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Supplementary Table 1. Search Strategy
	Database
	Search Strategy
	Result

	PubMed
	#1 (((((((((((((((((((((((((Atrial Fibrillation) OR (Atrial Fibrillations)) OR (Fibrillation, Atrial)) OR (Fibrillations, Atrial)) OR (Auricular Fibrillation)) OR (Auricular Fibrillations)) OR (Fibrillation, Auricular)) OR (Fibrillations, Auricular)) OR (Persistent Atrial Fibrillation)) OR (Atrial Fibrillation, Persistent)) OR (Atrial Fibrillations, Persistent)) OR (Fibrillation, Persistent Atrial)) OR (Fibrillations, Persistent Atrial)) OR (Persistent Atrial Fibrillations)) OR (Familial Atrial Fibrillation)) OR (Atrial Fibrillation, Familial)) OR (Atrial Fibrillations, Familial)) OR (Familial Atrial Fibrillations)) OR (Fibrillation, Familial Atrial)) OR (Fibrillations, Familial Atrial)) OR (Paroxysmal Atrial Fibrillation)) OR (Atrial Fibrillation, Paroxysmal)) OR (Atrial Fibrillations, Paroxysmal)) OR (Fibrillation, Paroxysmal Atrial)) OR (Fibrillations, Paroxysmal Atrial)) OR (Paroxysmal Atrial Fibrillations)
#2 ((((((((((((((((((((((Catheter Ablation) OR (Ablation, Catheter)) OR (Ablation, Transvenous Electric)) OR (Electric Ablation, Transvenous)) OR (Transvenous Electric Ablation)) OR (Ablation, Transvenous Electrical)) OR (Electrical Ablation, Transvenous)) OR (Transvenous Electrical Ablation)) OR (Catheter Ablation, Electric)) OR (Electric Catheter Ablation)) OR (Ablation, Electric Catheter)) OR (Catheter Ablation, Electrical)) OR (Ablation, Electrical Catheter)) OR (Electrical Catheter Ablation)) OR (Catheter Ablation, Percutaneous)) OR (Percutaneous Catheter Ablation)) OR (Ablation, Percutaneous Catheter)) OR (Catheter Ablation, Radiofrequency)) OR (Radiofrequency Catheter Ablation)) OR (Ablation, Radiofrequency Catheter)) OR (Catheter Ablation, Transvenous)) OR (Transvenous Catheter Ablation)) OR (Ablation, Transvenous Catheter)
#3 (((((((((((((((((((((((((((((((((((((((Anti-Arrhythmia Agents) OR (Agents, Anti-Arrhythmia)) OR (Anti Arrhythmia Agents)) OR (Anti-Arrhythmia Drugs)) OR (Anti Arrhythmia Drugs)) OR (Drugs, Anti-Arrhythmia)) OR (Anti-Arrhythmics)) OR (Anti Arrhythmics)) OR (Antiarrhythmia Agents)) OR (Agents, Antiarrhythmia)) OR (Antiarrhythmia Drugs)) OR (Drugs, Antiarrhythmia)) OR (Antiarrhythmic Drugs)) OR (Drugs, Antiarrhythmic)) OR (Anti-Arrhythmia Agent)) OR (Agent, Anti-Arrhythmia)) OR (Anti Arrhythmia Agent)) OR (Anti-Arrhythmia Drug)) OR (Anti Arrhythmia Drug)) OR (Drug, Anti-Arrhythmia)) OR (Antiarrhythmia Agent)) OR (Agent, Antiarrhythmia)) OR (Antiarrhythmia Drug)) OR (Drug, Antiarrhythmia)) OR (Anti-Arrhythmic)) OR (Anti Arrhythmic)) OR (Antiarrhythmic Drug)) OR (Drug, Antiarrhythmic)) OR (Antifibrillatory Agents)) OR (Agents, Antifibrillatory)) OR (Antifibrillatory Agent)) OR (Agent, Antifibrillatory)) OR (Cardiac Depressants)) OR (Depressants, Cardiac)) OR (Myocardial Depressants)) OR (Depressants, Myocardial)) OR (Cardiac Depressant)) OR (Depressant, Cardiac)) OR (Myocardial Depressant)) OR (Depressant, Myocardial)
 
#1 AND #2 AND #3
Filter: clinical trial, randomized clinical trial, full-text, English
	221

	Scopus
	#1 TITLE-ABS-KEY (“atrial fibrillation*” OR “auricular fibrillation*” OR “persistent atrial fibrillation*” OR “familial atrial fibrillation*” OR “paroxysmal atrial fibrillation*”)
#2 TITLE-ABS-KEY (“catheter ablation” OR “transvenous electrical ablation” OR “electric catheter ablation” OR “electrical catheter ablation” OR “radiofrequency catheter ablation” OR “transvenous catheter ablation”)
#3 TITLE-ABS-KEY (“antiarrhythmia agent*” OR “antiarrhythmia drug*” OR “antiarrhythmic* agent*” OR “antiarrhythmic* drug*” OR "antifibrillatory agent*” OR “cardiac depressant*” OR “myocardial depressant*”)
 
#1 AND #2 AND #3
Filter: article, free full-text, English
	1,902

	Cochrane Central Register of Controlled Trials (CENTRAL)
	#1 ("atrial fibrillation" OR "auricular fibrillation" OR "persistent atrial fibrillation" OR "familial atrial fibrillation" OR "paroxysmal atrial fibrillation"):ti,ab,kw
#2 ("ablation therapy"):ti,ab,kw
#3 (“antiarrhythmia agent” OR “antiarrhythmia drug” OR “antiarrhythmic agent” OR “antiarrhythmic drug” OR “cardiac depressant” OR “myocardial depressant”):ti,ab,kw
 
#1 AND #2 AND #3
	63

	EBSCO
	#1 ((“atrial fibrillation*” OR “auricular fibrillation*” OR “persistent atrial fibrillation*” OR “familial atrial fibrillation*” OR “paroxysmal atrial fibrillation*”))
#2 ((“catheter ablation” OR “transvenous electrical ablation” OR “electric catheter ablation” OR “electrical catheter ablation” OR “radiofrequency catheter ablation” OR “transvenous catheter ablation”))
#3 ((“antiarrhythmia agent*” OR “antiarrhythmia drug*” OR “antiarrhythmic* agent*” OR “antiarrhythmic* drug*” OR "antifibrillatory agent*” OR “cardiac depressant*” OR “myocardial depressant*”))
 
#1 AND #2 AND #3
	2,215

	ScienceDirect
	#1 (“atrial fibrillation” OR “persistent atrial fibrillation”)
#2 ("ablation therapy")
#3 (“antiarrhythmia agent” OR “antiarrhythmia drug” OR “antiarrhythmic agent” OR “antiarrhythmic drug”)

 #1 AND #2 AND #3
	15





Supplementary Table 2. Leave-one-out sensitivity analysis—primary outcome (LVEF)

Primary pooled estimate (all 7 studies): MD 6.28% (95% CI: 2.45–10.11; P = 0.002; I² = 88%)
Note: Song 2025 SD corrected from back-calculated CI (SD = 6.7383 per arm); weight increased from 11.9% to 16.2%
	Study excluded
	Pooled MD (%)
	95% CI
	P value
	I2
	I2 vs primary
	Interpretation

	Primary analysis
All 7 trials— reference
	6.28
	2.45 – 10.11
	0.002
	88%
	 
	 

	MacDonald 2011
n = 38; small trial, wide CI
	6.96
	2.68 – 11.24
	0.001
	90%
	90%  ▲+2%
	MD↑; I²↑ slightly

	Jones 2013 ARC-HF
n = 52; rate control comparator
	6.41
	2.10 – 10.72
	0.004
	88%
	88%  ▼0%
	Minimal change

	DiBiase 2016 AATAC †
n = 203; amiodarone comparator
	7.20
	3.22 – 11.18
	0.0004
	78%
	78%  ▼−10%
 
	Largest I² drop†

	Prabhu 2017 CAMERA-MRI ‡
n = 66; pure AF-mediated cardiomyopathy
	4.95
	1.50 – 8.39
	0.005
	82%
	82%  ▼−6%
	Largest MD drop‡

	Kuck 2019 AMICA
n = 140; advanced HF, near-null result
	7.12
	2.67 – 11.57
	0.002
	89%
	89%  ▲+1%
	MD↑; AMICA attenuates

	Song 2025
n = 89; SD corrected; weight 16.2%
	5.80
	1.53 – 10.07
	0.008
	85%
	85%  ▼−3%
	Minimal change

	Range across all exclusions: MD 4.95–7.20%; P = 0.0004–0.008; I² = 78–90%. All analyses are statistically significant.


MD = mean difference; CI = confidence interval; I² = Cochrane heterogeneity statistic; LVEF = left ventricular ejection fraction.
All analyses were performed using a random-effects model (DerSimonian–Laird). A positive MD indicates greater improvement in LVEF with catheter ablation.
† Exclusion of AATAC produced the largest reduction in I² (−10% points), consistent with amiodarone-based control arm as primary heterogeneity driver.
‡ Exclusion of CAMERA-MRI produced the largest attenuation of pooled MD (−1.33%), consistent with its enriched AF-mediated cardiomyopathy population.
Song 2025 SD corrected by back-calculation from reported 95% CI (8.7 [5.9–11.5]) using RevMan calculator; corrected SD = 6.7383 per arm.


Supplementary Table 3. Procedural complications across included trials
	Study
	CA, n
	Stroke, n
	Heart Block, n
	Tamponade / AEF, n
	Death, n
	Vascular access complications, n
	Major complications, n
	Rate, %

	MacDonald 2011
	20
	1
	0
	2 / 0
	0
	0
	4 / 27*
	14.8*

	Jones 2013 ARC-HF
	26
	0
	0
	1 / 0
	0
	1
	1
	4.0

	Hunter 2014 CAMTAF

	26
	1
	0
	1 / 0
	0
	0
	2
	7.7

	DiBiase 2016 AATAC
	102
	0
	0
	0 / 0
	0
	2
	0
	0

	Prabhu 2017 CAMERA-MRI
	33
	0
	0
	0 / 0
	0
	1
	0
	0

	Kuck 2019 AMICA
	98
	0
	0
	1 / 1†
	1†
	2
	8
	6.1

	Wu 2020 CAPA
	327
	1
	0
	9 / 0
	0
	9
	22
	6.7

	Song 2025
	45
	0
	0
	0 / 0
	0
	1
	0
	0

	Wazni 2026 AVANT GUARD
	257
	6
	1
	0 / 0
	0
	2
	13
	5.1

	Total
	934
	9
	1
	14 / 1
	1
	18
	50
	~4.9


AEF = atrioesophageal fistula; BMT = best medical therapy; CA = catheter ablation; HF = heart failure; HFrEF = heart failure with reduced ejection fraction; ICD = implantable cardioverter-defibrillator; ILR = implantable loop recorder; n = number
Major complications are defined as procedural stroke, cardiac tamponade requiring pericardiocentesis or surgical intervention, atrioesophageal fistula (AEF), or procedure-related death. Minor complications (groin haematoma, pericardial effusion managed conservatively, ILR site bleeding, post-procedural pneumonia) are not included in the major complication count.
* Rate reported per procedure. MacDonald 2011: 27 procedures in 20 patients; Jones 2013 ARC-HF: 25 procedures in 26 patients.
† One patient in the AMICA trial died from atrioesophageal fistula—a rare but almost universally fatal complication of catheter ablation.
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Supplementary Table 4. GRADE Summary of Findings: Catheter Ablation versus Medical Therapy in Persistent Atrial Fibrillation and Heart Failure

	Outcome
	No studies (Design)
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	No patients (CA / Med)
	Relative effect (95% CI)
	Absolute effect (95% CI)
	Certainty

	LVEF change (primary)
	7 RCTs
	serious (a)
	not serious (b)
	not serious
	not serious
	319 / 317
	—
	MD 6.28% higher (2.45 to 10.11 higher)
	⨁⨁⨁○ Moderate

	LVEF change (follow-up sensitivity)
	2 RCTs
	serious (a)
	not serious
	not serious
	not serious
	99 / 65
	—
	MD 8.38% higher (3.61 to 13.15 higher)
	⨁⨁⨁○ Moderate

	LVEF (rate-control comparator)
	5 RCTs
	serious (a)
	not serious
	not serious
	not serious
	149 / 144
	—
	MD 8.40% higher (3.81 to 13.00 higher)
	⨁⨁⨁○ Moderate

	LVEF (rate + rhythm comparator)
	2 RCTs
	serious (a)
	not serious
	not serious
	not serious
	170 / 173
	—
	MD 1.87% higher (0.67 to 3.06 higher)
	⨁⨁⨁○ Moderate

	6-minute walk distance
	4 RCTs
	serious (a)
	not serious
	not serious
	not serious
	217 / 212
	—
	MD 2.63 m higher (22.37 lower to 27.63 higher)
	⨁⨁⨁○ Moderate

	MLHFQ (lower = better)
	5 RCTs
	serious (a)
	not serious
	not serious
	not serious
	241 / 240
	—
	MD 6.97 lower (12.11 to 1.83 lower)
	⨁⨁⨁○ Moderate

	NYHA functional class
	3 RCTs
	serious (a)
	not serious
	not serious
	not serious
	103 / 100
	—
	MD 0.70 lower (0.85 to 0.56 lower)
	⨁⨁⨁○ Moderate

	Freedom from AF
	6 RCTs
	serious (a)
	not serious (c)
	not serious
	not serious
	686/1115 (61.1%) vs 325/1009 (31.9%)
	RR 1.84
(1.55 - 2.19)

	268 more per 1,000 (176 more to 380 more)
	⨁⨁⨁○ Moderate

	Stroke / TIA
	5 RCTs
	serious (a)
	not serious
	not serious
	serious (d)
	22/658 (3.3%) vs 25/485 (5.2%)
	RR 0.69
(0.38 to 1.24)

	16 fewer per 1,000 (32 fewer to 12 more)

	⨁⨁○○ Low

	Unplanned rehospitalization
(HFrEF Baseline)
	5 RCTs
	serious (a)
	not serious
	not serious
	not serious
	57/298 (19.1%) vs 100/296 (33.7%)
	RR 0.57
(0.43 to 0.74)

	145 fewer per 1,000 (88 fewer to 192 fewer)

	⨁⨁⨁○ Moderate

	Unplanned rehospitalization
(non HFrEF Baseline)
	2 RCTs
	serious (a)
	not serious
	not serious
	not serious
	11/506 (2.2%) vs 26/416 (5.8%)
	RR 0.38
(0.19 to 0.76)

	36 fewer per 1,000 (14 fewer to 47 fewer)

	⨁⨁⨁○ Moderate

	All-cause mortality (Primary)
	6 RCTs
	serious (a)
	not serious
	not serious
	not serious
	39/1149 (3.4%) vs 48/960 (5.0%)
	RR 0.72
(0.47 to 1.10)

	14 fewer per 1,000 (27 fewer to 5 more)

	⨁⨁⨁○ Moderate

	Long-term mortality (follow-up)
	4 RCTs
	serious (a)
	not serious
	not serious 
	not serious
	66/1095 (6.0%) vs 58/978 (5.9%)
	RR 0.72
(0.52 to 1.00)

	17 fewer per 1,000 (28 fewer to 0 fewer)

	⨁⨁⨁○ Moderate




Population: Adults with non-paroxysmal atrial fibrillation and concomitant heart failure. Intervention: Catheter ablation. Comparator: Medical therapy (rate control, pharmacological rhythm control, or both).CA = catheter ablation; CI = confidence interval; HF = heart failure; LVEF = left ventricular ejection fraction; MD = mean difference; Med = medical therapy; MLHFQ = Minnesota Living with Heart Failure Questionnaire; NYHA = New York Heart Association; RR = risk ratio; TIA = transient ischaemic attack; 6MWD = 6-minute walk distance.
(a) Serious risk of bias due to open-label trial design, inherent to procedural intervention trials in which blinding of patients and operators is not feasible.
(b) Although I²=88% in the pooled analysis, post-hoc subgroup analysis exploring this heterogeneity identified medical comparator strategy as a significant effect modifier (Chi² test for subgroup differences, P=0.007); both subgroup estimates favoured catheter ablation, indicating heterogeneity in magnitude rather than direction. The finding satisfies multiple credibility criteria for subgroup analysis (limited number of subgroups tested, biological plausibility, statistical interaction test, and directional consistency; Sun X et al. BMJ 2010;340:c117). Inconsistency was therefore not downgraded.
(c) Although I²=60% in the pooled analysis, all included studies favoured catheter ablation (point estimates 1.55–2.19; all 95% CIs excluding the null), reflecting variation in magnitude rather than direction. Inconsistency was therefore not downgraded.
(d) Serious imprecision: the 95% CI crosses the line of no effect, and the optimal information size was not met (47 total events across 1,143 participants).

GRADE certainty symbols:
⨁⨁⨁⨁ High  |  ⨁⨁⨁○ Moderate  |  ⨁⨁○○ Low  |  ⨁○○○ Very Low
Note on absolute effect calculations:
Absolute effects for dichotomous outcomes are calculated using the assumed comparator-arm risk derived from the pooled medical-therapy event rate across contributing studies. Freedom from atrial fibrillation: assumed risk 322 per 1,000 (325/1,009). With RR 1.84 (95% CI 1.55–2.19), the absolute effect is 268 more per 1,000 (95% CI 176 more to 380 more). Stroke or transient ischemic attack: assumed risk 52 per 1,000 (25/485). With RR 0.69 (95% CI 0.38–1.24), the absolute effect is 16 fewer per 1,000 (95% CI 32 fewer to 12 more). Unplanned rehospitalization (HFrEF baseline): assumed risk 338 per 1,000 (100/296). With RR 0.57 (95% CI 0.43–0.74), the absolute effect is 145 fewer per 1,000 (95% CI 88 fewer to 192 fewer). Unplanned rehospitalization (non-HFrEF baseline): assumed risk 63 per 1,000 (26/416). With RR 0.38 (95% CI 0.19–0.76), the absolute effect is 39 fewer per 1,000 (95% CI 15 fewer to 51 fewer). All-cause mortality (primary): assumed risk 50 per 1,000 (48/960). With RR 0.72 (95% CI 0.47–1.10), the absolute effect is 14 fewer per 1,000 (95% CI 27 fewer to 5 more). Long-term mortality (≥2 years follow-up): assumed risk 59 per 1,000 (58/978). With RR 0.72 (95% CI 0.52–1.00), the absolute effect is 17 fewer per 1,000 (95% CI 28 fewer to 0 fewer).


