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Ingenieria Biomédica

Es un area cientifico-tecnoldégica en la que se
aplican los principios y metodos propios de la
ingenieria a la definicidon, analisis y resolucion de
problemas en biologia y medicina, y a la mejora de
los meétodos de prevencion, diagnostico vy
tratamiento.

Modelos matematicos
Matematicas
Ciencias de la Computacion
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Ventajas

Ayudar a entender el comportamiento de un sistema

Someter al sistema a diferentes condiciones, incluso
extremas

Sugerir nuevos experimentos o estudios clinicos

Limitaciones

Es una aproximacion de la realidad

En ciertos casos, el coste computacional es importante
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No se debe olvidar que....

Essentially, all models are wrong

but some are usefull.

Prof. George E.P. Box




BREVE RESENA HISTORICA
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Claude Bernard

“‘Cette application des mathématiques aux
phénomenes naturels est le but de toute
science, parce que l'expression de la loi des
phénoménes doit toujours étre mathématique”

“Or je pense que les tentatives de ce genre sont
prematurées dans la plupart des phénomenes
de la vie, préeciseément parce que ces
phénomenes sont tellement complexes......... ’
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BREVE RESENA HISTORICA

J. Physiol. (1952) 117, 500~544

A QUANTITATIVE DESCRIPTION OF MEMBRANE
CURRENT AND ITS APPLICATION TO CONDUCTION
AND EXCITATION IN NERVE
By A. L. HODGKIN a~xp A. F. HUXLEY

From the Physiological Laboratory, University of Cambridge
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Fig. 15. A, solution of eqn. (31) calculated for K of 10-47 mseo~! and temperature of 18-5° C.
B, same solution plotted on slower time scale. C, tracing of propagated action potential on
same vertical and horizontal scales as 4. Temperature 18-5° C. D, tracing of propagated

Inside : action potential from another axon on approximately the same vertical and horizontal scales
as B. Temperature 19-2° C. This axon had been used for several hours; its spike was initially

Fig. 1. Electrical circuit representing membrane. Ry,=1/gn.; Rx=1/gg; R;=1/g;. Ry, and 100 mV. Reprinted from Hodgkin & Huxley (1952).

Ry vary with time and membrane potential; the other components are constant.
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BREVE RESENA HISTORICA

NC 4749

Cardiac Action and Pacemaker
Potentials based on the Hodgkin-Huxley

November 5, 1960 NATURE

Equations
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Fig, 1, 4, Computed action potential. The integration was

started by displacing the membrane potential to —50 mV., which

is equivalent to a very short cathodal pulse of 36 x 10~7

coulombsfem.?. B, Time course of computed conductance changea

on a logarithmie seale. Gk, potassinum conductance ; Gxs, sodium

conductance. The potassium and sodium equilibrinm potentials
were set ab —100 mV. and 4 40 mV. respectively
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Fig. 2. Solution to equations in which the membrane potential

is unstable in diastole so that pacemaker activity oecurs. In

this case, the potential at which the steady state sodium and

potassium currents are equal and opposite is ~88 mV. and an

nnstable state at this potential corresponds to a second solution
to the equations
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BREVE RESENA HISTORICA

A computer model of atrial fibrillation

Crordon K. Moe, M[.D.*
Werner C. Rheinboldt, Ph.D **

Abildskor, ) .1} ***
[tica, N. V.
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G K. Moey col, 1964 ] 75
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DMOBREZON/NIBTRESCALA DEL CORAZON
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CORAZON VIRTUAL

Objetivos:
Ayudar a

Entender las condiciones que facilitan el desarrollo
de las arritmias cardiacas mediante |la integracion
de informacion disponible desde el nivel molecular
hasta el torso.

Disefar nuevos y seguros metodos de prevencion,
diagnostico y tratamiento.
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CORAZON VIRTUAL
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CORAZON VIRTUAL

O Nivel celular
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CORAZON VIRTUAL

O Nivel celular
Modelo de célula del musculo Heterogeneidad electrofisiologica

ventricular humano
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CORAZON VIRTUAL
O Nivel tejido

Valderrabano, 2007
tejido anisotropo
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CORAZON VIRTUAL

O Nivel de 6rgano. Geometria realista

2008 - CardioVizaD Tracer: Off INRIA 2008 - CardioV3D Tracer: Off INRIA 2008 - Cardiovizad
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CORAZON VIRTUAL

O Nivel de 6rgano. Geometria realista

Mallado / Corazon 3D /

Identif
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CORAZON VIRTUAL

O Nivel de 6rgano. Geometria realista

RPV

Torrent-Guasp, 1950
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CORAZON VIRTUAL
O Fibras de purkinje
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CORAZON VIRTUAL

O Nivel torso

Modelo de torso
Imagenes RMN Especifico del paciente
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CASO 1. ARRITMIAS VENTRICULARES

Arritmias en isquemia

Arterias coronarias Oclusion coronaria (infarto)

Isquemia: anemia local y temporal en el miocardio causada por la falta de
riego sanguineo.
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CASO 1. ARRITMIAS VENTRICULARES

Arritmias en isquemia

Control 10’ Hypoxia
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FerreroJ).M., Saiz J., FerreroJ.M., Thakor N. V.
Simulation of Action Potentials From Metabolically Impaired Cardiac myocytes,
Circulation Research 1996
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CASO 1. ARRITMIAS VENTRICULARES

Arritmias en isquemia

[Janse et al, 1978]

v'Es posible registrar la actividad eléctrica en el tejido
miocardico, sin embargo...

v “In vivo” durante la isquemia es imposible registrar
los PA, corrientes idnicas y concentraciones.
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CASO 1. ARRITMIAS VENTRICULARES

Arritmias en isquemia
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CASO 1. ARRITMIAS VENTRICULARES

Arritmias en isquemia
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CASO 1. ARRITMIAS VENTRICULARES
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CASO 1. ARRITMIAS VENTRICULARES

Papel de los canales de conduccién

O Desarrollo del modelo personalizado a paciente
Zona central

Imagenes isquemia
Anatomicas I\‘IRI Ilr
Hospital - Zona borde
Clinico Geometria isquemia
Universitario
de Valencia |mégenes
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CASO 1. ARRITMIAS VENTRICULARES
Papel de los canales de conduccion

O Desarrollo del modelo personalizado a paciente

Anatomia cardiaca
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CASO 1. ARRITMIAS VENTRICULARES
Papel de los canales de conduccion

Lépez A. Tesis Doctoral. No publicado
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CASO 2. ARRITMIAS AURICULARES
Modelo realista de las auriculas

(a) (b) (c) (d)

Ferrer A.,Sebastian R., Sanchez-QuintanaD., Rodriguez). F., Godoy E.J., Martinez L., Saiz J.,
Detailed Anatomical and Electrophysiological Models of Human Atria and Torso forthe
Simulation of Atrial Activation PLOS ONE, 2015
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CASO 2. ARRITMIAS AURICULARES
Modelo realista de las auriculas

: ‘|"‘ \\
< ety
MEN
A S

o) UNIVERSITAT ° 2 Centro de Investigacione
i mT ") POLITECNICA “ I Innovacién en Bicingenieria

DE VALEN( www.ci2b.upv.es



CASO 2. ARRITMIAS AURICULARES
Modelo realista de las auriculas

Rocher S. Tesis Fin Master. No publicado
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CASO 2. ARRITMIAS AURICULARES
Propagacion normal cAF
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CASO 2. ARRITMIAS AURICULARES
Fibrilacion auricular

Time = 0.0

Time =0.0

A »

Potencial ve. Time for Node 66604 Potencial vs. Trme for Node 66604

Wmmmmﬁmu
L
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CASO 2. ARRITMIAS AURICULARES
Foco ectopico en VPD
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CASO 2. ARRITMIAS AURICULARES
Foco ectopico en VPD

A 2160 ms + 2355 ms e 3220ms = 8675 ms *

8.0 8.5 9.0 8.0 sX_/ 9.0

t(s) t(s)

Tobdn C., Ruiz-Villa C.A., Heidenreich E., Romero L., Hornero F., Saiz J.
A Three-Dimensional Human Atrial Model with Fiber Orientation. Electrograms and

Arrhythmic Activation Patterns Relationship PLOS ONE, 2010
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CASO 2. ARRITMIAS AURICULARES
Foco ectopico en VPD

Maze ||
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CASO 2. ARRITMIAS AURICULARES
Foco ectopico en VPD

Maze parcial izquierdo

Saiz J.,Tobén C.,
Supraventricular Arrhythmiasin a
realistic 3D Model of the Human
Atria.

Carliac Electrophysiology. From Cell
to Bedside. 6th Edition.

Ed. Dr Zipes and Dr Jalife
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CASO 2. ARRITMIAS AURICULARES
Mapeo de rotores
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CASO 2. ARRITMIAS AURICULARES
Mapeo de rotores

Time: 0 ms

Phase (rad)

3.14

Vm (mV) \ E_] 57
E20.00 b o

g6 =157

-3.14
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CASO 2. ARRITMIAS AURICULARES
Mapeo de rotores

CT rotor
Tay Imaginary PSs
W40ms ginary AHGFEDCBA
WWS CT rotor \A\
F4 9897ms
I , , , , IMPS
F5 9901ms
Vel Ve Ve e Vad '
G4 9950ms J

Martinez-Mateu L., Romero L., Ferrer-Albero A., Sebastian R., Rodriguez-Matas J.F., Jalife J., Berenfeld O., Saiz J.
Factors affecting basket catheter detection of real and phantom rotors in the atria: A computational study.
PLOS Computational Biology, en revision.
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CASO 3. PRO-ARRITMICIDAD DE LOS FARMACOS

® La utilizacion de farmacos es una de
las terapias mas extendidas en el
tratamiento de diferentes patologias.

® Sin  embargo, muchos de estos
farmacos pueden inducir arritmias
cardiacas, incrementando el riesgo de
mortalidad.
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CASO 3. PRO-ARRITMICIDAD DE LOS FARMACOS

@® Biomarcadores obtenidos en ensayos preclinicos y clinicos

® Estos biomarcadores tienen limitaciones y presentan FN (farmacos
peligrosos alcanzan el mercado) y FP (farmacos beneficiosos no

alcanzan el mercado.

B 1901
O 2000

Attrtion for each criterion (%)

|
Cost Unknown/

|
Efficacy Formulation PK/
of goods other

bicavailability

Clinical
safety

Kola and Landis 2004
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CASO 3. PRO-ARRITMICIDAD DE LOS FARMACOS
Ensayos virtuales

Moléculas de farmaco

-
@ Sitio de union

Gngmet

Farmacos modifican la conductancia
de los canales

RESEARCH
PROGRAMME
ON BIOMEDICAL
INFORMATICS
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CASO 3. PRO-ARRITMICIDAD DE LOS FARMACOS
Ensayos virtuales
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CASO 3. PRO-ARRITMICIDAD DE LOS FARMACOS
Ensayos virtuales
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CASO 3. PRO-ARRITMICIDAD DE LOS FARMACOS
Ensayos virtuales
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CASO 3. PRO-ARRITMICIDAD DE LOS FARMACOS
Ensayos virtuales
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CASO 3. PRO-ARRITMICIDAD DE LOS FARMACOS
Desarrollo virtual de farmacos

Molecular level Electrophysiology level
H.
Database of KCNQ1
and hERG blockers
3
™ ,A\. 3 ; ::
Y - *~;, Y 2

ICsp hERG
-+

ICs, KCNQ1

1D Heart tissue

Hodgkin-Huxley formalism

Prediction of

parameters
Docking inside the open 2
states of KCNQ1 and hERG

1 AP
- Q ECG
i 5|

T
Exp
3D QSAR models Simulated AP and ECG

Obiol-Pardo C., Gomis-Tena ., Sanz F., Saiz J., Pastor M
A Multiscale Simulation System forthe Prediction of Drug-Induced Cardiotoxicity
Journal of Chemical Information and Modelling2011,51:483-492
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In silico QT and APD ProlongationAssay for Early Screening of Drug-Induced Proarrhythmic Risk

Romero L., CanoJ., Gomis-Tena J., Trenor B., Sanz J., Pastor M., Saiz J.
Journal of Chemical Information and Modelling, segundarevision




CASO 3. PRO-ARRITMICIDAD DE LOS FARMACOS
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MODELO MULTIESCALA DEL SER HUMANO

Virtual Physiological Human
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