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Two main messages

• Multiscale modelling of human 
physiology is has advanced a lot
– but probably not enough for the topic of 

this workshop

• Multiscale modelling frameworks could 
contribute to deeper understanding of 
resilience in ageing



The Digital Twin
Virtual Physiological Human

Dynamic multiscale models of human 
physiology and pathophysiology

Applications
Digital Patients
In-Silico Clinical Trials
Personal Health Forecasting



Virtual Humans film
http://www.compbiomed.eu/home/how-to-build-the-virtual-human/



Multiscale Computational Biomedicine
“from molecule to man”
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Middle Out Approach
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example, the virtual artery

Molecular scales
- vWF
- Platelet 

aggregation
- Cellular regulation 

patheways



Multi-Scale modeling

• Scale Separation Map
• Nature acts on all the scales
• We set the scales
• And then decompose the 

multiscale system in single 
scale sub-systems

• And their mutual coupling
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From a Multi-Scale System to many 
Single-Scale Systems

• Identify the relevant 
scales

• Design specific models 
which solve each scale

• Couple the subsystems 
using a coupling 
method
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11Example, In-Stent Restenosis

• Adverse response after treatment 
of coronary artery stenosis

• Restenosis
– Development of a new stenosis after 

angioplasty
– Caused by excessive proliferation of 

smooth muscle cells



Example - Comprehensive Scale 
Separation Map



Simplified Scale Separation Map



even simpler …



Model is validated against in-vitro 
and in-vivo data

Stent

Neointimal 
SMCs

Media

IEL

EEL

Fenestration

Neointimal 
ECM



Multiscale resilience

• A slow process on a larger scale could provide a signal to a faster process, and 
could push this process over a tipping point, no matter how resilient it is. 

• Another process on the same scales or smaller scales could also provide signals 
or events (sub systems tipping points) that could move the systems towards a 
tipping point.
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Theoretical Framework for studying 
multiscale - multisystem Resilience?

• Could we create a coupled model
– With the system, it’s environment, and a 

few subsystems

• where we can mimic sub-system 
resilience and tipping points,

• and signals from the environment,
• and then theoretically study 

systemic resilience and tipping 
points?
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“Analysis of the resilience of PAs requires a hierarchical, cross-scale
and multilevel framework in which different scales and institutional
levels are connected by a set of interactions between different
actors, resources, and processes.”

“The kinds of interactions and feedback loops in which PAs
participate may have different consequences for system resilience,
particularly in relation to the spatial and temporal scales of different
actors and interactions.”



Multiscale view of Physiology

• On every level there are multiple instances
– One individual has 10 organ systems
– Every organ system has several organs, etc …

• All the instances are in some way coupled
– On the same scale/level
– Or multiscale coupling
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• On every level one 
could define a “level 
resilience”,

• with a higher level 
environment,

• and a lower level 
subsystem resilience 
and tipping points.



Network View of Physiology



”The human organism is an integrated
network where complex physiologic
systems, each with their own regulatory
mechanisms, continuously interact, and
where the failure of one system can
trigger a breakdown of the entire network.
A new field, network physiology, is
needed to probe the network of
interactions among diverse physiological
systems. (Image copyright: Iris W
Bartisch.)”

“While systems biology and integrative 
physiology have focused on the vertical 
integration from the sub-cellular and cellular 
level to tissues and organs, “

“there is a wide gap of knowledge in the 
direction of horizontal integration at the level 
of organ-to-organ interactions. “

“A new field, network physiology, has emerged 
to fill this gap and to address the fundamental 
question of how physiological systems 
coordinate, synchronize and integrate their 
dynamics to optimize functions and to 
maintain health.”



Network View of Physiology
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Network View of Physiology

Organism

Organ System

Organ Organ. . . 

Tissue Tissue. . . 

Cells Cells. . . 

Molecules Molecules. . . 

spatial
scale

Organ System. . . 

Organ

Tissue

Cells

Leads to a densely coupled, 
tree-like network



Combine both views

• Lay out the network view in the 
multiscale view

• Quickly grows out of hand, so 
pruning of graphs is needed
– Middle out approach

• Could subsystem TPs be 
understood in a multilevel cell-
tissue-organ sense, but 
systemic resilience requires the 
network physiology approach?
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From our ‘homework’ reading
• To gain more understanding of the underlying physiology of systemic 

resilience in man, it is best to properly define systemic resilience in humans, as 
the whole persons’ capacity to recover from challenges, and regain the 
previous levels of physical and mental condition, and of autonomy in activities 
of daily living, ultimately determining the chances of survival. 

• Complementary, subsystem resilience refers to the recovery potential of 
physiological subsystems such as postural balance, blood pressure, cerebral 
perfusion or mood.

• Either the person may recover from the perturbation induced by such a 
subsystem TP and the balance of the whole system is restored, or the TP may 
set in motion a cascade of events driving the system down to a state of more 
decline, ultimately leading to death. 

• By generating dynamic measures of systemic resilience over various organ 
systems we may subsequently model resilience generically across many 
chronic diseases, affecting different organ systems. 



Two main messages

• Multiscale modelling of human 
physiology is has advanced a lot.
– But probably not enough for the topic of 

this workshop.

• Multiscale modelling frameworks could 
contribute to deeper understanding of 
resilience in ageing.
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