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Abstract

Aims Rhythm control therapy has shown great benefits for patients with atrial fibrillation (AF) and heart failure (HF).
However, few studies have evaluated the effects of rhythm control on left ventricular ejection fraction (LVEF) trajectory across
the whole HF spectrum. Our study explored the prevalence and predictors of LVEF trajectory changes and their prognostic
implications following rhythm control.

Methods and results Depending on the treatment strategy, the cohort was classified into rhythm and rate control groups.
Alterations in HF types and LVEF trajectory were recorded. The observational endpoints were all-cause mortality and
HF-related admission. Predictors of LVEF trajectory improvement in the rhythm control group were evaluated. After matching,
the two groups had similar age [mean age (years): rhythm/rate control: 63.96/65.13] and gender [male: rhythm/rate control:
n = 228 (55.6%)/233 (56.8%)]. Based on baseline LVEF measurement, the post-matched cohort had 490 HF with preserved
ejection fraction (rhythm/rate control: n = 260/230; median LVEF: 58.00%/57.00%), 99 HF with mildly reduced ejection
fraction (rhythm/rate control: n = 50/49; median LVEF: 45.00%/46.00%), and 231 HF with reduced ejection fraction
(rhythm/rate control: n = 100/131; median LVEF: 32.50%/33.00%). Trajectory analysis found that the rhythm control group
had a greater percentage of LVEF trajectory improvement than the rate control group [80 (53.3%) vs. 71 (39.4%),
P = 0.012]. Cox regression analysis also showed that the rhythm control group was more likely to have improved LVEF
trajectory compared with the rate control group {hazard ratio [HR] 1.671 [95% confidence interval (Cl) 1.196-2.335],
P = 0.003}. In the survival analysis, the rhythm control group experienced significant lower risks of all-cause mortality [HR
0.600 (95% Cl 0.366—0.983), P = 0.043] and HF-related admission [HR 0.611 (95% ClI 0.496-0.753), P < 0.001]. In the
rhythm control subgroup, E/e’ [odds ratio (OR) 0.878 (95% Cl 0.792—0.974), P = 0.014], left ventricular end-diastolic diameter
[OR 0.874 (95% Cl 0.777—-0.983), P = 0.024], and CHA2DS2-VASc score (congestive HF, hypertension, age >75 years, diabetes
mellitus, stroke or transient ischaemic attack, vascular disease, age 65—74 years, and sex category) [OR 0.647 (95% Cl 0.438-
0.955), P = 0.028] were identified as three independent predictors of LVEF trajectory improvement.

Conclusions Rhythm control is associated with improved LVEF trajectory and clinical outcomes and may thus be considered
the optimal therapeutic strategy for patients with both HF and AF.
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Introduction

Heart failure (HF) is a multifaceted syndrome and may pres-
ent with different levels of left ventricular ejection fraction
(LVEF). The European Society of Cardiology (ESC) Heart
Failure guidelines have classified HF into three different phe-
notypes according to LVEF measurement: HF with preserved
ejection fraction (HFpEF, LVEF > 50%), HF with mildly reduced
ejection fraction (HFmrEF, LVEF 40-49%), and HF with re-
duced ejection fraction (HFrEF, LVEF < 40%).> The primary
pathophysiological mechanism of HF is adverse cardiac
remodelling, which is manifested as alternations in the size,
mass, and biological properties of cardiomyocytes and/or
changes in the quantity and composition of the extracellular
matrix.” Besides, previous studies have reported that the
main molecular changes associated with adverse cardiac
remodelling, including cardiac fibrosis, hypertrophy, inflam-
mation, and apoptosis, were regulated by multiple miRNAs
(miRs) pathways such as miR-18, miR-145, and miR-181.%*
Intriguingly, anti-HF therapies could promote sustained
functional and clinical improvement via the modulation of
these adaptive cardiac processes in HF patients.>® For exam-
ple, left ventricular reverse remodelling, LVEF recovery, New
York Heart Association (NYHA) functional grade improve-
ment, and B-type natriuretic peptide (BNP) level reduction
were commonly observed in HF patients treated with cardiac
resynchronization therapy (CRT).”

HF and atrial fibrillation (AF) often co-exist through share
common risk factors.” Mechanistically, atrial remodelling
plays an important role in the pathogenesis of AF, and it
might cause AF onset, recurrence, and persistence. The key
pathogenic mechanisms of atrial remodelling are alteration
of calcium channel currents and calcium handling mediated
by sarcoplasmic endoplasmic reticulum Ca** ATPase (SERCA).2
Over-inflammation and altered expression of few miRs im-
plied (epigenetic regulators) in cardiac fibrosis, apoptosis,
and ionic channel currents have been proposed as potential
player in the processes leading to atrial remodelling.®*°
Catheter ablation (CA) may increase the expression of some
biomarkers of AF fibrotic and electrical alterations, suggesting
that this approach may relieve atrial fibrosis through positive
changes in inflammatory markers, collagen turnover, and
natriuretic peptide expression.'®

Clinically, previous randomized controlled trials have
shown the superiority of CA for the treatment of AF in
maintaining sinus rhythm (SR) and improving quality of life
and prognosis in HF patients.'*™® Therefore, in the 2022
American College of Cardiology HF guideline, CA is recom-
mended as an optimal therapy for relieving symptoms and
improving life quality in patients with AF and HF.'”
Currently, most clinical studies have focused on AF and
HFrEF.227 24181819 However, HF is a heterogeneous syn-
drome, in which disease progression is associated with the
dynamic evolution of cardiac structural and functional alter-

ations that determine the trajectories of this disease.?’ The
new guideline points out that dynamic trajectory changes in
LVEF are present in HF. A comprehensive analysis of LVEF
trajectory over time should be conducted, focusing on
LVEF-based first classification, multiple assessments, and
reclassifications.’” To date, there has been no any research
exploring the effect of rhythm control on the dynamic
changes in LVEF trajectory (improvement or deterioration).
This study examined the prevalence and predictors of LVEF
trajectory changes and their prognostic implications after
rhythm control treatment across the entire HF spectrum.

Methods

This study was a retrospective, single-centre, observational,
real-world one and was approved by the institutional review
board of Dalian Medical University. All the procedures were
carried out in accordance with the Declaration of Helsinki
and its amendments.

Study population

Patients diagnosed with HF and AF admitted to The First
Affiliated Hospital of Dalian Medical University between 1
January 2012 and 30 December 2020 were enrolled in this
study. The exclusion criteria were missing electrocardiogram
(ECG) or echocardiogram results, loss of follow-up, end-stage
renal failure, an estimated life expectancy <1 year, and a <18
or >85 years old. Baseline demographics, laboratory data,
echocardiogram parameters, and medications were obtained
and recorded.

Grouping

Rhythm control group

There were three methods of rhythm control used in this
study: CA, electrical cardioversion (ECV), and surgical
ablation. CA procedure was performed under general anaes-
thesia. Patients were heparinized to maintain the activated
clotting time of 250-350 s during radiofrequency ablation.
Left atrial (LA) anatomy was reconstructed using the
PentaRay mapping electrode with the assistance of the Carto
3D cardiac mapping system. Circumferential pulmonary vein
(PV) isolation was performed with an ablation catheter
guided by ablation index after LA structural reconstruction.
For paroxysmal AF, the endpoint of radiofrequency ablation
was complete electrical PV isolation, which was characterized
by the absence of PV potentials or PV-left atrial conduction.
For persistent AF, the primary CA procedure was PV isolation,
and additional ablation (ablation of complex fractionated
atrial electrograms, creation of linear lesions, or combina-
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tions thereof) was performed at the discretion of the investi-
gator to achieve a bidirectional block or restore SR. An initial
energy of 100 or 150 J was used for ECV. Surgical ablation
was achieved using the Cox—Maze procedure. All patients in
rhythm control group were anticoagulated with warfarin or
direct oral anticoagulants for at least 3 weeks prior to their
procedures. For patients taking warfarin, an international
normalized ratio (INR) was obtained weekly prior to the
procedure to ensure that INR was >2.0. Amiodarone was
continued until ablation. Before the procedures, intracardiac
echocardiography was applied to ensure that the LA append-
age was free of thrombus.

Rate control group

The target for rate control was <80 b.p.m. at rest and
<110 b.p.m. during moderate exercise. Beta-blocker was
the most commonly used rate control agent. In HFrEF or
HFmrEF, digoxin was also available when the ventricular rate
remained faster after beta-blocker administration or when
beta-blocker was not tolerated or contraindicated. Diltiazem
was also an option for controlling heart rate in HFpEF. Nota-
bly, all enrolled patients received guideline-directed medical
therapy (GDMT) during hospitalization.

Propensity score matching

To reduce the impact of confounders, propensity score
matching at 1:1 ratio between rhythm and rate control
groups was performed based on age, gender, LVEF, and
CHA2DS2-VASc score (congestive HF, hypertension, age >75
years, diabetes mellitus, stroke or transient ischaemic attack,
vascular disease, age 65—74 years, and sex category).

Clinical definitions

HF was diagnosed according to the 2022 American College of
Cardiology HF guidelines.’” In addition to typical HF symp-
toms and/or signs, LVEF was also an important echocardio-
graphic indicator for the diagnosis and classification of HF
(HFFEF, LVEF < 40%; HFmrEF, LVEF 41-49%; and HFpEF,
LVEF > 50%). Additional criterion for HFmrEF and HFpEF
was objective evidence of spontaneous or provokable raised
left ventricular filling pressures, including increased natri-
uretic peptide and invasive/non-invasive haemodynamic
measurement suggesting elevated left ventricular filling
pressures. HF with improved ejection fraction (HFimpEF)
was defined as previous LVEF < 40% and a follow-up
measurement of LVEF > 40%. As defined in this study, an
improvement in LVEF trajectory is referring to HFimpEF or
the transition from HFmrEF to HFpEF, while deterioration in
LVEF trajectory is defined as the transition from HFpEF to
HFmrEF/HFrEF or from HFmrEF to HFrEF.

AF was determined by ECG documentation, presenting
with irregular R-R intervals (when atrioventricular conduc-
tion is not impaired), absence of discernible repeating P

waves, and irregular atrial activations. Persistent AF was de-
fined as persisting for at least 1 week to a maximum of 1 year,
while paroxysmal AF was identified to last up to 1 week and
was capable of spontaneous termination.?*

Study endpoints and follow-up

All participants underwent at least twice echocardiographic
examinations with interval exceeding 6 months. Two echo-
cardiography findings were both obtained during hospitaliza-
tion. Alterations in HF types and LVEF trajectory were
recorded. The observational events were all-cause mortality
and HF-related admission. For the subgroup analysis of
rhythm control, predictors of LVEF trajectory improvement
were also evaluated. All patients were required to return to
the clinic regularly (1, 3, 6, and 12 months after discharge),
and if they did not participate in scheduled clinic appoint-
ments, a telephone interview would be conducted. The
follow-up period was calculated from the second echocardi-
ography to the study deadline. AF recurrence was monitored
via 12-lead ECG or Holter examination at each follow-up visit
(3, 6, and 12 months, post-operatively) or when symptoms
relapsed. Success in rhythm control referred to freedom from
any atrial arrhythmia recurrence, including AF, atrial flutter,
and atrial tachycardia within 12 months after rhythm inter-
vention. All patients undergoing CA or surgical ablation were
required to assess after the 90 day blanking. The deadline for
follow-up was 30 November 2021, or the occurrence of
death, whichever was earlier.

Statistical analysis

All statistical analyses were performed with Statistical Pack-
age for Social Sciences, Version 24.0 (SPSS Inc., Chicago, IL,
USA). Categorical data were presented as percentages (%),
and y? test was utilized to compare the differences between
the two groups. Continuous variables with non-normal distri-
bution were expressed as median (inter-quartile range) and
were analysed using Kruskal-Wallis test. Continuous variables
with normal distribution were presented as means + standard
deviations, and independent-sample t-test was applied to as-
sess the differences. Kaplan—Meier analysis was performed to
calculate the incidence of pre-specified outcomes, with differ-
ences compared by log-rank test. Univariate and multivariate
Cox regression analyses were conducted to compare the risk
of adverse endpoints, with hazard ratios (HRs) and 95%
confidence intervals (Cls) presented. Covariates selected for
multivariate Cox analysis were those with significantly
statistical differences in the univariate analysis. Logistic re-
gression analysis was used to detect independent predictors
of improved LVEF trajectory. Odds ratio (ORs) and their
relative 95% Cls were obtained. Multivariate logistic regres-
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Figure 1 Flowchart of the study protocol. AF, atrial fibrillation; HF, heart failure; LVEF, left ventricular ejection fraction.

Patients diagnosed with HF and AF who were hospitalized at The First
Affiliated Hospital of Dalian Medical University between January 1, 2012, and

December 30, 2020 (2 =1810)

793 patients were excluded

missing electrocardiogram or echocardiogram results (2= 210)

loss to follow-up (2 = 410)
end-stage renal failure (2= 58)
estimated life expectancy less than 1 year (2= 91)
under 18 years or over 80 years of age (1= 24)

[ 1017 patients included ]

Rhythm control group | Taking rhythm control group as reference
and matched background characteristics
including age, gender, TVEF and CHA2DS2-

(2=410)

VASc score

Rhythm control group
(n=410)

Rate control group
(n=607)

Rate control group
(n=410)

sion model was constructed by including variables with
P < 0.05 in univariate analysis and entering into models step-
wise. A two-sided P value <0.05 was considered statistically
different.

Results

The flowchart for the identification, inclusion, and exclusion
of study participants was shown in Figure 1. A total of
1810 consecutive HF and AF patients were initially identi-
fied. Of these, 793 patients were excluded due to missing
ECG or echocardiogram results (n = 210), loss to follow-
up (n = 410), end-stage renal failure (n = 58), estimated life
expectancy <1 year (n = 91), and under 18 years or over
85 years of age (n = 24). Consequently, 1017 patients
remained, with 607 cases in rate control group and 410
in rhythm control group. To reduce the imbalance, rate
control group was matched to rhythm control group in a
1:1 ratio by age, gender, LVEF, and CHA2DS2-VASc score
using propensity score matching, yielding 410 cases in each
group.

Baseline characteristics

After matching, the two groups had similar age [mean age
(years): rhythm/rate control: 63.96/65.13] and gender [male:
rhythm/rate control: n = 228 (55.6%)/233 (56.8%)]. Based on
baseline LVEF measurement, the post-matched cohort had
490 HFpEF (rhythm/rate control: n = 260/230; median LVEF:
58.00%/57.00%), 99 HFmrEF (rhythm/rate control: n = 50/
49; median LVEF: 45.00%/46.00%), and 231 HFrEF (rhythm/
rate control: n = 100/131; median LVEF: 32.50%/33.00%).
Compared with the rhythm control group, patients in the rate
control group had a higher prevalence of NYHA Class IV,
higher systolic blood pressure, higher frequency of diabetes
mellitus, ischaemic heart disease, and persistent AF, but
lower rate of valvular heart disease. Regarding their medica-
tions, the rate control group had a higher proportion of pa-
tients who were prescribed with digoxin, beta-blockers, an-
giotensin-converting enzyme inhibitor (ACEI)/angiotensin
receptor blocker (ARB)/angiotensin receptor—neprilysin in-
hibitor (ARNI), diuretic, nitrate, and antiplatelet agents, but
lower proportion on anticoagulant therapy. In terms of labo-
ratory tests and echocardiographic findings, the rate control
group had higher levels of BNP and high-sensitivity troponin
| (hs-Tnl), greater value of LA diameter (LAD) and left ventric-
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Figure 2 (A) Sankey diagram displaying the longitudinal evolution of heart failure (HF) types from baseline to follow-up following rhythm control. (B)
Sankey diagram displaying the longitudinal evolution of HF types from baseline to follow-up following rate control. HFimpEF, heart failure with im-
proved ejection fraction; HFmrEF, heart failure with mildly reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart
failure with reduced ejection fraction.

(A)

(B)
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graphic assessment, 80 cases were identified as having im-
proved LVEF trajectory. The univariate logistic regression
analysis for predictors of LVEF trajectory improvement after
rhythm control were shown in Table S1. Multivariate logistic
regression analysis revealed that greater values of early
transmitral flow velocity-to-early diastolic mitral annulus ve-
locity (E/e’) [OR 0.878 (95% Cl 0.792-0.974), P = 0.014],
LVEDD [OR 0.874 (95% ClI 0.777-0.983), P = 0.024], and
CHA2DS2-VASc score [OR 0.647 (95% Cl 0.438-0.955),
P = 0.028] were three negative predictors of LVEF trajectory
improvement following rhythm control treatment (Table 4).

In a follow-up analysis, 153 (71.2%), 62 (47.0%), and 26
(41.3%) subjects remained SR at 12th month after CA, ECV,
and surgical ablation, respectively (data not shown).

Table 2 Cox regression analysis for improved LVEF trajectory
between two groups

Unadjusted
HR 95% CI P value
Rate control group 1.000 Reference NA
Rhythm control group 1.671 1.196-2.335 0.003

Cl, confidence interval; HR, hazard ratio; LVEF, left ventricular ejec-
tion fraction.

Figure 3 Adverse outcomes stratified by rhythm and rate control.

Discussion

The main finding of this study was that rhythm control
treatment for AF may shift LVEF trajectory in a favourable di-

Table 4 Multivariate logistic regression analysis for detecting
predictors of improvement in LVEF trajectory after rhythm control

Multivariate analysis

Exp(B) 95% Cl P
Heart rate 1.005 0.985-1.024 0.641
Diastolic blood pressure 1.021 0.983-1.061 0.280
Ischaemic heart disease 0.259 0.054-1.251 0.093
Dilated cardiomyopathy 0.758 0.147-3.909 0.741
CHA2DS2-VASc score 0.647 0.438-0.955 0.028
ACEI or ARB or ARNI 0.497 0.141-1.753 0.277
Spironolactone 0.185 0.031-1.105 0.064
Diuretic 2.300 0.441-11.997 0.323
Nitrate 1.857 0.330-10.449 0.483
Lipid-lowering drug 0.767 0.242-2.429 0.652
LAD 0.971 0.860-1.097 0.640
LVEDD 0.874 0.777-0.983 0.024
LVEF 1.028 0.950-1.112 0.493
E/e’ 0.878 0.792-0.974 0.014

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin
receptor blocker; ARNI, angiotensin receptor—neprilysin inhibitor;
CHA2DS2-VASc score, congestive HF, hypertension, age >75 years,
diabetes mellitus, stroke or transient ischaemic attack, vascular dis-
ease, age 65-74 years, and sex category; Cl, confidence interval;
LAD, left atrial diameter; LVEDD, left ventricular end-diastolic diam-
eter; LVEF, left ventricular ejection fraction.

—— Rhythm Control —— Rhythm Control
(A) —— Rate Control (B) —— Rate Control
- g
£ 100 E 100
| k]
é 804 _§ 80
E 60 P =0.040 .5 “©
Ed -
p £
: 40 g 40 P<0.001
g ]
< 20 2 20
g £
2 H
§ T T T T T 1 § T T T T T T 1
= 0 2 4 6 8 10 12 = 0 2 4 6 8 10 12
. Time ( years) Time (years)
Number at risk Number at risk
Rhythm control group 410 310 172 90 32 4 1
Rate control group 410 272 167 78 30 1 1 Rhythm control group 41( 226 109 57 16 2 1
Ratecontrol growp 410 172 76 19 5 1 1
Table 3 Risks of adverse outcomes between rhythm and rate control groups
Unadjusted Adjusted®
Adverse outcome HR 95% Cl P value HR 95% Cl P value
All-cause mortality 0.600 0.366-0.983 0.043 0.569 0.325-0.996 0.048
HF re-hospitalization 0.611 0.496-0.753 <0.001 0.654 0.518-0.826 <0.001

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor—-neprilysin inhibitor; Cl,
confidence interval; HR, hazard ratio; NYHA, New York Heart Association.
®Adjusted for the NYHA Class I-Il, NYHA Class IV, coronary artery disease, hypertension, diabetes mellitus, systolic blood pressure, ACEl or

ARB or ARNI, beta-blocker, spironolactone, and potassium.
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rection and was generally associated with improved clinical
outcomes across the whole HF spectrum.

Dynamic changes in left ventricular ejection
fraction trajectory

Several randomized controlled trials have demonstrated that
CA for AF could improve LVEF in patients with HF.**??
Despite this, the extent of improvement after rhythm control
among the HF population remains inadequately studied, and
most published studies thus far focus solely on LVEF improve-
ment in HFrEF population. In our study, dynamic changes in
LVEF trajectory across the entire HF spectrum were evalu-
ated. The results showed that after rhythm intervention,
approximately half of the patients with HFrEF and HFmrEF
transitioned to a higher category, which was significantly
higher than that on rate control therapy. In spite of this,
39.4% of HFrEF and HFmrEF patients in the rate control group
also showed improvements in LVEF trajectory, possibly due to
the high proportion of GDMT use in this population. Accord-
ingly, active rhythm control and standardized medications
may be considered for all types of HF patients to improve
LVEF and prevent its deterioration.

Rhythm control on prognosis in atrial fibrillation
and HF

In clinical practice, GDMT could also positively condition clin-
ical outcomes and reduce AF recurrence in patients with HF
and cardiac resynchronization therapy with defibrillator
(CRTd) and particularly in those CRTd non-responders via
the modulation of few miRs.® However, a growing body of ev-
idence has further confirmed the clinical benefits of rhythm
therapy, such as raising LVEF, increasing 6 min walk distance,
and improving the quality of life in patients with HF and
AF.*7® The famous CASTLE-AF trial showed that CA treat-
ment had a marked improvement in LVEF and a significant re-
duction in the composite endpoint of all-cause mortality or
HF-related admission compared with medical therapy.*® In
CABANA trial, the subgroup analysis demonstrated that CA
treatment produced considerable clinical benefits in freedom
from AF recurrence, survival, and quality of life compared
with drug therapy.** A similar study, EAST-AFNET4 trial, also
revealed that early rhythm control reduced a composite pri-
mary endpoint of acute coronary syndrome or HF admission
compared with conventional treatment.® Due to these excel-
lent findings, the recent HF guideline recommends the use of
CA in the treatment of deteriorating HF and symptomatic AF
(1A class).”” Our study also found a favourable effect of
rhythm control on survival and HF-related admission, which
was consistent with previously published studies.

Predictors of improvements in left ventricular
ejection fraction trajectory

It takes into account several factors when determining who
are likely to benefit from rhythm control. For instance, NYHA
Class I/1l and non-ischaemic aetiologies may benefit the most;
in contrast, those with enlarged atria or advanced atrial fibro-
sis on cardiac magnetic resonance (CMR) are less likely to
benefit from rhythm control treatment.*®?%23 |n this study,
we observed that a smaller baseline LVEDD, E/e’, and
CHA2DS2-VASc score were associated with a higher likeli-
hood of improvement in LVEF trajectory following rhythm
control. Smaller baseline LVEDD was an independent predic-
tor of improved LVEF after CA in patients with persistent
AF, which had been previously reported.?* E/e’ correlates
with invasive left ventricular filling pressures and acts as an
important echocardiographic parameter to evaluate left ven-
tricular diastolic function.?® Higher E/e’ ratio is associated
with myocardial fibrosis and diastolic dysfunction, as well as
an increased risk of short- and long-term mortality.?%?” A
study conducted by Yang et al. showed that E/e’ was an inde-
pendent predictor of recovered ejection fraction in systolic
HF patients who received CA for AF.?® These findings suggest
that patients with a lower E/e’ ratio appear to have an im-
proved LVEF and are more likely to benefit from rhythm con-
trol therapy.

Limitations

We must recognize that there were several limitations in this
study. First, it was a single-centre, retrospective, observa-
tional study, and selection and recall bias were inevitable
with this study design. Second, due to a relatively small sam-
ple size involved in this study, the findings may need to be
further confirmed in a larger multi-centre clinical study. Third,
monitoring recurrence of arrhythmia after rhythm control
relied on 12-lead ECG measurement, lacking more accurate
detection strategies, such as implantable loop recorder (de-
termination of AF pattern, number of episodes, AF burden,
and AF density).”® At last, metabolic syndrome (MS) could
negatively increase arrhythmic burden and reduce the effects
of anti-HF and anti-arrhythmic therapies and may affect the
clinical outcomes in patients with HF.3%3? Nevertheless, waist
circumference data are only available for a small percentage
of patients in this study, making it difficult to explore its role.

Conclusions

Our findings supported that rhythm control therapy was
associated with improved LVEF trajectory and better clinical
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outcomes and thus be considered as the optimal therapeutic

strategy for patients with HF and AF.
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