic
strokes or transient ischemic attacks within a median
of 7 days (range, 2-19 days) after an event.>* In addi-
tion, the probability of a recurrent stroke is 9% to 17%
within 3 months of an index stroke and is highest within
a month.%>® Therefore, early detection of AF provides
the basis of the risk stratification, recurrent stroke pre-
vention, and appropriate treatment for anticoagulation
or AF rhythm control.”

The recently published EAST-AFNET 4 (Early
Treatment of Atrial Fibrillation for Stroke Prevention
Trial) showed that early rhythm control reduced the
incidence of a cardiovascular outcome and did not in-
crease the safety outcome in AF that occurred within
the past year.? This suggests that early rhythm con-
trol for AF detected in the acute phase in patients with
IS is also important to prevent recurrent IS. However,
it is uncertain whether the early rhythm control of AF
is beneficial in the acute stage of a stroke. Moreover,
although AF is considered a major risk factor for a re-
current stroke, concern remains regarding the risk and
adverse events related to early rhythm control, includ-
ing antiarrhythmic drug agents (AADs), electrical car-
dioversion, and catheter ablation.

In this randomized multicenter study, we evaluate
the clinical risks and benefits of early rhythm control
among patients with an acute IS and AF by analyz-
ing the safety and effectiveness of early rhythm control
of AF, including AADs, in patients diagnosed with an
acute IS as compared with usual care (rate control or
rhythm control after 2 months).

METHODS

Study Design and Oversight

The RAFAS (Risk and Benefits of Urgent Rhythm Control
of Atrial Fibrillation in Patients With Acute Stroke) trial is
an open-label, randomized, multicenter, controlled trial
conducted to assess whether early rhythm control of
AF after an acute stroke is safe and more effective for
protection against recurrent strokes than usual care
(ClinicalTrials.gov number: NCT02285387). The data
that support the findings of this study are available
from the corresponding author on reasonable request.
The trial was approved by the institutional review board
at each participating center (Yonsei University Health
System, Ewha Womans University Mokdong Hospital,
Seoul Hospital, Kyung-Hee University Hospital, and
Hanyang University Hospital). The study design was
determined through discussion and collaboration
between the neurologists and cardiologists among
the RAFAS investigators. The RAFAS trial was con-
ducted among patients with acute strokes admitted
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to 5 tertiary hospitals in Korea since November 2014.
Patients for whom AF was diagnosed through inten-
sive ECG monitoring for at least 72 hours were enrolled
with the consent of the patient or guardian. All patients
provided written informed consent, and if the patient’s
consciousness was not clear, written consent was
given by the patient’s guardian. In addition, the data
safety and monitoring board monitored serious ad-
verse events and the risks biannually during the study.

Patient Selection

This study included patients aged 20 to 80 years who
were hospitalized for an acute stroke. At least 72 hours
of continuous ECG monitoring was performed from
the time of the stroke diagnosis, and regular ECG and
24-hour Holter monitoring were performed for up to
60 days. If AF was diagnosed, anticoagulation and rate
control medications (B-blockers, nondihydropyridine
calcium channel blockers, or digoxin) were adminis-
tered according to standard guidelines at the discre-
tion of the cardiologist and neurologist.®'° If patients
were assigned to the early rhythm control group, AADs
(Vaughan Williams classification class Ic or Ill) were ad-
ministered as soon as possible within 2 months after

Early Rhythm Control of AF for Acute Strokes

the stroke diagnosis. Anticoagulation, rate control, and
cardiovascular medications were mandated in both
groups. The major exclusion criteria were: (1) a doc-
umented left atrial diameter >55 mm; (2) a contrain-
dication to chronic AADs, anticoagulation therapy, or
heparin; (3) acute coronary syndrome, cardiac surgery,
or angioplasty within 2 months before enroliment; (4) a
planned cardiovascular intervention or surgery; (5) age
>80 years, and (6) a life expectancy of <12 months.

Randomization, Baseline Evaluation, and
Follow-Up

Patients diagnosed with an acute stroke with AF were
randomized 2:1 to an early rhythm control group or a
usual care group (Figure 1). The basic clinical charac-
teristics of the enrolled patients were analyzed at the
time of enrollment. Anticoagulation was the same in
both groups according to the guidelines' from the
time of the diagnosis of AF, and the doses of nonvi-
tamin K antagonist oral anticoagulants were adjusted
according to the “on-label guidelines” with reference to
the renal function, age, weight, and other factors.’>-'
Pharmacological agents for controlling heart rate ([3-
blockers, nondihydropyridine calcium channel blockers,

Assessed for Acute stroke (n=11397)

" Excluded (n=11097)
Not detecting AF (n=9501)

Detected AF More than 80 years old (n= 619)
Not Meeting other Inclusion criteria (n= 977)

Y

AF with acute stroke (n=300)

Randomization (2:1)

I Early rhythm control (n=194) |

v

ﬁ 179 received assigned intervention \
v 15 did not receive assigned intervention

‘ Anti arrhythmicdrugs (n= 184) ‘
¥

‘ Electrical cardioversion (n=30) ‘

| ‘ |
K Catheter ablation (n=24) /
[Follow-up loss within 12 mo for primary end point (n=16)]

‘ 178 were included in the primary analysis ‘

/\

I Usual care (n=106) |

ﬂ 96 received assigned intervention \
v 10 did not receive assigned intervention

| Anti arrhythmicdrugs (n= 32) I
¥

‘ Electrical cardioversion (n=8) ‘

!
\_ |

Catheter ablation (n=7)
[Follow-up loss within 12 mo for primary end point (n=1 1)]

‘ 95 were included in the primary analysis ‘

[ Final analysis for acute stroke with AF (n=273) ]

Figure 1. Trial flow chart.
AF indicates atrial fibrillation.
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or digoxin) were prescribed at the doctor’s discretion,
according to the left ventricular function, and presence
of asthma or chronic obstructive pulmonary disease. All
patients underwent ECG and 24-hour Holter monitor-
ing (3, 6, and 12 months) from enroliment to 12 months.
After discharge, the patient’s condition was assessed
every 3 months in the outpatient clinic or, if outpatient
visits were not conducted, by phone calls.

Early Rhythm Control and Usual Care

All patients were monitored with continuous ECG for
at least 72 hours after the acute stroke. If AF was di-
agnosed through periodic ECG and 24-hour Holter
monitoring within 2 months, rhythm control in the early
rhythm control group was started as soon as possi-
ble within 2 months after an acute stroke. Early rhythm
control was performed following a stepwise sequential
approach: AADs, electrical cardioversion, and catheter
ablation.®'® If AF was diagnosed, AADs were used as
the initial treatment. If AF developed despite the use
of AADs or if AADs could not be used, catheter abla-
tion was performed. In cases of persistent AF, electri-
cal cardioversion was performed to check sinus node
dysfunction along with the use of AADs. AADs were
used immediately in patients with a Vaughan Williams
classification of class Ic or Ill at the cardiologist’s dis-
cretion, depending on whether the patient had heart
failure. In contrast, while heart rate control and anti-
coagulation medications were prescribed in the usual
care group, AADs, cardioversion, and catheter abla-
tion were not performed within 2 months of an acute
stroke. Both groups underwent rhythm control accord-
ing to the physicians’ discretion based on the current
guidelines within 2 months of the acute stroke. As
mentioned above, the anticoagulation and cardiovas-
cular medications were the same in both groups and
prescribed according to standard guidelines.®'16

Study Outcomes

The primary end points were recurrent IS within 3 and
12 months, respectively. The secondary end points
were a composite of all deaths from any cause, un-
planned hospitalization from any cause, or recurrent
IS and adverse arrhythmia events. In particular, ad-
verse arrhythmia events included syncope related to
bradycardia, tachycardia, pacemaker implantations
(permanent or temporary), or documented sick sinus
syndrome. Sustained AF was defined as documented
persistent AF at the 12-month follow-up.

Statistical Analysis

Based on 2-tailed z tests with a pooled variance,
the overall sample size of 300 patients (200 in the
early rhythm control group and 100 in the usual
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care group=2:1) achieved an 80% power at a .05
significance level to detect differences between the
group proportions of —0.15 when the proportion of
composite events in the usual care group was 0.3.
The dropout rate was assumed to be 10%. Final
analysis was performed in patients except those lost
to follow-up (Figure 1). The primary and secondary
end points were acquired at the time of the interim
analysis and final analysis. At the time of the interim
analysis, although the primary end point was not
significant and adverse arrhythmia events among
the secondary end points had increased tenden-
cies, the effects were not statistically significant in
the early rhythm control group. The trial was main-
tained to final enrollment as planned after the first
interim analysis. The final statistical analysis was per-
formed by the Clinical Trial Center of Ewha Womans
University Medical Center. The statistical analyses
were conducted in a blind state to avoid researcher
bias. The early rhythm control group was compared
with the usual care group based on the intention-
to-treat principle. In addition, a per-protocol analy-
sis was performed among only those patients who
completed the originally assigned treatment, and an
on-treatment analysis was performed according to
the treatment actually received. Continuous varia-
bles were expressed as the mean with SD or median
with interquartile range based on the assumption
of a normal distribution. Qualitative variables were
described by the count and percentage. Statistical
tests on the comparisons between groups were as-
sessed using t tests, Mann-Whitney U tests, and
chi-square tests. The primary and secondary out-
comes were evaluated using a Kaplan—Meier analy-
sis and Cox proportional hazard model. Regarding
the time-to-event, the difference in the survival curve
between the 2 groups was evaluated through a log-
rank test, and the relationships were assessed by
estimating the hazard ratio (HR) and 95% CI. The
assumptions of the Cox proportional hazards model
were satisfied, according to the log minus log plots
or Schoenfeld residuals. Through subgroup analysis,
we evaluated whether there were differences in the
effects of the treatment methods on the clinical out-
comes according to the basic characteristics. The
test for differences was evaluated by fitting the inter-
action term to the model. In addition, a multivariate
analysis was performed while taking into account
the covariates associated with the clinical outcomes
or with a P<0.1 in the univariate analysis. Variance
inflation factors were used to measure the multi-
collinearity in the multivariate analysis, and all had
values <2.0. All statistical analyses were conducted
using SAS software (version 9.4, SAS Institute Inc).
Two-tailed P values <0.05 were considered statisti-
cally significant.
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RESULTS

Assessment and Baseline Evaluation

This study was conducted using a sample of 300 pa-
tients with acute strokes who were admitted to 5 ter-
tiary hospitals in Korea starting in November 2014. The
early rhythm control group included 194 patients, and
the usual care group included 106 patients (Figure 1).
The age, sex, and AF type did not differ between the 2
groups. In addition, there were no differences between
the groups regarding the CHA,DS,VASc (congestive
heart failure, hypertension, age >75 years [2 points],
type 1 or 2 diabetes, stroke or transient ischemic at-
tack or thromboembolism [2 points], vascular disease
[prior myocardial infarction, peripheral artery disease,
or aortic plaque], aged 65-75 years, sex category
[female]) score, so we determined that the randomi-
zation was appropriate (Table 1). Among the primary
intention-to-treat population, the clinical outcomes
of 27 (9%) patients were not confirmed at 12 months
(follow-up loss, 16 [8.2%)] patients in the early rhythm
control group and 11 [10.4%] patients in the usual care
group) (Figure 1). In the early rhythm control group, the
first point of use of AADs was within 8.9 days of an
acute stroke, 82 (42.3%) patients took class Ic AADs,
and 102 (52.6%) received class Il AADs (Figure S1).
Electrical cardioversion was performed at 126.7 days
(30-255 days) in 30 (15.5%) patients, and catheter ab-
lation at 200.9 days (61-355 days) in 24 (12.4%) pa-
tients in the early rhythm control group (Figure 1). Rate
control agents were used at a frequency of [3-blockers
in 211 (70.3%) patients, nondihydropyridine calcium
channel blockers in 89 (29.7%) patients, and digoxin
in 30 (10%) patients. AADs were prescribed in 32
symptomatic patients (30.2%) in the usual care group
2 months after the acute IS events. In terms of an-
tithrombotic treatment, 89.3% of the patients received
nonvitamin K antagonist oral anticoagulants, 4.5%
received vitamin K antagonists, and 5.1% received
single or 41% dual antiplatelet agents prescribed for
a hemorrhagic transformation and high bleeding risk
(Table 1). With the recent increase in the use of non-
vitamin K antagonist oral anticoagulants, only 12 pa-
tients used warfarin. The time in therapeutic range by
Rosendaal method was 40.9%. There was no differ-
ence in National Institutes of Health (NIH) stroke score
at the time of initial enrollment. However, at 12 months,
the early rhythm control group showed better modified
Rankin scale (MRS; good outcome) than the usual care
group. This appears to be the result of early rhythm
control helping patients recover quickly (Table 1).

Follow-Up Period and Crossover

Among 194 patients assigned to the early rhythm
control group, 179 (92.3%) patients received the
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Table 1. Characteristics of Patients at Baseline
Early rhythm
control Usual care
Characteristics (n=178) (n=95) P value
Age, y 68.9+8.9 701+7.8 0.270
Men, n (%) 108 (60.7) 61 (64.2) 0.567
Paroxysmal AF, n (%) 94 (52.8) 48 (50.5) 0.719
Weight, kg 65.3+10.1 66.0+9.9 0.548
Height, cm 163.7+8.5 165.1+8.5 0.186
Body mass index, kg/m? 24.3+3.1 24.2+2.9 0.686
Thrombolysis, n (%) 60 (33.7) 28 (29.5) 0.476
Echocardiography
LA volume index, mL/ 44.0 41.9 0.718
m? (35.2-53.4) (33.0-59.9)
LAAP dimension, mm 43.8 (23-75) 42.0 (25-66) 0.766
Ejection fraction, % 63.0 (58.0-67.0) | 62.0(58.0-68.0) | 0.896
E/E 12.2 (9.0-14.9) | 121 (9.3-14.7) | 0.960
CHA,DS,VASc score 4.4+1.5 4.3+1.6 0.564
Heart failure, n (%) 11 (6.2 9(9.6) 0.308
Hypertension, n (%) 115 (65.0) 70 (74.5) 0.110
Diabetes, n (%) 59 (33.1) 29 (30.9) 0.700
Vascular diseases, 11 (6.2) 6 (6.4) 0.948
n (%)
Laboratory findings
Creatinine, mg/dL 0.9 (0.7-1.0) 0.9 (0.8-1.1) 0172
eGFR, mL/min per 76.7£19.8 75.2+18.9 0.555
1.73m?
Low-density 95.3+32.6 102.7+36.0 0.089
lipoprotein, mg/dL
Glycated hemoglobin, % | 5.9 (5.6-6.4) 5.9 (6.6-6.5) 0.632
Antithrombotic agents after a stroke, n (%)
Warfarin 8 (4.5) 4 (4.3) >0.999
NOAC 158 (89.3) 85 (89.5) 0.958
Single antiplatelet agent | 8 (4.5) 6 (6.4) 0.568
Dual antiplatelet agent 7 (4.0) 4 (4.9) >0.999
Dual therapy 2(1.1) 0 0.545
(warfarin-based)
Dual therapy 44 (24.9) 24 (25.5) 0.903
(NOAC-based)
Triple therapy 0 0 NA
(warfarin-based)
NIH stroke score (initial) | 4.0 (2.0-11.0) 6.0 (2.0-13.0) 0.138
mRS (3 mo), n (%)
Good outcome (0-2) 109 (71.7) 47 (60.3) 0.078
Poor outcome (3-6) 43 (28.3) 31 (39.7)
mRS (12 mo), n (%)
Good outcome (0-2) 111 (79.3) 44 (66.7) 0.05
Poor outcome (3-6) 29 (20.7) 22 (38.3)

AF indicates atrial fibrillation; CHA2DS2VASc, congestive heart failure,
hypertension, age >75 years (2 points), type 1 or 2 diabetes, stroke or
transient ischemic attack or thromboembolism (2 points), vascular disease
(prior myocardial infarction, peripheral artery disease, or aortic plaque), aged
65-75 years, sex category (female); eGFR, estimated glomerular filtration
rate; LA, left atrium; LAAP, left atrial anterior-posterior; mRS, modified
Rankin scale; NA, not applicable; NIH, National Institutes of Health; and
NOAC, nonvitamin K antagonist oral anticoagulant.
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assigned treatment and 15 (8.4%) crossed over to
the usual care group for several reasons, as de-
scribed in Table S1. Furthermore, among the 106
patients who were assigned to the usual care group,
96 (90.6%) received the assigned treatment and 10
(9.4%) crossed over to the early rhythm control group
because of symptomatic tachyarrhythmia events
(Figure 1). Finally, 273 patients except those lost to
follow-up (N=27) were analyzed for primary and sec-
ondary end points.

Primary End Points

The recurrent IS within 3 months did not significantly
differ between the groups (2 [1.1%)] versus 4 [4.2%];
HR, 0.257 [P=0.117]). Recurrent IS within 12 months
occurred in fewer patients in the early rhythm control
group than the usual care group (3 [1.7%] versus 6
[6.3%)]; HR, 0.251 [P=0.05]) (Table 2). In addition, when
considering the time sequence, Kaplan-Meier curves
showed that the early rhythm control group had fewer
recurrent IS within 12 months than the usual care
group (P=0.034 by log-rank test, Figure 2A and 2B).
When considering age, NIH stroke scale, and vascular
diseases (P<0.1 in univariate analysis), the early rhythm
control group had significantly reduced recurrent ISs
within 12 months (HR, 0.215; 95% CI, 0.052-0.894
[P=0.035], multivariate Cox regression) (Table 3). A
total of 25 (8.3%) patients did not receive the inter-
vention assigned to their original group (Figure 1), so
per-protocol and on-treatment analyses were per-
formed. The results were consistent with those of the
intention-to-treat analysis (Tables S2 and S3). In ad-
dition, there was no difference in primary outcomes
of early rhythm control according to AF type and sex
(Table S4).

Table 2. Primary and Secondary Clinical Outcomes

Early Rhythm Control of AF for Acute Strokes

Secondary End Points and Adverse
Arrhythmia Events

The secondary end points were a composite of deaths
from any cause or unplanned hospitalizations from any
cause or recurrent IS. There were no significant differ-
ences in the composite outcomes between the groups,
regardless of the follow-up duration: 19 (10.7%) versus
10 (10.5%) (HR, 0.995; P=0.990 within 3 months) or 25
(14.0%) versus 16 (16.8%) (HR, 0.808; P=0.505 within
12 months) (Table 2). In addition, the results of the
per-protocol and on-treatment analyses were consist-
ent with the intention-to-treat analysis (Tables S2 and
S3). The proportion of sustained AF was lower in the
early rhythm control group than the usual care group
(60 [34.1%)] versus 59 [62.8%], P<0.001) at 12 months,
and the AF duration during the 12 months was shorter
in the early rhythm control group (3.0 months [1.0-
9.0] versus 7.0 months [1.0-12.0], P=0.002) (Table 2).
However, adverse arrhythmia events within 12 months
were relatively more frequent in the early rhythm
control group. Adverse arrhythmia events included
pacemaker implantations for underlying sick sinus
syndrome (permanent or temporary pacemaker in 4
patients) and syncope (1 patient). When considering
the time sequence, the early rhythm control group did
not experience any significantly different effects on the
composite outcome (25 [14.0%)] versus 16 [16.8%)]; HR,
0.808 [P=0.504 by log-rank test]) (Figure 2C) or ad-
verse arrhythmia events (5 [2.8%] versus 1 [1.1%]; HR,
2.565 [P=0.372 by log-rank test]) as compared with the
usual care group (Figure 2D). A multivariate Cox regres-
sion analysis showed that the conventional risk factors,
including a greater age (HR, 1.062; 95% CI, 1.012—
1.114 [P=0.014]) and high NIH stroke scale score (HR,
1.08; 95% ClI, 1.034-1.129 [P<0.001]), were associated

Early rhythm Usual care
control (n=178) (n=95) HR 95% ClI P value
Primary outcome, n (%)*
Recurrent stroke in 3 mo 2(1.1) 4(4.2) 0.257 0.047-1.405 0117
Recurrent stroke in 12 mo 3(1.7) 6 (6.3) 0.251 0.063-1.003 0.050
Secondary outcome, n (%)**
Composite outcome in 3 mo 19 (10.7) 10 (10.5) 0.995 0.463-2.140 0.990
Composite outcome in 12 mo 25 (14.0) 16 (16.8) 0.808 0.431-1.513 0.505
Arrhythmia-related events in 3 mo 3(1.7) 0 NA NA NA
Arrhythmia-related events in 12 mo 5(2.8) 1(1.1) 2.565 0.3-21.958 0.390
Sustained AF 60 (34.1) 59 (62.8) <0.001
AF detection period in the 3.0 (1.0-9.0) 7.0 (1.0-12.0) 0.002
consecutive Holter during 12 mo, mo
Stroke to NSR duration, d 13.0 (2.0-84.0) 2.0(0.0-98.5) 0.083

AF indicates atrial fibrillation; HR, hazard ratio; NA, not available; and NSR, normal sinus rhythm.

*Primary: recurrent ischemic stroke (IS), recurrent IS in 3 and 12 months.

**Secondary: a composite of death from any cause or hospitalization for any cause, recurrent stroke, and arrhythmia-related events.

J Am Heart Assoc. 2022;11:e023391. DOI: 10.1161/JAHA.121.023391
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Figure 2. Kaplan-Meier curve comparing event-free survival a
up and the secondary end point during long-term follow-up.

s the primary end point during short- and long-term follow-

*Primary: recurrent ischemic stroke within 3 months (A) and 12 months (B). **Secondary: a composite of deaths from any cause or
hospitalizations for any cause or recurrent ischemic stroke (C) or arrhythmia-related events or hospitalizations (D).

with secondary outcomes within 12 months, but early
rhythm control was not (P=0.635, Table S5). There was
no difference in the secondary outcomes (mainly com-
plication, composite outcome) of early rhythm control
according to AF type and sex (Table S4). The subgroup
analyses for the primary and secondary outcomes are
shown in Figure S2. Each subgroup had similar clinical
tendencies, regardless of the clinical factors.

DISCUSSION

Main Findings

The urgent and strict control of the cause after an
acute stroke is of primary importance for preventing re-
current IS. However, early rhythm control of AF, which
is the most common cause of cardiogenic emboli, is
not performed routinely because of concern about ad-
verse events. This study showed that early rhythm con-
trol during the acute stage of a stroke did not increase
the risk of adverse events within 3 months but rather

J Am Heart Assoc. 2022;11:e023391. DOI: 10.1161/JAHA.121.023391

reduced the risk of recurrent strokes over 12 months.
Although adverse arrhythmic events tended to be
more frequent in the early rhythm control group than
the usual care group, this effect was mostly related to
underlying sinus node dysfunction, which was suc-
cessfully treated by a pacemaker implantation. Early
rhythm control of AF during the acute stage of an IS did
not increase the frequency of the composite adverse
outcomes, such as mortality or hospitalizations.

Current Guidelines for Preventing
Recurrent Strokes in Patients With AF
Strokes are a major event that increase the risk of
mortality among patients with cardiovascular disease.
As the elderly population increases, the prevalence of
strokes is also increasing.!” According to the 2020 sta-
tistics for heart disease and strokes published by the
American Heart Association (AHA), =~15% of patients
with strokes have a history of a previous transient is-
chemic attack, and =30% of the transient ischemic
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Table 3. Multivariate Cox Regression Analysis of the Primary Outcome (12-Month Follow-Up)

Univariate Multivariate
Recurrent IS poststroke at
12 mo HR 95% ClI P value HR 95% ClI P value
Age 1.072 0.972-1.184 0.165
Men 2122 0.441-10.218 0.348
Paroxysmal AF 1.774 0.444-7.094 0.418
Body mass index 0.850 0.683-1.056 0.143
Use of NOAC 0.825 0.103-6.598 0.856
Creatinine 0.742 0.139-3.954 0.727
NIH stroke scale 1.105 1.011-1.206 0.027 1.099 1.001-1.206 0.047
CHA,DS,VASCc score 1.395 0.880-2.212 0.157
Congestive heart failure 1.603 0.200-12.814 0.657
Hypertension 0.955 0.239-3.818 0.948
Diabetes 1.674 0.449-6.234 0.443
Vascular disease 7.735 1.934-30.933 0.004 6.399 1.574-26.020 0.010
Early rhythm control 0.251 0.063-1.003 0.050 0.215 0.052-0.894 0.035

AF indicates atrial fibrillation; CHA2DS2VASc, congestive heart failure, hypertension, age >75 years (2 points), type 1 or 2 diabetes, stroke or transient
ischemic attack or thromboembolism (2 points), vascular disease (prior myocardial infarction, peripheral artery disease, or aortic plaque), aged 65-75 years, sex
category (female); HR, hazard ratio; IS, ischemic stroke; NIH, National Institutes of Health; and NOAC, nonvitamin K antagonist oral anticoagulant.

attacks were diagnosed as strokes by diffusion-
weighted magnetic resonance imaging."” A stroke is
the most important risk factor for a recurrent stroke,
and 3% to 17% of recurrent IS appear to occur early,
within 3 months of the initial stroke.>®'81® The first
month is associated with the highest risk of a recurrent
IS.%5 Therefore, the current guidelines recommend ac-
tive control of blood pressure, diabetes, associated
coronary artery disease, and heart failure within the
first 3 months of an acute IS."" However, it is uncertain
whether the early rhythm control of AF is beneficial for
this patient group.

The recent EAST-AFNET 4 trial showed that early
rhythm control of AF results in a greater reduction in
cardiovascular risk as compared with usual care.?®
However, there was no prior evidence that starting early
AF rhythm control was safe or not during the acute,
risky stage of an IS. Therefore, early rhythm control has
not been routinely performed after the detection of AF,
in addition to the use of anticoagulation, according to
AHA/American Stroke Association guidelines."

Efficacy and Safety of Early Rhythm
Control in Patients With Acute Stroke

There are 2 notable points regarding the efficacy and
safety of early rhythm control. In patients with an acute
stroke, clinicians should focus on examining: (1) how
often adverse events related to early rhythm control
occur, and (2) whether rhythm control for AF is effective
for preventing the recurrence of IS. In the early rhythm
control group, symptomatic bradycardia or syncope
occurred during AAD use in 3% of the patients and was
associated with underlying sinus node dysfunction.
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However, no other significant adverse effects related
to AADs, cardioversion, or catheter ablation were ob-
served in this study. Active rhythm control of AF by
methods such as catheter ablation, with appropriate
anticoagulation, has been consistently demonstrated
to reduce the risk of IS in recent studies.?'~>* Recurrent
stroke prevention by early rhythm control was not
significant at 3 months but appeared significant at
12 months after an IS because the AADs were not
successful in restoring and maintaining sinus rhythm
in patients with AF. However, active rhythm control by
consecutive cardioversions or catheter ablation in pa-
tients who failed rhythm control with AADs reduced AF
burden for 12 months, as well as the risk of a stroke re-
currence. When considering the slow improvement in
mRS after stroke, real AF burden during 12 months is
thought to be more important. In fact, the early rhythm
control group showed a shorter AF detection period in
the consecutive Holter after stroke (Table 2). As rhythm
control was started after 2 months in 19 (17.9%) of the
patients in the usual care group, the long-term clinical
outcomes depending on the rhythm status should be
examined in longer-term follow-up studies.

Clinical Implications

Defining stroke subtypes is an important consideration
for recurrent stroke prevention. IS accounts for *88% of
strokes, among which cardiogenic embolisms or cryp-
togenic strokes account for 50%.'" It is thus important
to actively detect AF during the first 3 months after a
stroke and start anticoagulation and consider rhythm
control if AF is detected." However, most physicians
hesitate to start rhythm control during the acute stage
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of an IS because of concern about the risk and cardio-
vascular events associated with the use of AADs.?526
In this current trial, early rhythm control with AADs
did not increase all-cause mortality or cardiovascular
events, even in patients in the acute stage. Therefore,
the collaboration between neurologists and cardiolo-
gists significantly improved the patient outcomes.

Limitations

This study was a multicenter, prospective, rand-
omized study. In addition, to actively detect AF in
patients with stroke, continuous ECG monitoring
was performed for the first 72 hours, according to
the current guidelines. Nevertheless, it was not pos-
sible to perform continuous ECG monitoring after
the early rhythm control in all patients with stroke
with AF because of patient refusal of implantable
loop recorders or cardiac implantable electronic de-
vices. Therefore, according to the guidelines, this
study performed Holter monitoring on an outpatient
or a regular basis, and ECG tests were frequently
performed when symptoms appeared. In addition,
the use of antiplatelet or antithrombotic agents var-
ied depending on the characteristics of the patient,
which may have affected the incidence of primary
outcomes. Since this is not a double-blind study,
there is a possibility that the early rhythm group re-
ceived more aggressive drug treatment to prevent
stroke recurrence. Finally, the proportion of patients
who underwent electrical cardioversion or catheter
ablation was low, so the ability to analyze the ef-
fects of strict rhythm control was limited. Although
the majority of patients underwent transesophageal
echocardiography or cardiac computed tomogra-
phy to exclude intracardiac thrombi, patients aged
>80 years were excluded. Therefore, the results of
this study cannot be generalized to all patients with
acute strokes and AF.

CONCLUSIONS

In patients with acute strokes and AF, early rhythm
control within 2 months reduced sustained AF and
recurrent IS within 12 months without increasing the
composite adverse outcomes, including mortality and
hospitalizations.
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Table S1. Several causes of crossover.

Number of Causes (n)

Early Rhythm Control to Usual Care 15
Follow-up loss 4
Infection (pneumonia, urinary tract infection) 5
Gastrointestinal bleeding 2
Chest pain (angina), coronary stent insertion 2
History of sick sinus syndrome 1
Interstitial lung disease 1




Table S2. Primary/secondary outcomes (per-protocol analysis: exclusion of 25 crossover patients)

Early Rhythm Usual Care HR 95% ClI P-Value
Control (n=166) (n=85)
Primary Outcome*
Recurrent stroke in 3 months (n, %) 2 (1.2%) 4 (4.7%) 0.244 0.045~1.334 0.104
Recurrent stroke in 12 months (n, %) 3 (1.8%) 6 (7.1%) 0.236 0.059~0.943 0.041
Secondary Outcome#
Composite outcome in 3 months (n, %) 16 (9.6%) 10 (11.8%) 0.794 0.360~1.749 0.566
Composite outcome in 12 months (n, %) 22 (13.3%) 16 (18.8%) 0.665 0.349~1.267 0.215
Arrhythmia-related events in 3 months (n, %) 2 (1.2%) 0 (0%) NA NA NA
Arrhythmia-related events in 12 months (n, %) 4 (2.4%) 1 (1.2%) 1.919 0.214~17.176 0.560

*Primary; recurrent ischemic stroke (IS), recurrent IS in 3 and 12 months, respectively
#*Secondary; a composite of death from any cause or hospitalization for any cause, recurrent stroke, arrhythmia-related events




Table S3. Primary/Secondary outcomes (on-treated analysis)

Early Rhythm Usual Care HR 95% ClI P-value
Control (n=176) (n=97)
Primary Outcome*
Recurrent stroke in 3 months (n, %) 2 (1.1%) 4 (4.1%) 0.262 0.048~1.433 0.122
Recurrent stroke in 12 months (n, %) 3 (1.7%) 6 (6.2%) 0.253 0.063~1.013 0.052
Secondary Outcome#
Composite outcome in 3 months (n, %) 16 (9.1%) 13 (13.4%) 0.653 0.314~1.357 0.254
Composite outcome in 12 months (n, %) 22 (12.5%) 19 (19.6%) 0.597 0.323~1.103 0.100
Arrhythmia-related events in 3 months (n, %) 2 (1.1%) 1 (1.0%) 1.066 0.097~11.76 0.958
Arrhythmia-related events in 12 months (n, %) 4 (2.3%) 2 (2.1%) 1.027 0.188~5.612 0.975

*Primary; recurrent ischemic stroke (IS), recurrent IS in 3 and 12 months, respectively
#*Secondary; a composite of death from any cause or hospitalization for any cause, recurrent stroke, arrhythmia-related events




Table S4. Multivariate Cox regression analysis of secondary outcomes (12-month follow-

up)
Composite Outcome Univariate Multivariate
Post-stroke 12 Months
HR 95% CI P-Value | HR 95% ClI P-Value
Age 1.082 1.031~1.135 0.001 1.062 | 1.012~1.114 0.014
Male 1.049 0.556~1.981 0.882
Paroxysmal AF 0.764 0.414~1.412 0.391
Body mass index 0.920 0.829~1.020 0.114
The use of NOAC 0.302 0.147~0.617 0.001 0.361 | 0.174~0.748 0.006
Creatinine 0.922 0.545~1.558 0.761
NIH stroke scale 1.102 1.057~1.149 <0.001 1.08 1.034~1.129 0.001
CHA:DS,;VASc Score 1.296 1.045~1.607 0.018
Congestive heart failure 1.456 0.518~4.090 0.476
Hypertension 1.236 0.617~2.474 0.550
Diabetes 1.112 0.581~2.129 0.749
Vascular disease 2.141 0.839~5.465 0.111
Early rhythm Control 0.808 0.431~1.513 0.505 0.855 | 0.448~1.632 0.635

AF; atrial fibrillation, NOAC; non-vitamin K antagonist, NIH; National Institute of Health



Table S5. The effect of early rhythm control on primary and secondary outcomes by AF

type and sex

P for interaction between
intervention (early

t T fAF HR % CI P-val
Outcome S 5% C vaue rhythm control vs. Usual
control) and type of AF
.| Persistent AF 0.266 0.024~2.931 0.279 0.938
Recurrent stroke in
12 months Paroxysmal AF 0.235 0.043~1.287 0.095
C . Persistent AF 0.971 0.407~2.315 0.948 0.545
omposite outcome
in 12 months Paroxysmal AF 0.651 0.262~1.620 0.356
Outcome Sex HR 95% CI P-value | P for interaction between
intervention (early
rhythm control vs. Usual
control) and sex
Recurrent stroke in | Female 0.474 0.030~7.578 0.598 0.624
12 months
Male 0.208 0.040~1.073 0.061
Composite outcome | Female 0.994 0.340~2.908 0.991 0.631
in 12 months
Male 0.722 0.332~1.572 0.412




Figure S1. Type of anti-arrhythmic drug use according to the assigned groups

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

Early Rhythm Control
Event to AADs : mean 8.9 days

29.90%

39.20%

Usual Care
Event to AADs : mean 90.8 days

(*]

8.5%

B Soltalol

® Dronedarone
Amiodarone

B Pilsicainide

m Flecainide

m Propafenone

® None



Figure S2. (A) Subgroup analysis of the primary endpoint (recurrent IS within 12 months)

P value for
Subgroup Hazard Ratio 95% ClI P value interaction
Sex
Male 0.208 (0.04-1.07) 0.06 0.62 € L
Female 0.474 (0.03-7.58) 0.60 N i >
Paroxysmal AF
No 0.266 (0.02-2.93) 0.28 0.94 € i 1
Yes 0.235 (0.04-1.29) 0.10 < i
DM
No 0.339 (0.06-2.03) 0.24 0.60 ¢ L 1
Yes 0.158 (0.02-1.52) 0.11 < i 1
Vascular disease
No 0.099 (0.01-0.85) 0.03 0.13 € i 1
Yes 1.136 (0.10-12.57) 0.92 ! = >
Age
<B5yrs 0.454 (0.03-7.25) 0.58 0.65 < i >
265yrs 0.209 (0.04-1.08) 0.06 € i 1
BMI
< 23.0 kg/m*2 0.347 (0.06-2.08) 0.25 0.58 ! & 1
=z 23.0 kg/m*2 0.163 (0.02-1.57) 0.12 < L 1
NIH Stroke Score
<15 0.302 (0.05-1.81) 0.19 0.85 L i y
=15 0.232 (0.02-2.23) 0.21 € L 1

0 0I5 0 2I5 B 0 5I0 0.7I5 1.00 2.0I0 3.0I0

Early rhythm control Rate and delayed rhythm
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Figure S2 (continued) (B) Subgroup analysis of the secondary endpoints (within 12 months)

P value for
Subgroup Hazard Ratio 95% Cl P value interaction
Sex
Male 0.722 (0.33-1.57) 0.41 0.63 = i
Female 0.994 (0.34-2.91) 0.99
Paroxysmal AF
No 0.971 (0.41-2.32) 0.95 0.54 i
Yes 0.651 (0.26-1.62) 0.36 =
NOAC
No 0.709 (0.20-2.52) 0.60 0.90 =
Yes 0.783 (0.38-1.63) 0.51 =
HTN
No 1.712 (0.37-7.93) 0.49 0.34 = >
Yes 0.727 (0.35-1.51) 0.39 =
DM
No 1.196 (0.52-2.75) 0.67 0.18 =
Yes 0.474 (0.17-1.35) 0.16 &
Vascular disease
No 0.762 (0.39-1.50) 0.43 0.34 .
Yes 2.303 (0.26-20.63) 0.46 =
Age
<65yrs 1.165 (0.23-6.00) 0.86 0.64 .
265yrs 0.768 (0.39-1.52) 0.45 =
BMI
< 23.0 kg/m*2 0.699 (0.28-1.77) 0.45 0.67 f & 1
2 23.0kg/m"2 0.929 (0.39-2.19) 0.87 =
eGFR
2 60 ml/min/1.73m"2 1.075 (0.49-2.36) 0.86 0.29 ! = !
< 60 ml/min/1.73m*2 0.490 (0.15-1.61) 0.24 =
NIH Stroke Score
<15 1.088 (0.42-2.83) 0.86 0.53 =
215 0.724 (0.30-1.74) 0.47 : : : -I : |
0.05 0.25, 050 075 1.00 200 3.00 .

Early rhythm control Rate and delayed rhythm
Better control Better



