Atrial Fibrillation:
Control of Rate and Rhythm in 2021
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Learning Objective

Describe the role of rate and rhythm control for atrial fibrillation in patients with heart failure
Understand the role of ablation procedures in heart failure
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Case Presentation

58M former professional athlete
Presented with insidious onset of
shortness of breath on exertion.
Previously attributed to “walking
pneumonia”
Seen by IM who diagnosed AF of
unknown duration
ECG 2y prior was normal

BMI 35; examination otherwise
unremarkable

~~~~~
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Case Presentation

58M former professional athlete Investigations:
Presented with insidious onset of Stress Test
shortness of breath on exertion. Stage IV Bruce protocol
Previously attributed to “walking Negative for ischemia (ECG and MIBI)
pneumonia’ Resting HR 84 bpm; peak 183 bpm
Seen by IM who diagnosed AF of Echo
unknown duration Enlarged LV.
ECG 2y prior was normal Global LV hypokinesis.
BMI 35; examination otherwise Biplane Simpson's LVEF = 25%.
unremarkable Severe biatrial enlargement.
CCTA

No CAD



AF and Heart Failure:

Incidence 3.3%/year
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HF / AF Management: Priorities

Treatment of co-morbidities
Volume management
Optimization of heart failure therapies

Rate versus rhythm control

Control
HF+AF management S

Oral anticoagulation



HF / AF Management: Priorities

Treatment of co-morbidities
Volume management

Optimization of heart failure therapies

Rate versus rhythm control

Oral anticoagulation

»HFrEF priorities



MANAGEMENT OPTIONS

Approach to Rate and Rhythm Management of AF

Paroxysmal AF

\ 4

A 4

Low recurrence
burden

High recurrence
burden

Observation AAD

Pill-in-pocket Maintenance

Persistent AF

Initiate Rate-control
Consider long-term treatment

Rhythm control preferred with: Optimise Rate control*

* Recently diagnosed AF (within 1 year)
* Highly symptomatic or significant QOL impairment

* Multiple recurrences
* Difficulty to achieve rate control Symptoms Symptoms

* Arrhythmia-induced cardiomyopathy persist resolve

Cardioversion Cardioversion

Symptoms improve Symptoms don’t

AAD therapy?

1See Figure 18 for long-term rate control
2See Figure 19 for long-term rhythm control

D L ——

with sinus rhythm improve despite
restoration sinus rhythm Continue

Long-term
Rate control

Canadian Journal of Cardiology 36 (2020) 1847-1948
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Pharmacologic Pharmacologic
Rate Control Rhythm Control

Rate Control

Via AVN ablation AF Ablation




MANAGEMENT OPTIONS

Pharmacologic

Rate Control




Rate Control

Long-Term Rate Control?

Inadequate symptom or heart rate control (resting heart rate > 100 bpm)

LVEF < 40%? LVEF > 40%

Beta-Blocker3 Beta-Blocker

Inadequate symptom or heart rate control (resting heart rate > 100 bpm)

add ND-CCB* add beta-blocker

R
add digoxin or digoxin® or digoxin®

Inadequate symptom or heart rate control (resting heart rate > 100 bpm)

Consider rhythm control vs. pacemaker implantation and AVJ Ablation®

15



Rate Control

Inadequate symptom or heart rate control (resting heart rate > 100 bpm) =
X 80
S
LVEF < 40%? LVEF > 40% S
4
[«]
Beta-Blocker3 Beta-Blocker 2 404
=)
Inadequate symptom or heart rate control (resting heart rate > 100 bpm) _g
o 20
o

Long-Term Rate Control! 100"~>,,,,“

Hazard ratio, 0.97 (95% Cl, 0.80-1.17)
P=0.73

All-cause Mortality

o add ND-CCB* add beta-blocker
add digoxin®
or digoxin® or digoxin® 0
0

Inadequate symptom or heart rate control (resting heart rate > 100 bpm)

Consider rhythm control vs. pacemaker implantation and AVJ Ablation® 1007y,

AF-CHF Study
« 1376 patients paroxysmal/persistent AF, LVEF <35%, NYHA 1-4 60
Mean follow-up: 37 months 40-
Reasonable medical therapy - ACE-I, BB, & warfarin (>90%)

20

T T T T T
12 24 36 48 60

Months

Hazard ratio, 0.87 (95% Cl, 0.72—-1.06)
P=0.17

Worsening Heart Failure

682 patients - Rhythm-control with AAD (amiodarone 82%)
694 patients - Rate-control (RHR <80bpm) with BB * digoxin g

1 I 1 1 1

12 24 36 48 60

N Engl J Med 2008; 358:2667-2677 Months



Rate Control

Inadequate symptom or heart rate control (resting heart rate > 100 bpm)
LVEF < 40%?2 LVEF > 40%

Beta-Blocker3 Beta-Blocker

Inadequate symptom or heart rate control (resting heart rate > 100 bpm)

o add ND-CCB* add beta-blocker
add digoxin®
or digoxin® or digoxin®

Inadequate symptom or heart rate control (resting heart rate > 100 bpm)

Consider rhythm control vs. pacemaker implantation and AVJ Ablation®

RACE-II
 Lenient - Resting <110 bpm

HR 0.84 (0.58-1.21)

154

Strict control

Cumulative Incidence of Primary
Outcome (%)

» Strict - Resting <80; Ex <110 10-
Achieved HR: 85£14 / 76x14 bpm _
» Difference in HR was 9-11 bpm

Van Gelder et al. NEJM 2010;362:1363-73



Rate Control

Long-Term Rate Control?

Inadequate symptom or heart rate control (resting heart rate > 100 bpm)

LVEF > 40%

Beta-Blocker

LVEF < 40%?

Beta-Blocker3

Inadequate symptom or heart rate control (resting heart rate > 100 bpm)

o add ND-CCB* add beta-blocker
add digoxin®
or digoxin® or digoxin®

Inadequate symptom or heart rate control (resting heart rate > 100 bpm)

Consider rhythm control vs. pacemaker implantation and AVJ Ablation®

RACE-II
 Lenient - Resting <110 bpm

» Strict - Resting <80; Ex <110
Achieved HR: 85£14 / 76x14 bpm
» Difference in HR was 9-11 bpm

Van Gelder et al. NEJM 2010;362:1363-73

RACE-Il HF Substudy

Z 28+
g HR 0.83 (0.46-1.49)
§ 2 .
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HR 0.84 (0.58-1.21)

Strict control




Long-Term Rate Control?
Inadequate symptom or heart rate control (resting heart rate > 100 bpm) Rhythm-Control  Rate-Control
Group Group

Drug (N=682) (N=694) P Value
LVEF < 40%?2 LVEF > 40% percent
Amiodarone 82 7 <0.001
e Sotalol 2 <1 0.02
Beta-Blocker3 - Beta-Blocker . ND-CCB* Bofetilide <1 <1 0.62
Inadequate symptom or heart rate control (resting heart rate > 100 bpm) Beta-blocker 80 88 <0.001
Digoxin 51 75 <0.001
add digoxin® ag:idl\il D-C'C§4 add b(ejt.a-bl'ogker rapamil or diltiazem 2 3 m|
I cEdll I SIREICEE ACE inhibitor 81 82 0.41
Inadequate symptom or heart rate control (resting heart rate > 100 bpm) ARB 16 13 0.09
ACE inhibitor or ARB 94 94 0.57
Direi 50 2 037
Aldosterone antagonist 47 49 0.51
AF _C H F Stu dy Oral anticoagulant 88 92 0.03
Aspirin 34 31 0.31
1376 patients paroxysmal/persistent AF, LVEF <35%, NYHA 1-4  upic-towering drug 4 4 061

Mean follow-up: 37 months

Reasonable medical therapy - ACE-I, BB, & warfarin (>90%)

682 patients - Rhythm-control with AAD (amiodarone 82%)

694 patients - Rate-control (RHR <80bpm) with BB * digoxin 19



Rate Control

Long-Term Rate Control?

Inadequate symptom or heart rate control (resting heart rate > 100 bpm)

LVEF > 40%

LVEF < 40%?

Beta-Blocker3 - Beta-Blocker . ND-CCB*

Inadequate symptom or heart rate control (resting heart rate > 100 bpm)

add beta-blocker
or digoxin®

add ND-CCB*
or digoxin®

add digoxin®

Inadequate symptom or heart rate control (resting heart rate > 100 bpm)

Consider rhythm control vs. pacemaker implantation and AVJ Ablation®
AF-CHF + AFFIRM Study

 All-cause mortality in patients with and without beta-blockers
« A) matched cohort
« B) matched patients with a high AF burden

* Mortality reduction not modulated by AF
* Type of AF (i.e., paroxysmal or persistent)
* Proportion of time spent in AF
* Time since first diagnosis

Overall survival (%)

Overall survival (%)

0.8

0.6 -

0.2

0.2

0.0 |

0.8 -

0.6 -

0.2 A

0.2 1

0.0 -

B-blocker

No B-blocker

Number at risk

+ Censored

Hazard ratio 0.721, 95% CI (0.549-0.945), P=0.018

426 346 217 46 0
229 169 113 26 0
0 20 40 60 80
Time (months)

Hazard ratio 0.625, 95% CI (0.432-0.909), P=0.003

B-blocker
R
No B-blocker
Number at risk
214 181 109 21 0
112 82 53 2 0
0 20 40 60 80

Time (months)

JACC Heart Fail . 2017 Feb;5(2):99-106.
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Rhythm Control

Fast-Response Action Potential
(e.g., ventricular myocyte) ClaSS |C
ERE Flecainide
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Amiodarone
Dronedarone
Sotalol
Dofetilide
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Rhythm Control

Fast-Response Action Potential
(e.g., ventricular myocyte)

ERP
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Rhythm Control

Long-Term Rhythm Control!  fp-----

Heart Failure No heart failure
and no CAD first-line
| catheter
LVEF <40% @ LVEF > 40% : 2 ! ablation
Dronedarone? Amlodarone4 B |
Sotalol? Dronedarone I In se ect
Amiodarone? Amiodarone? inide® atients
[ Amiodarone? Flecainide 1p

Sotalol® Propafenone®
Sotalol®

Catheter Ablation



Rhythm Control

Long-Term Rhythm Control* -—----1
|
i
No heart failure |
and no CAD i first-line 1.0 =
I catheter _ g\
LVEF < 40% @ LVEF > 40% N Amiodarone? | fabh—at'ior; S 0.9 L\% “\ Logrank P=0.63
Dronedarone* 1 In selec 0.8 e
Amiodarone? || Amiodarone? A S.OgaIOIS ) Flecainide® | patients : l—-\\\_\“—g\v\ _
Sotalol® ISEETONE Propafenone® i g 0.7 ‘\—L_Lﬂ\ﬁ\:
Sotalol3 i g 0.6 x\%wi
i g = 0 73{1‘!—‘1‘1;
Catheter Ablation ; g 0.5 LVEF 250% ——
é 0.4 wem | VEF 30-49%
AF-CHF + AFFIRM Study £ 03— L
=
» amiodarone-treated patients (N = 1,107) vs. others g 02
. . . . . - 0] Number at risk
» Adjusted all-cause and cardiovascular hosF!tallzatlon rates were 2 i H n 2
similar with amiodarone versus rate control in all patients and in e, . w8 %
subgroups with and without severe left ventricular dysfunction 0 6 12 18 24 30 36 42 48

« Adjusted all-cause and cardiovascular mortality rates were similar Thuyelmontie)
with amiodarone versus rate control overall and in subgroups with
and without severe left ventricular dysfunction.

J Cardiovasc Electrophysiol . 2014 Dec;25(12):1306-13.



Rhythm Control

Primary Endpoint

Persistent AF o
LVEF<40% NYHA II- o .
i 66% Ablation
. |
A” Wlth DDD ICD or CRT—D 0.8 | Group 1 (catheter ablation, n=102)
Mean AF duration 8.5 months |
|
g ==
N e L

N _

Ablation E _'L Group 2 (amiodarone, n=101)
§0‘4 | Log-rank p <0.0001 —1___1__]___——
s !\ T TTemEs +

2nd ablation 10% 30%

allowed in 3 discontinued . .

0.2
month blanking side effects Amiodarone
0.0 - Number of Subjects at Risk

Group 1 102 92 79 78 75 72 4

1° freedom AF/AFL/AT >30s weeal o =2 b2 2 s

26 + 8 months f/u Time to Recurrence (month)

Adjusted HR 2.5 (95% CI 1.5-4.3)



Rhythm Control

Primary Endpoint Secondary
Persistent AF Endpoints
LVEF<40% NYHA II-11| o o :
66% Ablation Fewer unplanned
. |
M@;:TF%BE’:EE;;%%ESIS 08- : Group 1 (catheter ablation, n=102) hospitalization in ablation
' “y group (31% vs 57%,
2 \ el p<0.001, RRR 0.55 C|
< ! 0.39-0.76)
Ablation E Group 2 (amiodarone, n=101)
E 04 Log-rank p <0.0001 L 20 L
o0 ablation [0% : 300/; ————————— + Fewer deaths in ablation
allowed in 3 discontinued 02 Amiod group (8% vs 18%,
month blanking side effects | miodarone p<0.037, RRR 0.44 ClI -
0.20-0.96)
0.0 - Number of Subjects at Risk
Group1| 102 92 79 78 75 72 n
1° freedom AF/AFL/AT >30s ekl e : ;‘; 5 - >
26 + 8 months f/U Time to Recurrence (month)

Adjusted HR 2.5 (95% CI 1.5-4.3)



MANAGEMENT OPTIONS
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Catheter Ablation

CASTLE-AF

Included:

paroxysmal or persistent atrial fibrillation

absence of response to, unacceptable side effects from, or
unwillingness to take antiarrhythmic drugs

NYHA class lI-1V heart failure

LVEF of 35% or less

Table 2. Primary and Secondary Clinical End Points.*
Ablation
End Point (N=179)
Primaryt 51 (28.5)
Secondary
Death from any cause 24 (13.4)
Heart-failure hospitalization 37 (20.7)
Cardiovascular death 20 (11.2)
Cardiovascular hospitalization 64 (35.8)
Hospitalization for any cause 114 (63.7)
Cerebrovascular accident 5(2.8)

Medical Therapy
(N=184)

number (percent)

82 (44.6)

46 (25.0)
66 (35.9)
41 (22.3)
89 (48.4)

122 (66.3)
11 (6.0)

Hazard Ratio
(95% ClI)

0.62 (0.43-0.87)

0.53 (0.32-0.86)
0.56 (0.37-0.83)
0.49 (0.29-0.84)
0.72 (0.52-0.99)
0.99 (0.77-1.28)
0.46 (0.16-1.33)

P Value

Cox
Regression

0.007

0.01
0.004
0.009
0.04
0.96
0.15

Log-Rank
Test

0.006

0.009
0.004
0.008
0.04
0.96
0.14

N Engl J Med 2018;378:417-27

A Death or Hospitalization for Worsening Heart Failure
1.0
0.9+
0.84
0.7+
0.6+
0.5+
0.4+

0.3

0.2 Hazard ratio, 0.62 (95% Cl, 0.43-0.87)
: P=0.007 by Cox regression

0.1 P=0.006 by log-rank test

Probability of Survival or
Hospital Admission

ity tjth)l'ation

e

Medical therapy

0.0 T T I
0 12 24 36

Months of Follow-up

B Death from Any Cause
1.04
0.9+
0.8+
0.74
0.6+
0.5+
0.4+

0.3+

0.2 Hazard ratio, 0.53 (95% Cl, 0.32-0.86)
y P=0.01 by Cox regression

0.14 P=0.009 by log-rank test

0.0 T

Probability of Survival

48

60

Ablation

Medical therapy

T T
0 12 24 36
Months of Follow-up
C Hospitalization for Worsening Heart Failure
1.0
0.9+
0.8+
0.7+
0.6+
0.5+
0.4+

0.3+

0.2 Hazard ratio, 0.56 (95% Cl, 0.37-0.83)
’ P=0.004 by Cox regression

0.14 P=0.004 by log-rank test

Probability of Hospital Admission

48

60

Ablation

Medical therapy

0.0 T T T
0 12 24 36

Months of Follow-up

48

60




Catheter Ablation - HFrEF

Catheter ablation Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
. A Absolute change in left ventricular ejection fraction
7 RCTs (851 patlents) CASTLE-AF 2018 87 1357 61 -1 1886 37 117%  9.70(257,16.83] 2018 ——
CAMERA-MRI 2017 183 114 33 43 114 33 137% 14.00(8.50,19.50) 2017 -
: : AATAC 2016 8.1 4 94 6.2 5 83 180% 1.90[0.55,3.25) 2016 r
Catheter ablation vs medical | Gumeae a1 1w 25 a6 s 20 12e% e i 0 %
ARC-HF 2013 109 15 26 54 85 26 13.7% 5.50(0.00,11.00] 2013 T
Mean follow-up 18 months MacDonald 2010 45 111 19 28 67 18 132%  1.70(4.17,7.57] 2010 - 5
PABA-CHF 2008 8 8 41 -1 4 40 16.9% 800(626 11.74] 2008 -
Subtotal (95% CI) 290 261 100.0% 7.40[3.37, 11.43] L3

Heterogeneity: Tau®= 23.04; Chi*= 44 21 df= 6 (P < 0.00001); F= 86%
Test for overall effect: Z= 3 6§ (P = 0.0003)

OUtcomes' B  6-minute walk distance
. d LV functi CASTLE-AF 2018 69 1888 50 -385 18517 35 56% 31.60[-49.03,11223) 2018 >
mprove unction CAMERA-MRI 2017 55 11399 33 28 11399 33 105% 27.00-28.00,82.00] 2017
. AATAC 2016 22 4 94 10 37 83 373%  1200(051,2349) 2016 ——

* |ncreased 6-min walk test ARC-HF 2013 1967 1088 26 -2267 6902 26 121% 4234 [751,9219) 2013
MacDonald 2010 04 765 17 214 774 15 11.0% -1.30[-54.75,52.15] 2010

= |mproved peak VO2 PABA-CHF 2008 T\ 7292 41 16 5685 4D 234%  [E-80{R6-56mdanny 2008 =
Subtotal (95% CI) 261 232 100.0% I26.96[6.39.47.54] -

Heterogeneity: Tau®= 260.85, Chi*= 815 df=5(P=0.10), = 45%
Testfor overall effect Z=2 57 P = 0.01)

C Peak oxygen consumption (VO:,)

CAMTAF 2014 14 705 26 -2 71 24 291% 3.40[-0.53,7.33] 2014
ARC-HF 2013 213 552 24 094 313 26 709% L L0SE 82 Y013
Subtotal (95% CI) 50 50 100.0% 3.17[1.05, 5.28]

Heterogeneity: Tau®= 0.00; Chiz= =1(P=089),F=0%
Testfor overall effect Z=293(P=0.003

-100 -50 0 50 100
Favors Control Favors Cathater ablation

Kheiri et al. Int J Cardiol 2018 Oct15 ;269:170-173



Catheter Ablation - HFrEF

7 RCTs (851 patients)

Catheter ablation vs medical
Mean follow-up 18 months

Outcomes:

Improved LV function
Increased 6-min walk test
Improved peak VO2

Lower HF hospitalization rates

Reduced all-cause mortality

Catheter ablation Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% ClI
Heart failure hospitalization
CASTLE-AF 2018 37 179 66 184 47.2% 058(0.41,081) 2018 -
CAMERA-MRI 2017 0 33 2 33 06% 0.20[0.01,4.01] 2017 ¢
AATAC 2016 32 102 58 101 51.1% 0.55(0.39,0.76) 2016 -+
ARC-HF 2013 0 26 0 26 Not estimahble 2013
MacDonald 2010 1 20 0 18 06% 2.71[0.12,62.70) 2010
PABA-CHF 2008 1 41 0 40 06% 2920012 892831 2008
Subtotal (95% CI) 401 402 100.0% 0.57[0.45, 0.72] &
Total events 71 126
Heterogeneity, Tau®= 0.00; Chi*= 251, df= 4 (P=0.64), F=0%
Test for overall effect. Z= 4.6
All-cause mortality
CASTLE-AF 2018 24 179 46 184 73.2% 0.54(0.34,084] 2018 . B
CAMERA-MRI 2017 0 33 0 33 Not estimable 2017
AATAC 2016 8 102 18 101 23.8% 0.44[0.20,097) 2016 —
CAMTAF 2014 0 26 1 24 15% 0.31(0.01,7.23] 2014
ARC-HF 2013 1 26 0 26 15% 3.00(0.13,70.42] 2013
PABA-CHF 2008 0 41 0 40 Not estimahle 2008
Subtotal (95% Cl) 407 408 100.0% 0.52[0.35, 0.76]| A
Total events 33 65
Heterogeneity: Tau®= 0.00; Chi*=1.48, df= 3 (P= 0.69), F= 0%
Test for overall effect Z= 3.33(P = 0.0009)
0.01 0.1 1 10 100

Favors Catheter ablation Favors Control

Kheiri et al. Int J Cardiol 2018 Oct15;269:170-173




Catheter Ablation - HFpEF

STALL AF-HFpEF: Prospective study in
patients with AF undergoing exercise
right heart catheterisation

Patients with

AF + HFpEF undergo AF ablation

(n=26)

Follow-up exercise
right heart catheterisation
2 6 months post-ablation

A

AF + HFpEF 20

65% . m=19

n=35 ‘3;""
HFpEF defined by:

Resting PCWP 2 15 mmHg, or
Peak exercise PCWP 2 25 mmHg

6 patients declined follow up exercise right
heart catheterisation

»

No arrhythmia recurrence (n = 9)

11% J Peak PCWP

(6.3 mmHg, p<0.01)
HFpEF

L BNP

(56.6pg/ml, p<0.05)

Improved QoL
symptom score

D

* Increased volume and AF
pressure overload

* Atrial remodeling
HFpEF

D,

Diffuse fibrosis / Atrial
dysfunction

Loss of LA pump function
Irregular ventricular
contraction

Arrhythmia recurrence (n = 11)

J Peak PCWP
(1.2 mmHg, p=NS)

<4 BNP,
(76.1pg/ml, p<0.05)
91%
HFpEF Improved QoL

symptom score

32
European Journal of Heart Failure (2021)



. PER-PROTOCOL ANALYSIS
a e e r a I O n Composite endpoint of all-cause mortality,
disabling stroke, serious bleeding, or cardiac arrest

154
Hazard ratio, 0.73 (95% Cl, 0.54-0.99); P=.046

12

CABANA

Main study included:

=2 episodes of PAF or 1 episode of persistent AF in the
6 months prior to enroliment i

suitable for ablation or drug therapy P T TR P P A VL N T P
age 265, or 18-65 and 21 risk factor for stroke e
TREATMENT-RECEIVED ANALYSES

Drug therapy

Event Rate, %

Catheter ablation

Ablation Drug Hazard Ratio  P-
(N=1307) (N=897) (95% Cl)  Value

Primary Outcome 92(7.0%) 98 (10.9%) 0.67 (0.50,0.89) 0.006

Secondary Outcomes
All-cause mortality 58 (4.4%) 67 (7.5%) 0.60(0.42,0.86) 0.005

Death or CV 538 (41.2%) 672 (74.9%) 0.83 (0.74,0.94) 0.002
hospitalization

Packer et al. JAMA 2019 ;321(13):1261-1274



Freedom From Recurrence (%)

Primary Composite End Point (Death, Disabling Stroke,
Serious Bleeding, or Cardiac Arrest) by Intention-to-Treat

Catheter Ablation

CABANA w menoameces aHR 0.64 (0.41-0.99)

—— Ablation
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AV Node Ablation
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ABSTRACT

BACKGROUND
Pulmonary-vein isolation is increasingly being used to treat atrial fibrillation in pa-
tients with heart failure.

METHODS

In this prospective, multicenter clinical trial, we randomly assigned patients with
symptomatic, drug-resistant atrial fibrillation, an ejection fraction of 40% or less,
and New York Heart Association class II or I1I heart failure to undergo either pul-
monary-vein isolation or atrioventricular-node ablation with biventricular pacing.
All patients completed the Minnesota Living with Heart Failure questionnaire (scores
range from 0 to 105, with a higher score indicating a worse quality of life) and
underwent echocardiography and a 6-minute walk test (the composite primary end
point). Over a 6-month period, patients were monitored for both symptomatic
and asymptomatic episodes of atrial fibrillation.

RESULTS

In all, 41 patients underwent pulmonary-vein isolation, and 40 underwent atrioven-
tricular-node ablation with biventricular pacing; none were lost to follow-up at
6 months. The composite primary end point favored the group that underwent pul-
monary-vein isolation, with an improved questionnaire score at 6 months (60, vs.
82 in the group that underwent atrioventricular-node ablation with biventricular
pacing; P<0.001), a longer 6-minute-walk distance (340 m vs. 297 m, P<0.001), and a
higher ejection fraction (35% vs. 28%, P<0.001). In the group that underwent pulmo-
nary-vein isolation, 88% of patients receiving antiarrhythmic drugs and 71% of those
not receiving such drugs were free of atrial fibrillation at 6 months. In the group
that underwent pul y-vein isolation, pul ~vein stenosis developed in two
patients, pericardial effusion in one, and pulmonary edema in another; in the group
that underwent atrioventricular-node ablation with biventricular pacing, lead dislodg-
ment was found in one patient and pneumothorax in another.

CONCLUSIONS
Pulmonary-vein isolation was superior to atrioventricular-node ablation with biven-
tricular pacing in patients with heart failure who had drug-refractory atrial fibril-
lation. (ClinicalTrials.gov number, NCT00599976.)

N ENGLJ MED 359717 WWW.NEJM.ORG OCTOBER 23, 2008
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AV Node Ablation
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Atrial Fibrillation:
Control of Rate and Rhythm in 2021

Long-Term Rate Control?

Inadequate symptom or heart rate control (resting heart rate > 100 bpm)

LVEF > 40%

Beta-Blocker

LVEF < 40%?

Beta-Blocker3 ND-CCB*

Inadequate symptom or heart rate control (resting heart rate > 100 bpm)

add ND-CCB*
or digoxin®

add beta-blocker

N
add digoxin or digoxin®

Inadequate symptom or heart rate control (resting heart rate > 100 bpm)

Consider rhythm control vs. pacemaker implantation and AVJ Ablation®

Beta-blockers are first line agents

Rate control should target HR<100 and
symptomatic improvement.

CRT patients — target is optimal CRT delivery

Long-Term Rhythm Control*! @ f------

No heart failure

and no CAD | first-line

| catheter

LVEF < 40% @ LVEF > 40% — . Amiodarone? I ablation
. rosnciai;gne Dronedarone?* i in s.elect
Amiodarone? | Amiodarone? Flecainide® 1 patients

Amiodarone?
Sotalol® Propafenone®

Sotalol?

Catheter Ablation

Pharmacological Rhythm control options are
limited in HFrEF patients

Ablation may be preferred in patients with both
HFrEF and HFpEF
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