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BACKGROUND: The clinical significance of fibrillatory wave on electrocardiography during atrial fibrillation (AF) is poorly under-
stood. The aim of the current study was to explore the association of fine fibrillatory wave with heart failure (HF) in AF.

METHODS AND RESULTS: The current study enrolled 2442 patients with AF whose baseline ECG during AF rhythm was available
from a community-based prospective survey, the Fushimi AF Registry. The impact of fine fibrillatory wave, defined as the am-
plitude of fibrillatory waves <0.1 mV, on the primary composite HF end point (a composite of hospitalization attributable to HF
or cardiac death) was examined. Fine fibrillatory wave was observed in 589 patients (24.1%). Patients with fine fibrillatory wave
were older, and had a higher prevalence of sustained AF, preexisting HF, and larger left atrial diameter than those with coarse
fibrillatory wave. During the median follow-up duration of 5.9 years, the cumulative incidence of the primary composite HF end
point was significantly higher in patients with fine fibrillatory wave than in those with coarse fibrillatory wave (5.3% versus 3.6%
per patient-year, log-rank £<0.001). The higher risk associated with fine fibrillatory wave was consistent even for individual
components of the primary composite HF end point. On multivariable analysis, fine fibrillatory wave became an independent
predictor for the primary composite HF end point (hazard ratio, 1.31; 95% Cl, 1.07-1.61; P=0.01).

CONCLUSIONS: Compared with coarse fibrillatory wave, fine fibrillatory wave was more prevalent in patients with a larger left
atrial diameter or those with sustained AF and was independently associated with a higher risk of HF events.

REGISTRATION: URL: https://www.umin.ac.jp/ctr/; Unique identifier: UMINOOO005834.
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is associated with poor prognosis in daily clin-
ical practice. As we previously demonstrated
that an inverted T wave during AF rhythm is associ-
ated with higher subsequent cardiac risk in patients
with AF,' classical ECG findings during AF rhythm may
include useful signs to predict subsequent cardiac risk.

Atrial fibrillation (AF) is a common arrhythmia and

Fibrillatory wave is one of the ECG criteria for diagnos-
ing AF in addition to an irregular ventricular response
and reflects frequent electrical excitation in the atrium.
Fine fibrillatory wave, a low-amplitude fibrillatory wave,
is associated with degenerated atrial function such as
large atrial size and low left atrial appendage flow.>*
Furthermore, several studies evaluated the association
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CLINICAL PERSPECTIVE

What Is New?

e Fine fibrillatory wave during atrial fibrillation
rhythm was associated with a higher risk for a
composite of hospitalization because of heart
failure or cardiac death in a community-based
prospective survey.

What Are the Clinical Implications?

e Fine fibrillatory wave during atrial fibrillation
rhythm may be helpful to clinicians as a simple
and quick sign to evaluate heart failure risk in
patients with atrial fibrillation.

between the amplitude of fibrillatory wave and throm-
boembolic events, which are devastating complica-
tions of AF.48 However, to our knowledge, few studies
have addressed the association between the ampli-
tude of fibrillatory wave and heart failure (HF), which is
another major complication of AF. Therefore, we inves-
tigated the association of fine fibrillatory wave with clin-
ical outcomes associated with HF in patients with AF
using data from the Fushimi AF Registry, a community-
based survey of patients with AF in Japan.’

METHODS

Data Source and Study Population

We declare that all supporting data are available within
the article and its online supplemental files. The detailed
study design, patient enrollment, definitions of measure-
ments, and baseline clinical characteristics of patients
in the Fushimi AF Registry were previously described
(UMIN Clinical Trials Registry: UMINO00005834).” The
inclusion criterion for the registry is the documentation
of AF on a 12-lead ECG or Holter monitoring of AF at any
time. There were no exclusion criteria. We started to en-
roll patients from March 2011 and a total of 81 institutions
participated from the Fushimi district in Kyoto, Japan.
Collection of follow-up information was mainly conducted
through a review of inpatient and outpatient medical re-
cords, and additional follow-up information was collected
through contact with patients, relatives, and/or referring
physicians by mail or telephone. The study protocol
conformed to the guidelines of the 1975 Declaration of
Helsinki and was approved by the ethical committees of
the National Hospital Organization Kyoto Medical Center
and liinkai Takeda General Hospital. Since the current re-
search is belonging to the observational study not using
human biological specimens, written informed consent
was not obtained from each patient according to the
ethical guidelines for epidemiological research issued
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by Ministry of Education, Culture, Sports, Science and
Technology and Ministry of Health, Labour and Welfare,
Japan. However, we have published all relevant details
on this study to be performed and provide each patient
an opportunity to refuse inclusion in this research by
posting the details at every participating clinic and at the
homepages of our institutions. We also held the public
meeting to the citizens in the Fushimi-ku to demonstrate
outlines of the current study.

The 12-lead ECG data during documented AF
rhythm were obtained from the participating institu-
tions at enrollment. However, submission of ECG data
was not required for enrollment and was optional.
Among the entire cohort of 4472 patients with AF in the
Fushimi AF Registry enrolled by the end of July 2019,
we excluded 1579 whose ECG data were not provided
from the participating institutions and 271 whose pro-
vided ECG data were only during atrial flutter or atrial
tachycardia. In total, we analyzed 2442 patients whose
baseline 12-lead ECG during AF rhythm at the time of
enrollment was available in the current study.

Definitions and Outcome Measures
Sustained (persistent or permanent) AF was defined
as AF lasting longer than 7 days. The amplitude of the
fibrillatory wave was manually measured from the peak
to the trough in each lead and was diagnosed by an
experienced cardiologist. Fine fibrillatory wave was de-
fined as the amplitude of fibrillatory waves <0.1 mV in
all leads, and fibrillatory wave >0.1 mV in at least 1 lead
was regarded as coarse fibrillatory wave.®%88 Typical
ECG tracings of fine fibrillatory wave and coarse fibril-
latory wave are shown in Figure 1.

Preexisting HF was defined as the presence of 1
of the following at enrollment: history of hospitalization
for HF before enrollment, presence of HF symptom
(New York Heart Association functional class >2) in
association with heart disease or reduced left ventric-
ular ejection fraction <40%.” Preexisting HF with and
without left ventricular ejection fraction (LVEF) <40% on
transthoracic echocardiography were regarded as HF
with reduced LVEF and preserved LVEF, respectively.
Thromboembolic events included ischemic stroke and
systemic embolism.

The primary HF end point was a composite of hos-
pitalization because of HF or cardiac death. Death was
regarded as cardiac in origin only when obvious car-
diac causes were identified. The secondary end point
was hospitalization because of HF, all-cause death,
non-cardiac death, and cardiac death.

Statistical Analysis

Categorical variables are presented as the number and
percentage and were compared using the Chi-square
test or Fisher exact test. Continuous variables are
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Fine fibrillatory wave

Coarse fibrillatory wave

Figure 1.

presented as the mean with SD or median with inter-
quartile range and were compared using the Student
t-test or Wilcoxon rank sum test based on their distri-
butions. The cumulative incidence was estimated by
the Kaplan—Meier method and the differences were
assessed by the log-rank test.

Multivariable analysis using the Cox proportional
hazards model were conducted to evaluate the risk for
the primary composite HF end point adjusted by age
and sex as model 1. Moreover, we performed multi-
variable analysis with 9 additional covariates that were
statistically significant in univariable analysis or con-
sidered clinically relevant (body weight, AF type, heart
rate during AF rhythm, hypertension, diabetes, preex-
isting HF, thromboembolic events, chronic obstructive
pulmonary disease, and chronic kidney disease) as
model 2. Proportional hazards assumptions for the
risk-adjusting variables were assessed on the plots
of log (time) versus log [-log(survival)] stratified by the
variables and verified to be acceptable. Furthermore,
we performed subgroup analyses stratified by those
variables with the P value for interaction in the Cox pro-
portional hazards models with potential confounders
consisting of 11 clinical characteristics on multivariable
analysis to examine the heterogeneity in the subgroups.
Statistical analyses were performed using JMP 10 (SAS
Institute Inc, Cary, NC) software. All tests were 2-tailed
and P value of <0.05 was considered significant.

RESULTS

Patient Characteristics

Fine fibrillatory wave was observed in 589 patients
(24.1%) on baseline ECG. Patients with fine fibrillatory
wave were older, and had higher prevalence of sus-
tained AF, low heart rate during AF rhythm, preexisting
HF, and chronic kidney disease than those with coarse
fibrillatory wave (fine fibrillatory wave versus coarse fibril-
latory wave: age 76.1 years versus 73.1 years, P<0.001
for age; 66.6% versus 62.1%, P=0.048 for sustained

J Am Heart Assoc. 2022;11:e024341. DOI: 10.1161/JAHA.121.024341

Definition of fine and coarse fibrillatory wave.

AF; 43.0% versus 31.2%, P<0.001 for heart rate less
than 80 bpm; 32.4% versus 27.5%, P=0.02 for pre-
existing HF; 40.8% versus 33.6%, P=0.02 for chronic
kidney disease) (Table 1). However, the estimated AF
interval and the prevalence of previous thromboem-
bolic events did not differ between the 2 groups (2.5
versus 2.1 years, P=0.13; 19.9% versus 16.8%, P=0.09).
Moreover, CHA,DS,-VASc score, left ventricular end-
diastolic diameter, left atrial (LA) diameter and cardio-
thoracic ratio on chest X-ray were higher in patients with
fine fibrillatory wave (46.9 versus 44.2 mm, P<0.001 for
LA diameter). At the time of enrollment, the prevalence
of oral anticoagulant did not significantly differ between
the 2 groups (65.8% versus 59.6%, P=0.11).

The prevalence of fine fibrillatory wave was signifi-
cantly higher with longer AF interval, lower heart rate
during AF rhythm and larger LA diameter in patients
with sustained AF, although these relationships were
less notable in patients with paroxysmal AF (Figure S1).

Risk for Heart Failure Events in Patients
With Fine Fibrillatory Wave

The median follow-up duration was 5.9 (interquartile
range, 2.1-8.0) years. The incidence of the primary
HF end point of a composite of hospitalization be-
cause of HF or cardiac death was significantly higher
in patients with fine fibrillatory wave than in those with
coarse fibrillatory wave (5.3% versus 3.6% per patient-
year, log-rank P<0.001) (Table 2, Figure 2). The inci-
dences of each individual component of the primary
end point were also significantly higher in patients with
fine fibrillatory wave (4.4% versus 3.2% per patient-
year, log-rank P=0.01 for hospitalization because of
HF; 1.5% versus 0.7% per patient-year, P<0.001 for
cardiac death) (Table 2, Figure S2). The incidence of
non-cardiac death in patients with fine fibrillatory wave
was also higher (5.3% versus 3.8% per patient-year)
(Table 2). The incidence rates (% per patient-year) of
clinical outcomes in both groups are shown in Table 2.
Even after adjusting for confounders on multivariable
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Table 1. Baseline Characteristics

Fine Fibrillatory Wave in Atrial Fibrillation

Fine fibrillatory wave Coarse fibrillatory wave
n=589 n=1853 P value

Age, y 76.1+10.7 73.1+10.6 <0.001
>75y 366 (62.1%) 897 (48.4%) <0.001

Women 244 (41.4%) 743 (40.1%) 0.57

Body weight, kg 59.1+14.3 59.6+13.3 0.45
<50 kg 146 (26.6%) 420 (25.0%) 0.45

Sustained AF 392 (66.6%) 1150 (62.1%) 0.048

Estimated AF interval, y 2.5(0.2-7.6) 2.1(0.3-5.7) 0.13

(n=404) (n=1338)

Heart rate during AF rhythm, bpm 92.1+29.8 95.3+26.0 0.01
>110 bpm 135 (25.3%) 468 (25.3%) 0.15
<80 bpm 253 (43.0%) 578 (31.2%) <0.001

Hypertension 364 (61.8%) 1146 (61.9%) 0.98

Diabetes 152 (25.8%) 408 (22.0%) 0.06

Preexisting heart failure 191 (32.4%) 510 (27.5%) 0.02

Previous thromboembolic events 117 (19.9%) 311 (16.8%) 0.09

COPD 29 (4.9%) 105 (5.7%) 0.49

Chronic kidney disease 240 (40.8%) 622 (33.6%) 0.02

CHA,DS,-VASc score 3.7+1.6 3.3+1.7 <0.001

Echocardiographic findings (n=488) (n=1469)

Left ventricular end-diastolic diameter, 47.2+6.7 46.3+6.4 0.01

mm

Left ventricular ejection fraction (%) 62.1+11.1 62.7+11.3 0.31
<40% 23 (4.7%) 80 (5.4%) 0.52

Left atrial diameter, mm 46.9+9.4 44.2+7.9 <0.001
>50 mm 164 (33.6%) 349 (23.9%) <0.001

Chest X-ray findings (n=519) (n=1581)

CTR, % 56.6+8.0 54.1+7.2 <0.001
>60% 176 (33.9%) 343 (21.7%) <0.001
Laboratory findings
BNP, pg/dL 114.6 (66.7-259.0) 126.9 (48.8-239.3) 0.96
(n=88) (n=237)

NT-pro BNP, pg/dL 835 (397-2096) 853 (433-1758) 0.74
(n=204) (n=573)

>1000 pg/dL 97 (47.6%) 262 (45.7%) 0.65

Medications at the time of enrollment
Oral anticoagulant 328 (55.8%) 1099 (59.6%) (ONR
Antiplatelet drugs 182 (31.0%) 491 (26.6%) 0.04
Statin 143 (24.3%) 402 (21.8%) 0.20
ACEI/ARB 278 (47.3%) 798 (43.3%) 0.09
Beta blockers 175 (29.8%) 534 (28.9%) 0.70
Verapamil/diltiazem 88 (15.0%) 240 (13.0%) 0.23
Digitalis 108 (18.4%) 255 (13.8%) 0.008
Antiarrhythmic drugs 70 (11.9%) 285 (15.5%) 0.03
Furosemide 224 (38.1%) 506 (27.4%) <0.001
Mineralocorticoid receptor antagonist 9 (1.5%) 30 (1.6%) 0.87

Categorical variables are presented as numbers (percentage). Continuous variables are presented as the mean+SD except estimated atrial fibrillation interval,
brain natriuretic peptide, and NT-proBNP (N-terminal pro brain natriuretic peptide) presented as median (interquartile range) because of their distributions.

ACEI indicates angiotensin-converting-enzyme inhibitor; AF, atrial fibrillation; ARB, angiotensin Il receptor blocker; BNP, brain natriuretic peptide; COPD,
chronic obstructive pulmonary disease; CTR, cardiothoracic ratio; and NT-proBNP, N-terminal pro brain natriuretic peptide.
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Incidences of Heart Failure End Points

Primary composite heart failure end point: a composite of
hospitalization because of heart failure or cardiac death

Secondary end point

Table 2.

Hospitalization because of heart failure

All-cause death
Non-cardiac death
Cardiac death
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analysis, the higher risk associated with fine fibrillatory
wave for the primary composite HF end point remained
significant (model 1: hazard ratio, 1.32; 95% CI, 1.08-
1.61; P=0.007; model 2: hazard ratio, 1.31, 95% Cl,
1.07-1.61; P=0.01) (Table 3). No statistically significant
interaction was observed between hazard ratios for
the primary composite HF end point associated with
the fine fibrillatory wave and the clinically relevant sub-
groups (Figure S3), even though the risk was neutral in
patients with a higher heart rate (=110 bpm).

Subgroup Analysis of AF With

Preexisting HF

A total of 28.7% of study patients had preexisting HF at
the time of enroliment. The prevalence of preexisting
HF was significantly lower in patients with AF with fine
fibrillatory wave than in those with coarse AF (32.4%
versus 27.5%, P=0.02). The incidence of the primary
composite HF end point was significantly higher in pa-
tients with AF with fine fibrillatory wave for both those
with and without preexisting HF (with preexisting HF:
58.5% versus 49.3%, log-rank P=0.04; without pre-
existing HF: 22.9% versus 15.4%, log-rank P=0.006)
(Figure S4). Among patients with preexisting HF, there
was no significant interaction about the higher risk of
fine fibrillatory wave between HF with reduced LVEF
and HF with preserved LVEF.

DISCUSSION

The main findings of the current study are as follows:
(1) fine fibrillatory wave was associated with advanced
age, sustained AF, preexisting HF, and large LA size;
(2) fine fibrillatory wave was associated with a higher
risk for a composite of hospitalization attributable to
HF or cardiac death; (3) the higher risk of fine fibril-
latory wave for the primary composite HF end point
remained significant even after adjusting for potential
confounders.

Several studies reported an association of fine
fibrillatory wave with large LA size and impaired LA
function,? but others did not support such an asso-
ciation.3? In the current study, patients with fine AF
had a larger LA and left ventricular size. Moreover, fine
AF was more prevalent in sustained AF, but fine AF
was also observed in approximately one third of par-
oxysmal patients with AF . Li et al reported that fine
fibrillatory wave is associated with a significantly lower
LA appendage ejection fraction and higher sponta-
neous contrast echo contrast than coarse fibrillatory
wave regardless of comparable LVEF and LA diame-
ter.® Nakagawa et al also reported a significantly lower
LA appendage peak flow velocity in patients with fine
fibrillatory wave.® Furthermore, Yin et al demonstrated
a significant inverse correlation between the amplitude
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Primary composite heart failure end point:
Hospitalization because of heart failure or cardiac death
100%

80% — == Fine fibrillatory wave

] . — Coarse fibrillatory wave

3 60%
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Interval [y]

Interval 0d 6m 1y 3y S5y 8y
Fine fibrillatory wave
No. of events 17 37 91 111 135
No. of patients at risk 589 540 497 330 259 118
Cumulative incidence 3.0% 6.6% 19.8% 23.8% 33.3%
Coarse fibrillatory wave
No. of events 42 91 178 249 312
No. of patients at risk 1853 1759 1643 1225 950 395
Cumulative incidence 23% 51% 10.8% 16.5% 23.9%

Figure 2. Kaplan—Meier curves for the primary composite
heart failure end point (composite of hospitalization
because of heart failure or cardiac death) in patients with
fine and coarse fibrillatory wave.

of fibrillatory wave and the size of low voltage area in
the LA.2 Based on these studies, fine fibrillatory wave

Fine Fibrillatory Wave in Atrial Fibrillation

may represent the presence of more advanced atrial
dysfunction with negative remodeling.

Regarding the association between AF and HF, AF
is a progressive disease with negative remodeling of
the atrium and ventricle, which is caused by the loss
of atrial kick, irregular frequent ventricular response,
and impaired diastolic function.'® Conversely, HF also
increases the incidence of AF, especially at the time
of acute exacerbation and dehydration. Thus, AF be-
gets HF and vice versa, leading to increased mortality
and morbidities.'®""? To the best of our knowledge, the
current study is the first to reveal the higher risk of fine
fibrillatory wave for HF in patients with AF compared
with coarse fibrillatory wave. Recently, LA function
was reported to be important for the development and
exacerbation of HF.'® Of note, decreased LA function
represented by fine fibrillatory wave was also associ-
ated with a higher risk for HF in patients with AF lacking
atrial kick. Consistent with our study, King et al reported
that severe atrial fibrosis detected by late gadolinium
enhancement-cardiac magnetic resonance imaging is
associated with increased adverse clinical outcomes,
including HF, stroke, and death.'* Recently, the prog-
nostic impact of AF in patients with HF has been rec-
ognized as different according to types of AF or HF.'%"7
However, the current study showed that patients with
AF with fine fibrillatory wave had higher risk of HF
events than coarse fibrillatory wave regardless of the
presence of HF or the type of AF. Based on the current
study and these studies, fine fibrillatory wave during
AF rhythm may be helpful to clinicians as a simple and

Table 3. Independent Risk Factors for the Primary Composite Heart Failure End Point: The Cox Proportional Hazards
Model
Univariable analysis Model 1 Multivariable analysis Model 2 Multivariable analysis
Variables HR 95% ClI P value HR 95% ClI P value HR 95% Cl P value
Fine fibrillatory wave 1.48 1.21-1.80 <0.001 1.32 1.08-1.61 0.007 1.31 1.07-1.61 0.01
Age, pery 1.06 1.05-1.08 <0.001 1.06 1.05-1.08 <0.001 1.04 1.03-1.05 <0.001
Women 1.31 1.09-1.57 0.004 1.01 0.83-1.22 0.93 0.88 0.69-1.11 0.28
Body weight, per kg 0.98 0.97-1.02 <0.001 0.99 0.98-0.99 0.03
Sustained AF 1.72 1.41-2.12 <0.001 1.21 0.95-1.54 0.23
Heart rate, per bpm 1.00 0.99-1.00 0.009 1.00 0.99-1.01 0.51
Hypertension 1.35 1.11-1.65 0.002 1.22 0.99-1.51 0.06
Diabetes 1.46 119177 <0.001 1.37 1.11-1.69 0.004
Preexisting heart 414 3.45-4.99 <0.001 3.20 2.61-3.93 <0.001
failure
Previous ischemic 1.46 1.16-1.82 0.002 1.29 1.02-1.62 0.03
stroke/systemic
embolism
COPD 1.61 110-2.27 0.02 1.25 0.85-1.77 0.25
Chronic kidney disease | 2.32 1.93-2.79 <0.001 1.39 1.14-1.70 0.001

Model 1: adjustment by age and sex. Model 2: adjustment by 11 covariates that was statistically significant in univariable analysis or considered clinically
relevant (age, sex, body weight, atrial fibrillation type, heart rate during atrial fibrillation rhythm, hypertension, diabetes, preexisting heart failure, thromboembolic
events, chronic obstructive pulmonary disease, and chronic kidney disease). AF indicates atrial fibrillation; COPD, chronic obstructive pulmonary disease; and

HR, hazard ratio.

J Am Heart Assoc. 2022;11:e024341. DOI: 10.1161/JAHA.121.024341
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quick sign to evaluate HF risk in patients with AF. Given
that fine fibrillatory wave is a marker for more advanced
atrial fibrosis, patients with AF with fine fibrillatory wave
may require more careful management.

Although no statistically significant interaction was
observed between hazard ratios for the primary com-
posite HF end point in all major subgroups of the cur-
rent study, its significance was lower in patients with AF
with a heart rate >110 bpm. As the heart rate during AF
is regulated by the atrioventricular node, a high heart
rate may reflect the absence of atrioventricular-node
dysfunction indicating extensive atrial degeneration in
the right atrium. The clinical significance of fine fibril-
latory wave in patients with AF with a high heart rate
warrants further investigation.

Limitations

There are several limitations in the current study. First,
there was unavoidable selection bias considering the
availability of baseline ECG data in the registry. As we
previously reported, the incidence of a composite of
cardiac death, myocardial infarction or hospitaliza-
tion because of HF was significantly higher in patients
with AF whose ECG data were available than in those
whose ECG data were not available in this registry.'
The higher risk for subsequent cardiac events in the
study patients relative to the excluded patients may
have influenced the study results. Second, the ampli-
tude of the fibrillatory wave was manually measured
by only 1 cardiologist. Therefore, measurement bias
including the influence of fluctuation of baseline and/
or QRS/T wave especially in patients with high heart
rate might occur. Third, all patients were Japanese in
this study; therefore, caution is needed in generalizing
the results of the current study to populations outside
Japan. Lastly, the multivariable analyses may not have
sufficiently eliminated the influence of unmeasured
confounders.

CONCLUSIONS

In a Japanese community-based prospective survey,
fine fibrillatory wave was more prevalent in patients
with a larger LA diameter or in those with sustained AF
compared with coarse fibrillatory wave and was inde-
pendently associated with a higher risk for HF events.
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Working group members of the FUSHIMI AF Registry

Chief investigator: Akao M (National Hospital Organization Kyoto Medical Center).

Steering Committee: Esato M (Ijinkai Takeda General Hospital), Abe M (National Hospital
Organization Kyoto Medical Center), Tsuji H (Tsuji Clinic), Furuke K (Furuke Clinic).
Statistical Analysis: Wada H (National Hospital Organization Kyoto Medical Center).
Coordinator: Ogawa T (Ogawa Medical Office), Tasato H (Tasato Clinic), Taniguchi Y
(Taniguchi Clinic), Nishikawa M (Nishikawa Clinic), Furukawa K (Furukawa Medical Clinic),
Kawai C, Hashimoto T, Kanda M (Ijinkai Takeda General Hospital), Tsukahara T, Fukuda S,
Nakamura M, Ohtani R, Ito T, Hasegawa K (National Hospital Organization Kyoto Medical
Center).

Clinical Event Committee: Kawabata Y, Yasuda K, Kameyama K (National Hospital
Organization Kyoto Medical Center).

Participating institutions: Department of Cardiology, National Hospital Organization Kyoto
Medical Center (Akao M, Abe M, Ogawa H, Masunaga N, Iguchi M, Ishii M, An Y, Unoki T,
Niki S, Takabayashi K, Hamatani Y, Yamashita Y, Takagi D, Tezuka Y, Doi K, Aono Y, Ikeda S,
Osakada G, Nakashima Y, Kanasaki M, Nakano T, Funatsu J, Nishio M, Takenaka Y);
Department of Arrhythmia, Ijinkai Takeda General Hospital (Chun YH, Esato M, Kida Y,
Nishina N); Koujinkai Oshima Hospital (Terada K); Division of Translational Research,
National Hospital Organization Kyoto Medical Center (Hasegawa K, Wada H); Kanai Hospital
(Nishio M, Kamiya Y, Abe M, Ishii M); Tsuji clinic (Tsuji H); Furukawa Medical Clinic
(Furukawa K); Nishikawa Clinic (Nishikawa M); Taniguchi Clinic (Taniguchi Y); Gushiken
Clinic (Gushiken T); Kyoto Rehabilitation Hospital (Hirata Y); Yoda Clinic (Yoda J); Tasato
Clinic (Tasato H); Ogawa Medical Office (Ogawa T); Mukaijima Hospital (Wakatsuki Y, Yahata
M, Higashitani N); Itoh Hemodialysis Clinic (Itoh H); Itoh Clinic (Itoh H, Ohmori Y);
Ryokuhoukai Tsuji Clinic (Tsuji K); Kitamura Clinic (Kitamura S); Izumikawa Clinic
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Clinic (Matsushita N); Kitani Clinic (Kitani K); Kimura Clinic (Kimura F); Hayashi Clinic
(Hayashi S); Handa Clinic (Handa S); Soseikai General Hospital (Hasegawa S, Kono T, Otsuka
K, Soyama A, Okamoto J, Nakai Y); Asamoto Clinic (Asamoto H); Sugano Clinic (Tanaka H,
Murata T); Fushimi Momoyama General Hospital (Kayawake S, Kinoshita Y); Furuke Clinic
(Furuke K); Kanehisa Clinic (Asano N); Tahara Clinic (Tahara K); Matsumoto Medical Office



(Matsumoto K); Kuroda Clinic (Kuroda O); Ochiai Clinic (Ochiai K, Ochiai J); Fujii Clinic
(Fujii M); Kurihara Clinic (Kurihara M); Kuzuyama Clinic (Ito A); Kenkokai Fushimi Clinic
(Totsuzaki S); Nakayama Orthopedic Clinic (Nakayama H); Department of Cardiovascular
Medicine, ljinkai Takeda General Hospital (Kawai C, Hashimoto T, Kakio T, Watanabe C,
Takeda S, Sasaki Y, Shirasawa K, Beppu K, Inoue T, Shirasaka A, Doi T); Tatsumi Clinic (Ueda
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Clinic (Nishimura S); Yuge Eye Clinic (Yuge K); Gokita Hospital (Haruta M); Soseikai Clinic
(Tsuda E); Toujinkai Hospital (Nishimura M); Kouno Clinic (Kouno T, Kouno Y); Matsumura
Clinic (Matsumura S); Fujita Clinic (Fujita A); Takayasu Clinic (Takayasu F, Takayasu S), Yano
Clinic (Yano Y), Niki Clinic (Niki S), Hasegawa Meiando Clinic (Hasegawa S), Watanabe
Medical Clinic (Watanabe T).



Figure S1. The prevalence of fine fibrillatory (F) wave according to baseline risks in PAF
and SAF.

A) AF interval
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Figure S2. Kaplan-Meier curves for individual components of the composite heart failure

endpoint between patients with fine and coarse F wave.
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Figure S3. Subgroup analysis for the primary composite heart failure endpoint.
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*adjusted by 11 covariates that were statistically significant in univariable analysis or
considered clinically relevant (age, sex, body weight, AF type, heart rate during AF rhythm,
hypertension, diabetes, pre-existing HF, TE, COPD and CKD)

AF=atrial fibrillation; Cl=confidence interval; CKD=chronic kidney disease; COPD=chronic

obstructive pulmonary disease; F=fibrillatory; HF=heart failure; TE=thromboembolic events



Figure S4. Subgroup analysis for the primary composite heart failure endpoint (composite of hospitalization

due to heart failure or cardiac death).
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Primary composite heart failure endpoint
in patients with pre-existing HF

Primary composite heart failure endpoint
in patients without pre-existing HF

100% 100%
E — Fine F wave E — Fine F wave
S 80%- — Coarse F wave 8 80%- — Coarse F wave
c
H | H i
b b
S 60%- S 60%-
1 3 1 —_—
2 2 Log-rank P=0.006
& 40%— B 40%
3 i 3 .
€ £
3 20%- 3 20%-
| Log-rank P=0.04 |
0% +t—+——"——F"—T"—T""—T"—T"—T7 O e T T e S e
0 1 2 3 4 5 6 7 8 0 2 3 4 5 6 7 8
Interval [years] Interval [years]
Interval od  6m 1y 3y 5y 8y Interval od  6m 1y 3y sy 8y
ine F wave
N of events N ° o © “ N of events
N of patients at risk 191 162 142 71 49 18 N of patients at risk 398 378 385 250 210 100
Cumulative incidence 76% 147% 374% 446% 585% Cumulative incidence 0.8% 29% 97% 148% 229%
oarse F wave oarse F wave
N of events 510 455 00 253 1 63 N of events 1343 134 123 92 70 332
N of patients at risk N of patients at risk
©! pationts i 1S 6.4% 12.9% 25.6% 36.6% 49.3% o1 patients at ris 0.8% 21% 5.4% 9.5% 15.4%

Cumulative incidence

C) Kaplan-Meier curve in patients with HFrEF
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D) Kaplan-Meier curve in patients with HFpEF
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HF=heart failure; HFpEF=heart failure with preserved left ventricular ejection fraction; HFrEF=heart failure with

reduced left ventricular ejection fraction



