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Abstract

Background: Previous studies have provided evidence of reduced 
recurrence of atrial fibrillation (AF), all-cause mortality, and heart 
failure (HF) hospitalizations after catheter ablation (CA) in both HF 
with reduced ejection fraction (HFrEF) and HF with preserved ejec-
tion fraction (HFpEF). Aggregate data comparing the efficacy of AF 
ablation and clinical endpoints in HF with mildly reduced ejection 
fraction (HFmrEF) to HFrEF and HFpEF are lacking.

Methods: We conducted a systematic review and meta-analysis 
aimed at determining any differences in AF recurrence rate, all-cause 
mortality, and HF hospitalizations among patients with HFrEF, HFm-
rEF, and HFpEF who underwent AF ablation. A systematic search of 
PubMed/MEDLINE, Embase, and Cochrane Library databases was 
performed until October 31, 2023.

Results: A total of seven studies comprising 3,795 patients were re-
tained: HFrEF 1,281 (33.8%), HFmrEF 870 (22.9%), and HFpEF 
1,644 (43.3%). After median follow-up of 24 months, there was no 
significant difference in rate of AF recurrence between the three HF 
categories: HFrEF 40% (30-49%), HFmrEF 35% (28-43%); and HF-
pEF 35% (25-45%). Only two studies which included outcomes in 
the three HF categories were identified. Pooled hazard ratio (HR) of 
all-cause mortality and HF hospitalization combined after ablation 

or other rhythm control compared to other conservative management 
were: HFrEF 0.77 (0.63 - 0.94); HFmrEF 0.81 (0.55 - 1.20); and HF-
pEF 0.74 (0.55 - 1.00).

Conclusions: CA has similar efficacy in the long-term resolution of 
AF among patients with HFrEF, HFmrEF, and HFpEF. Further stud-
ies are needed to provide a robust analysis on the potential impact of 
CA on all-cause mortality.

Keywords: Atrial fibrillation; Ablation; Heart failure with preserved 
ejection fraction; Heart failure with mildly reduced ejection fraction; 
Heart failure with reduced ejection fraction

Introduction

Atrial fibrillation (AF) and heart failure (HF) are among the 
most commonly encountered cardiac disorders occurring with 
increasing incidence and prevalence. Both conditions are 
strongly associated with one another and are significant inde-
pendent causes of cardiovascular morbidity and mortality [1, 
2]. The presence of AF has been found to accentuate the risk 
of all-cause mortality and HF hospitalizations among HF sub-
groups [3-6].

Catheter ablation (CA) as a treatment for AF has become 
increasingly common, with evidence of decreased atrial ar-
rhythmia, along with decreased mortality and HF hospitali-
zations when compared to management with antiarrhythmic 
drugs (AADs) in the general population [7]. Similarly, the 
management of CA for patients with concomitant HF and AF 
has been of particular interest in recent years, with several 
studies and meta-analyses demonstrating lowered incidence 
of AF recurrence, mortality, and HF hospitalizations among 
patients with HF with reduced ejection fraction (HFrEF) [8-
10]. Among patients with HF with preserved ejection fraction 
(HFpEF), CA has similarly been associated with a reduction 
in atrial recurrence, mortality, and HF hospitalizations when 
compared to standard medical therapy [11, 12]. However, a re-
duction in cardiovascular outcomes such as mortality and HF 
hospitalizations are not universally seen with CA in HFpEF 
[13, 14]. When compared directly, AF ablation in HFrEF ap-
pears to have similar rates of atrial recurrence and heart hospi-
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talizations to AF ablation in HFpEF [15]. Data regarding mor-
tality are conflicting as one meta-analysis suggests a higher 
rate of mortality in HFrEF compared to HFpEF [16].

Contemporary classification of HF has evolved in recent 
years with the formal recognition of HF with mildly reduced 
ejection fraction (HFmrEF) as a distinct phenotype. HFmrEF, 
defined as HF with left ventricular ejection fraction (LVEF) 
in the range of 41-49%, represents a particular subset of HF 
which had been commonly excluded from earlier clinical tri-
als [17]. Prior to this definition, studies employed inconsist-
ent cut-offs for HFrEF and HFpEF, creating an ill-defined 
middle range, and causing confusion when implementing 
guidelines for therapeutic recommendations in the two for-
mer groups. Following the formal recognition of HFmrEF, 
the number of studies evaluating this subtype has increased 
rapidly.

In this systematic review and meta-analysis, we aim to 
evaluate and compare the efficacy of CA as management for 
AF in patients with HFrEF, HFmrEF, and HFpEF with respect 
to AF recurrence, and combined all-cause mortality and HF 
hospitalizations.

Materials and Methods

Prior to data collection, this study was registered with the in-
ternational prospective register of systematic reviews (PROS-
PERO) with the registration number CRD42023404929. The 
manuscript is presented according to Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) 
requirements.

Search strategy

All relevant English language studies restricted to human 
adults published from inception until October 31, 2023, were 
systematically searched from PubMed/MEDLINE, Embase, 
and Cochrane Library databases. The search terms used were 
as follows: “(atrial fibrillation OR atrial flutter OR atrial ar-
rhythmia) AND (ablation OR pulmonary vein isolation OR 
catheter ablation OR cryoablation OR radiofrequency ablation 
OR rhythm control OR antiarrhythmic medications OR an-
tiarrhythmic drugs) AND (heart failure with reduced ejection 
fraction OR HFrEF OR heart failure with preserved ejection 
fraction OR HFpEF OR heart failure with mid-range ejection 
fraction OR heart failure with mildly reduced ejection fraction 
OR HFmrEF)”.

Inclusion criteria

Studies reporting on atrial arrhythmia (AF or atrial tachycardia 
or atrial flutter) recurrence after an ablation across the three HF 
categories were included. The HF categories based on LVEF 
were defined as: HF with reduced LVEF - HFrEF (LVEF ≤ 
40%); HF with mildly reduced LVEF - HFmrEF (LVEF 41-
49%); and HF with preserved LVEF - HFpEF (LVEF ≥ 50%). 

As a prerequisite, included studies had to have all the three 
categories of HF based on LVEF.

Exclusion criteria

Excluded were non-English language studies lacking an Eng-
lish-translated version. Also excluded were studies that did not 
report on findings across all the three categories of HF and stud-
ies that did not report on any of the outcomes or reported out-
comes in combinations that did not satisfy the objectives of this 
meta-analysis. The CONSORT diagram is presented in Figure 1.

Outcomes

The main outcome was recurrence rate of AF during follow-
up across the three categories of HF (HFrEF, HFmrEF, and 
HFpEF). Secondary outcomes were the impact of CA or other 
rhythm control strategy on combined all-cause mortality and 
HF hospitalization.

Quality assessment of studies

The Newcastle-Ottawa Scale (NOS) for assessing the quality 
of non-randomized studies in meta-analyses was used for qual-
ity assessment [18]. We categorized the studies according to 
NOS as follows: 0 - 3 = poor quality, 4 - 7 = fair quality, 8 - 9 
= good quality.

Data extraction

Two authors (CH, MFY) extracted the data independently us-
ing standardized forms containing pre-defined demographic 
and clinical information including AF, HF categories, out-
comes, duration of follow-up, and quality assessment. Dis-
crepancies were resolved by consensus.

Statistical analysis

All analyses were performed using the STATA 18 software pack-
age (Stata Corp, Texas). Study characteristics such as duration 
of follow-up, mean age, etc., were combined using study size 
as analytical weights to yield single pooled estimates (weighted 
average). The method for pooling study specific estimates was 
a priori determined to be random-effects model (DerSimonian-
Laird) as some degree of heterogeneity was anticipated. The 
rate of AF recurrence in each HF phenotype group was pooled. 
Hazard ratios (HRs) of all-cause mortality and HF hospitaliza-
tion combined were also pooled. The statistical significance of 
the pooled relative risk was examined by the Z-test (statistical 
test of the null hypothesis). A two-sided P value < 0.05 was con-
sidered statistically significant. Results are presented as pooled 
estimates and 95% confidence intervals (95% CIs).

The magnitude of heterogeneity across studies was as-
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sessed using the I2 statistic, where I2 = ((Q- df)/Q) × 100%, 
with Q being the Cochran’s heterogeneity statistic and df its 
degrees of freedom [19]. The I2 statistic describes the percent-
age variability in effect estimates that is due to true between 
study heterogeneity (difference) rather than sampling error 
(chance). When I2 was < 25%, heterogeneity was considered 
absent; when I2 was 25-50%, heterogeneity was considered 
low; when I2 was 50-75%, heterogeneity was considered mod-
erate; and when I2 was > 75%, heterogeneity was considered 

high [19]. Publication bias was assessed by visual scrutiny of 
a funnel plot of study-specific estimates by the study standard 
errors. When funnel plot asymmetry was observed, a contour-
enhanced funnel plot was fitted to determine whether it was 
attributed to publication bias [20].

The Institutional Review Board approval is not applicable 
to this study. The study was conducted in compliance with the 
ethical standards of the responsible institution on human sub-
jects, as well as with the Helsinki Declaration. The study exclu-

Figure 1. CONSORT diagram of literature search and identification of relevant studies all three heart failure categories based on 
left ventricular ejection fraction and atrial fibrillation.
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sively utilized data that were previously published and publicly 
available. As such, no new data collection was undertaken, and 
no direct interaction with human participants occurred.

Results

The initial search identified 2,118 citations from PubMed, 
Embase, and Cochrane Library. From these, only seven stud-
ies [18, 19, 21-25] with 3,795 patients, which included all the 
three HF categories that reported AF recurrence after CA, were 
retained after application of inclusion criteria, exclusion crite-
ria, and quality assessment for the systematic review and meta-
analysis. Of these 3,795 patients, 1,281 (33.8%), were classi-
fied as HFrEF, 870 (22.9%) were HFmrEF, and 1,644 (43.3%) 
were HFpEF (Table 1, Fig. 1) [18, 19, 21-25].

Baseline characteristics

Baseline characteristics of the included studies are shown in 
Table 1 [18, 19, 21-25]. The pooled proportion or mean of vari-
ables between the HF categories weighted by sample size were 
as follows: men HFrEF (80.6%), HFmrEF (71.5%), HFpEF 
(63.0%); age HFrEF (66.0 years), HFmrEF (67.0 years), HF-
pEF (67.0 years); diabetes HFrEF (25.6%), HFmrEF (24.2%), 
HFpEF (20.5%); coronary artery disease (CAD) HFrEF 
(31.6%), HFmrEF (30.9%), HFpEF (33.1%); hypertension 
HFrEF (66.1%), HFmrEF (69.8%), HFpEF (74.0%); LVEF 
HFrEF (32.0%), HFmrEF (44.5%), HFpEF (61.2%); anti-ar-
rhythmic medication HFrEF (34.4%), HFmrEF (29.9%), HF-
pEF (34.5%); chronic kidney disease (CKD) HFrEF (20.4%), 
HFmrEF (12.5%), HFpEF (12.3%); stroke/transient ischemic 
attack (TIA) HFrEF (8.9%), HFmrEF (6.7%), HFpEF (8.7%). 
Only LVEF and CKD showed significant differences between 
the three HF groups, with worse profiles in HFrEF. The ma-
jority of the included studies recruited ablation-naive patients 
undergoing a first-time procedure. One study [19] did not com-
ment on prior ablation. Eitel et al [22] reported the following 
proportion of patients who underwent a first-time procedure: 
HFrEF (89.4%), HFmrEF (82.7%), HFpEF (80.2%).

AF recurrence

Median duration of follow-up after AF ablation was 24 months 
(interquartile range 12 - 31.2 months). As shown in Table 2 
[18, 19, 21-25]. and the forest plot (Fig. 2), there was no sig-
nificant difference in the rate of AF occurrence between the 
three HF categories: HFmrEF 35% (95% CI: 28-43%); HFpEF 
35% (25-45%); and HFrEF 40% (30-49%).

Comparison of all-cause mortality and HF hospitalization 
post-ablation or rhythm control versus other conservative 
management

Only two studies [18, 25] which included outcomes in the 

three HF categories were identified. The pooled HR and (95% 
CI) of all-cause mortality and HF hospitalization combined af-
ter CA or other rhythm control compared to other conservative 
management were: all patients HR 0.77 (95% CI: 0.66 - 0.90); 
HFrEF patients HR 0.77 (95% CI: 0.63 - 0.94); HFpEF 0.74 
(0.55 - 1.00), and HFmrEF 0.81 (0.55 - 1.20) (Fig. 3).

Two studies [22, 23], which included only patients who all 
underwent AF ablation without a control group of medical ther-
apy, had inconsistent findings of all-cause mortality and HF hos-
pitalization rates between the three HF phenotypes. For exam-
ple, Fujimoto et al [23] depicted significantly higher incidence 
rate of a composite of all-cause mortality and HF hospitalization 
in HFrEF (32.7%) compared to HFmrEF (11.7%), and HFpEF 
(11.6%), P < 0.001 (all-cause mortality alone HFrEF (9.5%), 
HFmrEF (3.2%), HFpEF (3.9%), P = 0.009; HF hospitaliza-
tion alone HFrEF (27.3%), HFmrEF (6.6%), HFpEF (7.1%), P 
< 0.001; and cardiovascular mortality HFrEF (4.4%), HFmrEF 
(1.2%), HFpEF (14%), P = 0.038) [23]. For Eitel et al [22], there 
was no significant difference in mortality rate between the three 
HF groups after 12 months of follow-up: HFrEF (1.1%), HFm-
rEF (0%), HFpEF (1.3%), P = 0.31.

Publication bias

The funnel plot and contour-enhanced funnel plot of included 
studies of AF recurrence across the HF phenotypes are shown 
in Figure 4. There was no evidence of publication bias or small 
study effects with Egger’s test P value of 0.4175.

Discussion

In this systematic review and meta-analysis including all three 
categories of HF, we found no difference in the rate of AF re-
currence post-ablation among a cohort of majority ablation-na-
ive patients with HFrEF, HFmrEF, or HFpEF with a recurrence 
rate of 40%, 35%, and 35%, respectively at a median follow-up 
of 24 months. These findings are in line with previous studies 
showing similar rate of AF recurrence post-ablation in HFrEF 
when compared to HFpEF [14-17]. To the best of our knowl-
edge, this meta-analysis is the first to demonstrate similar ef-
ficacy of CA in those with HFmrEF compared to those with 
HFrEF and HFpEF.

Only two [18, 25] of the seven studies analyzed included 
outcomes of all-cause mortality or HF hospitalizations within 
all three categories of HF, limiting our ability to perform a ro-
bust comparative analysis for hard clinical endpoints in those 
with HFmrEF who undergo CA compared to HFrEF and HF-
pEF. Pooled analysis demonstrated no difference in composite 
all-cause mortality and HF hospitalizations in patients with 
HFmrEF and HFpEF, and the benefit in patients with HFrEF 
was driven largely by a reduction in HF hospitalizations. Cau-
tion should be used in interpreting this finding, as more data 
from future prospective studies investigating such clinical end-
points in all three HF categories are needed. While Fujimoto et 
al [23] and Eitel et al [22] evaluated all-cause mortality and HF 
hospitalizations among all three categories of HF, there was 
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no control group on medical therapy, and therefore was not 
included in the pooled analysis. Fujimoto et al indicated an 
approximately three times higher incidence of composite all-
cause mortality and HF hospitalizations, all-cause mortality 
alone, and HF hospitalizations alone among those with HFrEF, 
compared to those with HFmrEF and HFpEF [23]. These find-
ings are discordant with that of Eitel et al [22], where there 
was no difference in composite all-cause mortality and HF 
hospitalization among the three HF subgroups. Data from 
Fujimoto et al [23] is aligned with at least one meta-analysis, 
which demonstrated higher mortality among patients with 
HFrEF who underwent AF ablation when compared to those 
with HFpEF who underwent AF ablation [16]. Rillig et al, in 
a subanalysis of the EAST-AFNET4 trial, demonstrated the 
clinical benefit of early rhythm control extended to those with 

HF across the three categories over a rate control strategy [25]. 
However, the early rhythm control strategy employed both 
ablation and AAD. The limited number of studies investigat-
ing clinical endpoints of AF ablation in comparison to medical 
therapy, namely antiarrhythmic therapy, across the three HF 
categories, and discordant results in mortality and HF hospi-
talizations among those with HFrEF, highlight the need for 
further clinical trial data.

Numerous studies have found that AF accentuates the risk 
of clinical outcomes such as mortality, HF hospitalization, and 
stroke among the combined HF population, and within indi-
vidual HF subtypes, although there are conflicting data on in-
creased mortality risk on patients with HFrEF and AF [3-6]. 
Aggregate data from several meta-analyses have shown that 
compared to conservative medical therapy, AF ablation is as-

Figure 2. Pooled atrial fibrillation recurrence rate (95% CI) after ablation between the three heart failure categories. CI: confi-
dence interval; AF: atrial fibrillation; HFrEF: heart failure with reduced ejection fraction; HFmrEF: heart with mildly reduced ejec-
tion fraction; HFpEF: heart failure with preserved ejection fraction.
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Figure 4. Funnel plot (a) and contour-enhanced funnel plot (b) of atrial fibrillation recurrence post-ablation studies included in 
meta-analysis. Egger’s test P value = 0.4175. CI: confidence interval; HFrEF: heart failure with reduced ejection fraction; HFm-
rEF: heart with mildly reduced ejection fraction; HFpEF: heart failure with preserved ejection fraction.

Figure 3. Pooled hazard ratio (95% CI) of all-cause mortality and heart failure hospitalization after ablation or other rhythm control 
compared to other conservative management between the heart failure categories. CI: confidence interval; HFrEF: heart failure 
with reduced ejection fraction; HFmrEF: heart with mildly reduced ejection fraction; HFpEF: heart failure with preserved ejection 
fraction.
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sociated with significant reduction in AF recurrence, all-cause 
mortality, and HF hospitalization in patients with HFrEF [8-10]. 
In those with HFpEF, AF ablation is associated with a signifi-
cant reduction in AF recurrence and may be associated with a 
reduction in all-cause mortality and HF hospitalizations when 
compared to conservative medical therapy [11-14]. The advent 
of HFmrEF as a distinct HF subtype was formally introduced in 
2016 European Society of Cardiology Heart Failure Guidelines. 
Prior to this, there was a lack of consistency in definitions of 
HFrEF and HFpEF, with variable cutoffs for LVEF that would 
often overlap in different studies. A recent retrospective study by 
Lee et al evaluating the efficacy of AF ablation among patients 
with HFmrEF demonstrated a similar rate of AF recurrence 
(30.6%) at a mean of 22 months, as found in our analysis, and 
demonstrated a significant reduction in both all-cause mortal-
ity and HF hospitalizations when compared to medical therapy 
[26]. While this study was not included in our analysis because it 
lacked comparison to HFrEF and HFpEF subtypes, it highlights 
the potential benefit of AF ablation among those with HFmrEF. 
It is important that future clinical trials continue to investigate 
AF ablation in comparison to medical therapy among these sub-
groups to better delineate the potential impact on clinical out-
comes across the HF spectrum.

Limitations

We observed some limitations. The included studies in this sys-
tematic review and meta-analysis were mainly observational 
cohort studies, registries, or post-hoc analyses and were subject 
to inherent biases and confounding variables from non-rand-
omized sampling. There was heterogeneity within study proto-
cols that could influence results and interpretation. For example, 
a blanking period was utilized in some of the included studies, 
typically ranging from 2 to 3 months, while several of the in-
cluded studies [18, 22, 25] did not incorporate a blanking period. 
Additionally, there was variability with the use of AAD, as the 
majority of studies allowed continued use of AAD beyond the 
blanking period if applicable [18, 22, 23, 25]. While Chen et al 
[21] only allowed AAD through the duration of the blanking 
period, Yazaki et al [19] required AAD discontinuation prior to 
CA. The majority of included studies [19, 21-24] did not employ 
a comparative medical therapy group for either rate control or 
antiarrhythmic therapy, limiting our ability to compare the ef-
ficacy of CA to contemporary medical therapy in this patient 
cohort, and highlighting the need for further trial data.

Conclusions

CA has similar efficacy in the management of AF among pa-
tients with HFrEF, HFmrEF, and HFpEF. Currently, few studies 
comparing clinical endpoints such as all-cause mortality and HF 
hospitalizations among patients with HFrEF, HFmrEF, and HF-
pEF who undergo CA exist. These findings highlight a need for 
further prospective studies to evaluate the potential benefit of AF 
ablation compared to contemporary medical therapy, primarily 
rhythm control strategies with AAD, across the HF spectrum.
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