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WHAT
IS THE
VPH
INSTITUTE
The Virtual Physiological Human Institute for
Integrative Biomedical Research, in short VPH
Institute, is an international not for profit organisation incorporated in Belgium, whose
mission is to ensure that the Virtual Physiological Human is fully realised, universally adopted,
and effectively used both in research and clinic.
The Virtual Physiological Human (VPH), also
identified with the word “in silico medicine”,
is the field that uses individualised physiology-based computer models and simulations to
assist and improve all aspects of healthcare,
ranging from prevention, over diagnosis and
prognostic assessment to treatment, including
the design and development of biomedial products.
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FOREWORD

The use of computer modeling and simulation in
healthcare is referred to by many names: digital
twins in healthcare, in silico medicine or Virtual Physiological Human technologies. Whatever
the label, the key concept is the use of computer
modeling and simulation in prevention, diagnosis,
therapy design and patient follow-up, across all
organ systems and all therapeutic classes. In silico medicine has made significant progress over
the last couple of years in many ways. An increasing number of digital technologies are reaching
the patient, sometimes directly but more often
through their physicians and through the devices/
drugs they are relying on. Looking at in silico medicine as a scientific field, there is an increasing
number of studies where in silico technologies
were important to reach new biological insights
or allow the translation to (pre)clinical studies.
There is an increased uptake of in silico technologies within industry, both Medtech and Pharma,
and there is a growing number of start-up companies exclusively providing in silico medicine
services. Regulatory agencies are working with
the in silico community to establish the appropriate regulatory framework for these technologies.

Policy makers across the globe are increasingly
aware of the benefits in silico medicine technologies and their potential impact on society. Specific activities are starting up with other stakeholders (medical professionals, patient organizations,
health technology assessment agencies, payers)
to identify needs and pitfalls for a further roll-out
of in silico technologies across all aspects of the
healthcare system.
In this brochure you will find a number of in silico medicine success stories. The applications
range from the understanding of cause of medical problems over the design/testing of drugs
and devices in virtual populations to teaching instruments for medical doctors, covering a variety of organ systems. This is just a first selection
of success stories and many more such stories
will be published in the coming years.
Enjoy the read!
Liesbet Geris
Executive Director
VPH Institute
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Predictive planning for structural
heart interventions

Respiratory
healthcare by design

FEops is reinventing structural heart procedures by improving how implantable devices are
designed and tested and by guiding physicians
on their optimal sizing and placement in the
pa-tient´s body. With the shift from open heart
surgery to minimally invasive procedures, physicians must rely on medical imaging. This comes
together with an increased need for accurate
and predictive pre-operative planning tools. FEops´ signature product, FEops HEAR-Tguide, is a
one-of-a-kind cloud-based procedure planning
environment for

Asthma is a consequence of complex set of interactions between the patient’s genes, cells, and
environment that lead to increase in their airway
muscle mass: a process referred to as remodeling. This remodeling leads to stiffer airways
that obstructs airflow in patients. To understand
these pathological interactions, I developed a virtual asthma patient that captured interactions
between key cell types in silico. This model was
used to conduct an in silico trial by administering
virtual drugs to the virtual patient.

Nico Uwents, Patricio Astudillo & Matthieu
De Beule, FEops, Belgium

structural heart interventions is answering this
need by providing physicians with unique insights into the interaction between transcatheter structural heart devices and specific patient
autonomy, using novel computational modelling
and simulation technology. The current release
includes workflows for transcatheter aortic valve
implantation (TAVI) and left atrial appendage occlusion (LAAO) procedures. FEops HEARTguideTM is com-mercially available in Europe and
Canada for TAVI and LAA workflow and awaiting
FDA clearance within the coming year.

Dr Himanshu Kaul,
UBC - The University of British Columbia

The model successfully predicted the impact
of three different types of therapies. It also captured a range of asthma phenotypes: mild, severe, non-eosinophilic, etc. The overall study
revealed that the drug Fevipiprant (Novartis,
Switzerland) can reduce airway smooth muscle
mass in asthmatics, the first therapy to have this
effect, and the virtual patient model revealed
the drug acted not by reducing inflammation
alone but also directly impacting the increase in
muscle mass.

‘‘
FEops HEARTguide simulation in TAVI, predicting
leakage and conduction abnormalities pre-operatively, helping physicians in optimal sizing and
positioning

Highlights:

FEops’ mission is to create unique, predictive, personalized computational modelling and simulation solutions
for structural heart interventions that empower medical
device manufacturers to bring superior products faster
to the market and enable physicians to improve clinical
outcomes. FEops’ vision is to become the game-changer
in the way transcatheter structural heart devices are designed and procedures are planned in the future.
Matthieu De Beule, CEO, FEops

To assist the in-house experts analyzing the medical images, FEops is incorporating artificial intelligence
(AI) to automate these analyses. Currently, AI enables efficient and accurate medical image analysis prior
to the TAVI and LAAO simulation servi-ces. But AI can do more. Besides increasing efficiency and accuracy for day-to-day activities, AI can act as a virtual assistant. E.g. to determine how sick a heart valve is,
a classification is used. This can be difficult to determine due to the limitations of the medical images
and may cause discussion among physicians. AI can act as a virtual assistant who has seen more medical
images than any physician. Parallel to being of service to physicians, FEops is actively collaborating with
medical device manufacturers to help improve the design of their products and even help them decide
which prototypes to further develop. FEops is cura-ting a diverse database of real patients´ heart anatomies and is leveraging high customized insights derived from these data to test in silico the possible and
likely interactions between device prototypes and different heart anatomies. READ THE FULL ARTICLE

•
•
•
Reduced eosinophil and myofibroblast recruitment predicted (blue box)
reduction in bronchial eosinophilia and airway smooth muscle mass consistent with patient response to Fevipiprant vs placebo (red box). Figure
reprinted from Saunders et al (2019).

•

Agent-based modelling is an
important paradigm to link omics
and organ-level hierarchies.
An agent-based virtual patient
predicted the clinical impact
ofmultiple asthma drugs.
The virtual patient also captured a
range of asthma phenotypes.
Treatment decision-making in
silico pipelines and digital patients
represent the future of healthcare.

The virtual patient, created using the agent-based paradigm, considers interactions between drug molecules and biological cells. Thus, it can play a role in the design and optimization of novel drugs in future, potentially lowering drug development costs. While it requires more robust testing and reinforcements with
other strategies, such as machine learning, it is a milestone in patient-specific models that will eventually
consider the genomic, tissue, and organ level patient information to make patient- specific predictions.
Ultimately, it promises a new era of precision medicine in respiratory medicine by allowing clinicians to
conduct patient-specific modeling to determine the most optimal therapeutic strategy before administering it to patients. READ THE FULL ARTICLE
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Virtual Patients
for medical education

The Lung Physiome and virtual
patient models
Drs. Robert L. Hester, W. Pruett, J.
Clemmer, and A. Ruckdeschel. UMMC

Medical education is founded on the understanding of physiology. The complexity of physiology suggests that active learning methods
can provide a richer knowledge of physiology as
it applies to the practice of medicine. Simulation generally refers to interactive case studies
performed with a manikin or anatomic device.
Recently simulation has grown to encompass
computational simulation: virtual patients with
pathophysiology where students can see in a
mechanistic setting

how tissues and organs interact with one another to respond to changes in their environment.
JustPhysiology is a browser-based simulation
for understanding physiology and pathophysiology. Sycamore is an electronic health record-delivered, real time simulator of patients designed
to teach chronic patient care to students. These
products represent new tools for students to encourage active learning and integration of basic
science knowledge into clinical situations.

1. Medical Technologies Centre of Research Excellence, New Zealand; 2. Auckland BioMechanical Engineering, University of Canterbury, New Zealand

Merryn Tawhai(1,2),
Geoff Chase (1,3), Alys Clark (1,2)

The lungs are remarkably complex anatomical
structures that are inaccessible to detailed measurement in many clinical scenarios. The heterogeneous and complex structure of the lung often
contributes to determining its response to disease. This means that in silico modelling has the potential to play a key role in linking the pathophysiology of lung disease to clinical diagnosis and
management. The Lung Physiome framework
provides a suite of integrated structure-function
models of lung physiology and pathophysiology

to provide insight into disease processes. An
example of the success of this framework lies
in the application of integrated models of perfusion, ventilation, and gas exchange in patients
with pulmonary embolism (blood clots obstructing blood vessels). In this condition patient-specific models are a necessity to explain the difference in patient response to a specific clot
distribution. Simpler, compact models of the
lung in this case are unable to capture patient
response.

engineering Institute, University of Auckland, Auckland, New Zealand, 3. Department of

Highlights:

Highlights:

•

•

•
•

Most comprehensive model of
integrative human physiology.
JustPhysiology encourages
understanding the interactive
aspects of physiology.
Sycamore uses virtual patient
simulations to learn skills
required for continuty of care
for chronic diseases.

•
•
Fig: Virtual patient models allow personalised predictions of
lung function. E.g. blood clots (red) identified in imaging can be
mapped to in silico representations of the lung, and patient sta-

Patient–based models provide links
between lung physiology and clinical
assessments
The Lung Physiome provides personalised and integrated in silico models
Personalised models are important in
conditions such as pulmonary embolism where spatial distribution of blood
clots can significantly impact outcomes

tus accurately predicted
FlowChart for Sycamore

JustPhysiology and Sycamore represent new tools for medical and health education to encourage active
learning and integration of basic scientific knowledge into cli-nical applications and situations. JustPhysiology provides a browser-based environment for students to interact with virtual patients in order to explore and understand basic physiology and the effects of pathological conditions on physiology. Sycamore
will provide a unique training opportunity for medical students, nursing students, residents, and other
health care professionals. It will offer directed learning, while avoiding the linearity of directed acute simulations. It will assess medical knowledge, professionalism, practice-based learning and improvement,
ethics, and systems-based practice by monitoring patient health outcomes, student responsiveness to
patients’ needs, resource utilization, and system dysfunctions that impede patient care. READ THE FULL
ARTICLE

In silico assessment of lung function, via virtual patients, could play key roles in clinical decision making.
The Lung Physiome vision is to provide physiological interpretation of data that is available in a standard
clinical environment without addi-tional imaging or tests that might incur extra costs. In a number of lung
diseases, anatomic and physiological detail across spatial scales is needed to reflect the function of the
lungs in biophysical models. However, for seamless use in existing clinical workflows, tested and validated
models must evolve with a vision towards clinical implementation. In the example of pulmonary embolism,
personalised ‘virtual pa-tients’ significantly outperform simpler ‘generic’ models. However, going forward,
focus must be on how to distil information from patient-based models into clinical workflows, for example,
by providing functional information to existing assessments of disease severity, or by model reduction to
allow real time patient monitoring. READ THE FULL ARTICLE
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Risk of sudden cardiac death:
who and why?
How computational techniques Aurore Lyon, Ana Mincholé, Alfonso
Bueno, Blanca Rodriguez
may improve patient care
Hypertrophic cardiomyopathy (HCM) is the most
common genetic heart disease. Some patients
with HCM do not show symptoms, but others
may die suddenly. It is therefore crucial to identify these patients at higher risk and understand
why they may be more susceptible to cardiac arrest, in order to treat them better. This currently
remains a challenge. In silico techniques can be
sucessfully used for clinically-relevant applications.

By combining electrocardiogram and imaging
data with machine learning and computer simulations, four distinct groups of patients in HCM
with differences in risk were identified and two
distinct possible mechanisms were uncovered
that may explain why some patients are more
at risk. This improved the understanding of the
HCM disease and provided a step further towards
personalized HCM treatment and management.

with an accuracy of 96%, and the force required
to fracture a human femur with an accuracy
of 85%. When used to separate fractured and
non-fractured patients in a clinical cohort of
age, height, and weight matched osteoporotic
women, the stratification accuracy is 83%.
Compared to the clinical standard (bone densitometry) this is an improvement between 8 and
16% in accuracy.

Highlights:

•

The CT2S technology makes possible
to evaluate the risk of bone fracture in
patients with osteoporosis
with an accuracy much higher than
current methods.

•
fication and mechanistic understanding in hypertrophic cardiomyopathy.

Result of 15 years of collaborative development
between the Rizzoli Orthopaedic Institute, the
Insigneo Institute, and the University of Bologna,
the CT2S technology makes possible to predict
with excellent accuracy the risk of hip fracture
in an osteoporotic patient, starting from a Computed Tomography of the hip region. The CTbased model can predict the bone deformation
under a given load

Prof Marco Viceconti Rizzoli Orthopaedic Institute

Highlights:

•
•

Combining machine learning and computer modeling can help risk strati-

CT-based patient - specific
model to predict
the risk of hip fracture

Hypertrophic cardiomyopathy is
a major cause of cardiac death
Clinical problem: who is at risk?
Approach: combine
electrocardiogram and
imaging with machine learning
and personalized computer
simulations
Outcome: four patient groups
with different risk and different
mechani-sms

When used in clinical trials of new drugs,
it could reduce up to 40% the cost of the
trial.

Fig: Investigation of fracture of a proximal femur. QCT-FE models (above) can accurately predict the point of fracture initiation as observed experimentally on cadaver specimens (below). Copyright © 2011 VPHOP

This work is an example of how in silico medicine, and in this case the combination of machine learning
and computer modeling techniques, can revolutionize the knowledge of cardiac diseases and improve
treatment and care of patients. Indeed, machine learning (or data-driven) techniques are able to make
sense of large and complex datasets, and can detect patterns that may be hidden to the human eye. In addition, computer simulations can simulate and predict personalized cardiac function and help understand
disease mechanisms. Above all, it is the combination of these two types of techniques that will have huge
impact on patient specific care and individualized treatment. READ THE FULL ARTICLE

The CT2S technology has four well-identified use cases. The first, less important industrially, but very
promising from a clinical point of view, is to provide decision support around the treatment of patients
with severely abnormal skeletal anatomies; the technology has already been used in paediatrics and skeletal oncology, for example. The second, more mainstream, is to use it as a decision support to select the
optimal treatment for patients affected by primary or secondary osteoporosis; here there are some concerns in term of cost-effectiveness, but the benefit is clear for second-line treatments. The third, and
most promising, is to use it to refine clinical trials of new bone drugs; an improvement of 8% is stratification accuracy is enough to reduce the cohort size of bone drug clinical trials of more than 50%. The fourth,
yet to be explored in full, is to use to do in silico trials, or in silico-augmented clinical trials to assess the
efficacy of new bone drugs. READ THE FULL ARTICLE

Contacts:
www.vph-institute.org
manager@vph-institute.org
@VPH_Institute
VPH Institute

