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Tachycardia-Mediated T
Cardiomyopathy

I Form of dilated cardiomyopathy and heart failure
induced by a persistent/chronic supraventricular
or ventricular tachyarythmia

0 The incidence and the patho-physiology remain
unspecified

I Sometimes related to a previous
cardiomyopathy, the diagnosis is always
retrospective, but important because of the
clinical and the significant haemodynamic
improvement following the control of heart rate
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 Table 2

An Example of the Clinical Course of AIC When the Culprit Arrhythmia was Not Eliminated: A 54-Year-Old Male With AF and LVEF of 30%
Time (months) | LVEF % | Intervention
0 30 Diuretics, ACE inhibitors, TEE, cardioversion
1 47
6 52 AIC diagnosed
14 - Recurrent AF per patient. Did not see a doctor
18 25 Cardioverted. Started on sotalol, but discontinued due to T QTc interval. Amiodarone started
23 50
35 20 Admitted with heart failure. Recurrent AF with rapid rates. Underwent AF ablation. Amiodarone continued
~ |40 55
_ 43 40 Left atrial flutter with ventricular rate of 110 beats/min. Underwent perimitral LA flutter ablation
‘ 53 52
’ 63 53 Sinus rhythm. Taking amiodarone (200 mg daily), beta-blockers, ACE inhibitor, warfarin

ACE = angiotensin-converting enzyme; AF = atrial fibrillation; AIC = arrhythmia-induced cardiomyopathy; LA = left atrial; LVEF = left ventricular ejection fraction; TEE =
transesophageal echocardiography.



Atrial fibrillation is present in 10% to 50% of patients with E:'
HF

Many patients with cardiomyopathy and AF have worsening
symptoms and ventricular function due solely to poorly-
controlled ventricular rates (Am J Cardiol. 2003 Mar 20; 91(6A):2D-
8D.)

In 2 studies of adult patients with focal atrial tachycardia (AT),
the incidence of AIC was 8.3% to 10% (J Am Coll Cardiol. 2009 May
12; 53(19):1791-7. J Cardiovasc Electrophysiol. 2014 Sep; 25(9):953-7.)

In a pediatric multicenter study of atrial ectopic tachycardia
(AET), 28% had AIC (Circ Arrhythm Electrophysiol. 2014 Aug; 7(4):664-
70.)

The incidence of AIC was 9% to 34% in patients with frequent
premature ventricular complexes (PVCs) and/or
nonsustained ventricular tachycardia referred for

electrophysiological evaluation (Pacing Clin Electrophysiol. 2012 Apr;
35(4):465-70.)
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Tachycardia and Cardiomyopathy: The Chicken-Egg
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Arrhythmia-induced cardiomyopathies: the riddle
of the chicken and the egg still unanswered? @

Emmanuel N. Simantirakis, Emmanuel P. Koutalas, Panos E. Vardas ™

EP Europace, Volume 14, Issue 4, 1 April 2012, Pages 466-473,
https://doi.org/10.1093/europace/eur348



Irregular rhythm

1. Atrial fibrillation
2.PVCs

Myocardial

dysfunction e
Rapid atrial or

ventricular rate

1.PVCs
2. BBB
3. RV pacing

1. Supraventricular
arrhythmias

2. Atrial fibrillation

From: Arrhythmia-induced cardiomyopathies: the riddle of the chicken and the egg still unanswered?
Europace. 2011;14(4):466-473. doi:10.1093/europace/eur348

Europace | Published on behalf of the European Society of Cardiology. All rights reserved. © The Author 2011. For permissions
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Original Article
Tachycardia-Related Cardiomyopathy: A Common Cause of

Ventricular Dysfunction in Patients With Atrial Fibrillation
Referred for Atrioventricular Ablation

Margaret M. Redfield MD 2 2, G. Neal Kay MD b, Louise S. Jenkins RN, PhD ¢, Marcus Mianulli MS 9, D. Nick
Jensen DVM 9, Kenneth A. Ellenbogen MD €, FOR THE APT INVESTIGATORS

- 63 patients with systolic dysfunction

- 48 had at least 1 adequate follow-up
echocardiographic study

- 16 (25%) of the 63 had marked improvement in
the ejection fraction (mean = SD change, 2718
percentage points) to a value higher than 45%
after ablation.
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~ Table 1

1

Reproduced with permission from Gopinathannair R et al, JACC 2015 (reference # 1).

— AV=atrioventricular

Causes of Arrhythmia-Induced Cardiomyopathy
Superventricular

Atrial fibrillation

Atrial flutter

Atrial tachycardia

AV nodal re-entrant tachycardia

AV re-entrant tachycardia

Permanent junctional reciprocating tachycardia

Junctional ectopic tachycardia

= Ventricular

Idopathic ventricular tachycardia

~  Fascicular tachycardia

7 Ectopy

Frequent premature ventricular contractions
Frequent premature atrial contractions
Pacing

Persistent rapid atrial abd/or ventricular pacing




Primary mechanisms

Myocardial energy depletion Myocardial ischaemia Oxidative stress

A

Microscopic changes

Myocytes: Neurohumoral activation: Down-regulation of b-receptors
Loss of contractility Elevated atrial natriuretic peptide D‘ecreas?d sensitivity to b-
B tmemk dysfuncti El d catecholamine levels stimulation
Increased resting length Elevated plasma renin activity Decr gased adenylatecyclase
activity

Elevated plasma aldosterone levels

Abnormal calcium handling

Gross changes

Morphological: Functional:
bers dilatation (more pr d for Reduced cardiac output and LVEF

Cardiac ch
e

ic than end-diasts Elevated systemic vascular resistance
isolated RV dysfunction (rare) Elevated filling pressures
Spheroid left ventricular geometry Diastolic dysfunction
Decreased LV wall thickness Mitral regurgitation

From: Arrhythmia-induced cardiomyopathies: the riddle of the chicken and the egg still unanswered?
Europace. 2011;14(4):466-473. doi:10.1093/europace/eur348

Europace | Published on behalf of the European Society of Cardiology. All rights reserved. © The Author 2011. For permissions

please email: journals.permissions@oup.com



Cellular and Molecular Events Natural History

timulus Compensatory Phase
g LV pump function normal - >7 Days
jovemetossrssosseasessoens Sympathetic system activation
Extracellular Matrix
Remodeling
(D LV Dysfunction Phase
LV pump dysfunction and dilation
LV myocardial contractile dysfunction - 1-3 Weeks
Cellular Neurohormonal activation; initial
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Viability ey
Ca” ATPase L-Type Ca .
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R

Figure explaining pathophysiology of arrhythmia-induced cardiomyopathy (AIC).It shows the time course of events that happen in
response to rapid pacing in animals. Defects at level of ECM and cellular remodeling, along with defects in handling of calcium by cells
and neurohormonal activation ultimately leads to left ventricular dysfunction and heart failure. Reproduced with permission from
Gopinathannair R et al, JACC 2015 (reference # 1).
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Treating Specialty and Outcomes in Newly Diagnosed Atrial Fibrillation
From the TREAT-AF Study

Alexander C. Perino, Jun Fan, Susan K. Schmitt, Mariam Askari, Daniel W. Kaiser, Abhishek Deshmukh, Paul A.
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CENTRAL ILLUSTRATION: Cardiology Care in Newly Diagnosed AF

A. Cardiology Care to Outcomes B. Stroke Mediation Analysis
Outcomes | Early OAC
i Prescription
Stroke o |
Overall Mortality 1ol {
Cardiovascular Mortality —re+ |

OR1.65; 95% Cl 1.62-1.68
p < 0.0001

OR 0.94; 95% Cl1 0.89-0.99

Transient Ischemic Attack —+—e—+1 p=0.01

Heart Failure {ﬂ
AF/SVT : ro1
Myocardial Infarction | foi

L] ) L] 1 =
0.8 1.0 1.2 1.4 Cardiology Care Dirsct Bfises » Ischemic Stroke

Adjusted HR (95% Cl)

Perino, A.C. et al. J Am Coll Cardiol. 2017;70(1):78-86.




Can J Cardiol. 2015 Jan;31(1):36-43. doi: 10.1016/j.cjca.2014.10.032. Epub 2014 Oct 31.
Effects of sinus rhythm maintenance on left heart function after electrical cardioversion of atrial
fibrillation: implications for tachycardia-induced cardiomyopathy.

Zimmermann AJ', Bossard M?, Aeschbacher S', Schoen T!, Voellmin G, Suter Y3, Lehmann A', Hochgruber T', Pumpol K', Sticherling C?, Kithne M3, Conen
D', Kaufmann BA*.

0 73 patients (77% male, 66 £ 11 years)

1 ECV resulted in an immediate increase in LVEF (from 43
[interquartile range (IQR), 33-50%] to 48 [IQR, 40-53%]; P < 0.0001)

I In patients with AF relapse, LVEF returned to values comparable to
pre-ECV (n = 18) (44 [IQR, 32-51]%; P = 0.03).

I Only patients who remained in SR showed an increase in atrial
emptying fraction after 4-6 weeks (n = 51; to 37 [IQR, 26-48]%; P <
0.0001 vs post-ECV).
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Efficacy and effects on cardiac function of radiofrequency catheter
ablation vs. direct current cardioversion of persistent atrial fibrillation
with left ventricular systolic dysfunction

Maojing Wang,! Shanglang Cai,” Wei Ding,? Yujie Deng,! and Qing Zhao™"

Nanette H. Bishopric, Editor
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97 consecutive single-center patients Fig 1
with persistent AF and symptomatic - Ablatior®
heart failure (left ventricular ejection & 80- = DCC
fraction (LVEF) <50%) underwent g
£ 60-
- DCC followed by amiodarone (n = 40) ';;i@ .
- or circumferential pulmonary vein 5 =
isolation (PVI; n = 57) according to S 20-
patient’s preference were recruited in E
the study. £ 0 =

Comparison of proportion of patients with SR at 6 and 12 months between ablation and DCC groups.

DCC, direct current cardioversion.
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Comparisons of LA, LVEDD, LVEF and NYHA at 6 and 12 months between study groups.

LA, left atrial; LVED, left ventricular end-diastolic; LVEF, left ventricular ejection fraction; AF, atrial fibrillation; NYHA, New York Heart

Association.



CASTLE-AF
Catheter Ablation versus Standard

conventional Treatment in patients with LEft
ventricular dysfunction and Atrial Fibrillation

The CASTLE-AF trial

Nassir F. Marrouche and Johannes Brachmann,
on behalf the CASTLE AF Investigators




CASTLE-AF
Rationale and Objective CASTLE-AF

Study the effectiveness of catheter ablation of

Atrial Fibrillation in patients with heart failure in

iImproving hard primary endpoints of mortality and

heart failure progression when compared to

conventional standard treatment




CASTLE-AF
Inclusion Criteria CASTLE-AF

Symptomatic paroxysmal or persistent AF
Failure or intolerance to 2 1 or unwillingness to take AAD

LVEF < 35%
NYHA class 2 |l

ICD/CRTD with Home Monitoring™ capabilities already implanted

due to primary or secondary prevention

ARMA




CASTLE-AF

CASTLE-AF

Primary Endpoint Secondary Endpoints

All-cause mortality
Hospitalization due to worsening of heart failure

A”'cause morta”ty Cerebrovascular accidents

Cardiovascular mortality

Unplanned hospitalization due to cardiovascular reason

Worseninq heart All-cause hospitalization
- o - Quality of Life: Minnesota Living with Heart Failure and
failure admissions EuroQoL EQ-5D

Exercise tolerance (6 minutes walk test)
Number of delivered ICD shocks, and ATPs
(appropriate/inappropriate)

LVEF

Time to first ICD shock, and time to first ATP
Number of device detected VT/VF

AF burden: cumulative duration of AF episodes

AF free interval: time to first AF recurrence after 3 months
blanking period post ablation

CARMA




Baseline Characteristics-CASTLE AF

Ablation group Conventional group
(179 patients) (184 patients)

CASTLE-AF

TAge —years 64 (56-71) 64 (56-73.5)
New York Heart Association class

1 (%) 11 11

Il (%) 58 61

Nl (%) 29 27
IV (%) 2 1
TLeft ventricular ejection fraction — % 32.5 (25.0-38.0) 31.5 (27.0-37.0)
Current type of atrial fibrillation
Paroxysmal (%) 30 35
Persistent (%) 41 35
Long-standing persistent (>1-year) (%) 28 30
SCRT-D implanted (%) 27 28
SICD implanted (%) 73 72




CARMA

Results-CASTLE AF

Primary Composite Endpoint
1 T

- \“Lﬂ’_‘&
2 :
% O ; 8 B V\‘“\jﬂ_\ Ablation
n 7
2 0!6 b Lr“_\_‘*‘-'-—g_q
a HR, 0.62 (95% Cl, 0.43-0.87); HA,
© 4 - P=0.007 Conventional
; 0’ Log-rank test: P=0.006
L
2 0,2 -
0 T T T T T

0] 12 24 36 48 60
Follow-Up Time (Months)

Patients at Risk

Ablation 179 141 114 76 58 22
Conventional 184 145 111 70 48 12

CASTLE-AF
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Overview of the Current Understanding of AIC, from Mechanisms to Management and Prognosis
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