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LV Activation Mapping During VT
| v Findings:

Activity in electrical diastole as
part of the circuit

Endocardial location for diastolic
aspect of circuit

Importance of the Border Zon

Electrode

Recording from the VT circuit
with non steerable endocardial
catheters

Josephson et al




SURGICAL ABLATIVE THERAPY FOR VENTRICULAR TACHYCARDIA
SUBENDOCARDIAL RESECTION
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Influence of Clinical Arrhythmia Type on Endocardial Bipolar

Electrogram Characteristics in LV NICM(26pts) vs ICM(127pts)

Characterization * Non steerable catheter

of substrate “ e Guided by fluoroscopy
e 12 distinct sites

CAD NSyT  cardiac g oy

(n=127) NIcM  AIESt NICM

Normal sites (%) 50 24 90 10 91 11 64 25*%

Abnormal sites (%)

43 21 10 10 9 11 33 27*
(< 3.0mV)

Fractionated sites(%)

*
(<.03mV and >100ms) [ 0 0

Late sites (%) 12 14 5 8 O O
*P <0.05

Cassidy D Josephson M: Circulation 1986, 4:645-652
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Influence of Clinical Arrhythmia Type on Endocardial Bipolar

Electrogram Characteristics in LV NICM(26pts) vs ICM(127pts)

 Non steerable catheter
e Guided by fluoroscopy

sust ® 12 distinct sites

Characterization
of substrate

Normal sites (%)

Abnormal sites (%)
(< 3.0mV)

Fractionated sites(%)
(<.03mV and >100ms)

Late sites (%)

Cassidy D

NSVT
NICM

Cardiac

Arrest
NICM

CAD
(n=127)

50 24 90 10 91 11 64 25*

43 21 10 10 9 11 33

7 11 0O O 0O O

12 14 5 8 0O O
*P <0.05

Josephson M: Circulation 1986, 4:645-652



MAGNETIC ELECTROANATOMIC MAPPING SYSTEM

4mmTip electrode Puller wire + Steerable/Deflectable

Catheter
Location
sensor (S)

A
2mm Ring electrode

ic fiel :
tic fields 3D Bipolar Voltage Maps of RV

Normal

AP r >Lsmv. AP P\t

RV

RVOT VT 2D Emy ARVCM/D

Couple electrogram information with anatomic location and create 3D display




VT Ablation - Evolution from Surgical Therapy to Catheter Based
Electroanatomic Mapping and RF Ablation for Unmappable VT

Subendocardial Resection(SER)
Guided by Intraoperative
Activation Mapping

SUBENDOCARDIAL
RESECTION
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Josephson M, Harken A, Horowitz L et al Circulation 1979

Sites of Best Pacemap

Endocardial Linear
Lesions — guided by
voltage mapping and PM

Substrate
Based
Catheter
Ablation

Linear
ablation
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VT Associated with Idiopathic CM
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Sinus Rhythm
Voltage Map

Multiple VT
Morphologies from
basal superior LV
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Abnormal Voltage
map — typically low
voltage around
valvular structures




NICM and Late R waves transition (LBBB) in Precordial Leads?

SRSXCTS
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Bundle
Branch
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H-H cycle length changes precede V-V cycle

length changes



Growth in VT Catheter Ablations (UPENN) 1999-2018
( N = 4729 ablation procedures)

O DR/ NICM -30%

468 Idiopathic
2017 PVC/VT - 40%
2015
2013
2011 A\
W
2009 Q’\
2007 6
Q;&QIDVC —reverse PVC CM

2005 22* VF trigger ablation
2003 \309\‘ e VT ablation in NICM
2001 S « Epicardial VT Ablation
1999 * New substrate

0 25 50 75 100 125 150 175 200 22¢ targetS/endpomtS fOf

unmappable VT
B Endocardiar m cpivaruiar

Number of VT Ablations

AMI CZ



Importance of 12 lead ECG of VT, Activation and Entrainment Mapping

Recurrent ICD Shocks and VT — Old Circumflex Infarct Enters EP Lab at 2:30PM
Entrainment  Activation in Area of Circ Infarct

=200,

| 2:39 PM

PCL 450 ms

3:12:43 PM

VT Termination with RF at 3:15PM
I"# 1§ No inducible VT at 3:35 PM



PVC Ablation - Indication - PVC Cardiomyopathy

Take away PVCs and see
if CM reverses?

69 ptS (EF-35  9%:

LVDD 5.8 0.7cm; 61% from LVOT)

Pre Ablation — PVCs + LVEF
35% on heart failure meds abla

Close to
6 pts coronary or
(99 Intramural
63 (91%
succkss)

2 pts
recurr

61 (88%)success 8 pts with VPDs

EF by 14% No EF
on Max HF
meds

Mountantonakis S et al Heart Rhythm. 2011,8(10):1608 -1614




PVCs and Reversible Cardiomyopathy: Natural Hx. and Predicting Risk

Frequen
t VPDs

Can >10%VPDs/VPD QRS > 150ms-More Monitoring/Act Earlie !
we
identif

ECHO

y risk? s

Deyell M, Park K et a Heart Rhythm 9:1465-1472 ;2012 Caballiera Pol L et al Heart Rhythm Nov 2013.,
Baman ..Bogun et al Heart Rhythm 2010 , Hamon et alJCE Vol. 27, pp. 709-717, June 2016




Epicardial LV SUMMIT (Top of LV) — Proximal Aspect| naccessible
Coronary Arteries and Epicardial Fat

Left Main g
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Map from the Coronary Venous Circulation (AIV/GCV)
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Santangeli et al. Circulation
EP 2015;8:337-43
Yamada et al. Circulation
EP 2010;3:616-23

W.A. McAlpine Collection-
UCLA Cardiac Arrhythmia
Center (with permission)
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ABLATION STRATEGIES IF CLOSE TO ARTERY
1- From the GCV/AIV(gold standard)

From Surrounding Structures ‘.\
2 - From the LCC Wi i,

3 - From the LV endocardium (just in / .
front of Aortic valve SN
4 - From the RVOT T T Letwain

How anatomically
close to earliest vein
site do you need to
be ?

Heart Rhythm 2012;9:865-873 Heart Rhythm 2017;14:141-48
W.A.McAlpine Collection-UCLA Cardiac Arrhythmia Center (with permission)




In 53 VT cases (82%) CVS earliest activation but energy not delivered or unsuccessful

~

46(87%)proximity to coronary 7 (13%) ineffective

vessels \

Anatomical approach from adjacent structures was

successful in 26 (49%) patients Proximity is Key!!!
/ \ Anatomical distance between the earliest site within the CVS
. and the targeted site
35

7(27%) from 2 (8%) from the 30
coronary cusps anterior-septal .S .
RVOT -
17 (65%) from the Endocardial ® W é
LVOT just in front of AV Z L
Updated Abularach M et al Heart Rhythm. 2012;9:865-873; Success ful group Unsuccess ful group

Shirai et al Europace. 2019 Mar 1;21(3):484-491. doi: 10.1093/europace/euy25 >12.8 mm -anatomical approach successful in 1/13 (8%).



Ablation from
Adjacent RVOT

Frankel D et al Circulation EP 2014;7:984-5

Detailed 3D
Mapping
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% &' & (Short coupled VPD - <320ms)

S

V2

V5

Right Ventricle Left Ventricle v

(EREE I L3 L
=== Fn 7S ¢

LVOT = Left ventricular outflow tract (4) ’
LV PM = Papillary muscle (3) v
LV Purkinje (4) —
Epi-MV = Mitral valve (1) RBLS

RVOT = Right ventricular outflow tract (4)

RV Moderator band (6)/Pap Muscle (4 )
Epi RV (1)

TV = Tricuspid valve (1)

F@% Penn Med Haissaguerre M, et al, Lancet (2012)




LV and RV Papillary Muscle /Moderator Band PVC Trigger for Idiopathic VF

(Tvplcal 12 lead ECG Pattern; Short coupled <320ms VPD

12 lead LBLS
Late precordial

transition

Use of Cryo ablation to
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Ablation of Unstable VT — Guiding Principles

« Define the abnormal anatomy — bipolar /unipolar voltage map
— know where to look for abnormal voltage!!

 Analyze the ECG of VT and recordings in region of abnormal
voltage during sinus rhythm and pacing
Surrogates for VT Exit sites
e 12 lead ECG of VT
e Pacemap match with short Stim to QRS = VT QRS

Surrogates for isthmus during VT

Pacemap match with long Stim - QRS = VT QRS  or Abrupt change in QRS
Late potentials in sinus rhythm/pacing

Multicomponent/split Egs brought out with pacing (LAVAS)

Channels based on inexcitability, voltage, late potential activation




Other Substrate Targets for VT Ablation

Late potentials

t1

LAVAS

- Mulitcomponent Egs brought out

by pacing and prematures

Voltage Channels LP Channels

Channels — Voltage, Egs-sequential late activation



Multielectrode Mapping of Sinus Rhythm/Pacing and VT to More
Accurately Establish Relationship between Sinus Rhythm
Recordings and VT Circuit

Prior anterior wall Ml with recurrent VT

Sinus Rhythm Ventricular Tachycardia

SR LP Propagation map SR LP

SR Voltage map (0.5-1.5)

SR LP Activation map

Aziz Z, Shatz DY, Raiman M, Upadhyay GA, Beaser AD, Besser SA, Shatz NA, Fu Z, Jiang R, Nishimura T, Liao H, Nayak H, Tung R.
Targeted Ablation of VT Guided by Wavefront Discontinuities During Sinus Rhythm: A New Functional Mapping Strategy. Circulation. 2019. doi: 10.1161.




Coronary Venous SEPTAL Mapping §| Abnormal Intramural Electrograms

1- CS access with sheath (Agilis)
- Fits more than one mapping catheter J
- Can insert ablation catheter as needed

2- Distal Venogram
3- 3F Multipolar catheter -epicardial
branch

4- Selective cannulation of septal veins ‘
- Terumo 4F catheter
- Guidewire (Vision Wire)
- Connect the wire to PSA - unipolar
- Filtered 30 - 150 Hz
- Use septal venous recording to guide LV
endo ablation

Enriquez,A ....Garcia F. Heart Rhythm. 2017 Jan;14(1):141-148

" # $%
$& ( )%&*!  +-- # .1 * 0
1/2%1231 +4+




Endo Unipolar Egs to Identify Epicardial Scar

RV
Mid
LV
ARVC + VT Endo

>1.5 mv n
[Upper Limit >8.3 mV for LV, >5.5 mV for RV

Endocardium Endocardium Epicardium
Bipolar Unipolar Bipolar

AY

NICM +VT

Polin et al Heart Rhythm 2011, Hutchinson et al. Circ Arrhythmia and EP March 2011







Arrhythmogenic RV Cardiomyopathy — Good Long-Term VT Free Outcome with Ablation
NICM - EPI added to ENDO Ablation

Basso, C. et al. Circulation 1996;94:983-991

Percutaneous EPI Access

Marcus F,et al Circulation 1982.

#+001
VT EPI 231 4 544 42 63 0( 77

Ablation: Class 1 indication if failed a drug
and Class llIA if drug not preferred or not
tolerated

EPI>ENDO " #$%8(1Y) !

—
_
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Brugada Syndrome — RVOT EPI Free Wall J Wave Syndromes
Pre Flecainide Post
Ablation Ablation

K.Nademanee et al Circulation 123:1270 (2011) * +, - . * /0-1,2

Brugada, Pappone et al Circ A and E 8:1373 (2015) 1$




Beyond noninduciblility - New VT Ablation Endpoint
VT Core Isolation with Entrance and Exit Block

Key elements of VT
circuit form sinus or
VT mapping (LPs,
good Entrain) inside
the planned area to
be isolated

- “THE CORFE"

From Endpoints for Ablation of VT Santangeli P, Frankel D, Marchlinski F Circ A + E, 2014;7(5):949-60 +
From VT Core Isolation...
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Normal ENDO Normal EPI Bipolar — Only
) B .
Bipolar Fat and Coronaries

F. Delayed Transseptal Conduction

E. Characteristic ECG Patterns

Abnormal unipolar Mid Myocardial DE
Egms .

Intramural
Septal
Scar

Haqqgani H et al Heart Rhythm. 2011 Aug;8(8):1169-1176; Betensky B et al Circ A and E 2013; (6):1123-30; Piers et al Circ A and E
2013;6:875-883




Not Everything is Epicardial - Overcoming the Challenge of
Mid Myocardial Scar ( LV NICM and VT Ablation)

Improving VT Ablation in NICM More Drugs and
- Detailed Endo/EP1 Mapping Repeat Pro_cedures
/Ablation To Achieve

| Reasonable Outcome
- Longer lesions Challenge _ Mid

- Ablating from both sides of the Myocardial Scar
septum

Endocardium

Epicardium




NICM and VT Ablation - More Effective Transmural Lesion

Dictated

Transcoronary arterial/venous ethanol =——————) Iby vessel
ocation!

Bipolar ablation (investigational)  c...————

Simultaneous two-site unipolar ablation

Half normal saline irrigant ;

Needle catheter ablation (investigational)
—
 Lattice Tip ablation catheter (investigational)

(Bigger footprint - 3X Vol; 2X depth than standard ablation tip) |

Intracoronary Alcohol Tokuda...Tedrow. Circ AE 2011; Venous Alcohol Ablation - Kreidieh...Valderrabano. Circ
AE 2016; Bipolar Ablation J.Koruth et al Heart Rhythm 9:1932-41 (2012;Half Normal Saline Nguyen Sauer.
JACC EP 2017 ; Needle Electrode -Sapp...Stevenson. Circulation 2013, JCE 2006T.Kitamura, M.Hocini, F.Bourier, et al, JCE doi:10.1111/jce.14089 (2019)




Pulse Field Ablation - Irreversible Electroporation

- Increase in transmembrane
voltage with high voltage ultra
short duration impulses
creation of nanopores  cell
death

- Reversible vs irreversible
electroporation depends on

electric field threshold of
tissue (SpeCIfIC for heart, \VAS Expert Rev Cardiovasc Ther. 2018

May;16(5):349-360, Chang D.C., and
coronary vessel vs nerves) Reese T.S.. Biophys J 1990; 58

= Opportunity for ablation
with less collateral injury

- Not contact dependent

- Need to determine
maximum depth in scar but | |

L. . . Kars Neven_....Fred Wittkampf Circ Arrhythm
promlSlng pre“mlnary data Electrophysiol. 2014;7:913-919.




Role of Online Imaging and Image Integration — Creat es a Road Map

Monitor Contact and

g::rractenze Lesion Formation Image Integration

)

) Santangeli P et al (MUSIC Consortium) Heart Rhythm 2017

Bala et al Circ A and E 2012 . . . .
Enriquez A..GarciaF Circulation 2018 May

Diagnostic Arrhythmogeic MR Patterns
MR Correlates of Egs
Abnormalities
ARVC

Xie ... Nazarian S Heart Rhythm KuoL .... Nazarian S JACC Card Imaging 2019. Aug S1936-878 Ghannam et al JCE 2018

2018.Jul;15(7):987-993.




N Engl J Med 377;24 December 14, 2017

Noninvasive Cardiac Radiation for Ablation of Veatllar Tachycardia

Phillip S. Cuculich, M.D., Matthew R. Schill, M.D., Rojano Kashani, Ph.D., Sasa Mutic, Ph.D., Adam Lang, M.D., Daniel Cooper, M.D.,
Mitchell Faddis, M.D., Ph.D., Marye Gleva, M.D., Amit Noheria, M.B., B.S., Timothy W. Smith, M.D., D.Phil., Dennis Hallahan, M.D., Yoram
Rudy, Ph.D., and Clifford G. Robinson, M.D.

Robinson C, Kuculich P 2019;139:313-321. DOI:10.1161/CIRCULATIONAHA.118.038261

VT Substrate
Ablation —
Alternative to
Catheter Ablation?

25Gy

Immobilization

2 2! I # 3 44 5 67
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