University of

"1l Kent Academic Repository

Sun, Yuxi, Chen, Xuefu, Zhang, Yanli, Yu, Yao, Zhang, Xinxin, Si, Jinping,

Ding, Zijie, Xia, Yunlong, Tse, Gary and Liu, Ying (2023) Reverse Atrial Remodeling
in Heart Failure With Recovered Ejection Fraction. Journal of the American

Heart Association, 12 (2). ISSN 2047-9980.

Downloaded from
https://kar.kent.ac.uk/99873/ The University of Kent's Academic Repository KAR

The version of record is available from
https://doi.org/10.1161/jaha.122.026891

This document version
Publisher pdf

DOI for this version

Licence for this version
CC BY-NC-ND (Attribution-NonCommercial-NoDerivatives)

Additional information

Versions of research works

Versions of Record
If this version is the version of record, it is the same as the published version available on the publisher's web site.
Cite as the published version.

Author Accepted Manuscripts

If this document is identified as the Author Accepted Manuscript it is the version after peer review but before type
setting, copy editing or publisher branding. Cite as Surname, Initial. (Year) 'Title of article'. To be published in Title

of Journal , Volume and issue numbers [peer-reviewed accepted version]. Available at: DOI or URL (Accessed: date).

Enquiries

If you have questions about this document contact ResearchSupport@kent.ac.uk. Please include the URL of the record
in KAR. If you believe that your, or a third party's rights have been compromised through this document please see

our Take Down policy (available from https://www.kent.ac.uk/quides/kar-the-kent-academic-repository#policies).



https://kar.kent.ac.uk/99873/
https://doi.org/10.1161/jaha.122.026891
mailto:ResearchSupport@kent.ac.uk
https://www.kent.ac.uk/guides/kar-the-kent-academic-repository#policies
https://www.kent.ac.uk/guides/kar-the-kent-academic-repository#policies

€20z ‘9 Arenige4 uo Aq Bio'sfeuinofeye//:dny wouy pspeojumoq

Journal of the American Heart Association

ORIGINAL RESEARCH

Reverse Atrial Remodeling in Heart Failure
With Recovered Ejection Fraction

Yuxi Sun “¥, MD*; Xuefu Chen, MM*; Yanli Zhang, MD; Yao Yu
Zijie Ding, MM; Yunlong Xia “*, MD; Gary Tse

, MM; Xinxin Zhang
, PhD; Ying Liu "=, MD

, MD; Jinping Si, MD;

BACKGROUND: Heart failure with recovered ejection fraction (HFrecEF) has been a newly recognized entity since 2020. However,
the concept has primarily focused on left ventricular ejection fraction improvement, with less focus on the recovery of the left
atrium. In this study, we investigated changes in left atrial (LA) echocardiographic indices in HFrecEF.

METHODS AND RESULTS: An inpatient cohort with heart failure with reduced ejection fraction (HFrEF) was identified retro-
spectively and followed up prospectively in a single tertiary hospital. The enrolled patients were classified into HFrecEF and
persistent HFrEF groups. Alternations in LA parameters by echocardiography were calculated. The primary outcome was a
composite of cardiovascular death or heart failure rehospitalization. A total of 699 patients were included (HFrecEF: n=228;
persistent HFrEF: n=471). Compared with persistent HFrEF, the HFrecEF group had greater reductions in LA diameter, LA
transverse diameter, LA superior-inferior diameter, LA volume, and LA volume index but not in LA sphericity index. Cox
regression analysis showed that the HFrecEF group experienced lower risks of prespecified end points than the persistent
HFrEF group after adjusting for confounders. Additionally, 136 (59.6%) and 62 (13.0%) patients showed LA reverse remodeling
(LARR) for the HFrecEF and persistent HFrEF groups, respectively. Among the HFrecEF subgroup, patients with LARR had
better prognosis compared with those without LARR. Multivariate logistic analysis demonstrated that age and coronary heart
disease were 2 independent negative predictors for LARR.

CONCLUSIONS: In HFrecEF, both left ventricular systolic function and LA structure remodeling were improved. Patients with
HFrecEF with LARR had improved clinical outcomes, indicating that the evaluation of LA size provides a useful biomarker for
risk stratification of heart failure.

Key Words: heart failure with recovered ejection fraction m left atrium ® remodeling ® reverse

parameter used for the classification of heart fail-

ure (HF). The latest European Society of Cardiology
HF guideline recommended that HF was divided into 3
distinct phenotypes: HF with reduced ejection fraction
(HFrEF, LVEF <40%), HF with mildly reduced ejection
fraction (LVEF 40%—-49%), and HF with preserved ejec-
tion fraction (LVEF >50%) based on LVEF measurement.!
However, LVEF is not static but can vary dynamically.
Deterioration of LVEF occurs during sudden cardiac
injury, abnormal neurohormonal factors, sustained cardiac

Left ventricular ejection fraction (LVEF) is the main

pressure, or volume overload, whereas the recovery of
LVEF presents when eliminating the risk factors, receiving
guideline-directed medical therapy (GDMT), or after inva-
sive or surgical management.? Therefore, just measuring
LVEF once at 1 time point may be far from adequate, and
ongoing evaluation in the trajectory of LVEF over time is
an important predictor of adverse outcomes.®

Previous studies have focused on the trajectory of
LVEF to detect the incidence, predictors, and prog-
nosis of LVEF changes in patients with HF.4% The
2020 Journal of the American College of Cardiology
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CLINICAL PERSPECTIVE

What Is New?

e Compared with patients with persistent heart
failure with reduced ejection fraction, both left
ventricular systolic function and left atrial struc-
ture were improved in patients with heart failure
with recovered ejection fraction.

e |n the heart failure with recovered ejection frac-
tion subgroup, patients with left atrial reverse
remodeling had improved clinical outcomes.

What Are the Clinical Implications?

e The evaluation of left atrial size provides a use-
ful biomarker for the risk stratification of heart
failure.

e QOlder age and the presence of coronary heart
disease are 2 negative predictors for left atrial
reverse remodeling, highlighting the importance
of treating the cause for the management of
heart failure.

Nonstandard Abbreviations and Acronyms

CRT cardiac resynchronization therapy

E/e’ mitral Doppler early velocity/mitral
annular early velocity

GDMT guideline-directed medical therapy

HFrecEF heart failure with recovered
ejection fraction

HFrEF heart failure with reduced ejection
fraction

LARR left atrial reverse remodeling

Scientific Expert Panel recommended a novel working
definition of heart failure with recovered ejection frac-
tion (HFrecEF), which includes the following? (1) doc-
umentation of a decreased LVEF <40% at baseline, (2)
>10% absolute improvement in LVEF, and (3) a second
measurement of LVEF >40%. An additional diagnostic
criterion for HFrecEF is that the second echocardio-
graphic examination must be at least 3 to 6months
after the baseline assessment to avoid acute changes
because of heart rate and cardiac load. Extensive
studies have proved that HFrecEF is generally associ-
ated with a better clinical outcome, but improvement
in LVEF does not imply full myocardial recovery or
normalization of LV function.”® Moreover, the concept
of HFrecEF is mainly focused on the improvement of
cardiac systolic function, characterized by raised LVEF,
with less attention paid to the recovery of left atrial
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(LA) structure. In this study, we investigated the clini-
cal characteristics, prognosis, and improvement of LA
structure in patients with HFrecEF.

METHODS

Data and study materials are available upon reasona-
ble request through the Department of Cardiology, The
First Affiliated Hospital of Dalian Medical University.

Study Population and Grouping

This study was approved by the institutional review
board of The First Affiliated Hospital of Dalian Medical
University. The procedures were conducted in accord-
ance with the Declaration of Helsinki and its amend-
ments. All subjects provided informed consent.
No identifiable data were included in the database
extracted for this study.

This cohort, which included patients with HFrEF
hospitalized at The First Affiliated Hospital of Dalian
Medical University between January 1, 2015 and
October 31, 2019, was identified retrospectively and
followed prospectively. Patients with end-stage renal
failure, in-hospital death, missing echocardiography
data, and who were lost to follow-up were excluded
from the study. Enrolled patients underwent at least
2 echocardiographic examinations. When >2 tests
were available, the first and last assessments were
used to calculate the changes in echocardiographic
indices. The time interval between the 2 echocardiog-
raphy examinations was at least 3months. According
to the recovery of LVEF, the cohort was divided into
the HFrecEF group and persistent HFrEF group. The
subjects who met the HFrecEF criteria were included in
the HFrecEF group, whereas the others were enrolled
in the persistent HFrEF group. Baseline demographics,
laboratory data, echocardiogram findings, and medi-
cations were collected from Yidu Cloud, which is one
of the largest medical databases in China.

Clinical Definitions

HFrecEF was defined according to the 2020 Journal
of the American College of Cardiology HFrecEF Expert
Consensus. The diagnostic criteria were: (1) documen-
tation of a decreased LVEF <40% at baseline, (2) >10%
absolute improvement in LVEF, and (3) a second meas-
urement of LVEF >40%. End-stage renal failure was
defined by estimated glomerular filtration rate <30mL/
min per 1.73m>.

Changes in LA Echocardiographic Indices
In this study, 3 indices were calculated to evaluate LA
structure remodeling, including LA volume index, LA
sphericity index, and LA reverse remodeling (LARR).
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LA volume index, measured by 2-dimensional echo-
cardiography, is an accurate descriptor of LA volume
and could reflect LV diastolic dysfunction.® LA sphe-
ricity index is a novel index to assess the agreement
between LA shape and a perfect sphere, which is
more sensitive and changes earlier than LA volume
index when exposed to varying stressors.'° It can be
obtained by calculating the ratio of the transverse and
longitudinal diameters of the left atrium. LARR is de-
fined as a reduction >15% in the LA end-systolic vol-
ume."" Other relevant indicators, such as LA diameter,
LA transverse diameter, LA superior—inferior diameter,
and LA volume were also recorded.

Clinical Outcomes on Follow-Up

The adverse end points were the composite of cardio-
vascular death or HF-related admission, cardiovascular
death, and HF-related admission. All enrolled subjects
were encouraged to return to the outpatient clinic regu-
larly. If the patients did not attend their scheduled clinic
appointments, they would be contacted by telephone.
The deadline for follow-up was October 31, 2020 or
the occurrence of prespecified end points, whichever
was earlier.

Statistical Analysis

Statistical analysis was performed with Statistical
Package for Social Sciences, version 24.0 (IBM,
Armonk, NY). Categorical variables were expressed as
percentage, whereas continuous variables were pre-
sented as median (interquartile range) (nonnormal dis-
tribution) or mean+SD (normal distribution). Descriptive
characteristics were compared between the 2 groups
using x? Kruskal-Wallis, and independent-sample
t tests for categorical, nonnormally distributed, and
normally distributed variables, respectively. Kaplan-
Meier analysis was performed to calculate the in-
cidence of adverse end points, with a log-rank test
assessing the differences. Cox regression analysis was
constructed to compare the risks of adverse events.
Covariates in the multivariate analysis included age,
body weight, systolic blood pressure, heart rate, coro-
nary artery disease, diabetes, hemoglobin, urea, BNP
(B-type natriuretic peptide), high-sensitivity troponin |,
left ventricular end-diastolic diameter, mitral Doppler
early velocity/mitral annular early velocity, time interval
between echocardiograms, spironolactone, loop diu-
retic, aspirin, statins, nitrate, cardiac resynchronization
therapy, which were statistically different at baseline
between the groups. Additional covariates adjusted for
clinically relevant characteristics, including atrial fibril-
lation, B-blockers, and renin-angiotensin-aldosterone
system blockers. For the model comparing the risks of
adverse outcomes between the LARR and no-LAAR
groups, covariates included age, sex, BNP, and LVEF.
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Hazard ratio (HR) with 95% Cl were presented. Logistic
regression analysis was used to identify the independ-
ent factors that predict LA reverse remodeling. A
2-sided P value <0.05 was considered to be statisti-
cally different.

RESULTS

Demographic and Clinical Characteristics
A total of 1037 patients with HFrEF were initially in-
cluded. Of these, 338 cases were excluded to meet
the exclusion criteria. Consequently, the remaining
699 patients were eventually involved in our study
(Figure 1). Based on LVEF recovery, 228 (32.6%) pa-
tients were assigned into the HFrecEF group and 471
(67.4%) to the persistent HFrEF group. Their baseline
characteristics are shown in Table 1. Overall, com-
pared with the persistent HFrEF group, patients in the
HFrecEF group were younger, had higher blood pres-
sure and faster heart rate, lower frequency of diabetes
and coronary heart disease, and lower levels of BNP
and high-sensitivity troponin I. Moreover, they showed
lower left ventricular end-diastolic diameter and mi-
tral Doppler early velocity/mitral annular early velocity,
and were less likely to receive medications, such as
spironolactone, loop diuretic, aspirin, statins, nitrate,
and cardiac resynchronization therapy. Notably, the
interval between 2 echocardiography tests was longer
for the persistent HFrEF group.

Changes in Echocardiographic Data
Alterations in echocardiographic parameters from
baseline to follow-up were calculated and compared
between the HFrecEF and persistent HFrEF groups.
Compared with the persistent HFrEF group, the
HFrecEF group had greater reductions in left atrial
diameter (median reduction: —-4.00 [-7.00 to 0.00]
versus 2.00 [-3.00 to 6.00], P<0.001), left atrial trans-
verse diameter (median reduction: —4.00 [-8.00 to
0.00] versus 1.00 [-4.00 to 6.00], P<0.001), left atrial
superior-inferior diameter (median reduction: —4.00
[-10.00 to 0.00] versus 1.00 [-5.00 to 7.00], P<0.001),
left atrial volume (median reduction: —14.46 [-27.85 to
—-0.89] versus 4.19 [-11.08 to 22.56], P<0.001), and left
atrial volume index (median reduction: -5.20 [-13.64
to 1.59] versus 6.89 [-1.80 to 20.61], P<0.001) but not
in left atrial sphericity index (median reduction: 0.000
[-0.058 to 0.043] versus —0.005 [-0.061 to 0.048],
P=0.800) (Figure 2).

Adverse Outcomes on Follow-Up

On follow-up, 245 patients met the composite end point
(HFrecEF: n=34 [14.9%] versus persistent HFrEF: n=211
[44.3%)]), of which 106 died from cardiovascular causes



€20z ‘9 Arenige4 uo Aq Bio'sfeuinofeye//:dny wouy pspeojumoq

Sun et al

LARR in HFrecEF

Hospital of Dalian Medical University between January 1, 2015

Consecutive HFrEF patients hospitalized at The First Affiliated
and October 31, 2019 (assessed for eligibility, n=1037)

37 excluded [End-stagc renal failure (n=31)}
s s

Died in hospital (n=6)

[ 1000 patients remained

N

J

238 excluded [ Missing echocardiographic
data (n=238)

762 patients completed the
second echocardiogram

63 excluded Lost to follow-up (n=63) }

HFrecEF group
(n=228)

Persistent HFrEF group
(n=471)

Figure 1. Flow diagram of inclusion and exclusion of study subjects.
HFrecEF indicates heart failure with recovered ejection fraction; and HFrEF, heart failure with reduced

ejection fraction.

(HFrecEF: n=14 [6.1%] versus persistent HFrEF: n=92
[19.5%)]), and 166 were rehospitalized for worsening HF
(HFrecEF: n=21 [9.2%)] versus persistent HFrEF: n=145
[30.7%)]). The Kaplan-Meier survival curve shows that
those in the persistent HFrEF group experienced a higher
incidence of prespecified adverse end points than the
HFrecEF group (Figure 3). Cox regression analysis dem-
onstrated that the persistent HFrEF group had higher
risks of composite outcome (HR, 3.479 [95% Cl, 2.422—
4.999]; P<0.001), HF rehospitalization (HR, 3.454 [95%
Cl, 2186-5.460]; P<0.001), and cardiovascular death
(HR, 3.606 [95% CI, 2.017-6.448]; P<0.001). The asso-
ciation remained significant for the composite outcome
(HR, 2.734 [95% Cl, 1.823-4.102]; P<0.001), HF rehospi-
talization (HR, 2.916 [95% ClI, 1.777-4.786]; P<0.001), and
cardiovascular death (HR, 2.597 [95% Cl, 1.331-5.067];
P=0.005) after adjusting for confounding factors (Table 2).

LARR in HFrecEF

In this study, 136 cases (59.6%) in the HFrecEF group
and 62 (13.0%) in the persistent HFrEF group showed
LARR (P<0.001) (Figure 4). Cox regression analysis
showed that patients with HFrecEF with LARR experi-
enced lower risks of the composite outcome (HR, 2.276
[95% ClI, 1.149-4.509]; P=0.018) and cardiovascular
death (HR, 3.809 [95% Cl, 1.194-12150]; P=0.024),
but not HF rehospitalization (HR, 1.700 [95% ClI, 0.722—
4.005]; P=0.225). The association persisted after ad-
justment (adjusted HR, 2.745 [95% CI, 1.348-5.589];

J Am Heart Assoc. 2023;12:e8124. DOI: 10.1161/JAHA.122.026891

P=0.005 for composite outcome; adjusted HR, 3.613
[95% CI, 1.088-11.992]; P=0.036 for cardiovascular
death) (Table 3). Multivariate logistic regression analy-
sis revealed that higher systolic blood pressure (odds
ratio [OR], 1.014 [95% ClI, 1.002-1.025]; £=0.018) and
low-density lipoprotein cholesterol (OR, 1.247 [95% Cl,
1.017-1.529]; P=0.034) were associated with LARR.
Age (OR, 0.980 [95% CI, 0.967-0.992]; P=0.001) and
coronary heart disease (OR, 0.630 [95% ClI, 0.434-
0.914]; P=0.015) were identified as 2 negative predic-
tors of LARR (Table 4).

DISCUSSION

The major findings in our study were (1) patients with
HFrecEF showed LA structure reverse remodeling and,
(2) among the HFrecEF subtype, patients with LARR
experienced lower risks of adverse events compared
with those without LARR.

The atrium can undergo structural, electrical, and
metabolic remodeling in different disease states.
Potential molecular mechanisms include myocyte
hypertrophy, cell death, inflammation, fibrosis, and
capillary density, which are stimulated by various neu-
rohumoral factors.’>'® LARR has been described as
the temporal process of a reduction in LA size or a
restoration of specific functional parameters after the
removal of external stressors.”® LA volume is gener-
ally considered to be an important echocardiogram
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Table 1. Baseline Demographics and Clinical Characteristics of Patients at the Time of First Echocardiography

Variables HFrecEF group, n=228 Persistent HFrEF group, n=471 P value
Age, y 58.87+156.02 65.04+12.76 <0.001
Men, n (%) 177 (77.6) 339 (72.0) 0.111
SBP, mmHg 136.07+24.33 128.56+22.28 <0.001
DBP, mmHg 85.27+17.45 79.27+14.36 <0.001
Heart rate, bpm 89.27+21.86 82.72+18.79 <0.001
Smoking, n (%) 84 (36.8) 184 (39.0) 0.571
Alcohol consumption, n (%) 51 (22.3) 111 (23.5) 0.725
QRS duration, ms 108.02+28.77 118.71+£36.41 <0.001
QTc interval, ms 480.58+42.21 479.18+56.16 0.725
Height, m 1.71£0.08 1.69+0.08 0.105
Weight, kg 76.39+16.07 73.19+15.03 0.012
BSA, kg/m? 1.96+0.22 1.93+0.23 0.180
NYHA class llI/IV, n (%) 54 (23.7) 125 (26.5) 0.417
Coronary heart disease (n,%) 59 (25.9) 220 (46.7) <0.001
Hypertension, n (%) 147 (64.5) 289 (61.4) 0.425
Atrial fibrillation, n (%) 87 (38.2) 150 (31.8) 0.299
Diabetes, n (%) 67 (29.4) 169 (35.9) <0.001
Cerebrovascular disease, n (%) 20 (8.8) 58 (12.3) 0.163
Laboratory values
White blood cells, 10%/L 6.91 (56.68-8.25) 6.77 (5.38-8.44) 0.671
Neutrophil, % 62.8 (65.9-70.3) 65.1 (57.0-72.1) 0.100
Neutrophil, 10%/L 4.28 (3.25-5.63) 4.27 (3.25-5.68) 0.790
Hemoglobin, g/L 140.52+21.82 135.74+20.45 0.005
Platelet, 10%L 199 (160-246) 191 (1569-232) 0.215
BNP, pg/mL 692.2 (355.9-1427.9) 900.1 (451.3-1650.0) 0.010
D-dimer, pmol/L 670 (285-1235) 680 (330-1373) 0.406
Glucose, mmol/L 5.35 (4.72-6.57) 5.40 (4.76-7.09) 0.160
Triglyceride, mmol/L 1.18 (0.86-1.53) 1.11 (0.87-1.52) 0.634
Cholesterol, mmol/L 410 (3.48-5.23) 4.22 (3.46-5.04) 0.944
LDL-C, mmol/L 2.29 (1.89,3.04) 2.41 (1.87-3.02) 0.842
HDL-C, mmol/L 1.00 (0.79-1.22) 1.01 (0.82-1.20) 0.608
hs-Tnl, pg/L 0.044 (0.020-0.116) 0.058 (0.027-0.198) 0.009
Urea, mmol/L 7.54 (5.67-9.47) 7.94 (6.33-10.31) 0.020
Creatinine, mmol/L 85 (72-101) 87 (74-112) 0.145
Uric acid, mmol/L 463 (361-583) 445 (366-567) 0.873
Serum sodium, mmol/L 141 (139-144) 141 (138-143) 0.053
Serum potassium, mmol/L 3.98+0.49 3.98+0.51 0.902
Echocardiography findings
LVEDD, mm 60.29+7.78 62.03+9.38 0.010
LVEF 30.05+6.14 30.59+6.12 0.275
VS, mm 10.63+1.70 10.17+£1.94 0.002
LVPWT, mm 10.00 (9.75, 11.00) 10.0 (9.00, 11.00) <0.001
LAD, mm 45.76+7.58 44.81+6.32 0.080
LATD, mm 49.23+8.07 48.52+6.52 0.209
LASID, mm 62.68+8.85 62.21+8.77 0.509
E/e’ 12.3 (10.3, 16.0) 14.3 (11.0, 19.0) 0.002
EDT, mms 150 (120, 190) 150 (127, 190) 0.465
LAV, mL 70.54 (56.09, 84.81) 68.12 (54.19, 87.71) 0.381
LAVI, mL/m? 44.55 (32.32, 64.83) 42.50 (31.03, 67.07) 0.640
LASI 0.786+0.067 0.783+0.066 0.592
Time interval, mo 13.5 (7.0, 26.0) 17.0 (8.0, 31.0) 0.007
(Continued)
J Am Heart Assoc. 2023;12:e8124. DOI: 10.1161/JAHA.122.026891 5
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Table 1. Continued

LARR in HFrecEF

Variables HFrecEF group, n=228 Persistent HFrEF group, n=471 P value

Medications
B-Blockers, n (%) 221 (96.9) 450 (95.5) 0.380
RAAS blockers, n (%) 181 (79.4) 366 (77.7) 0.614
Spironolactone, n (%) 134 (58.8) 339 (72.0) <0.001
Digoxin, n (%) 66 (28.9) 128 (27.2) 0.624
Loop diuretic, n (%) 78 (34.2) 241 (51.2) <0.001
Aspirin, n (%) 74 (32.5) 219 (46.5) <0.001
Statins, n (%) 102 (44.7) 269 (57.1) 0.002
Nitrates, n (%) 53 (23.2) 181 (38.4) <0.001
Warfarin, n (%) 70 (30.7) 140 (29.7) 0.792
ICD, n (%) 2(0.9) 13(2.8) 0.107
CRT, n (%) 5(2.2) 29 (6.2 0.022

Categorical data are presented as percentages, and a x° test was used to compare the differences. Continuous variables with nonnormal distribution are
expressed as median (interquartile range) and were analyzed using the Kruska-Wallis test. Continuous variables with normal distribution are presented as
mean+SD, and an independent-sample ¢ test was applied to assess the differences. BNP indicates B-type natriuretic peptide; BSA, body surface area; CRT,
cardiac resynchronization therapy; DBP, diastolic blood pressure; E/e’, mitral Doppler early velocity/mitral annular early velocity; EDT, E peak deceleration time;
HDL-C, high-density lipoprotein cholesterol; HFrecEF, heart failure with recovered ejection fraction; HFrEF, heart failure with reduced ejection fraction; hs-Tnl,
high-sensitivity troponin [; ICD, implanted cardiac device; IVS, interventricular septal; LAD, left atrium diameter; LASI, left atrial sphericity index; LASID, left atrial
superior-inferior diameter; LATD, left atrial transverse diameter; LAV, left atrial volume; LAVI, left atrial volume index; LDL-C, low-density lipoprotein cholesterol;
LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular ejection fraction; LVPWT, left ventricular posterior wall thickness; NYHA, New York Heart
Association; RAAS, renin-angiotensin-aldosterone system; and SBP, systolic blood pressure.

the changes in LA function may be more sensitive than
those of LA volume in detecting LA remodeling, which
should be investigated in future researche.

Numerous clinical studies have confirmed that LA
remodeling could be reversed with GDMT, including

parameter to evaluate LA structure change, and strain
analysis has been extensively used to describe the
functional aspects of LARR. Multiple studies have
demonstrated that LA dysfunction may precede
changes in LA structure.'*"" Thus, we speculate that
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Figure 2. Changes in echocardiographic indices from baseline to follow-up for HFrecEF and persistent HFrEF groups.
HFrecEF indicates heart failure with recovered ejection fraction; HFrEF, heart failure with reduced ejection fraction; LAD, left atrial
diameter; LASI, left atrial sphericity index; LASID; left atrial superior-inferior diameter; LATD, left atrial transverse diameter; LAV, left
atrial volume; and LAVI, left atrial volume index.
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Figure 3. Kaplan-Meier survival curve for adverse events between the HFrecEF and persistent HFrEF groups.
HFrecEF indicates heart failure with recovered ejection fraction; and HFrEF, heart failure with reduced ejection fraction.

angiotensin-converting enzyme inhibitors, angioten-
sin Il receptor blockers, mineralocorticoid receptors
antagonists,'®'® angiotensin receptor-neprilysin inhibi-
tors,?% and with invasive/surgical approaches.?! In this
study, the proportions of patients taking these medi-
cations were comparable in both groups (B-blockers,
P=0.38; renin-angiotensin-aldosterone system block-
ers, P=0.61; implanted cardiac device, P=0.11). In
contrast, we found that patients with HFreckEF were
younger and experienced a lower prevalence of cor-
onary heart disease. Logistic regression analysis also
confirmed that younger age and absence of coronary
heart disease were 2 independent predictors of LARR.
The aging process, representing a complex interaction
of biological and environmental risk factors, is strongly
associated with cardiovascular morbidity and mortality.
The left atrium gradually dilates with age, which may
be attributable to age-related increase in LV myocar-
dial stiffness.?? Yoshida et al reported that age was an
independent predictor of LA phasic strain parameters,
including reservoir, conduit, and pump strain, even
after full multivariate adjustment.?® In short, age has
been proven to be related to increases in LA volume

and decreases in LA reservoir and passive function.
Currently, few studies have described the relationship
between ischemic cardiomyopathy and atrial remodel-
ing. Ahn et al conducted a cohort study of 105 patients
to investigate the effect of myocardial perfusion on LA
remodeling and its determinants following primary
percutaneous coronary interventionfor acute myocar-
dial infarction.?* Despite no overall change of left atrial
volume, evidence of significant LA reverse remodeling
based on myocardial perfusion grade was reported,
with LA volume increasing at thrombolysis in myocar-
dial infarction myocardial perfusion grade 0/1, decreas-
ing at thrombolysis in myocardial infarction myocardial
perfusion grade 3, and demonstrating no change at
thrombolysis in myocardial infarction myocardial per-
fusion grade 2. Moreover, perfusion grade and ante-
rior location of myocardial infarction were independent
determinants of LA remodeling. Overall, although HF
therapies were similar between the 2 groups, the lower
prevalence of coronary heart disease and younger age
may account for more LARR in patients with HFrecEF.

LVEF has been widely regarded as the most prog-
nostic index for HFrEF.?5 Comparatively, the left atrium

Table 2. Cox Regression Analysis for Adverse Outcomes Between HFrecEF and Persistent HFrEF Groups

Unadjusted Fully adjusted*
Clinical outcomes HR 95% ClI P value HR 95% ClI P value
Cardiovascular death or
heart failure hospitalization
HFrecEF group 1 reference NA 1 reference NA
Persistent HFrEF group 3.479 2.422-4.999 <0.001 2.734 1.823-4.102 <0.001
Cardiovascular death
HFrecEF group 1 reference NA 1 reference NA
Persistent HFrEF group 3.606 2.017-6.448 <0.001 2.597 1.331-5.067 0.005
Heart failure hospitalization
HFrecEF group 1 reference NA 1 reference NA
Persistent HFrEF group 3.454 2.186-5.460 <0.001 2.916 1.777-4.786 <0.001

HFrecEF indicates heart failure with recovered ejection fraction; HFrEF, heart failure with reduced ejection fraction; HR, hazard ratio; and NA, not applicable.
*Adjusted for age, body weight, systolic blood pressure, heart rate, atrial fibrillation, coronary artery disease, diabetes, hemoglobin, urea, B-type
natriuretic peptide, high-sensitivity troponin I, left ventricular end-diastolic diameter, mitral Doppler early velocity/mitral annular early velocity, time interval
between echocardiograms, f-blockers, renin-angiotensin-aldosterone system blockers, aspirin, spironolactone, loop diuretic, statins, nitrate, and cardiac

resynchronization therapy.
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Figure 4. LARR in HFrecEF and persistent HFrEF groups.
HFrecEF indicates heart failure with recovered ejection fraction; HFrEF, heart failure with reduced ejection

fraction; and LARR, left atrial reverse remodeling.

has received less focus, although it is used for assess-
ing cardiac diastolic function in HFpEF. In this study, we
found that patients with HFrecEF with LARR had better
clinical outcomes, characterized by lower risks of cardio-
vascular death and composite outcome. Other studies
have also reported that patients with LARR would have
improved clinical end points. A prospective longitudinal
follow-up study from Japan indicated that LARR was
associated with a lower cumulative 6-month incidence
of composite of all-cause death or hospitalization for HF,
and the effect was based on LV reverse remodeling.?®
The multicenter automatic defibrillator implantation trial
with cardiac resynchronization therapy trial demon-
strated that the majority of patients with LV dysfunction
and mild HF symptoms selected for cardiac resynchroni-
zation therapy—defibrillator therapy experienced a >20%
reduction in LA volume, whereas the implanted cardiac
device—only group had a significantly lower LA response
at 1year (median left atrial volume reduction: 29% [20%—
36%)] versus 10% [5%—-14%)]).?” Consequently, patients
who showed a favorable LA response to cardiac resyn-
chronization therapy—defibrillator therapy experienced
lower risks of atrial tachycardia, HF events, and death.
Cardiac electrophysiological studies have reported that
LARR identified by a shrinking LA volume was associ-
ated with a reduction of atrial fibrillation recurrence in

patients with HF.2-30 Although several small studies
have reported that LARR could significantly improve
outcomes, large multicenter trials with stronger quality
are needed to confirm these findings.

The 2022 American College of Cardiology/American
Heart Association/Heart Failure Society of America HF
Guideline recommended a new classification of HF,
adding a new type of HF with improved ejection frac-
tion.” Compared with HFrecEF, the definition of HF with
improved ejection fraction is relatively loose, with previ-
ous LVEF <40% and a follow-up measurement of LVEF
>40%, omitting the cutoff value of improvement in LVEF.
In our opinion, HF with improved ejection fraction is not
the same as HFrecEF, and the improvement in LVEF
does not mean HF has recovered. In HFrecEF, the tra-
jectory in LVEF is relatively stable and less likely to have
deterioration in LVEF and relapse of HF. Because of lack
of evidence, the current guidelines and consensus sug-
gest continuous treatment for HF even with normalizing
LVEF and LV size, because these improvements most
often represent myocardial remission rather than a true
cure of HF. However, in clinical practice, we observed
that certain types of the HF population with LVEF recov-
ery, such as HF with younger age, nonischemic cause,
shorter duration of disease, and fewer comorbidities,
could maintain a non-HF state for a long time even if

Table 3. Cox Regression Analysis for Adverse Outcomes Between LARR and No LARR Groups Among HFrecEF Subtype

Unadjusted Fully adjusted*®
Clinical outcomes HR 95% Cl P value HR 95% Cl P value
Cardiovascular death or
heart failure hospitalization
No LARR vs LARR 2.276 1.149-4.509 0.018 2.745 1.348-5.589 0.005
Cardiovascular death
No LARR vs LARR 3.809 1194-12.150 0.024 3.613 1.088-11.992 0.036
Heart failure hospitalization
No LARR vs LARR 1.700 0.722-4.005 0.225 2.101 0.870-5.072 0.099

HR indicates hazard ratio; and LARR, left atrial reverse remodeling.

*Adjusted for age, sex, B-type natriuretic peptide, and left ventricular ejection fraction.
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Table 4. Logistic Regression Analysis to Identify Predictors of LARR

LARR in HFrecEF

Univariate analysis Multivariate analysis

OR 95% ClI P value OR 95% ClI P value
Age 0.971 0.959-0.982 <0.001 0.98 0.967-0.992 0.001
SBP 1.018 1.007-1.029 0.001 1.014 1.002-1.025 0.018
Heart rate 1.012 1.004-1.020 0.004 1.008 0.999-1.017 0.072
Hemoglobin 1.014 1.005-1.022 0.002 1.007 0.997-1.016 0.161
LDL-C 1.243 1.021-1.513 0.031 1.247 1.017-1.529 0.034
LVEF 0.968 0.942-0.0994 0.015 0.984 0.956-1.014 0.298
LASID 1.025 1.001-1.048 0.037 1.017 0.992-1.043 0178
Coronary heart disease 0.566 0.398-0.804 0.001 0.63 0.434-0.914 0.015

LASID indicates left atrial superior-inferior diameter; LDL-C, low-density lipoprotein cholesterol; LVEF, left ventricular ejection fraction; OR, odds ratio; and

SBP, systolic blood pressure.

weaning or withdrawing GDMT. Currently, there has
been only 1 randomized controlled clinical trial to as-
sess the safety of weaning GDMT in patients with non-
ischemic HFrecEF.8! Future clinical trials are needed to
establish evidence of the feasibility of GDMT withdrawal
for various causes and types of HFrecEF.

Limitations

There were several limitations in this study. First, con-
sidering the retrospective nature of this study, selection
bias is inevitable. The present study population com-
prised 699 patients of 1037 initially identified cases,
with 338 participants being excluded, resulting in a
significant selection bias that may affect the accuracy
of the study results. Second, because of the relatively
small single-center sample size, the findings need to
be confirmed in larger multicenter clinical studies. Last,
LARR contains structure, function, and electricity re-
verse remodeling. Nevertheless, in this study, we mainly
focused on exploring LA structure reverse remodeling
in HFrecEF, with little data about function (strain analy-
sis) and electricity (atrial fibrillation) remodeling.

CONCLUSIONS

In patients with HFrecEF, improvement in both LV
systolic function and LA structure remodeling was
observed. Patients with HFrecEF with LARR had im-
proved clinical outcomes, indicating that the evalua-
tion of LA size provides a useful biomarker for the risk
stratification of HF.
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