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VT Ablation in Nonischemic
Cardiomyopathy

Katja Zeppenfeld, MD, PaD

ABSTRACT

Catheter ablation is being increasingly performed as adjunctive treatment to prevent recurrent implantable cardicverter-
defibrillator therapies in patients with nonischemic cardiomycpathy and ventricular tachycardia (VT). In the context of VT
ablation, nonischemic cardiomyopathy usually refers to dilated cardiomyopathy (DCM) as one morphological phenotype.
Over the past decades, progress has been made to better characterize distinct subtypes and to differentiate between
causes of DCM, which has important practical and prognostic implications. The goal of this review is to summarize
available data on VT ablzation in patients with DCM and, mare specifically, review procedural and outcome data in specific
etiologies and substrate location. It will focus on our current understanding of nonischemic scars, as well as the value of
multimodal imaging, image integration, and electroanatomic mapping for substrate identification, procedural planning,
and ablation. In addition, recent findings from whole human heart histology of patients with DCM and VT and their
potential implications for imaging and mapping will be discussed. (J Am Coll Cardiol EP 2018;m:m-m) © 2018 by the
American College of Cardiclogy Foundation.
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ESC
Guidelines

Catheter ablation may be considered in
patients with DCM and VA not caused
by bundle branch re-entry refractory to
medical therapy.

IIb

Catheter ablation in specialized centres should be
considered in patients with DCM/HNDCM and
recurrent, symptomatic SMVT or ICD shocks for
SMVT, in whom AADs are ineffective,

_ 481,497,664,669
contraindicated, or not tolerated. 8 i
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In pazienti con CMD o isolata patologia HPS

A ECG di base spesso BBS o ritardo ventricolare
aspecifico

In TV aspetto BBS (piu frequente) o BBD

DD con TSV a conduzione aberrante

A endocavitario His precede sempre V, dissociazione A/V
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Mechanisms of Sustained Ventricular Tachycardia
in Myotonic Dystrophy
Implications for Catheter Ablation

Jose L. Merino, MD; Josc R. Carmona, MD; Ignacio Fernandez-Lozano, MD; Rafacl Pemnado, MD;
Nuria Basterra, MD; Jose A. Sobrino. MD

Conciunsions—A high clinical suspicion of bundle-branch reentrant tachvcardia 1s justified in patients with myotomic
dystrophy who exhibit wide QRS complex tachyvcardia or tachycardia-related symptoms. Because catheter ablation will
easily and effectively abolish bundle-branch reentrant tachycardia, myotonic dystrophy shonld always be considered in
patients with sustained ventricular tachyeardia. This 1s especially true 1l no apparent heart disease 1s [ound. (Cirenlation.
1998:98:541-546.)




In patients with CAD and recurrent, symptomatic
SMVT, or ICD shocks for SMVT despite chronic
amiodarone therapy, catheter ablation is

recommended in preference to escalating AAD
471

therapy.
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epicardico

The overall incidence of MSVTs in unselected DCM patients
has been shown to be low, occurring in only 2% to 8%
during a follow-up period of 6 to 68 months (Ebert 2020)
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Outcomes in Catheter Ablation of Ventricular Tachycardia ‘
in Dilated Nonischemic Cardiomyopathy Compared With
Ischemic Cardiomyopathy

Results From the Prospective Heart Centre of Leipzig VT
(HELP-VT) Study

63 with NICM and 164 with ICM

Noninducibility in 66.7% NICM and in 77.4%
ICM (p=NS)

At the 1-year follow-up, VT-free survival
NICM 40.5%, ICM 57%

In both groups incomplete procedural
success predicted VT recurrence

HR1.73; C195% 1.029 -2.905; p=0.039

Cum VT Free Survival
1l

X 0 Days

Dinov et al., Circulation 2014
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Mid-diastolic EGM (43% TCL)

Remote bystander %
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Outer loop

Area di fibrosi = area di basso voltaggio,
nella quale si mappano potenziali patologici
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Site 3
Endocardial and Epicardial % . I
Radiofrequency Ablation of Ventricular
Tachycardia Associated With Dilated Cardiomyopathy N 9
The Importance of Low-Voltage Scars

Kyoko Socjima, MD,* William G. Stevenson, MD,* John L. Sapp, MD,* Andrew P. Selwyn, MD,*
Gregory Couper, MD, T Laurence M. Epstein, MD* v
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PLACES ™™  Fibrosi nella cardiomiopatia

AC0 ~b =t 8a o

Dati istologici da 8 pazienti / 507

biopsie
Pattern di scar Architettura di scar
* Subendocardica 30% e Interstiziale 9%
e Mesomiocardica 19% e Diffusa 34%
e Subepicardica 17%  Patchy 55%
e Transmurale 28% * Compatta 3%
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A Pattern of fibrosis

hltect Is

Glashan et al, European Heart Journal (2018) 39,
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PLACE@ m&haracterizaiion of the Arrhythmogenic Substrate

in Ischemic and Nonischemic Cardiomyopathy

Implications for Catheter Ablation of
Hemodynamically Unstable Ventricular Tachycardia

I
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vLP ¥
0.15mV 017 mV

We sampled an averagde of 564 = 449 points and 726 *= 483 points in the left ventricle endocardium and epi-
cardium, respectively. Mean total low voltage area in patients with ICM was 101 = 55 cm? and 56 + 33 cm?,
endocardial and epicardial, respectively, compared with NICM of 55 + 41 cm? and 53 + 28 cm?, respectively.
Within the total low voltage area, vLP were observed more frequently in ICM than in NICM in endocardium (4.1%
vs. 1.3%: p — 0.0003) and epicardium (4.3% vs. 2.1%, p — 0.035). An LP-targeted ablation strategy was effec-
tive in ICM patients (82% nonrecutrence at 12 = 10 months of follow-up), whereas NICM patients had less fa-
vorable outcomes (50% at 15 = 13 months of follow-up).

Nelle aree di basso voltaggio LPs sono meno frequenti in
NICM che in ICM (sia in endocardio che in epicardio)

Ablazione basata su LPs é piu efficace in ICM che in NICM

Nakahara et al, JACC
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PLACE Long-Term Outcome After Catheter Ablation

Overall VT recurrence free survival after the last procedure

VT free survival probability
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of Ventricular Tachycardia in Patients With
Nonischemic Dilated Cardiomyopathy

o

24

Months

36

48

60

282 consecutive patients

Epicardial ablation in 32%, multiple
procedures in 36%

VT-free survival was 69% at 60-month follow-up
TV burden reduced

Muser et al, Circ Arrhythm Electrophysiol 2016
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PLACE@ The international, multicentre, dilated cardiomyopathy VT
ablation registry (DCMVT): acute outcome and follow-up
AP. Wijnmaalen, M. Ebert, S. Baldinger, D. Andeu, V. Catto, M.
Vashegi, T. Deneke, C. Piorkowski, K. Soejima, K. Shivkumar, C.
Carbucicchio, A. Berruezo, G. Hindricks, W. Stevenson, K.

Survival after 1st and multiple procedures Survival according to inducibility after ablation
1004 100+
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==« multiple procedures _ ‘. = =« Inducible / no PES

® [ )

2 - 2 -

e gl T e Tteaa

a - a2 TTtetea

o 509 o 501 T m——

@ o -

S 5

0 T T T 0 T T T
0 100 200 300 0 100 200 300

Time (days) Time (days)

1 yr event free survival was 49% after 1 and 52% after >1 procedures

Europace, Volume 19, Issue suppl_3, June 2017, Page iii120, https://doi.org/10.1093/ehjci/eux143

The content of this slide may be subject to copyright: please see the slide notes for details.




CENTRAL ILLUSTRATION: Outcome After Ablation for Ventricular Tachy-
cardia in Patients With Dilated Cardiomyopathy

9 Centers, 281 DCM Patients Referred for VT Ablation

Outcome After a Median Follow-Up of 21 Months (IQR: 6-30 Months)

Mortality/Transplantation or VT Mortality/Transplantation VT
60% at 2 Years 23% at 2 Years 54% at 2 Years

Early VT Recurrence Survival <50% for Low LVEF
Predicts High Mortality + Early VT Recurrence
*
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Days to Recurrent VT after Ablation Days after Ablation
After early VT recurrence: LVEF €32% +ER  55% at 1 year
40.4 deaths/tranplants per 100 pt years LVEF £32% no ER 19% at 1year

LVEF >32% +ER 6% at1year
LVEF >32% no ER 3% at1year

Low LVEF and Early VT Recurrence Warrants Early Consideration for

Heart Transplantation or LVAD

Zeppenfeld K, et al. J Am Coll Cardiol. 2022;80(11):1045-1056.
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TABLE 1 Causes of DCM

Cause

Examples

Routine Work-Up

Selective Work-Up

Idiopathic
Genetic

Toxins

Infectious

See Table 3

Alcohol, amphetamines, cocaine, anthracyclines
(e.g., doxycycline), trastuzumab, clozapine,
chloroquine, carbon monoxide, cobalt,
lead, mercury

Viral

* Adenovirus, Coxsackie A and B,
cytomegalovirus, Epstein-Barr,
human herpes virus 6, HIV,
parvovirus B19, varicella

Bacterial

« Brucellosis, diphtheria, psittacosis,
typhoid fever

Fungal

Sprrochetal

« Borreliosis (Lyme disease), Leptospirosis
(Weil disease)

Protozoal

« Chagas disease, schistosomiasis,
toxoplasmosis

Rickettsial

« Hypocalcemia, hypophosphatemia, uremia

Endocrine abnormalities

« Cushing's disease, acromegaly hypo/
hyperthyroidism, pheochromocytoma

Nutritional deficiencies

« Carnitine, thiamine, selenium

autoimmune

ular disease

Infiltrative diseases

« Hemosiderosis, sarcoidosis

Vasculitis

« Churg-Strauss, Kawasaki disease,
polyarteritis nodosa

Connective tissue disorder

* Scleroderma

« Dermatomyositis

o Systemic lupus erythematosus

Dy i (Duchenne/

Becker muscular dystrophy/X-linked DCM)
Limb-girdle muscular dystrophies
Facioscapulohumeral muscular dystrophy
Emery-Dreifuss muscular dystrophy
Friedreich's ataxia
Myotonic dystrophy

Pregnancy
Tachyarrhythmia

Detailed family history

ECG (AV block) [LMNA]*

Ferritin and transferrin saturation
[hemochromatosis]*

Detailed history of toxin exposure
GGT, LFT, MCV

Troponin

Urea, areatinine, Na, K, Ca, PO,
Thyreid function tests

Plasma glucose

Urinary metanephrines

ESR, CRP
ECG (AV block), CXR
(hilar lymphadenopathy),
and serum ACE [sarcoidosi

Clinical screening of first-degree relatives
if no other cause for DCM identified.

Consider genetic testing if familial
involvement, AV block, or raised
ferritin/transferrin saturation.

Urine toxicology screen if high suspicion
of cocaine/amphetamine abuse.

HIV serology in all patients with risk

factors and/or unexplained DCM
Trypanosoma Cruzi serology if travel

o or residence in Central/

South America.
Consider EMBX if suspicion of myocarditis

(see “Inflammatory cardiomyopathy and

the role of endomyocardial biopsy,” p. 2997)
Targeted serological testing if suspected

Lyme disease or rickettsial infection.

Targeted endocrine investigations if
suggestive dinical features.

Trace element/nutritional screen if
significantly malnourished.

EMBX if suspicion of sarcoidosis or
vasculitis (unless confirmed
extracardiac disease and myocardial

Creatine kinase

Skeletal muscle weakness

Family history (X-linked inheritance
patternt), ECG ("posterolateral
infarction"), echo (posterolateral
akinesia/dyskinesia)
(dystrophinopathies)*

Gait ataxia [Friedreich's ataxia)*

Myotonia/cataracts [myotonic

dystrophy)
ECG (AV block) [Emery-Dreifuss
type 1/myotonic dystrophy]*

12-lead ECG

on imaging).
Autoantibody screen if raised ESR/CRP
or skin/joint/systemic features.

Specialist evaluation + muscle biopsy/
electromyography/genetic testing
if musde weakness, elevated
creatine kinase, or other cardiac/
extracardiac markers.

Ambulatory ECG monitoring.




Catheter Ablation of Ventricular Arrhythmia
in Nonischemic Cardiomyopathy
Anteroseptal Versus Inferolateral Scar Sub-Types
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Classificazione NICM in base al tipo di scar

TV tipo BBS con asse inferiore sn

A ECG di base disturbi di
conduzione AV e IV
Scar mesomiocardica

Potenziali tardivi non frequenti

Ablazione poco efficace

TV tipo BBD con asse superiore dx
A ECG di base bassi voltaggi,
anomalie T

Scar subepicardica

Potenziali tardivi frequenti (epi)
Ablazione efficace (epicardica)

l‘@ k"'ﬁ’ Wo %:‘_
@) “’J w9 %

; INFEROLATERAL SCARS 4’
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Prevalence and Prognostic Impact of
Pathogenic Variants in Patients With
Dilated Cardiomyopathy Referred for
Ventricular Tachycardia Ablation

Micaela Ebert, MD,* Adrianus P. Wijnmaalen, MD, PaD,* Marta de Riva, MD,” Serge A. 'lrines, MD, PuD,*
Alexander F.A. Androulakis, MD,” Claire A. Glashan, MD,* Martin J. Schalij, MD, PuD,*
I. Peter van Tintelen, MD, PuD,™¢ Jan D.H. Jangbloed, MSc, PrD,? Katja Zeppenfeld, MD, PrD?

98 pazienti con CMD e TV (FE media 39%)
familiarita CMD 15%, familiarita SD 25%
M+ 38%; M- 62% (41% assenza di M / 21% VOUS)

LMNA 11 (30%), TTN 6 (16%), PLN 6 (16%),
SCN5A 3 (8%), RBM20 2 (5%), DSP 2 (5%)




A Likely Pathagenic or Pathogenic Varlants B No Likely Pathogenic or Pathagenic Varlants
displayed on a 17-segment model displayed on a17-segment model
G E)

=53] GE
% of patients per affected segment
LV endocardium

"J| Distribution of VT substrate sites
displayed on a 11-segment madel
iy

% of patients per affected segment
LV encocardium

Distribution of VT substrate sites
displayed on a 11-segment model

N =20/37

L
% of patients per affected segment
LV spicardium LV epicardium

% of patients per affected segment

2 distinti pattern di substrato elettrico: AS e
IL

Forme genetiche AS e IL, forme acquisite IL

Ma geni diversi € substrato in sedi diverse

® LMNA
PLN
@ RBM20

SCN5A
DsSP

S

Substrate locations
related to distinct genetic
variants

JACC: CLINICAL ELECTROPHYSIOLOGY
© 2020 BY THE AMERICAN COLLEGE OF CARDIOLOGY FOUNDATION



Successo procedurale

Totale 37%
Parziale 52% B 1.0 1.04
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PPy 37 18 8 5 2 ey 37 28 31 18 14
NoLP/Pvle1 43 32 26 12 NolLP/Pv|61 54 47 41 38
TV rec 81% 54% | |

D/Tx/VAD  51% 15%

JACC: CLINICAL ELECTROPHYSIOLOGY
© 2020 BY THE AMERICAN COLLEGE OF CARDIOLOGY FOUNDATION
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A

Anteroseptal substrates B Inferolateral substrates
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No at risk No at risk
LPPPv |22 11 6 3 1 LPIPv |15 7 2 2 2

noLPIPv|26 13 11 8 8 noLPva|35 30 21 18 16
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Probability of VT-free survival
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'SEGMENTAL: Lor

Basal septum | Midseptum

Holmstrom et al. Journal of Cardiovascular Magnetic Resonance 2011

DCM con disfunzione sistolica lieve o moderata PRinterval
Aritmie ventricolari non sostenute s S Y ~/\
Blocco AV di | grado (correlato alle aritmie
ventricolari)

Patologia nodo SA e blocchi di branca in giovane eta
Fibrillazione atriale

Ridotto strain settale Hasselberg et al. Europace 2014
LGE settale

ANAN

\

1000 ms 25 mm/s




ROMA 30 Settembre - 1 Ottobre 2022 Centro Congressi di Confindustria Auditorium della Tecnica

PI_A E@ 9* Edizione
S C Multicenter Experience With Catheter Ablation for
Ventricular Tachycardia in Lamin A/C Cardiomyopathy

Saurabh Kumar, BSc(Med)/MBBS. PhD: Alexander I' A. Androulakis, MD:;
Jean-Mare Scllal, MD; Philippc Maury, MD; Estelle Gandjhakhch, MD, PhD;
Xavier Waintraub, MD: Anne Rollin, MD; Pascale Richard. PhD; Philippe Charron, PhD;
Samucl H. Baldinger, MD; Ciorsu J. Macintyre, MD; Bruce A, Koplan, MD, MPH:
Roy M. John, MD; Gregory 1. Michaud, MD: Katja Zeppenteld, MD; I'rederic Sacher, MD;
Neal K. Lakdawala, MD: William G. Stevenson, MD: Usha B. Tedrow. M), MSc

Background Lamin AJC (LMNA) cardiomvopathy is a genetic disease with a proclivity for ventricular arrhythmias. We
describe the multicenter experience with percutaneous catheter ablation of sustained monomorphic ventricular tachycardia
(VT)in LMNA cardiomyopathy.

Methods and Results  Twenty-five consecutive IAMNA mutation patients from 4 centers were included (mean age, 55+9
years: ejection fraction, 34+12%; VT storm in 36%). Complete atrioventricular hlock was present in 11 patients; 3
patients were on mechanical circulatory support for severe heart failure. A median of 3 VTs were inducible per patient;
in 829, mapping was consistent with origin from scar in the basal left ventricle, particularly the septum. but alsa basal
inferior wall and subaortic mitral continuity. After multiple procedures (median 2/patient: transcoronary alcohol in 6
and surgical cryoablation in 2 patients), acute success (noninducibility of any V'I') was achieved in only 254 of patients.
Partial success (inducibility of a nonclinical VT only: 50%) and failure (persistent inducibility of clinical VT: 12.5%)
was attributed to intramural septal substrate in 13 of 18 patients (72% ). Complications occurred in 25% of patients. After
a median follow-up of 7 months after the last procedure, 91% cxperienced =1 V1 recurrence, 44% received or were
awaiting mechanical circulatory support or transplant for end-stage heart failure, and 26% died.

Conelusions—Catheter ablation of V1 associated with LMNA cardiomyopathy is associated with poor outcomes including
high rate ol arrhythmia recurrence, progression (o end-stage heart failure, und high mortality. Basual septal scar and
intramural V'I' origin makes V'l ablation challenging in this population. (Cire Arrhythm Electrophysiol. 2016:9:e004357,
DOI: 10.1161/CIRCEP.116.004357.)




ROMA 30 Settembre - 1 Ottobre 2022 Centro Congressi di Confindustria Auditorium della Tecnica

Pl_ ACE@ TEE® 2022 ESC Guidelines for the management of
T patients with ventricular arrhythmias and the
prevention of sudden cardiac death

Indicazioni ICD in prevenzione primaria in
CM D ICD implantation should be considered in patients
with DCM/HNDCM, symptomatic heart failure
(NYHA class lI-Il), and LVEF <35% after >3
months of OMT 357:359.635.650

ICD implantation should be considered in DCM/
HNDCM patients with a pathogenic mutation in
LMNA gene, if the estimated 5-year risk of
life-threatening VA is >10%" and in the presence
of NSVT or LVEF < 50% or AV conduction
delay, 20652653

ICD implantation should be considered in DCM/
HNDCM patients with a LVEF <<50% and =2 risk
factors (syncope, LGE on CMR, inducible SMVT at lla Cc
PES, pathogenic mutations in LMNA,® PLN, FLNC,
and RBM20 genes).

In DCM/HNDM patients, electrophysiological
evaluation should be considered when syncope

lla

lla B

lla C
remains unexplained after non-invasive

. 661,668
evaluation.
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Muscular dystrophy (A and B): subepicardial stria of LGE, replacement-type
fibrosis.

Chronic myocarditis (C and D): subepicardial LGE, fibrous tissue replacement.
Desmosomal gene-related, left-sided ACM (E and F): subepicardial LGE,
myocardial replacement in a sudden cardiac death victim.
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Figure 4 (Representatvefigure) (A-C)depict epicardial bipolar (cut-off value = 1.5 mV), unipolar,and LPmaps and (D) short-axisviews of CMR LE
scar located in the basal-mid inferolateral wall. Epicardial unipolar mapping better identifies the corresponding CMR-detected scarand encloses the
LP area that was targeted for ablation.

26 pazienti con TV post-miocardite
23/26 approccio endo/epi in base a
RM

Ablazione prevalentemente in epicardio
di TV mappabili, LPs

Buona corrispondenza fra CMR e
mappaggio unipolare

A 23 (15-31) mesi in 76.9%
assenza di recidive

Maccabelli et al, Europace 2014
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Approcci innovativi (bailout
strategies)

Approccio epicardico con finestra pericardica
Crioablazione chirurgica

Ablazione con supporto cardiopolmonare (ECMO)
Ablazione transcoronarica con alcool (arteriosa o
venosa)

Ablazione unipolare simultanea

Ablazione bipolare simultanea

Modulazione dell'impedenza

Irrigazione a ridotta osmolarita

Electroporation

Coil embolization

Needle ablation

Radioablazione stereotattica
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Pl_ ACE @ o eaizione - Stereotactic radioablation for the treatment of ventricular tachycardia:
A preliminary data and insights from the STRA-MI-VT phase Ib/Il study

Corrado Carbucicchio® . Daniele Andreini?? . Gaia Piperno® . Valentina Catto' - Edoardo Conte? .

Federica Cattani® - Alice Bonomi® - Elena Rondi® - Consiglia Piccolo® - Sabrina Vigorito® - Annamaria Ferrari® -
Matteo Pepa® - Mattia Giuliani” - Saima Mushtaq? - Antonio Scara® - Leonardo Cal® - Alessandra Gorini”° -
Fabrizio Veglia® - Gianluca Pontone? - Mauro Pepi'® - Elena Tremoli'' - Roberto Orecchia'? - Giulio Pompilio
Claudio Tondo''. Barbara Alicja Jereczek-Fossa*?
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Results Seven out of eight patients (men; age, 70 +7 years: ejection fraction, 27 + 11%: 3 ischemic, 4 non-ischemic cardio-
myopathies) underwent SBRT. At a median 8-month FU, no treatment-related serious adverse event occurred. Three patients
died from non-SBRT-related causes. Four patients completed the 6-month FU: the number of VT decreased from 29 +33
to 11+9 (p=.05)and 2+2 (p=.08), at 3 and 6 months, respectively: shocks decreased from 11 to 0 and 2, respectively. At
6 months, all patients. showed a significant reduction of VT episodes and no electrical storm recurrence, with the complete
regression of iterative VTs in 2/2 patients.

Journal of Interventional Cardiac Electrophysiology (2021) 62:427-439
https://doi.org/10.1007/510840-021-01060-5




Vantaggi

Quando ablazione non fattibile
(aderenze pericardiche, protesi
valvolari..)

Siti non raggiungibili da ablazione
(mesomiocardici...)

Non invasiva e indolore

Limiti

Meccanismo non chiaro
Integrazione EAM e TC per
definizione volume target
Efficacia a breve non ottimale in
tutti (25 Gy?)

Complicanze (pericardite,
polmonite, HF, fistola pericardio-
esofagea)

Efficacia e complicanze a lungo
termine non note (danno coronarie
e valvole?)
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e L’ablazione della TV nella NICM (DCM) &€ meno efficace che
nella cardiomiopatia ischemica (ICM)

* Questo dipende dal substrato, che rispetto alla ICM ha in parte
caratteristiche diverse e soprattutto € meno raggiungibile con
le attuali tecniche

* Nelle forme acquisite, in particolare le post-miocarditiche, i
risultati sono discreti, in centri con adeguata esperienza
nell’approccio epicardico

* Nelle forme genetiche i risultati sono attualmente deludenti
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