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Supplementary Methods
Search Strategy
PubMed database
#1 “atrial fibrillation”
#2 “heart failure” OR “cardiac failure” OR “myocardial failure” OR “reduced left ventricular function” OR “systolic dysfunction” OR “diastolic dysfunction”
#3 ablation OR "Catheter Ablation"[Mesh] OR “radiofrequency ablation” OR “radiofrequency catheter ablation” OR “catheter radiofrequency ablation”
#4 #1 AND #2 AND #3

Embase
#1 'atrial fibrillation'
#2 'heart failure' OR 'congestive heart failure therapy' OR 'cardiac failure' OR 'myocardial failure' OR 'reduced left ventricular function' OR 'systolic dysfunction' OR 'diastolic dysfunction' OR 'systolic heart failure' OR 'diastolic heart failure'
#3 ablation OR 'ablation therapy' OR 'catheter ablation' OR 'radiofrequency ablation' OR 'radiofrequency catheter ablation' OR 'catheter radiofrequency ablation'
#4 #1 AND #2 AND #3

Cochrane Library
#1 “atrial fibrillation”
#2 “heart failure” OR “cardiac failure” OR “myocardial failure” OR “reduced left ventricular function” OR “systolic dysfunction” OR “diastolic dysfunction”
#3 ablation OR "catheter ablation" OR “radiofrequency ablation” OR “radiofrequency catheter ablation” OR “catheter radiofrequency ablation”
#4 #1 AND #2 AND #3
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Supplementary Figure S1 Flow chart showing the process of study selection and numbers of studies included.
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Supplementary Figure S2 Risk of reporting bias for each study included in this meta-analysis.
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Supplementary Figure S3 Assessment of publication bias by the funnel plot.
MD, mean difference; SE, standard error.
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Supplementary Figure S4 Forest plot with individual and summary estimates of the risk ratio (RR) and 95% confidence interval (CI) of mortality, readmission, composite of mortality and readmission.
(A) All-cause mortality. (B) HF readmission. (C) Composite of all-cause mortality and HF readmission. 
CI, confidence interval.
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Supplementary Figure S5 Forest plot with individual and summary estimates of the mean difference (MD) and 95% confidence interval (CI) of change in LVEF. 
SD, standard deviation.
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Supplementary Figure S6 Forest plot with individual and summary estimates of the mean difference (MD) and 95% confidence interval (CI) of functional capacity and quality of life.
(A) Change in 6-min walk test distance. (B) Change in MLWHF scores. 
SD, standard deviation.
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Supplementary Figure S7 Forest plot with individual and summary estimates of the risk ratio (RR) and 95% confidence interval (CI) of mortality, readmission, composite of mortality and readmission.
(A) All-cause mortality. (B) HF readmission. (C) Composite of all-cause mortality and HF readmission. 
CI, confidence interval.
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Supplementary Figure S8 Forest plot with individual and summary estimates of the mean difference (MD) and 95% confidence interval (CI) of change in LVEF. 
SD, standard deviation.
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Supplementary Figure S9 Forest plot with individual and summary estimates of the mean difference (MD) and 95% confidence interval (CI) of functional capacity and quality of life.
(A) Change in 6-min walk test distance. (B) Change in MLWHF scores. 
SD, standard deviation.










Supplementary Table S1 Characteristics of the included randomized controlled trials.
	First author, year of publication
	N. patients
	Follow-up (months)
	Inclusion criteria
	Ablation strategy
	Control group strategy
	SR following first procedure (%)
	SR at follow-up end (%)

	Khan, 2008 (1)
	81
	6
	Symptomatic AF, NYHA Ⅱ or Ⅲ HF, LVEF≤40%
	Pulmonary vein isolation, ablation of additional linear lesions and the sources of complex fractionated electrograms according to the preference of the center
	Atrioventricular-node ablation with biventricular pacing
	78
	88

	MacDonald, 2011 (2)
	41
	6
	Persistent AF, NYHA Ⅱ-Ⅳ, LVEF<35%
	Pulmonary vein isolation, linear lesion and complex fractionated electrogram ablation if needed
	optimal HF treatment, digoxin added if mean HR>80 bpm over 24 hours
	50
	50

	Jones, 2013 (3)
	52
	12
	Persistent AF, symptomatic HF, NYHA Ⅱ-Ⅳ, LVEF≤35%
	Pulmonary vein isolation, linear ablation, and ablation of complex fractionated electrograms
	beta-blockers and/or digoxin achieve a mean HR≤80 bpm at rest and ≤110 bpm after a 6-min walk
	72
	92

	Hunter, 2014 (4)
	50
	6
	Persistent AF, symptomatic HF, NYHA Ⅱ-Ⅳ, LVEF<50%
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Pulmonary vein isolation, ablation of complex fractionated electrograms, and linear ablation
	β-blockers,  ACEI, or ARB, and in selected patients spironolactone (if NYHA class ≥III and LVEF <35%)
	38
	81

	Biase, 2016 (5)
	203
	24
	Persistent AF, dual-chamber ICD or CRT-D implantation, NYHA Ⅱ or Ⅲ, LVEF≤40%
	Pulmonary vein isolation, ablation of complex fractionated electrograms, linear ablation, and superior vena cava ablation if needed
	Amiodarone
	N/A
	70

	Prabhu, 2017 (6)
	66
	6
	Persistent AF, NYHA Ⅱ-Ⅳ, LVEF≤40%, significant coronary artery disease excluded, no other identifiable cause explaining the left ventricular dysfunction
	Pulmonary vein isolation, and linear ablation
	Medical therapy titrated to achieve a resting rate <80 bpm, an average 24-h ventricular rate <100 bpm, and a post-exercise rate <110 bpm in accordance with current guidelines
	75
	100

	Marrouche, 2018 (7)
	363
	60
	Paroxysmal or persistent AF, NYHA Ⅱ-Ⅳ HF, 
	Pulmonary vein isolation, and additional ablation at the discretion of the operators
	Medical rhythm or rate control strategy. The aim of rate control was a ventricular rate of 60 to 80 bpm at rest and 90 to 115bpm during moderate exercise
	N/A
	63.1


ACEI, angiotensin converting enzyme inhibitor; AF, atrial fibrillation; ARB, angiotensin receptor inhibitor; bpm, beats per minute; CRT-D, cardiac resynchronization therapy defibrillator; HF, heart failure; HR, heart rate; ICD, implantable cardioverter defibrillator; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association; SR, sinus rhythm.





Supplementary Table S2 Patient Demographics.
	
	Khan et al. (1), 2008
	MacDonald et al. (2), 2011
	Jones et al. (3), 2013
	Hunter et al. (4), 2014

	
	Ablation (n=41)
	Rate control* (n=40)
	Ablation (n=22)
	Medical rate control (n=19)
	Ablation (n=26)
	Medical rate control (n=26)
	Ablation (n=26)
	Medical rate control (n=24)

	Age, yrs
	60 ± 8
	61 ± 8
	62.3 ± 6.7
	64.4 ± 8.3
	64 ± 10
	62 ± 9
	55 ± 12
	60 ± 10

	Male, n (%)
	39 (95)
	35 (88)
	17 (77) 
	15 (79)
	21 (81)
	24 (92)
	25 (96)
	23 (96)

	Body mass index, kg/m2
	N/A
	N/A
	30 ± 5.6
	30 ± 5.7
	N/A
	N/A
	N/A
	N/A

	
	
	
	
	
	
	
	
	

	Type of AF, n (%)
	
	
	
	
	
	
	
	

	Paroxysmal
	20 (49)
	22 (55)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)

	 Persistent or long standing persisitent
	20 (51)
	18 (45)
	22 (100)
	19 (100)
	26 (100)
	26 (100)
	26 (100)
	24 (100)

	
	
	
	
	
	
	
	
	

	Duration of AF, months
	48 ± 28.8
	46.8 ± 33.6
	44 ± 36.5
	64 ± 47.6
	23 ± 22
	24 ± 29
	24 (17-33)
	24 (12-48)

	
	
	
	
	
	
	
	
	

	Cause of HF, n (%)
	
	
	
	
	
	
	
	

	 Ischemic
	N/A
	N/A
	11 (50)
	9 (47)
	10 (38)
	7 (27)
	6 (17)
	7 (29)

	 Nonischemic
	N/A
	N/A
	11 (50)
	10 (53)
	16 (62)
	19 (73)
	20 (83)
	17 (71)

	
	
	
	
	
	
	
	
	

	Past medical history, n (%)
	
	
	
	
	
	
	
	

	 Hypertension
	N/A
	N/A
	14 (64)
	11 (58)
	N/A
	N/A
	8 (31)
	8 (33)

	 Coronary heart disease
	30 (73)
	27 (68)
	11 (50)
	10 (53)
	11 (42)
	13 (50)
	6 (17)
	7 (29)

	 Diabetes mellitus
	N/A
	N/A
	7 (32)
	4 (21)
	N/A
	N/A
	N/A
	N/A

	 Chronic lung disease
	N/A
	N/A
	6 (27)
	3 (16)
	N/A
	N/A
	N/A
	N/A

	 Stroke/TIA
	N/A
	N/A
	2 (9)
	2 (11)
	N/A
	N/A
	N/A
	N/A

	
	
	
	
	
	
	
	
	

	NYHA functional class, n (%)
	
	
	
	
	
	
	
	

	 Ⅱ
	N/A
	N/A
	2 (9)
	2 (11)
	14 (54)
	13 (50)
	11 (43)
	12 (50)

	 Ⅲ
	N/A
	N/A
	20 (91)
	17 (89)
	12 (46)
	13 (50)
	15 (57)
	12 (50)

	 Ⅳ
	N/A
	N/A
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)

	
	
	
	
	
	
	
	
	

	Baseline 6-min walk, m
	269 ± 54
	281 ± 44
	317.5 ± 125.8
	351.8 ± 117.1
	416 ± 78
	411 ± 109
	N/A
	N/A

	MLWHF score at baseline
	89 ± 12
	89 ± 11
	55.8 ± 19.8
	59.2 ± 22.4
	42 ± 23
	49 ± 21
	N/A
	N/A

	
	
	
	
	
	
	
	
	

	Baseline ECG parameters
	
	
	
	
	
	
	
	

	 Heart rate, beats/min
	80 ± 12
	82 ± 11
	75 ± 15
	72 ± 11
	77 ± 9
	81 ± 12 
	N/A
	N/A

	 QRS duration, ms
	92 ± 9
	90 ± 10
	105 ± 14
	101 ± 14
	119 ± 19
	113 ± 21
	N/A
	N/A

	
	
	
	
	
	
	
	
	

	Baseline morphology
	
	
	
	
	
	
	
	

	 LVEF, %
	27 ± 8
	29 ± 7
	36.1 ± 11.9
	42.9 ± 9.6
	22 ± 8
	25 ± 7
	31.8 ± 7.7
	33.7 ± 12.1

	 Left atrial diameter, mm
	49 ± 5
	47 ± 6
	N/A
	N/A
	50 ± 6
	46 ± 7
	52 ± 11
	50 ± 10

	
	
	
	
	
	
	
	
	

	Medical treatment, n (%)
	
	
	
	
	
	
	
	

	 ACEI/ARB
	N/A
	N/A
	21 (95)
	18 (95)
	25 (96)
	26 (100)
	N/A
	N/A

	 β blocker
	N/A
	N/A
	18 (82)
	18 (95)
	24 (92)
	24 (92)
	N/A
	N/A

	 Aldosterone antagonists
	N/A
	N/A
	10 (45)
	3 (16)
	13 (50)
	6 (23)
	
	



Continued
	
	Biase et al. (5), 2016
	Prabhu et al. (6), 2017
	Marrouche et al. (7), 2018

	
	Ablation (n=102)
	Medical therapy# (n=101)
	Ablation (n=33)
	Medical rate control (n=33)
	Ablation (n=179)
	Medical therapy†  (n=184)

	Age, yrs
	62 ± 10
	60 ± 11
	59 ± 11
	62 ± 9.4
	64 (56-71)
	64 (56-73.5)

	Male, n (%)
	77 (75)
	74 (73)
	31 (94) 
	29 (88)
	156 (87)
	155 (84)

	Body mass index, kg/m2
	30 ± 8
	29 ± 4
	30 ± 7.5
	31 ± 4.1
	29.0 (25.9-32.2)
	29.1 (25.9-32.3)

	
	
	
	
	
	
	

	Type of AF, n (%)
	
	
	
	
	
	

	Paroxysmal
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	54 (30)
	64 (35)

	 Persistent or long standing persisitent
	102 (100)
	101 (100)
	33 (100)
	33 (100)
	125 (70)
	120 (65)

	
	
	
	
	
	
	

	Duration of AF, months
	8.6 ± 3.2
	8.4 ± 4.1
	23 ± 18
	21 ± 15
	N/A
	N/A

	
	
	
	
	
	
	

	Cause of HF, n (%)
	
	
	
	
	
	

	 Ischemic
	63 (62)
	66 (65)
	0 (0)
	0 (0)
	72 (40)
	96 (52)

	 Nonischemic
	39 (38)
	35 (35)
	33 (100)
	33 (100)
	107 (60)
	88 (48)

	
	
	
	
	
	
	

	Past medical history, n (%)
	
	
	
	
	
	

	 Hypertension
	46 (45)
	48 (48)
	13 (39)
	12 (36)
	129 (72)
	136 (74)

	 Coronary heart disease
	63 (62)
	66 (65)
	0 (0)
	0 (0)
	48 (27)
	66 (36)

	 Diabetes mellitus
	22 (22)
	24 (24)
	4 (12)
	5 (15)
	43 (24)
	67 (36)

	 Chronic lung disease
	46 (45)
	48 (48)
	12 (36)
	7 (21)
	N/A
	N/A

	 Stroke/TIA
	N/A
	N/A
	2 (6.1)
	0 (0)
	21 (12)
	21 (11)

	
	
	
	
	
	
	

	NYHA functional class, n (%)
	
	
	
	
	
	

	 Ⅱ
	N/A
	N/A
	2.55 ± 0.62
	2.45 ± 0.56
	101 (58)
	109 (61)

	 Ⅲ
	N/A
	N/A
	
	
	50 (29)
	49 (27)

	 Ⅳ
	N/A
	N/A
	
	
	3 (2)
	2 (1)

	
	
	
	
	
	
	

	Baseline 6-min walk, m
	348 ± 111
	350 ± 130
	491 ± 147
	489 ± 132
	N/A
	N/A

	MLWHF score at baseline
	52 ± 24
	50 ± 27
	N/A
	N/A
	N/A
	N/A

	
	
	
	
	
	
	

	Baseline ECG parameters
	
	
	
	
	
	

	 Heart rate, beats/min
	N/A
	N/A
	79 ± 17
	77 ± 19
	N/A
	N/A  

	 QRS duration, ms
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	
	
	
	
	
	

	Baseline morphology
	
	
	
	
	
	

	 LVEF, %
	29 ± 5
	30 ± 8
	32 ± 9.4
	34 ± 7.8
	32.5 (25.0-38.0)
	31.5 (27.0-37.0)

	 Left atrial diameter, mm
	47 ± 4.2
	48 ± 4.9
	48 ± 5.5
	47 ± 8.2
	48.0 (45.0-54.0)
	49.5 (5.0-55.0)

	
	
	
	
	
	
	

	Medical treatment, n (%)
	
	
	
	
	
	

	 ACEI/ARB
	94 (92)
	89 (88)
	31 (94)
	31 (94)
	166 (94)
	164 (91)

	 β blocker
	78 (76)
	81 (80)
	32 (97)
	32 (97)
	165 (93)
	171 (95)

	 Aldosterone antagonists
	46 (45)
	51 (50)
	11 (33)
	16 (48)
	165 (93)
	167 (93)




* Rate control by atrioventricular node ablation with biventricular pacing.
# Medical therapy with amiodarone.
† Medical therapy with rate control or rhythm control strategies.
Values are mean ± standard deviation or median (interquartile range), unless otherwise stated.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: _Hlk510478447][bookmark: _Hlk510478464]ACEI, angiotensin converting enzyme inhibitor; AF, atrial fibrillation; ARB, angiotensin receptor inhibitor; ECG, electrocardiogram; HF, heart failure; LVEF, left ventricular ejection fraction; MLWHF, Minnesota Living with Heart Failure Questionnaire; N/A, not available; NYHA: New York Heart Association; TIA, transient ischemic attack.
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Prabhu 2017 183 103 33 44 83 33 21.0% 13.90[9.39, 1841] 2017 *
Total (95% CI) 148 142 1000%  8.50 [4.66,12.34] -
ity Tau? = . Chit= 4= - 122 709 + t + t
Heterogeneity: Tau? = 12.98; Chi? = 13.49, df = 4 (P = 0.009); I* = 70% 20 10 0 10 20

Test for overall effect: Z = 4.34 (P < 0.0001)

Favours Rate Control - Favours Ablation




image9.tiff
A

Ablation

Rate Control

Mean Difference

Mean Difference

Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Random, 95% Cl Year 1V, Random, 95% CI
Khan 2008 71 7848 41 16 402 40 419% 55.00(27.94,82.06] 2008 —
MacDonald 2011 201 765 22 214 774 19 21.7% -1.30[-48.56,45.96] 2011 -1
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Heterogeneity: Tau? = 227.53; Chi* = 4.40, df = 3 (P = 0.22); I = 32%

Test for overall effect: Z = 2.52 (P = 0.01)
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Ablation Rate Control Mean Difference Mean Difference
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Khan 2008 19 21 4 -7 1259 40 40.3% -12.00[-19.52, -4.48] 2008 &
MacDonald 2011 57 197 22 -28 179 19 196% -2.90[-14.41,8.61] 2011 *
Jones 2013 -19.58 2332 26 -5.35 1571 26 22.0% -14.23[-25.04,-3.42] 2013 =
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Test for overall effect: Z = 4.27 (P < 0.0001)
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