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Esquema de exposicion

BASE TEORICA: Modelos computacionales de la actividad bioeléctrica del corazén
Descripcidn de la isquemia aguda vy el infarto

INVESTIGACION: Andlisis de los mecanismos arritmogénicos de la isquemia miocardica
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Isquemia aguda e infarto de miocardio

0-30 min: ISQUEMIA AGUDA 30 min ->: INFARTO
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Isquemia aguda e infarto de miocardio

0-30 min: ISQUEMIA AGUDA 30 min ->: INFARTO
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Isquemia aguda e infarto de miocardio

(trempo = 25) 0-30 min: ISQUEMIA AGUDA 30 min >: INFARTO

[Ferrero et al, 2018] [Gray et al., 1995] [Wu et al, 2006]
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Isquemia aguda e infarto de miocardio

0-30 min: ISQUEMIA AGUDA 30 min ->: INFARTO

[Ferrero et al, 2018] [Gray et al., 1995]
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Isquemia aguda e infarto de miocardio

0-30 min: ISQUEMIA AGUDA 30 min ->: INFARTO

[Ferrero et al, 2018] [Gray et al., 1995]
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[Rodriguez & Ferrero, 2015] [Trayanova et al, 2006]

Grado en Ingenieria Biomédica T11 — Simulacién de la actividad bioeléctrica del corazén: la isquemia miocardica

Chema Ferrero



Isquemia aguda e infarto de miocardio

0-30 min: ISQUEMIA AGUDA

[Ferrero et al, 2018] [Gray et al., 1995]
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Esquema de exposicion

INVESTIGACION: Andlisis de los mecanismos arritmogénicos de la isquemia miocardica
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Efectos de la isquemia miocardica aguda sobre la bioelectricidad cardiaca

Oclusion Coronaria
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Efectos de la isquemia miocardica aguda sobre la bioelectricidad cardiaca

Oclusion Coronaria
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Efectos de la isquemia miocardica aguda sobre la bioelectricidad cardiaca

Oclusion Coronaria
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Modelado multiescala de la isquemia miocardica
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Modelado multiescala de la isquemia miocardica
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[Coronel et al, Circ Res 1988] [Ferrero et al, Int J Bifurcation & Chaos, 2003]

Grado en Ingenieria Biomédica
Chema Ferrero




Modelado multiescala de la isquemia miocardica
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Modelado multiescala de la isquemia miocardica
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[Ferrero et al, Int J Bifurcation & Chaos, 2003]

DIOCIC Cadl
Grado en Ingenieria Biomédica T11 — Simulacién de la actividad bioeléctrica del corazoén: la isquemia miocardica

Chema Ferrero



Modelado multiescala de la isquemia miocardica
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[Ferrero et al, Int J Bifurcation & Chaos, 2003]
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Modelado multiescala de la isquemia miocardica
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Modelado multiescala de la isquemia miocardica
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Modelado multiescala de la isquemia miocardica
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Modelado multiescala de la isquemia
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Modelado multiescala de la isquemia
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Modelado multiescala de la isquemia miocardica

Grado en Ingenieria Biomédica
Chema Ferrero

Potential
— 25

RERRARERRR
&
(=]

oL erss

3
o

[Carpio, Trénor & Ferrero, 202071

C'B el @

T11 — Simulacién de la actividad bioeléctrica del corazoén: la isquemia miocardica

(0]

0

1000

R ainand’

1500




Modelado multiescala de la isquemia miocardica

[Carpio, Trénor & Ferrero, 2020]
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Modelado multiescala de la isquemia miocardica
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Modelado multiescala de la isquemia miocardica

{4
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Lidocaine modulates the VW in ischemia

Vulnerable Window (ms) . 45
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I 50 microhiL
I 100 microhVL

6 6,5 7 7,5 8 8,5 9
Minute of ischemia
Romero, Trenor & Ferrero, Ann Biomed Eng 2009

Ischemic Minutes

Cardona, Ferrero & Saiz Am J Physiol 2010
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Modelado multiescala de la isquemia miocardica

{4

Organo

Pinacidil modulates the VW in ischemia

Critical dose
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Minute of ischemia

Romero, Trenor & Ferrero, Ann Biomed Eng 2009

Trenor, Rodriguez & Ferrero, Ann Biomed Eng 2009
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Esquema de exposicion

DESARROLLO: Simulacidn personalizada de ablacidén por RF en pacientes con infarto de miocardio
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Isquemia aguda e infarto de miocardio

0-30 min: ISQUEMIA AGUDA 30 min ->: INFARTO
[Wu et al, 2006]

[Gray et al., 1995]
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Isquemia aguda e infarto de miocardio

- 30 min 2>: INFARTO
RF ablation [Wu et al, 2006]

I

Ablation
catheter

Cardiac
muscle

Total # arrhythmic events/mi

: /i
-] i@ I8 E N am 50 ’
minutos horas, dias, meses, afios...

[Smith et al,1995]

Bioelectricidad
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Radiofrequency ablation in patients with
chronic myocardial infarction suffering ventricular tachycardia

‘\\*’N
‘.\ﬁ\‘\“\'\ g
" 7
e
Referral for .
VT ablation A §
i
Pre-ablation MRI \ Multi-electrode mapping and abation catheters
(Johnson & Johnson, St. Jude, Boston Sc.)
RAO LAO
Invasive EPS
Ablation

Standard Approach

[adapted from Ashikaga et al, Heart Rhythm 2013]
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Radiofrequency ablation in patients with
chronic myocardial infarction suffering ventricular tachycardia

Referral for
VT ablation

R

n ) ‘-_I_ _}gﬁ?’ 2
Pre-ablation MRI ' '

Invasive EPS
Ablation

‘Standard Approach

[adapted from Ashikaga et al, Heart Rhythm 2013]

Bioelectricidad
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Radiofrequency ablation in patients with
chronic myocardial infarction suffering ventricular tachycardia

INTELLA MIFI (Boston Sci.) [ crt r. A'nge/ Ferrer Hospital Cliinic de Valencia]
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Referral for
VT ablation

0.00 cc

Pre-ablation MRI

RAO LAO CARTO

Invasive EPS
Ablation

/s y i\ % R

Standard Approach

[adapted from Ashikaga et al, Heart Rhythm 2013]
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Radiofrequency ablation in patients with
chronic myocardial infarction suffering ventricular tachycardia

Electroanatomical map of the endocardium...
... and the epicardium!

Referral for
VT ablation

Pre-ablation MRI

LAO CARTO

-----

Q

Standard Approach

[adapted from Ashikaga et al, Heart Rhythm 2013]

Bioelectricidad— ~ . . . . . . e . ® o Jomn
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Radiofrequency ablation in patients with
chronic myocardial infarction suffering ventricular tachycardia

RF ablation

RF ablation

Ablation
catheter

_ Cardiac
muscle

Referral for
VT ablation

Ablated
tissue

Pre-ablation MRI

Invasive EPS

Ablation ablation

Standard Approach

[adapted from Ashikaga et al, Heart Rhythm 2013]
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Radiofrequency ablation in patients with
chronic myocardial infarction suffering ventricular tachycardia

Personalized Cardiac Computational
Models: From Clinical Data to
Simulation of Infarct-Related % frontiers
Ventricular Tachycardia in Physiology

Alejandro Lopez-Perez ™, Rafael Sebastian?, M. Izquierdo®*, Ricardo Ruiz**,
Martin Bishop® and Jose M. Ferrero’

5$feglaltfor In the chronic stage of myocardial infarction, a significant number of patients develop
agiation life-threatening ventricular tachycardias (VT) due to the arrhythmogenic nature of
the remodeled myocardium. Radiofrequency ablation (RFA) is a common procedure

PN
to isolate reentry pathways across the infarct scar that are responsib\e for VT. '

Pre-ablation MRI

) urr aft rocedure. In the \ast decade intensive research
in the field of computanonal cardiac electrophyswo\oqy (EP) has demonstrated the

RAO  LAO

Invasive EPS
Ablation

Q

Standard Approach

[adapted from Ashikaga et al, Heart Rhythm 2013]

[ the computational model must be personalized (i.e. patient-specific)]
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1. Geometria del corazon

Resonancia
Magnética Nuclear
(RMN = MRI)

ploele (dd
Grado en Ingenieria Biomédica
Chema Ferrero



1. Geometria del corazon

B

Resonancia
Magnética Nuclear
(RMN — MRI)
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1. Geometria del corazon

left atrium
tricuspid valve

right atrium

inferventriculuar seprum
mitral valve

left ventricle
right ventricle

Resonancia
Magnética Nuclear
(RMN = MRI)

Ul
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1. Geometria del corazon

A A

Endocardio “detallado” Imagenes de MRI

ploelectricidad
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1. Geometria del corazon

9V

Imagenes de MRI

Bioelectricidad
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2. Cicatriz del infarto (nucleo + zona de borde)

Cicatriz Imagenes de MRI
(Delay enhancement)

pbloele (dd
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2. Cicatriz del infarto (nucleo + zona de borde)

Cicatriz Mapa electro- Imagenes de MRI
anatomico (CARTO) (Delay enhancement)

bloglectricidad . o - e . . e Y IV =\ -
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-4. Cicatriz del infarto (nucleo + zona de borde)

Mapa electro- Imagenes de MRI
anatomico (CARTO) (Delay enhancement)

Bioelectricidad .
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3. Fibrosis en la zona del infarto

fibrosis Imagenes de MRI:
nivel de gris

_graylLevel
—1.810e+02
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_ 3. Fibrosis en la zona del infarto

Imagenes de MRI:
nivel de gris

pbloelectricidad
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4. Estructura del miocardio (orientacion de fibras)

60 7

DIOCIC Cadl
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4. Estructura del miocardio (orientacion de fibras)

Orientacion de fibras: estimacion MRI-DTI (Diffusion Tensor Imaging)

B 2 Algoritmos
e p | Ny t (Streeter, 1969)
_ - e S N N : LY

T

»][0[S][S (dd
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4. Estructura del miocardio (orientacion de fibras)

MRI-DTI (Diffusion Tensor Imaging)
,  Algoritmos

t (Streeter, 1969)
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MRI-DTI (Diffusion Tensor Imaging)

,  Algoritmos
‘[ (Streeter, 1969)

T
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5. Sistema de conduccion (His-Purkinje)

Estimacién inversa del arbol de Purkinje

Mapa electro-anatémico Fotografias/Atlas
(CARTO) [LAT]

s
\' [\ ‘
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pbloelectricidad
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-5. Sistema de conduccion (His-Purkinje)

D ad
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Mapa electro-anatémico Fotografias/Atlas
(CARTO) [LAT]
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- 6. Heterogeneidad electrofisologica
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Heterogeneidad transmural

BCL = 8000 msec
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200 msec

(Liu & Antzelevitch 1993)
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Simulacion (ritmo sinusal 2 taquicardia ventricular)
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Simulacion (corazon infartado, ritmo sinusal) [ECG]
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Precordial lead V6 - WITH electrical remodelling in the BZ

— Real ECG J
— 10% fib - CVs at 25% in BZ - CORR =0.96
— 10% fib - CVs at 50% in BZ - CORR =0.96

10% fib - CVs at 75% in BZ - CORR = 0.95
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Lépez-Pérez, Sebastian, Izquierdo, Ruiz, Bishop & Ferrero, Front. In Physiol. (Frontiers in Physiology, 2019)
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Simulacion (corazon infartado, taquicardia ventricular)
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Normalized potential (mV)
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Lépez-Pérez, Sebastian, Izquierdo, Ruiz, Bishop & Ferrero, Front. In Physiol. (Frontiers in Physiology, 2019)
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Modelado Electrofisiologico Multiescala

Simulacion

Control
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http://butler.cc.tut.fi/~malmivuo/bem/bembook/06/06x/isochron/00.htm
http://butler.cc.tut.fi/~malmivuo/bem/bembook/06/06x/isochron/00.htm
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