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A Pureblood simulator of the whole vascular system

Cardicvascudar giseases have a huge impact on population, pamiculary
peophe with a low- and middle-income. Since thie early 19505, thiere have
been increasing efforts to develop computaticnal models and simulakion-
based techaiques in aqder to assess phytiologicl and pathophysiokogical
conditions accounting for the multiple tme scales and bevels of spatial
organization present in the cardivvascular sritem (CVS). Applications
spch 03 didpnodis, treatment and swrgical planning hive been endrmoushy
benefitted fram these complementary tools. Simulating & heanbeat is a
comphex, multi-scale problem, This means thal many scales are coupled,

Alva Red: Computational heart

Alya Red is the in - howse ool deneloped by CASE
department in B5C, designed o model blomedical
applications, specially optimized 19 run in HRC
machined: in paficular BSC Supercompulen:
Manenastoum.
Thismodelselvesthe different equationsinvoheedin
Thee phy oo Separatedh: from th propagacion
of the clecuric impulie in the candise Hiwe, 10
the fluid dWynamics of the blood, including the
deformation of the cardiag tistue and the Fluid-
Shructune interaction probbem.

Thelabest medical imaging techniques provide high
resplution  geomedries of the heal and provide
information about the microscopic structune of
tha hadt.

This geomatries ane meshed, and the dilfferent
probbems ane sobebd  wsing the  poowdr  of
B SR i D fOgaiiubif.

covering different onders of magnitude from cescriptions of electrical
propagation, cells arrangement into a spatial description, genevally known
as nyefibee orientation; and up to the geome iy of the cardiac chambers,

EUBraziCC leverages theintegration of heterogoneous supercompiating and
wirtualinsd Infrastreciures with the gechestration theough the companents
integrated in the platiorm of bwo simuldtion codes from Brazil and Spain,
addressing two complementary problemas in cardievasculir modelling.

One-Dimensional Arterial Blood Flow
Mogeling

ADAN [Anatemically Detalled Arterial Motwork] is
the: el of thi vasoular system diveloped in the
L | LvCC.
i The mesh of the systemic arteries, result of years
of research, intludes over 2000 arterial vessols for
AN IVErARE Man.
Tras promedry 5 processed by a sobver which, by
10 finite elements, computes fNicw, presiune and
lumeen diameter of the vessels in each candiac beat.
There ane two main acvantages of this model over
odhars, Firss of a0l ADAN fealures the mast realistic
vascular lopology for & moded in thee schendific
| literature, and in second place it runs fast in regular
| compersihansstothe 1Dcondensed formulation

=

Creating the most complex cardiovascular model

ELBrazil Choed Connect will coupde the Alya Red beant model with the
ADAN model in order lodeliver an unprecedented model of the blood Row
circulstioninthe eardiowasoular systonm, making podsible towidenthefangs
of cardicvasoular scenarios that the model is able 1o address. Inthis sense,
it is possible 1o udy the effec of waeer peopagation back inlo the heart
Loanafyne, for instance. the impact of aoetic regurgitation on bypertrophy
in the cardiae musdle, or the consequences of arerial stiffening into the
heart effichency. Likewise, changing paramaters in the heart functioning
it ud b0 underitand how this afects the podsiuns polie conformation
i qeetail, I ey ae, the couphed model naturally integrates phinomeny
king place a8 such vasoular enties (heart, systemac aroeries). This use
cadir will also demonitrate the coupling of heterogensous infrastruciures
by Mrveraging on the Ivailabde nools provided i thi projfect 1o oreane and
ST AR IFENT L.

The integrated emvirgnment for goupled simulations will dliow for bath
povametnc and full rans. Paremetric runs, used fof tuning the models,
will e orchostrated vy the COMPSs runtime in clod emarcnments. Full
rurs will e BIRC resources 01 B3C and LNCC managed ey COMIPSS anvd the
CEGrid middiewane, and the coupbing will be dane through 3 connecior

e Cloudscape Brazil

ficneg

iy thee chousd that reguiates informantion Nlow betwesn the Lo models over
the network and adross organization boundanics. The me2 platfonm wall
peovide 3 comman user interface for those differant types of fung.,
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From 2013 until earlier this year, Barcelona Supercomputing Center (BSC) formed part of EUBrazilCC, a
project aimed at promoting cooperation between Europe and Brazil while supporting a scientific and
knowledge-based society as the key to sustainable and equitable socioeconomic development. At the centre
of this partnership were three use cases requiring cooperation between Brazil and Europe in the areas of data
provision, services and expertise.

BSC' srole was to provide support and development for the cardiology use case (Cardiovascular Simulation
Services) and its subsegquent implementation in two HPC systems. The goal of thisuse caseisto analyse
different working conditions of the cardiac muscle.
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To thisend, EUBrazilCC used the Alya System, BSC's simulation tool. Alyais fully developed in-house,
from numerical methods all the way to parallel implementation, including mesh-generation and
visualisation. The Alya Cardiac Computational Model (CCM) heart model was used in conjunction with the
ADAN model (developed at LNCC) in order to provide an unprecedented model of blood flow in the
cardiovascular system.

Mariano Vazquez, High Performance Computational Mechanics Group Manager at BSC, explains that “we
are very excited about the potential that such a unique and complex model has for cardiovascular biomedical
research. Once completely deployed and in production, hopefully before the end of the year, it will become
not only the most comprehensive computational cardiovascular model in the world but also a great example
of what research collaboration between Europe and Brazil can bring to the community.”

The final results of the ssimulations are stored in the cloud database, ready to be retrieved by hospitals and
laboratories as new data to be provided to the end-users, i.e. medical doctors.

The real breakthrough is EUBrazil CC’s combination of these simulation tools under a cloud computing
umbrella, including software coupling and access to both input and output data.

For EUBTrazilCC the hope is that, in the relatively near future, doctors will use the results of thistool in the
same way that they currently use imaging and radiology. A simulation will be run under specific conditions
and these results will then be transferred to the doctor, rather as radiologists take X-rays before passing on
the results. At the same time, the expectation is that medical researchers, depending on their expertise, will
use these tools independently.

As part of the project, BSC also adapted the programming model COM PSs and the PMES framework to the
necessities of several usage scenarios.

Rosa M. Badia, Workflows and Distributed Computing Group Manager at BSC, explainsthat “in

EUBrazil CC we have demonstrated the features of the COMPSs programming model with real scientific use
cases. Also, we have integrated the PMES/COM PSs framework on the project's open-source integrated
platform, which features a whole software stack for the development and deployment of applicationsin
distributed cloud federated infrastructures’.

Strengthening therelations EU - Brazil

The EUBrazilCC (614048) was a small or medium-scale focused research project (STREP) funded by the
European Commission under the Cooperation Programme (FP7). BSC is also member of the consortium of
other EU-Brazil projects, such as HPCAE, EUBRA-BIGSEA and EuBrazilOpenBio.

www.eubrazilcloudconnect.eu | www.facebook.com/EUBTrazil cloudconnect
www.linkedin.com/in/eubrazilcloudconnect | www.twitter.com/EUBrazilCC

Further information:
dissemination@bsc.es - +34 93 401 58 37 (Nuria Masdéu)
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