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BACKGROUND: Atrial fibrillation (AF) is associated with an increased risk of poor cardiovascular outcomes; appropriate rhythm
control can reduce the incidence of these adverse events. Therefore, catheter ablation is recommended in symptomatic pa-
tients with AF. The aims of this study were to compare AF-related outcomes according to a baseline symptom scale score and
to determine the best treatment strategy for asymptomatic patients with AF.

METHODS AND RESULTS: This study enrolled all patients who completed a baseline Atrial Fibrillation Effect on Quality-of-Life
(AFEQT) survey in a prospective observational registry. The patients were divided into 2 groups according to AFEQT score at
baseline; scores <80 were defined as symptomatic, whereas scores >80 represented asymptomatic patients. The primary
outcome was defined as a composite of hospitalization for heart failure, ischemic stroke, or cardiac death. This study included
1515 patients (mean age: 65.7+10.5years; 998 [65.9%] men). The survival curve showed a poorer outcome in the symptomatic
group compared with the asymptomatic group (log-rank P=0.04). Rhythm control led to a significantly lower risk of a compos-
ite outcome in asymptomatic patients (hazard ratio [HR], 0.47 [95% CI, 0.27-0.84], P=0.01). Rhythm control was associated
with more favorable composite outcomes in the asymptomatic group with paroxysmal AF, left atrium diameter <50mm, and
CHA,DS,-VASc score >3.

CONCLUSIONS: Symptomatic patients with AF experienced more adverse outcomes compared with asymptomatic patients. In
asymptomatic patients with AF, a strategy of rhythm control improved the outcomes, especially with paroxysmal AF, smaller
left atrium size, or higher stroke risk.
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CLINICAL PERSPECTIVE

What Is New?

e This study reported cardiovascular outcomes ac-
cording to a baseline symptom scale and found
that rhythm control may improve the outcomes in
asymptomatic patients with atrial fibrillation.

What Are the Clinical Implications?

e A rhythm control strategy might be considered
even in asymptomatic patients with atrial fibrillation,
especially those with paroxysmal atrial fibrillation,
normal left atrium size, and significant risk of stroke.

Nonstandard Abbreviations and Acronyms

AFEQT Atrial Fibrillation Effect on
Quality-of-Life
EAST-AFNET Early Treatment of Atrial Fibrillation

for Stroke Prevention Trial

risk of heart failure (HF), thromboembolic events,
nd cardiovascular death.-® Rhythm control (in-
cluding catheter ablation) for AF is associated with lower
rates of both death and HF exacerbation.* In addition,
rhythm control results in improvements in quality of life
(Qol), especially via catheter ablation or electrical car-
dioversion.>~ Therefore, current guidelines recommend
that AF-related symptoms be quantified to aid in rhythm
control treatment decisions.? The primary indication for
rhythm control is need for reduced AF-related symp-
toms in symptomatic patients with AR89 However, no
trials to date have evaluated whether asymptomatic pa-
tients have better outcomes with rhythm control of AF.
Previous studies have reported that ~10% of ischemic
strokes are related to unrecognized asymptomatic AR
In addition, progression of asymptomatic subclinical AF
has been associated with HF hospitalization.'

The Atrial Fibrillation Effect on Quality-of-Life
(AFEQT) survey has been validated to assess the im-
pact of AF on QoL." The objective of this study was to
compare AF-related outcomes according to the base-
line symptom scale using AFEQT scores and to de-
termine the best treatment strategy for asymptomatic
patients.

Atarial fibrilation (AF) is associated with increased

METHODS

Data Availability

All supporting data are available within the article and
the supplemental file.
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Study Population
The CODE-AF (Comparison Study of Drugs for Symptom
Control and Complication Prevention of Atrial Fibrillation)
Registry is an ongoing prospective, multicenter, ob-
servational registry located at 18 tertiary hospitals in
Republic of Korea. The study design and details have
been described previously.”® In brief, this registry con-
tains epidemiological data of patients with AF along with
their treatment plans and clinical outcomes. This study
was approved by the institutional review board (IRB) of
Samsung Medical Center in Republic of Korea (nhumber:
2018-01-157). All patients provided informed consent
and were registered at ClinicalTrials.gov (NCT02786095).
We included all patients who completed a baseline
AFEQT survey between June 2016 and January 2021.
We excluded any patients who had a short follow-up
period with less than 1 follow-up visit without available
clinical outcome data. The index date was that on which
the baseline AFEQT survey was conducted. A follow-up
visit was scheduled every 6 months until the end of the
study. Our final analysis included 1515 patients.

AFEQT Survey

The AFEQT 20-item questionnaire is a validated QoL
survey used to assess symptoms related to AF? The
questionnaire consists of 4 categories: symptoms, daily
activities, treatment concerns, and treatment satisfac-
tion. The overall AFEQT score is calculated using the
first 3 domains, which include 18 questions (AFEQT18).
Each question is assessed using 7-point Likert-type re-
sponses, and the raw scores are transformed into an
overall score from O to 100, with O representing the most
severe symptoms and 100 representing the best health
status with no limitations. The version of the AFEQT
used in this study had been linguistically translated into
Korean. To calculate the participants’ pure AF-related
symptom scores, the first 12 questions in the “symptom”
and “daily activities” domains were assessed (AFEQT12).
According to a study that validated the European Heart
Rhythm Association symptom classification score using
AFEQT scores, the average AFEQT score of European
Heart Rhythm Association Class 1 classified into the
asymptomatic group was 78.4.'* On this basis, re-
search based on patient QoL questionnaires found that
an AFEQT score <80 was defined as symptomatic.'®
Therefore, AFEQT scores <80 were defined as sympto-
matic.'*1> The AFEQT questionnaire is shown in Data S1.

Data Collection and Study Outcomes

The basic demographic data of each participant were
acquired from the database. The patients were divided
into 2 groups according to baseline AFEQT score, where
a score <80 was defined as symptomatic and scores
>80 comprised the asymptomatic group. The primary
outcome was the composite of the incidence rates
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of hospitalization for HF, ischemic stroke, and cardiac
death. The treatment strategy was also assessed; thera-
pies comprised catheter ablation, electrical cardiover-
sion, antiarrhythmic agents, or rate-control strategies. We
grouped the patients using 2 methods. First, we grouped
patients into 2 treatment strategy groups for analysis: the
rhythm control group and the rate control group. The
rhythm control group was defined as patients treated
with antiarrhythmic drugs, electrical cardioversion, and/
or catheter ablation. If a patient did not receive any type of
rhythm control treatment (including antiarrhythmic agent
therapy), the patient was classified into the rate control
group. Second, the patients were classified into 2 treat-
ment strategy groups according to catheter ablation: the
catheter ablation group and the medical therapy group. If
a patient received multiple treatment strategies, including
catheter ablation, they were allocated to the catheter ab-
lation group. The medical therapy group was defined as
those either treated with antiarrhythmic drugs, electrical
cardioversion, and/or with drugs for rate control.

A subgroup analysis was performed based on age,
sex, AF type, ejection fraction, left atrial diameter, and
CHA,DS,-VASc score. In each subgroup analysis, the
statistical significance (P<0.1) of the interaction be-
tween treatment with the specific subgroup was eval-
uated. Masked adjudication of all relevant events was
performed by expert physicians, who reviewed cases
in a blinded manner with regard to the study treatment.

Statistical Analysis
The baseline characteristics are presented as the

mean+SD for continuous variables and as frequency

Table 1. Baseline Characteristics

Clinical Outcome According to Symptom Scale

with percentage for categorical variables. Continuous
variables were compared using an unpaired t test, and
categorical variables were compared using either the
x° test or the Fisher's exact test where appropriate.
Event rate curves were obtained using a Kaplan—-Meier
analysis and were compared using the log-rank test.
The risks for the composite outcome were assessed
using a Cox proportional hazards model and are pre-
sented as the hazard ratio (HR). Proportional hazards
assumptions were assessed using Schoenfeld residu-
als. P values <0.05 were considered statistically signifi-
cant. All statistical analyses were performed using the
Statistical Package for the Social Sciences software,
version 27.0 (SPSS, Inc., Chicago, IL).

RESULTS

Clinical Characteristics

This study followed 1515 patients (mean age:
65.7+10.5years; 998 [65.9%] men) with AF. The mean
follow-up duration was 806.9+364.2days. The aver-
age AFEQT18 summary score was 83.4+14.9, and
1020 patients (67.3%) were asymptomatic. The mean
AFEQT12 summary score for the symptom and daily
activity domains was 83.5+17.0, and 1058 patients
(69.8%) were defined as asymptomatic. The baseline
characteristics of all participants and the symptom
scale results are summarized in Table 1 and Table S1.
There were significant differences in age, sex, and
CHA,DS,-VASc score between the 2 groups. The
symptomatic group showed an older age and a higher
CHA,DS,-VASCc score.

Variables All patients (N=1515) AFEQT12 >80 (N=1058) AFEQT12 <80 (N=457) P value
Age, y 65.7+10.5 65.4+10.3 66.5+10.9 0.044
Sex (male) (n, %) 998 (65.9%) 746 (70.5%) 252 (55.1%) <0.001
Hypertension (n, %) 963 (63.6%) 674 (63.7%) 289 (63.2%) 0.907
Diabetes (n, %) 343 (22.6%) 249 (23.5%) 94 (20.6%) 0.229
Previous stroke (n, %) 171 (11.3%) 109 (10.3%) 62 (13.6%) 0.077
Congestive heart failure (n, %) 121 (8.0%) 78 (7.4%) 43 (9.4%) 0.181
CHA,DS,-VASc 2.3+1.6 2.2+1.5 2.6+1.7 0.001
HAS-BLED 1.6+1.0 1.6+1.0 1.6+1.0 0.938
Atrial fibrillation type (n, %) 0.353

Paroxysmal 959 (63.3%) 678 (64.1%) 281 (61.5%)

Persistent 556 (36.7%) 380 (35.9%) 176 (38.5%)
Ejection fraction (%) 61.4+8.9 61.6+8.9 60.8+8.7 0.156
LA diameter, mm 43.7+15.0 44,0171 43.1+£7.8 0.358
LA volume index, mL/m? 45.2+19.4 44.9+19.0 46.0+20.4 0.437
Antiarrhythmic drug use only 562 (37.1%) 387 (36.6%) 175 (38.3%) 0.562
Catheter ablation 260 (17.2%) 177 (16.7%) 83 (18.2%) 0.505
Rate control only 584 (38.5%) 412 (38.9%) 172 (37.6%) 0.646

AFEQT indicates Atrial Fibrillation Effect on Quality-of-Life; and LA, left atrium.

J Am Heart Assoc. 2022;11:e025956. DOI: 10.1161/JAHA.122.025956
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To treat AF, 171 (11.3%) patients underwent electri-
cal cardioversion during follow-up, 260 (17.2%) received ©
catheter ablation, 781 (51.6%) were treated with an anti- 3
arrhythmic agent with or without catheter ablation, and B
562 (37.1%) were treated with an antiarrhythmic agent §|
only. In addition, 62 (4.1%) patients in the catheter abla- §
tion group received electrical cardioversion compared g
with 109 (7.2%) in the antiarrhythmic agent use group. el
Overall Outcomes According to Symptom S
Scale -
AFEQT12 Scores $
A composite outcome of hospitalization for HF, is- =
chemic stroke, and cardiac death events occurred in 5|2
48 patients in the asymptomatic group (2.1 per 100 —
person-years) and in 31 patients in the symptomatic
group (3.3 per 100 person-years). Symptomatic pa- ol o
tients had a significantly higher risk of a composite S
outcome compared with the asymptomatic group (un-
adjusted HR, 1.60 [95% ClI, 1.02-2.52], P=0.04; ad-
justed HR, 1.55 [95% CI, 0.99-2.44], P=0.06) (Table 2). o
The Kaplan—-Meier curves for composite hospitalization ;:3; Qs
for HF, ischemic stroke, and cardiac death in the symp- £
tomatic group compared with the asymptomatic group -g
are shown in Figure 1A according to the symptom and E =
daily activity scores of the AFEQT12 (log-rank P=0.04). ‘g o
2
AFEQT18 Scores 'g
A composite outcome event occurred in 46 patients in § olw
the asymptomatic group (2.1 per 100 person-years) and 2 £
in 33 patients in the symptomatic group (3.2 per 100 g %
person-years). Patients who were symptomatic demon- 5 2|3 £
strated a trend for a higher risk of a composite outcome 3 S|o 3
compared with the asymptomatic group (unadjusted § 2
HR, 1.52 [95% ClI, 0.97-2.37], P=0.07; adjusted HR, g § _
1.49 [95% ClI, 0.95-2.33], P=0.08). The Kaplan-Meier S o 85
curves are shown in Figure 1B (log-rank P=0.07). g ~ e %é
~ 2 9]
AFEQT Scores by Treatment Strategy Group "E g :&
An outcome analysis was performed according to % § 3 §§
treatment strategy in asymptomatic patients (those g §g
with AFEQT12 score >80). The rhythm control group S ¢ 3
showed a significantly lower risk of a composite out- £ % 8
come compared with the rate control group (unad- 2 S = ’é
justed HR, 0.47 [95% ClI, 0.27-0.84], P=0.01; adjusted i % =
HR, 0.52 [95% CI, 0.29-0.93], P=0.03). The survival £ 8
curve demonstrated a significant reduction in com- 3 wl 1232
posite outcome in the rhythm control group compared 3 8|5 B< 2
with the rate control group (log-rank P=0.01, Figure 2). E % § 8
The survival curves showed a similar reduction in out- = 23 ?
come for the catheter ablation group compared with o é 2 é £2
the participants who underwent any other medical o s|5| ¢ é%
treatment type in asymptomatic patients (log-rank 2 < g 32
P=0.04, Figure 2). The Kaplan—Meier curves (Figure S1) P <|®
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Figure 1. Kaplan-Meier curves of the primary outcomes according to AFEQT score.
A, The AFEQT12 scores, which were related to symptoms and daily activities. B, The overall AFEQT18 scores. AFEQT indicates Atrial

Fibrillation Effect on Quality-of-Life; and HF, heart failure.

demonstrated a significant reduction in the primary
outcome in the rhythm control group compared with
the rate control group in symptomatic patients (AFEQT
<80). The composite outcomes according to symptom
scale in patients who received catheter ablation and
medical therapy were analyzed in all patients (Figure
S2). The survival curve showed no significant differ-
ences based on symptom scale in the catheter abla-
tion group and the medical therapy group.

A subgroup analysis in the asymptomatic group
was carried out according to treatment strategy. For
the composite outcomes, the benefit of rhythm con-
trol compared with rate control showed a significant
interaction in patients with left atrium (LA) diameter >50
compared with <50 and also for those with CHA,DS,-
VASc >3 versus <3 subgroups. Rhythm control had
a more favorable composite outcome in paroxysmal
AF (HR, 0.31 [95% CI, 0.14-0.69]), LA diameter <50
(HR, 0.36 [95% ClI, 0.17-0.77]), and CHA,DS,-VASc
score >3 (HR, 0.49 [95% ClI, 0.24-0.99]) subgroups
(Figure 3).

DISCUSSION

This is the first investigation of a patient outcome analy-
sis according to a baseline AF symptom scale. The main
findings were as follows. First, symptomatic patients
with AF showed more adverse outcomes than asympto-
matic patients regardless of treatment strategy. Second,
rhythm control demonstrated a significant reduction
in adverse cardiovascular events in the asymptomatic
group. Third, rhythm control produced a favorable out-
come in asymptomatic patients with paroxysmal AF, LA
size <50mm, and CHA,DS,-VASc score >3.

J Am Heart Assoc. 2022;11:e025956. DOI: 10.1161/JAHA.122.025956

Symptoms and Adverse Cardiovascular
Events

AF symptoms range from none to disabling and can be
nonspecific. Several scales are currently used to char-
acterize symptom severity, such as the European Heart
Rhythm Association symptom scale, the AFEQT score,
and the Canadian Cardiovascular Society Severity
in Atrial Fibrillation scale.'»™'® This scale is a simple
semiquantitative validated instrument that is practi-
cal for clinical use.'” In our study, we used the AFEQT
scores to distinguish symptoms in detail through quan-
titative and detailed questions. Symptom improvement
has been demonstrated with rhythm control treat-
ment (including cardioversion or catheter ablation), so
symptom status affects treatment strategy.>'® Recent
reports suggest that an initial treatment strategy using
cryoballoon catheter ablation significantly improved
AF-related symptoms and Qol, with a mean 8.32-
point difference in AFEQT scores.'® However, little is
known about adverse cardiovascular outcomes in
asymptomatic patients with AF. In aspects of ven-
tricular premature depolarization, the incidence of left
ventricular dysfunction associated with ventricular pre-
mature depolarization was significantly higher in the
asymptomatic group.?® There is some evidence that
the increased subclinical burden in patients with AF is
associated with hospitalization for HFE'" In our studly, the
symptomatic group demonstrated worse outcomes
based on rates of hospitalization for HF, ischemic
stroke, or cardiac death. In addition, rhythm control
produced a more favorable outcome than rate control
in symptomatic patients. These results were consist-
ent in the asymptomatic group. We also found that
rhythm control reduced the rate of adverse outcomes
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Figure 2. Kaplan-Meier curves of the primary outcomes in the asymptomatic group according to treatment strategy.

A, Rhythm control vs rate control therapy in patients with AFEQT12 score >80. B, Rhythm control vs rate control in patients with
AFEQT18 score >80. C, Catheter ablation vs medical therapy in patients with AFEQT12 score >80, which was related with symptoms
and daily activities. D, Catheter ablation vs medical therapy in patients with AFEQT18 score >80. AF indicates atrial fibrillation; AFEQT,
Atrial Fibrillation Effect on Quality-of-Life; HF, heart failure; and HR, hazard ratio.

in patients with paroxysmal AF, smaller LA size, and
higher stroke risk. Previous studies have suggested
that subclinical asymptomatic AF is associated with in-
creased risk of ischemic stroke or systemic embolism,
and early screening of AF is important in patients with
higher stroke risk.?"?? Qur study results support early
screening of AF and rhythm control in such patients,
especially those with higher CHA,DS,-VASc score to
reduce adverse cardiovascular outcomes.

A higher AFEQT score indicates fewer limitations
in daily activites and fewer symptoms. Therefore,
this group included healthier patients with fewer co-
morbidities. In other words, these patients may be in
a relatively early stage of AF disease progression or
have a smaller AF burden. The most recent AF innova-
tion study, the EAST-AFNET (Early Treatment of Atrial
Fibrillation for Stroke Prevention Trial), demonstrated
that early rhythm control therapy was associated with
a lower risk of adverse cardiovascular outcomes than

J Am Heart Assoc. 2022;11:e025956. DOI: 10.1161/JAHA.122.025956

usual care.?® In this regard, our study supports a similar
hypothesis that rhythm control can improve cardiovas-
cular outcomes even in patients with fewer symptoms
and limitations. However, we acknowledge that not all
asymptomatic patients can be assumed to be in the
early stage of AF.

The average AFEQT score was relatively higher in
our cohort. Most other studies have enrolled patients
who were scheduled to begin rhythm control treat-
ment, which suggests that their participants likely in-
cluded more symptomatic patients. In contrast, our
cohort included all patients diagnosed with AF and
was designed to assess clinical epidemiology, thera-
peutic processes, and clinical outcomes. Therefore,
our study was more likely to include asymptomatic pa-
tients. In addition, one registry that was designed to
collect clinical variables and outcomes from patients
with AF showed that 54.6% of patients were asymp-
tomatic based on AFEQT score >80." Therefore, our
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Figure 3. The hazard ratios of composite outcomes of ischemic stroke, HF hospitalization, and
cardiac death by subgroup compared with rhythm and rate control in asymptomatic patients.
AF indicates atrial fibrillation; HF, heart failure; and LAD, left atrial diameter.

registry likely better reflects real-world conditions in-
stead of the characteristics of patients who plan to
begin an intervention for AF symptoms.

Limitations

This study had some limitations. First, as this was
an observational study design, there was potential
for selection bias and residual confounding factors
owing to incomplete adjustment. However, our study
included a relatively larger scale of patients and a
long-term follow-up duration that was comparable
with other randomized controlled studies. Second,
we could not find any verified follow-up symptom
scale that was organized according to treatment
strategy. Furthermore, the presence of missing fol-
low-up data reduced statistical power in outcome
analysis. However, because this registry is an on-
going prospective observational registry, there is a
lower chance for event loss. The symptomatic group
showed older age and higher CHA,DS,-VASc score,
which might have produced selection bias and influ-
enced the outcome analysis. However, it would have
not affected the analysis of the asymptomatic group.
In contrast, these differences in baseline characteris-
tics suggest that the asymptomatic group was likely
in the early stage of AF. Finally, we were unable to an-
alyze the outcomes according to rhythm status. Our
study results indicate that a rhythm control strategy
can improve outcome even in asymptomatic patients
with AF regardless of the maintenance of a normal
sinus rhythm and suggest the principle of treatment
to be applied in this population. Despite these limita-
tions, this study presents real-world clinical cardio-
vascular outcomes according to a baseline symptom
scale and suggests some recommendations for
treatment guidelines in asymptomatic patients.

J Am Heart Assoc. 2022;11:e025956. DOI: 10.1161/JAHA.122.025956

CONCLUSIONS

This study revealed worthwhile observational data
on cardiovascular outcomes according to a baseline
symptom scale. Our observation suggests that rhythm
control may improve outcomes even in asymptomatic
patients. Further, a strategy of rhythm control might be
considered in asymptomatic patients with paroxysmal
AF, smaller LA size, or higher stroke risk. Based on this
consideration, a randomized clinical trial will be neces-
sary to confirm our observations.
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Data S1. AFEQT Questionnaire

Symptom

Daily

Activity

Treatment

concerns

1. Palpitations: Heart fluttering, skipping, or racing

2. Irregular heart beat

3. A pause in heart activity

4. Lightheadedness or dizziness

5. Ability to have recreational pastimes, sports, and hobbies

6. Ability to have a relationship and do things with friends and family

7. Doing any activity because you felt tired, fatigued, or low on energy

8. Doing physical activity because of shortness of breath

9. Exercising

10. Walking briskly

11. Walking briskly uphill or carrying groceries or other items, up a flight of
stairs without stopping

12. Doing vigorous activities such as lifting or moving heavy furniture,
running, or participating in strenuous sports like tennis or racquetball

13. Feeling worried or anxious that your atrial fibrillation can start anytime
14. Feeling worried that atrial fibrillation may worsen other medical
conditions in the long run

15. Worrying about the treatment side effects from medications

16. Worrying about complications or side effects from procedures like
catheter ablation, surgery, or pacemakers therapy

17. Worrying about side effects of blood thinners such as nosebleeds,
bleeding gums when brushing teeth, heavy bleeding from cuts, or bruising.

18. Worrying or feeling anxious that your treatment interferes with your daily
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Treatment

satisfaction

activities
19. How well your current treatment controls your atrial fibrillation?
20. The extent to which treatment has relieved your symptoms of atrial

fibrillation?




€20z ‘z Afenuer uo Ag Bio'sfeuinofeye/:diy wouy papeojumoq

Table S1. Baseline Characteristics according to the Symptom scale

AFEQT18 AFEQT18 P-value
Variables >80 <80
(N = 1020) (N = 495)
Age (years) 65.5 +10.3 66.2 +10.9 0.259
Sex (male) (n, %) 730 (71.6%) 268 (54.1%) <0.001
Hypertension (n, %) 650 (63.7%) 313 (63.2%) 0.865
Diabetes mellitus (n, %) 238 (23.3%) 105 (21.2%) 0.361
Previous stroke (n, %) 103 (10.1%) 68 (13.7%) 0.038
Congestive heart failure (n, %) 80 (7.8%) 41 (8.3%) 0.840
CHA2DS2-VASC 22+15 25+17 0.001
HAS-BLED 16+1.0 16+11 0.821
AF type (n, %) 0.570
Paroxysmal 651 (63.8%) 308 (62.2%)
Persistent 369 (36.2%) 187 (37.8%)
EF (%) 61.5+8.9 61.1+8.7 0.373
LA diameter (mm) 44.1+17.4 43.0+7.8 0.152
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LA volume index (ml/m?)

452 +19.2

45.4+19.8

0.886
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Figure S1. Kaplan-Meier Curves of the

according to the treatment strategy
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Figure S2. Kaplan-Meier Curves of the primary outcomes in catheter ablation group and

medical therapy group according to the AFEQT score
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