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Brief overview of research career 

My	(main)	research	topics	(2000-2007)	
PhD	(ENST	Paris)	on	image	processing,	oncology	

Postdoc	(KCL,	UCL)	on	modelling	of	AD	

	From	2007	
RyC,	associate	professor	(UPF)	

Personalized	cardiac	(EP)	modelling	

Cardiac	data	processing	and	integraIon	

Cardiology Neurology 

Personalization; Multi-
scale coupling 

Heart Failure; 
Arrhythmias; Foetal 

circulation  

Segmentation; 
Registration; Shape/

motion analysis 

AD; Cerebral 
aneurysms 



What to do with this deluge of  
patient data? 

Clinician Engineer 

Big patient data 

Patient 

Carnegie-Mellon University 

Le malade imaginaire, Daumier, 1863 

Dilbert 
Doctora Juguetes 



Data processing / integration / 
modelling 

Processing	
–  Signal	and	image	processing	to	extract	indices	of	global	

and	local	funcIon,	geometry,	shape,	deformaIon	

Integra.on	

–  All	data	corresponds	to	the	same	heart	

–  Each	sensor	offers	sparse	and	specific	informaIon	with	
an	inherent	(spaIal	&	temporal)	resoluIon	and	
measurement	error	

–  Mappings	to	common	reference	systems	

Modelling	
–  Physiological	models	of	electromechanics	and	haemodynamics	
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Leitmotiv of PhySense 

The main goal of PhySense is to fill the gap between 
engineers and clinicians, being a platform for 

interdisciplinary and translational biomedical engineering 
research with a strong focus on linking technological and 

theoretical science with physiological and clinical 
knowledge in internationally oriented excellent research  

CLINICAL	TRANSLATION	



Barcelona	Centre	for		
New	Medical	Technologies	

h9ps://bcn-medtech.upf.edu/		

Interdisciplinary	and	transla.onal	plaeorm	for	
research	in	biomedical	engineering	SimulaIon,	Imaging	

and	Modelling	for	
Biomedical	Systems	

(SIMBIOsys)	

Sensing	in	
Physiology	and	

Medicine		
(Physense)	

Biomedical		
Electronics		

Research	Group		
(BERG)	

ComputaIonal	
Biomechanics	and	
Mechanobiology	

(CBM)	

Non-linear	Time	Series	
Analysis	(NTSA)	

Computer	Assisted	Surgery	
Medical	Image	Analysis	

Biomechanics	and	Mechanobiology	
Physiological	Modelling	

Biomedical	Signal	Processing	
Biomedical	Electronics	

Biomedical	Data	Handling	
Machine	Learning	
Clinical	TranslaIon	

 



Challenges for clinical translation of 
advanced computational techniques 

Machine	Learning	interpretability	
	

Clinical	(Big)	data	cura.on	and	management	
	

Secure,	remote	and	shareable	access	to	data	
	

Simplifica.on	and	valida.on	of	computa.onal	pipelines	
	

Clinician-friendly	interfaces	
	

Access	to	advanced	computa.onal	resources	(e.g.	HPC)	

	

	

	



MR image processing with 
machine learning 

Radiomics	approach	to	computer-aided	diagnosis	with	cardiac	cine-MRI	

STACOM-MICCAI’17	challenge,	100	cases	

Advanced	shape,	texture	features	and	demographics	+	SVM	+	feature	selecIon	

Using	5	radiomics	features:		

94%	of	accuracy	

Using	the	best	10	features:	

100%	of	accuracy	



PhD of Guillermo Jiménez 

Data	Management	

Feature	Extrac0on	
•  Conduc'on	channels	
•  EGM	proper'es	
•  VT	locii	
•  Recurrence	
•  Metadata	

Machine	Learning	
•  Mul'ple	Kernel	Learning	
•  Deep	Learning	

Mul0modal	Analysis	

Scar	+	CC	

EGM	+	CC	

SoO	
iden0f.	

Data		
Processing	

Integra0on	

Data		
Acquisi0on	

CC	quant.		

Machine Learning Techniques for the  
Joint Analysis of Multimodal Data from  

Substrate-Based Cardiac Arrhythmia Patients 



Machine learning for patient 
stratification. MADIT-CRT 

Con.nuous	
Age	 QRS	width	

LVEDVi	 LAVi	

Clinical parameters 

Model input 

	
Quan.fica.on	
of	similarity	

	

Dimensionality	
reduc.on	

Output representation 

Clustering 
Binary	

Sex	 Ischemic		
LBBB	 HF	hosp.	

Echocardiographic descriptors 
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Unsupervised 
Multiple Kernel 
Learning (MKL) 

Patient population: 1106 HF patients (LVEF ≤ 30%, QRS ≥ 130 ms, NYHA class ≤II) randomized to either 
CRT-D (n= 677) or ICD (n= 429) enrolled in MADIT-CRT  

Aim: to compare baseline characteristics, outcomes and treatment response 
for the primary outcome (death or heart failure event)  

and volumetric response between clusters.  



(Meta)data integration –  
The Rocket App	

Main goal: to create a web platform allowing user-friendly sharing of data and 
benchmarking of algorithms with a repository of biomedical data, a 
computational infrastructure to execute algorithms in the Cloud, and statistical 
tools to interpret results 



The Rocket App – Clinical use case	

hnps://www.youtube.com/watch?v=MAG-sbMMSeo&feature=youtu.be		



Web-based data visualization tool – 
Rocket viewer 

Youtube	video:	hnps://www.youtube.com/watch?v=EGo5Roh2fcA		



Machine learning based triage of 
foetal risk in underdeveloped 

countries  



Ok, but computational models in 
clinical routine? 



Let’s back to 2008: euHeart project 

Objec.ve:	develop,	personalize	and	validate	computaIonal	models	of	the	
heart	to	help	diagnosis,	treatment	planning,	intervenIons	and	the	design	of	

implantable	devices	

6	companies,	7	universiIes	and	research	insItutes,	5	hospitals	

DuraIon	of	4	years	(2008-2012),	budget	of	19	millions	of	euros	



Let’s back to 2008: euHeart project 





euHeart project in 2012 
•  But	applied	to	very	limited	amount	of	data	L		

–  Special	thanks	to	paIent	KCL9	
	

	

	

	

on		
2	paIents	

on		
8	paIents	



Possible causes 

-  Structural	and	communica.on	issues	in	such	a	
large	consorIum	

-  Not	good	enough	data	(not	necessarily	acquired	
for	research	purposes)	

-  ComputaIonal	models	not	advanced	enough	

-  ComputaIonal	techniques	not	fast	enough	for	
clinical	rouIne	

-  Limited	computa.onal	resources	

-  Unclear	clinical	ques.ons	or	use	

-  Unclear	idea	by	clinicians	on	limitaIons	of	
computaIonal	techniques	

-  Bit	of	overselling	the	product	

	

PURE SPECULATION 



EU projects with usual suspects 
KCL, UPF, Inria, Philips, et al. 

•  From	euHeart	…		
–  8	retrospec.ve	pa.ents	in	

4	years	…	

•  …	to	VP2HF	
–  1	pa.ent	every	2	weeks	in	

a	prospec.ve	study	

	

hnp://vp2hf.physense.edu		@VP2HF	

	



EM simulations in 2 weeks after 
patient data acquisition 



Cardiac computational models in the 
clinical workflow. We are doing it!! J 



Decision	Trees

Decision	Tree Outcome PPV

ECG Consider	CRT 54%

Echo

ESC Consider	CRT 53%

NICE Consider	CRT 57%

Conclusion

ModelProspective	VP2HF	decision	is:

Patient	Data

QRS	>	120,	strict	LBBB

no	septal	flash

NYHA	II,	LVEF	<	35%,	QRS	>	120

LVEF	<	35%,	QRS	>	150

Simulation results in a 
clinician-friendly format 

VP2HF_KCL_P001 Modelling Report 
Report date:     27 Jan 2016
Study date:       12 Jan – 27 Jan 2016

Baseline Simultaneous pacing LV ahead by 30 ms

dpdt
max

901 ± 170 mmHg/s

EDP 12 mmHg

ESP 112 ± 8.8 mmHg

EDV 304 mL

ESV 235 ± 11 mL

EF 21.5 ± 4.8 %

Pre-implantation Simultaneous Pacing

dpdt
max

1120 ± 320 mmHg/s

Δdpdt 18.5 ± 7.9 %

EDP 12 mmHg

ESP 110 ± 8.6 mmHg

EDV 304 mL

ESV 236 ± 11 mL

EF 22.3 ± 3.7 %

Simultaneous pacing LV ahead by 30 ms

LV ahead by 30ms

dpdt
max

1140 ± 340 mmHg/s

Δdpdt 19.8 ± 9.7 %

EDP 12 mmHg

ESP 111 ± 8.8 mmHg

EDV 304 mL

ESV 232 ± 11 mL

EF 23.6 ± 3.6 %

QRS = 161 ms QRS = 145 ms QRS = 149 ms

Modelling Prediction : Responder 

VP2HF_KCL_P001 Modelling Report 
Report date:     27 Jan 2016
Study date:       12 Jan – 27 Jan 2016

Baseline Simultaneous pacing LV ahead by 30 ms

dpdt
max

901 ± 170 mmHg/s

EDP 12 mmHg

ESP 112 ± 8.8 mmHg

EDV 304 mL

ESV 235 ± 11 mL

EF 21.5 ± 4.8 %

Pre-implantation Simultaneous Pacing

dpdt
max

1120 ± 320 mmHg/s

Δdpdt 18.5 ± 7.9 %

EDP 12 mmHg

ESP 110 ± 8.6 mmHg

EDV 304 mL

ESV 236 ± 11 mL

EF 22.3 ± 3.7 %

Simultaneous pacing LV ahead by 30 ms

LV ahead by 30ms

dpdt
max

1140 ± 340 mmHg/s

Δdpdt 19.8 ± 9.7 %

EDP 12 mmHg

ESP 111 ± 8.8 mmHg

EDV 304 mL

ESV 232 ± 11 mL

EF 23.6 ± 3.6 %

QRS = 161 ms QRS = 145 ms QRS = 149 ms

Modelling Prediction : Responder 

Decision	Trees

Decision	Tree Outcome PPV

ECG Consider	CRT 54%

Echo

ESC Consider	CRT 53%

NICE Consider	CRT 57%

Conclusion

ModelProspective	VP2HF	decision	is:

Patient	Data

QRS	>	120,	strict	LBBB

no	septal	flash

NYHA	II,	LVEF	<	35%,	QRS	>	120

LVEF	<	35%,	QRS	>	150



Validation of EP simulations 
CRT prediction 

Pheiffer,	FIMH’17	



CFD modelling pipeline in COMPILAAO 

SegmentaIon		
LA,	LAA	in	3DRA	data	

Surface	mesh	
generaIon	(triangles)	

Export		*.STL	 Surface	mesh	
Taubin	

smoothing	

Manual	determinaIon	of	
pulmonary	veins	(PVs)	and	

mitral	valve	(MV)	

Surface	mesh	
processing:	Boolean	

opera.ons	

Remeshing	:	Clean	
the	free	edges,	bad	
aspect	raIo	elements	

Volumetric	mesh	
(tetrahedral)	for	the	

fluid	

CFD	
simulaIons	

Post-processing:		
Paraview	



Joint analysis of LAA morphology and 
haemodynamics 

Streamlines	and	parIcles	

Velocity	and	VorIcity	

Reynolds	systole	 Reynolds	diastole	



Preliminary work. Virtual deployment 
of (LAAO) devices 



Electromechanical models of the 
heart with meshless (SPH) methods 

Interface	
being	used	

by	
clinicians	
at	Philips	

SPH-based	
snow	



Red Española de Modelización 
Computacional Cardiaca 

VHEARTSN aims at facilitating and accelerating the 
development, implementation and application of 

computational models in biomedical research 

Universitat Politècnica de València 
Universidad de Navarra 
Universitat de València 
Universitat Politècnica de Catalunya 
Basque Center for Applied Mathematics 
Universitat Pompeu Fabra 
Barcelona Supercomputing Center 
Universidad de Zaragoza 

-  Increase contact of engineers with doctors and companies 
-  Use of computer models in daily clinic through access to HPC resources 
-  Support design of personalized therapies and devices 



HPC-based cardiac simulations with  
Alya – BSC. PhD of Alfonso Santiago 
(22/03/2018) 

hnps://www.youtube.com/watch?v=jJxZZESnrmo&index=2&list=PLPU47gSPSmf9zvYApnoe_d8|LlFOB8rR		



Conclusions - Challenges for  
clinical translation of advanced 

computational techniques 
Machine	Learning	interpretability	à	careful	with	black	boxes	

Clinical	(Big)	data	curaIon	and	management	à	engineers	needed	in	the	
hospital	for	data	management	

Secure,	remote	and	shareable	access	to	data	à	need	for	advanced	
infrastructure	

SimplificaIon	and	validaIon	of	computaIonal	pipelines	à	otherwise,	
impossible	clinical	transla.on	of	tools	

Clinician-friendly	interfaces	à	need	of	visual	analy.cs,	user-guided	
processes,	portable	and	interac.ve	tools	

Access	to	advanced	computaIonal	resources	(e.g.	HPC)	à	improve	
awareness	of	clinicians;	strategic	alliances	between	academia,	hospitals	
and	industry	
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