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BACKGROUND: Despite the publication of several randomized clinical 
trials comparing catheter ablation (CA) with medical therapy (MT) 
in patients with atrial fibrillation (AF), the superiority of one strategy 
over another is still questioned by many. In this meta-analysis of 
randomized controlled trials, we compared the efficacy and safety of 
CA with MT for AF.

METHODS: We systematically searched MEDLINE, EMBASE, and other 
online sources for randomized controlled trials of AF patients that 
compared CA with MT. The primary outcome was all-cause mortality. 
Secondary outcomes included cardiovascular hospitalizations and 
recurrence of atrial arrhythmia. Subgroup analyses stratified by the 
presence of heart failure with reduced ejection fraction, type of AF, age, 
and sex were performed. Risk ratios (RRs) with 95% CIs were calculated 
using a random effects model, and Mantel-Haenszel method was used 
to pool RR.

RESULTS: Eighteen randomized controlled trials comprising 4464 patients 
(CA, n=2286; MT, n=2178) were included. CA resulted in a significant 
reduction in all-cause mortality (RR, 0.69; 95% CI, 0.54–0.88; P=0.003) 
that was driven by patients with AF and heart failure with reduced 
ejection fraction (RR, 0.52; 95% CI, 0.35–0.76; P=0.0009). CA resulted in 
significantly fewer cardiovascular hospitalizations (hazard ratio, 0.56; 95% 
CI, 0.39–0.81; P=0.002) and fewer recurrences of atrial arrhythmias (RR, 
0.42; 95% CI, 0.33–0.53; P<0.00001). Subgroup analyses suggested that 
younger patients (age, <65 years) and men derived more benefit from CA 
compared with MT.

CONCLUSIONS: CA is associated with all-cause mortality benefit, that 
is driven by patients with AF and heart failure with reduced ejection 
fraction. CA reduces cardiovascular hospitalizations and recurrences of 
atrial arrhythmia for patients with AF. Younger patients and men appear 
to derive more benefit from CA.

VISUAL OVERVIEW: A visual overview is available for this article.
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Atrial fibrillation (AF) is the most common clini-
cally significant arrhythmia that is associated 
with considerable mortality, morbidity, and poor 

quality of life (QOL).1 The lifetime risk for developing 
AF is 1 in 4 for middle-aged individuals, and the world-
wide prevalence is estimated to be 33 million.2–4 AF 
independently increases the risk of mortality by 2-fold 
in women and 1.5-fold in men.5 The risk of ischemic 
stroke in patients with AF is increased by 5-fold, and 
30% of all ischemic strokes are caused by AF.6 Heart 
Failure (HF) occurs in more than one-third of individu-
als with AF, AF occurs in more than half of individuals 
with HF, and their coexistence carries a worse prognosis 
than either condition alone.7,8 It is estimated that 10% 
to 40% of all patients with AF are hospitalized every 
year with incremental annual direct cost amounting to 
≈$26 billion.9–11

Large randomized controlled trials (RCTs) in patients 
with AF failed to show benefit of rhythm control with 
antiarrhythmic drugs (AADs) as compared with rate 

control.12–14 One explanation for the lack of benefit by 
AAD is their poor efficacy in maintaining normal sinus 
rhythm and the high rate of discontinuation given their 
side effects.15–17

Multiple RCTs have shown that catheter ablation 
(CA) of AF is safe and superior to AAD in maintain-
ing sinus rhythm and preventing recurrence of AF.18–24 
Similarly, many RCTs consistently showed an improve-
ment in left ventricular ejection fraction, QOL, and 
cardiovascular hospitalizations with CA as compared 
with medical therapy (MT).25–28 In light of this evidence, 
the current guidelines recommend CA in symptomatic 
AF patients who are refractory or intolerant to AAD.29 
A recent meta-analysis of RCTs comparing CA versus 
MT showed survival benefit with CA only in HF with 
reduced ejection fraction (HFrEF) patients and reduced 
risk of cardiovascular hospitalization and recurrent 
arrhythmias in both HFrEF and non-HF patients.30

Since the publication of that meta-analysis, the largest 
RCT to date, namely, the CABANA (Catheter Ablation Ver-
sus Antiarrhythmic Drug Therapy) has been published.31 
CABANA showed that in patients with new or under-
treated AF, there was no statistically significant benefit 
of CA versus MT in the composite outcome of all-cause 
mortality, disabling stroke, serious bleeding, or cardiac 
arrest over a 5-year follow-up period. The previous meta-
analysis included 775 AF patients with HFrEF and 1497 
AF patients without HF, whereas CABANA alone enrolled 
2204 patients. An updated meta-analysis is necessary 
since CABANA had the potential to influence pooled 
results significantly because of its large sample size.

We undertook this meta-analysis of all published 
RCTs including CABANA to study the effect of CA ver-
sus MT on all-cause mortality, cardiovascular hospital-
izations, and recurrence of atrial arrhythmias. Because 
individual trials are often underpowered to estimate 
effects in subgroups, an updated meta-analysis had the 
potential to improve power and precision of estimates 
in subgroup analyses. Therefore, we studied the effect 
of CA versus MT in subgroups consisting of patients 
with HFrEF versus non-HF, paroxysmal versus persistent 
AF, young (<65 years) versus old (≥65 years), hyperten-
sion versus no hypertension, and men versus women.

METHODS
The data that support the findings of this study are available 
from the corresponding author on reasonable request. The 
Cochrane Collaboration guidelines were followed, and our 
results are reported according to the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses report.32,33

Data Sources and Search
Literature search was performed in PubMed/MEDLINE and 
EMBASE database up to November 2018. Independent 
searches were performed by 2 authors (Z.U.A.A. and A.Y.) 
using the following Medical Subject Headings: atrial fibrillation, 

WHAT IS KNOWN?
•	 Multiple randomized controlled trials have shown 

that catheter ablation (CA) of atrial fibrillation 
(AF) is safe and superior to antiarrhythmic drugs 
in maintaining sinus rhythm and preventing recur-
rence of AF, and current guidelines recommend 
CA in symptomatic AF patients who are refractory 
or intolerant to antiarrhythmic drugs.

•	 The largest randomized controlled trial till date, 
CABANA (Catheter Ablation Versus Antiarrhythmic 
Drug Therapy) was recently published and showed 
that in patients with new or undertreated AF, there 
was no statistically significant benefit of CA versus 
medical therapy in the composite outcome of all-
cause mortality, disabling stroke, serious bleeding, 
or cardiac arrest during a 5-year follow-up period.

WHAT THE STUDY ADDS?
•	 We undertook this meta-analysis of all published 

randomized controlled trials including CABANA to 
study the effect of CA versus medical therapy on 
all-cause mortality, cardiovascular hospitalizations, 
and recurrence of atrial arrhythmias. We per-
formed subgroup analyses consisting of patients 
with heart failure with reduced ejection fraction 
versus nonheart failure, paroxysmal versus persis-
tent AF, young (<65 years of age) versus old (≥65 
years of age), hypertension versus no hypertension 
and men versus women.

•	 CA is associated with all-cause mortality benefit 
that is driven by patients with AF and heart failure 
with reduced ejection fraction. CA reduces cardio-
vascular hospitalizations and recurrences of atrial 
arrhythmia for patients with AF. Younger patients 
and men appear to derive more benefit from CA.
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ablation, catheter ablation, radiofrequency ablation, cryoabla-
tion, and pulmonary vein isolation. Abstracts and presenta-
tions from all major cardiovascular conferences including 
www.hrsonline.org, www.acc.org, and www.clinicaltrials.gov 
were also searched. Abstracts were screened, and wherever 
necessary information was not available in the abstract, full 
articles and reference lists were reviewed. Details of PubMed 
search strategy algorithm are given (Data Supplement).

Study Selection
Two independent reviewers (Z.U.A.A. and A.Y.) screened 
the search results and included studies if they met the fol-
lowing inclusion criteria: (1) randomized controlled clinical 
trials of patients undergoing CA of AF; (2) comparison arm 
comprised of MT (rate control or AAD); (3) at least 1 out-
come of interest was reported. We had no restriction on 
sample size, follow-up duration, or language.

Quality Assessment and Data Extraction
Two investigators (Z.U.A.A. and A.Y.) independently 
abstracted data from studies meeting inclusion criteria, and 
any disagreements were resolved by a third reviewer (S.S.). 
A structured data collection form was used to abstract the 
baseline characteristics of the study populations and out-
comes of interest. In addition, we extracted data on out-
comes in the following predefined subgroups: HFrEF versus 
non-HF, paroxysmal versus persistent AF, young (<65 years) 
versus old (≥65 years), males versus females, and hyperten-
sion versus no hypertension. The quality of included trials 
was assessed using previously published criteria.34

Outcome Measures
The primary outcome was all-cause mortality. The second-
ary outcomes included cardiovascular hospitalizations, 
recurrence of atrial arrhythmia, major bleeding, stroke, 
and a composite outcome of major adverse cardiac events 
(death, disabling stroke, major bleeding, cardiac arrest, or 
cardiovascular hospitalization).

Statistical Analysis
For all the included trials, including the CABANA trial, only 
outcomes reported according to the intention-to-treat prin-
ciple were included in this analysis. The Mantel-Haenszel 
method for dichotomous data was used to calculate the 95% 
CIs and aggregated risk ratio (RR). All results were reported 
as RR with corresponding 95% CI, and statistical significance 
was considered for a 2-tailed P of <0.05. For 2 trials that 
reported primary composite outcome data using CIs for the 
hazard ratio (HR), we estimated the standard error of natural 
log of the HR.26,35 The natural log of HR was pooled using the 
generic inverse variance method. A random effects approach 
was used since that accounts for any study heterogeneity.36 
A formal test of heterogeneity was conducted, and Q statis-
tic was calculated. The proportion of total variability in the 
estimates due to between study variation was summarized 
with the I2 index and its 95% CI.37 Stepwise exclusion of 1 
study at a time was used to perform a sensitivity analysis to 
determine the impact of an individual study on the outcomes. 

Data analysis was performed using the Review Manager (ver-
sion 5.3; Copenhagen: The Nordic Cochrane Centre, The 
Cochrane Collaboration, 2014).

RESULTS
Our search for eligible studies is outlined in Figure 1. A 
total of 18 studies were included in the meta-analysis 
with a total of 4464 patients (CA, n=2286; MT, n=2178; 
Table I in the Data Supplement).18–28,35,38–43 The baseline 
characteristics of the included studies are shown in the 
Table. Overall, the studies were of high quality with a 
low risk of bias (Figure I in the Data Supplement). The 
results of the sensitivity analysis are summarized (Table 
II in the Data Supplement).

All-Cause Mortality
Nine trials comprising 3576 patients reported all-cause 
mortality data during follow-up. A total of 96 (5.3%) 
events occurred among 1808 patients in the CA arm 
versus 140 (7.9%) events among 1768 patients in the 
MT arm. Based on the pooled estimate across the 9 
studies, CA was associated with a statistically signifi-
cant reduction in all-cause mortality compared with MT 
in patients with AF with low heterogeneity (RR, 0.69; 
95% CI, 0.54–0.88; P=0.003; I2=0%; P=0.64; Fig-
ure 2). Sensitivity analysis suggested that this result was 
driven by the CASTLE-AF trial (Catheter Ablation for 
Atrial Fibrillation With Heart Failure),26 as overall signifi-
cance was lost when this study was excluded from the 
analysis (Table II in the Data Supplement). Therefore, we 
advise caution when interpreting these results.

AF With HFrEF Versus AF Without HF
Four trials comprising 668 patients included patients 
with HFrEF. Notably, we did not include CABANA in this 
analysis because, in contrast to the rest of the stud-
ies, the term HF in CABANA referred to both HFrEF 
and HF with preserved ejection fraction. HFrEF-specific 
data were requested from the CABANA investigators 
but were not provided. A total of 33 (9.9%) events 
occurred among 333 patients in the CA arm versus 65 
(19.4%) events among 335 patients in the MT arm. CA 
was associated with a statistically significant reduction 
in all-cause mortality compared with MT in AF patients 
with HFrEF with low heterogeneity (RR, 0.52; CI, 0.35–
0.76; P=0.0009; I2=0%; P=0.69; Figure  2). Sensitivity 
analyses showed that the statistical significance was 
maintained after serial exclusions of all trials except the 
CASTLE-AF trial (Table II in the Data Supplement).26 On 
the contrary, in patients without HF, CA was not associ-
ated with a statistically significant reduction in all-cause 
mortality compared with MT (RR, 0.67; CI, 0.23–1.99; 
P=0.47; I2=0%; P=0.81; Figure 2).
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CA Versus AAD or Rate Control
Four trials compared CA with AAD in relation to the end 
point of all-cause mortality. Based on the pooled esti-
mate across the 4 studies, CA had a significant mortal-
ity benefit compared with AAD with low heterogeneity 
(RR, 0.46; CI, 0.23–0.93; P=0.03; I2=0%; P=0.82; Fig-
ure 2). This benefit was primarily driven by the AATAC 
trial (Ablation Versus Amiodarone for Treatment of Per-
sistent Atrial; Fibrillation in Patients With Congestive 
Heart Failure and an Implanted Device), as suggested 
by the sensitivity analysis, which showed that the over-
all significance was lost when this study was excluded 
from the analysis. Based on the pooled estimate across 
2 studies, CA did not reduce all-cause mortality com-
pared with rate control (HR, 0.96; 95% CI, 0.10–8.95; 
P=0.97). These results should be interpreted with cau-
tion because there was only 1 event in each arm.

Cardiovascular Hospitalization
Seven trials reported the incidence of cardiovascular hos-
pitalizations with CA versus MT. Compared with MT, CA 
decreased cardiovascular hospitalizations (HR, 0.56; CI, 
0.39–0.81; P=0.002; I2=78%; P=0.0001; Figure 3). No 
individual trial had a major impact on the pooled RR or 

the statistical significance based on sensitivity analysis. 
The benefit of CA versus MT in preventing cardiovascular 
hospitalizations was observed both in patients with HFrEF 
(RR, 0.62; CI, 0.47–0.82; P=0.0006; I2=29%; P=0.25) 
and without HF (RR, 0.21; CI, 0.09–0.45; P<0.0001; Fig-
ure 3). In comparison to AAD, CA showed a statistically 
significant benefit in relation to cardiovascular hospital-
izations (RR, 0.33; CI, 0.15–0.75; P=0.008; Figure 3).

Recurrence of Atrial Arrhythmia
Eighteen trials comprising 3500 patients reported 
recurrence of atrial arrhythmia during follow-up. CA 
was associated with a statistically significant reduc-
tion in recurrence of atrial arrhythmia compared with 
MT (RR, 0.42; 95% CI, 0.33–0.53; P<0.00001; Fig-
ure 4). The benefit of CA in preventing recurrence of 
atrial arrhythmia as compared with MT was observed 
both in patients with (RR, 0.40; 95% CI, 0.26–0.60; 
P<0.0001) and without HF (RR, 0.46; 95% CI, 0.35–
0.60; P<0.00001; Figure 4).

Ten trials compared recurrence of atrial arrhythmia 
with CA versus rhythm control. Compared with MT, CA 
significantly reduced the recurrence of atrial arrhythmia 
(RR, 0.39; CI, 0.27–0.57; P<0.00001; Figure 4). Based on 

Figure 1. Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses 
flowchart showing the search strategy. 
EMBASE indicates Excerpta Medica Database; 
and MEDLINE, Medical Literature Analysis and 
Retrieval System Online.
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Table.  Baseline Characteristics of Patients

Study Year Groups
Sample, 

n

Age, y
 (Mean/ 
Median)

Male, 
%

Prior 
Embolic 

Events, %
DM, 
%

HTN, 
%

SIHD, 
%

LVEF, 
%

Type of AF: 
Paroxysmal/ 
Persistent, %

LAD, 
mm

ICM, 
%

Anticoagulation 
Strategy

A4 study
2008

RFA 53 50 85 2 2 22 19 63 100/0 39 6 Warfarin 1 mo before 
and 1 mo after 

procedureMT 59 52 83 12 3 31 24 66 100/0 40 10

AATC study
2016

RFA 102 62 75  22 45   0/100 47 62  

MT 101 60 73  24 48   0/100 48 65  

APAF
2006

RFA 99 55 70  5 56 7 60 100/0 40 2 Warfarin d/c after 6 wk 
if SR was maintainedMT 99 57 65  4 57 4 61 100/0 38 2

CABANA
2018

RFA 1108 68 63 14 25 80 19  42/58   Warfarin 46%

MT 1096 67 63 14 25 82 20  43/57   Warfarin 39%

CAMERA-MRI

2017
RFA 33 59 94 6 12 39 100 35 28/72 48  

100% on AC; 
unspecified type

MT 33 62 88 0 15 36 100 35 24/76 47   

CAMTAF
2014

RFA 26 55 96 4      52 2
Warfarin 100%

MT 24 60 96       50 3

CASTLE-AF
2018

RFA 179 64 87  24 72 100 32 30/70 48  Warfarin at least 6 mo 
post-ablationMT 184 64 84  36 74 100 31 35/65 49  

Forleo et al

2009

RFA 35 63 57  100 63 46 55 46/54 44 20
Warfarin d/c 6 mo 

post-ablation

MT 35 65 65  100 69 54 53 37/63 45 20
Warfarin throughout 

study period

Jones et al
2013

RFA 26 64 81       50 38  

MT 26 62 92  22 45  29 0/100 46 37  

Krittayaphong 
et al 2003

RFA 15 55 73  7  13 64 73/27 39  
Warfarin

MT 15 49 53  20  13 62 60/40 40  

MacDonald
2010

RFA 22 62 77 9    16   50
Warfarin

MT 19 64 79 11  3  20 0/100  47

MANTRA-PAF
2012

RFA 146 56 68 4 4 29   100/0 40 4 Oral AC with INR 2–3

MT 148 54 72 3 7 36   100/0 40 1  

Oral et al
2006

RFA 77 55 67    8 55 0/100 45 4
Warfarin

MT 69 58 62    9 56 0/100 45 6

RAAFT-2 study
2014

RFA 66 56 77 5 2 42  61 99/1 40 9
Warfarin

MT 61 54 74 7 7 41  61 97/3 43 3

SARA study
2014

RFA 98 55 78 6    61 0/100  3  

MT 48 55 77 4    61 0/100  2  

Stabile et al
2006

RFA 68 62 54   53 63 59 62/38 46 4  

MT 69 69 64   49 62 58 73/27 45 7  

Wazni et al
2005

RFA 33 53     25 53 97/3 41   

MT 37 54     28 54 95/5 42   

Wilber et al
2010

RFA 106 56 69 2 10 49 10 62 100/0 40   

MT 61 56 62 3 12 50 15 63 100/0 41   

Total
 

RFA 2286            

MT 2178            

A4 indicates Catheter Ablation Versus Antiarrhythmic Drugs for Atrial Fibrillation; AATAC, Ablation Versus Amiodarone for Treatment of Persistent Atrial 
Fibrillation in Patients With Congestive Heart Failure and an Implanted Device; AC, anticoagulation; AF, atrial fibrillation; APAF, A Randomized Trial of 
Circumferential Pulmonary Vein Ablation Versus Antiarrhythmic Drug Therapy; CAMERA-MRI, Catheter Ablation Versus Medical Rate Control in Atrial 
Fibrillation and Systolic Dysfunction; CAMTAF, A Randomized Controlled Trial of Catheter Ablation Versus Medical Treatment of Atrial Fibrillation in Heart Failure; 
CASTLE-AF, Catheter Ablation for Atrial Fibrillation With Heart Failure; Antiarrhythmic Drug Therapy in Paroxysmal Atrial Fibrillation; CABANA, Catheter 
Ablation Versus D/C, discontinued; DM, diabetes mellitus; HTN, hypertension; ICM, ischemic cardiomyopathy; INR, International Normalized Ratio; LAD, left 
atrial diameter; LVEF, left ventricular ejection fraction; MANTRA-PAF, Radiofrequency Ablation as Initial Therapy in Paroxysmal Atrial Fibrillation; MT, medical 
therapy; RAAFT-2, Radiofrequency Ablation Versus Antiarrhythmic Drugs as First-Line Treatment of Paroxysmal Atrial Fibrillation; RFA, radiofrequency ablation; 
SARA Study, Catheter Ablation vs Antiarrhythmic Drug Treatment of Persistent Atrial Fibrillation: A Multicentre, Randomized, Controlled Trial; SIHD, stable 
ischemic heart disease; and SR, sinus rhythm.
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the pooled estimate across the 3 trials that compared the 
recurrence of atrial arrhythmia with CA versus rate con-
trol, there was a statistically significant reduction with CA 
(RR, 0.26; CI, 0.10–0.68; P=0.006; Figure 4). The benefit 
of CA compared with MT in reducing atrial arrhythmias 
during follow-up was consistent among patients with par-
oxysmal AF (RR, 0.44; CI, 0.27–0.72; P=0.001) and per-
sistent AF (RR, 0.45; CI, 0.32–0.64; P<0.00001; Figure 4).

Stroke and Major Bleeding
Four trials reported the incidence of stroke with CA versus 
MT. Ten (0.68%) events occurred among 1459 patients in 
the CA arm, whereas 18 (1.23%) events occurred among 
1452 patients in the MT arm. Based on the pooled esti-
mate across the 4 trials, CA did not result in a statistically 
significant benefit as compared with MT in preventing 
stroke (RR, 0.56; CI, 0.26–1.22; P=0.14; I2=0%; P=0.50; 
Figure 5). The incidence of major bleeding with CA versus 
MT was reported in 8 trials (Table III in the Data Supple-
ment). Based on the pooled estimate across the 8 studies, 
there was no difference in the incidence of major bleed-

ing with CA versus MT (RR, 1.55; CI, 0.83–2.91; P=0.17; 
I2=7%; P=0.37; Figure 6). These results should be interpret-
ed with caution because some of the included trials did not 
report the anticoagulation strategy during follow-up.

Subgroup Analysis
Given that risk stratification may improve selection of 
patients who are more likely to benefit from CA versus 
MT, we examined the effect of different clinical charac-
teristics on the reported outcomes. Two trials reported 
outcomes stratified by age, sex, and hypertension26,35 
(Table IV in the Data Supplement). Specifically, CABANA 
reported subgroup analysis on the composite outcome 
of death, stroke, major bleeding, and cardiac arrest, 
whereas CASTLE-AF reported results for the composite 
outcome of death and HF hospitalizations. Even though 
the composite outcomes reported in each of these 2 tri-
als were somewhat different, a significant percentage 
of the events of CABANA and CASTLE-AF were deaths, 
which is the common individual end point of the 2 com-
posite end points used in the trials, allowing for pooling 

Figure 2. Forest plot showing primary 
outcome of all-cause mortality with cath-
eter ablation vs medical therapy.  
A4 indicates Catheter Ablation Versus Antiar-
rhythmic Drugs for Atrial Fibrillation; AAD, 
antiarrhythmic drugs; AATAC, Ablation Versus 
Amiodarone for Treatment of Persistent Atrial 
Fibrillation in Patients With Congestive Heart 
Failure and an Implanted Device; CA, catheter 
ablation; CABANA, Catheter Ablation Versus 
Antiarrhythmic Drug Therapy; CAMTAF, 
A Randomized Controlled Trial of Cath-
eter Ablation Versus Medical Treatment of 
Atrial Fibrillation in Heart Failure; CASTLE-AF, 
Catheter Ablation for Atrial Fibrillation With 
Heart Failure; HF, heart failure; MANTRA-PAF, 
Radiofrequency Ablation as Initial Therapy 
in Paroxysmal Atrial Fibrillation; and M-H, 
Mantel Haenzel.
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of these outcomes. Nonetheless, given this limitation, 
we advise caution when interpreting these results.

There was a statistically significant benefit of CA 
in preventing the composite outcome among young-
er patients (age, <65 years; HR, 0.50; CI, 0.32–0.77; 
P=0.002; I2=0%; P=0.86) but not among older patients 
(age, ≥65 years; HR, 0.93; CI, 0.67–1.28; P=0.66; 
I2=31%; P=0.23; Figure 7). Interestingly, men (HR, 0.60; 
CI, 0.46–0.78; P=0.0002) but not women (HR, 0.97; CI, 
0.62–1.53; P=0.91) derived a significant benefit from 
CA compared with MT (Figure 8). Patients with hyper-
tension (HR, 0.75; 95% CI, 0.56–1.00; P=0.05) appear 
to derive more benefit from CA compared with MT, in 
comparison to those without hypertension (HR, 1.09; 
95% CI, 0.33–3.61; P=0.89), although this result may 
be influenced by the small number of patients in the 
nonhypertension subgroup (n=525 versus 2041 in the 
hypertension subgroup; Figure 9).

DISCUSSION
Major Findings
In this meta-analysis, we have shown that in patients 
with AF, CA is associated with a mortality benefit (31% 

relative risk reduction) as compared with MT, that is 
driven by patients with AF and HFrEF (48% relative risk 
reduction). CA was also associated with reduction in 
cardiovascular hospitalizations and recurrence of atrial 
arrhythmias in both patients with paroxysmal and per-
sistent AF. Our subgroup analysis suggested that men 
(40% relative risk reduction) and patients <65 years 
of age (50% relative risk reduction) may derive more 
benefit from CA. It should be noted that the mortality 
benefit in the overall population was driven by a single 
trial (CASTLE-AF) and, therefore, the results should be 
interpreted with caution.26 Nonetheless, these results 
provide important clinical information to guide the 
decision to offer CA to selected patients with AF.

Comparison With Other Studies and 
Interpretation of Major Findings
The significant benefit of CA in patients with AF and 
HFrEF is in agreement with results of other studies 
that have not only shown a mortality benefit but 
also demonstrated improvement in QOL and left 
ventricular ejection fraction.25,30,44,45 Possible mecha-
nisms for these findings include an improvement in 

Figure 3. Forest plot showing secondary outcome of cardiovascular hospitalizations with catheter ablation vs medical therapy.  
AAD indicates antiarrhythmic drugs; AATAC, Ablation Versus Amiodarone for Treatment of Persistent Atrial Fibrillation in Patients With Congestive Heart Failure 
and an Implanted Device; CA, catheter ablation; CABANA, Catheter Ablation Versus Antiarrhythmic Drug Therapy; CAMERA-MRI, Catheter Ablation Versus Medi-
cal Rate Control in Atrial Fibrillation and Systolic Dysfunction; CASTLE-AF, Catheter Ablation for Atrial Fibrillation With Heart Failure; HF, heart failure; MANTRA-
PAF, Radiofrequency Ablation as Initial Therapy in Paroxysmal Atrial Fibrillation; and M-H, Mantel Haenzel.
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cardiac hemodynamics by restoration of sinus rhythm 
because patients with HFrEF are more dependent on 
the atrial contraction for maintaining adequate car-
diac output, as well as reduction in the incidence of 
tachycardia-mediated cardiomyopathy.46 These results 
are clinically important because AF and HF coexist in 
a large number of patients with resultant significant 
morbidity and mortality.8

The lack of survival benefit of CA in AF patients with-
out HF can perhaps be explained by the low event rates. 
Based on the event rates in trials that included AF with-
out HF patients, it is estimated that it will take a trial 
with at least 6000 patients to demonstrate a mortality 
benefit with CA even if such a benefit exists. CABANA 
enrolled 2204 patients in >100 centers worldwide, and 
it took ≈9 years to complete, which makes the feasibil-

Figure 4. Forest plot showing secondary 
outcome of recurrence of atrial arrhythmia 
with catheter ablation vs medical therapy.  
A4 indicates Catheter Ablation Versus Antiar-
rhythmic Drugs for Atrial Fibrillation; AAD, 
antiarrhythmic drugs; AATAC, Ablation Versus 
Amiodarone for Treatment of Persistent Atrial 
Fibrillation in Patients With Congestive Heart 
Failure and an Implanted Device; AF, atrial 
fibrillation; APAF, A Randomized Trial of Cir-
cumferential Pulmonary Vein Ablation Versus 
Antiarrhythmic Drug Therapy in Paroxysmal 
Atrial Fibrillation; CA, catheter ablation; CA-
BANA, Catheter Ablation Versus Antiarrhythmic 
Drug Therapy; CAMERA-MRI, Catheter Ablation 
Versus Medical Rate Control in Atrial Fibrillation 
and Systolic Dysfunction; CAMTAF, A Random-
ized Controlled Trial of Catheter Ablation Versus 
Medical Treatment of Atrial Fibrillation in Heart 
Failure; CASTLE-AF, Catheter Ablation for 
Atrial Fibrillation With Heart Failure; HF, heart 
failure; M-H, Mantel Haenzel; MANTRA-PAF, 
Radiofrequency Ablation as Initial Therapy in 
Paroxysmal Atrial Fibrillation; RAAFT-2, Radio-
frequency Ablation Versus Antiarrhythmic Drugs 
as First-Line Treatment of Paroxysmal Atrial 
Fibrillation; and SARA Study, Catheter Ablation 
vs Antiarrhythmic Drug Treatment of Persistent 
Atrial Fibrillation: A Multicentre, Randomized, 
Controlled Trial.
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ity of a trial with 6000 sample size highly doubtful.47 
The reduction in cardiovascular hospitalizations and 
atrial arrhythmia recurrence with CA in patients with 
or without HF is clinically significant as these are end 
points that affect patients’ QOL and have important 
economic implications.48,49

While these findings add to the growing body of evi-
dence favoring CA, careful attention should be given 
to identify patients who are most likely to derive ben-
efit from CA. Our analysis sheds some light on patient 
selection for CA and suggests that patients <65 years 
of age derive more benefit from CA. This can possibly 
be explained by the high burden of comorbidities and 
procedural complications in older patients.50 Our results 
challenge observational studies that have suggested 
comparable outcomes between young and old patients 
undergoing CA and underscore the importance of 
interpreting those studies with caution because of their 
small sample size and the effect of confounding and 
selection bias.51–53

There can be multiple explanations for why women 
did not appear to derive benefit from CA. Women are 
referred for CA later than men at which point they 
may have a larger left atrial size that may impact the 
effectiveness of the procedure and they have higher 
procedural complications.54,55 In addition, our results 
may be explained by the underrepresentation of 
women in RCTs of AF CA. There is some evidence that 

suggests that despite a more complex preablation 
course, the outcomes of CA in women are compa-
rable to those of men.56 Therefore, we suggest that 
our finding of potential lack of benefit from CA in 
women be interpreted with caution and in fact form 
the basis for enrolling more women in future CA tri-
als. Beyond age and sex, other risk stratification tools 
have been proposed to identify patients that will have 
good long-term success with CA. The CAMERA-MRI 
trial (Catheter Ablation Versus Medical Rate Control 
in Atrial Fibrillation and Systolic Dysfunction) included 
in our analysis showed that absence of late gadolin-
ium enhancement predicted an improvement in left 
ventricular ejection fraction post-CA.25 The ongoing 
DECAAF-II trial (Delayed Enhancement MRI-Guided 
Ablation Versus Conventional Catheter Ablation of 
Atrial Fibrillation) will be able to provide more data on 
improving outcomes with CA by targeting atrial fibro-
sis detected by late gadolinium enhancement mag-
netic resonance imaging.57

Implications for Future Research
Selecting patients for CA who will likely derive greater ben-
efit with minimal side effects should be our goal. Future 
trials of CA should focus on developing risk stratification 
tools that can help in patient selection. More trials of CA 
in HF with preserved ejection fraction are needed because 

Figure 5. Forest plot showing secondary outcome of stroke with catheter ablation vs medical therapy.  
CABANA indicates Catheter Ablation Versus Antiarrhythmic Drug Therapy; CAMTAF, A Randomized Controlled Trial of Catheter Ablation Versus Medical Treat-
ment of Atrial Fibrillation in Heart Failure; CASTLE-AF, Catheter Ablation for Atrial Fibrillation With Heart Failure; MANTRA-PAF, Radiofrequency Ablation as Initial 
Therapy in Paroxysmal Atrial Fibrillation; and M-H, Mantel Haenzel.

Figure 6. Forest plot showing secondary outcome of major bleeding with catheter ablation vs medical therapy.  
A4 indicates Catheter Ablation Versus Antiarrhythmic Drugs for Atrial Fibrillation; CABANA, Catheter Ablation Versus Antiarrhythmic Drug Therapy; CAMERA-MRI, 
Catheter Ablation Versus Medical Rate Control in Atrial Fibrillation and Systolic Dysfunction; CAMTAF, A Randomized Controlled Trial of Catheter Ablation Versus 
Medical Treatment of Atrial Fibrillation in Heart Failure; CASTLE-AF, Catheter Ablation for Atrial Fibrillation With Heart Failure; M-H, Mantel Haenzel; and RAAFT-2, 
Radiofrequency Ablation Versus Antiarrhythmic Drugs as First-Line Treatment of Paroxysmal Atrial Fibrillation.
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we do not know whether the benefits of CA observed in 
HFrEF patients still apply to patients with HF with preserved 
ejection fraction. Limited observational data suggest that 
the outcomes of HFrEF and HF with preserved ejection 
fraction patients undergoing CA are not different.58,59

Most of CA trials focused on recurrence of atrial 
arrhythmia as the primary end point and defined as an 
episode of AF lasting >30 seconds in a binary fashion. 
However, it is increasingly recognized that the burden of 
AF, measured either as percentage time in AF, number 
of AF episodes, duration of the longest AF episode, or 
AF density is a more clinically relevant parameter, which 
should be explored as an end point in CA trials.60 More-
over, since methods for detection of AF have improved 

remarkably in the last decade with the availability of 
noninvasive remote monitoring devices, monitoring AF 
burden might be more feasible and informative. Current 
guidelines recommend CA in patients with symptomatic 
AF.29,61 However, in light of recent evidence that even 
asymptomatic patients may derive benefit from CA with 
regard to QOL and exercise capacity, future RCTs should 
evaluate the effect of CA in this patient population.49,62

Clinical Implications
The benefits of CA for AF in HFrEF patients have been 
consistently shown for over a decade now; however, the 
uptake of this procedure by clinicians in practice has been 

Figure 8. Forest plot showing composite outcome of death, stroke, major bleeding, cardiac hospitalization, and cardiac arrest with catheter ablation 
vs medical therapy. 
A, Men; (B) women. CABANA indicates Catheter Ablation Versus Antiarrhythmic Drug Therapy; and CASTLE-AF, Catheter Ablation for Atrial Fibrillation With Heart Failure.

Figure 7. Forest plot showing composite outcome of death, stroke, major bleeding, cardiac hospitalization, and cardiac arrest with catheter ablation 
vs medical therapy.  
A, Age <65 y; (B) age ≥65 y. CABANA indicates Catheter Ablation Versus Antiarrhythmic Drug Therapy; and CASTLE-AF, Catheter Ablation for Atrial Fibrillation 
With Heart Failure.
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slow. In a large ambulatory cardiology database from 
the United States, the predominant treatment offered to 
patients with AF and HFrEF who appeared to be good can-
didates for CA was rate control, followed by AAD (29%), 
and only 9% received CA.63 We suggest that in light of 
our findings, CA should be offered to patients with AF 
and HFrEF early, especially if they are young (<65 years).

Limitations
Our study has a few limitations. Although these results 
were based on high-quality evidence from multiple 
RCTs with adequate follow-up and low risk of bias, 
most of the CA procedures in the included trials were 
performed in large centers by experienced operators, 
which may limit the generalizability of these findings. 
Individual patient data were not available to us, and 
we were limited by use of available summary data from 
published studies. Patients had variable background 
and comparison pharmacological therapies, different 
duration of AF before CA, and inconsistent follow-up 
durations, which had the potential to confound our 
results. However, there was no heterogeneity in the 
majority of our reported outcomes, suggesting consis-
tency in the results of the included trials. Stratification 
of outcomes by age and sex in a nonrandom fashion 
between CA and MT had the potential to affect out-
comes because of imbalanced baseline characteristics. 
However, the large sample size and the randomized 
study design in included studies likely balanced known 
and unknown confounders.

Conclusions
In patients with AF, CA is associated with all-cause mor-
tality benefit compared with MT, that is driven by patients 
with AF and HFrEF. CA is safe and reduces cardiovascular 

hospitalizations and recurrences of atrial arrhythmias for 
different groups of patients with AF (paroxysmal and per-
sistent AF). Men and patients <65 years of age appear to 
derive the highest benefit from CA.
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