Restoring the rhythm of life

Liryc is a research, treatment, innovation and teaching institute, wholly dedicated to the study, diagnosis and
treatment of cardiac electrical disorders, headed by Professor Michel Haissaguerre. These electrical disorders are
responsible for various cardiovascular diseases and sudden deaths, causing directly or indirectly, around one third
of all deaths in the world.
At the international level, there are currently not enough research centers studying cardiac electrical activity.
90% of cardiac research centers focus on muscular contraction and mechanical or vascular functions. We are
convinced that the study of this delicate electrical balance is fundamental in advancing cardiovascular pathology
knowledge and in reducing the associated mortality.
With the ageing of the population, the consequences of cardiac electrical dysfunction are major, both medically in
terms of treatment needs and economically for society and public health spending.
Understanding these complex pathologies requires a multidisciplinary approach. In regrouping a large number
of national and international experts at the same center, the Liryc fully responds to these 21st century demands.

Prof. Michel Haissaguerre
IHU Liryc Director
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The heart is an electrical organ

01 OUR MISSION

LIRYC, AN INSTITUTE WITH RHYTHM AT HEART

The heart is a muscle stimulated by an electrical system that allows it to contract (systole) then to relax (diastole). If the heart is no longer beating, or if its rhythm
is too fast or irregular, blood does not reach the different organs at all or not as much, and this can affect the whole body. Liryc’s mission is to combat and understand electrical disorders of the heart.

Heart Failure
Heart failure affects 9 million people in Europe,
including 1 million in France; it constitutes 10% of
all in-hospital admissions. It mainly affects people
over 65 years, but children and pregnant women
can also be affected.
Heart failure is failure of the cardiac pump that
becomes unable to deliver the oxygen and
nutrients (blood flow) necessary for the body’s
organs to function. It results, amongst other
symptoms, in breathlessness and fatigue.
This disease is due to an intrinsic defect of the
heart muscle or its irrigation by the coronary
vessels, an alteration of energetic metabolism or
heart desynchronization. A desynchronized heart
is a heart that has lost the rhythm of electrical
impulse propagation and thus the resulting
contraction. One side may contract while the
other one is at rest, thus majorly decreasing
efficiency.

Atrial Fibrillation
Atrial fibrillation, the most common arrhythmia,
currently affects more than 10 million people in
Europe, with a projection of 14-17 million by 2030.
It is the most common cause of cardioembolic
stroke and a risk factor for heart failure and
dementia.
Atrial fibrillation affects the atria which contract in
a disordered and ineffective way, thus promoting
the formation of blood clots. The heartbeat
becomes rapid and irregular.
Atrial fibrillation can be paroxysmal (multiple
episodes usually lasting less than 48 hours and
spontaneous termination), persistent (sustained
arrhythmia beyond 7 days or needing treatment
to stop the arrhythmia) and permanent (lasting
over a year). Its appearance is favored by certain
pre-existing cardiac disorders (e.g. infarction,
cardiomyopathy, and valve pathology), hormonal
disorders (thyroid), obesity and diabetes.

Sudden Death by Ventricular
Fibrillation
Ventricular fibrillation is the main cause of 50,000
sudden cardiac deaths in France each year, too
often attributed to a natural death. That’s one
sudden death every 10 minutes. The average
age of patients is 65 years old, with half of the
victims being younger patients still in professional
activity.
Ventricular fibrillation presents as a complete
disorganization of the electrical activity of the
ventricles, immediately preventing the heart
from being able to contract effectively. If no
intervention is provided within five minutes,
this can be fatal (sudden death) or can lead to
irreversible brain damage. The only treatment is
an electric shock delivered by a defibrillator.
Ventricular fibrillation is associated with
pre-existing
heart
conditions
(infarction,
cardiomyopathy) but can also occur in a healthy
heart.
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LIRYC, AN INSTITUTE WITH THE PATIENT AT HEART

FIGHTING ELECTRICAL DISORDERS OF THE HEART

Cardiac electrophysiology studies the electrical activity of the heart.
Cardiologists at Liryc have more than 20 years’ experience working
towards a better understanding of arrhythmia mechanisms and causes
of cardiac mortality. They can be credited with major scientific break
throughs in atrial and ventricular fibrillation, cardiac resynchronization,
thrombosis and hemangioma. This progress has led to new therapeutic
strategies implemented all over the world.
Much further progress is required to improve screening, diagnosis,
prognosis and treatment of these arrhythmia. Liryc brings together
researchers, physicians, engineers, mathematicians, all united in studying
cardiac electrical dysfunctions. They each bring their individual expertise
to respond to this major public health challenge.

SCIENTIFIC PROGRESS TO BENEFIT PATIENTS

Patients now have access to ablation and resynchronization therapies
to cure arrhythmia and treat heart failure. Liryc leads many projects to
enhance and continually optimize these therapies to benefit patients.
The Bordeaux University Hospital’s cardiac electrophysiology service
has the highest activity rate in France with approximately 1 000 cardiac
electrical tissue interventions and 800 pacemaker and defibrillator
implantations per year. Patients come from all over France, Europe and
the world to be treated here.
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Bordeaux at the heart of international progress
over the last 35 years
1980

First curative treatment
(ablation) of tachycardia in
the world in Bordeaux

1994

Development of cardiac
resynchronization as therapy for
heart failure

1996

1987

Publication of the largest ever
series of patients treated by
ablation for tachycardia

First ablation of atrial
fibrillation in the world
in Bordeaux

1998

Discovery of the origin of atrial
fibrillation in the pulmonary
veins by Liryc founders

2002

Discovery of the origin of
ventricular fibrillation in the
Purkinje network (major cause
of sudden death)

2004

First cure for ventricular
fibrillation in the world in
Bordeaux

2011

Creation of the Liryc
research institute on
electrical cardiac disorders

2010

Development of non-invasive
electrocardiography for
high-resolution cardiac mapping

2014

First implantation of the smallest
wireless pacemaker in the world in
Bordeaux

REVOLUTIONARY DISCOVERIES

The founding physicians of Liryc contributed to three key discoveries in
cardiac electrophysiology:
In the 90’s Liryc physicians identified the triggers (“sparks”) of atrial fibrillation
in the pulmonary veins. This landmark discovery led to the development
of a curative treatment consisting in cauterizing the pulmonary veins with
a radiofrequency catheter so as to exclude these triggers. This approach
has become the reference treatment. Over 300,000 patients are treated
annually worldwide.
Applying the same approach for ventricular fibrillation, Liryc physicians
identified the triggers of sudden death due to ventricular fibrillation as
being located in the electrical system of the heart, called the Purkinje
network. This electrical network is essential for the heart to contract
and represents only 2% of ventricular mass! The elimination of these
arrhythmogenic sources by thermoablation represents an innovative and
curative approach to ventricular fibrillation to prevent sudden death.

“I was about to fall asleep and my partner heard a choking
sound. She looked at me and found me unconscious and blue.
She went to get the neighbor who performed CPR and saved my
life. The ambulance came and gave me an electric shock so that
my heart could get back to a normal rhythm. I was told I had
‘sudden cardiac death by ventricular fibrillation’. But why me? I
am young. This is not something that’s supposed to happen at
age 30. I would really like to know what caused my ‘sudden death’.”

Jeremy, 34 years old, Bordeaux – treated in 2011 for ventricular fibrillation

Liryc physicians also participated in the development of cardiac
resynchronization therapy for heart failure. This electrical therapy consists
of implanting pacing leads in the ventricular chambers. It aims to correct
the electrical dyssynchrony so as to harmonize the contraction of the
ventricles and improve cardiac output.
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A 7500m² building
dedicated to research, innovation and training
in cardiac electrical disorders

130 researchers and doctors from 21 different countries,
Bordeaux University, Bordeaux University Hospital, the Nouvelle-Aquitaine
region, 3 research organizations (Inria, CNRS, Inserm) and 10 industrial
partnerships
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LIRYC, AN INSTITUTE AT THE HEART OF SCIENCE

UNDERSTANDING ELECTRICAL DYSFUNCTIONS OF THE
HEART
Liryc has an ambitious scientific program structured around its research
teams combining complementary national and international research
expertise using innovative platforms and equipment.
Liryc also offers a multidisciplinary approach combining cardiac
electrophysiology, high resolution cartography, mathematics and
modeling. The Institute is organized in six multidisciplinary and
interinstitutional basic research teams, working in close collaboration with
the physicians.
The basic research orientation is defined by clinical questions arising from
daily practice.

ELECTRICAL TORNADOES OF THE HEART

The atrial and ventricular fibrillation team has made major advances in
the understanding of the different types of cardiac fibrillation, particularly
with the application of non-invasive mapping enabling cardiac tissue
imaging at 2 000 images per second. This approach has demonstrated the
‘electrical tornadoes’ that cause arrhythmia and enabled the study of their
mechanisms.
The electrophysiological properties of the pulmonary veins and the
dynamics of atrial fibrillation have thus been characterized. Liryc
researchers have identified the source of these rhythmic tornadoes
triggering sudden cardiac death as being located in the Purkinje fibers.
Liryc characterizes the role of the Purkinje fibers in the heterogeneity
of ventricular repolarization and in the maintenance of ventricular
arrhythmia. Liryc researchers have also identified the electrophysiological
and structural arrhythmogenic properties in ventricular fibrillation in
asymptomatic patients.
Liryc is currently working on a new research program with human donor
hearts. For the first time, the specific properties of the pulmonary veins
and the Purkinje network that are associated with cardiac fibrillation have
been studied. These preliminary observations offer new perspectives for
the development of targeted therapeutic approaches.
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FROM THE ELECTROCARDIOGRAM TO THE CELL
An electrocardiogram (ECG) records the electrical activity of the heart
(which is required to trigger cardiac contractions).
This electrical activity involves a myriad of sequentially excited cells in a
complex process: several types of ion channels, pumps and exchangers at
the cell membrane level are activated to enable electrical signal generation
and conduction (the action potential) which triggers contractions.
Liryc explores the mechanisms of cardiac rhythm and conduction disorders
at the cellular and molecular levels. Several advanced techniques are
used such as the double patch clamp that measures electrical currents
between two cells, microspectrofluorometry and confocal microscopy for
high resolution imaging of subcellular processes, and several molecular
biology techniques, allowing an investigation of genetic and protein
changes in cardiovascular pathologies.

FROM ENERGETICS INSTABLITY TO RHYTHMIC
INSTABILITY
Alteration of the myocardium’s mechanical function leads to heart failure,
which is also characterized by the development of electrical instability that
can lead to potentially fatal arrhythmia. Arrhythmogenic sources can be
the consequence of energetics instability that we can measure by nuclear
magnetic resonance or epicardial fluorescence imaging.

FROM HEART TISSUE TO PERSONALIZED THERAPY
Structural myocardium abnormalities are a decisive factor in arrhythmia
and desynchronization. Structural characterization is made possible with
the state-of-the-art equipment available.
A very high magnetic field MRI (9.4 T) allows ex vivo acquisition and 3D data
processing with high resolution, close to histology at around 25 microns
(μ). This equipment, extremely rare in cardiology, enables us to penetrate
within the cardiac tissue to identify particularly fine structures and to
characterize cardiac lesions.
Several clinical and experimental MRIs (1.5 T) are also available for patients
for whom cardiac structure is analyzed simultaneously with electrical
signals. These tools enable Liryc teams to develop and evaluate new cardiac
stimulation concepts, or to perform proof-of-concept studies on contactless stimulation by MRI-guided Focused Ultrasound, synchronized with the
heartbeat. It’s also on this machine that rapid acquisition sequences have
been implemented for cardiac thermometry by MRI. In clinical practice,
tissue temperature information would improve the efficacy and safety of
radiofrequency ablation.
MUSIC Equipex is a multimodal platform for cardiac imaging. Imaging,
calculators, non-invasive mapping systems, body-surface potential
mapping and other techniques make up this unique-in-Europe structure,
offering a multiparameter exploration of the heart. This multimodal
platform enables integrated analysis of the mechanisms responsible for
arrhythmia with the aim of defining personalized therapeutic solutions.

Liryc studies the role of metabolic pathways involved in the synthesis of
certain amino acids, the role of mitochondrial calcium overload in the
maintenance of arrhythmia, and the role of oxidative stress in muscle
tissue aging (impaired mitochondrial transporters and ion channels).
These approaches are combined to understand the molecular origins of
energetics instability characterizing heart failure.
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TOWARDS THE ELECTROCARDIOGRAM
OF THE FUTURE
Currently, the electrocardiogram is the only validated non-invasive tool we
have for studying cardiac electrical activity. It has changed very little since
its invention in the early twentieth century; nine electrodes are arranged
on the patient’s skin at the ankles, wrists and chest.
The signal processing team uses a new method of non-invasive threedimensional mapping of cardiac electrical activity. The patient is equipped
with a vest containing more than 250 electrodes covering the entire
surface of the thorax and thus collecting electrical activity at the body
surface point-by-point. Coupled with a scanner or an MRI showing heart
and thorax anatomy, and using mathematical algorithms for solving the
inverse problem and signal processing techniques, a dynamic, threedimensional view of cardiac electrical signals is then reconstituted in real
time. Both highly accurate and non-invasive, it is the electrocardiogram of
the future. Without using invasive catheters, this system offers a panoramic
view of the activity of the entire heart from just a single heartbeat. In this
way, arrhythmia mechanisms are identified to optimize treatment. The
first results, published in a high-ranking international journal, highlight
the electrophysiological mechanisms of persistent atrial fibrillation and
ventricular fibrillation.

THE VIRTUAL HEART

In collaboration with Inria (inventors for the digital world), Liryc is developing
new models and methods to simulate electrical and mechanical cardiac
activity, from the cell to the individual level. The aim of these models is
to improve the understanding and treatment of electrical heart diseases
using the highly informative electrical signals available in clinical practice.
The team constructs virtual hearts using individuals’ clinical data to
simulate and better understand cardiac electrical dysfunctions, in order
to guide and optimize personalized therapy. These simulations are based
on the development of high performance computing algorithms that
solve several million equations using supercomputers. A major challenge
is to make sure the simulations are reliable and accessible to the medical
community so that they can be integrated into clinical practice and
personalize treatments.
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04 INNOVATION

LIRYC, AN INSTITUTE AT THE HEART OF NEW TECHNOLOGIES

CREATING AND INVENTING NEW THERAPIES

MARKET TRANSFER

Thanks to its multidisciplinary expertise and unique technological
platforms, Liryc invents diagnostic tools, medical devices and future
therapies.

Liryc aims to transfer knowledge gained in arrhythmia and cardiac
dyssynchrony to develop new technologies for physicians to improve
patient care.

Alone, or in close collaboration with academic and industrial research
teams from around the world, Liryc researchers work daily to improve the
effectiveness and safety of cardiac electrophysiology procedures for the
benefit of patients, in particular with the following objectives:

It also aims to capitalize on its technological and scientific infrastructure
and respond to clinical questions through concept validation, as well as to
optimize the use of existing technologies.

• For atrial fibrillation:
-- develop the best tools to make ablation procedures safer,
quicker and easier and reduce hospitalization durations

-- develop specific medical treatments targeting pulmonary veins
-- develop biomarkers to enable early-stage diagnosis, as well as

The Institute’s technological platforms were designed to accelerate bench
to bedside transfer. For example, the Equipex MUSIC hybrid X-ray and MRI
room offers a platform where all experimental research developments
are directly transferred to the clinical research program, to patient care
and specialist training.

new therapeutic strategies

• For ventricular fibrillation:
-- identify patients at-risk of sudden cardiac death by ventricular
fibrillation

-- develop biomarkers
-- develop drug therapy targets in the Purkinje network
• For heart failure:
-- understand the electrical dysfunction
-- understand how cardiac resynchronization improves myocardial
function and prognosis

-- personalize treatment so that a greater number of patients
respond to cardiac resynchronization therapy
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LIRYC, AN INSTITUTE AT THE HEART OF KNOWLEDGE TRANSFER

TRAINING IN NEW TECHNOLOGIES AND THERAPIES

Liryc’s mission is to disseminate knowledge gained from our research
and to enable optimal patient care in as many centers around the world
as possible. Liryc researchers offer training for French and international
doctors throughout the year at our facilities, a number of which are carried
out in partnership with the medical device industry.
These courses cover a wide range of subjects, from disease aspects to
innovative medical devices for treatment, and cover both theory and
practice. The Liryc training center is equipped with virtual reality simulators
for complex cardiology procedures. More than 150 health professionals
are hosted each year for various training courses within the Institute.

”I am a basic science postdoctoral researcher from England
that joined the Liryc institute in 2011. I found the Liryc institute
to be extremely forthcoming to novel ideas and experiences
obtained from international researchers. Liryc hosts many
state-of-the-art techniques. New methods are openly
integrated thanks to the dynamism and diversity of the team.
This has permitted me to develop long-lasting international
and internal collaborations, which have led to novel developments in cardiac
electrophysiology and optical imaging domains.”

Richard Walton, Postdoctoral Researcher, IHU Liryc

TRAINING TOMORROW’S SPECIALISTS

As well as continuing medical education, Liryc is committed to University
training in the areas of cardiac electrophysiology, engineering applied to
cardiology and cardiac imaging. Doctoral training programs in specialist
areas are available for both scientists (PhD) and doctors (MD-PhD) and a
training program in cardiac electrophysiology is being developed at the
University of Bordeaux.
In addition to the training program, Liryc researchers and doctors are
heavily involved in many courses and actively participate in the organization
of major international, specialist conferences.

“The Electrophysiology team in Bordeaux have led the
world in catheter-based treatment of arrhythmia for
two decades. To train in Bordeaux meant learning from
those who have shaped the entire field of arrhythmia
management, from pulmonary vein isolation, to ablation
of ventricular arrhythmia substrate, and inherited
conditions such as early repolarization syndrome. I found
Liryc to be an exciting and dynamic institute, full of young scientists able
to pursue their ideas and projects with passion. Being a Fellow at Liryc was
an absolute privilege, and allowed me to pursue commercialization of an
ablation control unit.”
Darren Hooks, PhD, MBChB, FRACP, Electrophysiology Cardiologist,
Wellington Hospital, New Zealand
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HOW CAN YOU HELP?

LIRYC’S CHALLENGES FOR THE FUTURE
•
•
•

Identify populations at risk of sudden death due to ventricular
fibrillation
Identify prevention methods and optimize treatment of
persistent atrial fibrillation
Enable more patients to benefit from cardiac resynchronization
therapy

LIRYC NEEDS YOUR SUPPORT
•
•
•

To develop new therapies and improve prevention
To train doctors so as to treat more patients with better
chances of a cure
To inform the general public about cardiac electrical diseases

By becoming a supporter or patron of IHU Liryc – fondation Bordeaux
Université.
Your donation will help us to to meet our needs and:
to finance new research projects
to acquire new equipment
to host international experts
to offer scholarships of excellence for researchers
to set up a research chair
to organize awareness campaigns for the general public and young
people in particular.

•
•
•
•
•
•

www.ihu-liryc.fr
www.fondation.univ-bordeaux.fr - fundraising@ihu-liryc.fr
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Restoring the rhythm of life
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