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HUMAN CARDIAC IN-SILICO CLINICAL TRIAL 
PIPELINE FOR CARDIAC SAFETY ASSESSMENT



ELEM

CARDIAC RISK ASSESSMENT 
MOXIFLOXACIN + ONDANSENTRON + DOFETILIDE 
CLINICAL COMPARISON

COMPARISON WITH  
DARPO ET AL . , 2015



ELEM

CARDIAC RISK ASSESSMENT 
OBSERVED ARRHYTHMIC BEHAVIOUR

• LBBB produced in a 
female subject a!er 
the administration of 
800 mg of HCQ.



ELEM

LEFT BUNDLE BRANCH BLOCK 
CARDIAC RESYNCHRONISATION THERAPIES

MODEL  INPUTS:  
SYNTHETIC PATIENT FROM 
OUR DATABASE 
PM IMPLANTATION POSITION



ELEM

Q-CRITERION

STRESSES

ATRIOVENTRICULAR 
BLOCK 
CARDIAC RESYNCHRONISATION 
THERAPIES

PACEMAKER 
MOTION CURVES
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CONTROL

CRT INSILICO 
CLINICAL STUDY 
WITH SANT PAU HOSPITAL 
ONGOING STUDY

20 CRT REAL PATIENTS FROM H. STPAU, 
BARCELONA 

EXPANDED TO 350+ VIRTUAL PATIENTS 

STATISTICAL ANALYSIS ON THE VIRTUAL 
COHORT, COMPARED TO THE REAL ONES 

ACUTE SCENARIO: ANALYZING 
BIOMARKERS JUST BEFORE AND AFTER 
PACEMAKER IMPLANT 

BIOMARKERS ANALYZED: QRS LENGTH, 
ECG MORPHOLOGY, EJECTION FRACTION, 
END OF SYSTOLE VOLUME, STRAINS PER 
AHA SEGMENT,... 

LBBB 
DISEASE

POST CRT

PRE CRT



LEFT VENTRICULAR ASSIST DEVICE 
THROMBOGENESIS STUDY WITH FDA AND SDSU

DISTORTION 
TIME

KINETIC 
ENERGY

VORTEX 
FORMATION

RESIDENCE 
TIME

SENSITIVITY MATRIX 
INPUTS VS. 

BIOMARKERS

HEATMAP 
BIOMARKERS VS. 

PATIENTS
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BIOPROSTHETIC AORTIC 
VALVES 

GOALS:  
CREATE A “V.LAB” FOR 
VALVE IMPLANTS 
COMPUTE FLOW 
BIOMARKERS FOR 
THROMBOGENESIS 
CHECK LEAKING UNDER 
DIFFERENT FLOW, 
POSITION AND CUSP 
MATERIALS AND DESIGN 

MODEL  INPUTS:  
LEAFLET MATERIALS 
FLOW CONDITIONS

IMMERSED BOUNDARY METHOD 
ON ARBITRARY LAGRANGIAN 
EULERIAN WITH ANISTROPIC 

MESH REFINEMENT 
(IBM+ALE+AMR) 

MULTI-MATERIAL BIOPROSTHETIC 
VALVES 
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USER INTERFACE 
SETTING UP THE TRIAL AND 
ANALYZE ITS RESULTS
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THE RESPIRATORY 
SYSTEM

HOSPITAL CLINIC (SPAIN) 
RMIT (AUSTRALIA) 

NATIONAL INSTITUTE OF TECHNOLOGY, GIFU COLLEGE (JAPAN) 
IMPERIAL COLLEGE LONDON (UK) 

FLUIDDA (BE) 
NORTH CAROLINA STATE UNIVERSITY (US) 

NORTHROP GRUMMAN CENTER FOR HPC, JACKSON STATE UNIVERSITY (US)  
UNIVERSITAT POMPEU FABRA (SPAIN) 

CINCINNATI CHILDREN HOSPITAL 

COLLABORATORS:



CALMET, H., GAMBARUTO, A.M., BATES, A.J., VÁZQUEZ, M., HOUZEAUX, G. AND DOORLY, D.J., 2016. LARGE-SCALE CFD SIMULATIONS OF 
THE TRANSITIONAL AND TURBULENT REGIME FOR THE LARGE HUMAN AIRWAYS DURING RAPID INHALATION. COMPUTERS IN BIOLOGY 

AND MEDICINE, 69, PP.166-180.
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WASHINGTON UNIVERSITY ST. LOUIS

COLLABORATORS:

ALYA PURPLE:  
THE VIRTUAL 
PREGNANCY LAB
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PREGNANT UTERUS 
SIMULATIONS
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OUR VISION 
THE HUMAN DIGITAL 

TWIN

RESPIRATORY SYSTEM

VIRTUAL PREGNANCY LAB

CARDIAC VALVES

INTERVERTEBRAL DISK

CEREBRO-SPINAL FLUID

CARDIAC RHYTHM



ELEM

CONCLUSIONS & 
FUTURE LINES
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NOW & TOMORROW 
HIGH PERFORMANCE COMPUTING IS NOT NEEDED EVERYWHERE IN 
THE BIOMEDICAL REALM… 

… BUT FOR SOME (MANY) PROBLEMS IT IS THE ONLY WAY 

HPC IS MATURE ENOUGH TO BE USED: 
ALGORITHMS, SOLUTION SCHEMES, IMPLEMENTATION STRATEGIES 
MATHEMATICAL MODELS 
LOAD BALANCING TECHNIQUES  
PROGRAMMING MODELS 
HARDWARE AND ITS AVAILABILITY 
SOFTWARE AND ITS AVAILABILITY 
INPUT DATASETS…



ELEM

NOW & TOMORROW 
HIGH PERFORMANCE COMPUTING IS NOT NEEDED EVERYWHERE IN 
THE BIOMEDICAL REALM… 

… BUT FOR SOME (MANY) PROBLEMS IT IS THE ONLY WAY 

HPC IS MATURE ENOUGH TO BE USED: 
ALGORITHMS, SOLUTION SCHEMES, IMPLEMENTATION STRATEGIES 
MATHEMATICAL MODELS 
LOAD BALANCING TECHNIQUES  
PROGRAMMING MODELS 
HARDWARE AND ITS AVAILABILITY 
SOFTWARE AND ITS AVAILABILITY 
INPUT DATASETS…

AND 
THIS IS  

NOT SCIENCE FICTION  

IT IS HAPPENING NOW 
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A LOT TO BE DONE ON INCREASING CONFIDENCE IN THESE TOOLS… 

… BUT LOOK AT OTHER FIELDS NOW! (AEROSPACE, ENERGY, CLIMATE…) 

BOTH INDUSTRY AND GOVERNMENT TO FUEL THE PACE (LEARN 
COVID-19 LESSONS) 

MORE HANDS NEEDED: 
CLINICAL AND MEDICAL INSIGHT 
MATHEMATICAL MODELLING (NOT JUST AI!) 
COMPUTER SCIENCE EXPERTS 
CO-DESIGN WITH HARDWARE ARCHITECTS

NOW & TOMORROW 



SUPERCOMPUTER-BASED 
IN-SILICO CLINICAL 
TRIALS 

MARIANO VÁZQUEZ 
CSO/CTO - ELEM BIOTECH 
TEAM LEADER - BARCELONA 
SUPERCOMPUTING CENTER

ELEM
THE VIRTUAL HUMANS 

FACTORY



Q&A	

To	pose	a	question,	you	can	write	your	question		
in	the	“Questions”	tab

A	Centre	of	Excellence	in	Computational	Biomedicine

e-Seminar	series

This project has received funding from the European Union’s 
Horizon 2020 research and innovation programme under grant 
agreement No 823712

The	e-Seminar	series	is	run	in	
collaboration	with:

https://insilicoworld.slack.com/
archives/C0151M02TA4



Thank	you	for	participating!	

…don’t	forget	to	fill	in	our	feedback	questionnaire…	

Visit	the	CompBioMed	website	(www.compbiomed.eu/training)	
for	a	full	recording	of	this	and	other	e-Seminars,	

to	download	the	slides		
and	to	keep	updated	on	our	upcoming	trainings

A	Centre	of	Excellence	in	Computational	Biomedicine

e-Seminar	series

This project has received funding from the European Union’s 
Horizon 2020 research and innovation programme under grant 
agreement No 823712

The	e-Seminar	series	is	run	in	
collaboration	with:

https://insilicoworld.slack.com/
archives/C0151M02TA4

http://www.compbiomed.eu/training


• Improves performance of your biomedicine applications on high performance 
computers 
– Work in academia, in a research hospital, or in a company? 
– Making intensive use of the applications you have developed? 
– Discovering performance issues? 
• Code cannot run in an acceptable time?  
• Simulate over 1000s of virtual patients?  
• Large-scale sensitivity analysis to get your solution certified by the regulatory authority? 

• Free Service! 
– We are experts in both high performance computers and biomedical applications 
– Initial steps towards parallelising biomedicine applications 
– Improving the scalability of those already parallelised 
– Deploying them on high performance computing resources. 

• www.compbiomed.eu/compbiomed-scalability-service

CompBioMed’s Free Scalability Service



• Contact for Free Service 
– Email compbiomed-support@ucl.ac.uk 
• Check if your solution is eligible 
• Any general technical scalability questions 

– Application Form 
• Formal collaborative relationship with CompBioMed Centre of Excellence 

– Web form 
• Light-weight version of the Application Form. 

– Slack 
• Ask your questions directly via the #scalability Slack channel of the InSilicoWorld Community of Practice 

• Code and Data Security 
– We take great care when adapting your applications and managing the associated data   
– Our Data Policies cover  
• Data Privacy 
• Data Security 
• Research Data Management

www.compbiomed.eu/compbiomed-scalability-service



The first community entirely on in silico medicine 
www.insilico.world/community 

Expertise 
– The community is invitation only: in this way we ensure only interested experts 

have access 
Collaboration 
– Join teams and collaboratively work on shared goals, projects, concerns, 

problems or topics 
Safe space 
– A pre-competitive space where experts from academia, industry, and regulatory 

agencies can ask for and exchange advices 

More than 500 experts have already joined the community and its channels

InSilicoWorld Community of Practice



InSilicoWorld Members

• Large Biomedical Companies 
– Medtronic, Smith & Nephew, Pfizer, Johnson and Johnson, Innovative Medicine 

Initiative, CSL Behring, Ambu, RS-Scan, Corwave EN, Zimmer Biomet, Novartis, Bayer, 
ATOS, Biogen, Agfa, Icon PLC, Amgen, ERT, Exponent, etc. 

• Biomedical SMEs 
– Nova Discovery, Lynkeus, Obsidian Biomedical, Quibim, Mediolanum Cardio Research, 

Voisin Consulting, CRM-Microport, Mimesis srl, H. M. Pharmacon, MCHCE, etc. 

• Independent Software Vendors 
– Ansys, In Silico Trials Technologies, 3DS, KIT, ASD Advanced Simulation & Design 

GmbH, Kuano-AI, Aparito, Chemotargets, Digital Orthopaedics, ExactCure, 
Materialise, Bio-CFD, Matical, FEOPS, 4RealSim, Exploristics, Synopsis, Virtonomy, 
Cad-Fem Medical, etc. 

• Regulators and Standardisation Bodies 
– FDA, DIN, BSCI China, NICE, Critical Path Institute, ACQUAS, etc. 

• Clinical Research Institutions 
– Istituto Ortopedico Rizzoli, Sloan Kettering Cancer Center, Royal College of Surgeons 

Ireland, Gratz University Hospital, Charite Berlin, Centre Nacional Invesigaciones 
Oncologicas, Aspirus Health, Universitätsklinikum des Saarlandes, European Society 
for Paediatric Oncology, etc. 


