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@ Popular undergraduate optional course Medical Physics
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@ Popular undergraduate optional course Medical Physics
over many years — started by Jack Meredith, currently
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@ Medical physics research started 2000 in Peter
McClintock’s nonlinear dynamics group, when | came as a
Royal Society Visiting Research Fellow, combining my
biomedical/nonlinear expertise with the group’s expertise
in stochastic dynamics.
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Origin of Medical Physics in Lancaster

@ Popular undergraduate optional course Medical Physics
over many years — started by Jack Meredith, currently
taught by Bob Jones and myself.

@ Medical physics research started 2000 in Peter
McClintock’s nonlinear dynamics group, when | came as a
Royal Society Visiting Research Fellow, combining my
biomedical/nonlinear expertise with the group’s expertise
in stochastic dynamics.

@ Since then, publications, research grants, new Medical
Physics Laboratory, and rapid growth of activity.
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Let me briefly introduce myself

@ Macedonian by birth.

@ PhD (Ljubljana, 1992) co-supervised by Lojze Vodovnik
(Biocybernetics) in Ljubljana, and by Hermann Haken
(founder of Synergetics) in Stuttgart.

@ Headed Nonlinear Dynamics and Synergetics Group in
Ljubljana, 1993-2006 —

@ Pioneered application of wavelets to blood flow

@ For the first time revealed low frequency oscillatory
components (< 0.1 Hz) in blood flow

@ l|dentified physiological origins of oscillatory components

@ Proposed a coupled oscillator model of the CV system

@ Invited lectures and seminars (> 50) in all continents apart
from Africa, Antarctica
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Where from? Medical Physics in Lancaster

My own background

Let me briefly introduce myself

@ Macedonian by birth.

@ PhD (Ljubljana, 1992) co-supervised by Lojze Vodovnik
(Biocybernetics) in Ljubljana, and by Hermann Haken
(founder of Synergetics) in Stuttgart.

@ Headed Nonlinear Dynamics and Synergetics Group in
Ljubljana, 1993-2006 —

@ Pioneered application of wavelets to blood flow

@ For the first time revealed low frequency oscillatory
components (< 0.1 Hz) in blood flow

@ l|dentified physiological origins of oscillatory components

@ Proposed a coupled oscillator model of the CV system

@ Invited lectures and seminars (> 50) in all continents apart
from Africa, Antarctica

@ March 2006, moved to Lancaster as a Reader in Medical A
Physics.
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Our expertise

Application of nonlinear physics to biology and medicine
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Our expertise

Application of nonlinear physics to biology and medicine

In particular

@ coupled oscillator theory and
@ stochastic dynamics.
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@ Royal Lancaster Infirmary

@ Anzsthesiology: Mike Entwistle and Andrew Smith
@ Cardiology: Peter Clarkson

@ Lancaster University, Biological Sciences: Jane
Owen-Lynch

@ Ljubljana: Jozef Stefan Institute and Medical Faculty,
University of Ljubljana

@ Oslo: Ulleval Hospital and School of Medicine, University
of Oslo
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Highly interdisciplinary research

Work is interdisciplinary and involves collaborators in —

@ Lancaster:

@ Royal Lancaster Infirmary

@ Anzsthesiology: Mike Entwistle and Andrew Smith
@ Cardiology: Peter Clarkson

@ Lancaster University, Biological Sciences: Jane
Owen-Lynch
@ Ljubljana: Jozef Stefan Institute and Medical Faculty,
University of Ljubljana
@ Oslo: Ulleval Hospital and School of Medicine, University
of Oslo

@ As well as in Prague, Stuttgart, Grenoble, Frankfurt, New
York, Chicago, San Francisco, Potsdam, Lausanne, ... A
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Funding of the research

There is a multiplicity of possible funders of research in
Physics/Biology/Medicine interface area.
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Current activities Research programme

Funding of the research

There is a multiplicity of possible funders of research in
Physics/Biology/Medicine interface area.

Our current funding is mainly from —
@ Wellcome Trust, £206k, “Nonlinear dynamics of congestive
cardiac failure and hypertension”, 2004—2008.

@ EC, £971k, “Brain, respiration and cardiac causalities in
aneaesthesia” (BRACCIA, a 7-node STREP), 2005-2008.

@ EPSRC, £348k, “Exploiting the information content of
noise in complex systems: Bayesian inference of nonlinear
stochastic models and applications to human blood flow”,
2006-20009.
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Current activities Research programme

Funding of the research

There is a multiplicity of possible funders of research in
Physics/Biology/Medicine interface area.

Our current funding is mainly from —

@ Wellcome Trust, £206k, “Nonlinear dynamics of congestive
cardiac failure and hypertension”, 2004—2008.

@ EC, £971k, “Brain, respiration and cardiac causalities in
aneaesthesia” (BRACCIA, a 7-node STREP), 2005-2008.

@ EPSRC, £348k, “Exploiting the information content of
noise in complex systems: Bayesian inference of nonlinear
stochastic models and applications to human blood flow”,
2006-20009.

Also grants from e.g. Royal Society to support visiting A
researchers.
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Who are we?

Research programme

@ Academic staff
Alireza Bahraminasab
David Garcia-Alvarez
Igor Khovanov
Natalia Khovanova
Dmitri Luchinsky
Peter McClintock
Aneta Stefanovska

@ Academic visitors 2006—2007
Jorge Gonzalez
Janez Jamsek
Vesna Vuksanovic

@ PhD students

Andrea Duggento

Jane Sheeba Inbaraj

David Kenwright

Alexandra Pershakova
Lawrence Sheppard

Yuri Shiogai

José Suarez

Rodrigue Tindjong

Norman Turner

Visiting students 2006—2007
Alan Bernjak

Bojan Musizza

Peter Larsen A
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What is our mission?

@ To understand function of the cardiovascular (CV) and the
neuronal systems, at all levels of complexity down to ion
channel dynamics —
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neuronal systems, at all levels of complexity down to ion
channel dynamics —

o the CV system, with emphasis on the energy supply of the
organism, and including the immune and cytotoxic reactions
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What is our mission?

@ To understand function of the cardiovascular (CV) and the
neuronal systems, at all levels of complexity down to ion
channel dynamics —

o the CV system, with emphasis on the energy supply of the
organism, and including the immune and cytotoxic reactions
@ the brain, with emphasis on information transfer.
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Current activities Research programme

The mission

@ To decipher the underlying oscillatory processes in
cardiovascular and brain dynamics.
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Current activities Research programme

The mission

@ To decipher the underlying oscillatory processes in
cardiovascular and brain dynamics.

@ To understand which oscillations are in common for the two
systems.
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The mission

@ To reveal the oscillators’ amplitude and phase couplings,
and interactions, in health and under perturbation, by
studying
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Current activities Research programme

The mission

@ To reveal the oscillators’ amplitude and phase couplings,
and interactions, in health and under perturbation, by
studying

@ healthy subjects at rest; effect of ageing,

@ during/after exercise; athletes,

@ in aneesthesia (generally perturbations by pharmacological
substances),

@ changes with gravitation (space flight), or changes in
attitude (high above-sea level, deep-water diving, aircraft
pressure),

@ patients with cardiovascular diseases (e.g. hypertension,
cardiac failure, diabetes mellitus, myocardial infarction),

e effect of cancer, and

@ changes in brain function in epilepsy, Alzheimer disease, A
etc.
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Accomplishing the mission

@ Simultaneous non-invasive measurements
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Accomplishing the mission

@ Development of new analytical tools and measurement
techniques
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Accomplishing the mission

@ Development of new analytical tools and measurement

techniques
@ Analysis using methods of nonlinear and stochastic

dynamics
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Current activities Research programme

Accomplishing the mission

@ Analytical and numerical models based on phase
dynamics approach
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Accomplishing the mission

@ Analytical and numerical models based on phase
dynamics approach
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the cardiovascular and brain oscillations
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@ To understand the nature of couplings within and among
the cardiovascular and brain oscillations

@ To reveal the role of astrocites as a functional bridge
between the cardiovascular and brain dynamics

@ To propose a new technique for gauging depth of
anaesthesia based on the strength of couplings

@ To reveal the functional link between the vascular and
lymphatic oscillations and its involvement in the immune
system; especially related to cancer formation

@ To develop noninvasive techniques for simultaneously
visualizing vascular and lymphatic networks, and
monitoring their dynamics
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Future plans
Future

Future plans

@ To understand the nature of couplings within and among
the cardiovascular and brain oscillations

@ To reveal the role of astrocites as a functional bridge
between the cardiovascular and brain dynamics

@ To propose a new technique for gauging depth of
anaesthesia based on the strength of couplings

@ To reveal the functional link between the vascular and
lymphatic oscillations and its involvement in the immune
system; especially related to cancer formation

@ To develop noninvasive techniques for simultaneously
visualizing vascular and lymphatic networks, and
monitoring their dynamics

@ To make coupled oscillators approach realistic,
experimentally verifiable and useful in diagnosis and A
prediction
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