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Isquemia aguda e infarto de miocardio

Oclusión

Zona Normal

Zona de Borde

Zona Central Isquémica

Zona Normal

Zona de Borde

Cicatriz del Infarto

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

ZCI: Zona Central Isquémica

ZB:  Zona de Borde

ZN:  Zona Normal
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Isquemia aguda e infarto de miocardio

0-30 min: ISQUEMIA AGUDA 30 min →: INFARTO
[Gray et al., 1995]

Fibrilación Ventricular Taquicardia Ventricular

[Wu et al, 2006]

Ritmo Sinusal

[Ferrero et al, 2018]

(tiempo ÷ 25)
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Isquemia aguda e infarto de miocardio

0-30 min: ISQUEMIA AGUDA 30 min →: INFARTO
[Gray et al., 1995] [Wu et al, 2006]

Ritmo Sinusal

[Ferrero et al, 2018]

RIESGO DE SUFRIR ARRITMIAS

Fibrilación Ventricular Taquicardia Ventricular

horas, días, meses, años…minutos
[Smith et al,1995]

7,000,000 de muertes al año en todo el mundo
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Isquemia aguda e infarto de miocardio

0-30 min: ISQUEMIA AGUDA 30 min →: INFARTO
[Gray et al., 1995]

Fibrilación Ventricular Taquicardia Ventricular

[Wu et al, 2006]

[Rodríguez & Ferrero, 2015] [Trayanova et al, 2006]
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Isquemia aguda e infarto de miocardio
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[Gray et al., 1995]

Fibrilación Ventricular Taquicardia Ventricular
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100ms

0 mV

20mV Vm(t)

ICa(L) (t)
100ms

0 pA/pF

1 pA/pF

[Rodríguez & Ferrero, 2015]
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Efectos de la isquemia miocárdica aguda sobre la bioelectricidad cardiaca

Oclusión Coronaria

↓ Glu, O2

↓ [ATP]i

↑ [ADP]i

↓ INaK

↓ pHi

↓ pHo

↑ IK(ATP)

↑ [K+]o

↓ [K+]i

↑ EK

↑ Vrep

↓ h∞(Vrep)

↑ Per. Refract.

↓ Excitabilidad

↓ INa

↓ APD90

↑ [Ca2+]i

↓ Vmax↓ (dV/dt)max
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Intercambiadores
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…pero esto solo ocurre en la 

zona central isquémica (ZCI) 

y, de forma parcial, en la 

zona de borde (ZB)…

→ HETEROGENEIDAD 

MIOCARDIO HETEROGÉNEO
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↓ ICaL

[K+]o APD90Vrep

(Carpio, Trénor, Ferrero 2020)

MIOCARDIO HETEROGÉNEO
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MIOCARDIO HETEROGÉNEO

ARRITMIAS

POR REENTRADA

FIBRILACIÓN 

VENTRICULAR
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Modelado multiescala de la isquemia  miocárdica

IK(ATP)

[ATP]i [ADP]i
pHi

[LPC]i

pHo
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-pO2 [K+]o

pH

[Coronel et al, Circ Res 1988]
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Modelado multiescala de la isquemia  miocárdica

BZ

NZ

CZ

5.5 cm

* * * *

(1) (2) (3) (4)

[Ferrero et al, Int J Bifurcation & Chaos, 2003]
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CI variable

S1 S2S1

BZ

NZ

CZ

[Ferrero et al, Int J Bifurcation & Chaos, 2003]
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[Ferrero et al, Int J Bifurcation & Chaos, 2003]
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[Janse et al, Circ Res, 1981]

[Ferrero et al, Int J Bifurcation & Chaos, 2003]
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[K+]o APD90Vrep

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

adapted from Smith et al. Circulation 92:3051– 60, 1995

Romero, Trenor & Ferrero, Ann Biomed Eng 2009
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Modelado multiescala de la isquemia  miocárdica

adapted from Smith et al. Circulation 92:3051– 60, 1995

Cardona, Ferrero & Saiz Am J Physiol 2010

Lidocaine modulates the VW in ischemia

Romero, Trenor & Ferrero, Ann Biomed Eng 2009
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Modelado multiescala de la isquemia  miocárdica

adapted from Smith et al. Circulation 92:3051– 60, 1995

Pinacidil modulates the VW in ischemia

[Pinacidil] (mmol/L)

Critical dose

 IK(ATP)

 INa

 h*j

UDB  

High dose

  IK(ATP)            Iinward BDB

Vulnerable window (ms)

0     0.001  0.003                               0.010  

45 

Trenor, Rodríguez & Ferrero, Ann Biomed Eng 2009
Romero, Trenor & Ferrero, Ann Biomed Eng 2009
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Isquemia aguda e infarto de miocardio

0-30 min: ISQUEMIA AGUDA 30 min →: INFARTO
[Gray et al., 1995]

Fibrilación Ventricular Taquicardia Ventricular

[Wu et al, 2006]

RIESGO DE SUFRIR ARRITMIAS

Fibrilación Ventricular Taquicardia Ventricular

horas, días, meses, años…minutos
[Smith et al,1995]
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Radiofrequency ablation in patients with

chronic myocardial infarction suffering ventricular tachycardia

[adapted from Ashikaga et al, Heart Rhythm 2013]

Multi-electrode mapping and abation catheters

(Johnson & Johnson, St. Jude, Boston Sc.)
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Radiofrequency ablation in patients with

chronic myocardial infarction suffering ventricular tachycardia

[adapted from Ashikaga et al, Heart Rhythm 2013]
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Radiofrequency ablation in patients with

chronic myocardial infarction suffering ventricular tachycardia

[adapted from Ashikaga et al, Heart Rhythm 2013]

INTELLA MIFI  (Boston Sci.)
[courtesy of Dr. Ángel Ferrero, Hospital Clíinic de Valencia]
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Radiofrequency ablation in patients with

chronic myocardial infarction suffering ventricular tachycardia

[adapted from Ashikaga et al, Heart Rhythm 2013]

Electroanatomical map of the endocardium…

… and the epicardium!
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Radiofrequency ablation in patients with

chronic myocardial infarction suffering ventricular tachycardia

[adapted from Ashikaga et al, Heart Rhythm 2013]

ablation

RF ablation
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Radiofrequency ablation in patients with

chronic myocardial infarction suffering ventricular tachycardia

[adapted from Ashikaga et al, Heart Rhythm 2013]

… the computational model must be personalized (i.e. patient-specific)

ablation
optimal
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1. Geometría del corazón

Imágenes de MRI

Resonancia 

Magnética Nuclear 

(RMN – MRI)
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