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ABSTRACT

Catheter ablation improves clinical outcomes in atrial fibrillation (AF) patients

with heart failure (HF) with reduced ejection fraction (HFrEF). However, the

role of catheter ablation in HF with a preserved ejection fraction (HFpEF) is

less clear. We performed a literature search and systematic review of studies

that compared AF recurrence at one year after catheter ablation of AF in

patients with HFpEF versus those with HFrEF. Risk ratio (RR; where a RR<1.0

favors the HFpEF group)  and mean difference (MD; where MD<0 favors the

HFpEF group) 95% confidence intervals were measured for dichotomous and

continuous variables, respectively. Six studies with a total of 1,505 patients

were included, of which 764 (51%) had HFpEF and 741 (49%) had HFrEF.

Patients  with  HFpEF  experienced  similar  recurrence  of  AF  one  year  after

ablation on or off antiarrhythmic drugs compared to those with HFrEF (RR

1.01; 95% CI 0.76, 1.35). Fluoroscopy time was significantly shorter in the

HFpEF group (MD -5.42; 95% CI -8.51, -2.34), but there was no significant

difference  in  procedure  time  (MD  1.74;  95%  CI  -11.89,  15.37)  or  peri-

procedural  adverse  events  between groups  (RR  0.84;  95% CI  0.54,1.32).

There was no significant difference in hospitalizations between groups (MD

1.18; 95% CI 0.90, 1.55), but HFpEF patients experienced significantly less

mortality (MD 0.41; 95% CI 0.18, 0.94). In conclusion, based on the results of

this meta-analysis, catheter ablation of AF in patients with HFpEF appears as

safe and efficacious in maintaining sinus rhythm as in those with HFrEF.
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INTRODUCTION

Atrial  fibrillation  (AF)  and  heart  failure  (HF)  have  become

increasingly prevalent and frequently co-occur, resulting in increased

morbidity  and mortality  relative  to  either  disease alone.1-5 Although

there are evidence-based guidelines for both diseases,6,7 it is less clear

how to manage patients in whom both AF and HF are present.  While

more data has emerged to guide the management of patients with AF

and  heart  failure  with  reduced  ejection  fraction  (HFrEF),  including

updated  guidelines  advocating  for  ablation  of  AF  in  patients  with

HFrEF,  data  on  patients  with  heart  failure  with  preserved  ejection

fraction (HFpEF) were relatively sparse until recently.7,8 Given that AF

has been shown to incur greater morbidity and mortality in patients

with HFpEF relative to those with AF and HFrEF and in those with AF

and no HF,  understanding how to best  manage AF in  patients  with

HFpEF is of particular importance.9-14 The purpose of our current study

was to perform a systematic review of the literature and meta-analysis

to determine the effect of catheter ablation of AF on rates of recurrent

AF,  fluoroscopy  and  procedure  times,  and  rates  of  periprocedural

adverse events, hospitalizations and mortality in patients with HFpEF

compared to those with HFrEF, in order to determine any difference in

benefits or risks between these groups.

METHODS
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We searched PubMed, Clinicaltrials.gov, Medline, Google scholar

and the Cochrane Central Register of Clinical Trials (Cochrane Library,

Issue 09, 2017).  This was assessed up to March 2020. No language

restriction  was applied.  The reference list  of  all  eligible  studies was

also reviewed. Search terms included (Catheter Ablation)  AND (Atrial

Fibrillation)  AND (Heart  Failure  with  Preserved  Ejection  Fraction  OR

Diastolic Dysfunction). 

Studies  were  selected  by  two  independent  reviewers.  The

PRISMA statement for reporting systemic reviews and meta-analyses

was applied to the methods for this study.15 The studies had to fulfill

the following criteria to be considered in the analysis: 1) Studies were

required to evaluate outcomes in patients with HFpEF and HFrEF (HF

with a moderately reduced ejection fraction (EF 40-49%) was included

as part  of the HFrEF group);  2) Studies were required to report  the

rates of  recurrent AF; 3) Studies were required to have a minimum

follow  up  of  12  months;  4)  Studies  were  required  to  have  been

published in a peer-reviewed scientific journal.

We aimed to  compare  rates  of  recurrent  AF,  fluoroscopy  and

procedure  times,  and  rates  of  periprocedural  adverse  events,

hospitalizations  and  mortality  in  patients  with  HFpEF  compared  to

those with HFrEF, from baseline procedure to follow up.

Two  authors  (O.M.A.  and  F.L.)  independently  performed  the

literature search and extracted data from eligible studies. Outcomes
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were  extracted  from  original  manuscripts  and  supplementary  data.

Information was gathered using a standardized protocol and reporting

forms.  Disagreements  were  resolved  by  consensus.  Two  reviewers

(O.M.A.  and  F.L.)  independently  assessed  the  quality  items  and

discrepancies were resolved by consensus or involvement of a third

reviewer (J.C.H), if necessary. 

Two authors (O.M.A. and F.L.) independently assessed the risk of

bias  of  the  included  trials  using  standard  criteria  defined  in  the

Cochrane  Handbook  for  Systematic  Reviews  of  Interventions.

Discrepancies were resolved by discussion or adjudication by a third

author (J.C.H.). 

Data were summarized across treatment arms using the Mantel-

Haenszel risk ratio (RR), where a RR < 1.0 favored the HFpEF group,

and inverse variance mean difference (MD), where a MD < 0 favored

the HFpEF group.  Heterogeneity  of  effects  was evaluated using the

Higgins  I-squared  (I2)  statistic.  Random effects  models  for  analyses

were used with high heterogeneity (defined as I2 > 25%), otherwise

fixed effects models of DerSimonian and Laird were used. Funnel plot

analyses were used to address publication bias. The statistical analysis

was  performed  by  the  Review  Manager  (RevMan).  Version  5.3.

Copenhagen:  The  Nordic  Cochrane  Centre,  The  Cochrane

Collaboration, 2014. Descriptive statistics are presented as means and
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standard deviations (SD) for continuous variables or number of cases

(n) and percentages (%) for dichotomous and categorical variables. 

RESULTS

An  initial  search  resulted  in  325  abstracts,  of  which  93  were

duplicates and 214 were excluded based on titles and abstracts (Figure

1).  We included six studies in our final analysis; three retrospective16-18

and  three  prospective19-21 observational  studies.  Baseline

demographics and characteristics of the six studies are summarized in

Table  1  and  2.  All  of  the  included  studies  were  observational.  The

majority of HFpEF and HFrEF patients in all of the included studies had

persistent  AF  and  were  on  antiarrhythmic  drugs  and  beta-blockers,

with the exception that only 37% of HFrEF patients in the study by Eietl

et  al.  were  on  antiarrhythmic  drugs.  We  included  a  total  of  1,505

patients.  Among these, 764 (51%) patients had HFpEF and 741 (49%)

had HFrEF.  The risk of bias is summarized in Table 3. While all the

studies accounted for major comorbidities when making comparisons

and had adequate follow-up, the majority of studies did not control for

antiarrhythmic drug use.  The majority of the studies used a 3-month

blanking period.16-18,21

There was no difference in the risk of recurrent AF in patients

with HFpEF and HFrEF (RR 1.01;  95% CI 0.76,  1.35)  one year after

ablation (Figure 2). Although fluoroscopy time was significantly shorter
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in  the  HFpEF  group  (MD -5.42;  95% CI  -8.51,  -2.34),  there  was  no

significant  difference  in  procedure  times  (MD 1.74;  95% CI  -11.89,

15.37)  or  peri-procedural  adverse events  between groups  (RR 0.84;

95%  CI  0.54,1.32)  (Figure  3).   Additionally,  while  there  was  no

significant  difference  in  hospitalizations  between  groups  (MD  1.18;

95%  CI  0.90,  1.55),  HFpEF  patients  experienced  significantly  less

mortality (MD 0.41; 95% CI 0.18, 0.94) (Figure 4). Funnel plot analysis

of the included studies showed no evidence of publication bias on any

of the reported outcomes (Figures 2-4).  Furthermore, in a sensitivity

analysis  where  only  prospective  studies  were  included,  the  results

were similar.  

DISCUSSION

This is the first systematic review and meta-analysis of studies 

comparing outcomes during and after catheter ablation of AF in 

patients with HFpEF versus those with HFrEF.  The results of this meta-

analysis show that there are no significant differences in rates of 

recurrence of AF one year after catheter ablation between patients 

with HFpEF and HFrEF.  Fluoroscopy time was significantly shorter in 

the HFpEF group, but there were no significant differences in 

procedure time or periprocedural adverse events between groups.  

While there was no significant difference in hospitalizations, HFpEF 

patients had significantly less mortality over follow-up.   These findings
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should encourage larger, randomized control trials to be done 

specifically in patients with HFpEF, to establish a benefit of catheter 

ablation in this population of patients.

In addition to the findings reported in this meta-analysis, there 

are data that suggest ablation of AF in patients with HFpEF portends 

improvements in quality of life, short-term hospitalizations and long-

term AF recurrence. Although Black-Meier et al.16 found no significant 

difference in quality of life scores pre- and post-ablation, both Cha et 

al. and Ichijo et al. reported significant improvements in quality of life 

in patients with HFpEF post-ablation.17,19   Elkaryoni et al. found that 

there was no significant difference in the relative reduction in 

hospitalization rates 120 days before and after index admission for 

catheter ablation among HFpEF patients (28.5%) and those with HFrEF 

(25.2%).22 Fukui et al. also showed that catheter ablation significantly 

reduced HF hospitalizations over a mean follow-up of 720 ±377 days in

patients with HFpEF when compared to conventional 

pharmacotherapy.23 Similar to the data presented here, Jayanna et al. 

found, in a subgroup analysis, that there was no difference in AF 

recurrence 3 months and 1 year post-ablation between patients with 

HFpEF and HFrEF, but this data was not included in the analyses as the

numbers of patients with HFpEF and HFrEF were not explicitly stated.24 

Much of the AF recurrence data presented at one year remained to be 

true over longer follow-up, with two other studies that had extended 
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follow-up out to 5 years showing no difference in recurrence between 

patients with HFpEF and HFrEF.19  These data suggest that patients 

with AF and HFpEF do just as well, if not better, than those with AF and 

HFrEF after catheter ablation, which should encourage larger studies to

evaluate this patient population, especially since they are largely 

lacking from current guidelines.7 

Atrial remodeling, AF and HFpEF share similar risk factors, which 

in part explains the increased prevalence of one disease in the 

presence of the other 25-28 AF can lead to HFpEF predominantly through 

hemodynamic effects and left ventricular fibrosis.   The loss of atrial 

systole, loss of atrio-ventricular synchrony and decreased filling time 

seen in AF decreases cardiac output and results in a series of 

neurohormonal changes.   The excess sympathetic tone and renin 

activity result in an increase in central venous pressure and the rise in 

plasma norepinephrine and subsequent arteriolar vasoconstriction 

increases the afterload.29,30 Additionally, there are data to suggest that 

the burden of AF is important in the development of fibrosis.31 

Conversely, HFpEF can also promote AF through several mechanisms 

including atrial fibrosis,32,33 left atrial mechanical dysfunction,9,34 

changes in calcium handling,35,36 and electrical remodeling.37 The 

shared risk factors and pathophysiology may account for the increased

burden and mortality of AF in the HFpEF population relative to those 

with HFrEF.9,38  Due to the pathophysiology of AF in patients with 
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HFpEF, the importance of our meta-analysis findings in aggregate show

that catheter ablation of AF in patients with HFpEF is important and 

may be as effective at improving clinical outcomes as has been shown 

in patients with HFrEF.

The current systematic review and meta-analysis has several 

important limitations that should be acknowledged.  First, all of the 

included studies were observational and, with the exception of the 

study by Eitel et al., were single-center, which significantly restricts the

generalizability of the results. Second, there were different study 

protocols, with both retrospective and prospective studies included and

various lesion sets employed.  Third, each study had different protocols

to monitor for arrhythmia recurrence, but all met the standard of 

consensus guidelines.39,40 Fourth, follow-up was only analyzed out to 12

months post-ablation. However, as mentioned above, reported results 

were similar in the studies that extended follow-up out for several 

years.  In conclusion, based on the results of this meta-analysis, 

catheter ablation of AF in patients with HFpEF appears as safe and 

efficacious in maintaining sinus rhythm as in those with HFrEF.
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Figure 1. Selection of studies

Figure 2. Forrest plots and funnel plots for the comparative analysis of risk of 

recurrent atrial fibrillation in patients with heart failure with preserved ejection 

fraction compared to those who have heart failure with reduced ejection 

fraction at one year after catheter ablation. 

Figure 3: Forrest plots and funnel plots for the comparative analysis of A) 

fluoroscopy time, B) procedure time, and C) peri-procedural adverse events in 

patients with heart failure with preserved ejection fraction compared to those 

with heart failure with reduced ejection fraction. Peri-procedural adverse 

events varied by study, including access site/vascular complications, cardiac 

perforation/tamponade, stroke/transient ischemic attack, pericarditis, acute 

heart failure, pulmonary vein stenosis, phrenic nerve injury, esophageal atrial 

fistula, air embolism and prolonged hospitalization.

Figure 4: Forrest plots and funnel plots for the comparative analysis of A) 

hospitalizations and B) mortality in patients with heart failure with preserved 

ejection fraction compared to those who have heart failure with reduced 

ejection fraction.
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