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Rationel de la Radioablation
Cardiaque



Ablation par cathéter de TV

. Les procedures d’ablation de TV peuvent_étre risquées

. Les procedures d’ablation de TV peuvent étre complexes a réaliser

. Les procedures d’ablation de TV ne sont pas toujours efficaces
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Santangelli et al; JACC 2017 Sapp et al; N Engl J Med 2016



Ablation par cathéter de TV

—> Substrats spécifiques - Non transmuralité des lesions de RF

A | View of the heart apex

Benali et al; JAMAcardio 2022




Un besoin d’alternatives

Radiosurgery Radiotherapy
1-5 fractions 30-45 fractions
high dose low dose
(6-25 Gy per fraction) (about 2 Gy per fraction)
150-200 beams per fraction 9-10 beams per fraction
<1 mm targeting accuracy 3-20 mm targeting accuracy
tumor ablation tumor control

M.Curie, 1895 Bertha Réngten, 1895 Lars Leksell, Stockholm 1967, Leksell Gamma Knife
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. Radiochirurgie en alternative non-invasie pour cibler un
substrat arythmogene

@l — Trés haute dose de radiation (dose ablative)
yM —> Volulme cible tres limité (haute précision)

—> En une seule session (radioabaltion)




Radioablation cardiaque
Plateformes de traitement
CyberKnife C-arm Linac
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Les problemes potentiels

CATHETER ABLATION PROCEDURE CYBERHEART TREATMENT

Contraintes de dose pour les OAR

Organs at risk

Dose recommendations/dose limitations

Aorta

Left coronary arteries

Superior vena cava
Left atrium
Whole heart minus PTV

Esophagus

Trachea

Bronchial tree

Spinal canal

Skin

Whole lungs

ICD (major electronics)

Dose limitations: D, <20.0 Gy
Minor protocol deviation: 20 Gy < D, <25 Gy
Major protocol violation: D, > 25 Gy

Dose limitations: D, <14.0 Gy
Minor protocol deviation: 14 Gy < D,,,, <20 Gy
Major protocol violation: D, > 20 Gy

Dose recommendations: Dy, <0.6 Gy
Dose recommendations: D, <4.4 Gy
Dose recommendations: D5, <5 Gy

Dose limitations: D, <14.5 Gy and Vg, <1 ccm

Minor protocol deviation: Dy, <19 Gy, D). < 14.5 Gy and V5, <4 cem

Major protocol violation: D, > 19 Gy 1 Dy, > 14.5 Gy Il Vg g, >4 com

Dose limitations: D, <15 Gy and V5, <1 ccm

Minor protocol deviation: D, <20 Gy, D ;,,< 15 Gy and V5, <4 ccm

Major protocol violation: D, > 20 Gy 1 Dy n> 15 Gy | Vg5, >4 com

Dose limitations: D <15 Gy and VlOGyS 1 cem

Minor protocol deviation: D, <20 Gy, D, .., <15 Gy and V}, 5, <4 ccm

Major protocol violation: D, > 20 Gy 1 Dy oy > 15 Gy Il Vg g, >4 com

Dose limitations: D, <7 Gy and Vg, <0.1 ccm

Minor protocol deviation: D, <8 Gy, Vg5, <1 cem

Major protocol violation: D, > 8 Gy Il V5, > 1 cem

Dose limitations: D, < 14.4 Gy and V5, <10 ccm

Minor protocol deviation: D, <16 Gy, V;,46,<10 ccm

Major protocol violation: D > 16 Gy Il V,, , 5, > 10 ccm

Dose limitations: Vg5 — Vo6, > 1500 ccm (V; i, remaining volume > 1500
ccm) and D5, <20 Gy and Dy, <3.5 Gy

Minor protocol deviation: Vg, — Vo6, = 1000 cem (V; , remaining vol-
ume > 1000 cem), Dy, 5, <20 Gy and Dy, <35 Gy

Major protocol violation: V40— V5 g, <1000 cem (V; g, remaining vol-
ume < 1000 cecm), Dy 54, >20 Gy and Dy, > 5 Gy

Dose limitations: D, <0.5 Gy and blocked from primary beam irradiation

Minor protocol deviation: 0.5 Gy <D <1.0 Gy

Major protocol violation: D, > 1.0 Gy




Ablation non-invasive de TV:
Donnees chez ’homme

'




Sharma et al, Heart Rhythm 2010
Zei et al, Heart Rhythm 2018

Radioablation cardiaque

e TV-IVC Isthmus Block with Pacing

MYDCARDIAL INJURY

# Subjects

10

Electrophysiological Effect of Stereotactic
Radioablation vs. Dosing: RSPV

W Complete Effect
M Partial Effect
No Effect

15 Gy 20 Gy

Delivered Dose (Gy)

25 Gy

356Gy

A Case Report

Stereotactic Radiosurgery for a
Cardiac Sarcoma: A Case Report

Soltys SG, Technol Cancer Res Treat 2008

Stereotactic Ablative Radiotherapy for the Treatment
of Refractory Cardiac Ventricular Arrhythmia

Billy W. Loo, Jr. MD, PhD*: Scott G. Soltys, MD*; Lei Wang. PhD; Anthony Lo, MS:
Benjamin P. Fahimian, PhD; Andrei Iagaru, MD: Linda Norton, RN, MSN;
Xin Shan, BS, BAH: Edward Gardner, PhD; Thomas Fogarty, MD;
Patrick Maguire, MD, PhD: Amin Al-Ahmad, MD; Paul Zei, MD, PhD

No. of VT Episodes

Loo BW, Circ AE 2015

Noninvasive Cardiac Radiation for Ablation
of Ventricular Tachycardia

Circulation

ORIGINAL RESEARCH ARTICLE

Noninvasive Cardiac Radioablation for
Ventricular Tachycardia

Pre-treatment

Post-treatment

Phase I/1l Trial of Electrophysiology-Guided

Months after Treatment

Cuculich PS, NEIM 2017
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Robinson CG, Circulation 2019
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Comment réaliser une
e procédure de Radioablation
cardiaque



Workflow radioablation cardiaque

Patient selection

~
Mandatory imaging ca rdi0|ogist

Multiphase ECG-gated cardiac CT Respiratory phase-correlated 4D CT
- N W=

For substrate identification, Registration & identification
at the discretion of physician of VT isthmuses
VT-ECG 3D EP maps MRI CT scan PET scan

Ao

1-2 weeks

/4

Delineation of the volume of interest & organs at risk

= cTv OAR
§ :> Ca.r;rm:
= Pulmenary
% motion
& .
e Radiation oncologist

Dose distribution calculation

L = 25 Gy in the PTV

:> . 295% of the PTV covered by = 95% of prescription dose
. respecting dose constrains in previously delineated OARs
Nimiting the dose to ICD can and leads.

N7

| MNon-treatment session

=7

:> Treatment delivery

ar

C-arm Linac
Cyberknife

1 week Benali et al, ) Med Imag Rad Sci 2021




Etape cardiologique majeure
Définition de la cible

For substrate identification,
at the discretion of physician

VT-ECG 3D EP maps MRI CT scan PET scan




Problématique majeure
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Radioablation cardiaque




Défis majeurs




Radioablation cardiaque

Ce que l'on sait Ce que l'on ignore

» Efficace a court terme pour les patients avec > Qui traiter et quand ?
arythmies réfractaires !!!

» Doses limites pour les organes a risque ?

» Améliorer la sécurité de la thérapie -> Meilleur
intégration des mouvements CR

> Durabilité ?

> Effets secondaires a long termes...




Question sans réponse claire

« Radio-guérison » Ou radio-ablation...

nature communications

Explore content About the journal Publish with us v

nature » nature communications » articles > article

Article | Open Access | Published: 24 September 2021

Cardiac radiotherapy induces electrical conduction
reprogramming in the absence of transmural fibrosis

Post-SBRT
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Zhang et al; NatureCom. 2021 Benali et al; Heart Rhythm 2022




Questions sans réponse claire
Qui traiter et quand traiter !

What Makes A P] 1ot IIamtable

Too Hot! ~ . :
+ - TooSmall : i Too Cold!

Too Big!

More HF than VT | More VT than HF
- — Too early!

The Dying heart | Failed standard VT .
Young patients

Try amiodarone first
Try ablation first

NYHA 4, inotropes, therapy

Multiple VTs, severe High VT burden
LV dysfunction, d despite amiodarone

pleomorphic VT/VF and ablation



Survival Probability (%)

Cumulative Event (%)
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Effets secondaires a long terme

0 3 6 9 12
Time after SBRT (Months)
B All cause Mortality B
B HF-related death
B Non-Cardiac death
B Death related to refractory VAs
0 3 6 9 12

Time after SBRT (Months)

al 20(/1) 2% (2) 4.5%
(+]

(2) 4%
(1) 2% “
(1) 2% \

(2) 4.5%

(3)

(Incidence)
Relative Proportion

(3) 7%
(24) 52%
(6) 13%
m Heart Failure m Sepsis
= VA Organ Failure
® Cancer m Accidental
B Post-transplantation complication ® Amiodarone toxicity
m Oesophagopericardial Fistula m Massive Stroke

m Unspecified non-cardiac cause

Benali et al, Trends in Cardiovascular Med, 2023



Une niche condamnée a se réduire encore plus ?

LVAD Patients with Refractory Ventricular Arrhytmias
Cardiac Stereotactic Body Radiation Therapy

Ascending
Aorta

Irreversible
PFA delivery |
Focal endocardial

exit VTH#1

Reversible
PFA delivery

1-Year Outcomes after Cardiac Stereotactic Body Radiation Therapy

PATIENT 1 o AN R
(HeartMate 11I®) T m Ventricular arrhythmia
recurrence
T Y5
PATIENT 2 - \\
o
(HeartMate 11®) 'n‘ Y
\& Orthotopic heart
PATIENT 3 s i Y \i\< {m transplantation
‘\\ L _
(HeartWare®) ‘R Focal endocardial v
¥ exit VTH2
PATIENT 4 - {L Survival with WVAD pump
(HeartMate I1®) ‘H‘ LVAD
v
PATIENT 5 s Survival with heart
(HeartMate [1®) T transplant
- T >
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. . Follow-Up (Months)
a
SBRT

R -

3T BR

!,f —

1

I

Ccs12
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LVAD
driveline

Benali et al, JACCep 2022 Benali et al, JACCep 2024




Promesses de la
Radioablation cardiaque

— Rapide

- Non-invasive

—> Efficace pour résoudre
des impasses thérapeutiques

| aYaVi
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Ce gu’il faut éviter...

PROMISE

REALITY

N/

-> Optimisation des contraintes de dose
-> Efficacité et sécurité a long termes
-> Collaboration radiothérapeutes/ cardiologue
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Thank you for your attention
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