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Aims Atrial fibrillation (AF) increases the risk of heart failure (HF); however, little is known regarding the risk stratification for
incident HF in AF patients, especially with preserved left ventricular ejection fraction (LVEF).

Methods The Fushimi AF Registry is a community-based prospective survey of AF patients. From the registry, 3002 non-valvular AF

and results patients with preserved LVEF and with the data of antero-posterior left atrial diameter (LAD) at enrolment were investi-
gated. Patients were stratified by LAD (<40, 40—44, 45—49, and >50 mm) with backgrounds and HF hospitalization inci-
dences compared between groups. Of 3002 patients [mean age, 73.5 + 10.7 years; women, 1226 (41%); paroxysmal AF,
1579 (53%); and mean CHA,DS,-VASc score, 3.3 + 1.7], the mean LAD was 43 + 8 mm. Patients with larger LAD were
older and less often paroxysmal AF, with a higher CHA,DS,-VASc score (all P < 0.001). Heart failure hospitalization oc-
curred in 412 patients during the median follow-up period of 6.0 years. Larger LAD was independently associated with a
higher HF hospitalization risk [LAD > 50 mm: hazard ratio (HR), 2.36; 95% confidence interval (Cl), 1.75-3.18; LAD 45—
49 mm: HR, 1.84; 95% Cl, 1.37-2.46; and LAD 40-44 mm: HR, 1.34; 95% Cl, 1.01-1.78, compared with LAD < 40 mm)
after adjustment by age, sex, AF type, and CHA,;DS,-VASc score. These results were also consistent across major sub-
groups, showing no significant interaction.

Conclusion Left atrial diameter is significantly associated with the risk of incident HF in AF patients with preserved LVEF, suggesting the
utility of LAD regarding HF risk stratification for these patients.
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LAD is significantly associated with the risk of incident HF in AF patients with preserved LVEF

AF, atrial fibrillation; Cl, confidence interval; HF, heart failure; HR, hazard ratio; LAD, left atrial diameter; LVEF, left ventricular ejection fraction.
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Introduction

Atrial fibrillation (AF) is associated with the risk of adverse outcomes, such
as thromboembolism and heart failure (HF)." Despite thromboembolism
beinga well-recognized and preventable complication of AF, HF incidences
remain high and are now more common than thromboembolism in the
modern anticoagulation era.?? Furthermore, HF accounted for a substan-
tial proportion of deaths among patients with AF, far exceeding that of
deaths due to thromboembolism.*® Therefore, comprehensive incident
HF risk stratification and prevention is warranted for AF management in
daily practice. We previously reported the utility of reduced left ventricular
ejection fraction (LVEF) for predicting HF events in AF patients; however,
further risk stratification is required for AF patient management, especially
with preserved LVEF.®

Recently, interest has grown in the assessment of left atrial structure
and function for the management of patients with AF.” Our previous
study demonstrated that a larger left atrial diameter (LAD), the simplest
left atrial enlargement parameter, was significantly associated with
thromboembolism risk in patients with non-valvular AF.2 Left atrial en-
largement is a proposed diastolic dysfunction marker in HF with pre-
served ejection fraction’ and is a proven independent predictor of
incident HF in the general population.'®"" Left atrial enlargement
may predict future HF events in AF patients with preserved LVEF;
however, reports of LAD utility in a selected AF cohort are scarce
and conflicting.”">"®

Accordingly, the present study investigated the relationship between
LAD and the risk of future HF events among AF patients with preserved
LVEF, using data from a large-scale community-based prospective sur-
vey of AF patients in Japan, the Fushimi AF Registry.

Methods

Data source

The Fushimi AF Registry is a community-based multicentre prospective
observational study of AF patients who visited the participating medical
institutions in Fushimi-ku, Kyoto, Japan. The details of the Fushimi AF
Registry are greviously described (UMIN Clinical Trials Registry: UMIN
000005834)."*" In brief, the registry inclusion criterion is documentation
of AF on a 12-lead electrocardiogram or Holter monitoring at any time.
There were no exclusion criteria. A total of 81 institutions participated in
the Fushimi AF Registry, comprising 2 cardiovascular centres (National
Hospital Organization Kyoto Medical Center and ljinkai Takeda Hospital),
10 small- and medium-sized hospitals, and 69 primary care clinics. We at-
tempted to enrol all consecutive patients with AF under regular outpatient
care or during admission. Annual collection of the follow-up information
was primarily conducted through electronic and/or paper medical record re-
view, with follow-up information collected through contact with patients, re-
latives, and/or referring physicians by mail or telephone at the discretion of
the investigators. Patient enrolment began in March 2011 and ended in
May 2017. Patient clinical data were registered on an Internet Database
System by the doctors in charge at each institution. Data were automatically
checked for missing or contradictory entries and outlying values. Additional
checks were performed by clinical research coordinators at the general office
of the registry. The study protocol conformed to the 1975 Declaration of
Helsinki ethical guidelines and was approved by the ethical committees of
the National Hospital Organization Kyoto Medical Center and ljinkai
Takeda Hospital.

Study population and definitions

In the present analysis, patients were investigated whose follow-up data
were available as of February 2022. First, we excluded valvular AF
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A Study flowchart
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Figure 1 (A) Study flowchart. (B) Distribution of LAD at enrolment in AF patients with preserved LVEF. AF, atrial fibrillation; HF, heart failure; LAD,

left atrial diameter; LVEF, left ventricular ejection fraction.

patients, which were defined as AF with mitral stenosis or mechanical
valve replacement. Then, patients with LVEF < 50% measured by trans-
thoracic echocardiography at enrolment were excluded, since our previ-
ous study revealed that LVEF < 50% was independently associated with
the higher risk of incident HF.® Thereafter, patients with LAD data among
non-valvular AF patients with preserved LVEF were investigated.
Transthoracic echocardiography data, including LAD, LVEF, left ventricu-
lar diameter, thickness, and asynergy, were collected at the time of regis-
try enrolment. We did not obtain other echocardiographic data, such as
left atrial volume, pulmonary artery systolic pressure, or right ventricular

function in the registry. The decision to perform echocardiography was at
the discretion of the attending physicians. Left ventricular ejection frac-
tion was calculated by the biplane Simpson method or the Teichholz
method using transthoracic echocardiography at each participating
institution.® Left atrial diameter was measured using M-mode or two-
dimensional echocardiography, from the posterior aortic wall to the
posterior left atrial wall, in the parasternal Ion§—axis view at the end-
ventricular systole according to the guideline.'® Patients were divided
into four groups, stratified by LAD (<40, 40-44, 45-49, and >50 mm)
based on our previous study.®? As LAD was not significantly different
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Table 1 Baseline characteristics among patients with or without left atrial diameter data among non-valvular atrial
fibrillation patients with preserved left ventricular ejection fraction

Variables With LAD data
n=3002
Baseline characteristics
Age (years) 73.5+10.7

Age > 75 years, n (%)
Women, n (%)

1505 (50%)
1226 (41%)

Body mass index (kg/m?) 232+39
Systolic blood pressure (mmHg) 125+19
Pulse rate (beats/min) 78 +16
Paroxysmal AF, n (%) 1579 (53%)
Prior catheter ablation, n (%) 226 (8%)
Comorbidities
CHADS,; score 20+13
CHA,DS,-VASc score 33+17
Pre-existing HF, n (%) 701 (23%)
Coronary artery disease, n (%) 366 (12%)
Valvular heart disease, n (%) 514 (17%)
Cardiomyopathy, n (%) 67 (2%)

Hypertension, n (%) 1892 (63%)
1300 (43%)
705 (23%)

596 (20%)

Dyslipidaemia, n (%)
Diabetes mellitus, n (%)
History of stroke/SE, n (%)

Peripheral artery disease, n (%) 107 (4%)
Chronic kidney disease, n (%) 1079 (36%)
COPD, n (%) 166 (6%)

Prescription at baseline
Oral anticoagulants, n (%)
Warfarin, n (%)

DOAC, n (%)
ACEI/ARB, n (%)
B-blocker, n (%)
MRA, n (%)

Loop diuretics, n (%)

1684 (56%)
1218 (41%)
466 (16%)
1306 (44%)
898 (30%)
228 (8%)
618 (21%)
Laboratory data

BNP (ng/L)

NT-proBNP (ng/L)

eGFR (mL/min/1.73 m2)

101 (44, 216)

Haemoglobin (g/dL) 129+20
Events during follow-up period
HF hospitalization 412 (14%)

739 (260, 1614)
60.4 (47.7,73.2)

Without LAD data P-value
n=969
738113 0.55
506 (52%) 0.26
401 (41%) 0.76
23.2+38 0.62
129+17 <0.001
79+18 0.094
458 (47%) 0.004
43 (4%) <0.001
1913 0.47
33+17 0.50
177 (18%) <0.001
126 (13%) 0.51
47 (5%) <0.001
2 (1%) 0.054
618 (64%) 0.67
438 (45%) 0.30
209 (22%) 0.22
194 (20%) 0.91
43 (4%) 0.22
258 (27%) <0.001
40 (4%) 0.087
461 (48%) <0.001
353 (37%) 0.024
108 (11%) <0.001
388 (40%) 0.062
219 (23%) <0.001
52 (5%) 0.020
125 (13%) <0.001
98 (42, 213) 0.85
520 (179, 1234) 0.001
62.5 (50.3, 74.6) 0.009
13119 0.005
110 (11%) 0.057

Categorical data are presented as numbers (%). Continuous data are presented as the mean + standard deviation or median and interquartile range (25%, 75%).
ACE;, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; ARB, angiotensin receptor blocker; BNP, B-type natriuretic peptide; COPD, chronic obstructive pulmonary disease;
DOAC, direct oral anticoagulants; eGFR, estimated glomerular filtration rate; HF, heart failure; LAD, left atrial diameter; MRA, mineralocorticoid receptor antagonist; NT-proBNP,

N-terminal pro-BNP; SE, systemic embolism.

between males and females in our registry, LAD was not categorized as a
sex-specific variable.

Atrial fibrillation type was classified into two groups: paroxysmal AF and
sustalned AF, defined as the combination of persistent AF and permanent
AF." Pre-existing HF was defined as the presence of one of the following
at enrolment: (i) HF hospitalization history prior to enrolment, (i) symptom
presence due to HF (New York Heart Association functional class >2) in
association with heart disease, or (iii) reduced LVEF < 40%.%° B-type natri-
uretic peptide (BNP) and N-terminal pro-BNP (NT-proBNP) levels were

obtained at the discretion of the attending physicians and measured using
the clinical assay of each participating site. For standardization purposes,
BNP was converted to NT-proBNP using the following conversion formula:
‘log1O(NT- proBNP) is equal to 1.1 X log10(BNP) +0.570" based on our
previous report.

Outcomes

The endpoint in this study was HF hospitalization during the follow-up per-
iod. Heart failure hospitalization was determined based on history, clinical
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Table 2 Baseline characteristics stratified by left atrial diameter at enrolment

LAD LAD LAD LAD P-value Data missing
<40 mm 40-44 mm 45-49 mm >50 mm
n=1136 n=790 n=570 n=>506
Baseline characteristics
Age (years) 721115 734+103 746 +9.7 759+96 <0.001 0
Age > 75 years, n (%) 513 (45%) 380 (48%) 305 (54%) 307 (61%) <0.001 0
Women, n (%) 483 (43%) 307 (39%) 225 (39%) 211 (42%) 0.36 0
Body mass index (kg/m?) 21.9+35 237+38 240+38 242+45 <0.001 391
Systolic blood pressure (mmHg) 125+ 18 125+19 126 +20 125+19 0.62 19
Pulse rate (beats/min) 78 +15 78 +17 78 +16 77 +15 0.75 36
Paroxysmal AF, n (%) 840 (74%) 425 (54%) 218 (38%) 96 (19%) <0.001 0
Prior catheter ablation, n (%) 105 (9%) 67 (8%) 37 (6%) 17 (3%) <0.001 0
Comorbidities
CHADS, score 17+13 20+13 21+13 24+13 <0.001 0
CHA;,DS,-VASc score 30+17 33+17 34+16 38+16 <0.001 0
Pre-existing HF, n (%) 169 (15%) 175 (22%) 140 (25%) 217 (43%) <0.001 0
Coronary artery disease, n (%) 121 (11%) 103 (13%) 78 (14%) 64 (13%) 0.23 0
Valvular heart disease, n (%) 96 (8%) 129 (16%) 122 (21%) 167 (33%) <0.001 0
Cardiomyopathy, n (%) 5(1%) 17 (2%) 11 (2%) 24 (5%) <0.001 0
Hypertension, n (%) 649 (57%) 528 (67%) 381 (67%) 334 (66%) <0.001 0
Dyslipidaemia, n (%) 486 (43%) 362 (46%) 259 (45%) 193 (38%) 0.033 0
Diabetes mellitus, n (%) 223 (20/) 212 (27%) 147 (26%) 123 (24%) 0.001 0
History of stroke/SE, n (%) 204 (1 156 (20%) 109 (19%) 127 (25%) 0.009 0
Peripheral artery disease, n (%) 6 (3% ) 23 (3%) 23 (4%) 25 (5%) 0.20 0
Chronic kidney disease, n (%) 342 (30%) 289 (37%) 215 (38%) 233 (46%) <0.001 0
COPD, n (%) 72 (6%) 39 (5%) 29 (5%) 26 (5%) 0.51 0
Prescription at enrolment
Oral anticoagulants, n (%) 530 (47%) 427 (54%) 369 (65%) 358 (71%) <0.001 17
Warfarin, n (%) 342 (30%) 297 (38%) 272 (48%) 307 (61%) <0.001 17
DOAC, n (%) 188 (17%) 130 (17%) 97 (17%) 51 (10%) 0.003 17
ACEIi/ARBs, n (%) 419 (37%) 352 (45%) 273 (48%) 262 (52%) <0.001 17
B-blockers, n (%) 277 (24%) 250 (32%) 196 (35%) 175 (35%) <0.001 17
MRAs, n (%) 62 (5%) 47 (6%) 53 (9%) 66 (13%) <0.001 17
Loop diuretics, n (%) 133 (12%) 145 (18%) 150 (27%) 190 (38%) <0.001 17
Laboratory data
BNP (ng/L) 56 (28, 121) 93 (38, 194) 161 (73, 290) 150 (73, 314) <0.001 2557
NT-proBNP (ng/L) 426 (132, 1145) 751 (300, 1742) 983 (536, 2031) 1160 (564, 2066) <0.001 1995
eGFR (mL/min/1.73 m2) 64 (52, 78) 60 (47,73) 58 (47,70) 55 (42, 69) <0.001 148
Haemoglobin (g/dL) 129+20 131+£20 13.0+£21 12.6 +2.1 <0.001 136
Echocardiography
LV end-diastolic diameter (mm) 44+5 46 +5 46 +5 48+ 6 <0.001 12
LVEF (%) 67 +7 66 +7 66 +7 65+7 <0.001 24
LAD (mm) 35+4 43 +1 47 +£1 55+5 <0.001 0

Categorical data are presented as numbers (%). Continuous data are presented as the mean + standard deviation or median and interquartile range (25%, 75%).

ACEi, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; ARB, angiotensin receptor blocker; BNP, B-type natriuretic peptide; COPD, chronic obstructive pulmonary disease;
DOAC, direct oral anticoagulants; eGFR, estimated glomerular filtration rate; HF, heart failure; LAD, left atrial diameter; LV, left ventricular; LVEF, left ventricular ejection fraction; MRA,
mineralocorticoid receptor antagonist; NT-proBNP, N-terminal pro-BNP; SE, systemic embolism.

presentation (symptoms and physical examinations), natriuretic peptide le- Statistical analysis

vels, imaging findings including chest X-ray and echocardiography, cardiac Continuous variables are presented as the mean =+ standard deviation when

catheterization findings, response to HF therapy, and in-hospital course normally distributed and as the median and interquartile range when
judged by the attending physicians according to the HF guidelines.”™ non-normally distributed. Distribution was assessed using a histogram.
Follow-up was continued until death with clinical outcomes defined as Comparisons of differences among groups were performed by the un-

the time to the first event. paired Student’s t-test, Mann—Whitney U test, one-way analysis of variance,
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Table 3 Cox regression analysis for the incidence of heart failure hospitalization

Incidence

Events/no. at

Multivariable Model 1 Multivariable Model 2 Multivariable Model 3 Multivariable Model 4

Univariable

rate®

risk

P-value

HR (95% CI) P-value HR (95%ClI) P-value HR (95% CI) P-value

HR (95% CI) P-value

HR (95% CI)

Reference <0.001 Reference <0.001 Reference <0.001 Reference 0.003 Reference 0.005
1.34 (1.01- 134 (1.01- 1.24 (0.92— 1.41 (0.98-2.03)

1.52 (1.15-

15
23

95/1136

LAD <40 mm

101/790

LAD 40-44 mm

1.67)
162 (1.19-

1.78)

1,68 (1.25-

1.78)
1.84 (137-

2.02)
221 (1.67-

1.73 (1.19-2.51)

33

98/570

LAD 45-49 mm

2.22)
177 (1.27-

2.46) 2.26)
222 (1.64-

2.36 (1.75-

2.94)
3.39 (2.59-

1.95 (1.32-2.87)

5.1

118/506

LAD > 50 mm

2.46)
113 (1.05-

3.18) 2.99)
120 (1.12-

122 (1.15-

4.44)
131 (124

<0.001 <0001 115 (1.06-1.25) 0.001

<0.001

<0.001

As continuous

1.21)

1.28)

1.30)

1.39)

variables®

Multivariable Model 1 was adjusted for age, sex, type of AF, and CHA,DS,-VASc score. Multivariable Model 2 was adjusted for covariates included in Model 1 and the prescription of angiotensin-converting enzyme inhibitors/angiotensin receptor

blockers, B-blockers, and mineralocorticoid receptor antagonists. Multivariable Model 3 was adjusted for covariates included in Model 1 and covariates significantly differed across the patients stratified by LAD (body mass index, history of HF,
valvular heart disease, cardiomyopathy, hypertension, estimated glomerular filtration rate, and left ventricular ejection fraction). Multivariable Model 4 was adjusted for covariates included in Model 1 and log-transformed N-terminal pro B-type

natriuretic peptide levels.

Cl, confidence interval; HF, heart failure; HR, hazard ratio; LAD, left atrial diameter.

?Percent per person-year.

PHazard ratio was calculated per 5 mm LAD increase.

or Kruskal-Wallis test for continuous variables and > test for dichotomous
variables as appropriate. The Kaplan—Meier method was used to estimate
the cumulative incidences of outcomes, and log-rank testing was performed
to assess differences among groups. Univariable and multivariable Cox re-
gression analyses were performed to investigate the association between
LAD and the incidence of HF hospitalization. Covariates included in multi-
variable Model 1 were age, sex, AF type (paroxysmal or sustained), and
CHA,DS,-VASc score (multivariable Model 1).° Multivariable Model 2
was adjusted by covariates included in Model 1 and the prescription of
angiotensin-converting enzyme inhibitors/angiotensin receptor blockers,
B-blockers, and mineralocorticoid receptor antagonists.® Multivariable
Model 3 was adjusted by covariates included in Model 1 and those signifi-
cantly differed among patients stratified by LAD (i.e. body mass index, his-
tory of HF, valvular heart disease, cardiomyopathy, hypertension, estimated
glomerular filtration rate, and LVEF). Patients were excluded if one or more
values were missing in these analyses. The unadjusted and adjusted risks of
three LAD groups (LAD: 40—44, 4549, and >50 mm) relative to the LAD
< 40 mm for the incidence of HF hospitalization were expressed as hazard
ratios (HR) and their 95% confidence intervals (Cl). Also, HR per 5 mm in-
crease in LAD was calculated as a continuous variable. Subgroup analyses
stratified by age, sex, AF type, pre-existing HF, or CHA,;DS,-VASc score
(<2 vs. >3) were also performed. According to our previous report,® the
association of LAD >45 mm relative to LAD < 45 mm with incident HF
was investigated in this subgroup analysis. Interaction P-values were calcu-
lated by univariable Cox regression analysis to examine subgroup hetero-
geneity. Lastly, the association of LAD with HF hospitalization among
patients with data on natriuretic peptide levels (BNP or NT-proBNP)
was investigated. Relationships between LAD and log-transformed
NT-proBNP were determined by Pearson correlation analysis. A multivari-
able Cox regression analysis adjusted by covariates included in Model 1 and
log-transformed NT-proBNP levels (multivariable Model 4) was performed.
Additionally, patients were stratified into four groups according to LAD (>
or <45 mm) and NT-proBNP levels (> or <median value) with the out-
comes between these four groups examined. All tests were two-tailed,
with a value of P < 0.05 considered significant. All analyses were performed
using JMP version 14.2.0.

Results

Study flowchart

A study flowchart of this analysis is presented in Figure 1A. At enrol-
ment, 91 patients with valvular AF and 434 patients with LVEF < 50%
were excluded. Among 3971 non-valvular AF patients with preserved
LVEF, at enrolment, LAD data were available for 3002 patients (76%
of the total). Table 1 shows the characteristics and outcomes among
patients with or without LAD data at enrolment. Patients with LAD
data had a higher prevalence of paroxysmal AF, a history of HF, valvu-
lar heart disease, and chronic kidney disease, and a higher prescription
of oral anticoagulants and HF drugs than those without LAD data.
Heart failure hospitalization tended to be higher in patients with
LAD data compared with those without it (14% vs. 11%; P=0.057)
(Table 1).

Baseline characteristics stratified by left
atrial diameter

Among 3002 non-valvular AF patients with preserved LVEF and LAD
data [mean age, 73.5 +10.7 years; women, 1226 (41%); paroxysmal
AF, 1579 (53%); and mean CHA,DS,-VASc score, 3.3 + 1.7], LAD dis-
tribution at enrolment is shown in Figure 1B. The mean LAD at enrol-
ment was 43 + 8 mm [LAD <40 mm, 1136 (38%); LAD 40-44 mm,
790 (26%), LAD 45-49 mm, 570 (19%); and LAD >50 mm, 506
(17%)]. Median LAD at enrolment was 43 mm (interquartile range:
38-47 mm). Table 2 shows the baseline characteristics according to
the four LAD strata. Patients with larger LAD were older, had a lower
prevalence of paroxysmal AF, and had higher CHADS, and
CHA;DS,-VASc scores (all P<0.001). N-terminal pro-BNP levels



LA enlargement in AF with preserved EF

Hospitalization for HF

50%
Log-rank; P<0.001
o 40%
c
@
o 30%
©
S 20%
()
°
g 10%
0%

Oy 2y 4y

Number at risk

LAD =50 mm

LAD 45-49 mm
LAD 40-44 mm
LAD <40 mm

6y 8y 10y

Follow-up

LAD 250 mm 506 359 261
LAD 45-49 mm 570 449 342
LAD 40-44 mm 790 646 526

LAD <40 mm 1136 923 763

167 103 23
247 143 22
374 235 45
548 341 82

Figure 2 Kaplan—Meier curves for the incidences of HF hospitalization according to the LAD strata. HF, heart failure; LAD, left atrial diameter.

were higher and LVEF lower in patients with larger LAD strata (both
P <0.001).

Association of left atrial diameter with the
incidence of heart failure among atrial
fibrillation patients with preserved left
ventricular ejection fraction

During a median follow-up period of 6.0 years (interquartile range: 3.0—
9.0 years), a total of 412 HF hospitalization cases developed among AF
patients with preserved LVEF, corresponding to an annual incidence of
2.6% per person-year. Patients with larger LAD strata had a higher in-
cidence of HF hospitalization during the follow-up period (Table 3).
Kaplan—Meier curves demonstrated that the four LAD strata stratified
the incidence of HF hospitalization during the follow-up period (log-
rank; P < 0.001) (Figure 2). A larger LAD was significantly associated
with a higher HF hospitalization risk in a ‘dose—response’ manner.
Cox regression analyses revealed that larger LAD was independently
associated with increased HF hospitalization risk, even after multivari-
able Model 1 adjustment (Table 3). Larger LAD was significantly asso-
ciated with the risk of incident HF even after adjustment by the
prescription at enrolment, or covariates significantly differed among
the patients stratified by LAD (Table 3). Left atrial diameter remained
an independent determinant of HF hospitalization even when ana-
lysed as a continuous variable. When LAD was indexed by body sur-
face area, indexed LAD remained significantly associated with a higher
HF hospitalization risk (HR: 1.57, 95% Cl: 1.46-1.69 per 5 mm/m?;
P <0.001).

The association between LAD > 45 mm and the incidence of HF
hospitalization stratified by major patients’ characteristics is shown in
Figure 3. Left atrial diameter >45 mm was significantly associated
with a higher HF hospitalization risk across all major subgroups without
significant interaction (P for interaction; all P> 0.05).

Patients with the data of natriuretic

peptide levels

Among 3002 AF patients with preserved LVEF, natriuretic peptide le-
vels were available for 1452 (445 with BNP levels and 1007 with
NT-proBNP levels). The NT-proBNP levels had positive correlation
with LAD (r=0.29, P < 0.001) (Figure 4A). The four LAD strata (<40,
40—44, 4549, and >50 mm) were significantly associated with HF hos-
pitalization risk even after multivariable analysis adjustment including
NT-proBNP levels (multivariable Model 4) (Table 3). The Kaplan—
Meier curves among patients divided by LAD (> or <45 mm) and
NT-proBNP levels [> or <median value (680 ng/L)] revealed these
four groups stratified the HF hospitalization risk during the follow-up
period (log-rank; P < 0.001) (Figure 4B).

Discussion

In the present study, a significant association between LAD and in-
creased HF event risk in AF patients with preserved LVEF was demon-
strated. This association was consistent across major subgroups. Left
atrial diameter yielded an independent and incremental prognostic va-
lue for HF hospitalization in addition to natriuretic peptide levels in AF
patients with preserved LVEF.

The association between left atrial size and
heart failure events in atrial fibrillation
patients

The incidence of HF has recently increased, despite advances in AF pa-
tient management.? Thus, to improve AF patient outcomes, risk strati-
fication and prevention of incident HF is of clinical importance.
Echocardiography is central in screening and management among AF
patients and may be useful for HF event risk stratification in these
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Subgroup analysis for HF hospitalization risk

No. of events / patients

Subgroup Hazard ratio . Pfor_
LAD 245 mm  LAD <45 mm (95% CI) interaction
Sex
Male 121 /706 (17%) 96/ 1070 (9%) —@—i 0465
Female  111/481 (23%) 84 /745 (11%) —@—
Age
>75 years 158 /668 (24%) 114/ 837 (14%) —@—i 047
<75years 74/519 (14%) 66/978 (7%) —@—
Type of AF
Paroxysmal 63 /365 (17%) 111/1214 (9%) —&— 5
Sustained 169/822 (21%) 69 /601 (11%) —@—
Pre-existing HF
Yes 130/ 382 (34%) 66/319 (21%) —@— 0.96
No 102/ 805 (13%) 114/ 1496 (8%) —@—
CHA,DS,-VASc score
<2 28/297 (9%) 29/666 (4%) | o ' 078
>3 204 / 890 (23%) 151/ 1149 (13%) —@— '
1 5

—

——)

LAD <45 mm worse

LAD 245 mm worse

Figure 3 Association of LAD > 45 mm with HF hospitalization among major subgroups. AF, atrial fibrillation; Cl, confidence interval; HF, heart failure;

LAD, left atrial diameter.

patients. We previously demonstrated that reduced LVEF is an inde-
pendent incident HF predictor for AF patients.® However, the majority
of AF patients had preserved LVEF,® and further risk stratification is
strongly warranted for these patients.

Left atrial diameter is a simple and reproducible measure of left atrial
size and has been widely used and routinely measured in daily practice.”*
Although left atrial volume is recommended for the assessment of left
atrial size,"® LAD showed high reproducibility and was reported to
have a strong correlation with left atrial volume.?*~2¢ Thus, we believe
that the exploration for the relationship between LAD and incident
HF is of significance in clinical practice of patients with AF.

Our previous report using a machine learning technique found LAD
to be an important variable for HF risk stratification in AF patients.” A
previous multicentre cohort study demonstrated a significant
association between a mildly dilated left atrium (LAD: 40—44 mm)
and incident HF in AF patients without left atrial enlargement

(LAD > 45 mm)."® On the other hand, another study reported that
LAD was not a significant predictor of future cardiovascular events in-
cluding HF in patients with AF, despite it being an independent predict-
or in patients with sinus rhythm.'* A recent systematic review
reported conflicting results between studies regarding the association
of LAD with HF events in AF patients, as well as those regarding left
atrial volume.® Of note, these previous studies were small (with
<1000 participants) and with a relatively short duration follow-up per-
jod, limiting the ability to evaluate the association between left atrial
enlargement and HF events in AF patients. The strength of this study
is that our registry included over 3000 patients and had a long-term
follow-up period (the median follow-up period was over 5 years).
The present results using a large-scale registry with a long-term follow-
up period demonstrated that LAD is an important echocardiographic
parameter for incident HF risk stratification among AF patients with
preserved LVEF.
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Figure 4 (A) Relationship between LAD and NT-proBNP levels.
(B) Kaplan—Meier curves for HF hospitalization incidences stratified
by LAD and NT-proBNP levels. Log-transformed NT-proBNP had
positive correlation with LAD (log-transformed NT-proBNP =4.27 +
0.05*%LAD). aHR, adjusted hazard ratio; Cl, confidence interval; HF, heart
failure; LAD, left atrial diameter; NT-proBNP, N-terminal pro B-type
natriuretic peptide.

Potential mechanisms and clinical
implications
The left atrium is commonly considered a buffer chamber between pul-
monary circulation and the left ventricle. Chronic exposure to high left
ventricular filling pressure initiates an adaptive process leading to left at-
rial enlargement.”® Thus, left atrial size is thought to be related to left
ventricular filling pressure and severity of left ventricular diastolic dys-
function, which is strongly associated with the risk of future HF
events.?*?% Indeed, left atrial enlargement is a proposed parameter
for HF diagnosis with preserved ejection fraction.

Besides, AF itself reportedly causes atrial fibrosis, leading to left atrial
structural remodelling.>"3? Thus, patients with high AF burden may de-
velop progressive left atrial enlargement independent of impaired left

ventricular diastolic dysfunction. Considering this, left atrial size is
thought to be a marker not only of diastolic dysfunction but also of
AF burden in patients with AF. Previous studies, including ours, re-
ported a significant association between sustained AF, strongly related
to AF burden, and a higher HF event risk in patients with AF.'”33 In this
regard, left atrial enlargement may be related to HF development sus-
ceptibility through the representation of left ventricular diastolic dys-
function and/or AF burden.

Although out of the scope of our analysis, reducing HF events in AF
patients with left atrial enlargement requires future evaluation.
Recently, novel HF drugs became available in clinical practice and may
be an option for these patients.3435 Additionally, catheter ablation
for AF, shown to improve HF outcomes in selected AF patients with
reduced LVEF, may also be an attractive therapy.>® However, whether
these treatments can improve outcomes in AF patients with dilated
LAD requires further study. Notably, left atrial enlargement is another
parameter for AF recurrence after rhythm control therapy.>” Thus, the
decision to perform rhythm control therapy in AF patients with pre-
served LVEF and left atrial enlargement requires case-by-case
determination.

Value of left atrial diameter in addition
to natriuretic peptide levels

Natriuretic peptide levels are the strongest outcome predictor in pa-
tients with HF.3*3> Also, we previously demonstrated a significant asso-
ciation between natriuretic peptide levels and risk of future HF events in
AF patients, even without pre-existing HF.>' Natriuretic peptide levels
may be a confounder regarding the association between LAD and HF
events, but no prior study has been able to adjust for natriuretic peptide
concentrations. Our study demonstrated that LAD is independent and
incremental in predicting incident HF in addition to natriuretic peptide
levels. Our previous studies combined with this analysis suggest the util-
ity of combining natriuretic peptide levels, LVEF, and LAD for HF event
risk stratification and prevention in AF patients.®?'

Limitations

The present study has several limitations. First, this was an observation-
al study and provided only associative evidence, not causative. The pos-
sibility of unmeasured or residual confounding factors cannot be ruled
out. Besides, this registry was started before the launch of direct oral
anticoagulants and had low prescription rates of oral anticoagulants.
Thus, the generalizability of the results may be limited. Second, the de-
cision to perform echocardiography was entirely at the discretion of
the attending physicians. Indeed, there are some differences between
patients with or without LAD data, resulting in unavoidable selection
bias. Third, only the left atrial anterior—posterior diameter was mea-
sured in the registry. Left atrial volume is a more reliable estimator of
left atrial size and was recommended in the current guideline when as-
sessing left atrial size, as left atrial dilatation can be eccentric.
Unfortunately, left atrial volume was not obtained in the registry and
lack of this important data was a major limitation of this study.
Fourth, diastolic dysfunction data, such as tricuspid regurgitation pres-
sure gradient or E/e’, right ventricular function, or the details of valvular
heart diseases were not obtained. Also, there were some missing data
regarding the drug prescription and laboratory data. Although our re-
sults were consistent even after excluding the corresponding institution
with many missing data, the missing data unavoidably led to some selec-
tion bias and this was another major limitation of the study. Fifth, echo-
cardiographic data were not obtained at the incidence of HF
hospitalization nor during follow-up period. Thus, it was not possible
to address the change of LAD and classify HF hospitalization type ac-
cording to LVEF. Sixth, there was no data about cardiac rhythm at
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the time of index echocardiography and echocardiographic data were
site reported. Thus, the possibility exists for measurement error or
echocardiographic measurement variation.

Conclusions

Left atrial enlargement at enrolment is significantly associated with HF
hospitalization risk in AF patients with preserved LVEF, suggesting the
utility of LAD for future HF event risk stratification.
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