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•Heart	Failure	and	Atrial	Fibrillation	frequently	co-exist	
and	are	associated	with	an	increased	mortality	as	
compared	to	HF	and	Sinus	Rhythm

•Rhythm	control	with	AAD	in	patients	with	AF	and	HF	
does	not	improve	prognosis

•Rhythm	control	with	catheter	ablation	is	superior	as	
compared	to	AAD	in	maintaining	SR	in	these	patients

•Catheter	ablation	may	improve	clinical	outcome
•The	treatment	algorithm	of	HF	guidelines	does	not	
reflect	the	issue	of	a	high	incidence	of	AF	in	HF	
patients

•Clinical	EPs	as	well	as	structural	heart	specialists	are	
usually	not	involved	in	HF	guidelines

Atrial fibrillation and heart failure - background
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• AF is associated with an increase in the prevalence and 
adverse outcomes of Heart Failure

• Inversely, heart failure patients are at a higher risk to 
develop AF than the general population

• Prevalence of AF directly increases with an increase in 
the class of heart failure New York Heart Association 
(NYHA). The AF prevalence is low (4%) in NYHA class I, 
increased to 40% in NYHA class IV

• The hospital readmission rate shows that 60% of 
patients have AF while 40% have NSR on the 30 days 
readmission of previous hospitalization for heart failure

Atrial fibrillation and heart failure 
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Hazard	of	all-cause	mortality	across	the	spectrum	of	LVEF

Cleland	JGF	et	al,	European	Heart	Journal	(2018)	39,	26–35



Heart	failure	and	Atrial	Fibrillation

Cleland	JGF	et	al,	European	Heart	Journal	(2019)	00,	1–18

Beta-blockers improve ventricular function for patients 
with atrial fibrillation and HFrEF/HFmrEF and are safe 
but do not improve outcome and are of no benefit when 
LVEF is ≥ 50%
In contrast to patients in sinus rhythm, reduction in 
ventricular rate below a range of 70–90 b.p.m. at rest may 
be harmful for patients in atrial fibrillation

For patients with atrial fibrillation, ivabradine is not 
thought to be effective and there is little evidence to 
support CRT



Beta-blockers	vs.	placebo	according	to	baseline	LVEF	in	sinus	rhythm

Cleland	JGF	et	al,	European	Heart	Journal	(2018)	39,	26–35



Beta-blockers	vs.	placebo	in	sinus	rhythm	according	to	heart	failure	phenotype

Cleland	JGF	et	al,	European	Heart	Journal	(2018)	39,	26–35



Beta-blockers	vs.	placebo	according	to	baseline	LVEF	in	atrial fibrillation

Cleland	JGF	et	al,	European	Heart	Journal	(2018)	39,	26–35



Absolute	mortality	difference	and	observed	change
in	LV	ejection	fraction

Cleland	JGF	et	al,	European	Heart	Journal	(2018)	39,	26–35
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The safety and efficacy of catheter ablation in the atria and 
pulmonary veins (PV) as a rhythm control strategy in HF is at 
present uncertain except for tachycardia induced 
cardiomyopathy

The most recent evidence from a meta-analysis that included 
914 patients suggests an encouraging success rate of PV 
ablation of AF in patients with LV dysfunction, with 
improvements in LVEF and functional capacity. These results 
need to be confirmed in ongoing RCTs such as CASTLE AF, 
AMICA and CABANA.



Heart	failure,	classified	by	‘therapeutic’	phenotypes	with	their	
relevant	treatment	and	most	recent	or	relevant	randomized	trial		

Cleland	JGF	et	al,	European	Heart	Journal	(2019)	00,	1–18

‘therapeutic’ phenotypes (highlighted in blue) with their relevant treatment (highlighted in purple) and 
most recent or relevant randomized trial (highlighted in red)



Catheter	Ablation	in	HF	and	AF	–
a	stratified	pooled	analysis	of	randomized	data

Chen	S	et	al,	European	Heart	Journal	(2019)	0,	1–11
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Atrial fibrillation and Heart Failure

Di Biase L et al, Circulation 2016,133:1637-44



Catheter Ablation of AF in HF – AATAC-HF

Di Biase L et al, Circulation 2016,133:1637-44

Primary Endpoint 
Long-term procedural-success was the primary endpoint for this 
study. Procedural success was defined as freedom from AF, atrial 
flutter (AFL) or atrial tachycardia (AT) of > 30 seconds duration off 
antiarrhythmic drugs (AAD) at follow-up

Secondary Endpoints  
Complications, all-cause mortality, AF and HF-related 
unplanned hospitalizations during the post-ablation follow-up, 
change in LVEF, 6-minute walk distance (6MWD), and Quality of 
Life measured by Minnesota Living with Heart Failure 
questionnaire (MLHFQ).
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Catheter Ablation of AF in HF – AATAC-HF
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CASTLE-AF

Marrouche NF et al. NEJM 2018



CASTLE-AF

Marrouche NF et al. NEJM 2018

The primary end point
Composite of death from any cause or worsening of heart 
failure that led to an unplanned overnight hospitalization

Major secondary end points 
Death from any cause, unplanned hospitalization related
to heart failure, death from cardiovascular disease, 
cerebrovascular accident, unplanned hospitalization
for cardiovascular disease, and any hospitalization



CASTLE-AF

Marrouche NF et al. NEJM 2018

A three-stage adaptive group sequential design was used. 
A total of 65, 130, and 195 primary end-point events were 
required at the time of the first two interim analyses

The rate of trial enrollment and the rate of primary endpoint
events were lower than anticipated, and as the trial 
proceeded it became evident that the final target of 195 
primary end-point events was unlikely to be reached

Thus, the second interim analysis was not conducted as 
planned, and the trial was stopped after 133 primary end-
point events had occurred
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CASTLE-AF

Marrouche NF et al. NEJM 2018



CASTLE-AF: Patient Demographics

Marrouche NF et al. NEJM 2018
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CASTLE-AF: Primary Composite Endpoint

Marrouche NF et al. NEJM 2018



CASTLE-AF: All-Cause Mortality

Marrouche NF et al. NEJM 2018



CASTLE-AF: Worsening HF Admissions

Marrouche NF et al. NEJM 2018
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CASTLE-AF: Cardiovascular Mortality

Marrouche NF et al. NEJM 2018



CASTLE-AF: Cardiovascular Hospitalization

Marrouche NF et al. NEJM 2018



CASTLE-AF: Primary Endpoint Subgroups

Marrouche NF et al. NEJM 2018



CASTLE-AF: Primary Endpoint Subgroups

Marrouche NF et al. NEJM 2018



CAMERA-MRI: Catheter ablation vs. medical rate 
control in AF and systolic dysfunction

Prabhu S et al. JACC 2017
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control in AF and systolic dysfunction

Prabhu S et al. JACC 2017

The primary endpoint 
Change in LVEF from baseline at 6 months on CMR. All 
CMRs were performed and assessed centrally.

Secondary endpoints
Effect of LGE status on LVEF improvement; change in CMR 
chamber dimensions; NYHA functional class;  BNP level; 6 
MWT distance; physical composite scores (SF-36); mental 
composite scores (SF-36); AF recurrence;  AF burden;
procedural complications.
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CAMERA-MRI: Catheter ablation vs. medical rate control
in AF and systolic dysfunction
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CAMERA-MRI: LVEF change from baseline in ablation
patients according to presence or absence of LGE

Prabhu S et al. JACC 2017



CAMERA-MRI: LVEF change from baseline in ablation 
patients according to presence or absence of LGE

Prabhu S et al. JACC 2017



AMICA	- Aim	of	Study

• The	Atrial	Fibrillation	Management	in	Congestive	Heart	Failure	
with	Ablation	(AMICA)	trial	was	conceived	as	a	randomized	
comparison	of	patients	with	persistent	or	longstanding	
persistent	AF	and	a	left	ventricular	ejection	fraction	(LVEF)	≤	
35% requiring	ICD	or	CRT-D	therapy

• The	patients	were	assigned	to	either	catheter	ablation	of	AF or	
best	medical	treatment	(BMT).

• The	objective	of	the	study	was	to	demonstrate	the	superiority of	
the	catheter	ablation	strategy	in	terms	of	the	absolute	increase	
in	LVEF	from	baseline	to	1	year.

Kuck	et	al,	Circ	Arrhythm	Electrophysiol.	2019;12



AMICA	- Patients

• 18	to	75	years	
• Documented	episode(s)	of	symptomatic	persistent	or	
longstanding	persistent	AF*

• NYHA	class	II	or	III	heart	failure	
• Indication	for	an	implantable	cardioverter–defibrillator	(ICD)	or	a	
cardiac	resynchronization	therapy	defibrillator	(CRT-D)

• LVEF)	≤35%	
• Optimal	medical	treatment	for	HF	for	at	least	one	month

*Persistent AF	defined	to	last	for	a	minimum	of	1	week	to	a	maximum	of	1	year;	
Longstanding	persistent AF:	minimum	of	1	year	to	a	maximum	of	4	years	

Kuck	et	al,	Circ	Arrhythm	Electrophysiol.	2019;12



AMICA	- Endpoints

• Primary	endpoint:
Absolute	increase	in	LVEF	from	baseline	to	1	year	after	
randomization- assessed	by	echocardiography	by	corelab

• Secondary	endpoints:
• Six-minute	walk	distance	
• Self-assessed	quality	of	life	(MLHFQ)	
• Brain	natriuretic	peptide	(BNP	or	NT-pro	BNP)	levels,
• AF	burden
• Adverse	events
• Mortality

Kuck	et	al,	Circ	Arrhythm	Electrophysiol.	2019;12



AMICA	- Statistics

• Study	hypothesis
BMT:	5%	absolute	increase	in	LVEF	at	1	year,
Catheter	ablation:	15%	absolute	increase	in	LVEF.	

• Sample	size:	90%	power	to	detect	the	10%	difference	between	
the	two	study	groups	(assuming	a	common	standard	deviation	
of	20%)	with	a	2-sided	unpaired	t-test	and	5%	significance	level

• The	required	sample	size	was	172;	assuming	a	drop-out	rate	of	
20%,	the	final	sample	size	was	set	at	

216	patients	(108	per	group).	

Kuck	et	al,	Circ	Arrhythm	Electrophysiol.	2019;12



AMICA	- Patient	
Disposition

Kuck	et	al,	Circ	Arrhythm	Electrophysiol.	2019;12



AMICA	- Study	Conduction

• Between	January	2008	and	June	2016,	202	patients	were	
enrolled	at	17	study	sites	in	Germany,	Hungary	and	Spain

• Patient	enrollment	was	prematurely	terminated	for	futility	on	
recommendation	of	the	Data	Safety	Monitoring	Board	following	
a	second,	not	prespecified	interim	analysis

• Follow-up:	358	± 71	days	(median	368	days)



Patient	Demographics

Kuck	et	al,	Circ	Arrhythm	Electrophysiol.	2019;12



Index	Procedural	and	Discharge	Characteristics	of	Patients

Kuck	et	al,	Circ	Arrhythm	Electrophysiol.	2019;12



Medication	Across	Study	Visits	of	Patients

Kuck	et	al,	Circ	Arrhythm	Electrophysiol.	2019;12



Use	of	amiodarone	over	time

Kuck	et	al,	Circ	Arrhythm	Electrophysiol.	2019;12



AMICA	–
Primary	Endpoint

Absolute increase in LVEF
from BL to 1 Year:

ABL 8.8% (95% CI, 5.8% to 11.9%)
BMT 7.3% (95% CI, 4.3% to 10.3%)

P=0.36

Kuck	et	al,	Circ	Arrhythm	Electrophysiol.	2019;12



AMICA	- Secondary	Endpoints:	Adverse	events	and	
mortality	

Ablation
(N=98)

Best Medical Rx
(N=100) P

Patients with ≥1 serious adverse event 64 (65.3) 56 (56.0) 0.19
Death 0.26

Cardiac 3 (3.1) 6 (6.0)
Noncardiac 3 (3.1) 0 (0.0)
Unknown 2 (2.0) 2 (2.0)

Serious adverse events
Cardiac disorder 47 (48.0) 43 (43.0) 0.57

Atrial arrhythmia 27 (27.6) 18 (18.0) 0.13
Worsening of heart failure 15 (15.3) 21 (21.0) 0.36
ICD system related 8 (8.2) 7 (7.0) 0.79
Ventricular arrhythmia 4 (4.1) 2 (2.0) 0.44
Other 3 (3.1) 6 (6.0) 0.50
Coronary artery disease related 2 (2.0) 4 (4.0) 0.68
Valvular 2 (2.0) 1 (1.0) 0.62

Vascular disorder 6 (6.1) 3 (3.0) 0.33
Non-cardiovascular disorders 32 (32.7) 28 (28.0) 0.54

In cases of treatment crossover from Best Medical Therapy to AF Ablation, patients were 
analyzed for both treatments according to their exposure

Kuck	et	al,	Circ	Arrhythm	Electrophysiol.	2019;12



Rhythm	control	and	atrial	tachycardia/fibrillation	burden
throughout	follow-up

Kuck	et	al,	Circ	Arrhythm	Electrophysiol.	2019;12
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AMICA	vs.	CASTLE-AF
ABLATION BEST MEDICAL Rx

AMICA CASTLE AMICA CASTLE
Paroxysmal AF, % 0 30 0 35
NYHA III/IV @ baseline, %

I/II 40 69 36 72
III/IV 60 31 64 28

LVEF @ baseline, % 27.6 [20-38] 32.5 [25-34] 24.8 [18-30] 31.5 [27-37]
∆LVEF @ 1 year, % 7.6 [1-13] 7 [0-13] 7.9 [0-14] 2 [-5-10]
CRT-D implanted, % 43 27 46 28
Amiodarone @ baseline, % 25 57 38 61
Amiodarone @ 1 year, % 34 30? 54 30?
AF burden (% of time) @ 1 year, %

Mean (±SD) 16 (±33) 20 (±38) 47 (±45) 52 (±46)
Median [IQR] 1.0 [0-8] 0 [0-12] 50 [0-99] 64 [0-99]

SR @ 1 year, % 75 62 51 25
Repeat ablation, % 15

After BP, n (%) 8/67 (12) 37/151 (25)



Catheter	Ablation:Heart failure and	Atrial	Fibrillation

Packer	M,	Circ	Arrhythm	Electrophysiol.	2019;12



2019	AHA/ACC/HRS	Focused	Update	of	the	2014	AHA/ACC/HRS	Guideline	
for	the	Management	of	Patients	With	Atrial	Fibrillation	

January	CT	et	al,	Circulation	2019	July9;140(2):e125-e151



Ongoing	large	randomized	controlled	trials	on	AF	ablation
in	patients	with	HF	and	reduced EF

Richter	S	et	al,	European	Heart	Journal	(2018)	0,	1–12



• AF and CHF are often coexisting

• Present guidelines underestimate the impact of arrhythmias    

such as AF on outcome in CHF and thereby the important 

role of arrhythmia management (by electrophysiologists)

•Primary catheter ablation of AF is generally superior to OMT 

alone in HF patients.

• CASTLE-AF, CAMERA-MRI and AMICA  show that not 

every patient with HF profit from CA of AF, but only patients 

with a better EF and less advanced NYHA class.

Summary & conclusions



Catheter	Ablation:	Heart	failure and	Atrial	Fibrillation

Packer	M,	Circ	Arrhythm	Electrophysiol.	2019;12

Therefore, additional randomized controlled trials are needed to 
understand the range of potential responses to this procedure. Such 
trials should focus on patients with meaningful degrees of HF and 
longstanding AF and include individuals with preserved as well as 
decreased EF (especially <30%). 
Participants would be randomized to pharmacological rate control 
(target rate <110/minute) or to catheter ablation; patients would not 
need or receive cardiotoxic drugs to achieve rhythm control. 
If the trials are powered to detect a reduction in the primary end point 
of death, no blinding is needed. If the benefit of catheter ablation on 
mortality is as striking as is currently claimed, future trials in high-
risk patients will not need to be large or follow patients for long 
periods of time.



• AF and CHF are often coexisting

•Evidence derived from a RCT does not favor a strategy

of drug induced rhythm control in all CHF patients

• AVN ablation and PM implantation improves symptoms, 

quality of life, EF, but the impact on prognosis is unclear

•Primary catheter ablation is superior to AVN ablation and

PM implantation in HF patients.

• The CASTLE-AF study shows a significant reduction of 

total mortality and heart failure re-hospitalizations

Summary & conclusions


