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(S I N N

Abstract: Background: Atrial fibrillation (AF) and heart failure (HF) often coexist and synergistically
contribute to an increased risk of hospitalization, stroke, and mortality. Objective: To compare the
efficacy of catheter ablation (CA) versus medical therapy (MT) in HF patients with AF. Methods:
Electronic databases were queried for randomized controlled trials (RCTs) of CA versus MT of AF in
patients with HF. Risk ratios (RRs), mean differences (MDs), and 95% confidence intervals (Cls) were
measured using the Mantel-Haenszel method. Results: A total of nine RCTs enrolling 2155 patients
met the inclusion criteria. Compared to MT, CA led to a significant reduction in the composite of
all-cause mortality and HF hospitalization (24.6% vs. 37.1%; RR: 0.65 (95% CI: 0.53-0.80); p < 0.0001),
all-cause mortality (8.8% vs. 13.6%; RR: 0.65 (95% CI: 0.51-0.82); p = 0.0005), HF hospitalization
(15.4% vs. 22.4%; (RR: 0.67 (95% CI: 0.54-0.82); p = 0.0001), AF recurrence (31.8% vs. 77.0%; RR:
0.36 (95% CI: 0.24-0.54); p < 0.0001), and cardiovascular (CV) death (4.9% vs. 8.4%; RR: 0.58 (95%
CI: 0.39-0.86); p = 0.007). CA improved the left ventricular ejection fraction (MD:4.76% (95% CI:
2.35-7.18); p = 0.0001), 6 min walk test (MD: 20.48 m (95% CI: 10.83-30.14); p < 0.0001), peak oxygen
consumption (MD: 3.1 2mL/kg/min (95% CI: 1.01-5.22); p = 0.004), Minnesota Living with Heart
Failure Questionnaire score (MD: —6.98 (95% CI: —12-03, —1.93); p = 0.007), and brain natriuretic
peptide levels (MD:—133.94 pg/mL (95% CI: —197.33, —70.55); p < 0.0001). Conclusions: In HF
patients, AF catheter ablation was superior to MT in reducing CV and all-cause mortality. Further
significant benefits occurred within the ablation group in terms of HF hospitalizations, AF recurrences,
the systolic function, exercise capacity, and quality of life.

Keywords: atrial fibrillation; heart failure; catheter ablation; medical therapy; randomized controlled

trials; recurrence

1. Introduction

Atrial fibrillation (AF) and heart failure (HF) are closely interlinked by pathophysio-
logical mechanisms synergistically contributing to atrial and ventricular myopathy and
dysfunction [1-4].
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AF prevalence ranges between <10% and 50%, according to the clinical severity of
HF [5]. When AF and HF coexist, their natural history is further complicated by an in-
creased risk of hospitalization, stroke, and all-cause and cardiovascular (CV) mortality [6-8].
Therefore, treating AF in HF patients poses several challenges due to the complexity of this
population [9-11].

As earlier trials have provided conflicting results regarding the best treatment strategy
for AF, it is still debated whether rhythm control should be preferred over rate control. Re-
cently, the Early Treatment of Atrial Fibrillation for Stroke Prevention Trial (EAST-AFNET 4)
showed the significant benefits of a rhythm control strategy compared to usual care among
patients with AF diagnosed within 1 year and other concomitant CV conditions [12].

These results, although encouraging, were not corroborated by two other recent
trials [13,14] showing no significant clinical advantage provided by catheter ablation (CA),
with both trials being terminated early due to their apparent futility. To explain these
uncertainties, we performed a systematic review and meta-analysis of the randomized
controlled trials (RCTs), aiming to compare CA versus the medical therapy (MT) of AF in
HF patients.

2. Methods
2.1. Data Sources and Searches

We systematically searched the Medline, Cochrane, Journals@Ovid, and Scopus elec-
tronic databases for RCTs published from the time of inception to 30 May 2022 and focusing
on CA versus MT in HF patients with AF. Three investigators (A.P, G.V., and M.M.) in-
dependently performed searches including the following terms: atrial fibrillation, heart
failure, left ventricular dysfunction, and catheter ablation. Detailed information of our
literature search strategy is available in the expanded methods.

2.2. Study Selection and Outcomes

The preferred reporting items for systematic reviews and meta-analyses (PRISMA)
statement for reporting systematic reviews and meta-analyses was used in this study [15].

All titles and full-text versions of the selected relevant RCTs were screened to identify
those comparing AF ablation with rate or thythm control therapy in HF patients, which had
at least a 6-month follow-up period, included adults aged 18 years or older, and reported 1
or more clinical outcomes.

Observational studies, nonrandomized trials, editorials, case reports, reviews, expert
opinions, and non-English studies were excluded.

2.3. Data Extraction and Quality Appraisal

Three investigators (A.P, G.V,, and M.M.) extracted data from each study using
standardized protocols and reporting forms and independently assessed the quality items.
Disagreements were resolved by consensus. The quality of the individual studies was
assessed by three investigators (A.P, G.V., and M.M.) using the Cochrane risk of bias
Tool [16], as reported in the Supplementary Materials, Figure S1.

2.4. Study Endpoints

The primary endpoint was a composite of all-cause mortality and HF hospitalization.
These endpoints were also assessed independently. Other secondary endpoints were
CV death, AF recurrence rate, changes in the left ventricular ejection fraction [(LVEF)
ALVEF], changes in quality of life (assessed via the Minnesota Living with Heart Failure
Questionnaire (AMLHFQ)), changes in peak oxygen consumption (AVO;max), changes
in distance walked during a 6-min walk test (A6MWT), and changes in brain natriuretic
peptide (ABNP) levels.

The safety endpoints were CA-related periprocedural adverse events (e.g., access
site complications (femoral bleeding or hematoma), pericardial complications (with and
without tamponade), pulmonary vein stenosis, and procedural stroke) and antiarrhyth-
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mic drug therapy-related side effects (e.g., proarrhythmic effects, pulmonary, liver, and
thyroid toxicity).

2.5. Statistical Analysis

Descriptive statistics are presented as means and standard deviations (SD) for the
continuous variables or a number of cases (n) and percentages (%) for the dichotomous and
categorical variables. The Mantel-Haenszel risk ratio (RR) model was used to summarize
the data among the treatment arms. Summary estimates and 95% confidence intervals (CI)
were reported for the continuous variables as the standardized mean difference. Freeman-—
Tukey double arcsine transformation was used to establish the variance of raw proportions.
We used the Hartung-Knapp-Sidik-Jonkman method with the random effect model to
combine the transformed proportions. The heterogeneity across studies was evaluated by
using the Chi?, Tau?, and Higgins-1? statistics, while random effects models of DerSimonian
and Laird or fixed effects models were used in cases of I? > 25% or <25%, respectively. Sen-
sitivity analyses comparing CA and drug therapy were performed including patients with
reduced LVEF (<50%) or persistent AF or with a pharmacological rhythm control strategy.
The publication bias was assessed using the funnel plot and Egger’s test. The statistical
analysis was performed using Review Manager (RevMan) (computer program) Version
5.4.1, Copenhagen, Denmark: Nordic Cochrane Centre, the Cochrane Collaboration, 2020.

3. Results
3.1. Study Selection
We screened 11,342 articles, from which 229 full texts were retrieved and reviewed

for possible inclusion. A total of nine RCTs [13,14,17-24] comprising 2155 patients were
identified (Figure 1).

References found from searching
databases* (n = 11,342)

References excluded at the
11,342 references screened title/abstract level, including
duplicates (n = 11,160)

Studies not meeting inclusion criteria
(n=218)
Metanalyses: 24
Review articles: 106
Observational studies: 88

Studies assessed in full-text evaluation
(n=227)

Studies included in the final analysis
(n=9)

Figure 1. Evidence search and selection of the preferred reporting items for systematic reviews and
meta-analyses (PRISMA). * Medline, Cochrane, Journals@Ovid, Scopus.

3.2. Baseline Characteristics

Baseline clinical characteristics are reported in Table 1. The nine RCTs enrolled 2155
patients. Among them, 1077 were assigned to CA and 1078 to drug therapy. Overall, 69.9%
(n = 1507) of patients were male, with an average age of 63.5 years (95% CI: 62.1-64.9),
and the mean LVEF was 37.9% (95% CI: 32.3-43.6). Further details on the baseline clinical
characteristics are reported in Table 1 and Supplementary Materials, Table S1.
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Table 1. Study Baseline Characteristics of Patients Included in the Analysis.
Monocentric
or Multicentric Multicentric Monocentric Multicentric Multicentric Multicentric Multicentric Multicentric Multicentric Multicentric
multicentric
Ablation vs. Ablation vs. Ablation vs. . Ablation vs. Ablatlgn vs. Ablathn vs. Ablation vs. Ablatlgn vs. Ablation vs.
. . . . Ablation vs. . medical medical . medical .
Comparison medical rate medical rate medical rate iod medical rate hvth d hvth d medical rate hvth d medical rate
control control control amiodarone control rhythm an riythm an control rhythm an control
rate control rate control rate control
NYHA class
NYHA classIT  NYHA classII  NYHA class II NYHA class II II/11I HF on
or greaterand  or greaterand  or greater and or greater and optimal
HF inclusion optimal HF optimal HF optimal HF NYHA class II NYHA NYHA optimal HF NYHA NYHA guideline di-
criteria treatment for treatment for treatment for to III class > 1I class > II treatment for class > II class > II rectedmedical
at least 3 at least 1 at least 3 at least 1 therapy and
months month months months elevated
NT-proBNP
LVEF No LVEF No LVEF
inclusion <35% (RNVG) <35% <50% <40% <45% <35% <35% <45% inclusion inclusion
criterion criterion criterion
Type of AF Persistent Persistent Persistent Persistent Persistent Paroxysmal or Persistent Persistent Paroxysmal or Paroxysmal or
persistent persistent persistent
Patients at
ra“g‘:)':‘za' Ablation 22 26 26 102 34 200 104 34 378 214
n
Drug 19 26 24 101 34 197 98 34 400 197
Mean age,
years (SD or Ablation 623 + 6.7 64 + 10 55 + 12 62 + 10 59 + 11 64 (56-71) 65 + 8 60.5 + 10.7 68 (62, 73) 65.9 + 8.6
IQR)
Drug 644+ 8.3 62+9 60 £ 10 60 + 11 62 +94 64 (56-73.5) 65+ 8 655 +72 67 (62,73) 67.5+ 8.0
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Table 1. Cont.

D 36'(11\/1iR11)1'9 248 361496 gg T 58/5
Bsrse;g; (g;oD Ablation 1471 RNVG) 31.8 £ 7.7 29+5 35+ 9.8 (MRI)  32.5(25.0-38.0) 278 £95 (MRD) 55 (50-60) B 450
g (RNVG) 55.9 + 6.7
EF < 45%:
29496 3 -
Drug (MRI) éilf,é 33.7 +£12.1 30+8 35493 (MRI)  31.5 (27.0-37.0) 24848 346 ?{319‘1 56 (50-62) %%3 i4 92
19.6 + 55 RNVG) (RNVG) (MRD) > 45%:
54.6+73
Mean
beEafine Ablation 317.5 + 125.8 416 + 78 NA 348 + 111 491 + 147 NA NA NA NA 363.1 + 101.4
6MWT (SD), : : X .
meters
Drug 351.8 £ 117.1 411 £ 109 NA 350 £ 130 489 L 132 NA NA NA NA 3444 L 107.1
Mean
baseline VO,
max (SD), Ablation NA 163 +£53 22 NA NA NA NA NA NA NA
mL/kg per
min
Drug NA 82 £ 4.8 195 NA NA NA NA NA NA NA
Mean
Mll’;;%lzfore Ablation 55.8 4+ 19.8 42 4+ 23 4 52 424 NA NA NA NA NA NA
(SD)
Drug 592 + 224 49 £ 21 18 50 £ 27 NA NA NA NA NA NA
Mean
gl Ablation NA 412 + 324 NA NA 266 + 210 NA NA NA NA NA
BNP(SD or
IQR), pg/mL
Drug NA 283 + 285 NA NA 256 + 208 NA NA NA NA NA
Follow-up 6 mo 12 mo 6 and 12 mo 24 mo 6 mo 60 mo 12 mo 4.0 £ 0.9 years 48.5 mo 24 mo

Note: 6MWT: 6 min walk test; AATAC: ablation versus amiodarone for treatment of atrial fibrillation in patients with congestive heart failure and an implanted ICD; AF: atrial fibrillation;
AMICA: atrial fibrillation management in congestive heart failure with ablation; ARC-HF: a randomized trial to assess catheter ablation versus rate control in the management of
persistent atrial fibrillation in chronic heart failure; BNP: brain natriuretic peptide; CABANA: catheter ablation vs. antiarrhythmic drug therapy for atrial fibrillation; 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 versus standard conventional therapy in patients with left ventricular dysfunction and atrial fibrillation; HF: heart failure; IQR:
interquartile range; LVEF: left ventricular ejection fraction; MLHFQ: Minnesota Living with Heart Failure Questionnaires; mo: months; MRI: magnetic resonance imaging; NA: not
available; NYHA: New York Heart Association; RAFT: randomized ablation-Based rhythm control versus rate control; RNVG: radionuclide ventriculography; SD: standard deviation;
VO, max: peak oxygen consumption.
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Pulmonary vein isolation (PVI) was the mainstay ablation strategy used for all AF
patients randomized to CA. Additional ablation outside the pulmonary veins (e.g., left
atrial roof, mitral isthmus and/or cavotricuspid isthmus, posterior wall, left atrial ap-
pendage, superior vena cava, complex fractionated atrial electrograms) is specified in the
Supplementary Materials, Table S2 [4,25-27].

Among the patients randomized to MT, a rate control strategy was pursued in five
studies [14,20-23] and rhythm was pursued control therapy in one, while a combined
treatment of both strategies was pursued in three trials (the AMICA (atrial fibrillation
management in congestive heart failure with ablation) [13], CASTLE-AF [18], and CABANA
trials [17] had 38%, 30%, and 29% of patients on rhythm control, respectively).

3.3. Composite Endpoint, All-Cause Mortality, HF Hospitalizations

All trials reported data on all-cause mortality and/or HF hospitalization. AF ablation
led to a significant reduction in the composite endpoint (24.6% vs. 37.1%; RR: 0.65 (95%
CI: 0.53-0.80); p < 0.00001; I?: 47%]) (Figure 2a). CA also contributed to a significantly
lower incidence of all-cause mortality (8.8% vs. 13.6%; RR: 0.65; (95% CI: 0.51-0.82);
p = 0.0005) and HF hospitalization (15.4% vs. 22.4%; RR: 0.67 (95% CI: 0.54-0.82); p = 0.0001)
(Figure 2b,c). No statistically significant heterogeneity was documented (I*> = 0% and
12%, respectively).

(a) Composite all-cause mortality and HF hospitalization

Ablation Drugs Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Rand 95% CI M-H, 95% CI
AATAC 2016 [19] 40 102 76 101 245% 0.52(0.40,0.68] -
ARC-HF 2013 [21) 4 24 3 26 21% 1.44(0.36, 5.80] —
CABANA 2021 [17] 57 378 74 400 21.0% 0.82(0.59,1.12] —-r
CAMERA-MRI 2017 [24) 0 33 2 33 05% 0.20[0.01,4.01] +
CASTLE-AF 2018(18) 61 179 112 184 27.0% 0.56 [0.44,0.71) -
RAFT-AF 2022 [14) 67 214 82 197 251% 0.75[0.58, 0.97) -
Total (95% ClI) 930 941 100.0% 0.65 [0.53, 0.80] L 2
Total events 229 349

; 2= - Chit= - - R= + + + +
Heterogeneity: Tau*= 0.03; Chi*=9.36,df=5 (P=0.10), F= 47% 0.05 02 : 20

Test for overall effect: Z= 4.11 (P < 0.0001) Favours Ablation Favours Drugs

(b) All-cause mortality

Ablation Drugs Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, 95% CI
AATAC 2016 [19] 8 102 18 101 97% 0.44(0.20,0.97) -
AMICA 2019[13] 8 100 8 95 68% 0.95(0.37, 2.43) —_—r
ARC-HF 2013 [21) 1 24 0 26 06% 3.24(0.14,75.91) —
CABANA 2021 [17] 23 378 37 400 23.8% 0.66 (0.40,1.09] -
CAMERA-MRI 2017 [24) 0 33 0 33 Not estimable
CAMTAF 2014 [20) 0 26 1 24 06% 0.31(0.01,7.23) —
CASTLE-AF 2018[18) 24 179 46 184 29.7% 0.54[0.34,0.84) -
RAFT-AF 2022 [14] 29 214 34 197 288% 0.79(0.50,1.24) .
Total (95% ClI) 1056 1060 100.0% 0.65 [0.51, 0.82) L2
Total events 93 144
Heterogeneity: Tau®= 0.00; Chi*= 4.15, df= 6 (P = 0.66); F= 0% 0 605 011 110 260

Test for overall effect: Z= 3.51 (P = 0.0005) Favours Ablation Favours Drugs

(c) HF hospitalization

Ablation Drugs Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, R: 95% CI M-H, 95% CI
AATAC 2016 [19) 32 102 58 101 286% 0.55(0.39, 0.76) -
ARC-HF 2013 [21) 3 24 3 26 18% 1.08(0.24, 4.86) —_—
CABANA 2021 [17) 34 378 37 400 18.0% 0.97 [0.62,1.52) .
CAMERA-MRI 2017 [24] 0 33 2 33 05% 0.20(0.01,4.01) R E—
CASTLE-AF 2018[18) 37 179 66 184 26.9% 0.58(0.41,0.81) "
MacDonald etal. 2011 (23] 2 20 1 18  08% 1.80(0.18,18.21] —
RAFT-AF 2022 [14) 38 214 48 197 234% 0.73[0.50, 1.06] -
Total (95% CI) 950 959 100.0% 0.67 [0.54, 0.82] ¢
Total events 146 215
Heterogeneity. Tau®*= 0.01; Chi*= 6.84, df= 6 (P = 0.34), F=12% + + t t
Test for overall effect: Z= 3.83 (P = 0.0001) 0.005 Favournsjkblatxon Favour; grugs 200

Figure 2. Composite Endpoint, All-Cause Mortality, HF Hospitalizations. Forest plots displaying a
decrease in the composite endpoint (a), all-cause mortality (b), and HF hospitalizations (c) in patients
with AF and HF undergoing CA versus MT. CI: confidence interval; HF: heart failure.

3.4. Other Secondary Endpoints

AF relapse was higher in the MT population (77.0% vs. 31.8%), with CA promoting
significantly higher freedom from AF (RR: 0.36; (95% CI: 0.24-0.54); p < 0.00001) (Figure 3a).
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Five RCTs [13,17,18,20,24] reported data on CV death, which was less frequent in the CA
group than in the MT group (4.9% vs. 8.4%; RR: 0.58; (95% CI: 0.39-0.86); p = 0.007). No
heterogeneity (I? = 0%) was observed (Figure 3b).

(a) AF recurrence

Ablation Drugs Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, 95% CI M-H, 95% CI
AATAC 2016 19) 31 102 67 101 121% 0.46(0.33,0.63) -
AMICA 2019[13] 7 83 42 84  91% 0.17[0.08,0.35) —_—
ARC-HF 2013 [21] 3 25 26 26 7.4% 0.14[0.05, 0.36) =
CABANA 2021 [17) 91 162 121 168 12.8% 0.78(0.66, 0.92) bt
CAMERA-MRI 2020 [22] 27 47 15 15 124% 0.59(0.46,0.77) -
CAMTAF 2014 [20] 7 26 24 24 101% 0.28(0.15,0.52) ===
CASTLE-AF 2018 (18] 66 179 144 184 127% 0.47(0.38,0.58] -
MacDonald etal. 2011 (23] 10 20 18 18 11.4% 0.51(0.33,0.79) -
RAFT-AF 2022 [14] 31 214 172 197 12.0% 017(0.12,0.23] =
Total (95% CI) 858 817 100.0% 0.36 [0.24, 0.54) <
Total events 273 629

it Tau? = - Chif= = p= ' N N N
Heterogeneity: Tau*= 0.33; Chi*= 110.88, df= 8 (P < 0.00001); F=93% 0.005 o1 10 200

Test for overall effect: Z= 4.92 (P < 0.00001) Favours Ablation Favours Drugs

(b) CV death
Ablation Drugs Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, 95% ClI M-H, 95% ClI
AMICA 2019 [13) 3 100 6 95 84% 0.47 [0.12,1.85) —
CABANA 2021 (17) 12 378 14 400 26.8% 0.91(0.42,1.94) b
CAMERA-MRI 2017 [24] 0 33 0 33 Not estimable
CAMTAF 2014 [20] 0 26 1 24 1.5% 0.31[0.01,7.23) —_—
CASTLE-AF 2018 [18] 20 179 41 184 63.3% 0.50[0.31,0.82) E
Total (95% CI) 716 736 100.0% 0.58 [0.39, 0.86] L 2
Total events 35 62

ity: Tau®= 0.00; Chi*= =3(P= F= t + + +
Heterogeneity: Tau®*= 0.00; Chi*=1.91, df= 3 (P = 0.59), F= 0% 0.005 01 10 200

Test for overall effect: Z=2.71 (P = 0.007) Favours Ablation Favours Drugs

Figure 3. AF Recurrence and CV Death. Forest plots displaying risk ratio in AF recurrence (a) and
cardiovascular death (b) between the ablation and drug groups. AF: atrial fibrillation; CI: confidence
interval; CV: cardiovascular; LVEF: left ventricular ejection fraction.

LVEF changes were evaluated with cardiac ultrasound in five trials [13,14,18-20], with
magnetic resonance imaging (MRI) in the MacDonald et al. [23] trial, with both MRI and
echocardiography in CAMERA-MRI [22], and with radionuclide in the ARC-HF trial [21].
The ablation group had a greater increase in ALVEF (MD 4.76%; (95% CI: 2.35-7.18);
p = 0.0001) compared to MT, with moderate heterogeneity (I* = 63%) (Figure 4a).

(a) ALVEF

Ablation Drugs Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, 95% CI IV, Random, 95% CI
AATAC 2016 [19) 8.1 4 94 6.2 5 83 21.3% 1.90 (0.55, 3.25) =
AMICA 2019[13] 88 128 68 73 134 72 131% 1.50[-2.84,5.84) -
ARC-HF 2013 [21] 108 115 24 54 85 26 101% 550[-0.14,11.14) |
CAMERA-MRI 2020 [22] 164 133 47 86 76 15 106%  7.80(2.39,13.21) ——
CAMTAF 2014 (20) 81 125 26 -36 97 24 91% 11.70(5.52,17.88)
CASTLE-AF 2018 (18] 98 126 51 44 143 37 99% 540[-0.36,11.16) "
MacDonald etal. 2011 [23] 45 111 20 28 67 18 99%  1.70[4.07,7.47) —_——
RAFT-AF 2022 [14] 101 17.34 209 38 1636 186 15.9% 6.30(2.98,9.62) —
Total (95% CI) 539 461 100.0% 4.76 [2.35,7.18] 2
Heterogeneity: Tau®= 6.66; Chi*= 19.01, df= 7 (P = 0.008); F= 63% -2{0 _1?0 1f0 250
Testfor overall effect: Z= 3.87 (P = 0.0001) Favours Drugs Favours Ablation
(b) AGMWT

Ablation Drugs Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
AATAC 2016 [19) 22 41 94 10 37 83 415% 12.00(0.51,23.49] i
ARC-HF 2013 [21] 21 1037 26 -10 852 26 4.0% 31.00[-16.08,78.08] -
CAMERA-MRI 2017 (24) 55 1145 33 29 1255 33 27% 26.00[-31.96,83.96] —
CASTLE-AF 2018[18) -6.9 267 50 -385 313 35 36.6% 31.60(18.86,44.34] ——
MacDonald etal. 2011 (23] 201 76.5 17 214 774 15 32% -1.30[-54.75,52.15)
RAFT-AF 2022 [14] 449 13155 209 28 13229 186 121% 16.90[-9.17,42.97] e r——
Total (95% CI) 429 378 100.0% 20.48 [10.83, 30.14] <>
Heterogeneity: Tau®= 24.12, Chi*= 5.95, df=5 (P = 0.31); F= 16% 5100 _éo 590 1050

Testfor overall effect: Z= 4.16 (P < 0.0001) Favours Drugs Favours Ablation

Figure 4. LVEF and 6MWT. Forest plots displaying mean differences in LVEF (a) and 6MWT (b) be-
tween the ablation and drug groups: 6MWT: 6-minute walk test; CI: confidence interval; LVEF: left
ventricular ejection fraction; SD: standard deviation.
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A6MWT data were available for six trials [14,18,19,21,23,24], with AF ablation being
associated with a greater improvement at follow-up (MD 20.48 m; (95% CI: 10.83-30.14);
p <0.0001) (Figure 4b).

Data on the AVO, max and AMLHFQ were provided in two [20,21] and five [14,19-21,23]
trials, respectively. The improvements promoted by CA were both statistically significant
(AVOy: MD 3.12 mL/kg/min; (95% CI: 1.01-5.22); p = 0.004; I> = 0%; and AMLHFQ: MD
—6.98; (95% CI: —12-03, —1.93); p = 0.007; I? = 45%) (Figure 5a,b). ABNP was evaluated in
two RCTs [21,24]. CA patients showed a larger reduction (MD —133.94 pg/mL,; (95% CI:
—197.33, —70.55); p < 0.0001; I?> = 0%) compared to those on drug therapy (Figure 5c).

(a) AVO, max

Ablation Drugs Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
ARC-HF 2013 [21) 21 55 24 -09 31 26 71.0% 3.00[0.50, 5.50) —
CAMTAF 2014 [20] 14 7 26 -2 71 24 28.0% 340[051,7.31) T
Total (95% CI) 50 50 100.0% 3.12[1.01,5.22] <
Heterogeneity: Tau*= 0.00; Chi*= 0.03, df=1 (P=0.87), F= 0%

40 5 0 5 10

Test for overall effect Z=2.90 (P = 0.004) Favours Drugs Favours Ablation

(b) AMLHFQ
Ablation Drugs Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
AATAC 2016 [19) 1119 94 -6 17 83 309% -500[10.30,0.30] —
ARC-HF 2013 [21] -19 223 24 53 157 26 15.0% -13.70[24.47,-293 +——
CAMTAF 2014 (20) -18 22 26 -02 215 24 128% -17.80(-29.86,-5.79) ——
MacDonald etal. 2011 (23] -57 197 20 -28 179 18 129% -290[-14.859.05 - =0
RAFT-AF 2022 [14) 174 307 209 -148 2947 186 284% -260[-8.54,3.34) —_—
Total (95% Cl) 373 337 100.0% -6.98(-12.03,-1.93) e
Heterogeneity: Tau*=14.17;, Chi*= 7.29, df= 4 (P = 0.12); F= 45% 20 110 110 210

Testfor overall effect Z=2.71 (P = 0.007) Favoljrs Ablation Favours Drugs

(c) ABNP

Ablation Drugs Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
ARC-HF 2013 [21) -126 22202 24 -24 9198 26 44.0% -102.00(-197.60,-6.40] ——
CAMERA-MRI 2017 [24]  -168 1435 33 -9 20249 33 56.0% -159.00(-243.68,-74.32) —i—
Total (95% CI) 57 59 100.0% -133.94[-197.33,-70.55] ’
Heterogeneity. Tau?= 0.00; Chi*= 0.77, df= 1 (P = 0.38); = 0%

-200-100 0 100 200

Testfor overall effect Z= 4.14 (P < 0.0001) Favours Ablation Favours Drugs

Figure 5. VO, max, MLHFQ, and BNP. Forest plots displaying mean differences in VO, max (a),
MLHEQ (b), and BNP (c) between the ablation and drug groups. CI: confidence interval; MLHFQ:
Minnesota Living with Heart Failure Questionnaires; SD: standard deviation; VO, Max: peak
oxygen consumption.

3.5. Safety Endpoints

Data on CA-related adverse events are summarized in Table 2A. Overall, 62 periproce-
dural adverse events were reported (5.02% (95% CI: 3.44-0.81); Supplementary Materials,
Figure S2a). Among them, access site complications were the most common ones (2.37% (95%
CI: 1.42-3.5%), followed by pericardial effusion/tamponade in 0.8% (95% CI: 0.23-1.6%).

Anti-arrhythmic drug adverse events are summarized in Table 2B. Only three RCTs
(AATAC[19], CABANA [17] and RAFT-AF [14]) reported antiarrhythmic drug-related toxic-
ities, with 31 adverse events being documented (4.28% (95% CI: 2.56-6.39%) Supplementary
Materials, Figure S2a).

The stroke risk at follow-up was reported in six RCTs [14,18,20,21,23,24] (Supplemen-
tary Materials, Table S3) and was significantly lower after CA compared to MT (0.48%
(95% CI: 0-1.61%) vs. 2.60% (95% CI: 1.05-4.62%); p = < 0.01)) (Supplementary Materials,
Figure S2b).
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Table 2. Periprocedural Complications of Catheter Ablation (A) and Adverse Events of Antiarrhyth-
mic Drugs (B).

Stud Access Site Pericardial Esophageal Systemic Pulmonary
y Complications,n  Effusion/tamponade, n Complications, n Embolism, n Stenosis, n
MacDonald et al.,
2011 [23] 0 2 0 0 0
ARC-HE, 2013 [21] 1 1 0 0 0
CAMTAE 2014 [20] 0 1 0 1 0
AATAC, 2016 [19] 2 1 0 0 0
CAMERA-MR]I,
2017 [24] ! 0 0 0 0
CASTLE-AF,
2018 [18] 3 3 0 0 !
AMICA, 2019 [13] 2 1 1 0 0
CABANA, 2021 [17] 15 2 4 0 0
RAFT-AF, 2022 [14] 9 6 1 4 0
OVERALL, % 2.37% 0.8% 0.07% 0.01% 0.001%
Liver and Proarrhythmic
Study Thyroid toxicity, n Pulmonary y Unspecified toxicity, n
. . effect, n
toxicity, n
AATAC, 2016 [19] 4 3
CABANA, 2021 [17] 9 2 3 5
RAFT-AF 2022 [14] 4 1
OVERALL, % 1.38% 0.48% 0.8% 0.7%

3.6. Sensitivity Analyses
- Catheter Ablation vs. Rate Control

Three RCTs [14,21,24] performed a direct comparison between CA and medical rate
control only treatment. A sub-analysis of these trials showed that CA was superior to rate
control in reducing the composite endpoint of all-cause death and HF hospitalizations (RR
0.76; (95% CI: 0.59-0.98); p = 0.03; I? = 0%) (Figure 6a). However, no significant differences
were found in the all-cause mortality (RR 0.79; (95% CI: 0.51-1.24); p = 0.31; I? = 0%), HF
hospitalizations (RR 0.75; (95% CI: 0.52-1.07); p = 0.11; I? = 0%), and CV death (RR 0.31;
(95% CI: 0.01-7.23); p = 0.47). Although significant heterogeneity (I> = 94%) was observed,
CA showed a significant reduction in AF recurrence (RR 0.30; (95% CI: 0.14-0.65); p = 0.002).
Additional data on ALVEF, A6MWT, and AMLFHQ are reported in the Supplementary
Materials, Figure S3.

- LVEF <50%

The left ventricular systolic function was not an inclusion criterion in the CABANA [17]
and RAFT-AF [14] trials. Therefore, we decided to perform a sensitivity analysis of patients
with depressed LVEF (cut-off <50% or lower as an inclusion criterion). After CABANA [17]
and the subpopulation of patients with LVEF > 45% in the RAFT-AF trial were excluded,
CA showed a significant reduction in the composite endpoint (RR 0.56; (95% CI: 0.48-0.66);
p < 0.00001; I? = 0%) (Figure 6b), all-cause mortality (RR 0.57; (95% CI: 0.40-0.81); p = 0.002;
I2 = 0%), HF hospitalizations (RR 0.57; (95% CI: 0.45-0.72); p < 0.00001; I?> = 0%), CV death
(RR 0.49; (95% CI: 0.31-0.78); p = 0.003; I> = 0%), and AF recurrence (RR 0.39; (95% CI:
0.29-0.53); p < 0.00001; I> = 75%). Further secondary endpoint analyses (e.g., ALVWEEF,
A6MWT, AMLFHQ) are depicted in the Supplementary Materials, Figure S4.
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(a) Catheter ablation vs. rate control

Ablation Drugs Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
ARC-HF 2013 [21] 4 24 3 26 33% 1.44[0.36, 5.80]
CAMERA-MRI 2017 [24] 0 33 2 33 07% 0.20(0.01,4.01] ¢
RAFT-AF 2022 [14) 67 214 82 197 96.0% 0.75[0.58, 0.97)
Total (95% CI) 271 256 100.0% 0.76 [0.59, 0.98] L 2
Total events al 87

1 X
t

005 02 1 5 20
Favours Ablation Favours Drugs

Heterogeneity: Tau*= 0.00; Chi*= 1.59, df= 2 (P = 0.45), F= 0%
Test for overall effect: Z= 2.11 (P = 0.03)

(b) LVEF < 50%

Ablation Drugs Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
AATAC 2016 [19] 40 102 76 101 36.1% 0.52(0.40, 0.68] L
ARC-HF 2013 [21] 4 24 3 26 13% 1.44(0.36,5.80) S——
CAMERA-MRI 2017 [24] 0 33 2 33 03% 0.20(0.01, 4.01] ——
CASTLE-AF 2018 (18] 61 179 112 184 466% 0.56 (0.44,0.71] -
RAFT-AF 45% 2022 [14] 28 124 43 116 15.7% 0.61(0.41,0.91] —a-
Total (95% CI) 462 460 100.0% 0.56 [0.48, 0.66] ‘
Total events 133 236
& 2 2= - - 2= } + 4 4
Heterogeneity: Tau*= 0.00; Chi*= 2.70, df= 4 (P = 0.61), F=0% 0.005 01 10 200

Testfor overall effect: Z=7.14 (P < 0.00001) Favours Ablation Favours Drugs

(c) Persistent AF

Ablation Drugs Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
AATAC 2016 [19] 40 102 76 101 81.4% 0.52(0.40, 0.68]
ARC-HF 2013 [21) 4 24 3 26 150% 1.44 (0.36, 5.80) N B
CAMERA-MRI 2017 [24) 0 33 2 33 37% 0.20(0.01,4.01] ¢
Total (95% Cl) 159 160 100.0% 0.59 [0.33, 1.05] -
Total events 44 81
Heterogeneity: Tau*= 0.09; Chi*= 2.42,df=2 (P=0.30); F=17% 005 o 3 2

Test for overall effect: Z=1.79 (P = 0.07) Favours Ablation Favours Drugs

Figure 6. Sensitivity Analysis for the Composite Endpoint. Forest plots displaying a decrease in the
composite endpoint in the sensitivity analysis: (a) catheter ablation vs. rate control, (b) LVEF < 50%,
(c) persistent AF. CI: confidence interval;, HF: heart failure.

- Persistent AF

The CASTLE-AF [18], CABANA [17] and RAFT-AF [14] trials included a mixed popu-
lation of patients with either paroxysmal or persistent AF. These RCTs were excluded for
the purpose of performing a sensitivity analysis focusing on persistent AF patients only
(Supplementary Materials, Figure S5). Compared to patients on MT, those undergoing CA
showed a trend towards a reduction in the composite endpoint (RR 0.59; (95% CI: 0.33-1.05);
p = 0.07; I? = 17%) (Figure 6c) and a significative reduction in HF hospitalizations (RR 0.57;
(95% CI: 0.41-0.78); p = 0.0006; I* = 0%) and AF recurrence (RR 0.35; (95% CI: 0.22-0.55);
p < 0.00001; 2= 82%). No differences were documented in regard to all-cause mortality
(RR 0.63; (95% CI: 0.35-1.12); p = 0.11; I? = 0%) and CV death (RR 0.44; (95% CI: 0.13-1.54);
p =0.20; I? = 0%). Other outcome data (e.g., ALVEF, AOMWT, AMLFHQ) in persistent AF
patients are reported in the Supplementary Materials, Figure S5.

4. Discussion

Herein, we performed a systematic review and meta-analysis to provide a comprehen-
sive overview of the outcomes of HF patients undergoing CA versus MT of AF.

We observed that CA was associated with a 35% reduction in the composite endpoint
(all-cause mortality and HF hospitalization) compared to MT. A significant reduction was
observed when the endpoints above were assessed separately (all-cause mortality: —35%;
HF hospitalization: —33%).

Regarding other secondary outcomes, CA led to a lower rate of AF recurrence and
CV death and promoted a significant improvement in the left ventricular systolic function
(ALVEEF), exercise capacity (A6MWT), cardiorespiratory fitness (AVO, max), quality of life
(AMLHEFQ), and HF severity (ABNP).

To the best of our knowledge, our systematic review and meta-analysis is the most
updated and comprehensive analysis of RCTs thus far. Compared to prior studies [28,29],
we included data from the two recent AMICA [13] and RAFT-AF [14] trials, which together



J. Clin. Med. 2022, 11, 5530

11 of 15

account for approximately one third of our study population, and performed additional
endpoint/subpopulation analyses.

CA has been demonstrated to be the most effective rhythm control strategy, with
several recent trials showing its superiority compared to MT as an early AF therapy in the
general population [30]. Nonetheless, it is far more challenging to achieve rhythm control
in patients with a high burden of comorbidities (e.g., HF, obstructive sleep apnea, coronary
artery disease) [3,26,31-33] due to their more diseased atrial substrate. These patients are
also more prone to drug-related, as well as ablation-related, complications.

AF and HF often coexist and share several risk factors, which may contribute to
arrhythmia progression, as well as worse clinical outcomes, including stroke, hospitaliza-
tion, and overall and cardiovascular mortality. RCTs investigating the success rate of CA
compared to MT in patients with AF and HF have provided conflicting results. Among
them, data from the two recent RCTs, AMICA [13] and RAFT [14], were published after the
enrolment was closed early due to their apparent futility [13,14].

The RAFT-AF [14] trial enrolled 411 patients with high-burden paroxysmal or persis-
tent AF. Although the initial goal was to recruit 600 patients, a determination of apparent
futility by the Data Safety Monitoring Committee after an interim analysis led to the trial’s
early termination. A non-significant trend towards improved outcomes with CA was
reported, with the HR value of 0.71 (95% CI: 0.49-1.03; p = 0.066). Notably, CA led to a
significantly greater improvement in LVEF, exercise capacity, AF and HF symptoms, and
quality of life.

The AMICA [13] trial enrolled patients with persistent/longstanding persistent AF and
LVEF <35%, aiming to assess any LVEF changes after 1 year. The study revealed a similar
improvement of the LVEF with CA and MT; however, the comparison between the two
treatment arms showed no statistically significant difference. The only significant difference
was observed in the device-recorded AF burden, which was significantly higher in the MT
group. It can be speculated that the trial included patients with a higher comorbidity rate
compared to other similar trials (e.g., CASTLE-AF) [18], who were potentially too sick to
show any significant clinical and functional advantages from CA and the resulting better
sinus rhythm control. Similar findings were reported in the subpopulation of CASTLE-AF
patients with New York Heart Association (NYHA) functional class III symptoms or an
LVEF of <25%, who did not show any significant benefits from CA. In the CAMERA-
MRI [24] trial, the improvement in LVEF promoted by CA was significantly better, with
systolic function normalization being achieved in 58% of patients compared to 9% of
those on MT (p = 0.0002). Nonetheless, the absolute LVEF improvement was significantly
greater among patients without late gadolinium enhancement [3]. Thus, advanced cardiac
remodeling may limit the recovery of the LVEF and also increase the risk of AF relapse
in the long term [26,32]. These observations highlight the importance of an early AF
ablation strategy.

CA, as a first line approach, might be particularly important for HF patients, since
arrhythmic recurrences promote worsening cardiomyopathy, arrhythmia progression, and
poor outcomes. Once the vicious cycle of AF and HF begins, the success rate of PVI
is significantly lower and other sources of triggers outside the PVs may contribute to
arrhythmia initiation/relapse [4]. Therefore, early ablation is critical for HF patients, as
it is associated with better ablation success. Mechanistic and clinical studies have also
highlighted the dynamic interplay between sinus rhythm restoration, cardiac function,
symptoms, and clinical outcomes. Specifically, successful rhythm control may subsequently
promote positive atrial and ventricular remodeling, which may result in better clinical
outcomes. From this perspective, the benefits of CA on the cardiac function may manifest
themselves later, and outcome improvements may occur even later. From a functional
standpoint, the PABA-CHF [34] trial compared PVI versus atrioventricular-node ablation
combined with biventricular pacing in HF patients with EF < 40%. Patients were followed-
up over 6 months, showing a steady improvement in the mean LVEF in the CA group,
who continued to recover until the end of the study period. From a clinical standpoint, the



J. Clin. Med. 2022, 11, 5530

12 of 15

mortality curves separated only after 2 years in the CASTLE-AF [18] trial. Further studies
are necessary in order to understand the best AF ablation strategy for HF patients, as well
as the pathophysiological basis of CA-mediated functional and clinical benefits.

Another finding worth highlighting is the safety profile of CA in a population such
as the HF population, characterized by a high comorbid profile. Notably, CA appeared to
be safe and showed a similar risk of adverse events as MT. The prevalence of procedural
complications was 5.02% (95% CI: 3.44-6.81), with access-site complications accounting for
approximately half of the events [28,35,36].

5. Limitations

Our study has several limitations that need to be acknowledged. (1) Patients selected
for a randomized catheter ablation trial may be healthier than those in real-world situations.
(2) The number of patients enrolled in each RCTs was highly variable and may account for
the imbalance in the results and heterogeneity. (3) The high heterogeneity regarding the
arrhythmia detection techniques during follow-up should be considered. (4) Additional ab-
lation outside the PVs, performed in some RCTs, could have affected the clinical outcomes.
(5) The RCTs included here enrolled patients from 2011 to 2022, involving temporal changes
in both CA and drug therapy. (6) Because patients and physicians were not blinded to the
treatment assignment, it is possible that the post-ablation medical management differed
between RCTs.

6. Conclusions

AF ablation was superior to conventional drug therapy in improving the composite of
all-cause mortality and HF hospitalization, the all-cause mortality, HF hospitalization, AF

recurrence, cardiovascular death, LVEF, 6 min walk test distance, VO, max, and quality
of life.
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//www.mdpi.com/article/10.3390/jcm11195530/s1, Expanded Methods; Full Search Strategy and
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Thromboembolic Events during Follow-Up. Figure S1: Methodological evaluation of the included
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Figure S5: Catheter Ablation vs Drug Therapy in patients with Persistent AF.
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Ablation versus Amiodarone for Treatment of Atrial Fibrillation in Patients

AATAC with Congestive Heart Failure and an Implanted ICD

AF Atrial Fibrillation

AMICA Atrial Fibrillation Management in Congestive Heart Failure with Ablation

ARC-HF A Randomized Trial to Assess Catheter Ablation Versus Rate Control in the
Management of Persistent Atrial Fibrillation in Chronic Heart Failure

BNP Brain Natriuretic Peptide

CA Catheter Ablation

CABANA Catheter Ablation vs. Antiarrhythmic Drug Therapy for Atrial Fibrillation

CAD Coronary Artery Disease

CAMERA-MRI Cathe’fer Ablation. Versus Medical Rate Control in Atrial Fibrillation and
Systolic Dysfunction
A Randomized Controlled Trial of Catheter Ablation Versus Medical Treatment

CAMTAF e O 1] .
of Atrial Fibrillation in Heart Failure

CASTLE-AF Catheter Ablation versus Standard Conventional Therapy in Patients with Left
Ventricular Dysfunction and Atrial Fibrillation

CIED Cardiac Implantable Electronic Device

CRT-D Cardiac Resynchronization Therapy Defibrillator

Cv Cardiovascular

ECG Electrocardiogram

HF Heart Failure

LVEF Left Ventricular Ejection Fraction

MLHFQ Minnesota Living with Heart Failure Questionnaire

MT Medical Therapy

MRI Magnetic Resonance Imaging

NYHA New York Heart Association

PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses

PVI Pulmonary Vein Isolation

RAFT Randomized Ablation-Based Rhythm-Control Versus Rate-Control

RCT Randomized Controlled Trial

RR Risk Ratio

SvC Superior Vena Cava

VO, max Peak Oxygen Consumption

6MWT 6-Min Walk Test
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