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EDITORIAL
We are now well into the second year of the Virtual Physiological Human Network of Excellence, and we are
pleased to be able to report that the feedback by the EC,
provided during our first Interim Report, was very positive
indeed. The reviewers highlighted the fact that our community building process had made excellent progress.
They also reminded us of the need to now move on and
reach out beyond our established circles, to demonstrate
utility of VPH-related developments, and to actively forge
links with clinical and industry research and development.
But before we go into more detail, we would like to thank
all those who attended the VPH-I meeting in September last
year. The meeting’s success was based on representation
from many VPH Projects, Industry, Clinics and Business.
The discussions at the meeting were of key relevance to
produce a ‘VPH Vision’ document to inform the next calls
for the VPH field for FP7, FP8 and for European large infrastructural actions; available for download from
http://www.vph-noe.eu/vph-repository/cat_view/12-vphrelated-strategy-documents?start=5
The meeting also helped us to sharpen our view of NoE
organisation and – based on feedback by the meeting, EC
reviewers, and our own assessment of the situation – we
have decided to update some of the administrative structures and procedures for the NoE.
The Project Office remains jointly shared by UCL and
Oxford. At UCL, Miriam Mendes is the main NoE point of
contact as Project Manager in WP1 and WP5 Dissemination
Leader. Vanessa Diaz is the Scientific Manager linking
WP2, 3 and 4. In Oxford, Katherine Fletcher has returned
from maternity leave and we thank Alexandra Masindova
for her excellent support of NoE activities during Katherine's absence. We welcome Keith McCormack as Technical
Manager driving WP3 Toolkit activities. Peter Coveney will
be responsible for the NoE executive direction and Peter
Kohl will assume responsibility for strategic interactions
with the Advisory Boards.
WP2 has made progress with several of the Seed Exemplar
projects, some of which are presented in this newsletter.
WP3 has released the beta version of the online 'ToolKit'
(http://toolkit.vph-noe.eu/). The key to success for this
ToolKit is openness of tools, methods and services, to
enable sharing of resources and developments, and to drive
standardisation so as to improve model interoperability.
This will remain a major focus of our Network’s effort.
We would like to welcome Jesús Bibal (University Pompeu
Fabra, Barcelona, Spain) who has joined us as the new leader of WP4, while we say thanks to Bart Bijnens who is
continuing with other research interests. Jesús comes to us
with a background in computer engineering, experience in
European Projects and the design of academic degree
courses. He discusses the progress of VPH Integration and
Training Activities in WP4, highlighting successes and
challenges of this endeavour.

WP5 will see further development in the near future with
Marco Viceconti of the Rizzoli Orthopaedic Institute set to
become a new core partner and to lead our outreach programme.
Looking ahead, we are now actively preparing the first
open VPH meeting, to develop the international dimension
of VPH research. VPH 2010 will be held in Brussels, 30th
Sept – 1st Oct 2010, and bring together about 150 experts
from academia, industry and clinics, to discuss the progress
and challenges of the VPH (http://www.vph-noe.eu/vphevents/details/99-vph-noe-conference). Please join us at
this event, which will help us set the standard and identify
directions for our VPH activities in Europe and beyond.
Registration will be open from January 2010.
In addition to these developments, this Newsletter contains
a number of important reports and interviews. Grace Peng
(Program Director of the US National Institute of Biomedical Imaging and Bioengineering) informs us of VPH-related
activities within NIH (National Institutes of Health) in the
USA and associated funding opportunities. Elena Tavlaki
reports on the new ICT Call 6 (ICT 2009.5.3 Virtual Physiological Human). We also discuss the progress of the
VPH-NoE Exemplar Seed Project #2 on ‘Multilevel modelling of the musculoskeletal system’ towards improving
therapy for spastic patients. Recent developments in detection and diagnosis of breast cancer are reported by Sonja
Guttenbruner who looks back at the first year of VPHHAMAM. Enrico G Caiani discusses ‘SurgAid’, with a set
of new methods for diagnosis and support in mitral valve
surgery repair, and Jordi Villà i Freixa highlights the possibilities that translational bioinformatics offers for the
prevention, diagnosis and treatment of diseases. We also
have news from CIBER-BBN (the Spanish Biomedical
Research Networking Center in Bioengineering, Biomaterials and Nanomedicine) which has released a new toolkit
to support research and development of innovative clinical applications, and from the BEAT project which is
working towards a new generation of pacemakers designed
as a network of artificial biosensors. Interviews with Marco
Viceconti from the VPH community and with Olivier Ecabert from Philips highlight key targets for the VPH NoE.
As one of our reviewers at the first interim report meeting
in Brussels pointed out: "...this year will be the most important determinant for the progress of the NoE, and the future
of the VPH initiative more broadly". There is a great opportunity now in front of us, and we believe that with the
recent changes in our Network’s structure, we have a firm
basis on which our community can take shape and develop. However – as always – the final success depends on
everybody’s involvement and contributions. We are looking
forward to the continuation of the dynamic process that we
are all part of.
By Peter Coveney and Peter Kohl
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VPH NoE News
Interview with Dr Grace CY Peng
Program Director in the National Institute of Biomedical Imaging and Bioengineering
(NIBIB), at the National Institutes of Health (NIH), and Chair of the Interagency
Modeling and Analysis Group (IMAG)
Dr Peng joined the NIBIB in September
2002. Her program areas at the NIBIB
include mathematical modelling,
simulation and analysis methods, and
next generation engineering systems for
rehabilitation, neuroengineering, and
surgical systems. In 2003, Dr Peng
began organising the Interagency
Modeling and Analysis Group (IMAG),
which now consists of program officers
from eight federal agencies of the US
government and Canada. IMAG
facilitates the activities of the
Multiscale Modeling (MSM) Consortium (started in 2006) of investigators
(www.imagwiki.org/mediawiki). Since 2008, the IMAG has been involved in the
promotion of international modelling efforts of the physiome, and coordinating
the efforts of the population modelling special interest group.
Dr Peng is interested in promoting the development of intelligent tools and
reusable models, and integrating these approaches in engineering systems and
multiscale physiological problems.
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Tell me about NIH in a few short
sentences.
The NIH is an agency of the US
Department of Health and Human
Services. It is the primary Federal
agency for conducting and supporting
medical research. Its mission is
science in pursuit of fundamental
knowledge about the nature and
behaviour of living systems and the
application of that knowledge to
extend healthy life and reduce the
burdens of illness and disability.
Through 27 institutes and centres, the
NIH invested in fiscal year 2009 over
$29 billion in medical research. Each
institute or centre has its own specific research mission. For more
information please see www.nih.gov.

VPH NoE Section
What is your role in the NIH?
As a programme director, I manage and
direct the following NIBIB scientific
funding programs: computational
modelling, analysis and simulation
(see http://www.nibib.nih.gov/Resear ch/ProgramAreas/MathModeling), rehabilitation engineering
(see http://www.nibib.nih.gov/Research/ProgramAreas/Rehab), and surgical systems see
http://www.nibib.nih.gov/Research/ProgramAreas/SurgToolsTechs).
All of these programmes utilise systems approaches to developing
intelligent methods, software and hardware. My job requires that I keep up
with the latest policies and procedures
at the NIH and the latest challenges
and opportunities in the scientific
fields, so that I can best advise potential grant applicants, manage and lead
my programs. In addition to my role at
the NIBIB, I also chair the activities of
the Interagency Modeling and Analysis
Group (IMAG).
How is the VPH approach being
promoted in the US? is there an NIH
policy for the field or has it been
emerging bottom-up from individual
groups/researchers/industries?
From my understanding of the VPH
approach, it greatly parallels US efforts
to promote multiscale modelling of
biomedical, biological and behavioural
systems. Generally we refer to ‘scale’
from the standpoint of the biological
scale (e.g., atomic, molecular, molecular complexes, sub-cellular, cellular,
multi-cell systems, tissue, organ, multiorgan systems, organism, population,
and behaviour). There are no NIH policies for the field; however, several NIH
Institutes and other Federal agencies in
the past six years have promoted and
solicited grant and contract applications in the area of multiscale
modelling. In addition, the Interagency
Modeling and Analysis Group (IMAG)
of government program directors has
been actively bringing together researchers under the auspices of the IMAG
Multiscale Modeling (MSM) Consortium. The MSM Consortium provides a
venue for researchers to discuss the
current scientific and sociological
issues involved in developing, validating, sharing and using multiscale
models (http://www.imagwiki.org/me
diawiki/index.php?title=MSM_Consortium_FAQs). It would be fair to say that
the field has been emerging from the

bottom up and government agencies
are facilitating its continued development.
Who are the main drivers of the VPH
approach (individuals,
organisations, industries)?
In my opinion, science is the main driver of the VPH or multiscale modelling
approach. As more and scientific knowledge is gained at the single scale,
researchers are looking farther into the
system and considering the scales above
and below the original scale of interest.
Also, multiscale problems in pharmacology and toxicology are pushing the
frontiers for modelling, requiring multiscale modelling to solve complex
predictions. Once the research communities recognize this need, individuals
begin to explore the problem. In the US,
individual research occurs in somewhat
parallel tracks in academia and industry. Government funders further
facilitate this activity if new challenges
require additional incentive.
What is the level of involvement of
clinical and industrial sectors? Are
they also drivers in the VPH?
In the US, multiscale modelling of biomedical, biological and behavioural
systems has predominantly involved
basic scientists (modellers, experimentalists) for the purpose of gaining basic
scientific knowledge and understanding of a system. As the problems
become more clinically relevant, clinicians are brought onto the research
team to focus the problem and help
collect clinically appropriate data to
develop and validate the models. The
release of the ongoing funding announcement
PAR-08-023
"Predictive
Multiscale Models of the Physiome in
Health and Disease (R01)" has certainly
promoted more modelling in the direction of addressing relevant clinical
questions. The recently released RFA
by the National Heart Lung and Blood
Institute (NHLBI), “Functional Modeling of Pediatric Upper Airway
Disorders (R01)”,
http://grants.nih.gov/grants/guide/rfafiles/RFA-HL-10-017.html, specifically
requires the participation of clinicians
on the research team.
In industrial sectors, pockets of multiscale modelling-like efforts exist, but
the partnership with academia is generally not openly visible (through

publications and grant applications),
though there are some indicators of
potential public-private partnerships
in this area.
How is the VPH community being
built in the US?
Here is a little history of how the IMAG
and MSM all came about. One of the
mandates of the NIBIB is to promote
intra-NIH and interagency collaborations, because of the interdisciplinary
nature of the technologies that we support. When I began working at the
NIBIB in September of 2002, which was
the first year of grant funding for the
Institute, one of my goals was to determine NIBIB’s unique niche, with
respect to the other NIH Institutes and
other Federal agencies, for the various
programs I was responsible for managing. In the area of modelling and
analysis, I convened a meeting of program directors across NIH and the
National Science Foundation (NSF), in
February 2003, to discuss the modelling and analysis efforts already
promoted by these funding components
and to identify emerging areas of
research. This seminal meeting spawned a lot of interest from a growing
number federal agencies which eventually was the basis for the formation of
the Interagency Modeling and Analysis
Group (IMAG). Today, IMAG includes
eight funding agencies in the United
States and Canada (NIH, NSF, DOE,
NASA,
DOD,
USDA,
USDVA,
MITACS); all interested in promoting
modelling and analysis research activities in biomedical, biological and
behavioural sciences.
In 2003, IMAG recognized that the
modeling community was on the forefront of thinking across the biological
continuum, rather than just focusing at
one scale or level of resolution. In addition, IMAG identified a strong desire
among modelers to form multi-disciplinary partnerships across varied research
communities. The 2004 interagency funding solicitation created by IMAG
awarded the initial 24 projects of the
MSM Consortium. Since then, the MSM
Consortium has grown to include projects funded by various funding
components of the IMAG. Please take a
look at the MSM Frequently Asked
Questions page if you are interested in
joining
the
MSM
Consortium,
http://www.imagwiki.org/mediawiki/in
dex.php?title=MSM_Consortium_FAQs.
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How do you see the integration
patient data and the role of basic
science researchers? In particular,
what do you think are the challenges
for the combination of needs/desires
by patients, clinicians and
researchers in terms of data sharing,
privacy and integration?
In my opinion, the greatest challenge is
the collection of appropriate patient
data for model validation. In other
words, there needs to be a cultural
acceptance of quantitative models to
drive both biomedical and clinical
research and data collection. At the
same time, I believe it is the onus of the
model developers to convey the impact
of the model on the problem and to
increase the confidence level of those
interpreting the model predictions.
The VPH community is very
interested in multiscale modelling.
Can you please clarify any
particularities concerning Foreign
(i.e., non-USA) PIs and Foreign
Institutions in PAR-08-023
"Predictive Multiscale Models of the
Physiome in Health and Disease
(R01)"? For instance, is it the case
that NIH will not provide salary
support for non-US PDs/PIs, but will
fund postdocs and/or thesis students?
Must there be at least one US lab as
a partner on the project? Is there a
ceiling on the amount of support
requested?
Foreign institutions are welcome to
apply directly to this funding opportunity. Foreign institutions are also
allowed to apply as subcontractors
through a US primary institution. Partnering institutions (other foreign or US)
are not required. Foreign institutions
are therefore allowed to apply for salary
support for all non-US members of the
proposed research team. Foreign applicants should specifically consider the
following notice, http://grants.nih.gov/
grants/guide/notice-files/NOT-OD-09010.html, and grants policy statement
http://grants.nih.gov/grants/policy/
nihgps_2003/NIHGPS_Part12.htm#_To
c54600260 for details.
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There is not a specified ceiling on the
amount of support requested; however,
if the budget is greater than $500,000 in
direct costs then special approval must
be granted prior to application submission,
> See http://grants.nih.gov/grants/guide/ noticefiles/NOT-OD-02-004.html for more details.

What is the progress of IMAG and
the series of project calls in
multiscale modelling? How do these
compare to EU FP7 VPH Initiative
Projects?
IMAG has been able to raise awareness
of multiscale modelling and attract
new applicants to the field. In my opinion, the projects awarded by IMAG
and other US federal agency initiatives
nicely complement those projects
awarded by the EU FP7. US projects
are highly focused and still predominantly basic science driven, whereas it
appears the FP7 projects are much
broader and driven by clinical and or
industrial needs. I believe there’s
opportunity for both sides to learn and
benefit from the other perspective.
What role do you see for multiscale
modelling in the future? The
European Commission funded five
projects specifically addressed to in
an international call between the US
and the EC. Does the NIH have
plans for specific calls with the same
objective? How does the US intend to
foster international collaboration
between the US and the EC?
I see multiscale modelling playing an
increasing role in computational activities in biomedical, biological, and
behavioural research. The NIH has
ongoing calls that accept projects that
focus on the same outcomes (of the EC
call) for biomedical modelling – interoperability, tools and services for
global cooperation, and an international validation environment. I would
encourage the EU community to take a
look at the initiatives on this website,
http://www.bisti.nih.gov/funding/inde
x.asp. Recall that NIH does not have
restrictions on foreign awards, so all

are welcome to apply with any form of
international collaboration. IMAG
recognizes that the multiscale modelling community is indeed international
and in order to make progress efficiently, models should be shared
internationally. Because of the large
interest to forge international collaborations among multiscale modellers,
IMAG has made special efforts to raise
awareness of international efforts that
focus on multiscale modelling, by posting these efforts on the IMAG wiki,
http://www.imagwiki.org/mediawiki/i
ndex.php?title=Multiscale_Modeling_of_the_Physiome_-_Projects_Arou
nd_the_World. Anyone with a relevant
project (e.g. from the EU) is welcome to
post their project on this wiki page.
Once collaborations are formed, IMAG
program directors are here to guide the
research teams towards the most
appropriate funding opportunity.
IMAG also has liaisons to various
regions of the world to make contact
with program director counterparts
and discuss ideas for collaborative activities.
What impact do you think the VPH
will have on future healthcare?
I believe potential impact needs to be
proven with successful validated
models. Once successful models are
widely accepted by non-modellers,
VPH and multiscale modelling can
effectively permeate into the research
communities and eventually translate
to medical practice. IMAG organized
an IMAG Futures Meeting to cover
exactly this question on December 1516, 2009. ■
> For more information and to see the
archived videocast please go to
http://www.imagwiki.org/mediawiki/index.php?title=
IFM_Announcement
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Briefing on ICT CALL 6 VPH objective
> By Elena Tavlaki, General Manager, Arachni Ltd
he health domain is a cornerstone
of the sustainable growth of
Europe as its impact on economy
and quality of life is catalytic. Furthermore, sustainable delivery of quality
healthcare at affordable cost is a major
challenge for European healthcare systems and the research community
should develop innovative tools and
services for efficient healthcare delivery and effective medical knowledge
transfer to clinical practice.
ICT Call 6 opened on 24th November
2009 for Virtual Physiological Human
proposals (Objective ICT-2009.5.3). The
deadline of proposal submission is 13th
April 2010. The expected impact of the
Virtual Physiological Human call 6 proposal is to reinforce leadership of
European industry and strengthen multidisciplinary research excellence in
supporting innovative medical care.
Proposals should provide beyond stateof-the art solutions for the delivery of
more predictive, individualised, effective and safer healthcare. They should
lead to accelerated developments of
medical knowledge discovery and
management. The development of
devices and procedures using in-silico
environments is a targeted area. Another potential outcome includes the
improved interoperability of biomedical

T

information and knowledge and/or the
increased acceptance and use of realistic and validated models that allow
researchers from different disciplines to
exploit, share resources and develop
new knowledge.
Proposals are expected to address one
or more of the following target outcomes:
a) Development of patient-specific
computer based models and simulation of the physiology of human
organs and pathologies.
b) Development of ICT tools, services
and specialised infrastructure for
the biomedical researchers to support at least two of the following
three activities: i) to share data and
knowledge needed for a new integrative research approach in medicine
(biomedical informatics), ii) to share
or jointly develop multiscale models
and simulators, iii) to create collaborative environments supporting this
highly multidisciplinary field.
c) Support action on evaluation and
assessment of VPH projects. Assess-

ment proposals will address at least
the following three aspects: i) the
optimal use and contribution to the
shared tools and infrastructure, ii)
the clinical achievements, iii) the
market potential or penetration. The
proposed methodology should take
into account existing international
efforts and promote global validation
framework.
d) Coordination/Support action to
develop an observatory on the
achievements and evolution of the
broader Biomedical Informatics
field which builds on synergies between
bioinformatics,
medical
informatics, and neuroinformatics.
Indicative budget distribution:
IP/STREP – EUR 61 million; with a
minimum of 30% to STREPs and with
more than 50% to IPs, including at least
one IP under a (patient-specific computer based models and simulation) and at
least one IP under b (ICT tools, services
and specialised infrastructure for the
biomedical researchers). ■

> For further information on the call please visit
http://cordis.europa.eu/fp7/dc/index.cfm?fuseaction=UserSite.FP7CallsPage&rs
> For more information on RADICAL please visit
http://www.radicalhealth.eu/)

UCL and Yale unite to improve global health
> By Peter Coveney, Project Coordinator VPH NoE, University College London
CL and Yale University, two of
the world's top 5 research universities, have recently announced a wide-ranging collaboration in biomedical research. This collaboration,
which begins with joint projects in cardiovascular research, will be expanded
to take in other areas such as neurology
and drug discovery. The two universities plan to create a distributed "virtual
research environment" to integrate computational facilities at the two campuses
and thus to enable effective sharing of
scientific data and large- scale modelling and simulation studies. Computa-

U

tional Biomedicine Collaborative will
be the first in the world to implement a
transatlantic inter-university biomedical informatics strategy.
Pooling the computational, information management and analysis
resources of the two world-leading universities and their associated hospitals
will produce break-through science
and speed up its translation to better
medicine. The quality of biomedical

research and computational biomedicine will be enhanced by intellectual
synergies between Yale and UCL, and
the size of the joint basic science and
clinical science endeavour, combined
with access to extensive (in the case of
the UK, national) patient care and
medical history databases. The Collaborative will also support joint
educational programmes at the PhD
level. ■

> Peter Coveney is leading the Computational Biomedicine Collaborative planning.
For more information please visit
http://www.ucl.ac.uk/news/news-articles/0910/09100802
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Notes from the VPH Community Satellite
Symposium of IUPS 2009
> By T Alexander Quinn, EPSRC Postdoctoral Research Fellow, University of Oxford
n the 26th of July 2009 more than
45 scientists convened on the
Biwako-Kusatsu Campus of Ritsumeikan University, just outside of Kyoto,
Japan, for the ‘Building the Virtual Physiological Human Community’ satellite
symposium of IUPS 2009. It was an
international gathering, with delegates
coming from Japan, New Zealand, the
United States, Russia, Great Britain and
the Czech Republic to discuss the future
of the Physiome Project. In all, 13 speakers presented their thoughts on the
challenges of community building,
opportunities for worldwide collaboration, specific implementation issues,
and the advantages and disadvantages of
public access to data and models, followed by an animated round table
discussion on some of the issues raised
during the day’s proceedings.
The day began with an introduction by
Professor Akinori Noma to the impressive infrastructure and activities of the
Ritsumeikan Biosimulation Research
Centre, followed by Prof Denis Noble’s
thoughts on the ‘Past, Present, and Prospects’ of the Physiome Project. After a
quick break for refuelling, summaries of
the national biocomputational programmes in Japan, the United States,

O

New Zealand and Australia, and Europe
were presented. In the afternoon it got
into the nitty-gritty, with speakers focusing on challenges of modelling for
healthcare applications, heterogeneous
data integration, standardisation and
markup languages, and data and model
sharing.
The highlight for most was undoubtedly
the plenary debate between Dr Peter
Kohl, who admirably filled the shoes of
Prof James Bassingthwaighte to tell us
why public access to data and models is
‘impractical and counterproductive’ (not
necessarily the opinion of either Peter or
Jim!), and Prof Marco Viceconti, who
countered by telling us why it is instead
a ‘scientific necessity and moral obligation’. Both made impressively convincing
arguments and may have swayed the
opinions of more than a few in the
audience. At its conclusion, Prof Peter
Hunter presented a statement, drafted
previous to the meeting by various attendees, about ‘support to joint actions for
the future of Physiome research’. This

explicitly declared that ‘concrete, coordinated action is vital to ensure the
progress, accessibility and public perception of reliability of research’, and
while most agreed that coordinated
action is desperately needed, there
clearly remains important discussion to
be had about its implementation. Some
of the lingering questions to be answered
are:
• What does model validation mean and
how do we go about it?
• Should editors and reviewers require
open access and should funding agencies pay for it?
• How can the academic reward system
be changed to acknowledge model sharing and interdisciplinary research?
• Is there a need for public key encryption to allow tracking of model use?
• Are standards restrictive?
The day ended with a fantastic meal and
drinks overlooking an attractive campus
and Lake Biwa, Japan’s largest freshwater lake. It was a perfect conclusion to a
productive and exciting event. ■

> The schedule of the day’s events, as well as the individual presentations, can be found
on the VPH Network of Excellence website at:
http://www.vph-noe.eu/

Virtual Physiological Human
VPH-Initiative Day
> By Tara Chapman, Researcher, Université Libre de Bruxelles
he Virtual Physiological Human
Network of Excellence (VPH NoE)
held its first VPH-Initiative working day on 9 September at the Musée
de la Medecine, Université Libre de
Bruxelles, Belgium. The event consisted of an overview of VPH NoE
activities and an interactive networ-

T
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king and poster session in the morning,
followed in the afternoon by a talk on
funding and policy and interactive discussion sessions. Participants included
key representatives from VPH projects,
(including FP6 and FP7 VPH –Initiative projects), VPH NoE network of
excellence Core members, General and

Associate members and representatives
from the VPH NoE Scientific, Clinical
and Industrial Advisory Boards.
The morning session consisted of presentations from selected VPH NoE
leaders. Peter Coveney (Project Coordinator) gave an introductory talk on the
VPH NoE and this was followed by a

VPH NoE Section
talk on the role of the Exemplar Projects
and the latest developments in the
Toolkit portal by Sharon Lloyd, Jesús
Bisbal gave a talk on the latest developments in WP4 and the need for a
centralised resource for training activities, and Philippe Rohou and Marco
Viceconti both gave presentations on
the dissemination activities within the
VPH NoE and the importance of VPH
projects working together on dissemination.
The rest of the morning session was
dedicated to an interactive presentation and poster session. There were 32
presentations given by representatives
of VPH projects and General and Associate members. Each representative
was given a two-minute spotlight to
give a short PowerPoint presentation.
The structure was informal, although
timing was strict with Miriam Mendes
(Project Coordinator) ringing a bell
when representatives went over the
two minutes! This was then followed
by an interactive poster session where
representatives were able to discuss
their projects in more detail.
The VPH-Initiative working day was
supported by the European Commission ICT for Health unit and DG
Information Society and Media and the
first presentation of the afternoon was
given by Joël Bacquet, EU Project Officer for the VPH NoE, on ‘VPH-I
Funding and Policy in the European
Commission’ and the role of the NoE
Roadmap. The late afternoon session
consisted of four discussion groups
which encouraged networking discussions on the future direction of the
VPH NoE:
1. Data sharing& modelling – Peter
Kohl & Marco Viceconti and Standards and ontologies - Bernard de
Bono & Peter Hunter
2.Clinical & industrial engagement -Pat
Lawford & Keith McCormick.
3. Use of clinical data – John Fenner &
RADICAL
4.HPC and Infrastructures (including
data sharing infrastructure) - Peter
Coveney.
The afternoon concluded with a report
from group discussions and a question
and answer session which was driven
by Peter Coveney. ■

> Presentations are available from the VPH
NoE website:
http://www.vph-noe.eu/component/content/article/149

Staff changes and Awards

We would like to
welcome…
Jesús Bisbal, WP4 Leader (jesus.bisbal@upf.edu)
Jesús holds a computer engineering degree from the Technical University of Catalonia, Spain, and a PhD in computer science from
Trinity College Dublin, Ireland. He worked as a postdoctoral researcher at Michigan State University, USA. He was awarded a Ramón y
Cajal Research Fellowship by the Spanish Ministry of Science and
Technology from 2004 until 2008. Jesús has published several articles
in the areas of legacy systems, database theory, semantic interoperability in the healthcare domain, and adaptive middleware. He worked in
the EU funded SynEx project, and also the RapidWare project funded
by the NSF and the Office of Naval Research, USA. He is also a member of the Board of Directors of the Polytechnic School at Unversitat
Pompeu Fabra since 2007, where he worked on the design and implementation of several new engineering degrees.

Distinguished Professor
Peter Hunter wins the
Rutherford Medal
Auckland Bioengineering Institute Director and member of VPH NoE
Professor Peter Hunter has won the prestigious Rutherford Medal, New
Zealand's top science honour. Professor Hunter, a Distinguished Professor of Engineering Science, won the medal for his leading role in
the Physiome Project, a major international project that aims to build
sophisticated computer models of all the human body's organs. The
Rutherford Medal recognises exceptional contributions to New Zealand science and technology by a person or group in any field of
science, mathematics, social science, or technology. "I'm very honoured to get the award, particularly when you look at the calibre of the
past recipients," says Professor Hunter. "It is also recognition of the role
that engineers and mathematical scientists can play in biology."
University of Auckland Deputy Vice-Chancellor (Research) Professor
Jane Harding says that over the past 30 years, Peter has established
himself as a leader in the rapidly developing field of computational
physiology - a combination of mathematics, computer science, engineering and biology. "This award acknowledges his outstanding
leadership in advancing New Zealand biomedical science and engineering both at home and abroad," she says.
> For more information on VPH NoE news
please visit
http://www.vph-noe.eu/news
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Workpackage focus
VPH Integration and Training Activities:
An Update from Workpackage 4
> By Jesús Bisbal, WP4 Leader, Universitat Pompeu Fabra
Introduction
A Network of Excellence (NoE) is a
strengthening mechanism, designed to
tackle the fragmentation of European
research, and the main deliverable is
the durable structuring and shaping of
the way in which research is carried
out. With the Virtual Physiological
Human (VPH) the challenge is considerable, as the youthfulness of the
discipline gives little raw material to
work with; structures and shapes must
be built.
The single most important task facing
the VPH NoE is the construction of a
community of like-minded individuals,
able to speak with a representative
voice on each topic important to the
VPH cause and to act collectively to
introduce structures, methods and systems to establish the discipline as a
legitimate and distinct scientific endeavour. Such individuals exist in
significant numbers, but they have arrived at their roles from many disparate
directions, as there is, as yet, no formal
training path for those interested in
developing the Physiome and in translating models into clinical practice. A
key aspect of legitimacy for a discipline
is the existence of formalised systems
of training. The VPH NoE has established the responsibility for the
introduction of targeted education
within Workpackage 4.
The VPH NoE’s training activities
address both the preparative training
and in-career needs of VPH researchers
by combining two approaches:
• Fostering institutional support within
VPH NoE member institutions for the
creation of an interdisciplinary, European-wide study programme.
• Creating internal NoE training activities, geared towards developing and
providing training on VPH-related
tools, data and modelling.
Long-term sustainability is the driver
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for the NoE’s selection and championing of achievable goals, to ensure the
durable foundation of the VPH. In
addition to the initiation and sustained
promotion of positive actions, the NoE
has a responsibility to disseminate its
activities publicly and enthusiastically.
In this regard, training is considered a
fundamental part of the dissemination
strategy, where the VPH NoE will target young and experienced researchers
alike.
The Foundations
As with other Network activities, the
Training team has worked through a
challenging first eighteen months,
during which the strategies that are to
underline future work have been developed, documented and promoted. The
topics covered include:
• The VPH Academy Policy and Strategy on Integrative Studies;
• The Strategy for Cooperation with
industrial/healthcare stakeholders;
• The Strategy for promotion of mobility schemes for VPH researchers;
and
• The Formal Plan and Initiation of a
Pilot VPH early career primer course.
The first of these, proposing a VPH
Academy, takes an important initial
step in characterising unmet needs in
the VPH community, identifying deeprooted challenges and formulating
practical strategies for bridging the
educational gap. Significantly, this was
complemented with work proposing
strategies for direct cooperation with
the NoE’s key target sectors, Industry
and Clinical Practice. For each of these
pivotal VPH career directions the
required performance features were
characterised and means of engagement with both employers and
putative VPH practitioners were proposed.
In an emerging discipline it is unlikely

that a single educational centre can initially succeed in providing adequate
grounding in the full range of topics
required, thus mechanisms for promoting Mobility amongst the population
are of great significance. Work in this
important area looked not only at the
complementary nature of the courses
required, but at the funding schemes
available to support the work, and at
the human resource implications.
Translating plans into reality is the
subject of the Pilot VPH early-career
course, which builds on each of the
earlier strategies and concentrates on a
practical method of initiating training
activities within the NoE’s lifetime,
without losing sight of the strategy for
future VPH education programmes.
Aside from strategic planning, the initial student engagement took place with
the first of a series of Study Groups,
‘Regenerative Aspects of Epithelial
Cells and Tissue’, held at the University
of Nottingham in the summer of 2009.
This allowed students’ practical modelling problems to be explored in the
company of academic experts, and
close monitoring, including benign
video surveillance (http://www.vphnoe.eu/news?start=45), revealed a
positive benefit for both groups.
Integration
Opportunities for engagement encompass all the Networks activities, and
integration between Workpackages is
central to the maintenance of the NoE’s
vision. Training can bring together the
many disparate activities of the Network, and by seeking contributions
from other Network strands the Training activities can demonstrate how no
part of the work should be regarded as
operating in isolation:
Exemplar Projects
Sources of innovative tools/techniques
that can demonstrate both the problem-
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solving nature of the discipline and the
ability of developers to consider the
wider picture when developing solutions. Training mechanisms can utilise
tools developed in WP2 to demonstrate
the direct translation from identified
need to catalogued success.
ToolKit
The co-ordinated and curated collection of documented generalisable tools
aimed at offering the greatest good to
the largest user groups. Here the
emphasis is on standardisation of
approach, and routine employment of
toolKit items in teaching will reinforce
the message of sustainable development.
Dissemination
Education is a powerful form of dissemination as it establishes for future
generations a firm foundation for the
new developments in their own working lives. Contributions to the
educational process will be sought
from across the NoE, and strong links
with the dissemination and ambassadorial team will be maintained.
What’s Next?
Training and Integration remain the
most potent dissemination vehicles
available to the NoE, but success
requires detailed activity, and cooperation with complementary Network
strands:
• Industrial and Clinical Engagement:
Processes are underway to gather core
data from key stakeholders, particularly within the industrial and clinical
sectors. The importance of accurately
mapping the needs of the target communities to the emerging NoE activities
– particularly the curriculum for training – is of paramount importance.
These processes feed both the Industrial and Clinical Career Needs Strategy
document, to be published in early
2011, and the release of Educational
Material for Clinical Awareness, which
will be prepared a few months later.
• VPH Academic Strategy: This document will be a guideline for the
continuing VPH community. Due
towards the end of the NoE, it will be
built upon the combined experiences
of the Network community, to reflect
the by then well-developed views of
those who have seen strategy evolve
with changing circumstance.
• Study Groups: Further study groups
are scheduled to take place within the
NoE. The next, now being organised by
IMIM, is planned for fall 2010. Based

on the experience of the inaugural Nottingham event, this Group will be
problem-centred, simultaneously seeking closer interactions with the tool
activities in WP2 and 3. The third
Study Group, planned by ERCIM, will
be held in 2012.
• Textbook: The WP4 team is designing a VPH textbook, drawing on the
views and skills of multiple contributors to combine current knowledge,
experience and strategy with a practical introduction to VPH techniques.
Currently being developed as a unified
print and on-line resource to facilitate
rapid updating, it will serve as a primer
for students approaching the field for
the first time, and an evolving resource
for more experienced users.
Improving on Excellence?
How might the NoE sustain and
expand its reach across the VPH landscape? With the majority of the
strategic thinking now enshrined in
Deliverables, and in keeping with the
central policy to promote interaction,
there is an opportunity for each Workpackage to make more extended use of
the outputs from colleagues working in
other Network areas:
• Greater understanding of the goals
and practicalities of the WP3 Toolkit
will have benefits for both NoE
teams. Students will appreciate the
importance of sustainability, cooperative working, interoperability and
comprehensive high-quality documentation, while the Toolkit team
will understand the appropriate level
of detail required for effective uptake
of their outputs.
• Freshly-developed tools from WP2,
designed to fill gaps in the VPH
multi-scale, multidiscipline matrix,
will demonstrate the thinking processes required to deliver effective
solutions in realistic timeframes, and
yet the need to disseminate these
outputs to a young and naïve
audience will enhance the creation
of educational guidelines intended to
provide templates for more effective
approaches to education.
• Greater mingling between the generations via hands-on workshops and
summer schools, perhaps including
training on ToolKit components form

an important part of wider, pan-European process directed towards the
introduction of systematic educational activities with the aim of
ensuring that academia, medicine,
and industry throughout Europe
have a workforce that is appropriately equipped to meet the
possibilities offered by this new and
important discipline.
Key to this initiative will be the VPH
Virtual Academy. This web-based facility will provide a focus for interaction
between training providers, course
developers, young researchers developing physiological modelling careers,
established researchers seeking LifeLong Learning, and representatives
from the major employment sectors.
VPH training will need to respond to
the changing needs of employers, and
the Virtual Academy will provide an
environment for two-way engagement
with industry, healthcare, and professional bodies.
The aim for the next year is therefore to
foster a training community by involving a critical mass of students from
institutions across Europe, and in this
regard Erasmus bilateral exchange programmes are already being implemented by selected NoE members. In its
initial phase the Academy will be directed towards gathering information
on training needs, promoting VPH-related training activities and courses,
and providing a point of contact between potential employers, training providers, and newly qualified researchers.
Conclusion
Effective, well-orchestrated training is
the hallmark of an established scientific discipline, and the NoE recognises
its responsibility to build a sound
foundation for the future educational
needs of the VPH community, building
on the integration of its key elements.
With strategies established, the NoE’s
practical activities are now underway,
and all NoE members will be expected
to play their part in the development
and conduct of activities designed to
make the VPH a fully-developed and
respected scientific discipline able to
take its place alongside the more traditional scientific and engineering
careers. ■

> For more information on WP4 and the latest training developments please visit
http://www.vph-noe.eu/
or contact Jesus.Bisbal@upf.edu

VPHNoE

11

Events
Announcing the annual CellML workshop,
University of Auckland,
24th-26th February 2010
> By Catherine Lloyd, Research Fellow, University of Auckland

he annual CellML workshop in
2010 will be held at University of
Auckland from Wednesday 24th to
Friday 26th February. These meetings
aim to bring together the growing community of CellML developers and users
to discuss recent developments and
future plans. They also provide an

T

opportunity to update the community
on projects which were discussed at
the last workshop in April 2009.
The 2010 programme has yet to be
confirmed but there will be opportunity for workshop attendees to give
short presentations on their work. New
for 2010 we will be trialing an additional “hackathon-style” day which will
provide an opportunity for developers,

modellers and curators to interact faceto-face with core members of the
CellML community. Potential topics of
discussion include: help with coding
your model in CellML; using the
CellML API in your application;
adding a new feature to OpenCell; help
with using the model repository; and
many more. ■

> To register for this event please visit the following webpage,
http://www.cellml.org/community/events/workshop/2010/2010-registration
More information can be also be found on the CellML website,
http://www.cellml.org/community/events/workshop/2010/

Early notice of VPH2010
> By VPH2010 Scientific Committee: Peter Coveney, Marco Viceconti, Vanessa Diaz, Peter
Hunter and Peter Kohl
he Virtual Physiological Human
Network of Excellence (VPH NoE)
will hold the first of a series of
VPH Conferences (VPH2010) on 30th
September to 1st October, 2010. The
first meeting will be held in Brussels,
and is supported by the European
Commission ICT for Health / DG Information Society and Media. The Virtual
Physiological Human Network of
Excellence is an umbrella project
representing the Virtual Physiological
Human Initiative set up by the European Commission with a budget of
~350 million Euros for the Framework
7 Program. The VPH NoE is also responsible for producing a ‘Vision
document’ to inform the next calls for
the VPH field for FP7, FP8 and for
European large infrastructural actions.
The meeting on 30th September – 1st
October will be dedicated to the VPH

T
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Initiative, bringing together key representatives from VPH groups, Industry
and Clinics. The first meeting is designed to be a relatively small meeting
(150-200 people) with high profile key
speakers and will contain the very best
of VPH research. Parallel sessions will
be held on both days with proposed
topics in four main themes: Organ Systems, Modelling Scales, Research
Methodology
and
Application
Domains. We anticipate increasing the
size and scope of the VPH conference
in subsequent years.
After the meeting, we will publish the
20 best VPH2010 papers in Interface
Focus in 2011 (the journal is ranked as
6th out of 42 in 'Multidisciplinary
Sciences' publications). Interface Focus
is a new themed journal of the successful Royal Society Interface Journal
(http://rsif.royalsocietypublishing.org/).

It currently produces 6 Focus issues
per annum, as a "supplement" to Interface. However, effective at the
beginning of 2011, Interface Focus will
become a freestanding Royal Society
journal and the VPH2010 issue will be
one of its first publications.
Registration will be on a first-come,
first-served basis, unless applications
exceed the meeting's capacity, in
which case in which case evidence of
active planned participation (i.e. submission of an abstract) will receive
preference.. Further details of how to
register and submit abstracts will be
posted on the VPH NoE website during
January 2010. ■
> Please make a note of the following
weblink:
http://www.vph-noe.eu/vph-events/details/99
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Announcing the first joint workshop organized by the Open
Biomedical Ontologies Foundry and the VPH-NoE:

ONTOLOGIES FOR THE VIRTUAL
PHYSIOLOGICAL HUMAN
Site: http://www.ebi.ac.uk/~bdb/ontologies/
Date: February 14th, 2010
Location: European Bioinformatics Institute, Cambridge, UK
Organisers: Bernard de Bono, Alan Ruttenberg, Barry Smith
An ontology-based interoperability framework for physiology and disease
related data and models requires community-wide strategies to:
1) co-ordinate and assist with ontology development, and
2) support and simplify resource annotation with ontology terms.
In this meeting, organised jointly by the VPH NoE and OBO Foundry, we aim to:
a) examine relevant case studies and provide detailed discussion and guidelines in ontology development, and
b) build a long-term strategy for the community to establish ontology-based
standards for resource interoperability.
TOPICS FOR DISCUSSION:
a) What is an ontology?
b) What is an ontology for?
c) The OBO Foundry - using ontologies to coordinate research.
d) How ontologies help reasoning: overview of tools.
e) Interactive sessions on the VPH, physiology, diseases and disease processes.
If you are using or building ontologies for modelling, and are interested in
participating, send your name, contact details and affiliation to Bernard de
Bono (bdb@ebi.ac.uk). Spaces are limited and filling fast: book ASAP to
avoid disappointment.

Diary dates
for 2010
17th January - 22nd January
EIBIR Winter School on
Interdisciplinary Biomedical
Imaging
14th February
Ontologies for the Virtual
Physiological Human Workshop
24th - 26th Febuary
CellML Workshop
15th - 18th March
World of Health IT Conference and
Exhibition
18th - 19th March
2nd Biosupercomputing
Symposium
30th September - 1st October
VPH2010
29th September
Internal VPH NoE Annual General
Meeting
Members of the VPH NoE will be
presenting at all events. For more
information on up and coming
events please visit
http://www.vph-noe.eu/vph-events.

Technical focus
Technical Report

A workflow for managing parameter uncertainty
> By David Gómez-Cabrero, Albert Compte, John Skår and Jesper Tegnér,
Department of Medicine, Karolinska Institute, Stockholm, Sweden
here is a growing acceptance of
the notion that to deal with biological complexity it is necessary to
use and develop relevant mathematical
theory, modelling knowledge and
simulation tools. Biology has a long
history of using statistical tools to identify the relationship between elements
within a system. An element can be

T

any bioentity or process that can be
considered relevant within a physiological system. Yet, statistics cannot
provide a complete insight into the
inner structure and dynamics of a biological system.
However, to develop a computational
model poses two distinct but related
challenges. The first problem – “model

uncertainty” – refers to our incomplete
understanding of biology which is
translated into the problem of deciding
which elements (nodes, processes) and
the structure of their interactions that
should be included in a model. This
step, guided by both art and science, is
strongly dependent upon available
data and the biological problem at
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Technical focus
hand. Different heuristic methods have
been employed in the history of biology to identify a computational model
of the system or process of interest.
The second challenge appears when the
model is defined and it is necessary to
assign values to the parameters. Researchers in the field of operations have
developed metaheuristic procedures
during the last 50 years which are relevant for the “parameter tuning
challenge”. These methodologies have
been modified to search among the
model’s space of parameters, so instead
of finding a single (and most likely biased) solution, the algorithms can
effectively search for several feasible sets
of parameters. Given experimental variability and incomplete understanding of
the underlying biology it is most likely
to be a more effective strategy – in terms
of understanding and prediction – to
study groups of solutions (different parameter sets) that are consistent for a given
model and set of data. It is worth noting
that in the special case of when a certain
set of parameters defines an edge to be
causally silent, the model structure is
affected, suggesting that the two challenges are related.
Our research group has developed a
workflow for the problem of parameter
uncertainty and applied the methodology to a time-dependent disease model
(SBML code will be/is available) capturing plaque growth in the arterial wall
(atherosclerosis). This disease is a major
health problem and can induce a stroke
or heart attack. We have included the
main known biological processes and
bio-entities in the model and we have
parameterized their shape and kinetics.
The rationale is that this is exactly the
part that we know least about, namely
how different cell-types and processes
interact in order to produce a plaque
over time. Our physiological data of
plaque development have demonstrated that this development progresses in
three phases: an initial slow growth,
then a rapid plaque expansion and then
finally a slower increase of the plaque
size. We have used optimization techniques for investigating different possible scenarios (parameter sets) that are
sufficient to produce plaque growth.
Our ordinary differential equation model contains eight state-variables and
52 parameters.
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Our workflow is defined by the following steps:
STEP 1: To review the state-of-art of biology of atherosclerosis.
STEP 2: To design a time-dependent mathematical model of the plaque formation.
Parameter ranges are defined.
STEP 3: To search the parameter’s space.
• We use physiological constraints and data from clinical experiments to define
seven evaluation functions which therefore produce a fitness landscape corresponding to the “feasible sets of parameters”.
• We use Particle Swarm Optimization Algorithm (PSO) as searching procedure
(see Kennedy, J., Eberhart, R.C., (2001)).
STEP 4: Analysis of the different solutions from the simulations.
• Selection of “feasible” sets of parameters.
• Identification of different qualitative behaviours within the feasible sets of
solutions. Tools from statistics and machine learning were used to classify different solutions.
STEP 5: Formulation of core predictions and experimental validation.
Predictions on system behaviour (plaque size) under different perturbations of the
state-variables are formulated. Molecular predictions such as correlations within
gene expression profiles are derived from the simulation model. These predictions
are then evaluated in wet-lab experiments.
We computed more than 10000 different sets of parameters with the PSO search.
Out of those, 1225 were considered feasible parameter sets. The two main findings
were:
• First, we demonstrated that even if there is a large number of parameters in the
model, there are only a few “types” of different dynamics. Using those “stable”
dynamics we are able to assign priorities to the different bioentities in the development of the lesion at different time-intervals.
• We ran different simulations lowering low-density-lipoprotein (LDL) level at different intensities at different points in time. We found that it is possible to
classify the different sets of parameters qualitatively using their sensitivity to the
reduction of the LDL (See Figure 1).

Figure 1. The colour scheme denotes the relative change of the plaque size as a function of
time (x-axis) and size of the LDL reduction (y-axis). A blue point indicates no plaque at the
end of the simulation if the LDL’s level reduction is performed.
A green point means that plaque will not be affected even in the case of a reduction.
Among thousands of solutions we only observe three qualitatively different behaviours.

Conclusions
Surprisingly, we find that the behaviour of a high-dimensional (parameters) model
of a complex disease reduces to a small number of “dynamics” fingerprints. This finding makes the intrinsic parameter complexity in the system caused by our
incomplete knowledge tractable for research. The model can now be used for predicting how to effectively reduce the plaque at different points in time. There are
still open problems on how to design efficient search algorithms in a high-dimensional parameter space. We are currently investigating these issues together with the
problem of model uncertainty, which poses even greater challenges. It is evident that
our research programme will require high-performance computational techniques
in combination with efficient optimisation techniques. These core problems become
even more important in light of the VPH mission of integrating several vertical and
horizontal scales, thus increasing the parameter and model space by orders of magnitude. It is our strong belief that an increased amount of efforts has to be directed
towards model and parameter uncertainty within the VPH community.
> For more information please contact Jesper Tegner (jesper.tegner@ki.se)
or David Gómez-Cabrero (lunacab@yahoo.es) or visit the website (www.ki.se).

VPH-I SECTION
VPH-I news roundup
BEAT Project

Behavioural modelling, Efficient Analysis
Techniques for cardiac myocytes
> By Flavio Corradini and Emanuela Merelli, University of Camerino

UNICAM research team: Diletta
Cacciagrano, Maria Rita Di Berardini
and Luca Tesei.
Collaborators from Stony Brook
University: Ezio Bartocci, Emilia
Encheteva, Radu Grosu, Scott Smolka.
As new general members of VPH NoE,
we are pleased to speak about our team
and our experience regarding modelling and simulation of cardiac tissue.
We are a group of computer scientists,
with a strong background in formal

methods, willing to share efforts, tools
and experience in modelling biological
systems both in existing and future
projects.
The BEAT project, started in September 2007 in collaboration with some
researchers at Stony Brook University,
aims at working towards a new generation of pacemakers designed as a
network of artificial biosensors, suitable to detect and regulate the arising of
atrial fibrillation [1]. To date, based on
the theory of hybrid automata, we have

developed a new model of networks of
myocytes and we have introduced a
linear spatial superposition logic for
learning and detecting emergent behaviours of such networks by using a
model checker [2].
We have also introduced a subclass of
timed-automata suitable for modelling biological oscillators (among
> More detailed information about the
method can be found at:
http://www.cs.sunysb.edu/~eha
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which, cardiac pacemaker cells) together with a logic, equipped with a
model checking algorithm, for expressing synchronisation properties of
such oscillators. Our goal is to control
the synchronisation of a population
of pacemaker cells [3].
The good behaviour of a cardiac cell
relies on a correct dynamics of the ions
on/through its membrane. To represent
and study these dynamics we have defined a calculus for describing 3D shapes
(molecules) moving, colliding and reacting in a space [4].

The UNICAM research team is starting the
development of a spatial simulator that
incorporates graphical operators for
modelling biological systems at different
levels of abstraction and other operators
for analysing and controlling their behaviour by scaling (zooming in and zooming
out) from tissue to cells, from cell to molecules and vice-versa. We think that the
achievements of this project could
advance our understanding of multi-physics and multi-scale heart modelling.
Figure 1 shows the different levels of abstraction at which we studied the cardiac

tissue by using our models and tools.
Last but not least, we have developed
Resourceome, a semantic tool (ready to
be used) to manage resources (databases, ontologies, models, SBMLmodels, algorithms, people, etc) within
their domains (Bioinformatics, Systems
Biology, Genomics, Proteomics, Cell,
Tissue, Organ, etc), integrated with a
workflow engine [5]. ■
> More detailed information about the
project can be found at:
http://cosy.cs.unicam.it/beat

[1] E. Bartocci, F. Corradini, R. Grosu, E.
Merelli, O. Riganelli, S. A. Smolka:
StonyCam: A Formal Framework for
Modelling, Analysing and Regulating
Cardiac Myocytes. Concurrency, Graphs and
Models 2008. LNCS, Vol. 5065, pp. 493-502
[2] R. Grosu, S. A. Smolka, F. Corradini, A.
Wasilewska, E. Entcheva, E. Bartocci:
Learning and Detecting Emergent Behavior
in Networks of Cardiac Myocytes. Commun.
ACM 52(3): 97-105 (2009)
[3] E. Bartocci, F. Corradini, E. Merelli, L.
Tesei: Model Checking Biological
Oscillators. Electr. Notes Theor. Comput.
Sci. 229(1): 41-58 (2009)
[4] E. Bartocci, MR Di Berardini, F. Corradini,
E. Merelli, L. Tesei. A Shape Calculus for
Biological Processes. In: ICTCS 2009, pp 3033 (2009)
[5] E. Bartocci, D. Cacciagrano, N. Cannata,
F. Corradini, E. Merelli, et al.: An Agentbased Multilayer Architecture for
Bioinformatics Grid. IEEE Transactions on
Nanobiosciences, vol. 6, N.2, June 2007.

CIBER-BBN VPH Toolkit
> By Pedro Omedas, Begoña Peréz (Project Manager), Biomedical Research Networking
Center in Bioengineering, Biomaterials and Nanomedicine (CIBER-BBN)
he objective of the project is to
create an open source software
toolkit that will support new
research and development of innovative clinical applications for the Virtual
Physiological Human. These applications will help to demonstrate the use
and potential of the toolkit for solving
medical bioengineering problems that

T
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have been recently under research. The
main goal is to develop and integrate
the tools that will support the creation
of complex and integrative human
patho-physiological models based on
the fusion of clinical data at the organ
level aligned with the Virtual Physiological Human European initiative,
which enables and facilitates the tech-

nology transfer from research labs to
companies and hospitals.
The project is developed in two lines:
the main line is the development and
integration of modules in the previous
mentioned areas in a software platform. In the second line, prototypes are
generated to provide a framework and
guidance to the software development

VPH-I Section
and at the same time provide demonstrators of the technology.
New developments have been integrated in different platforms: Image
processing and simulation components
are developed and integrated in
GIMIAS (1) (part of the VPHNoE Toolkit), signal processing modules are
integrated in BioSigBrowser, and electrical physiological simulations based
on parallel finite elements are integrated in MYDAS.
In the line of demonstrators for translational clinical applications, the project is
developing prototypes for:
• Detection and quantification of epileptogenic foci in pharmacoresistant
epilepsy for surgery planning;
• Quantification of Dopamine transporter availability for Parkinson’s Disease
diagnosis and disease progress evaluation;
• Prediction of cardiac resynchronization therapy and Identification of
septal flash using CARTO data and
signals.
At the end of the project, it is expected
to produce a common toolkit (in the
form of a set of interoperable software

tools) that can be distributed open
source under a business friendly
license and with high-quality documentation.
Specifically the project will produce a
framework that will allow applications
to be developed in the areas of: Research in biomedical signal and image
computing, research in subject-speci-

fic computational physiology, Clinical
translation in Cardiology, Neurology
and Pneumology, clinical translation to
minimally invasive interventional planning, industrial translation in advanced diagnosis and treatment planning,
and industrial translation in medical
product development (devices, contrast
agents, drug development). ■

The CIBER-BBN VPH Toolkit is a project that has been running for two years and
is funded by the Biomedical Research Networking Center in Bioengineering, Biomaterials and Nanomedicine** (CIBER-BBN), and involves six Spanish research
groups: Computational Image and Simulation Technologies in Biomedicine*
(http://www.cilab.upf.edu), Biomedical Image Technologies**
(http://www.die.upm.es/im/), Biomedical Imaging (http://www.ub.edu), Biomedical Signals and Systems** (http://www.creb.upc.es/divisions/senyals.php),
Communications Technologies (http://www.gtc.cps.unizar.es/) and Structural
Mechanics and Material Modeling (http://i3a.unizar.es/gemm/).
> For more information on the project please email bperez@ciber-bbn.es or pedro.omedas@upf.ed
or visit (http://www.ciber-bbn.es)
* Member of VPH NoE - **General Member of VPH NoE
[1] Ignacio Larrabide, Pedro Omedas, Yves Martelli, Xavier Planes, Maarten Nieber, Juan
A. Moya, Constantine Butakoff, Rafael Sebastián, Oscar Camara, Mathieu De Craene,
Bart H. Bijnens and Alejandro F. Frangi:
GIMIAS: An Open Source Framework for Efficient Development of Research Tools and Clinical
Prototypes.

SurgAid: new methods for diagnosis and
support in mitral valve surgery repair
> By Enrico G Caiani, Coordinator of SurgAid, Politecnico di Milano, Biomedical Engineering
Department – caiani@biomed.polimi.it
urgAid is a national project cofunded by the Italian Ministry of
Education,
University
and
Research, through the PRIN 2007
grants. Three units are involved: biomedical engineers from Milan
Polytechnic and the University of Bolo-

S

gna, and heart surgeons and cardiologists from the University of Milan. In
addition, the project benefits from the
collaboration with the group of Professor Roberto Lang of the University of
Chicago.
The same group at Milan Polytechnic

University, including researchers experienced in both cardiac image
processing and finite element modelling (FEM) is also involved in the
activities of the VPH2 project under the
coordination of Professor Alberto
Redaelli.

Figure 1. Schematization of the SurgAid concept: from real-time 3D echocardiographic imaging (left), quantitative information is extracted and
utilised to generate a realistic model of the mitral valve and its-sub-apparatus (center), thus providing additional mechanical parameters from
structural analysis (right).
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The SurgAid project has been conceived
to develop and apply new methods for
diagnosis and support in mitral valve
(MV) surgery repair procedures, based
on the combined analysis and integration of the FEM approach with the advanced processing of real-time 3D echocardiographic images. It takes place
within the facilities of the Centro Cardiologico Monzino in Milan, a research
institute of public interest dedicated to
the cardiovascular scientific research.
The project, started in September 2008,
will last two years, and will include enrolling 25 normal subjects and more
than 60 patients with MV prolapse undergoing repair procedure with annulo-

plasty (i.e., insertion of prosthetic ring
on the mitral annulus), evaluated preand post-surgery (at 3 and 6 months)
by transthoracic real-time 3D echocardiographic imaging.
The main idea (see figure 1) is to use
this noninvasive imaging technique to
extract, by new tools developed by the
project (left panel), several parameters
quantifying the morphology and dynamics of the MV, papillary muscles, left
ventricular 3D shape and function. This
information is then utilized to design a
realistic FEM model of the MV and its
sub-apparatus, characterized by a nonplanar, non-symmetric and moving annulus (center and right panels), thus

overcoming the main limitations of previous studies, often based on ex-vivo or
animal measurements. This approach
will also allow in-vivo evaluation of the
effects induced by different prosthetic
rings on ventricular remodeling after
the intervention and, as the next step,
could be utilized to realize patient-specific models to simulate surgery.
The analysis tools have been developed,
and the whole approach has been
applied to develop a realistic model of
physiologic MV, with encouraging
results. Further actions include the simulation of the pathology, and surgical
correction with ring insertion. Stay tuned
if interested (www.surgaid.org )! ■

ActivA, translational
bioinformatics in health care
> By Jordi Villà i Freixa, Associate Professor, IMIM Hospital
del Mar and Universitat Pompeu Fabra, William Lalinde
(O2 Health Link S.L (O2H ™))
he possibilities that translational
bioinformatics, which aims at linking basic research with clinical
practice through information and communication technologies (ICT), offers for
the prevention, diagnosis and treatment
of diseases that affect us are immense.
An example with aging Western population is the use of ICT for remote
monitoring of patients for various
diseases; another is the use of similar
ICT tools with patients with complex
diseases at a global scale. This becomes
especially relevant with the consequent
savings for health agencies. International
projects, among which the VPH initiative as a whole, are opening the way for
systemic treatment of biomedical problems, not only at the level of integration
of information but also using the large
battery of computational simulation
techniques that science has made available in recent decades. The processing
of information according to criteria of
biomedical engineering is now closer
than ever.
In this context, however, it is still necessary to relate the data coming from the

T
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patient with the results that the researcher obtains from it, via the controlled
links that clinicians provide, ensuring
quality control and the rational flow of
information in both directions. Thus,
recently, the laboratory of computational
biochemistry
and
biophysics
(http://cbbl.imim.es) at the IMIM/UPF
has become part of an ambitious innovation project to pave the way for
integration of this information, providing quality data to researchers,
appropriate criteria monitoring for clinicians and real-time quantitative results
for patients. The starting point for this
process has been the funding of the
ActivA project by the Spanish Ministry
of Industry to a consortium integrated by
the UPF, the Associación Madrileña
contra la Fibrosis Quística, Intelligent
Software Components SA, and coordinated by O2 Health Link (O2H ™). This
project will link a series of tools for
monitoring the rehabilitation of patients
suffering from cystic fibrosis using interactive games for physical activity and
remote sensing. These data from mobile
devices will be incorporated into a sys-

Multilayer social networks paradigm for
translational bioinformatics. The information
is shared by the nodes of networks at
different levels (molecules, networks,
organs,but also researchers, patients,
clinicians) while at the same time there exist
tools to connect the networks among layers.

tem of social networks that unanimously
relates participatory data privately and
securely with simulation programs created by researchers. Thus, in real time, a
clinician will be able to determine trending evolution of individuals and access
advanced analysis and simulation of the
data, while strongly interacting with the
researcher to ultimately improve the
patient’s condition. The following stages
of the project involve further integration
of the system with the VPH toolkit and
public databases, opening the possibility
to provide tools for the plethora of rare
diseases. ■
> For more information please contact
Jordi Villà i Freixa (jvilla@imim.es)
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Multilevel modelling of the musculoskeletal
system: towards improved therapy for
spastic patients – the VPH-NoE seedEP2
> By Serge Van Sint Jan, Kaat Desloovere, Patrick Salvia, Guy Molenaers, Marcel Rooze,
Faculty of Medicine, Université Libre de Bruxelles (ULB) and University Hospital,
Katholieke Universiteit of Leuven (KUL), Belgium
usculo-skeletal disorders and
diseases are known to be the
pathologies which provoke the
highest societal costs (e.g., pain causing
work absenteeism) and/or social handicap (many patients unable to move in a
“standard” manner will avoid appearing in public and therefore isolate
themselves). Clinical actions aim to
solve or improve patients’ status to
allow them to regintegrate into active
social and professional life as quickly
as possible. For some categories of MSS
disorders, like spasticity, this physical
and social rehabilitation is even more
important since the patient’s spastic
condition is long-lasting.

M

Complexity of the musculoskeletal
system (MSS)
The MSS is one of the most heterogeneous anatomical systems because of its
disparity in term of tissue composition
and physiology. Disorders occurring at
any of the MSS components might lead
to handicapping health status:
• Although bone is often represented
as a simple, rigid object, in reality
bones structures are heterogeneous,
non-linear and anisotropic due to a
complex trabecular tissue architecture.
• Joints link bones to each other to
allow spatial displacement. A dozen
types of joint morphology exist. Each
type characterizes a particular
motion pattern. Most joints are covered by an avascular, but richly
innervated, hyaline cartilage matrix.
Synovial fluid reduces joint friction.
• Ligaments are mainly made of collagenous and elastin fibres. These
proteins allow ligaments to maintain
joint cohesion and avoid joint subluxation, while allowing enough
elasticity for motions.
• Muscles are the active organs that
move bones and provoke joint displacement. Muscle architecture is

highly multilevel: each muscle is
made up of fascicles (∅: several cms);
each fascicle includes muscle cells
also called muscle fibers (∅: about
100 µm); and a muscle fibre is made
of myofibrils (∅: 1 µm) including two
kinds of proteomic elements, the
myosin and the actin myofilaments
(∅: 0.001 µm). Actin gliding along
the myosin filaments allows muscle
contraction or stretching. Myofilaments are under nervous system
control: electrical firing through
motoneurones leads to contraction.
• Multi-organ architecture characterizes the MSS. Muscle redundancy
leads to joint displacements performed by simultaneous firing of
several muscles. Muscle recruitment
during a particular task is consequently often specific to a particular
individual (e.g., walking pattern is
different
between
individuals
because of subject-specific MSS
control strategies). This redundancy
makes MSS-related pathologies difficult to understand fully.
MSS and spasticity
Spasticity is the consequence of
constant muscle firing by the brain.
This prevents spastic patients from
moving normally because locomotion
requires the occurrence of cyclic events
including muscle firing and resting.
Without such cycles, the majority of
motions cannot be performed in a comfortable way and lead, for example, to
characteristic gait patterns (Figure 1).
Joint constraints remain high and provoke early hyaline cartilage eroding
and joint deterioration; this is often
complicated by muscle and ligament
shortening.
Clinical actions include the use of
drugs (e.g., botulinum toxin type A)
aiming to temporarily reduce the muscle firing by neutralization of the
neuro-muscular junction activities.

Unfortunately,
drug
habituation
reduces the drug’s long-term efficiency.
Increased doses might lead to sideeffects (flu-like symptoms, back pain,
anxiety, etc), and surgery then remains
the only alternative.
Consequences of the above clinical status are even more disastrous for young
patients since many forms of spasticities, like cerebral palsy, are congenital
and permanent. Even if the pathology
is not life-threatening, individual
consequences can be heavy from a
physiological (e.g., limited range of
locomotion, joint over-uses) and psychological (e.g., limited social contacts
at school and at work, depression)
points of view.
Complementary clinical treatment
includes intensive motion rehabilitation programs. Despite well-organised
and consensual planning, these programmes are empirical from a MSS
physiological point-of-view and clinicians only have very limited tools to
monitor patient’s status. Improved tools
to increase the physiological and clinical understanding of spasticity are

Figure 1. Spastic gait pattern in a 11-y.o.
female cerebral palsy patient. Note the
typical position of both legs (rotated pelvis,
flexed knees, extended ankles) due to
muscle spasticity. Large movements of the
upper limbs are performed to keep a better
balance. Next to exaggerated fatigue, such
patterns usually lead to early joint overuse.
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highly requested by clinicians to allow
better personalized patient follow-up.
These tools should help clinicians to
make the necessary links between MSS
and other anatomical systems involved
in spasticity aetiology and treatment.
Links between MSS and other
anatomical systems
Like many anatomical systems, the
MSS is under the control of the central
nervous system. Inversely, MSS activities provoke brain stimulation: recent
literature shows that MSS stimulation
acts on brain plasticity. This mechanism is a key component in the future
revalidation of spastic patients since
intensive MSS stimulation could lead
to rearrangement of the brain neural
tissue organisation. This rearrangement
will then allow patients to increase
their ability to recruit their MSS in a
more comfortable recruitment pathway
and to improve their conditions.
Muscle motor commands and proprioceptive feedback are carried by the
peripherical nervous system through
electrical conduction via a depolarisation of the nerve cell membrane. The
MSS is connected to this system by the
neuro-muscular junction. Muscle firing
by nerve is performed by the production
of a chemical agent (usually acetylcholine) into the neuro-muscular cavity.
Botulinum toxin acts on this mechanism
by blocking acetylcholine receptors and
temporary reduces muscle firing. Drug
dosage and injection site is still empirical because of the MSS multi-organ
redundancy that complicates the subject-specific determination of the spastic
muscle(s) for a particular patient.
MSS is also directly linked to the cardio-vascular system and pulmonary
system in term of energy expenditure.
Oxygen collected from the lungs and
available nutriments are pumped by
the heart into the blood system towards
the MSS that will consume them in
order to perform mechanical work.
Inversely, the MSS activities are used
in Clinics to improve or monitor the
heart or lung physiology.
The VPH-NoE Exemplar Project 2
(seedEP2)
The aims of the VPH-NoE seedEP2
(http://www.vph-noe.eu/exemplarpro-

20

VPHNoE

jects?start=2) is part of a long-term effort
dedicated to MSS palsy to develop the
technological tools required for clinical
progress. The first seedEP2 target is to
integrate the available MSS models
(Figure 2) and novel data fusion
methods like a so-called Fusion Box
(Figure 3) into the VPH-NoE
Toolkit.(http://toolkit.vph-noe
.eu/).
Most of these methods will be available
from the ToolKit thanks to software code
integration in the open-source Multimod
Application Framework (www.openmaf.org). This integration will allow
development of further clinical applications using robust methods and code.
The seedEP2 also focuses on the development of an MSS ontology according
to the standards recommended by the

VPH-NoE Ontology working group (see
http://www.ebi.ac.uk/~bdb/ontologies/
for further information). The availability
of the ToolKit and Ontology will allow
the organisation of bridges between the
MSS and the above-mentioned anatomical systems.
These bridges will allow further expansion of a dedicated and well-organised
effort that will use existing VPH ToolKit tools to better understand the
consequences of Cerebral Palsy, and to
propose better and more patient-customisable rehabilitation tools. With such
tools, clinicians should be able to offer
to their patients better rehabilitation
programs, and consequently to reduce
long-term physiological and psychological impacts. ■
Figure 2. Models developed within SeedEP2.
Left: this model includes multilevel
information related to the cell level (muscle
fiber), tissue level (muscle and ligament
architecture), organ level (muscle mechanical
properties), multi-organ level (muscle
redundancy) and joint mechanism definitions.
Right: the model on the left can be reduced in
anatomically-controlled ways to a more
simplified, but still accurate, MSS model
ready for subject-specific customisation.

Figure 3. The Fusion Box created during the SeedEP2. Green arrows indicate clinical subjectspecific input data. Red arrows indicate customisable database templates related to
information that is difficult to collect in clinical settings. Orange arrows show the subjectspecific output produced by the Fusion Box. The subject-specific model allows estimation of
physiological MSS parameters. Further VPH integration of such models and methods with
other anatomical sub-systems (see text for explanations) will make integrated patientspecific analysis possible for complex pathologies as Cerebral Palsy.
> For more information on ontologies please visit http://www.ebi.ac.uk/~bdb/ontologies/
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ACTION-Grid workshop at MIE 2009
Nanoinformatics: New Challenges for Biomedical Informatics at the nano level
> By Victor Maojo, Stefano Chiesa, Diana de la Iglesia, Universidad Politecnica de Madrid (UPM)
n September 1st 2009, in Sarajevo
(Bosnia-Herzegovina), the consortium of the European funded
project ACTION-Grid (www.vph-actiongrid.eu) organised a workshop named
“Nanoinformatics: New Challenges for
Biomedical Informatics at the nano
level”. It was a satellite event of the
Medical Informatics Europe (MIE) Conference, organized by the EFMI (European
Federation for Medical Informatics).
Participants from different geographical
areas were involved in a multi-perspective discussion about the novel discipline
of Medical Nanoinformatics - the synergic application of computational methods
and resources into the field of Nanomedicine - and its expected impact on the
scientific community and society.
The workshop wanted to gather the attention of researchers on Nanoinformatics.
By providing a general vision of the discipline, its main challenges and future
perspectives, the workshop aimed to

O

define the basis for a deeper discussion
about this topic, considering the most
relevant issues in this area, including training needs and data organization issues.
Professor Victor Maojo from Madrid
Polytechnic University chaired the
workshop. He introduced the topic
determining the position of Medical
Nanoinformatics in the context of the
disciplines born from the convergence of
medicine, informatics and biology (i.e.
Medical Informatics, Bioinformatics and
Biomedical Informatics).
Representatives of the partners of the
project and members of the Advisory
Board presented their point of view
about Nanoinformatics, considering different perspectives (Bioinformatics,
educational, chemical, etc). Finally Dr
Martin Fritts, an expert from the US
National Cancer Institute who is collaborating in ACTION-Grid, exposed an
overview of the current US efforts in this
field.

Future perspective
Nanoinformatics can be viewed from
two perspectives: as a new informatics
discipline, with its own characteristics,
challenges and agenda, and as a continuum of Biomedical Informatics.
While knowledge about nanotechnology is constantly increasing, the
importance of the synergy between the
“nano” and “info” domains is just
beginning. Thus, it is fundamental for
the scientific community to work on
the analysis and the development of
the potentialities of this discipline. For
Biomedical Informatics professionals,
there will be a large number of issues
to be discussed and addressed in the
next decades. These issues could lead
to open up complete new areas of
research. ■
> For more information please visit
(www.vph-action-grid.eu)

VPH diagnostics – Digital Imaging
Tackling Security & Privacy Challenges in Medical Imaging: the case of Scoliosis
> By Dr Stratos Stylianidis (Member of RADICAL project), Kostas Smagas, Constantinos
Andreou, GeoImaging Ltd
his article describes the appropriate uses of and benefits from
S&P technologies and schemes in
medical imaging issues as well as best
practice for the technologies and processes to ensure security and efficiency.

T

The Scoliosis project approach
Scoliosis is the most ordinary form of
spinal deformity, which arises in the
order of 2%-3% in children ages 10-16
years, girls being more at risk for severe
progression by a ratio of 3.6 to 1.
Patients suffering from scoliosis normally undergo repeated spinal x-rays.
During this time the patients are exposed to high doses of radiation, while
the exposure to radiation has been estimated to lead to an increased risk of

Figure1: The photogrammetric approach for Scoliosis

cancer of up to 2.4/1000 scoliosis
patients. In addition, EC regulations
have paved the way for the minimisation of radiation exposure to patients.
Diagnostic digital images and 3D

models can provide timely and safe
diagnosis of idiopathic scoliosis, especially to children, without the use of
potentially harmful x-rays.
The Scoliosis project (funded by RPF -
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Cyprus, 1/1/2009-31/12/2010) is based
on the use of high resolution single
digital image in order to calculate and
produce an accurate 3D model of the
human back surface. From this, different indices are calculated so as to
correlate the external condition with
the spine deformity of the patient.
The S&P challenge
In order to proceed to a diagnosis and timely introduce the right treatment, doctors need to have a complete health record including a range of digital images,
3D models and specific indices.
The main requirements for this standard
framework include: access to medical
records, awareness of data privacy practice, restrictions on use of personal
medical information, and prohibition of
marketing and private communications.
The proposed framework
In order to assess the above theoretical
framework and tackle the S&P chal-

lenges that emerged from the acquisition
of the digital images Geoimaging Ltd
deployed the below S&P framework:
• No HTTP traffic;
• No internet protocols are used;
• Robust and secure database;
• Primary database: will contain information of the patients’ information,
examination results and digital images;
• Secondary database: will keep a

backup of the primary database but
this time will be re-encrypted;
• Allow re-identification;
• Allow hand and voice recognition
authentication;
• Encryption of images before being
injected into DB;
• Data mining algorithm which understand the behaviour of the existing
user. ■

Figure2: Proposed S&P framework

> For more information please contact:
info@geoimaging.com.cy

VPH-I project focus
On the right track to advanced detection
and diagnosis of breast cancer
> By Sonja Guttenbruner, EU Project Manager, European Institute for Biomedical Imaging
Research, Vienna
For breast cancer, the most widespread cancer among women, prevention in its
proper sense does not exist as its causes remain undiscovered. Around 350,000
new breast cancer cases are found and 130,000 women die of breast cancer in
Europe every year. Currently, the primary goal of fighting breast cancer is its early
detection in order to prevent an advanced stage of the disease.
The EU-funded project HAMAM set itself the ambitious target of improving the
early detection and accurate diagnosis of breast cancer by integrating available
multi-modal images and patient information on a single clinical workstation. The
consortium of nine project partners from Europe and the United States aims at
earlier detection of breast cancer and reduction of unnecessary biopsies.
Project Objectives
HAMAM – Highly Accurate Breast Cancer Diagnosis through Integration of
Biological Knowledge, Novel Imaging
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Modalities, and Modelling - is a three year
project that started in September 2008.
The project tackles the challenge of
enhancing the sensitivity and specificity

of breast cancer detection and diagnosis
by integrating available multi-modal
images and patient information plus a
number of specialized tools for workflow assistance and computer aided
diagnosis on a single clinical workstation. Furthermore, based on knowledge
gained from a large multi-disciplinary
database, populated within the scope of
this project, suspicious breast tissue will
be characterised and classified.
The exact diagnosis of suspicious breast
tissue is ambiguous in many cases.
HAMAM tries to resolve this by integrating multiple sources of information

VPH-I Section
workflows and indications were clarified, a first complete description of all
relevant use cases was delivered and a
functioning online database prototype
was developed and made accessible for
storing multi-disciplinary data from all
partners. Furthermore, a first workstation prototype was implemented.

Example of multi-modal breast imaging
The images above are of a 33 year old patient with metaplastic carcinoma; no metastatic
disease in 1/1 sentinels lymph node; top (left to right): digital X-ray mammography,
conventional hand-held ultrasound, T2-weighted MRI; bottom (left to right): 3D rendering of
descriptive dynamic MRI analysis, high-resolution positron-emission mammography (PEM),
whole-body PET

(both imaging and non-imaging data)
and using statistical knowledge extracted from a large case database. The
workstation will be aimed at guiding the
clinician in establishing a patient-specific optimal diagnosis. This ultimately
leads to a more specific and sensitive
individual diagnosis.
HAMAM advances the state-of-the-art as
it proposes a sound statistical and
mathematical framework to integrate
and combine the whole spectrum of
patient information. HAMAM also goes
beyond currently available technology
by developing a prototypical solution
that will be able to efficiently integrate
all relevant clinical and imaging information within a single platform.
The overall strategy of the project is to
foster the exchange and collaboration
between basic scientists, clinicians, and
IT experts, and to condense all information and knowledge in a common
database and prototypical platform for
multimodal breast diagnosis.
HAMAM integrates excellent European
centres for imaging science with strong
skills on breast imaging. To ensure the

clinical impact, leading European clinicians in the area of breast cancer
diagnosis are contributing as members of
the clinical advisory board. The translation of the final results into medical
products and patient benefit is guaranteed through the industrial partner
MeVis Medical Solutions AG (MMS)
with outstanding experience and performance in translating research projects
into successful products in the field of
breast cancer diagnosis.
HAMAM looks back at a very successful first project year
The first project year already brought the
first major achievements. The clinical
goals of the project were discussed and
defined in detail, modality specific tasks
were described, the scope of tumour
modelling and risk analysis integration
was refined and delineated, the clinical

Expected final results and their potential impact and use
After
successful
completion
of
HAMAM, the developed prototype
workstation will implement the final
multimodal workflow and use cases as
defined through interactions with the
clinical advisory board, all developed
and relevant modality-specific and intermodality algorithms will be available in
this workstation, which will be delivered to clinical and scientific partners,
new diagnostic parameters will be derived from imaging and multi-disciplinary
data, and new insight will be achieved
in the relationship between various factors affecting the risk to develop breast
cancer and the multi-modal imaging
parameters. As a consequence, the
assessment and diagnosis of multimodality data will be made possible
more efficiently, and the assessment of
suspicious areas will be more sensitive
and more reliable. Potentially, new biomarkers will play a role in clinical
decision making and patient care.
The project results will be used scientifically by the technical and clinical
partners in various directions. Most
importantly, the workstation will be a
technological basis for subsequent clinical and methodological studies and the
database setup will offer a framework for
additional multi-disciplinary research
efforts in the field of biomedical imaging. The workstation will most
probably in total or in parts be further
developed and marketed as cutting-edge
software product to support multi-modal
breast imaging.
The project is funded by the European
Commission within the 7th Framework
Programme with a financial contribution
of €3m. The 3-year project started in
September 2008 and consists of 9 international scientific partners from seven
countries, with EIBIR as coordinating
partner. ■

> For more information please visit the project website or contact:
EIBIR gemeinnützige GmbH, Neutorgasse 9, 1010 Vienna, Austria, office@eibir.org, www.hamam-project.org
HAMAM TV report: Digital Fight against Breast Cancer - Euronews:
http://ec.europa.eu/information_society/newsroom/cf/itemlongdetail.cfm?item_id=4970
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Interview with Dr Marco Viceconti
Dr Viceconti is a bioengineer by training. He has considerable experience in EU Projects
and is currently in charge of the outreach program for the VPH NoE and Project
Coordinator for the FP7 VPH-I Project VPHOP. He started his research career in the USA,
then returned to Italy and joined the Rizzoli Orthopaedic Institute in Bologna, Italy, 20
years ago. The Rizzoli institute is a research hospital, which specialises in
musculoskeletal diseases. The research laboratory specialises in the development,
validation, and assessment of medical technology (LTM), from which has spun-off over
the years: the BioComputing Competence Centre (B3C), which develops all software, and
more recently the Computational Bioengineering Lab (BIC) which specialises in the
transfer of innovative information technology based on computer models to industry and
clinics. Together with the University of Bologna and the CINECA Supercomputing Centre
(the largest HPC centre in Italy), these centres form one of the largest and most active
research clusters in Italy in the area of bioengineering.

“Live long and prosper”. This greeting,
familiar to millions all over the world
that form the so-called “Star Trek Generation”, contains the most important
need of humanity: a long and good life.
The technological and scientific revolution of the 20th century gave to millions
living in developed countries the hope
that this need can come true. Life expectancy in industrialised countries has
increased dramatically, and the health
quality of this life is also improving day
by day. This is why healthcare is and
will remain the most important target
for technological development in the
years to come: there is a dream that is
coming true for a part of humanity, and
technology will play a key role in the
fulfilment of such a dream.
A key technological development in this
area is the Virtual Physiological Human
(VPH), a methodological and technological framework that, once established,
will enable collaborative investigation of
the human body as a single complex system. We discussed the industrial
horizon of health technology and the
role VPH research can play in it with
Marco Viceconti “VPH Ambassador”,
scientific coordinator of the Europhysiome initiative that gave birth to the
concept of VPH, and a leading figure in
various VPH-related research actions.
Dr Viceconti, could you introduce
yourself?
Since the early years of my career, the
community-building aspect of research
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attracted me. In the early ‘90s we started, under the patronage of the
International Society of Biomechanics,
the ISB Finite Element Mesh Repository
and the Standardised Femur Program.
This was a first attempt to share digital
resources among research practitioners.
It was followed by the BEL Repository,
a data-sharing repository of digital
resources for bioengineering research. In
collaboration with the University of
Brussels we have generated some of the
best data collections on the musculoskeletal system, the VAKHUM and LHDL
collections. In 2002 I was elected to the
Council of the European Society of Biomechanics, where I contributed to the
reorganisation and the re-launch of the
society, which is now one of the most
active scientific societies in the bioengineering area in Europe. I also
contributed to the establishment of the
European Alliance of Medical and Biological Engineering and Science, a
federation of scientific societies that
represents over 8000 European bioengineers.
My other passion was the introduction
of integrative approaches in biomedicine, by means of computational
models. Over the years, we have promoted the use of computer models in a
number of clinical scenarios, including
pre-operative planning of orthopaedic
surgery and skeletal oncology, risk
assessment in osteoporosis, etc. In the
early part of the year 2000 we started to
see the limits of our investigations in

the need to choose a specific scale for
our modelling: most complex processes were clearly the result of
systemic interactions between the organism-organ-tissue-cell scales. We tried
some rudimentary multiscale modelling, but it was clear that the problem
was huge, and would require a coordinated effort.
The opportunity to combine these
two passions came out in 2005, when
together with a handful of colleagues
we started the Europhysiome action.
This gave birth to the STEP coordination action which involved over 600
experts from all over the world in the
consensus process that produced the
VPH Research Roadmap. Many
recommendations of this document
where adopted by the European Commission, which indicated the Virtual
Physiological Human as one of the
priorities for the Seventh Framework
Program (FP7). Currently, there are
15 large or medium-sized European
research projects funded as part of
this program that are transforming the
vision of the VPH into a concrete reality. I have the honour to coordinate
one of the largest ones, the VPHOP
project that targets the diagnosis and
treatment planning of osteoporosis. I
am also in charge of the outreach program for the VPH NoE, and I actively
support the international dimension
of the VPH activity (from which I earned the nickname of the “VPH
Ambassador”).
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Why should the biomedical industry
pay attention to the VPH initiative?
There are some general trends that are
present in every industrialised country,
independent from the structure of the
healthcare provision systems, the specific clinical specialisations, and the
geographic area:
• Descriptive: the growth of an evidence-based
medicine
has
a
requirement that all information that
is possible to collect on a patient is
made available to every medical professional involved in the provision of
care. This involves the technology to
produce this information (medical
imaging, biomedical instrumentation, laboratory instrumentation) and
the technology to collect organise
and make available this information.
The problem is not only the integration of information stored across
healthcare centres spread virtually
anywhere in the world (due to the
growing mobility), but also the integration of information along the
value chain that goes from fundamental research to the clinical
practice and to the biomedical industry. We need to collect more
patient-specific information, we need
to integrate all this information
under a unified electronic health
record, and we need to bridge the
information from the bench to the
bed and return.
• Predictive: traditionally the complexity of human physiology and
pathology made possible only an
observational and empirical medicine, where the space for deduction
was left in the ability of the medical
professional to integrate thousands of
observations into an effective healthcare practice. The amazing progress
of biomedical research is radically
changing this scenario: we are more
and more able to explain why something happens. We are moving
towards a predictive medicine, whereby using quantitative observations
and the knowledge of human physiology, a medical professional is able to
predict the presence of a disease or
the appropriateness of a treatment
through a deductive process that can
be described and reproduced. As for
many other human activities the
limit is only the sheer size of the
knowledge space involved and as
with many other human activities,
the solution is the use of computer

models that assist the medical professional
in
the
prevention,
diagnosis, treatment planning, monitoring and rehabilitation of diseases.
• Integrative: another side effect of the
empirical nature of medical practice
was that the body of observational
knowledge rapidly became so huge
that it was mandatory to fragment
this knowledge into many specialisations. This slowly pushed medicine
towards a strong reductionist
approach, where each organ, or organ
sub-system is usually treated as independent from the others. The same
applies for physiological processes
that happen at multiple dimensional
scales: we separate the molecular,
cellular, tissue, and metabolic processes, pretend they are independent
one from each other, and then force
one particular scale as the “most
important”. Then we end up with
unrealistic hypes around the role of
genes, of proteins, etc, whereas most
of the “difficult” diseases involve
complex interactions between all
dimensional scales without a clear
preferential scale to drive them.
However, biomedical computer
models can help here: the European
Virtual Physiological Human initiative is showing how computer
models can be used to capture the
systemic nature of diseases. This will
allow us to return to a holistic
approach to human health, without
loosing any of the scientific rigour.
The trends above suggest a new brave
world of health, where information
and communication technology plays
a key role in the provision of a personalised, predictive and integrative
healthcare. For those who are brave
enough to embrace the challenges that
the development of such technology
poses, we are on the verge of a revolution.
What are the opportunities for
industry?
This revolution will inevitably push
technology into a more important role
with healthcare. The total spending in
technology will inevitably rise, possibly in combination with significant
reductions in other cost factors. There
will be a growing demand for more
complex and diversified technology,
which may be an opportunity or a
thread, depending on the position of
each individual company.

Then there are specific opportunities
for specific sub-domains: the VPH
technology will help the medical
device industries and the pharmacology industries in by reducing the cost
and time-to-market in the development
of new products. VPH technology can
reduce the duration, the risks, and the
costs of clinical experimentation by
making more effective pre-clinical
experimentation, and by making the
clinical trials more quantitative. Early
stages of the device design can be more
easily personalised to specific population sub-groups (by gender, age, region,
disease type), opening niche markets
that currently do not exist.
For the pharma industry the promises
are even bigger: the drastically increase
of the efficacy of drug discovery protocols, reducing the number of
compounds that fail phase 1 or even
phase 2 clinical trials; the management
of the inter-species similarities/diversities, allowing a more effective use of
data from animal models in the prevision of the effects (adverse and desired)
and in humans and; the opening of
entire new lines of products by discovering the so-called “systemic
pathways” where the target become the
modulation on the systemic interaction, rather than the modulation of
specific biochemical mechanism.
The medical imaging and medical
technology industries could also see an
explosion of their respective markets as
the need for clinical quantitative information increases, driven by the
introduction of patient-specific predictive technology.
For the Biomedical informatics industry, the opportunities come from the
growing need for information and for
integration of distributed information
that the VPH will expand tremendously.
And what are the threats?
As with all business ventures the
threats for one company are the opportunities
of
another.
The
big
corporations leading the consumer ICT
are entering the healthcare market:
Microsoft and Google are providing
personal health information management services, whereas Intel is
developing a line of hardware product
dedicated to healthcare ICT. Most of
the software companies who specialise
in computer simulation are paying
great attention to the medical market,
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and some are already driving R&D
investments in this direction. All these
newcomers can become strategic partners or rough competitors of
biomedical industries. However, the
equation is very complex, and hard to
decipher. If we imagine a scenario of a
worldwide
electronic
healthcare
record, companies like Google are
much more credible with respect to
raw technological skills and infrastructural capabilities than are biomedical
informatics companies. However, they
are much less credible with respect to
aspects such as security and trust,
penetration in the professional healthcare market, and the provision of
customer support expected in such
markets. So nothing is decided, yet.
I am convinced that those who start earlier will have a competitive advantage.
There is a need for drastic cultural
changes, so the sooner corporations
start to look closely at VPH technology
the better. A related challenge is the
identification of the low-hanging fruits,
those applications where VPH technology can more easily show its efficacy
and make a bigger impact. The European Commission has been working
hard to ensure that the projects funded
in the FP7 framework target realistic
application scenarios and have asked

explicitly for clinical deployment
within the project life. This is already
happening. I know that some projects
are already submitting applications to
hospital ethical committees for early
clinical trials, so we are not far from the
first evidence of industrial relevance.
What is your advice to a company
that would like to enter the new VPH
technology market?
Radical changes must first be embraced
by the management at the top. The VPH
community is planning various initiatives toward the European industry the
first being planned within World of
Health IT, next March in Barcelona. My
advice to executives is to attend these
events, so as to collect a first hand
understanding of what this is all about.
A second dimension is the direct involvement in the R&D consortia. Even if
the company cannot allocate major
resources, a small role inside one of the
VPH consortia will ensure an exclusive
information channel on the latest developments and results.
But this is not going to be a game for
the faint of heart. VPH technologies are
extremely complex, and the cost for
developing and clinically validating
products based on them will not be
marginal, especially for those compa-

nies who will open the market. Here I
believe there is an opportunity: unusually, Europe is leading this domain
of knowledge. Our counterparts in
USA, CHINA and Japan are taking the
VPH initiative as a model. This creates
the pre-condition for a strategic
alliance between Industries, research
laboratories and clinical institutions
based in Europe.
Together we can express an incredible
critical masse, enough to aim at an ambitious goal: by 2020 European healthcare
providers will start providing on a large
scale the personalised, predictive and
integrative medicine that VPH technology will make possible, and the
European Industry will be a world leader in this specific market segment.
Don’t you think this sounds a bit
unrealistic?
In 2005 VPH was a common idea of a
dozen visionaries. We are four years on
and VPH related projects have already
received research investments for hundreds of millions of Euro’s. A vital
community that sees the participation
of thousands of top-class experts drives
VPH research, and the first results are
already appearing in specialised literature and in some of the most elite
clinics around Europe. If we keep going
like this, then honestly the sky is the
limit. It is like a Ferrari car: with zero to
100 Km/h in five seconds, it is easy to
expect over 300 Km/h at full throttle!

Interview with Dr Olivier Ecabert
Olivier Ecabert is a Senior Scientist at the Philips Research Laboratories in Aachen
(Germany) and has been working on medical image analysis for more than ten years.
The results of his work on automatic analysis of the heart in 3D medical images have been
transferred to products produced by Philips Healthcare for the diagnosis and treatment of
cardiovascular disease. Olivier has authored or co-authored several conference and journal
publications, a book chapter and 10 international patents. He has an electrical engineering
degree from the Swiss Federal Institute of Technology (EPFL) and obtained his PhD on
segmentation and physics-based modeling of medical images from the Darmstadt University
of Technology (Germany). Since June 1, 2008, he has been project coordinator of the VPH
project euHeart.

Can you give me a brief description
of the euHeart project?
The euHeart project focuses on
research into computer-based models
for the simulation and prediction of the
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heart function, with the aim of improving the diagnosis and treatment of
cardiovascular disease. It targets five
important cardiovascular diseases,
with a great deal of effort being put into

the translation of cardiovascular modeling towards highly relevant clinical
contexts. Within the euHeart project,
these models will be personalized
using comprehensive, clinically acqui-
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red data. Once fully personalised and
validated, it is anticipated that they
will provide significant insight into the
origin and progression of specific
disease patterns. These computerbased models may also prove valuable
in simulating the outcome of different
therapy options before applying therapy to the patient.
What is your specific role in the
euHeart project?
I am in charge of the general coordination of the project, which means that I
oversee its overall progress and make
sure that project commitments are fulfilled by the consortium. I also regard
part of my role as being responsible for
ensuring that the links between the
teams and across the different disciplines are maintained and that the
information keeps flowing. In performing this complex task, I am supported
by the euHeart management team,
which does an excellent job of coordinating the scientific work.
Coming from industry, I intend to give
the project a result-driven approach
with clear objectives. Firstly, the clinical relevance of all developed concepts
needs to be demonstrated. Secondly, to
show that the translation of VPH
concepts is feasible, we need to work
on integration of the individual tools
into workflows that cover all the necessary steps – data acquisition,
processing, model generation, personalisation,
simulation
and
the
visualisation of results in a way that is
understandable for clinicians. The
approach is highly valuable for the
industrial partners, because we are
learning a lot about requirements on
current products that will be needed
for future commercial exploitation of
VPH concepts.
What do you expect to be the major
contribution of the project?
I am certain that the project will result
in a number of outstanding scientific
developments and contributions to
modeling standards and VPH tools.
However, I expect the most valuable
achievement to come from the joint
efforts of the multi-disciplinary teams
in combining their individual results
in order to successfully address the clinical applications targeted by the
euHeart project. The integration of
individual tools into workflows, as
mentioned above, will facilitate valida-

tion of the proposed approaches with
clinicians. If it is also possible to collect evidence of clinical benefit and to
quantify the potential impact of multiscale modeling for important clinical
applications, that too will be a major
contribution of the project.
What do you think is the most
challenging aspect of the project?
The most challenging aspect of the project is closely related to the previous
question. It is about ensuring that all
the teams are continuously working
together, even if that sometimes
requires additional effort and communication. euHeart is a highly
multi-disciplinary project and, by
nature, that makes it very complex one.
However, when you sit in meetings
and suddenly realize that all the teams
are on the same wavelength, then you
know that the additional effort is
worthwhile.
What is your view on the VPH,
bearing in mind your industry
background?
There is very strong interest and high
expectation in the industry. The broad
spectrum of industrial partners working in the VPH projects clearly
reflects this interest. However, translation of the concepts into clinical
applications has not happened yet, so
we are at the beginning of a journey.
For example, the predictive power of
multi-scale modeling needs to be
demonstrated and validated, in addition to which the complexity of the
approach may limit its deployment in
commercial products. However, there
are potential success stories in the VPH
projects that could have a highly positive effect on the acceptance of
multi-scale modeling – an effect that
will be significantly reinforced if we
get the clinical buy-in of key opinion
leaders.
We have also observed that commercial
products for medical professionals are
moving from simple technical tools
towards comprehensive patient-centric
solutions. The VPH firmly supports
this vision of integrated solutions.
Nevertheless, translation from research
to fully integrated commercial systems
will probably only happen step by

step, not with the introduction of complete closed-solutions. In addition,
several years of clinical validation and
demonstration will be needed before
end-users fully accept the VPH.
Where do you see challenges in the
practical implementation of the
VPH?
Next to validation and complexity, I
see some potential challenges for the
industry in using the numerous software tools developed by the VPH
projects. While I recognise that euHeart
partners developing open source software have chosen business-friendly
licenses, work will need to be done to
achieve the quality control and documentation required by industrial users.
This work typically goes beyond the
research activities that led to the development of the tools. Moreover, there
are also open questions such as: who
takes care of legal approval for clinical
use / certification, who is liable and
who ensures that intellectual property
rights are not violated?
What are Philips’ interests in the
euHeart project?
Medical imaging modalities, one of
our core businesses, are rapidly improving, not only by achieving
unprecedented performance in terms
of resolution, sensitivity and speed,
but also through their evolution into
extremely powerful tools for imaging
physiological processes in the body.
Together with appropriate modeling
and software tools, medical imaging
technologies are poised to extend their
roles as diagnostic and therapy guidance tools in cardiology. The analysis
software associated with current imaging
devices
often
provides
information that is largely descriptive
and that mainly reflects the geometry
of the imaged organs. Imaging devices
of the future will benefit from the integrative frameworks developed within
the euHeart project, allowing them to
make the step from purely descriptive
data interpretation to biophysicallybased disease quantification and
prediction of disease progression
throughout the cardiac care cycle – i.e.
all the way from diagnosis to therapy
and follow-up.

> For more information on the euHeart project please go to http://www.euheart.eu/
or contact Oliver Ecabert (olivier.ecabert@philips.com).
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VPH NoE project facts and core partners
VPH NoE is a network of excellence funded by the
European Commission’s Seventh Framework
Programme. It contributes to the Virtual Physiological
Human initiative.
EC Project No: FP7-2007-IST-223920
Instrument: Network of Excellence
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