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Background/Aims: Comparative occurrence of ischemic stroke for rhythm versus
rate control strategy in patients with non-valvular atrial fibrillation (NVAF) is still
inconclusive. The purpose of this study was to investigate whether the rhythm
control strategy is associated with a lower risk of ischemic stroke compared to the
rate control strategy in NVAF patients.

Methods: The CODE-AF registry prospectively enrolled 6,280 consecutive pa-
tients who were treated for NVAF at 10 tertiary referral centers in South Korea. Of
these, 2,513 NVAF patients (age, 67 + 10 years; male, 61.8%) were clinically followed
up for over 1-year and divided into rate and rhythm control groups.

Results: Those treated with the rhythm control strategy were younger and had
less proportions of underlying disease compared to those treated with the rate
control strategy. After the propensity matching analysis, those treated with
the rhythm control strategy had similar baseline characteristics including the
CHA,DS,-VASC score compared to those treated with the rate control strategy.
The rate of oral anticoagulation, all bleeding, and hospitalization were also simi-
larly between the two groups. The incidence rate of ischemic stroke in the rhythm
control group was significantly lower than in the rate control group (0.7 vs. 6.9 per
1,000 person-years, p = 0.011).

Conclusions: The rhythm control strategy demonstrated a beneficial effect to
lower the risk of ischemic stroke during a 1-year follow-up compared to the rate
control strategy.
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INTRODUCTION

Atrial fibrillation (AF) is a well-known malignant supra-
ventricular arrhythmia, which mainly is associated with
the occurrence of ischemic stroke [1,2]. Oral anticoagu-
lation (OAC) based on the CHA DS -VASc score is the
only recommended treatment option for the prevention
of ischemic stroke in patients with non-valvular atrial
fibrillation (NVAF) [2-5]. Recent studies have report-
ed that a restored and maintained sinus rhythm could
be another option to reduce the risk of future isch-
emic stroke [6-8]. However, the rhythm control strate-
gy to lower the risk of ischemic stroke has not yet been
proven in patients with NVAF [9-13]. A few studies have
shown that the rhythm control strategy is associated
with favorable outcomes and a significantly lower risk
of stroke [7,14]. Therefore, we investigated whether the
rhythm control strategy prevents the occurrence ofisch-
emic stroke compared with the rate control strategy in
patients with NVAF in a prospective national cohort for
at least a 1-year follow-up period.

METHOD

Study populations

The COmparison study of Drugs for symptom con-
trol and complication prEvention of Atrial Fibrillation
(CODE-AF) is a prospective, multicenter and observa-
tional study of patients over 18 years of age with NVAF
consecutively enrolled in 10 tertiary referral centers
which include all geographical regions of South Korea.
The study design and follow-up data were previous-
ly described [15]. The study was approved by the Eulji
University Hospital Institutional Review Board (IRB
Number: 2016-05-003), and all the patients provided
informed consent for their inclusion. This study was
registered at ClinicalTrials.gov (NCTo0278609s5). The
data entered at each center were audited regularly, and
the database used for this analysis went through a data
cleansing process. The collected data were registered
and adjusted in the web-based clinical research man-
agement system, iCreat (Internet based Clinical Re-
search and Trial management system, http://icreat.nih.
go.kr), provided by the government. From June 2016
to September 2017, a total of 6,280 NVAF patients were
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prospectively, consecutively enrolled between all the
centers. All the enrolled patients were exclusively classi-
fied based on the AF treatment strategy (thythm control
versus rate control) selected by the physicians. From the
enrolled population, 2,513 patients (40.0%) were clinical-
ly followed up for at least 1-year which consisted of'1,233
patients (49.1%) treated with the rhythm control strategy
and 1,280 patients (50.9%) treated with the rate control
strategy (Supplementary Fig. 1).

Definition of the rate control and rhythm control
strategy

The rate control strategy was defined as using only
rate-control achieved by the f-blockers digoxin and dil-
tiazem, or verapamil and included previous unsuccess-
ful electrical cardioversion (ECV) and atrial fibrillation
catheter ablation (AFCA). The rhythm control strategy
was defined as using anti-arrhythmic drugs or having
received additional non-pharmacological treatments to
control, restore and maintain the sinus rhythm which
included previous successful ECV and AFCA at enroll-
ment [2,3,15,16].

Definition and assessment of ischemic stroke,
bleeding and renal function

The CHA, DS -VASc scores and HAS-BLED (Hyperten-
sion, Abnormal renal/liver function, Stroke, Bleeding
history or predisposition, Labile international normal-
ized ratio, Elderly, and Drugs/alcohol concomitant-
ly) scores were calculated for all the enrolled patients
with NVAF. Ischemic stroke was defined according to
the World Health Organization criteria or the Korean
Clinical Practice Guidelines for Stroke as rapidly de-
veloping signs of focal or global neurologic deficit with
cerebral dysfunction without apparent vascular cause
[17,18]. Chronic kidney disease (CKD) was defined as a
glomerular filtration rate less than 60 mL/min/1.73 m?
according to the Chronic Kidney Disease Epidemiology
Collaboration [19]. In patients with NVAF based on the
CHA,DS -VASc score, HAS-BLED and renal function,
OAC was the only mandatory prescription according
to the 2016 European Society of Cardiology and 2014
American Heart Association/American College of Car-
diology/Heart Rhythm Society guidelines for patients
with AF [2,20].
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Assessment of clinical outcome and follow-up

The primary outcome was defined as ischemic stroke,
and secondary outcomes were defined as all bleed-
ing, all-cause death and all-cause hospitalization. All
patients were followed up at the outpatient clinic at 6
and 12 months by monitoring for symptoms and elec-
trocardiogram (ECG). but patients who reported any
symptoms suggestive of arrhythmia recurrence had an
additional visit to obtain an additional ECG and Holter
monitor.

A blinded cardiologist and stroke expert (neurologist)
reviewed and assessed the brain magnetic resonance im-
ages and clinical outcomes during the 1-year follow-up
between the rhythm control and rate control strategies.
Major bleeding was defined as fatal bleeding, symptom-
atic bleeding in a critical area or organ, and bleeding
causing a decline in the hemoglobin level of 2 g/dL or
more or leading to a transfusion of two or more units
of whole blood or red cells [21]. Non-major bleeding was
defined as any sign or symptom of hemorrhage, includ-
ing bleeding found by imaging alone, which does not fit
the criteria for major bleeding [22].

Statistical analysis

Continuous variables are expressed as the mean + stan-
dard deviation, and categorical variables are reported
as frequencies or percentages. In addition, propen-
sity score matching was analyzed to reduce the biases
of the baseline characteristics between the rate-control
and rhythm-control groups [23]. We created a propensi-
ty-score-matched dataset by attempting to match each
participant who received the rhythm control strategy
with one who received the rate control strategy (a 11
match). A nearest neighbor-matching algorithm with
a “greedy” heuristic (one that always implements the
best immediate, local solution) was used to match the
participants. In the greedy nearest-neighbor match-
ing, a participant receiving the rhythm control strategy
was randomly selected, and the matching was attempt-
ed with the “nearest” participant in the rate control
group. The differences in the characteristics between
the rhythm control group and the rate control group for
all the participants were analyzed by independent t-test
for continuous variables and chi-square test for cate-
gorical variables. Furthermore, to detect the association
between the two groups and hospitalization during the
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long-term follow-up, we used the Kaplan-Meier curve
and log-rank test. All statistical analyses were performed
using SAS version 9.3 (SAS Inc., Cary, NC, USA) and Med-
Calc software version 12.3 (Acacialaan, Ostend, Belgium).
A p < 0.05 was considered statistically significant.

RESULTS

There appeared to be no significant difference in the
baseline characteristics between loss of follow-up and at
least 1-year follow-up (Supplementary Table 1). In Ta-
ble 1, before the propensity score matching, the patients
with the rate control strategy were older and had high-
er proportions of females, hypertension, large left atri-
um, diabetes, heart failure, and CKD compared to those
treated with the rhythm control strategy. In addition,
the CHA,DS,-VASC and HAS-BLED scores for patients
treated with the rate control strategy were higher than
for those treated with the rhythm control strategy (3.1 +
1.6 V8. 2.3 £ 1.5, p < 0.001; 2.1 + 1.0 VS. 1.7 £ 1.0, p < 0.001).
After the propensity score matching shown in Table 2,
patients with the rate control strategy were similar in
age and had similar proportions of gender, hyperten-
sion, diabetes, heart failure, and CKD compared to those
treated with the rhythm control strategy except for those
with AF in the baseline. The CHA DS, -VASC and HAS-
BLED scores for patients treated with the rate control
strategy were also similar compared to those treated
with the rhythm control strategy.

The majority of the analyzed patients were treat-
ed with one or more antithrombotic agents. After
the propensity score matching, direct OAC (71.9% vs.
76.1%), anti-platelet agents and statins were similarly
prescribed in both groups. In the rate control strategy
group, f-blockers were the most commonly prescribed
medication followed by diltiazem. In the rhythm con-
trol strategy group, flecainide was the most commonly
prescribed medication followed by propafenone. Over-
all, 13% of the rhythm control group underwent AFCA
during the follow-up period shown in Table 3.

The mean follow-up durations (17.0 + 2.2 months vs.
17.1 + 1.9 months) were similar between the rhythm con-
trol and rate control groups. The overall event rate of
ischemic stroke in the rhythm control group was sig-
nificantly lower than that of the rate control group (0.1%
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Table 1. Comparison of the baseline characteristics of patients treated with the rhythm and the rate control strategy

Characteristic ALL (n =2,513) Rate control (n=1,233) ~ Rhythm control (n =1,280) pvalue
Age, yr 67 +10 70+9 65+ 10 <o.001*
Male sex 1553 (61.8) 736 (59.6) 817 (63.8) 0.032%
BMI, kg/m? 24.6 £3.5 24.6 £3.0 0.836
Hypertension 1,759 (70.0) 928 (75.3) 831 (64.9) <o.001*
Diabetes mellitus 679 (27.0) 386 (31.3) 203 (29.3) <o.001*
Dyslipidemia 874 (34-8) 452 (36.7) 422 (33.0) 0.151
Previous M1 106 (4.2) 61 (4-9) 45 (3.5) 0.121
Previous HF 241 (9.6) 152 (12.3) 89 (7.0) <o.001*
Previous CKD 234(9.3) 156 (12.7) 78 (6.1) <o.001"
Previous ICD 29 (1.2) 16 (1.3) 13 (1.0) 0.283
Previous PPM 170 (6.8) 87(7.1) 83(6.5) 0.568
Previous cancer 238 (9.5) 129 (10.5) 109 (8.5) 0.096
Previous stroke or TTA 408 (16.2) 210 (17.0) 198 (15.5) 0.288
Previous ECV 446 (7.7) 167 (13.5) 279 (21.8) <o.001*
Previous AFCA 422 (16.8) 144 (11.7) 278 (21.7) <o.001*
CHA,DS,-VASC score 3.1+1.6 23+1.5 <0.001*

o 62(2.4) 18 (1.5) 44 (3.4)

1 160 (6.3) 55 (4-4) 105 (8.2)

2 439 (17.4) 202 (16.3) 237 (18.5)

3 472 (18.7) 242 (19.6) 230 (17.9)

4 353 (14.0) 220 (17.8) 133 (103)

5 228 (9.0 142 (11.5) 86 (6.7)

6 89(3.5) 60 (4.8) 29 (2.2)

7 30 (1.1) 25 (2.0) 5(0.3)

8-10 8(0.3) 5(0.4) 3(0.2)
HAS-BLED score 1.8+1.0 2.1+1.0 1.7+1.0 <o.001*
Systolic BP, mmHg 121+15 120 £14 12114 0.256
Diastolic BP, mmHg 73 11 73 11 73 £ 10 0.107
Heart rate, bpm 74 +15 77 £15 72+ 15 <o.001*
Ejection fraction, % 61+7 61+18 62+8 0.120
LA size, mm 43+8 45+8 41%7 <o.001*
Baseline AF 1,170 (46.5) 872 (71.3) 298 (23.2) <o0.001*
Symptomatic AF 1,055 (42.0) 529 (42.9) 526 (41.1) 0.274
AF type 0.274

Paroxysmal AF 1,055 (42.0) 529 (42.9) 526 (41.1)

Persistent AF 1,456 (57.9) 702 (56.9) 754 (58.9)

Permanent AF 2(0.1) 2(0.2) o

Values are presented as mean + standard deviation or number (%).
BMI, body mass index; MI, myocardial infarction; HF, heart failure; CKD, chronic kidney disease; ICD, intracardiac defibril-
lator; PPM, permanent pacemaker; TTA, transient ischemic attack; ECV, electrical cardioversion; AFCA, atrial fibrillation cath-

eter ablation; HAS-BLED, Hypertension, Abnormal renal/liver function, Stroke, Bleeding history or predisposition, Labile

international normalized ratio, Elderly, and Drugs/alcohol concomitantly; BP, blood pressure; LA, left atrium; AF, atrial fibril-

lation.

“Statistically significant.
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Table 2. After propensity score matching, comparison of the baseline characteristics of patients treated with the rhythm and

the rate control strategy

Characteristic ALL (n =1,800) Rate control (n=900) Rhythm control (n = 9oo) pvalue
Age, yr 679 67+9 679 0.998
Male sex 1118 (62.3) 558 (62.2) 560 (62.4) 0.922
BMI, kg/m? 0.010"

Normal (18.5-24.5) 954 (53.1) 446 (46.7) 508 (56.6)

Overweight (25-29.9) 689 (38.4) 361 (40.2) 328 (36.5)

Obese (>30) 107 (5.96) 64 (7.2) 43 (4-79)
Hypertension 1282 (71.2) 649 (72.1) 633 (70.3) 0.442
Diabetes mellitus 476 (26.4) 235 (26.1) 241 (26.8) 0.352
Dyslipidemia 639 (35.5) 323(35.9) 316 (35.1) 0.942
Previous MI 70 (3.9) 35(3.9) 35(3.9) 0.606
Previous HF 133 (7.4) 66 (7.3) 67 (7-4) 0.996
Previous CKD 131 (7.3) 63 (7.0) 68(7.6) 0333
Previous ICD 22 (1.2) 11 (1.2) 11 (1.2) 0.367
Previous PPM 104 (5.8) 49 (5.4) 55 (6.1) 0.544
Previous cancer 174(9.7) 90 (10.0) 84(9.3) 0.632
Previous stroke or TIA 294 (16.3) 136 (15.1) 158 (17.6) 0.161
Previous ECV 320 (17.8) 143 (15.9) 177 (19.7) 0.083
Previous AFCA 309 (17.2) 122 (13.6) 187 (20.8) <o.001?
CHA,DS,-VASC score 2.7+15 27%15 2.7+15 0.542

o 117 (7.6) 53 (6.6) 64(87)

1 216 (14.1) 107 (13.3) 109 (14.9)

2 369 (24.1) 210 (26.2) 159 (21.7)

3 368 (24.0) 184 (22.9) 184 (25.1)

4 248 (16.2) 137 (17.2) 111 (15.2)

5 141(9.2) 66 (8.2) 75 (10.2)

6 57(37) 32 (4.0) 25(3.4)

, 14(09) 10(1.2) 403

8-10 4(0.3) 3(023) 1(0.1)
HAS-BLED score 2.0+1.0 2.0+1.0 2.0%+1.0 0.702
Systolic BP, mmHg 120+ 14 120+ 14 121+14 0.256
Diastolic BP, mmHg 7310 73+11 73 £ 10 0.107
Heart rate, bpm 75 * 15 78 15 72 %15 <o.001*
Ejection fraction, % 62 %15 61+20 62+9 0.697
LA size, mm 437 44£7 42+ 6 <0.001*
Baseline AF 838 (46.5) 613 (68.1) 225 (25.0) <o.001"
Symptomatic AF 1042 (57.9) 518 (57.6) 524 (58.2) 0.152
AF type <o0.001*

Paroxysmal AF 1283 (71.3) 574 (63.4) 709 (78.7)

Persistent AF 484 (26.8) 203 (32.5) 101 (21.2)

Permanent AF 33 (1.8) 33 (3.6) o

Values are presented as mean + standard deviation or number (%).

BMI, body mass index; MI, myocardial infarction; HF, heart failure; CKD, chronic kidney disease; ICD, intracardiac defibrilla-
tor; PPM, permanent pacemaker; TTA, transient ischemic attack; ECV, electrical cardioversion; AFCA, atrial fibrillation catheter
ablation; HAS-BLED, Hypertension, Abnormal renal/liver function, Stroke, Bleeding history or predisposition, Labile interna-
tional normalized ratio, Elderly, and Drugs/alcohol concomitantly; BP, blood pressure; LA, left atrium; AF, atrial fibrillation.
*Statistically significant.
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Table 3. After propensity score matching, comparison of treatments in the rhythm and the rate control strategy groups

Variable ALL (n=1,800) Rate control (n = 900) Rhythm control (n = 9oo) pvalue
Warfarin 350 (25.9) 190 (27.9) 160 (23.9) 0.187
Dabigatran 320 (23.7) 144 (21.1) 176 (26.3)
Apixaban 260 (19.3) 137 (20.1) 123 (18.4)
Ribaroxaban 357 (26.4) 179 (26.3) 178 (26.6)
Edoxaban 62 (4.6) 30(4-4) 32(4.8)
Aspirin 301 (17.8) 140 (16.8) 161 (18.7) 0.309
Clopidogrel 120 (7.2) 53 (6.5) 67 (7.9) 0.276
Statin 646 (35.9) 324 (36.0) 322 (35.8) 0.922
ARB 654 (36.3) 328 (36.4) 326 (36.2) 0.922
ACEI 86 (4.8) 50 (5.6) 36 (4.0) 0.122
B-Blocker 0.027"

Bisoprolol 356 (40.7) 206 (44.1) 150 (36.8)

Carvedilol 246 (28.1) 133 (28.5) 113 (27.7)

Metoprolol 75 (8.6) 37(7.9) 38(93)

Nebivolol 59 (6.7) 33 (7.1) 26 (6.4)

Propranolol 115 (13.1) 45(9.6) 70 (17.2)
Diltiazem 107 (23.4) 61(24.4) 46 (22.2) 0.910
Digoxin 110 (6.1) 98 (10.9) 12 (1.3) <o.001"
AFCA after enrollment 119 (6.6) o 119 (13.2) <o.001”
AAD

Propafenone o 181 (20.1)

Flecainide o 281 (38.4)

Pilsicanide 0 27(3.7)

Dronedarone o) 46 (6.3)

Amiodarone o) 141(9.2)

Sotalol 0 14 (0.9)

Values are presented as number (%).

ARB, angiotensin receptor blocker; ACEI, angiotensin converting enzyme inhibitor; AFCA, atrial fibrillation catheter ablation;

AAD, anti-arrhythmic drug.
*Statistically significant.

vs. 1.0%, p = o.o11), and the incidence rate of ischemic
stroke in the rhythm control group was 0.7 per 1,000
person-years compared with 6.9 per 1,000 person-years
in the rate control group shown in Fig. 1. Major bleed-
ing and all-cause deaths were similar between all the
patients treated with the rhythm and rate control strate-
gies shown in Supplementary Figs. 2 and 3. In addition,
all cause-hospitalization was similar between all the pa-
tients treated with the rhythm and rate control strate-
gies shown in Table 4 and Supplementary Fig. 4.

https://doi.org/10.3904/kjim.2019.063

DISCUSSION

In the prospective national AF cohort, a patient treat-
ed with the rhythm control strategy is associated with
a lower risk of ischemic stroke occurrence for at least a
1-year follow-up compared to the rate control strategy.
In the present study, the overall incidence rate of
stroke (7.2 per 1,000 person-years) was similar as pre-
viously reported [24,25]. After the propensity score
matched analysis for comparison between these treat-
ment strategies, the incidence rate of ischemic stroke
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(01% vs. 1.0%) in the rhythm and rate control groups
was significantly lower than the previous Western reg-
istry, Registry on Cardiac Rhythm Disorders Assessing
the Control of Atrial Fibrillation (RECORDAF; 1.7% vs.
2.8%) and Outcomes Registry for Better Informed Treat-

6 -

—— Rate-control strategy

~
1

- = = Rhythm-control strategy

N
1

p=001

Incidence of ischemic stroke (%)

Follow-up from enrollment (mon)

No. at risk
Group: Rate-control strategy

897 896 893 891 889 887 886
Group: Rhythm-control strategy

897 897 896 896 895 893 888

Figure 1. The comparison of the cumulative occurrence of
ischemic stroke between the rhythm and rate control strate-
gies (propensity score matching).

The Korean Journal of Internal Medicine Vol. 36, No. 1, January 2021

ment of Atrial Fibrillation (ORBIT-AF; 2.5% vs.3.2%) at
the 1-year follow-up [26,27]. Classic trials comparing the
rate versus rhythm control strategy with only antiar-
rhythmic drugs such as the Atrial Fibrillation Follow-up
Investigation of Rhythm Management (AFFIRM) trial,
RAte Control versus Electrical cardioversion (RACE),
and The Atrial Fibrillation and Congestive Heart Fail-
ure (AF-CHF) trial showed a non-statistically significant
higher incidence of ischemic stroke in the rate control
strategy, and recent comparisons of the differences be-
tween the rhythm and rate control strategy also showed
that the occurrence of stroke seems to be similar with
an overall odds ratio of 0.99 (95% confidence interval
[CI], 0.75 to 1.30) and a risk ratio (RR) of 0.96 (95% CI,
0.68 to 1.34) [9,28,29]. In particular, the baseline char-
acteristics in recent prospective cohorts including RE-
CORDAF and ORBIT-AF had a greater proportion of
advanced age, underlying cardiovascular diseases and a
higher CHADS, or CHA DS, -VASC score than those in
the present study [24]. These results have implicated that
the rate of stroke occurrence could be more influenced
by advanced age and underlying cardiovascular disor-

Table 4. After propensity score matching, comparison of clinical outcomes for the rhythm and the rate control strategy groups

Variable ALL(n=1,800) Rate control (n=900)  Rhythm control (n = 900) pvalue
Sinus rhythm at 1-yr follow-up 1,156 (64.2) 413 (45.8) 743 (82.5) <o.001*
Ischemic stroke 10 (0.6) 9(1.0) 1(0.1) o.o11°
Hemorrhagic stroke 4(03) 1(0.1) 3(0.4) 0.274
All bleeding 70 (3.9) 28(3.1) 42 (4.7) 0.088
Major bleeding 11 (0.6) 5(0.6) 6(0.6) 0.762
Death 6(023) 1(0.1) 5(0.6) 0.102
Hospitalization 86 (4.7) 38 (4.2) 48(5.3) 0.269

Heart failure aggravation 13 (0.7) 7(0) 6 (0.7)

Bleeding control 7(03) 3(023) 4(03)

Rate or thythm control 17 (0.9) 4(0.4) 13 (1.4)

Drug-induced bradycardia 5(0.3) 1(0.1) 4(0.4)

Non-cardiac surgery 10 (0.5) 7 (o) 3(023)

Pacemaker or defibrillator 3(0.2) 1(0.1) 2(07)

All-caused Infection 10 (0.5) 5(0.5) 5(0.5)

Cancer management 8(0.4) 4(1.4) 4(0.4)

Coronary intervention 5(0.3) 1(0.1) 4(0.4)

Neurologic disorder 8(0.4) 5(0.5) 3(03)

Values are presented as number (%).
“Statistically significant.
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ders than by the rhythm control strategy. In the recent
Japanese registry, advanced age and a higher CHA DS -
VASC score were also considered as independent risk
factors for the occurrence of ischemic stroke [25].

The rhythm control strategy has been attributed to
the inefficiency of antiarrhythmic drugs, and their ad-
verse effects offset the beneficial effects to maintain a si-
nus rhythm [6]. In the present study, 66% of the rhythm
control patients with class Ic anti-arrhythmic drugs and
34% of those with catheter ablation have been treated
compared with the previous RECORDAF (overall 2% of
those, ablation) and ORBIT-AF (overall 6% of those, ab-
lation) registry to maintain a sinus rhythm during fol-
low-up. Non-pharmacological catheter ablation could
be also significantly associated with lower rates of stroke
occurrence in patients with NVAF [7,8,14]. This benefi-
cial effect of stroke prevention associated with catheter
ablation has been demonstrated to maintain a sinus
rhythm and to reduce the burden of AF compared with
anti-arrhythmic drugs [1,14,27]. In the present study,
the rhythm control group, which also enrolled 21.7%
patients treated with catheter ablation, had more fre-
quently maintained a sinus rthythm compared with the
rate control group compared to previous studies [24,29].
The result of the lower risk of stroke occurrence in the
rhythm control strategy is also consistent with that of
other literature [1,8] which is thus confirmatory in the
prospective cohort registry. In addition, the better pos-
itive responses to the class Ic anti-arrhythmic drugs
in NVAF patients without structural heart disease and
ethnic differences might influence the maintenance of
sinus rhythm compared with those enrolled from other
countries [30].

OACs are the most important contributor to a low-
er risk of ischemic stroke [4,31], and direct OACs have a
beneficial effect on additional significant reductions of’
overall 20% relative to conventional warfarin in the oc-
currence of stroke [5]. In the present study, a direct OAC
was strongly recommended for patients treated with
unsuccessful adjusted-dose warfarin therapy targeting
an international normalized ratio (INR) of 2.0 to 3.0 or
time in the therapeutic range (T'TR) > 70% [18] shown in
Table 3. A direct OAC was more frequently and similarly
prescribed between the patients in the rhythm control
and rate control groups (72% vs. 76%) among the 74%
OAC-indicated AF patients compared with the previous
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RECORDAF (50% OAC-indicated) and ORBIT-AF (72%
OAC-indicated) registry [26,27].

The rhythm control strategy had a similar risk of
OAC-related bleeding compared with that of the rate
control strategy (4.7% vs. 3.1%, p = 0.088) which is also
concordant with a previous registry [27]. The rhythm
control strategy offers no beneficial effect on all-cause
hospitalization in patients with NVAF compared with
the rate control strategy, and previous meta-analyses
reported an overall RR of 0.95 (95% CI, 0.76 to 1.19) and
1.15 (95% CI, 0.15 to 1.88) [9,10,28,32,33]. The rhythm con-
trol strategy had no harmful effects in terms cardiovas-
cular events, bleeding and mortality compared with the
rate control strategy during the 1-year follow-up peri-
od shown in Table 4 and the Supplementary Figs. 1-4
[9,12,28].

Although a comparison of the difference between the
rate and rhythm control strategies has been recently re-
leased in randomized trials showing a similar effect for
stroke prevention (catheter ablation versus antiarrhyth-
mic drug therapy for atrial fibrillation [CABANA] [34]),
the present study could be another piece of evidence of
real practice that the rhythm control strategy has a ben-
eficial effect on the prevention of stroke occurrence in
selected NVAF patients with modest underlying diseas-
es before advanced age.

Our study has several limitations. First, overall, 40%
of all patients were clinically followed up during 1-year,
and this could raise the generalizability of the results.
Second, the propensity matching analysis could not
prove the causality of a treatment strategy and an ef-
fect as the assignment of the randomization. Third, our
study may not have a sufficient power for the association
of ischemic stroke occurrence due to the low incidence
ofischemic stroke. Fourth, patients had more persistent
AF on rate control even after the matched analysis which
introduces bias to include more advanced atrial disease.
Fifth, no events occurred in patients treated with war-
farin, and 25% of the enrolled patients were still treated
with warfarin during the follow-up. Sixth, non-pharma-
cological procedures for rhythm control with a relapse
were undertaken by selected patients and physicians,
and monitoring for a relapse could also be limited to
the subclinical AF and the poor correlation of AF symp-
toms. Therefore, the results may not be representative
of a comparison between the rate and all the rhythm
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control strategies.

In conclusion, in this prospective national AF cohort

with propensity score matching analysis, the rhythm

control strategy showed a beneficial effect in terms of

lowering the risk of ischemic stroke and no harmful ef-

fect

in terms of hospitalization compared with the rate

control strategy in the selected NVAF.

KEY MESSAGE

1.

The rate of all bleeding and hospitalization
were similarly between the rhythm and rate
control group.

2. The incidence rate of ischemic stroke in the

rhythm control group was significantly lower
than in the rate control group.
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Supplementary Table 1. Comparison of the baseline characteristics of the total patients with loss of follow-up and with over

1-year follow-up

Characteristic ALL (n = 6,280) Loss of follow-up (n=3,767) Over 1-yr follow-up (n=2,513)  pvalue
Age, yr 67+ 10 67+ 10 67 +10 0.675
Male sex 3,966 (63.2) 2,392 (63.5) 1,553 (61.8) 0.543
BMI, kg/m? 24.6 £3.4 24.5+3.3 24.3%3.1 0.224
Hypertension 4,275 (67.5) 2,516 (64.9) 1,759 (70.0) 0.176
Diabetes mellitus 1,607 (25.4) 028 (24.5) 679 (27.0) 0.057
Dyslipidemia 2,209 (34.8) 1,335 (35.4) 874 (34-8) 0313
Previous MI 213 (3.2) 107 (3.0) 106 (4.2) 0.054
Previous HF 506 (12.5) 355 (9.7) 241 (9.6) 0.051
Previous CKD 312 (10.0) 78(9.4) 234(9.3) 0.603
Previous cancer 631 (10.0) 393 (10.4) 238 (9.5) 0.137
Previous stroke 928 (14.7) 520 (13.8) 408 (16.2) 0.051
Previous ECV 1,004 (15.9) 558 (14.8) 446 (17.7) <o.001*
Previous AFCA 956 (15.2) 534 (14.1) 422 (16.8) <o.001*
CHA,DS,-VASC score 2.6+1.6 2.6+1.6 2.7+1.6 0.896
HAS-BLED score 1.8+1.0 1.8+1.0 1.8+1.0 0.834
Systolic BP, mmHg 122 + 15 122 +15 121+ 15 0.524
Diastolic BP, mmHg 75+ 11 75+ 11 73 +11 0.154
Heart rate, bpm 75 £ 15 76 +16 74 + 15 0.138
LA size, mm 41£7 41+7 417 0.896
Ejection fraction, % 617 61+7 617 0.826
Baseline AF 1,690 (26.9) 520 (13.8) 1,170 (46.5) <o.001*
Symptomatic AF 3,206 (51.0) 2,151 (57.1) 1,055 (57.8) 0.507
AF type 0.328

Paroxysmal AF 3,441 (54.8) 2,419 (64.2) 1,055 (63.3)

Persistent AF 2,639 (42.0) 1,189 (31.5) 1,450 (30.7)

Permanent AF 107 (1.7) 99 (2.6) 8(5.8)

Values are presented as mean + standard deviation or number (%).

BMI, body mass index; MI, myocardial infarction; HF, heart failure; CKD, chronic kidney disease; ECV, electrical cardiover-
sion; AFCA, atrial fibrillation catheter ablation; HAS-BLED, Hypertension, Abnormal renal/liver function, Stroke, Bleeding
history or predisposition, Labile international normalized ratio, Elderly, and Drugs/alcohol concomitantly; BP, blood pressure;
LA, left atrium; AF, atrial fibrillation.

“Statistically significant.
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| Total 6,280 Non-valvular AF (June 2016-September 2017) |

! !

| Rate control strategy | | Rhythm control strategy |

3,767 Excluded not
follow-up less than 1-year

2,513 Follow-up at least 1-year period

Ischemic stroke, all bleeding, all-cause death and
all-cause hostpitalization

Supplementary Figure 1. Study flow chart. AF, atrial fibrilla-
tion.
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Incidence of major bleeding (%)
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Follow-up from enrollment (mon)
No. at risk
Group: Rate-control strategy
897 893 889 886 882 875 870
Group: Rhythm-control strategy
897 891 889 883 875 869 859

Supplementary Figure 2. Comparison of the cumulative
occurrence of major bleeding between the rhythm and rate
control strategies.

www.kjim.org https://doi.org/10.3904/kjim.2019.063


www.kjim.org

\§
Kim JG, et al. AF rhythm control strategy for stroke KJ I MQ\

6 -
£
{? 4 —— Rhythm-control strategy
o
§ - - = Rate-control strategy
o
=
kS
g, =0.102
g p=5
=
5]
<
=" =TT
0 | ——————====== 1
T T T T T T
2 4 6 8 10 12
) Follow-up from enrollment (mon)
No. at risk
Group: Rhythm-control strategy
900 900 899 899 899 899 899
Group: Rate-control strategy
900 900 900 900 900 897 895

Supplementary Figure 3. Comparison of the cumulative

occurrence of all-cause death between the rhythm and rate
control strategies.
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Incidence of hospitalization (%)

2 4 6 8 10 12
Follow-up from enrollment (mon)
No. at risk
Group: Rhythm-control strategy
900 857 824 793 782 761 744
Group: Rate-control strategy
900 839 798 744 716 680 656

Supplementary Figure 4. Comparison of the cumulative
occurrence of all-cause hospitalization between the rhythm
and rate control strategies.

www.kjim.org https://doi.org/10.3904/kjim.2019.063


www.kjim.org

