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ABSTRACT

Background and Objectives: Persistent atrial fibrillation (PeAF) with heart failure (HF)
arguably constitutes the sickest subset of atrial fibrillation (AF) patients.

Methods: A systematic search was made in PubMed, Embase, and Scopus databases.
Network meta-analysis (NMA) of PeAF patients with systolic HF comparing all-cause
mortality, change in HF-related quality of life (QoL) and hospitalization due to heart failure
(HHF) were performed among catheter ablation (CA) of AF, rate-controlling drugs (RCDs),
anti-arrhythmic drugs (AADs), and atrio-ventricular nodal ablation (AVNA) using Bayesian
random effect model.

Results: Ablation strategies resulted significantly lower mortality than medical therapies
(odds ratio [OR], 0.51; 95% confidence interval [CI], 0.35 to 0.76). CA of AF was associated
with lower trend of mortality (OR, 0.78; 95% credible interval [CrI], 0.08 to 7.63) in
comparison to AVNA in the Bayesian NMA. Rhythm control strategies resulted significantly
higher improvement of QoL than rate control strategies (mean difference [MD], -12.78; 95%
CI, -21.26 to —4.31). Bayesian NMA showed that CA of AF was better than AAD (MD, -7.98;
95% CrI, -27.68 to 8.27), however ranked AVNA to be lowest. Ablation strategies provided
significantly lower HHF than medical therapies (OR, 0.42; 95% CI, 0.30 to 0.58). Bayesian
NMA showed that CA of AF performed not only better than AAD (OR, 0.33; 95% CrI, 0.09
to 1.3) to reduce HHF, but also than AVNA (OR, 0.20; 95% CrI, 0.00 to 4.76). Of note, RCD
ranked lowest with regard to mortality and HHF.

Conclusions: CA of AF remains the best strategy even for the sickest group of PeAF patients
with systolic HF in regards to all-cause mortality, HF-related QoL and HHF.
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INTRODUCTION

Use of catheter ablation (CA) in persistent atrial fibrillation (PeAF) requires extensive ablation
strategy in addition to pulmonary vein isolation to get rid of non-PV triggers or complex atrial
fractionated electrogram (CFAE), adoption of newer mapping technologies, such as focal
impulse and rotor modulation and thoracoscopic convergence approaches."® The CAMERA-
MRI trial questioned the role of rate control strategy in atrial fibrillation (AF) patients with
heart failure (HF)” and the CASTLE-AF trial showed that CA for symptomatic paroxysmal or
persistent AF patients with systolic heart failure was associated with a significantly lower rate
of a composite end point of all-cause mortality or hospitalization due to heart failure (HHF)
in comparison to medical therapy.® Subsequently CA was generalized in AF with HF patients
and that led to 2019 American Heart Association/American College of Cardiology (AHA/ACC)
recommendation for CA as class IIb indication for CASTLE-AF-like patients.”'” Analysis of
the AF patients with HF (mostly HF with preserved ejection fraction) enrolled in the CABANA
trial showed that, CA produced significant improvements in survival, freedom from AF-
recurrence, and quality of life in comparison to drug therapy.'

In real-world practice, in patients with PeAF with HF, a medical therapy (MT) with rate-
controlling drugs (RCD) and/or anti-arrhythmic drugs (AADs) is the first-line of therapy, and
if not benefitted or tolerated, CA is undertaken. In a selected group of patients, biventricular
(BiV) pacing (or physiological pacing) may improve heart failure symptoms and atrio-
ventricular nodal ablation (AVNA) could be the last resort if BiV pacing is not adequate due

to AF despite RCDs. Meta-analysis including AF patients with HF demonstrated that CA was
associated with better structural, functional and survival benefit than medical therapy.'?"
However, these studies did not distinguish between RCD or AADs and did not include pace
and ablate strategy into consideration. ESC recommends CA of AF as class I recommendation
in AF and HF patients to reduce mortality and HHFE.'Y

We have conducted a network analysis of all-cause mortality, improvement of HF-related quality
of life (QoL), AF recurrence, and HHF in patients of PeAF with systolic heart failure comparing
four treatment arms viz. RCDs, AADs, CA and AVNA.

METHODS

The meta-analysis consisted of PeAF patients with HF and compared rate control (RCDs

and AVNA) versus rhythm control (AADs and CA) strategies and medical therapy (RCDs

and AADs) versus CA in regards to all-cause mortality, change in QoL, AF recurrence and
HHF. The network meta-analysis was aimed to conduct direct and indirect comparisons of
all-cause mortality, change in QoL, AF recurrence, and HHF among four treatment arms
(RCDs, AADs, CA of PeAF, and AVNA). The network meta-analysis has been described by the
PRISMA guideline.”

Search strategy
A systematic review was performed to search the existing literature published in the English
language, as of October 2020. Three physician-reviewers (DK, AM, SD) queried PubMed,
Embase, and Scopus databases for published literature; search terms were “atrial fibrillation,”
“heart failure,
“radiofrequency ablation,

” ” «

rate control,” “rhythm control,” “anti-arrhythmic drugs,” “catheter ablation,”

” ” «

pulmonary vein isolation,” “atrioventricular nodal ablation,”
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” « ” «

“pacing,” “death,
“atrial fibrillation recurrence,

cardiovascular death,” “heart failure hospitalization,
” “implantable cardioverter-defibrillator (ICD),
resynchronization therapy (CRT),” and combinations of these keywords. Additional literature
was sought by searching the references of eligible articles. Any inter-reviewer discrepancies

were resolved by a fourth reviewer (DP).

quality of life,”

” «

cardiac

Study selection

Inclusion criteria

For the quantitative synthesis of the meta-analysis, we only selected randomized controlled
trials (RCT) that directly compared two or more treatment modalities (RCDs, AADs, CA of
PeAF, and AVNA) in the PeAF patients with systolic heart failure, i.e., left ventricular ejection
fraction (LVEF) <50%, and provided all-cause mortality and change in QOL as outcomes.

Exclusion criteria

We excluded: (1) observational or non-randomized studies, single-arm studies, case reports,
case series, review articles, and abstracts presented in the conferences, (2) studies with
paroxysmal atrial fibrillation (PAF), (3) AF without HF, (4) diastolic HF. Studies that did not
report outcomes for rate control (RCDs or AVNA) or rhythm control (AADs or CA) separately
or did not specify medical therapy (whether RCDs or AADs) were excluded from the network
meta-analysis (NMA).

Critical appraisal
The randomized studies were appraised with the Risk of Bias 2.0 Scale'® which assessed individual
studies in regards to patient selection, randomization, blinding, and outcome data reporting.

Data extraction

Baseline characteristics and outcomes were extracted from each of the selected studies.
Baseline characteristics included AF treatment arms, sample size as per intention to treat
analysis, study-design, follow-up duration, age, left atrial diameter, subjects receiving
devices, LVEF, previous cardioversion, ischemic background. Complications of individual
treatments, mortality, and changes in HF QoL were recorded when available. As most studies
reported QoL as per Minnesota Heart Failure Questionnaire (MLHFQ), the quantitative meta-
analysis and NMA excluded studies that reported QoL in other metrics.

Data analysis

Meta-analysis

Descriptive statistics are presented as means and standard deviations (SDs) for continuous
variables and the number of cases or percentages for dichotomous and categorical variables.
Statistical analysis was performed in line with recommendations from the Cochrane
Collaboration using RStudio 1.4." Comparison of all-cause mortality and change in

QoL between catheter ablation and medical therapy or rate vs. rhythm control have been
conducted using the random-effects model of DerSimonian and Laird. Heterogeneity was
described as I’ statistics; publication bias was assessed by funnel plot; covariate analysis was
performed and depicted as a bubble plot.

NMA

Bayesian Network meta-analysis comparing four treatment arms (e.g., RCD, AAD, and AVNA)
was performed. Network plot, league table, and rankogram were derived using MetInsight
V3.14"® and using Markov chain Monte Carlo (MCMC) simulations.!” Gelman-Rubin
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convergence was assessed for all the studies.?” Estimates from Bayesian NMA were presented
as odds ratio (OR) or mean difference (MD) with 95% credible interval (CrI), i.e., the value

at 2.5% and 97.5% quantiles.?V The ranking table was derived, which showed the probability
for each treatment to be ranked as the most effective treatment. The rankogram was based
on the median ranking probabilities of each treatment arm.?" The median rank is the middle
iteration rank when every simulated estimate of the class is ordered.

Inconsistency, deviance, and sensitivity analysis

The direct, indirect, and network estimates and a Bayesian p-value for the related test of
inconsistency between the direct and indirect evidence for each treatment comparison were
derived.?® Deviance analysis was conducted and contribution for each study arm to the
residual deviance was also plotted and analyzed. The contour plot simultaneously looked

at residual deviance and leverage.?® Leverage values outside the contour of 3 are considered
poorly fitting.

RESULTS

A total of 18 RCTs”®39 were included for the systematic review and qualitative meta-analysis
and six studies were excluded from the quantitative meta-analysis (Figure 1).793%3337)3)

Most of the studies were not blinded and not all studies reported the required outcomes
(Supplementary Figure 1). A total of 3,698 patients were included in the meta-analysis with a
follow-up duration ranging from 6 to 60 months. Two landmark studies compared CA to MT
but did not specify the subgroups like rate and rhythm control amongst those treated with
MT.”® For comparison, RCD and AVNA were taken as ‘rate control’ strategy whereas AAD and
CA were taken as ‘rhythm control’ strategy.

Baseline parameters

Overall, the study populations were old; however, the eldest population groups were studied
by Brignole et al for the pace/ ablate strategy.??*® In most of the studies, left atria were
severely dilated except two.??®) All studies selected patients with severe LVSD, however,
patients in pace/ablate studies by Brignole et al.>*® has moderate LVSD. One study compared
RCD to AAD among the patients who already underwent CRT and AVNA.*) In the study by
Marrouche et al.® and Di Biase et al.,*® all patients had CRT. We included the studies which
assessed QoL by the MLHFQ excluded the study by Brignole et al.*® from the comparison
since they used 6-item Specific Symptom Scale (SSS) score as a measure of QoL (Table 1).

Meta-analysis

Medical therapy vs. catheter ablation

The meta-analysis directly comparing MT and CA, totaling 291 patients in MT and 423 patients
in ablation therapy, showed significant mortality benefit (OR, 0.51; 95% confidence interval
[CT], 0.35 to 0.76; I, 0%) with the CA (Figure 2A). Subgroup analysis between AF ablation
and AVNA showed no significant difference (p=0.98) (Supplementary Figure 2A). There was
no asymmetry in the funnel plot (Supplementary Figure 2B). Meta-regression analysis with
follow-up duration did not show any significant correlation with mortality (p=0.48). CA was
also associated with significantly higher improvement in QoL than MT (MD, 12.78; 95% CI,
4.31 to 21.26; I, 34%) (Figure 2B). AF-recurrence was also significantly lower with CA than
MT (OR, 0.27; 95% CI, 0.19 to 0.45; I>, 0%) (Figure 2C) and there was no asymmetry in the
funnel plot (Supplementary Figure 3). Similarly, HHF was also significantly lower with CA
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Records identified through
database searching (n=170)

[Central 44, Embase 53, Medline 73]

(n=11)

i |

Records after duplicates removed

(n=152)

l

Full-text articles excluded,

with reasons (n=97)

[1 Case control

15 Non-randomized

60 RCT with mild symptoms
20 RCT with symptomatic patients

without overt heart failure

1 surgical ablation]

Records screened

(n=152)

i

Full-text articles
assessed for eligibility
(n=116)

i

Records excluded (n=36)
[4 Full-text not available
32 Trial design/Review/irrelevant]

Studies included in

qualitative analysis
(systemic review)
(n=18)

l

Studies included in

Full-text articles excluded (n=6)
quantitative analysis [4 No relevant data
(meta-analysis) 2 Rate/rhythm separate
(n=18) data not available]

l

Studies included in
quantitative analysis
(network meta-analysis)
(n=12)

Figure 1. PRISMA flow diagram of study-selection.
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than MT (OR, 0.42; 95% CI, 0.30 to 0.58; I?, 0%) (Figure 2D). Subgroup analysis between AF
ablation and AVNA showed no significant difference (p=0.75). There was no asymmetry in
the funnel plot (Supplementary Figure 4B).

Rate control vs. rhythm control

The meta-analysis directly comparing all-cause mortality between rate control (RCD group)
and rhythm control (AAD and CA) found no significant difference (OR, 1.21; 95% CI, 0.83

to 1.74; I2, 34%) (Figure 3A). Subgroup analysis between AAD and AF ablation as rhythm
control strategy, showed no significant difference (p=0.75) (Supplementary Figure 5A). There
was no asymmetry in the funnel plot (Supplementary Figure 5B). Meta-regression analysis
with follow-up duration did not show any significant correlation with mortality (p=0.68).
However, rhythm control strategy was significantly associated with better QoL in comparison
to rate control strategy (MD, 12.78; 95% CI, 4.31 to 21.26) (Figure 3B).

Comparison among individual treatment arms: network meta-analysis
As rhythm control could be catheter ablation or AADs, likewise, rate control could be either
RCDs or AVNA; we did NMA of the four different arms, based on available data. Studies that
did not have specific data for individual strategy were excluded (Figure 4).793%3337)3940)
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Table 1. Baseline parameters of the patients included in the selected randomized controlled trials for the meta-analysis

ID Study (year) Comparator arms Follow up Age LAD ICD/CRT LVEF Previous Ischemic on
(months) (years) (mm) (%) cardioversion HF Digoxin
1 Brignole et al. (1998)% Rate (n=34) 12 72+9 49+6 NA 44+15 NA 18 (52.9) 19 (55.9)
AVNA (n=32) 7249 59+10 4312 14 (43.8) 18 (56.3)
2 Okgiin et al. (2004)® Rate (n=84) 36 58+12 47417 NA 3315 NA 0 (0) 65 (77.4)
AAD (n=70) 61=10 45415 318 0 (0) 3(4.3)
3 Khan etal. (2008)* CA (n=41) 6 60+8 4915 NA 2748 NA 30 (73) NA
[PABA-CHF] AVNA (n=40) 61+8 4716 29+7 27 (68)
4 Roy et al. (2008)? Rate (n=694) 37 6711 49+7 NA 27+6 7(1) 48(6.9) 450 (64.8)
AAD (n=682) 6611 49+7 27+6 7(1) 48 (7) 437 (64.1)
5 Shelton et al. (2009)* Rate (n=31) 12 72.7:8.3 4617 NA NA 28 (90.3) 17 (55) 20 (64.5)
[CAFE-II] AAD (n=30) 72+5.4 486 16 (53.3) 13 (44) 17 (56.7)
6 MacDonald et al. (2010)* Rate (n=19) 6 64.4+8.3 392+61 NA 49.9+9.6 3(15.8) 10 (52.6) 9 (47.4)
CA (n=22) 62.3+6.7 338" 36.111.9 6(27.3)  11(50) 12 (54.6)
7 Talajic et al. (2010)* Rate (n=694) 60 NA NA NA NA NA NA NA
[AF-CHF] AAD (n=682)
8 Frasure-Smith et al. (2012)®  Rate (n=463) 39 NA NA NA NA NA NA NA
AAD (n=470)
9 Jones et al. (2013)* Rate (n=26) 12 62+9 46+7 4 (15.4) 95+7+ 15 (57.7) 7 (26.9) 12 (46.2)
CA (n=26) 64+10 50+6 10 (38.5) 29:+8% 14 (53.8) 10 (38.5) 16 (61.5)
10 Suman-Horduna et al. (2013)*® Rate (n=378) 12 6611 49.9+7 29 (7.7) 96.4+6 NA 166 (43.9) 238 (63)
[AF-CHF] AAD (n=371) 65+12 48.9+7.3 928 (7.6) 26.5+6.5 166 (44.7) 236 (63.6)
11 Hunter et al. (2014)* Rate (n=24) 6 6010 50+10 NA 33.7+12.1 NA 7(29.2) NA
[CAMTAF] CA (n=26) 55+12 52:+11 31.8+7.7 6 (23.1)
12 Schwartzman et al. (2015)* Rate (n=26) 12 69+9 51+5 0 (0) 28+9 NA 18 (69.2) NA
AAD (n=26) 717 53+7 0 (0) 28+6 19 (73.1)
13 Di Biase et al. (2016)*® AAD (n=101) 24 6011 48+4.9 101 (100) 30+8 59 (51.5) 66 (65.3) NA
[AATAC] CA (n=102) 62+10 47+4.2 102 (100) 2915 3(2.9) 63(61.8)
14 Jones et al. (2016)*" Rate (n=25) 12 62+9 97+7t 4.(16) 9547+ NA 6 (24) 12 (48)
CA (n=24) 64+10 30267 4(16.7) 298t 10 (41.7) 14 (58.3)
15  Prabhu et al. (2017)” Rate (n=33) 6 62+9.4 47+8.2 NA 35+9.3 31(94) 0 (0) NA
[CAMERA-HF] CA (n=33) 59:+11 48+5.5 35+9.8 32 (97) 0 (0)
16 Marrouche et al. (2018)® AAD (n=184) 60 64" 49" 184 (100) 31.5" NA 96 (52.2) NA
[CASTLE-AF] CA (n=179) 64* 48* 179 (100) 32.5" 72 (40.2)
17 Brignole et al. (2018)*® Rate (n=52) 12 72+9 NA 20 (38.5) 40+12 21(40.4) 19(36.5)  13(25)
[APAF-CRT] AVNA (n=50) 7112 929 (44) 41+12 18 (36) 13 (26) 30 (60)
18 Kuck et al. (2019)*) CA (n=68) 12 65+8 51+5 35 (51.5) 24.8+8.8 54 (79.4) 40 (58.8)  21(30.9)
[AMICA] BMT (n=72) 65+8 50+6 35 (48.6) 27.8+9.5 45(62.5) 30 (41.7) 20 (27.8)

Values are presented as mean=standard deviation or number (%).

AAD = anti-arrhythmic drugs; AF = atrial fibrillation; AVNA = atrio-ventricular node ablation; BMT = best medical therapy; CA = catheter ablation; CRT-D = cardiac
resynchronization therapy with defibrillator; HF = heart failure; ICD = implantable cardiac defibrillator; LAD = left atrial diameter; LVEF = left ventricular ejection
fraction; NA = not available; RCD - Rate controlling drugs.

*Median; TLeft atrial area; ¥LVEF by radio-nucleotide study.

https://e-heartfailure.org

All-cause mortality

In 10 randomized controlled studies with mortality data??7?33639) totaling 3,018 patients
(Figure 4A), all-cause mortality was found to be lower with CA in the comparison to RCDs
(OR, 0.36; 95% CrI, 0.07 to 1.85), AADs (OR, 0.48; 95% CrI, 0.11 to 2.31) and AVNA (OR,
0.76; 95% Crl1, 0.09 to 7.37) (Figure 4B). The node split model did not show any significant
incontinency in the comparisons of direct and indirect evidence between different

treatment arms (Supplementary Figure 6A). Bayesian random effect modeling using MCMC
simulations revealed the between-study SD (95% Crl) in the log-odds scale to be 0.62 (0.05 to
1.28). The highest probability of rankings (lower the better) in regards to all-cause mortality
was with CA (56%), AVNA (35%) AAD (51%), and RCD (64%) as rank 1, rank 2, rank 3, and
rank 4 respectively (Supplementary Figure 6B). When orders of median ranking probabilities
were plotted (rankogram), CA and RCD were found to have the lowest and highest median
probability of all-cause mortality (Figure 4C).
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A All-cause mortality

Study (year) Catheter ablation Medical therapy OR OR (95% CI)
Death Total Death Total
Brignole et al. (1998)% 3 32 4 34 0.78 (0.16-3.77)
Jones et al. (2013)® 1 26 0 26 3.12 (0.12-80.12)
Hunter et al. (2014)* 0 26 1 24 0.30 (0.01-7.61)
Di Biase et al. (2016)* 8 102 18 101 —a— 0.39 (0.16-0.95)
Marrouche et al. (2018)® 24 179 46 184 N 0.46 (0.27-0.80)
Brignole et al. (2018)*® 2 50 6 52 —-—é—— 0.32 (0.06-1.66)
Kuck et al. (2019)* 8 100 8 95 e 0.95 (0.34-2.63)
Random effects model 515 516 '¢ 0.51(0.35-0.76)
L S e e—
0.1 051 2 10

B QoL (MLHFQ)
Study (year) Catheter ablation vs. Medical therapy MD (95% CI)
Brignole et al. (1998)*) — -4.00 (-16.39, 8.39)
MacDonald et al. (2010)* _— -2.90 (-14.85, 9.05)
Jones et al. (2013)® _ ~13.00 (-29.17, 3.17)
Hunter et al. (2014)* —— -18.30 (-25.46, -11.14)
Di Biase et al. (2016)% —= ~5.00 (~10.30, 0.30)
Kuck et al. (2019)* — -9.30 (-10.84, 6.24)

—— ~7.62 (-13.54, -1.71)

| S e —
-30 -20 =10 0 10

C AF recurrence

Study (year) Catheter ablation Medical therapy OR OR (95% CI)
Recurrence Total Recurrence Total
Di Biase et al. (2016)% 31 102 65 101 —— 0.24 (0.13-0.43)
Kuck et al. (2019)* 29 83 49 84 + 0.36 (0.19-0.69)
Random effects model 185 185 " 0.29 (0.19-0.45)
| e e —
02 05 1 2 5
D HHF
Study (year) Catheter ablation Medical therapy OR OR (95% CI)
HHF Total HHF Total
Brignole et al. (1998)*% 9 32 13 34 - 0.63 (0.22-1.78)
Di Biase et al. (2016)%¢ 32 102 58 101 —m— 0.34 (0.19-0.60)
Brignole et al. (2018)% 5 50 13 52 0.33 (0.11-1.02)
Marrouche et al. (2018)® 37 179 66 184 + 0.47 (0.29-0.75)
Random effects model 363 37 - 0.42 (0.30-0.58)
| S e e —

02 05 1 2 5

Figure 2. Forest plot comparing all-cause mortality (A), improvement in QoL (MLHFQ score) (B), AF recurrence (C) and HHF (D) between ablation therapy* and
medical therapy for PeAF patients with HF.

AF = atrial fibrillation; CI = confidence interval; HF = heart failure; HHF= hospitalization due to heart failure; MD = mean difference; MLHFQ = Minnesota Heart
Failure Questionnaire; PeAF = persistent atrial fibrillation; OR = odds ratio; QoL = quality of life.

*Includes both catheter ablation of AF and atrio-ventricular node ablation (vide online Supplementary Figure 5 for subgroup analysis).

HF-related QoL (MLHFQ)

In 7 studies*2029323436) with mortality data totaling 485 patients, NMA showed that QoL was
better with CA in the comparison to RCDs (MD, -13.0; 95% CI, -24.4 to -0.2), AADs (MD,
~7.98; 95% CI, —27.7 to 8.27) and AVNA (MD, -16.9; 95% CI, -33.1 to 1.8) (Figure 4E). The
node split model did not show any significant inconsistency in the comparisons of direct and
indirect evidence between different treatment arms (Supplementary Figure 7A). Bayesian
random effect modeling using MCMC simulations revealed between-study SD (95% CrI) in
the log-odds scale was 8.78 (0.78 to 19.97). The highest probability of rankings (lower the
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A All-cause mortality

Study (year) Rhythm control Rate control OR OR (95% CI)
Death Total Death Total

Okgiin et al. (2004)% 6 39 36 84 —a— | 0.24 (0.09-0.64)
Roy et al. (2008)? 217 682 208 694 0.95 (0.76-1.20)
Shelton et al. (2009)%) 1 30 1 31 1.03 (0.06-17.33)
Frasure-Smith et al. (2012)* n8 470 14 463 1.03 (0.76-1.38)
Jones et al. (2013)® 1 26 6] 26 3.12 (0.12-80.12)
Hunter et al. (2014)* 0 26 1 24 0.30 (0.01-7.61)
Schwartzman et al. (2015)*) 1 26 2 26 0.48 (0.04-5.65)
Random effects model 1,299 1,348 0.85 (0.61-1.18)

B QoL (MLHFQ)

0.1 051 2 10

Study (year)

Rhythm control vs. Rate control

MD (95% CI)

Khan et al. (2008)*
MacDonald et al. (2010)%
Jones et al. (2013)®

Hunter et al. (2014)*
Schwartzman et al. (2015)%)

T
-30

. 292.00 (~29.06, —14.94)
e 9.90 (-15.51, 9.71)
- 13.00 (-29.17, 3.17)
—_— 18.30 (~25.46, —11.14)
S — 5.00 (-14.71, 24.71)
— -12.78 (~21.26, ~4.31)
20 10 0 10 20 30

Figure 3. Forest plot comparing all-cause mortality (A) and improvement in QoL (MLHFQ score) (B) between rhythm control* and rate control strategy' for PeAF

with HF.

AAD = anti-arrhythmic drug; AF = atrial fibrillation; CA = catheter ablation; Cl = confidence interval; HF = heart failure; MD = mean difference; MLHFQ =
Minnesota Heart Failure Questionnaire; OR = odds ratio; PeAF = persistent atrial fibrillation; QoL = quality of life; RCD = rate-controlling drug.
*Includes AAD and CA of AF; fincludes RCD and atrio-ventricular node ablation.
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better) in regards to change in QOL was with CA (84%), AAD (55%), RCD (57%), and AVNA
(63%), as of rank 1, rank 2, rank 3, and rank 4, respectively (Supplementary Figure 7B). When
orders of median ranking probabilities were plotted (rankogram), CA and AVNA were found
to have the highest and lowest median probability of change in QoL (Figure 4C).

HHF

In 4 randomized controlled studies****3® with data totaling 406 patients, NMA showed
HHF was lower with CA in comparison to RCDs (OR, 0.09; 95% CrI, 0.00 to 1.75), AADs
(OR, 0.33; 95% Crl, 0.09 to 1.3) and AVNA (OR, 0.2; 95% Crl, 0.00 to 4.76) (Figure 4H). The
difference between direct and indirect comparisons are depicted in Supplementary Figure
8A. Bayesian random effect modeling using MCMC simulations revealed between-study SD
(95% CrI) in the log-odds scale was 8.78 (0.78 to 19.97). The highest probability of rankings
(lower the better) in regards to HHF was with CA (84%), AAD (55%), AVNA (57%), and RCD
(63%) as rank 1, rank 2, rank 3, and rank 4, respectively (Supplementary Figure 8B). When
orders of median ranking probabilities were plotted (rankogram), CA outscored all other
treatment arms and RCD ranked last, in regards to improvement in HHF (Figure 4C).

Model fit and deviation analyses

MCMC simulations for all the comparisons had DIC values more than 5 suggestive of
Bayesian NMA to be more useful than frequentist NMA. Also, Gelman Rubin convergence
plot for all the analyses converged around 1, suggesting good model fit. Residual deviances
from the NMA model for all the studies were plotted in contour plots which showed leverage
values of less than 3 (Supplementary Figures 6C, 7C, and 8C) and thus suggests that the
amplitude of deviances from the NMA model were not significant.
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A Networkplot
AAD

AVNA 12 RCD

CA

D Networkplot
AAD

AVNA 11% RCD

G Networkplot

AAD
AVNA 12—\. RCD

CA

All-cause mortality

B League table C Rankogram

AAD AVNA CA RCD Rank Intervention
AAD AAD 0.61 (0.11-3.69) 0.47 (0.11-2.39) 1.29 (0.64-3.2) 1 CA
AVNA  1.63 (0.27-9.47) AVNA 0.78 (0.08-7.63) 2.15 (0.47-10.78) 2 AVNA
CA 214 (0.42-9.1) 1.28 (0.13-11.97) CA 2.77 (0.54-14.08) 3 AAD
RCD 0.78 (0.31-1.57) 0.47 (0.09-2.13) 0.36 (0.07-1.85) RCD 4 RCD

Change in QoL (MLHFQ)

E League table F Rankogram
AAD AVNA CA RCD Rank Intervention
AAD AAD 8.89 (-17.84, 29.75) -7.98 (-27.68, 8.27) 4.93 (-16.18, 21.58) 1 CA
AVNA  -8.89 (-29.75, 17.84) AVNA -16.93 (-33.12,1.79) -3.84 (-21.26, 14.6) 2 AAD
CA 7.98 (-8.27, 27.68) 16.93 (-1.79, 33.12) CA 13.08 (0.2, 24.35) 3 RCD
RCD -4.93 (-21.58,16.18)  3.84 (-14.6, 21.26) -13.08 (-24.35, -0.2) RCD 4 AVNA
HHF
H League table I Rankogram
AAD AVNA CA RCD Rank Intervention
AAD AAD 1.69 (0.09-79.06) 0.33 (0.09-1.3) 3.68 (0.27-150.01) 1 CA
AVNA 0.59 (0.01-10.6) AVNA 0.2 (0-4.76) 2.17 (0.72-6.91) 2 AAD
CA 3.01 (0.77-11.5) 5.07 (0.21-292.52) CA 11.1 (0.57-568) 3 AVNA
RCD 0.27 (0.01-3.74) 0.46 (0.14-1.39) 0.09 (0-1.75) RCD 4 RCD

Figure 4. Network meta-analysis of all-cause mortality expressed in OR (95% Crl) (A-C), improvement of QoL (MLHFQ score), expressed in MD (95% Crl)

(D-F), and HHF expressed in OR (95% Crl) among different treatment arms for PeAF with HF (G-1). Network-plot (A, D, G) each node on the plot represents an
individual intervention (RCDs, AADs, CA, and AVNA), connecting lines between nodes indicating number of trials making each comparison; League table (B,

E, H)) showing Bayesian comparison of all treatment pairs: the table displays the results for all treatment pairs in both the upper triangle and lower triangle,

but with the comparison switched over. For both above and below the leading diagonal, the results are for the treatment at the top of the same column vs.
treatment at the left-hand side of the same row; and Rankogram (C, F, I) showing median rank chart of intervention arms with all studies included in the network
meta-analysis model. For treatment rankings, smaller outcome values were set as desirable.

AAD = anti-arrhythmic drug; AVNA = atrio-ventricular node ablation; CA = catheter ablation; Crl = credibility interval; HHF = hospitalization due to heart failure;
MD = mean difference; MLHFQ = Minnesota Heart Failure Questionnaire; OR = odds ratio; QoL = quality of life; RCD = rate controlling drug.
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DISCUSSION

Following CASTLE-AF study,® CA has been advocated as class I recommendation as per ESC
2020 guideline in patients with AF with HF to reduce mortality and HHF when other rhythm
control strategies fail." Important findings from our analysis are following:

(1) Ablation strategies were found to be associated with significantly lower mortality than
medical therapies and CA of AF ranked better than pace and ablates strategy in the
Bayesian NMA.

(2) Rhythm control strategies were found to be providing significantly higher
improvement of HF-related QoL than rate control strategies and Bayesian NMA showed
that CA of AF was better than AAD, however interestingly found pace/ ablate strategy to
be lowest in the rank.
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(3) Ablation strategies were associated with significantly lower HHF than medical
therapies and Bayesian NMA found that CA of AF is not only better than AAD, but also
it ranked higher than pace/ablate strategy.

(4) Of note, RCD ranked lowest in regards to mortality benefit as well as benefit from HHF.

In our analysis, CA showed a significant benefit in terms of mortality as compared to medical
management in both the qualitative and quantitative analysis with no heterogeneity. This
is in line with the earlier meta-analyses published, where there was a significant reduction
in all-cause mortality, which was driven by patients with AF and HF with reduced ejection
fraction.’?™ A large population-based study has evaluated the generalizability of the trial
and found similar results as demonstrated in CASTLE-AF in the subjects who met the trial
inclusion criteria.” A recent subgroup analysis of the CABANA trial also supported the
benefits of CA in this subset of patients.!V Pace/ablate strategy ranked just after CA of AF
and possibly having ICD/CRT aided in reducing all-cause mortality, despite this particular
strategy is usually utilized for sickest group of HF patients with poor response to CRT due
to AF with first ventricular rate. AADs ranked third probably because of arrhythmic risks
associated with them. Interestingly RCDs ranked last, despite their proven role in HF and
their wide utilization in AF.

We have also shown that there was a significant improvement in QoL in the rhythm control
strategies, both CA as well as AADs, as measured by the MLHFQ scale, on both the qualitative
and quantitative analyses in the tone of HF sub-study of CABANA trial.'V AVNA performed
worse than RCD, possible because pace/ ablate strategies were undertaken in the sickest
group of patients.

AF itself causes increase HHF. Our findings are in line with earlier studies in which rhythm
control strategies like CA and AADs caused lower HF hospitalizations.”®""® The reason may
lie in the fact that cardiac output is improved in sinus rhythm due to preservation of atrial
kick. Also, converting to sinus rhythm probably improves the underlying electro-anatomical
substrate which improves outcomes.*” Pace and ablate strategy did better than RCDs in our
NMA probably due to HF devices in patients undergoing AVNA and challenges the role of
RCDs in HF patients with AF.

Catheter ablation was found to be significantly better than medical therapy in regards to AF-
free survival in HF sub-study of CABANA trial™ similar to result in our meta-analysis. Studies
with rate control strategies??*”333) considered poor control of ventricular rates only but
they were not considered for analysis in our study. NMA of the AF recurrence could not be
performed due to poor set of available data.

This study has several limitations. Firstly, only a small number of trials could be included
in the meta-analysis and further less in network meta-analysis. Secondly, covariate analysis
could not be done due to the lack of individual patient data. Third, the studies were
heterogeneous in terms of patient selection criteria (LVEF of the patients varied in all the
trials), presence of devices (like ICD/CRT), and type of cardiomyopathy (ischemic or non-
ischemic). Fourth, our analyses are limited to HF with reduced ejection fraction and should
not be generalized to the HF with preserved ejection fraction group. Finally, included trials
were conducted in high volume centres with experienced operators thus the applicability to
wider real-world clinical settings remains uncertain.
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PeAF with systolic HF is arguably the sickest subset of AF patients and CA is largely under-
utilized despite upgradation of recommendation in recent guidelines.'”'¥*? Although
CASTLE-AF® found CA of AF useful for reducing mortality and HHF, guideline recommends
CA when medical therapy fails. Many of these patients receive ICD/CRT and go for AVNA
subsequently. In our NMA on PeAF patients with systolic HF, CA of AF were found to be
better than medical therapies (rate or rhythm control) and pace/ ablate strategy in regards to
all-cause mortality, QoL, and HHF. Individualized treatment strategies are to be adopted for
PeAF patients with systolic HF. Although randomized studies and cost-affectivity analysis are
necessary to clarify, the evidence from our NMA poses the right question whether CA of AF
should be utilized even before trial of AAD in AF patients with systolic HF.

SUPPLEMENTARY MATERIALS

Supplementary Figure 1
Critical appraisal of the selected studies in RoB 2.0 scale.

Click here to view

Supplementary Figure 2

(A) Forrest plot comparing catheter therapy to medical therapy in regards to all-cause
mortality with subgroup analysis with subgroup analysis between AVNA and CA of AF (B)
Funnel plot for publication bias.

Click here to view

Supplementary Figure 3
Funnel plot for publication bias in comparing catheter therapy to medical therapy in regards
to AF recurrence.

Click here to view

Supplementary Figure 4

(A) Forrest plot comparing catheter ablation to medical therapy in regards to hospitalization
due to heart failure with subgroup analysis between AVNA and CA of AF (B) Funnel plot for
publication bias.

Click here to view

Supplementary Figure 5

(A) Forrest plot comparing rhythm control to rate control in regards to all-cause mortality
with subgroup analysis between AAD and CA of AF (B) Funnel plot for publication bias.
Click here to view

Supplementary Figure 6

All-cause mortality (A) Node-split model for assessment of inconsistency between direct and

indirect comparison in all studies: for each treatment comparison that has both direct and
indirect estimates, the analysis provides the mean and credible intervals (the value at 2.5%
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and 97.5% quantiles) for the direct, indirect and network estimates together with a Bayesian
p-value for the related test of inconsistency between the direct and indirect evidence for each
treatment comparison. (B) Ranking probability table for all studies showing probability for
each treatment at each rank expressed in percentage. (C) The contour plot looking at residual
deviance and leverage (which is a statistical measure of influence of a data point on model
estimation) simultaneously.

Click here to view

Supplementary Figure 7

Quality of life change (A) Node-split model for assessment of inconsistency between direct
and indirect comparison in all studies: for each treatment comparison that has both direct
and indirect estimates, the analysis provides the mean and credible intervals (the value

at 2.5% and 97.5% quantiles) for the direct, indirect and network estimates together with

a Bayesian p-value for the related test of inconsistency between the direct and indirect
evidence for each treatment comparison.(B) Ranking probability table for all studies showing
probability for each treatment at each rank expressed in percentage. (C) The contour plot
looking at residual deviance and leverage (which is a statistical measure of influence of a data
point on model estimation) simultaneously.

Click here to view

Supplementary Figure 8

Hospitalization due to heart failure (A)Node-split model for assessment of inconsistency
between direct and indirect comparison in all studies: for each treatment comparison that
has both direct and indirect estimates, the analysis provides the mean and credible intervals
(the value at 2.5% and 97.5% quantiles) for the direct, indirect and network estimates
together with a Bayesian p-value for the related test of inconsistency between the direct and
indirect evidence for each treatment comparison. (B) Ranking probability table for all studies
showing probability for each treatment at each rank expressed in percentage. (C) Thecontour
plot looking at residual deviance and leverage (which is astatistical measure of influence of a
data point on model estimation)simultaneously.

Click here to view
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