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In Memoriam: Alain Cribier, MD, FACC, TAVR Pioneer
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CARDIOLOGY, AT THE
HEART OF INNOVATI

-1923 -
World's first successful
heart valve surgery

A
Ney

Q’}. - 1947 -

First defibrilator developed and
first successful defibrillation

- 1929 -
First right heart catheterization
performed by Werner Forssmann
on himself

- 1952 -

1958 First use of the thrombolytic enzymes
First fully implantable to dissolve blood clots in the heart
pacemaker

- 1960 -
First mechanical aortic
heart valve sucessfully
implanted

- 1967 -
Wolrd's first successful
human heart transplant

- 1982 -
First permanent artificial
heart was transplanted

- 1986 -

First coronary stents
implanted by Ulrich
Sigwart and Jacques
Puel at CHUV Lausanne

- 2002 -

First transcatheter aortic
valve replacement
performed

- 2022 -
World's first
porcine-to-human
heart transplantation

Cardiology’s Digital
Transformation:

Technology-Enabled Collaboration
Across the Health Care Ecosystem




Reduccion de mortalidad CV en relacion a los avances cientificos

1958 1962 1976 2009
Coronary First beta First HMG Left-ventricular
arteriography |blocker CoA reductase assist device as
developed developed inhibitor 2007 destination therapy
(Sones) (Black) 1949 described Benefit of in advanced heart
600 1961 First (Endo) cardiac failure shown
Risk description ! ?Eﬂ' resynchronisation o be effective
factors {:::F CJ:'AEG} imp:zgst;hla " therapy in 2009
g 500 dhsfinex] P cardioverter- heart failure Genomewide
S defibrillator demonstrated | |, ociation in
developed early-onset
S 400 1961 ) , y-omns
S 1954 Coronary 1972 ==\lrowsk) 4065 Efteacy of M described
§_ First care unit NHEBPEP TIMI 1 1992 drug-eluting 2009
S 300 | open-heart developed versus bare-
u procedure (Julian) metal stents Deep gene
z (Gibbon) 1983 determined sequencing for
n 1979 1986 etermine responsiveness to
< 200 Coronary | CASS GISS] cardiovascular
'% angioplasty and 1993 drugs performed
dm"‘f,lﬂp,ad I5I15-2 Superiori
a 100 (Griintzig) n-f';rimart: A?_ESET
1985 pcl vs. fibrinolysis
0 NCEP  in acute Ml noted
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Convergence:
The FUture Of Health The Third Revolution:

The Convergence of
the Life Sciences,

I/

and Engineering

A strategy for “convergence” research to transform
biomedicine

Report calls for more integration of physical, life sciences for needed advances in
biomedical research.



PhD, PostDoc, grad., undergrad.,,,,,
Eng Mech, Eng Biotech, Eng Computat
Cardiologist, Interventional Cardiologist,
Stats, Maths,.............
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Computational

Processing and A Mechanical Approach for Smooth Surface
. Fitting to Delineate Vessel Walls in Optical
Modellng Of Coherence Tomography Images

Intravascular Images R Sy o e

and Elazer R. Edelman

Max Olender

Estimating the Internal Elastic Membrane Cross-Sectional Area of
Coronary Arteries Autonomously using Optical Coherence
Tomography Images*

Max L. Olender, Member, IEEE, Lambros S. Athanasiou. José M. de la Torre Hernandez, Tamara
Garcia Camarero, José D. Cascon, Luciano Consuegra-Sanchez, and Elazer R. Edelman

Artificially synthesized optical coherence tomography images ACCEPTED MANUSCRIPT

of diseased coronary artery :
Cardiology &

Supported by the Eurointervention Journal
Intravascular imaging is a cornerstone of invasive management of coronary disease E I t t Max L Olender, Ph.D &, Farhad R Nezami, Ph.D, Lambros S Athanasiou, Ph.D,
' urointervention

requiring specialized training to interpret either IVUS or OCT. Al can facilitate interpretation José M de la Torre Hernandez, M.D., Ph.D., F.E.S.C, Elazer R Edelman, M.D., Ph.D., F.A.C.C
by non-specialists in real time.

European Heart Journal - Digital Heaith, ztab079,

Authors

Max L. Olender'?, José M. de la Torre Hernandez?, Farhad R. Nezami'*, Elazer R. Edelman’>




? frontiers ORIGINAL RESEARCH
in Bicengineering and Biotechnology fci: 10,2350/ hing, 2021 543453

Computational
Processi ng a nd Effects of Choice of Medical Imaging

Modalities on a Non-invasive

Cardiovascular Diagnostic and Monitoring

Computational Framework for
OPEN ACCESS

PhySiOIO gy ... Patients With Complex Valvular,

s \fagoular, and Ventricular Diseases

HKennesaw State Linfversity

Zahra Motamed o Who Undergo Transcatheter Aortic
ez \fglve Replacement

LUnited Statss
asan Andrew Shar Melissa Baiocchi'f, Shirley Barsoum', Seyedvahid Khodaei',
Winight State University, United States Jose M. de la Torre Hernandez?, Sydney E. Valentinos, Emily C. Dunfords,
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Mixed Valvular Disease Following Transcatheter Aortic Valve
Replacement: Quantification and Systematic Differentiation Using
Clinical Measurements and Image-Based Patient-Specific In Silico
Modeling

Zahra Keshavarz-Motamed, PhD; Seyedvahid Khodaei, MS; Farhad Rikhtegar Nezami, PhD; Junedh M. Amrute, BS; Suk Joon Lee, BS;
Jonathan Brown, BS; Eyal Ben-Assa, MD; Tamara Garcia Camarero, MD; Javier Ruano Calvo, MD; Stephanie Sellers, MD; Philipp Blanke,
MD; Jonathon Leipsic, MD; Jose M. de la Torre Hernandez, MD, PhD; Elazer R. Edelman, MD, PhD



Medicina de precision:
Adaptar el tratamiento a cada persona.




CardiOvaSCU|ar PfeCiSiOn MEC“CIHQ High“ghts FDA Approves First

PCSK9 Inhibitors
2015

MI-GENES Study of GRS

Effect on LDL-C Levels
I 2016
Earliest CLIA LQTS Diagnosis
1998 Directing Neonatal Treatment 2017
2003 2010 2014 4
Trastuzumab introduced Completion of Human First Clinical Interpretation CRISPR correction restores

for HER-2 positive breast cancer Genome Project of Human Genome DMD expression in mice

2001 2007

Imatinib introduced for CML Derivation of iPSCs
from adult cells

2017
Gene editing in embryos
corrects HCM mutation
[
2017
AHA Precision Medicine
Platform Launched

2011
Joint Society Statements
Recommending Genetic Tests

2013
CRISPR first used for
genome engineering

2015
President Obama announces
Precision Medicine Initiative




Las tecnologias genéticas
estan revolucionando la
medicina de precision

DOV

Clinical Genome Sequencing

« Identify disease-causing mutations
in patients and family members
(e.g. cascade screening in FH)

» Direct disease treatment (e.g. LQTS

subtype-informed drug selection) |

« Clarify disease diagnoses

Genetic Risk 'S'c‘ores

Y

Targeted Therapeutics

« Tackle molecular underpinnings
of specific disease subtypes
(e.g. PCSK9 inhibition via
antibodies in FH)

* Sequencing can aid placement
of patients into appropriate
clinical trials

lex di o Induced Pluripotent
m‘;’nﬁumce of many \ ' - Stem Cells
(e.g. in coronary artery dbease *» Model disease and test new
risk score discussion can affect therapies in vitro (e.g. testing
statin usage) calmodulin knockdown in LQTS)
« Association of genetic risk with » Potential source of autologous
disease outcomes canbeas cells for transplantation (e.g.
strong : as lifestylerisk iPSC-erythroblasts to treat

beta thalassemia)
CRISPR Genome Editing

« Potential to stop disease before
it starts (e.g. editing in HCM

embryos)

« Target disease at the DNA level
(e.g. editing of DMD in mice

can alleviate disease

symptoms)

n »



Riesgo genético y estilo de vida

+ ~50K participants from 3 studies
» Polygenic risk score developed from 50 SNPs associated with CAD
« Healthy lifestyle defined by tobacco use, obesity, diet, physical activity

M Favorable lifestyle M Intermediate lifestyle [l Unfavorable lifestyle

A Atherosclerosis Risk in Communities B Women’s Genome Health Study C Malmé Diet and Cancer Study
12~ 12+
10

Standardized 10-Yr Coronary Event Rate

Standardized 10-Yr Coronary Event Rate

Standardized 10-Yr Coronary Event Rate

3.1 43 5.8 48 50 73 12 14 18 14 19 33 20 26 46 34 38 61
Low Intermediate High Low Intermediate High Low Intermediate High
Genetic Risk Genetic Risk Genetic Risk

Kheraet al. NEJM. 2016;375:2349-2358



Clinical Risk Score to Predict @
Pathogenic Genotypes in Patients
With Dilated Cardiomyopathy

Luis Escobar-Lopez, MD,*™" Juan Pablo Ochoa, MD, PuD, Ana Royuela, PuD,” Job A.JI. Verdonschot, MD, PuD,”
Matteo Dal Ferro, MD," Maria Angeles Espinosa, MD, PuD,”* Maria Sabater-Molina, PuD,™"

Maria Gallego-Delgado, MD, PuD,” Jose M. Larrafiaga-Moreira, MD,™ Jose M. Garcia-Pinilla, MD, PuD,™*

Maria Teresa Basurte-Elorz, MD,' José F. Rodriguez-Palomares, MD, PrD,”™ Vicente Climent, MD,"

Francisco I. Bermudez-Jimenez, MD, PuD,” Maria Victoria Mogollén-Jiménez, MD,” Javier Lopez, MD, PuD,""
Maria Luisa Pefia-Pefia, MD,” Ana Garcia-Alvarez, MD, PuD,"** Bernardo Lépez-Abel, MD,"™"

Tomas Ripoll-Vera, MD, PuD," Julian Palomino-Doza, MD, PuD,”" Antoni Bayes-Genis, MD, PuD,™*

Ramon Brugada, MD, PuD,” Uxua Idiazabal, MD,* Jesus G. Mirelis, MD, PuD,*"* Fernando Dominguez, MD, PuD,*"*
Michiel T.H.M. Henkens, MD,** Ingrid P.C. Krapels, MD, PuD,* Han G. Brunner, MD, PuD,*""** Alessia Paldino, MD,*"
Denise Zaffalon, MD,*" Luisa Mestroni, MD,"® Gianfranco Sinagra, MD,"" Stephane R.B. Heymans, MD, PuD,***
Marco Merlo, MD,>" Pablo Garcia-Pavia, MD, PeD*>>"

Madrid Genotype Score

Derivation

- Broad External
and Scoring

Internal Validation Validation

Multivariate analysis Internal validation by
identified 5 independent bootstrapping showed a
variables associated with |gs o good discriminative

a positive genotype that performance and
were used to derive a score calibration

Broad validation in an
independent international
cohort showed good
discrimination capability

Yield of Positive Genotype According
to the Score Category (n = 1,015)

Predictors of a Positive Genetic
Result

Clinical Predictors Points 2 100 100
< P<0.001

Skeletal myopathy 1 2
= 801

Family history of DCM 1 @
L2

Low voltage on ECG 1 fg‘ 601

Absence of hypertension 1 § 401

Absence of LBBB 1 % 20

Scoring Range: O to 5 Points = o-

Yield of Genetic Test According to
Cumulative Score Thresholds

rnal and External Validation

Inte
Derivation Cohort
\/ (n=1,015)
\/ Calibration slope: 0.938

C-statistic: 0.742

10

=]
(=~ =]

Yield of Genetic
Testing (%)
N OB O

Validation Cohort
\/ ' (n=1,097)
C-statistic: 0.743

21 22 23
Cumulative Score Thresholds

Escobar-Lopez L, et al. J Am Coll Cardiol. 2022;80(12):1115-1126.



Original article

Serum and genetic markers related to rapid clinical progression of coronary M)

Chachk for

artery disease =

Tamara Garcia-Camarero,™* Sara Remuzgo-Martinez,” Fernanda Genre,” Raquel Lopez-Mejias,” 2023
Veronica Pulito-Cueto,” Gabriela Veiga,® Dae-Hyun Lee Hwang,* Fermin Sainz Laso,* Aritz Gil Ongay,?
Miguel Angel Gonzalez-Gay,“ and José M. de la Torre Hernandez?

? Departamento de Cardiologia, Hospital Universitario Margues de Valdecilla, Instituto de Investigacion Valdecilla, Santander, Cantabria, Spain
" mstituto de Investigacion Valdecilla, Santander, Cantabria, Spain

© Departamento de Medicina y Psiguiatria, Universidad de Cantabria, Santander, Cantabria, Spain

4 Instituto de Investigacidn Sanitaria-Fundacidn Jiménez Diaz, Madrid, Spain

RAPID CLINICAL PROGRESSOR LONG STANDING STABLE

IL6 rs1800795 C allele PCSK9 rs2483205 T alelle IL6 rs1800795 C allele PCSK9 152483205 T alelle

8.6%

6.9%

TNF rs3093664 non G alelle TNF rs3093664 non G alelle




Geographic information system (GIS)
of a human being

Genome

Transcriptome

THE FUTURE OF
MEDICINE

£
b L\ \\

Proteome

Metabolome

Microbiome

Epigenome

Exposome
Social Graph

Imaging
Biosensors
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PCSK9 Regulates the Surface Expression of
LDLRs by Targetmg for Lysosomal Degradation

". ‘.'

Decreased LDLR surface concentration




— s RNA therapies
ﬂm‘ str?::?u:dumww ‘ More LDL-C uptake

o= YT

More recycling LDL receptor
RNA Induced o LB reseptre

LDL-C
IRONON Al I s <
\ .
RISC mtlse/nse strand Q? A '

¢\/\/ PCSK9 "‘RNA/ H Less degradation of LDL "‘ Less PCSK9
receptor by Lysasome \"available to bind
el Less PCSKS | o8- e
synthesis and \
[ 74,9090 SEEN e excretion ra?
4
Degrodation of PCSK9 mRNA GOLGI APPARATUS

HEPATOCYTE



Los GLP-1

Control diabético
Reduccion de peso

Reduccion de eventos
cardiovasculares

Myocardial contractility 4
Glucose uptakeW
Ischaemic preconditioning 4

Endothelial function A4
Arterial stiffness W
Inflammation W

]

/ o

Appetite %
Satiety @

GLP-1

Body weight
Blood pressure ¥
Plasma glucose

Plasma |Ipld$ <&

€d

Sodium excretion A4
Diuresis A

Insulin A4
Glucagon W

\ Liver fatd  InflammationW

Insulin Resistance W




Biomarcadores para definir pronostico en la Insuficiencia Cardiaca
(monitorizacion de respuesta a farmacos)

NT-proBNP,




RETOS

Coste-efectividad, la privacidad de los datos, los marcos normativos vy la
formacion de médicos y pacientes.

Accesibilidad a los farmacos mas novedosos y caros (equidad).
Mercado extra-sanitario de farmacos “atractivos” (Ozempic)

La colaboracidn entre profesionales sanitarios, investigadores, organismos
reguladores y responsables politicos sera clave.



Semaglutide

INSID

) Libertad Digital &

La cara de Ozempic: |la transformacion de los famosos que
adelgazan con un farmaco para la diabetes

De sobra es conocida |la obsesion de Hollywood por la imagen corporal y en los ultimos
anos se ha puesto de moda administrarse Ozempic,...

1 month ago



Tecnologias avanzadas de imagen:
Visualizacion del corazon con un detalle sin precedentes




TAC Cateterismo

Coronariografia




TAC: analisis cuantitativo de flujo coronario




TAC: analisis composicion de placa

A Plaque analysis

Lumen

Fibrous
area

Lipid-rich
area

Fibrofatty
area

B Plaque regression

' «— Fibrofatty

+
R« Ca
:

Plaque volume 466.5 mm?
Plaque burden 61.4%
Lumen volume 282 mm?

Baseline

C Plaque progression

Plaque volume 500.5 mm?
Plaque burden 48.9%
Lumen volume 548 mm?

Plaque volume 468 mm?

Plaque burden 54.2%
Lumen volume 389 mm?

Baseline

’
» «— Fibrofatty
}&—— Ca

Plaque volume 301.5 mm?
Plaque burden 48 6%
Lumen volume 306 mm?

hv:
> Y "’
;f © w__ Plaque volume mm?
e~ Plaque burden %
s, Lumen volume 475 mm?3

‘,’ Plaque volume mm?

R P Plaque burden %
F &Lumen volume 356 mm?
/’
@/ ) s —

Patrick W. Serruys et al. JACC State-of-the-Art Review. 2021




TAC: inflamacion perivascular

Inflamed

3 ¢ Vessel

. Perivascular fat

»

Non-perivascular fat

disease
activity

Perivascular fat Vessel

-190 HU -70.1 HU -30 HU

Patrick W. Serruys et al. JACC State-of-the-Art Review. 2021



Del TAC a la sala de Cardiologia Intervencionista:
Que lesiones tratar y como




Trans Aortfic Valve Implantation

TAVI

T —
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Diagnosis

Y,

Patient

Accurate (quantitative)
CT assessment of

calcification
CalciGrapher
‘ K : ‘ Patient specific
Clinician workstation TAVR automatic regional

planning calcific assessment

Automated peri-

(HI\\ procedural
C ted = —~ outcome/event
araphy Post-TAVR prediction
tomography (CT) -TA
monitoring

Post-procedural
monitoring

O

DIAGNHICSO

f
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APPLICATION Sample #1: Severe tricuspid aortic stenosis (AS)

AS diagnosis AS reclassification TAVR planning
& AS staging & optimization

L 2 2

CalciGrapher

Excellent agreement with  Ability to quantify regional Ability to predict
standard CT and ECHO  calcific progression across common periprocedural
determinants of AS severity sex and severity outcomes/events of
TAVR

DIAGNICSe 55




APPLICATION Sample #2: Severe bicuspid aortic stenosis (BAS)

BAS diagnosis BAS reclassification TAVR planning
& BAS staging & optimization

&

o _
> ﬁf v \-fn 4

CalciGrapher

Excellent agreement with  Ability to quantify regional Ability to predict
standard CT and ECHO  calcific progression across common periprocedural
determinants of the valve sex and severity outcomes/events of
stenosis severity TAVR

DIAGNICSe 36




RMN cardiaca




RMN cardiaca: analisis tisular, fisiologia




RMN 4D flow

Velocity [m/s]

1.00
0.75
0.50
0.25
0.00




! Imagen intravascular
“ OCT 3D




Mitral
complex |




Fusion Ecocardiografia + Angiografia

Courtesy Dr Corti & Dr Biaggl
Klinlk Hirslanden Zurich




Fusion TAC + Angiografia




De la imagen a la fisiologia

(a) Anatomical diagram of the Iu[)nped parameter model

Upper part

Aortic valve
{healthy/diseased)

‘y -
,_. R 2 ! Descending aorta
Lav 5 ‘

< '
B4t ' Ascending aorta
2 f : s (healthy/diseased)
© H '
g RA\’
2 QMPV
__________ & Eis(t)
: Left atrium
5 : Lag! i (healthy/diseased)
] y H '
0 ; | ' |
5 : 5 i
=Y Rua 24!
£ f z
: N
H z 8
e
5 o
Mitral valve :
Aortic valve - ! ‘—
regurgitatic (healthy/diseased) * i Systemic circulation 2
4 .} R [ (healthy/diseased)
Et) sv = )
é ' Lur _
] ' Left ventricle P
-1 H 3 cve
5 H (nhealthy/diseased)
H H Ry
e

Mitral valve
regurgitationfleakage | ' _____:

Baiocchi, S. Barsoum, S. Khodaei, S. E. Valentino, E. C. Dunford, J. M. de la Torre Hernandez, M. J. MacDonald, Z. Keshavarz-Motamed. (2021). Frontiers in Bioengineering and Biotechnology. 9, 389.



Patient

DiagnoCardio

The Doppler-based
diagnostic, monitoring
and predictive

Clinician framework

Doppler .f """"" 5

DIAGAOICSO

CD Diagnosis

O

\

Intervention
prediction

Post-intervention
monitoring

Quantifying physiological
flow and pressures
through the heart and
circulatory system

Performing P-V loop
analysis

Quantifying heart-function
metrics, e.g., LV
workload, LV pressure,
LV end-diastolic pressure,
contractility

Providing the breakdown of
effects of each disease
constituents on the cardiac
function

I Aorta

[] Left Ventricle

o n
3 8

Pressure (mmHg)

03 0.4 0.5 .. .
Ti
Ti(E) B Lef: Ventricle

Volume {mL)
88

Stroke Work = 1.54 ]

Pressure (mmHg)
= @
=

50}

40 50 60 70 80 920 100 110
Volume (mL)



RETOS

Elevado coste, la necesidad de equipos multidisciplinares (recelos
gremiales, acusacion de intrusismo, competitividad y percepcion de
amenaza).

Mantenimiento de hardware y software, la exposicion a la radiacion en
algunas modalidades vy la interpretacion de datos de imagen complejos.

Integracion de los hallazgos de imagen en los procesos de toma de
decisiones clinicas.



Radiologos, Cardiologos, ...... y demas

Cultura del trabajo multidisciplinar
Superar el “tribalismo” de los Servicios Clinicos



Procedimientos minimamente invasivos:
La revolucion de las intervenciones por cateter







Evolucidn en dispositivos para Intervencionismo Coronario

Abciximab AAS+Ticlop./Clop. Bivalirudina, Prasugrel /Ticagrelor, Cangrelor, ...

50




Evolucion en dispositivos para Intervencionismo Estructural

51






Cirugia TAVI




Pulmonary

valve AortiFvaIve . Y !
j < | A
'.,-'i’, LA
; ; Mitral valve < ,
TeEe EvolutPRO  ACURATE Neo Portico
~ QQC QO (0 ) ¢

Aortica

J-Valve FoldaValve

Triskele
Q

o}

Feature | Heart Valve Technology | November 17, 2020 OFDAapproved OCEmark © Bioprosthetic O Polymericleaflets % No longer available

TAVR Is Now Dominant Form of Aortic Valve Replacement in
the United States



Mitral

P @ma 4 Aortis valve
S @
Tricuspid Mitral valve
valve g '
(E}I & i
- 4

Edge-to-edge repair

— —— ManCip XTg ——

Newer generation MitraClip

Indirect annuloplasty

MVRx ARTO Mitral Loop Cerclage

Direct annuloplasty

-

Millipede

Accucinch

NeoChord

Transcatheter replacement




Pulmonary

valve Aortic valve

Mitral valve

& 3

Tricuspid
valve

Tricuspide

urgica

_ predicates
Direct suture

annuloplasty

Cardioband Millipede DaVingi

Direlct rling Q \’M{ 4
annulopiasty )\*
‘W
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Cierre de orejuela

Watchman ‘Watchman FLX
Boston Scientific Boston Scientific
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Denervacion renal

Tratamiento de la HTA resistente
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Soporte Circulatorio en Shock




Corazon artificial, asistencias a larga




PACES
Receiver

Electrode paces
by converting
Vo ultrasonic

energy into
electrical energy

Electrofisiologia

[ ] [ A
Arritmias L8 WO
- )\ ultrasound
. i X energy to the
4 Y 9 Receiver
. Electrode

TRANSMITS
Transmitter

S
D
DETECTS
Transmitter
detects the RV |
pacing pulse
y from the co-
> { :
implant




Clinical Data  ==» VirtualData =»  Virtual Data =33 Simulation Protocol

Voltage Map Fibrosis LAT Map Sychronization AF maintenance
Clinical LAT Map

iy A

ﬁh"“

=Fibrosis

- ', ﬁ/
CT images Fiber Orientation LA Region Separation overall OF  [°
300

Virtual LAT Map

LD
Overall Smax

‘ u = 0 300
0 300

m—RAm—RMm—PV

m—ILAw—BB




RETOS

Elevados costes de los procedimientos (convencer a la administracion de
qgue el costo inicial esta compensado por los beneficios clinicos a largo plazo)

Curva de aprendizaje, necesidad de formacion especializada-colaboracion
multidisciplinar, |la disponibilidad de los dispositivos y los criterios de

seleccion de los pacientes.

Problema con los equipos de Cirugia Cardiaca, asimetria plantillas /
actividad. Reconversion necesaria.

Existe amplia variabilidad de implementacidén entre paises y regiones.



Cost-effectiveness of Transcatheter Aortic Valve

Implantation in Patients at Low Surgical Risk in France:
A Model-based Analysis of the Evolut LR Trial

Is self-expandable TAVI a health-economically viable alternative to
SAVR in patients at low surgical risk?

In a lifetime projection based on two-year data from the Evolut Low Risk trial,
TAVI was found associated with:

* Increased mean survival (+0.13 life years),

* Improved quality-adjusted survival (+0.13 QALYs),

* Limited increase in lifetime cost (+€833)

rendering TAVI cost-effective at an incremental cost-effectiveness ratio
(ICER) of €6,368 per QALY gained.
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€20,000 TAVI cost-
effective
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(€10,000)
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Articulo original
Variabilidad interregional en el uso de tecnologias cardiovasculares

(2011-2019). Correlacion con indices economicos y frecuentacion
y mortalidad hospitalarias

José M. de la Torre Hernandez®", Manuel Lozano Gonzalez®, Tamara Garcia Camarero®,

David Serrano Lozano®, Belén CldbL Soledad Ojeda" Pilar Jlmenez Quevedo®, Ana Serrador

Bruno Garcia del Blanco‘j Jose F. Diaz", Ratil Moreno', Ignacio Cruz-Gonzalez, Armando Pérez de Prado¥,
[gnacio Fernandez Lozano', Oscar Cano Pérez"™ y David Cantarero Prieto”

2 Unidad de Cardiologia Intervencionista, Servicio de Cardiologia, Hospital Universitario Marques de Valdecilla, Instituto de Investigacion Sanitaria Valdecilla (IDIVAL), Santander,
Cantabria, Esparia

® Unidad de Cardiologia Intervencionista, Servicio de Cardiologia, Hospital Clinico Universitario de Santiago, Santiago de Compostela, A Coruria, Esparia

®Centro de Investigacion Biomédica en Red de Enfermedades Cardiovasculares (CIBERCV), Esparia

9 Unidad de Cardiologia Intervencionista, Servicio de Cardiologia, Hospital Reina Sofia, Instituto Maimonides de Investigacidn Biomédica de Cérdoba (IMIBIC), Universidad de Cordoba,
Cordoba, Esparia

€ Unidad de Cardiologia Intervencionista, Servicio de Cardiologia, Instituto Cardiovascular, Hospital Clinico San Carlos, Madrid, Esparia

fUnidad de Hemodindmica y Cardiologia Intervencionista, Hospital Clinico Universitario de Valladolid, Instituto Ciencias del Corazon (ICICOR), CIBERCV, Valladolid, Esparia

& Unidad de Hemodindmica, Servicio de Cardiologia, Hospital Universitari Vall d’Hebron, Barcelona, Esparia

" Unidad de Cardiologia Intervencionista, Servicio de Cardiologia, Hospital Universitario Virgen del Rocio, Sevilla, Esparia

! Unidad de Cardiologia Intervencionista, Servicio de Cardiologfa, Hospital Universitario La Paz, idiPAZ, Madrid, Esparia

I Unidad de Cardiologia Intervencionista, Servicio de Cardiologia, Hospital Universitario de Salamanca, IBSAL Salamanca, Esparia

¥Unidad de Cardiologia Intervencionista, Servicio de Cardiologia, Hospital de Leon, Ledn, Esparia

' Unidad de Arritmias, Servicio de Cardiologia, Hospital Puerta de Hierro, Majadahonda, Madrid, Esparia

M Unidad de Arritmias, Servicio de Cardiologia, Hospital Universitario y Politécnico La Fe, Instituto de Investigacion Sanitaria La Fe, Valencia, Esparia

" Departamento de Economia, Grupo de Economia de la Salud y Gestidn de Servicios Sanitarios, Universidad de Cantabria-IDIVAL, Santander, Cantabria, Esparia
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" HWW
Valdecilla

Centro de Innovacion y Entrenamiento de Alto Rendimiento

https://www.youtube.com/watch

2v=rWhIQCLwGgk&t=71s

#Talento
#Tecnologia

# Simulacion
#Entrenamiento
#Seguridad

#Experiencia

Valdecilla

Hospital Universitario Marqués de Valdecilla

Cardiologia

VALDECILLA SANTANDER

https://www.youtube.com/watch

?v=xjzbOS1scbQ
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https://www.youtube.com/watch?v=rWhIQCLwGgk&t=71s
https://www.youtube.com/watch?v=xjzbOS1scbQ
https://www.youtube.com/watch?v=xjzbOS1scbQ

Sistema de

Modelo de

El modelo de entrenamiento A recrea el
procedimiento desde la puncién para el
acceso, hasta la implantacion de la valvula.

Con el objetivo de simular el procedimiento
completo en un contexto realista replicando
los gestos y técnica real sin las inconveniencias
de la radiacidn, la radioscopia fue sustituida
por un elemento B de captura de imagen que
enfoca al modelo de entrenamiento A y se
muestra en el sistema de visionado C.
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Una tecnologia y expertise que permite generar patologias de manera modular

72



M Recibidos (5413) - chematorre6. X [|® Radcliffe Presenter x (@ Posasistente - Zoom x| + = (a] x

C ( @ rad presenter/52dfe822-688a-ec1 1-93b0-000d3a25218d & &

i Aplicaciones G GOOGLE - Buscarc.. [3 Correo HUMV [ Correo SEC: José M. -A Editorial Manager®... A REC Editorial Mana.. A Eurointervention EM I3 ScholarCne Manus.. G Google 3% Dropbox [ Bienvenido ol Camp... Y€ Universidad de Can... € myamericanhearto, »

, | Trasmision directa o
diferida de casos en
cursos internacionales
(12 en ultimos 4 anos

P Escribe aqui para buscar i 5 @ 10°C Mayorm. nubla... DML

Poll

What is your p for i LM stenosis ?

vy
A) IVUS : "ove22
B) Pressure wire

C) IVUS and/or Pressure Wire depending on the case
D) Mainly anglography

ppor

© 0w

o

0 OnoViewx ¢

RG Source 01

73



Traditional heart surgeons are becoming unemployed in UK-US
Interventional Cardiology teams in cotinuous growth
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Medicina regenerativa:
Reparar el corazon con terapias innovadoras
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heart

Infusion of stem cells

Activation of

Activation of Endogenous || Favorable modulation
neovascularization precursors of extracellular matrix
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Into vascular cells
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En ultimas 2 décadas, el exceso de optimismo y afan de notoriedad indujo el
salto precipitado a los ensayos clinicos, causando mediocres resultados,
decepcion, pausa-reflexion y vuelta a la investigacion basica




The sad plight of cell therapy for heart failure: causes and
consequences

Roberto Bolli, Xian-Liang Tang
Institute of Molecular Cardiology, University of Louisville, Louisville, KY 40292, USA.

“El comportamiento gregario es la eleccion por defecto de la mayoria de los seres
humanos, ya que es mucho mas seqguro y facil sequir al rebano que pensar por uno
mismo.

La mentalidad de rebano, la falta de pensamiento critico siempre fomenta el error y ha
tenido consecuencias desastrosas en la historia de la ciencia.

Las percepciones sobre la terapia celular para la IC son uno de los ultimos ejemplos de
una mentalidad de rebano enganosa que ha ofuscado la verdad.”



Cell-based Therapies Cell-free Therapies
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First 3D Engineered Vascularized Human Heart Is

Tissue Engineered Heart Model Gives Bioprinted
Researchers a Realistic Testing Platform

<~ HEOEE
By Kenny Walter | July 25, 2018 ==
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Optimizacion de los tipos y fuentes celulares, |a comprension de la
respuesta inmunoldgica a las células o tejidos transplantados, la garantia

de injerto y funcionalidad a largo plazo y la escalabilidad para un uso
clinico generalizado.

La traslacion a la clinica requiere una compleja y larga fase de
investigacion preclinica.

Las consideraciones éticas, como el uso de células madre embrionarias
v la modificacidn genética, también requieren una cuidadosa evaluacion.



Inteligencia artificial (I1A) y
aprendizaje automatico en cardiologia




Reglas
Programacion clasica

9 Respuestas

Datos

fegplesias é Aprendizaje automatico
(supervisado)

9 Reglas
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September 17, 2023

Artificial Intelligencein
Cardiology

Where we are and where we are going

David Leone MD, FAAP
Pediatric and Adult Congenital Heart Disease
University of Washington and Seattle Children’s Hospital

Royal Bromptcn and
UW Medicine Harcficld hosptak
EARTINSTITUTE UNIVERSITY of WASHINGTON =
Se— Guy’s and St Thomas’
ARTIFICIAL ySoac St yomas

INTELLIGENCE 23

in Cardiovascular Disease | LONDON

ARTIFICIAL INTELLIGENCE AND P
HEALTH TECHNOLOGIES in :
Cardiovascular Disease

A Cardiology Update Meeting
September 20-21, 2023




La inteligencia artificial llegara
alos centros de salud para
predecir problemas cardiacos

La experiencia, pionera en Espafia y que se aplicara en Cantabria y en
Madrid, es un proyecto financiado por la plataforma europea EIT Health

.3!,".:: que implicara a la Atencién Primaria y a Cardiologia de Valdecilla

“ IDOVEN

o R e I— Triage & Diagnose'
foertre A - Fast, accurate, consistent

Clinical data
1.2 million ECG hours, 10,000 patients

et ) Health

monitored in clinical trials E ¥
4 iy Treat & Monitor'
- So:mse. :. kol I Screen patients, monitor
‘ efficacy and safety
) i e s
Device neutrality £ eia oum Prevent'
ECGs, wearables, patches, holters, . pE—— Continuous, automated
implantables... heart checks

2" (3 Valdecilla \\\/”'

SERVICIO
CANTABRO
DE SALUD

Hospital Universitario Marqucs de Valdecilla



Artificial Intelligence coming into cardiology practice near you...

...in Intervention ...in Electrophysiology ...in Cardiovascular imaging
> %

Damped waveform Nomal waveform

A commercially available smartwatch
with an ECG sensor and a CNN
algorithm can provide an inexpensive,
non-invasive approach for long-term
AF surveillance

A CNN aortic pressure waveform analysis
algorithm can assist with patient safety
and improve diagnostic accuracy during
coronary angiography

Fully automated DL approaches

enable accurate and rapid CMR image
segmentation and analysis of myocardial
motion and deformation



Modelo ECG-IA pata detectar Amiloidosis Cardiaca

M

Development and testing of an AI-ECG

algorithm to detect cardiac amyloidosis in a

retrospective controlled environment

Algorithm validation post-development
with respect to multiple potential cofounders
(age, race, sex, ECG features, disease subtypes)

v

Al-ECG for Cardiac Amyloid

1.0

1.0
0.8
8
g 061
204 -1
=
~— Overall AUC 0.84
02 AL Amyloid AUC 0.85
~—— TTR Amyloid AUC 0.84
" — Heritable TTRAUC0.76
004 T I I T 1
0.0 0.2 04 06 08
False positive rate

Reassurance that
algorithm is valid

despite patient-to-

patient varations
Acceptable performance
despite:
*Age
* Sex
«Race
* Amyloid subtype

Identification

of potential
limitations

.

Lesser performance in:
«LBBB

«LVH

*Hispanic or Latino
patients

Harmon DM, et al. JACC Adv. 2023;2(8):100612.




|A para computacion de imagen cardiaca
y soporte para algoritmos de decision

Cardiac imaging

Cardiovascular imaging tasks

Quality control Detection
- » Segmentation —

Image acquisition Shape and
and reconstruction  motion analysis

Clinical, biological
and physiological
information

¢

Disease classification
and patient selection

A

End-to-end training



Predicting Ischemic and Bleeding Risk
in Patients DAPT After PCI

The xXDAPT Machine Learning Model Study Investigators:

Roxana Mehran

. - . Marco Valgimigli
Actual vs. Predicted for Validation Picter Smits
Mitchell Krucoff
Jose M. de la Torre Hernandez
Manel Sabaté
Salvatore Brugaletta
Martine Gilard
Marie-Claude Morice
Davide Cao
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AI Al-enabled HF management

Supervised machine learning
e n e I p ro C e S o Potential inputs: EMR, pharmacy, wearables, imaging, ECG, existing biomarkers
Trained for: incident or prevalent HF, HF hospitalization, death, therapy, eligibility, compliance
| | I
[ [ ]
CI I n I CO HF prevention Hospitalization prevention HF population management
Al-defined target populations Al-defined target populations Al-defined target populations
Real-time assessment of pre Real-time assessment of Undiagnosed
test probability +/- hospitalization or Undertreated
Al-enabled screening test re-hospitalization risk Noncompliant
ie, ECG, imaging Eligible for specific therapy
High risk

Testable interventions
Therapies, care processes, care models, novel clinical issue targeted patient and physician education,
Al-enhanced highly relevant best practice advisories, Al-identified region, commercial or health care
system resources targeted to the patient, physician, and specific clinical need, Next-generation Al-
enhanced remote monitoring, decision support tools, decision aids

Clinical trials
Efficacy, safety, cost-effectiveness

Guideline-directed precision Guideline-directed precision Guideline-directed precision HF
HF prevention hospitalization prevention population management




Valid

acion y utilidad clinica

FDA APPROVALS FOR ARTIFICIAL INTELLIGENCE-BASED

DEVICES IN MEDICINE

Arterys Cardio DL
: E EnsoSleep
Arterys Oncology DL
Idx
ContaCT
OsteoDetect
Guardian Connect System
EchoMD (AEF Software)
DreaMed
BriefCase
ProFound™ Al Software V2.1
Arterys MICA
SubtlePET
AI-ECG Platform
Accipiolx
icobrain
FerriSmart Analysis System
cmTriage
Deep Learning Image Reconstruction
HealthPNX
Advanced Intelligent Clear-1Q Engine
SubtleMR
Al-Rad Companion (Pulmonary)
Critical Care Suite
Al-Rad Companion (Cardiovascular)
EchoGo Core
TransparaT™M
QuantX

Eko Analysis Software

software analyzing cardiovascular images from MR
medical diagnostic application

stroke detection on CT

X-ray wrist fracture diagnosis

predicting blood glucose changes
echocardiogram analysis

managing Type 1 diabetes.

triage and diagnosis of time sensitive patients
breast density via mammogprahy

liver and lung cancer diagnosis on CT and MRI
radiology image processing software

ECG analysis support

acute intracranial hemorrhage triage algorithm
MR brain interpretation

mammogram workflow

CT image reconstruction

chest X-Ray assessment pneumothorax
noise reduction algorithm

radiology image processing software
CTimage reconstruction - pulmonary

chest X-Ray assessment pneumothorax

CT image reconstruction - cardiovascular

quantification and reporting of results of cardiovascular f

mammogram workflow
radiological software for lesions suspicious for cancer

cardiac Monitor

:
=
;
;

7,

TYPE OF FDA APPROVAL

510(K) PREMARKET NOTIFICATION

DE NOVO PATHWAY

PMA

- CARDIOLOGY ———

ENDOCRINOLOGY

RADIOLOGY

NEUROLOGY

INTERNAL MEDICINE

OPHTHALMOLOGY

EMERGENCY MEDICINE

ONCOLOGY




INTERPRETABILIDAD

| knowi | did It | Just
don’t know how |
did it [

INPUT—}Q ’HOUTPUT




SESGOS

Sistema de deteccidon de melanoma basado en |IA

Sesgos 2 Muy relacionados con la interpretabilidad



GENERALIZACION

* Maquinas de adquisicion distintas, distintos protocolos, distintas calibraciones...

Hospital A Hospital B

Generalizacion - Muy relacionada con los sesgos



... Y OTROS PROBLEMAS A RESOLVER

Seguridad Privacidad

Aspectos legales

Interoperabilidad RESPONSABILIDAD

*
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2% DATA




Fiabilidad y seguridad.
Explicabilidad-Interpretabilidad (evitar “black-box”).
Privacidad y seguridad.

Asuntos legales, como la responsabilidad profesional derivada de su
aplicacion en decision clinica.

Formacion de los profesionales sanitarios, interaccion con
desarrolladores.



WILL DIGITAL HEALTH TECHNOLOGY REPLACE PHYSICIANS?

INTERACTION-BASED
(TALKING WITH THE PATIENT IN PERSON OR REMOTELY)

DIGITAL HEALTH TECHNOLOGIES WILL PLAY DIGITAL HEALT! ECHNOLOGIES WILL HAVE
A LIMIT ROLE IN THESE PROFESSIONS AN IMPACT PROFESSIONS BUT
C

D
MOSTLY ERVING AS AUXILIARY TOOLS. IT WON'T CHANGE THEIR NTERAC N-BASED NATURE.

E
Q
2

PSYCHIATRY

PULMONOLOGY GENERAL PRACTICE

ENDOCRINOLOGY

REPETITIVE
(A LARGE PART OF THE JOB IS THE SAME EVERY DAY)

DERMATOLOGY

MANY REPETITIVE COMPONENTS OF THE
WILL BE REPLACED BY TECHNOLOGIES T
CREATE SPACE FOR CREATIVE TASKS.

J
O

OBS

GASTROENTEROLOGY

OPHTHALMOLOGY DIOLOGY

OB/GYN

>

CREATIVE
(SOMETHING NEW HAPPENS EVERY DAY)

INFECTOLOGY

SPORTS MEDICINE
PLASTIC SURGERY Wl SURGERY |

PROFESSI

L= Lo B §

DATA-BASED

ONALS WILL WORK

FORENSIC MEDICINE

PATHOLOGY

THESE PROFESSIONS WILL BE HEAVILY DEPENDENT

ON DIGITAL HEALTH TECHNOLOGIES, MEDICAL

/ (DEALING WITH DATA ABOUT OR DERIVED FROM THE PATIENT)

WITH

THEM ON A DAILY BASIS.

AL o

THE MEDICAL ¥




DEEP

MEDICINE

HOW AR

INTELLIGENCE
CAN MAKE
HEALT

HUMAN AGAIN
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Human
Compatible

ARTIFICIAL INTELLIGENCE
AND THE
PROBLEM OF CONTROL

Stuart Russell




Dispositivos portables (wearables) y monitorizacion
remota para la atencidon cardiovascular




El Smartphone y la tecnologia Wireless

Enormes posibilidades para la investigacién
/ Wireless Connectivty / \

Internet
Bluetooth i @

Mf? Wireless Network Research Institute



Monitorizacion en Diabetes




Fall & Motion

3
Detection
——

No more false alarms

Aging in Place

The Problem

95% Seniors Want to Stay
in Their Home

Falls in 40% seniors
300,000 broken hips/yr

#1 Cause of Accidental

The Solution

PERS-Personal Emergency
Response System

Motion Sensors
Activity Detection
Video Cameras
Vital Signs

Pill Compliance

iShoe



«*+*. FundacionEpic

Ensayo MONITOR ACS

Evaluation of Ambulatory Monitoring of Patients After
High-risk Acute Coronary Syndrome Using Two Different
Systems: Biomonitor-2 and Kardia Mobile (Monitor- ACS)

Pl: JM de la Torre Hernandez
Servicio de Cardiologia
H. U. M. de Valdecilla
Santander, SPAIN

ClinicalTrials.gov Identifier: NCT03940066 E’%’ S Instituto de Salud Carlos Ii



NliveCor

KARDIAMOBILE

Peace of mind
in your pocket

Take a medical-grade EKG anytime,
anywhere. In just 30 seconds, detect
normal heart rhythm or AFib.

VIEW DETAILS

PRODUCTS HOW IT WORKS CLINICIANS PATIENTS SUPPORT INTERNATIONAL

eeeee Verizon F 9:41 AM

Kardia °

Welcome back, Barbara

Record EKG

30

No Signal
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Resultado estetico optimo

Insercion rapida y sencilla

):| 15mm a [ ) ] 6mm

Pequeno

33 mm 55mm

Delgado

Deja una cicatriz minimat3 ™
Ligero
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Seguridad de los datos, la interoperabilidad y |a sobrecarga de datos.
Integrar los datos masivos y continuos (24/7) en la asistencia clinica

Responsabilidad del profesional sobre la atencién / reaccion en tiempo real
a los datos

Exceso de awareness (obsesion de observacion) en el paciente, alta
demanda de atencion, decisiones propias no bien informadas

Comercializacidon de tecnologias de valor clinico no probado






Nanotecnologia para la administracidon selectiva
de farmacos y el diagnostico

Nanomaterial-based noninvasive molecular Nanoparticles target inflammatory cells or
imaging for CAD diagnosis injured sites based on surface modification

Nanotechnology-assisted biomarkers Smart nanoplatforms help targeted
detection for CAD diagnosis thrombolysis

Nanomaterials-based Nanoparticles repair injured sites based on
cardiovascular-targeted drug delivery physicochemical property



Nanoparticulas para imagen molecular
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Nanoparticulas portadoras de farmacos
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RETOS

Optimizacion del tamano, |la estabilidad y |la biocompatibilidad de las
nanoparticulas

Consideraciones normativas relacionadas con la seguridad y los
efectos a largo plazo.

Procesos de fabricacion, la escalabilidad y la rentabilidad para la
traslacion clinica y la adopcion generalizada.



Robotica y automatizacion en
procedimientos cardiacos

Semi-autonomous Vascular Robotic System gggmm:dv:lﬂg Sg\set:g:"em sckand
Performs many procedural steps with manipulation of patient anatomy in a
minimal assistance from a remote | holographic display for procedural guidance.

human operator. Includes machine
learning and computer vision

algorithms. Connected to a cloud
supercomputer.

Can also display pre-procedural images and
other elements of the medical record.

Voice-Assisted Control of Systems
Allows for control of various
‘technologies through an integrated
voice-activated assistant.
" - -
Clinical Decision Support System
Collects data from the electronic medical record, medical
literature, guidelines, regulatory warnings, and other
internet-based public information. Provides analysis of
intra-procedural progress that integrates this data with
procedural imaging and patient status. Includes predictive
analytics with the use of cognitive computing to support
optimal clinical decision making.




Realidad aumentada holografica para guiar la intervencion
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How a self-driving car works

Sin

[
'

Signals from GPS (global positioning system) Lidar (light detection and ranging)

satellites are combined with readings from sensors bounce pulses of light off the

tachometers, altimeters sur di These are analysed to

and gyroscopes to provide identify lane markings and the

more accurate positioning S edlges of roads

than is possible with

GPS alone ————| ’
Video cameras detect traffic lights,

read road signs, keep track of the
Radar position of other vehicles and look
out for pedestrians and obstacles

ﬂ ———————— ontheroad

sensor -

Ultrasonic sensors may
be used to measure the

position of objects very The information from

close to the vehicle, of the sensors is analysed
such as curbs and other by 2 central computer that
vehicles when parking manipulates the steering,

accelerator and brakes. Its
software must understand Radar sensors monitor the position of other

the rules of the road, both vehicles nearby. Such sensors are already used
Source: The Economist formal and informal in adaptive cruise-control systems



RETOS

El nivel de desarrollo actual es insuficiente y no existe implementacion
clinica.

Necesidad de demostrar niveles de eficacia, seguridad y rentabilidad
optimas.

El coste de los sistemas roboticos, la necesidad de formacion
especializada y la disponibilidad limitada.



El papel de los macrodatos y la analitica de datos
en el avance de la cardiologia
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How can big data change science?

Here's how medical research traditionally works:

g

Q
n Come up E Design an B Form your
withaquestion : experiment to test ' conclusion.
or hypothesis. it Wait for new
. data to comein.
Big data changes step E

Online, searchable databases provide instant

answers, speeding up research.

Medical records
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google Org Evolucion de la gripe

The an Opporunty &5 E igretes,/S20K Homes Conoce la evolucion de la gripe en Espania

Hemos descubierto que ciertos términos de busqueda sirven como buenos indicadores de la
actividad de |la gripe. Evolucion de |a gripe en Geogle utiliza los datos globales de |las busquedas en
(Google para hacer calculos aproximados de |a actividad de esta enfermedad. Mas informacion »
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Casos a lo largo del tiempo
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Home » Research and analysis V

Global Burden of Disease (GBD)

The Global Burden of Disease (GBD) study provides a comprehensive picture of mortality
and disability across countries, time, age, and sex. It quantifies health loss from hundreds
of diseases, injuries, and risk factors, so that health systems can be improved and

disparities eliminated.




Registros de Big-Data en enfermedad cardiovascular

Country/territory Database name/acronym Major details
Japan Japanese Reqistry Of All cardiac and vascular Governed by the Japanese Circulation Society (JCS), more
Diseases-Diagnostic Procedure Combination than 700,000 health records’ data as of 2012 from 610
(JROAD-DPC) certificated hospitals
Japan Acute Myocardial Infarction Registry (JAMIR) >20,000 patients
Korea Prospective Cohort Registry for Heart Failure in Korea >5,000 patients
(KorAHF)
Denmark Danish Cardiac Rehabilitation Database (DHRD) Collecting data from all hospitals in Denmark
Danish Heart Registry Collecting data from five cardiology centers, eight cardiology
satellite centers, four surgical centers, and a private hospital
Sweden Swedish Primary Care Cardiovascular Database >70,000 patients
(SPCCD)
SWEDEHEART >2 million subjects
USA National Cardiovascular Data Registry (NCDR) Governed by the American College of Cardiology (ACC), it

consists of 10 registries, eight inpatient/procedure-based and
two outpatient-based from more than 2,400 hospitals and
8,500 providers with more than 60 million patient records




RETOS

Privacidad de los datos, |a interoperabilidad y |a estandarizacion de los datos.
Las medidas de seguridad de los datos

Interoperabilidad entre diferentes sistemas sanitarios y fuentes de datos

La estandarizacion de los formatos de datos y los sistemas de codificacion

El analisis Big-Data aporta correlaciones y no garantiza relaciones de causalidad.



Retos y consideraciones para la adopcion
generalizada de la innovacion

Rentabilidad y accesibilidad

Coste elevado, recursos materiales y humanos

Colaboraciones entre la industria, reguladores, los profesionales
sanitarios, administracion y pacientes.



Consideraciones regulatorias

Procesos complejos, arduos, diversos, caros y prolongados

Establecer procesos consensuados de inicio

Agilizar los procesos normativos sin comprometer la seguridad

INNOVATION




REVISTA ESPANOLA DE CARDIOLOGIA

REC:INTERVENTIONALCARDIOLOGY

* X *x .
* »x  Medical
X @ *  Device
* * .
REC Interv Cardiol. 20XX;XX(X):XX-XX * 4 Kk Regulation

https://doi.org/10.24875/RECIC.M24000451

La evaluacion clinica de los productos sanitarios
en el foco del nuevo reglamento europeo de productos
sanitarios

Clinical evaluation on the focus of the new European medical devices
regulation

Gloria Hernandez Hernandez”

Centro Nacional de Certificacién de Productos Sanitarios, Agencia Espariola de Medicamentos y Productos Sanitarios (AEMPS), Madrid, Esparia
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1- La evaluacion clinica que avale la indicacidon de uso debe estar
basada en datos clinicos obtenidos de investigaciones clinicas
realizadas con el propio producto o con un producto equivalente

2-El fabricante tiene que tener acceso a los datos clinicos primarios
que soportan la evaluacion clinica de ese producto sanitario

La disponibilidad de una evaluacion clinica conforme esta
siendo el reto clave



Formacion y educacion

Formacion y educacion adecuadas de los profesionales sanitarios.

Competencia en uso de nuevas tecnologias, interpretacion de datos
complejos y toma de decisiones informadas

Programas de formacion médica continuada, formacion especializada,
entrenamiento en simulacion y colaboracion entre el mundo
académico - instituciones sanitarias



Integracion en los flujos de trabajo clinicos

Integracion en los flujos de trabajo clinicos y los sistemas sanitarios existentes.

Interoperabilidad entre nuevas tecnologias e historia electronica.

Intercambio e integracion eficiente de datos.
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Generacion de evidencias y resultados a largo plazo

Generar pruebas sdlidas sobre sus resultados a largo plazo, su eficacia y sus
perfiles de seguridad.

Los datos de seguimiento a largo plazo: durabilidad y sostenibilidad de
resultados.

Necesaria la colaboracion entre las partes interesadas: investigadores,
profesionales sanitarios, industria, organismos reguladores, politicos vy
asociaciones de pacientes.



En Conclusion

Las innovaciones de vanguardia en cardiologia han revolucionado el
diagnostico, el tratamiento y la gestion de las enfermedades cardiovasculares.

Sin embargo, es necesario abordar cuidadosamente los retos relacionados
con la rentabilidad, la accesibilidad, la normativa-regulacion, la formacion, la
ética, la seguridad de los datos y la integracion en los flujos de trabajo clinicos.

La colaboracion entre las partes interesadas, |la investigacion y el desarrollo
continuados son cruciales para superar estos retos y garantizar la adopcion
generalizada.
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