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When to go epicardial

» General concepts

* ECG criteria

» Etiology & Imaging criteria

ACCESS TO VARIOUS EPICARDIAL REGIONS VIA
THE PERICARDIAL SPACE

SCHEMATIC OF PERICARDIAL SINUSES AND |

Anterior Access:
‘ ateral Tricuspid annulus
Anterior Right Ventricle

= Transverse

O\ sinus
Inferior/Posterior/Lateral
Access areas

Lateral mitral annulus
LAA
LV ant and lat wall

Posterior left atrium (via
oblique sinus)

Diaphragmatic surfaces of
RVand LV
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EPICARDIAL ACCESS NEEDLES AND LANDMARKS FOR NEEDLE ENTRY

Anterior

Heart
i it nferor quadrant 36
O'clock iewed from caudal view
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Dangers of Pericardial Access

RV perforation

Pericardial bleeding

Liver Injury

Abdominal Bleeding

Entry into left pleural space

e

/intramural RV perforation Liver entry
hematoma

ELECTROANATOMIC MAPPING AIDED EPICARDIAL ACCESS

h To Minimi
ar Electroph,

Approach to Assessing Need for Epicardial Access/Ablation

1. ECG suggest EpicardiaI'VT exit site @ VES -
NO
. bt:
2. Prior unsuccessful Endocardial Ablation o almn.g
' NO YES —— Epicardial
3. Define SCAR location with CE imaging ARy
Sub epicardial or mid-myocardial scar YES Mapping
(and
¥ no
P P Ablati
4. Consider likelihood of Epicardial circuit @ sten)
for Underlying Substrate: HIGH —=——>
LOW

‘ Perform Endocardial Mapping and Ablation first ‘

® ©

ECG Criteria (Berruezo et al Circ 2004) | | ECG Criteria for NICM (Valles E Circ AE 2010) Probability of Epicardial
Focus (Sacher F et al JACC 2010)

1) Pseudo-delta>34 ms 1) Absence of inferior Q wave

Normal 6%

2)IDT (v2) >85 ms. 2) Pseudodelta 275ms ic™M 16%

3) Shortest RS complex 3) MDI >0.59 NICM 3s%

>121ms ARVC 1%
4) Presence of Qwave inlead |

4) ORS duration >211 ms Other CM 18%

Boyle NG & Shivkumar K: Epicardial Interventions in Electrophysiology, Circulation 2012;126:1752-1769




When to go epicardial

* General concepts
* ECG criteria

» Etiology & Imaging criteria
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l ECG CRITERIA FOR NON ISCHEMIC CARDIOMYOPATHY I

Probable Epicardial Origin
(based on interval criteria)

. | | Lead!
Presence of No EPI VT X P | e
inferior q waves? - #
ve ~E
o] Al ave

N YES

A 1
aVF

- EPIVT

YES

S
/" 0 .
MDI 2 0.597 J ) covr o
NO YES R | j L leadl
\ !

\ / -

Presence of q wave = ,_/
inlead I? B 1
YES
aVvF

SN =96% SP=93% O

Valles E, Bazan V, Marchlinski FE. Ecg criteria to identify epicardial ventricular tachycardia in no
Circ Arrhythm 2010:3:63-71

Pseudo-delta 2 75 ms?

nischemic
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TWELVE-LEAD ECG FEATURES TO IDENTIFY VENTRICULAR
TACHYCARDIA ARISING FROM THE EPICARDIAL RIGHT VENTRICLE

RV GROUPED SITES

1) pseudo-delta >34 ms

2) intrinsicoid deflection
time (v2) >85 ms

3) shortest RS complex >121
ms

4) QRS duration >211 ms - o

Bazan V, Bala R, Garcia FC, Sussman JS, Gerstenfeld EP, Dixit S, Callans DJ, Zado E, Marchlinski FE.
Twelve-lead ECG features to identify ventricular tachycardia arisingfrom the epicardial right ventricle
Heart Rhythm. 2006:3:1132-1139

QRS CHARACTERISTICS FAIL TO RELIABLY IDENTIFY
VENTRICULAR TACHYCARDIAS THAT REQUIRE EPICARDIAL
ABLATION IN ISCHEMIC HEART DISEASE

*Pseudodelta wave (PdW)
«Intrinsicoid deflection time (IDT)
*Shortest RS complex (SRS)
*QRS duration (QRSd)
*Maximum deflection index (MDI)
*Qor gwavein lead | (QWL1)

«Absence of g waves in inferior leads aVR/aVL ratio

Martinek M, Stevenson WG, Inada K, Tokuda M, Tedrow UB. QRS characteristics fail to reliably identify
ventricular tachycardias that require epicardial ablation in ischemic heart disease. J Cardiovasc
Electrophysiol. 2012;23:188-193

ECGI: Surface ECG combined with CT imaging to produce 3D
maps of electrical activity on the surface of the human heart.

Shivkumar K , Narayan SM Science Trans| Med 2011;3:98fs2-98fs2
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ECGI ISOCHRONE MAPS FOR LOCALIZATION OF VT SITE OF
ORIGIN

Patient LV1: Mid lateral LV origin

Patient LV4: Apical septal origin

Wang Y, Cuculich PS, Zhang J, Desouza KA, Vijayakumar R, Chen J, Faddis MN, Lindsay BD, Smith
TW, Rudy Y. Noninvasive Electroanatomic Mapping of Human Ventricular Arrhythmias with
Electrocardiographic Imaging. Science Translational Medicine. 2011 3(98):98ra84.

When to go epicardial

» General concepts

* ECG criteria

» Etiology & Imaging criteria

Substrate and Epicardial Ablation

50 N=913, 2001-7

35 73% Free from VT 23+/- 21 mo
2% 40
£§
0=
$3: ¥
338
823 2
3w
B
g8 10
=
: 1
Ischemic Idiopathic ARVC No CMP  Other All
CMP dilated CMP n=14 n=17 CMP patients
n=51 n=39 n=13 n=134
PUWIth previous 46 (90%) 33 (85%) 9 (64%) 1588w 122%) 115 (86%)

endo VT ablation

Sacher F, Roberts-Thomson K, Maury P, Tedrow U, Nault |, Steven D, Hocini M, Koplan B, Leroux L,
Derval N, Seiler J, Wright MJ, Epstein L, Haissaguerre M, Jais P, Stevenson WG. Epicardial ventricular
tachycardia ablation a multicenter safety study. J Am Coll Cardiol. 2010;55:2366-2372
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[ SUMMARY: EPI, ENDO or BOTH

1. ECG suggest EpicardiaI'VT exit site @ VES -
NO
2. Prior unsuccessful Endocardial Ablation ublalmn.g
NO YES —— Epicardial
3. Define SCAR location with CE imaging ace==lol
Sub epicardial or mid-myocardial scar YES Mapping
(and
¥ no
Ablati
4. Consider likelihood of Epicardial circuit @ Elaten)
for Underlying Substrat HIGH =—>
¥ Low

‘ Perform Endocardial Mapping and Ablation first ‘

ECG Criteria (Berruezo et al Circ 2004)

©

G Cltriafor NICW (Valles € Circ AE 2010) Probabilty of Epicardial

Focus (Sacher F et al JACC 2010)

1) Pseudo-delta>34 ms 1) Absence of inferior Q wave

Normal %

2)IDT (v2) >85 ms 2) Pseudodelta 275 ms om -

3) Shortest RS complex 3)MDI 050 NicM %

HEAD ARVC 1%
4)Presence of Qwave n lead |

4)ORS duration >211 ms Other cM 18%

Boyle NG & Shivkumar K: Epicardial Interventions in Electrophysiology, Circulation 2012;126:1752-1769
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Outcomes of Combined Epicardial
and Endocardial Ablation

Srinivas Dukkipati, MD
Director, Electrophysiology Lab
Icahn School of Medicine at Mount Sinai
New York, NY

Scar-Related VT

anvia Actal
Heart Rhyihm 2

Myocardial Infarction Dilated Cardiomyopathy

Mid-myocardial & epicardial, patchy
or longitudinal striae

Scar progression over time?

Basal — perivalvular?

Anteroseptal & inferolateral scar
location in 89% of those with VT*

Coronary artery territory
* Subendocardial or transmural
Epicardial scar present in ~10%?

“Verma A et al. JCE 2005; 3HH et al.
2Liuba | et al pi

Disclosures

» Biosense Webster — Resear
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Post-MI: Endo-Epicardial
Homogenization
Di Biase L et al — JACC 2012;60:132-41

+ 100% non-inducibility achieved in both groups

- Ventsicular Arthythmia/ICD Therapy-Free
J Survival by the Ablation Approach

DCM: Endocardial Ablation

Hsai HH et al — Circ 2003; 108:704-10
« 19 pts with DCM and MMVT
— Basal (peri-mitral) scar in ALL
— Endocardial scar <25% of LV

— Of 57 VTs, 88% of induced VTs
were from basal scar

After ablation, 14/19 (74%) were
non-inducible

After 22 #+ 12 months, only 5 pts
(23%) were alive wit
recurrence

DCM - Epicardial Scar

Cano O et al - JACC 2009; 54:799-808.

22 pts with DCM and failed prior endocardial ablation
(n=20) or VT suggestive of epicardial origin (n=2)
Combined epicardial/endocardial mapping was performed

Scar Location

= Epicardial scar in 18 pts (82%) — basal LV/lateral wall
= Endocardial scar in 12 pts (54%) — basal LV
Scar Area

= Epicardial =55.3 % 33.5cm?

= Endocardial = 22.9 + 32.4 cm? (p <0.01)

F/U 18 = 7 months
= 71% free of VT
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Single Procedure VT-free Survival:
ICM vs. NICM

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

Dinov B et al —
Circulation 2014;129:728-36

£
£
i

224 pts. (ICM 164, NICM 63)
Epicardial ablation:

= ICM 1.2%

= NICM 30.8%
Acute procedural success (non-
inducibility of VT):

= ICM77.4%

= NICM 66.7%

Catheter Ablation of Ventricular Arrhythmia
in Nonischemic Cardiomyopathy
Anteroseptal Versus Inferolateral Scar Sub-Types

Teesa Oloriz, MD: Jobn Silberbaver, MD (Res), MRCP; Giuseppe Maccabeli, MD:
MD; Senthil Kiruhakaran, MD, MRCP;
M

Marzi, MD; Nicoleta Sora,
Dimitris Tsiachs
Simooe Sala. MD;

Nicola Trevisi, MD;

Circ EP 2014;7:414-23

87 pts. with NICM and VT:
= Anteroseptal scar 44
= inferolateral 43

Presence of anteroseptal scar
was associated with a HR 5.5
(p<0.001) for VT recurrence

9%, mod-severe LV dilatation
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Transcoronary
Ethanol Ablation

INFUSION NEEDLE ABLATION BIPOLAR RFA

:
o

Cardiac
Sarcoidosis




Hypertrophic Cardiomyopathy

orphic Ve
o Hypertrophic Cardiomyo

Circ EP 2011

10 pts. with HCM & drug refractory
VT undergoing combined
epicardial-endocardial ablation

Epicardial scar present in 8/10
(80%)

Acute procedural success: 89%
At 37 = 17 months — 78% VT free

Radiofroquency catheter ablation of ventricular arrhythmias in
patients with hypertraphic eardiomyepathy: safety and

Heart Rhythm 2010;7:1036-42

22 pts with HCM & drug
refractory VT undergoing
catheter ablation

Epicardial RFA in 13 pts
(59%)

Acute procedural success: 86%
At 20 = 9 months — 73% VT

2/8/2016

free

ARVC-VT: Endocardial Ablation

——— First procedure
= === Repeat procedures

‘
g
£
5
H
£
§
g
§
o

Time since procedure (years)

EventsiAt risk
First procedure o
Repeat procedure

Dalal et al JACC 50:432, 2007

ARVC-VT: Combined Endocardial &
Epicardial Ablation

tangeli P et al — Circ EP 2015;8:1413-21

« 62 pts. with ARVC-VT undergoing endocardial = epicardial ablation
« Follow-up 56 = 44 months

Freedom from Ventricular Arrhythmias VT Frequency

teaa 71%

Total follow-up 56 # 44 manths

Months o 3 & § 1215 18 21 24 27 30 33 36 39 42 45 48 51 54 67 60
0 T 2 (60 (50 ) (0 (530 03 7Y 06 0 30 ) 341520 (V) 20 GOV
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Catheter Ablation of Ventricular Tachycardia
in Nonischemic Heart Disease

Michifumi Tokuda, MD; Usha B. Tedrow, MD, MSc; Pipin Kojodjojo, MD, PhD:;
Keiichi Inada, MD, PhD; Bruce A. Koplan, MD, MPH; Gregory F. Michaud, MD;
Roy M. John, MD, PhD; Laurence M. Epstein, MD; William G. Stevenson, MD

Circ EP 2012;5:992-1000

224 pts. with NICM and VT:

Epicardial ablation:
DCM 29%
ARVC 30%
Sarcoidosis 15%
HCM 43%
Congenital 6%
Valvular 3%

Secondary endpoint: freedom
from death, transplantation, VT
hospitalization

Final Thoughts

Unlike in ischemic VT, scar in other substrates is NO
predominantly limited to the sub-endocardium

Epicardial scar presentin:
= |ICM ~10%
= other substrates = 30%

An endocardial = epicardial ablation approach
= best results in ICM and ARVC

= suboptimal results in DCM (inferolateral scar better than
anteroseptal scar) and Cardiac Sarcoidosis

Better mapping and ablation technologies are necessary
to improve outcomes




Role of Imaging Techniques in
Catheter Ablation of Ventricular
Tachycardia

Amin Al-Ahmad, MD, FACC, FHRS, CCDS
Texas Cardiac Arrhythmia Institute
Austin, Texas

Disclosures

Medtronic

St Jude Medical
Boston Scientific
Biosense
Apama Medical
Khalila Medical

Introduction

Pathophysiology of VT in complex
Interplay between substrate, triggers
Understanding the substrate is helpful in
targeting VT

Imaging during procedures to guide in
ablation and prevent compliactions

2/8/2016
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Pre-Procedural Imaging

* Nuclear

— Perfusion
— Viability
— Innervation
* MRI
— Late enhancement

* CT scan/Rotational Fluoroscopy

Rijnierse et al. JNC 2015
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['*N]-Ammonia [''C]-Epinephrine Bipolar Voltage VT Propagation

LV Segments

Rijnierse et al. INC 2015

Perez-David JACC 2011

Perez-David JACC 2011
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Desjardins et al. HR 2009

Fernandez-Armenta et al. Circ A&E 2013

High-Intensity
Artifact

Dickfeld et al. Circ A&E 2011




CT Scan- Wall thinning

Komatsu et al. Circ A&E 2013
Cochet et al. JCE 2013

Image of LV scar- Rotational
Fluoroscopy

Visualization of RF Lesions--Rotational

Fluorosco

* 29 RF ablation
lesions were
created and
visualized
All lesions
exhibited a
perfusion defect
e 24 lesions
(83%) had a
peripheral
enhancing ring

Girard E, Al-Ahmad A. et al. JACC Imaging 4(3): 259-268, 2011
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Procedural Imaging

* ICE
—-2D
-3D

Fluoroscopy registration tools

ICE for VT

* Placement of the ICE catheter in the RA or RV

or pericardium allows visualization of the left
ventricle

— Structures:
* papillary muscle
« false tendon
« valves
* coronary arteries
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3D Reconstructed Images
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Vaseghi et al, HeartRhythm 2006




ICE for VT

» Visualization of areas
of wall thinning or wall
motion abnormalities

05/07/2015 8:11:20 AM .
a

Epicardial Scar

Unipolar voltage ICE Image
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Epicardial VT

Interventional MRI

Real-time guidance of a passive catheter to the His bundle position in the
canine model. A, Catheter bipolar electrodes (8i) are shown in the inferior
vena cava. B, The catheter is advanced, with tip (arrow) entering hepatic
vein. C, Catheter buckling as a result of advancement into a hepatic vein.
D, The catheter tip is withdrawn into the inferior vena cava. E, The
catheter tip is advanced beyond the hepatic vein branch in the inferior
vena cava. F, The catheter tip is advanced to the tricuspid annulus. SVC
indicates superior vena cava; L, liver; RV, right ventricle; and RA, right
atrium.

Nazarian S, et al. Circulation. 2008

2/8/2016
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Conclusions

* Pre-procedural imaging is helpful in gaining
insight into stuructural and functional
substrate for VT

* CT and MRI correlate well with EA mapping

* Intra-cardiac ultrasound is valuable during VT
ablation for identifying substrate, catheter
location and preventing complications

Thank You

2/8/2016
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Epicardial Mapping and Ablation Techniques:
How to Prevent and Manage Complications

Mathew D. Hutchinson, MD
Associate Professor of Medicine
University of Pennsylvania

Disclosures

Within the past 12 months, | have received modest
financial support from the following entities:

1. Medtronic- lecture honoraria

2. Biosense Webster- advisory panel

3. Abiomed- lecture

* Patient selection

Perioperative Rl
considerations ~ P sugen, pericardits

* Hematologicissues
Pericardial access complications — Anticoagulation management

— Blood products
Sacheretal. 156 5% 1.9%

Tung et al. 109  88% NR Equipment

DellaBellactal. 218  23% — Access-related
Piersetal.
— Coronary angiography

— Phrenic protection

* Surgical backup

2/2/2016
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Anatomy of the approach

Tricks and tips

1. Needletechniques

. Define cardiac border

. Use ICE, contrast

. Don't panic with RV perf

. Confirm guidewire position

. Maintain sheath hygiene

Access-related
complications

i)
- )\ [P
Superficial vessels . —

Abdominal viscera

Cardiac chambers

Epicardial vessels




Approach-specific complications

Anterior: In-and-out RV . . .
. Posterior: Liver laceration
perforation

Ablation-related coronary injury

Intimal hyperplasia

<2mm)
meter (<1.8mm)

Hypotension
during RF

Phrenic nerve protection

.
Diaphragm

Double pericardial access required
Consider steerable sheath

Position ablator between LV and balloon
Alternative air +/- fluid- increased DFT

2/2/2016
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Re-access after pericarditis/cardiac surgery

+ 28pts; 4-9% total epi procedures

* Acute success 17/28

* 100% with adhesions (anterior
post surgical)

* Blunt dissection required for

mapping; deflectable sheath

« Complications: ~10% (no deaths)

Summary- Epi access complications

Relatively high complication rate

Adequate planning and equipment is essential to success

Complications specific to timing and approach

Develop a specific technique, but modify it as required

Thank You!
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