BULLETIN N° 190
ACADEMIE EUROPEENNE
INTERDISCIPLINAIRE
DES SCIENCES

Lundi ler décembre 2014 a 17h Maison de I'AX 5 rue Descartes 75005 Paris

1)Conférence:
Les ondes gravitationnelles : "'une nouvelle fenétre sur I’Univers"
par Patrice HELLO

Professeur a I'Université Paris Sud
Laboratoire de I’ Accélérateur Linéaire a Orsay.

2) Proposition de création a titre expérimental d'un groupe de discussion AEIS
sur la Toile

Prochaine séance :
Lundi 5 janvier 2015 a 17h Maison de I'AX 5 rue Descartes 75005 Paris

1)Conférence d'intérét général :
"RECHERCHE ET DEVELOPPEMENT D’ORGANES BIOARTIFICIELS POUR LE
TRAITEMENT DE MALADIES CARDIOVASCULAIRES"
par notre collegue Juan-Carlos CHACHQUES
Directeur du Programme de Bioassistance Cardiaque, Laboratoire de Recherches Biochirurgicales,
Fondation Alain Carpentier.
Département de Chirurgie Cardiovasculaire, Hopital Européen Georges Pompidou,

Université Paris Descartes.

2) Premieres réflexions sur les thématiques possibles d'un futur colloque

(apres 2016)

Académie Européenne Interdisciplinaire des Sciences
Siége Social : Fondation de la Maison des Sciences de I’Homme 54, bd Raspail 75006 Paris
Nouveau Site Web : http://www.science-inter.com



http://www.science-inter.com/

ACADEMIE EUROPEENNE INTERDISCIPLINAIRE
DES SCIENCES

FONDATION DE LA MAISON DES SCIENCES DE L’HOMME

PRESIDENT : Pr Victor MASTRANGELO

VICE PRESIDENT : Pr Jean-Pierre FRANCOISE
SECRETAIRE GENERAL : Iréne HERPE-LITWIN
TRESORIER GENERAL : Claude ELBAZ

MEMBRE S CONSULTATIFS DU CA:
Gilbert BELAUBRE

Frangois BEGON

Bruno BLONDEL

Michel GONDRAN

COMMISSION FINANCES: Claude ELBAZ,
COMMISSION MULTIMEDIA: Pr. Alain CORDIER
COMMISSION EDITION: Robert FRANCK et Pr Pierre NABET

COMMISSION CANDIDATURES: Pr. Jean-Pierre FRANCOISE

TABLE DES MATIERES

PRESIDENT FONDATEUR : Dr. Lucien LEVY (7)
PRESIDENT D’HONNEUR : Gilbert BELAUBRE
SECRETAIRE GENERAL D’HONNEUR : Pr. P. LIACOPOULOS ()

CONSEILLERS SCIENTIFIQUES :
SCIENCES DE LA MATIERE : Pr. Gilles COHEN-TANNOUDJI
SCIENCES DE LA VIE ET BIOTECHNIQUES :

CONSEILLERS SPECIAUX:

EDITION: Pr Robert FRANCK

AFFAIRES EUROPEENNES :Pr Jean SCHMETS

RELATIONS VILLE DE PARIS et IDF: Michel GONDRAN ex-Président
RELATIONS UNIVERSITES et MOYENS MULTIMEDIA: Pr Alain
CORDIER

RELATIONS AX et MECENAT : Gilbert BELAUBRE

SECTION DE NANCY :
PRESIDENT : Pr Pierre NABET

décembre 2014

N°190

p. 03 Compte-rendu de la séance du lundi ler décembre 2014

p. 05Annonces
p. 07 Documents

Prochaine séance :

lundi 5 janvier 2015 a 17h Maison de I'AX 5 rue Descartes 75005 Paris

1)Conférence d'intérét général :
"RECHERCHE ET DEVELOPPEMENT D’ORGANES BIOARTIFICIELS POUR LE
TRAITEMENT DE MALADIES CARDIOVASCULAIRES"
par notre collegue Juan-Carlos CHACHQUES
Directeur du Programme de Bioassistance Cardiaque, Laboratoire de Recherches Biochirurgicales,
Fondation Alain Carpentier.
Département de Chirurgie Cardiovasculaire, Hopital Européen Georges Pompidou,
Université Paris Descartes.

2) Premieres réflexions sur les thématiques possibles d'un futur colloque

(apres 2016)

Académie Européenne Interdisciplinaire des Sciences
Siege Social : Fondation de la Maison des Sciences de I’Homme 54, bd Raspail 75006 Paris
Nouveau Site Web : http://www.science-inter.com



http://www.science-inter.com/

ACADEMIE EUROPEENNE INTERDISCIPLINAIRE DES
SCIENCES

Fondation de la Maison des Sciences de I’THomme, Paris.

Séance du Lundi 1 er décembre 2014
Maison de I'AX 17h

La séance est ouverte a 17h sous la Présidence de Victor MASTRANGELO et en la présence de
nos Colleégues Gilbert BELAUBRE, Alain CARDON, Frangoise DUTHEIL, Claude ELBAZ, Michel
GONDRAN, Iréne HERPE-LITWIN, Gérard LEVY, Antoine LONG, Pierrc MARCHAIS, Edith
PERRIER, Alain STAHL, Jean-Pierre TREUIL.

Etaient excusés Frangois BEGON, Bruno BLONDEL, Jean-Pierre BESSIS, Jean-Louis BOBIN,
Michel CABANAC, Juan-Carlos CHACHQUES, Gilles COHEN-TANNOUDIJI, Alain CORDIER, Daniel
COURGEAU, Ernesto DI MAURO, Vincent FLEURY, Robert FRANCK, Jean -Pierre FRANCOISE,
Jacques LEVY , Valérie LEFEVRE-SEGUIN, Claude MAURY, Pierre PESQUIES, Jean SCHMETS,
Jean VERDETTIL

Etait également présente en tant que visiteuse Anne JAOUL, Professeur de classes préparatoires.

1. Conférence de Patrice HELLO ''Les ondes gravitationnelles : une nouvelle
fenétre sur I’Univers"

a) Preésentation du conférencier Patrice HELLO par notre Président Victor MASTRANGELO

Patrice HELLO est Professeur a I’Université Paris-Sud et il effectue ses recherches au Laboratoire
de I’Accélérateur Linéaire a Orsay (LAL). Il est ancien ¢éléve de ’ENS de St-Cloud (Lyon maintenant),
docteur (1990) et agrégé de sciences physiques et titulaire depuis 1996 d'une habilitation a diriger des
recherches.Il est responsable de I’équipe Virgo au LAL depuis 3 ans. Il est membre de la collaboration
internationale  Virgo depuis de nombreuses années . Ses centres d’intérét sont principalement la
modélisation des optiques des grands interférometres et 1’analyse des données et le retour astrophysique de
Virgo.

b) Résumé fourni par le Pr Patrice HELLO

Les ondes gravitationnelles sont prédites par la Relativité Générale et leur existence a été établie
grace a I’étude du pulsar binaire 1913+16 par J. Taylor et ses collaborateurs. Pour détecter directement ces
ondes gravitationnelles, plusieurs interférometres géants ont été construits a la fin des années 90 : Virgo
(Italie) et LIGO (deux sites aux USA). Apres une premiére phase (2005-2011) qui a vu les détecteurs Virgo
et LIGO atteindre leurs sensibilités nominales, mais insuffisantes pour une premiere détection, les deux
collaborations internationales se sont lancées dans une phase d’amélioration des détecteurs (Advanced
Virgo et Advanced LIGO) dont le but est de gagner un ordre de grandeur en sensibilité.

Je commencerai par rappeler la nature des ondes gravitationnelles et leur effet sur la matiére puis je
passerai en revue les sources astrophysiques intéressantes pour LIGO et Virgo. Je décrirai ensuite Virgo en
m’attachant aux principales sources de bruit et aux solutions techniques choisies pour y remédier. Je
poursuivrai avec une sélection des principaux résultats scientifiques obtenus par le réseau LIGO-Virgo.

Je ferai finalement le point sur 1’actualité et sur les perspectives des deux expériences (Advanced)
Virgo et (Advanced) LIGO.



4

c) Le compte rendu de la conférence du Pr HELLO rédigé par nos collegues Michel
GONDRAN et Michel TREUIL ainsi que les diapositives presentées sont accessibles sur le
site de I'AEIS http://www.science-inter.com dans la rubrique ""Comptes-rendus conférences
mensuelles'.

2. Proposition de création a titre expérimental d'un groupe de discussion AEIS
sur la Toile

Notre Collegue Jean-Pierre TREUIL propose la création d'un groupe de discussion de I'AEIS sur la
Toile qui s'appellerait aeis-forum@googlegroups.com permettant a 5 ou 6 personnes invitées de commenter
les événements de 1'AEIS. Les textes accessibles aux invités ont une adresse du type
https://docs.google.com/document..... Des suggestions peuvent étre apposées par les invités. Si ces
suggestions sont approuvées par l'ensemble des propriétaires , le texte est modifié.

Par ailleurs, un résumé des échanges est automatiquement créé qui peut étre accessible
quotidiennement.

Les membres non- propriétaires ont des droits moindres que les administrateurs qui ont seuls le droit
de modérer la discussion.

On créerait donc ainsi un outil puissant de rédaction collaborative des comptes-rendus des
conférences notamment pour les bindomes chargés de la rédaction.

Notre Président Victor MASTRANGELO déclare qu'il s'agit certainement d'une idée intéressante
dont doit étre informé notre collégue Alain CORDIER responsable de la commission multimédia. Apres
une bréve discussion, l'idée est retenue: les comptes-rendus des conférences pourront ainsi figurer sur le
site de I'AEIS http://www.science-inter.com.

Apres cette tres riche séance, notre Président Victor MASTRANGELO déclare la cloture de notre
séance .

Irene HERPE-LITWIN


http://www.science-inter.com/
http://www.science-inter.com/

Annonces

I.  Notre Collegue Juan-Carlos CHACHQUES nous donne la page d'annonce de son ouvrage :
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II.  Notre collégue Christian HERVE nous fait part de la prochaine réunion de la SFFEM qui aura lieu
le 17 janvier prochain :

"démarches palliatives et fin de vie chez l'enfant : 15 ans de réflexions et de pratiques a 1'Hopital
Universitaire Necker Enfants Malades"

La réunion aura lieu:

de 9h 00— 17 h 30
Amphithéatre de I’institut IMAGINE
24 Boulevard de Montparnasse 75015 Paris

Informations renseignements:

Pierre CANOUI pierre.canoui@nck.aphp.fr

Bernard GOLSE bernard.golse@nck.aphp.fr

Isabelle DESGUERRE isabelle.desguerre@nck.aphp.fr

Marcel Louis VIALLARD marcel-louis.viallard@nck.aphp.fr

Hopital Universitaire Necker Enfants Malades 149 rue de Seévre 75015 Paris

Il nous invite également a visiter le site "Réseau Rodin" http://www.ethique.sorbonne-paris-cite.fr



mailto:pierre.canoui@nck.aphp.fr
mailto:bernard.golse@nck.aphp.fr
mailto:isabelle.desguerre@nck.aphp.fr
mailto:marcel-louis.viallard@nck.aphp.fr
http://www.ethique.sorbonne-paris-cite.fr/

Documents

En vue de sa conférence, "Recherche et développement d'organes bioartificiels pour le traitement de
maladies cardiovasculaires' du 5 janvier 2015, notre collégue Juan Carlos CHACHQUES nous a confié
quelques documents:

p. 08: résumés en francais et en anglais de l'intervention rédigés par notre collégue Juan-Carlos
CHACHQUES

p. 10: Affiche sur les nouveaux traitements des insuffisances cardiaques

p. 11: Issu de la revue Asian Cardiovasc Thorac Ann 2009;17:573-580, un article de notre collégue intitulé
"Cardiac Bioassist: Results of the French Multicenter Cardiomyoplasty Study"* ( site internet:
http://asianannals.ctsnetjournals.org/cgi/content/full/17/6/573 )

p. 21: Issu de la revue Expert Rev. Cardiovasc. Ther. 11(12), 1701-1711 (2013) , un article de notre
collégue Juan Carlos CHACHQUES intitulé " Creating the bioartificial myocardium for cardiac repair:
challenges and clinical targets

p. 32: Issu du journal Le Figaro du 23 mai 2011, un article intitulé "Face au manque de greffons,
le bond en avant des organes artificiels **
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RECHERCHE ET DEVELOPPEMENT D’ORGANES BIOARTIFICIELS POUR LE
TRAITEMENT DE MALADIES CARDIOVASCULAIRES

Juan-Carlos Chachques, MD, PhD

Directeur du Programme de Bioassistance Cardiaque, Laboratoire de Recherches Biochirurgicales,
Fondation Alain Carpentier.

Département de Chirurgie Cardiovasculaire, Hopital Européen Georges Pompidou, Universit¢ Paris
Descartes.

La communauté scientifique spécialisée dans la recherche cardiovasculaire fondamentale, clinique et
technologique, s’associe afin de développer des thérapies synergiques pour I’insuffisance cardiaque
chronique, qui constitue actuellement une véritable épidémie.

La transplantation cardiaque est un traitement efficace pour les maladies cardiaques en phase terminale.
Mais en raison de la pénurie de donneurs, la recherche se porte sur des solutions alternatives comme la
transplantation de cellules souches associée a 1’ingénierie tissulaire, permettant la création d’organes et
tissus bio-artificiels. Le but ultime étant le développement de coeurs artificiels bio-mécaniques.

Des progreés récents dans la conception et la fabrication de matériaux biohybrides, ayant des
caractéristiques bio-mimétiques, ont été accomplis dans le domaine des nanotechnologies. Des applications
directes dans la médecine et I’ingénierie deviennent une réalité. Ainsi il est possible maintenant de créer
des tissus et des organes ayant des propriétés structurelles et fonctionnelles similaires aux matrices extra-
cellulaires naturelles, contenant des nano-structures tridimensionnelles, capables d’assurer la propagation
de signaux cellulaires et la fonctionnalité tissulaire.

Ces nouvelles technologies émergentes permettent de créer des coeurs bio-mécaniques, constitués de
prothéses implantables, hémocompatibles, connectées aux sources d’activation €lectrique externes ou aux
systémes d’activation pneumatiques. La régulation et la surveillance a distance des systémes sont
effectuées par des senseurs et dispositifs €lectroniques permettant un suivi postopératoire et ensuite une
télésurveillance a partir du domicile des malades (home monitoring).



Research and development of bioartificial organs for cardiovascular diseases
by Juan-Carlos CHACHQUES,MD, PhD

Summary :

The basic and clinical cardiovascular research communities are developing and refining synergic
therapies for epidemic chronic heart failure. Heart transplantation is an effective therapy for end-stage heart
disease, but because of the shortage of donors, there is an increasing interest in more favourable
alternatives like stem cell transplantation and tissue engineering for the creation of bioartificial organs and
tissues. The ultimate translational goal is the development of biomechanical hearts. Recent progress on the
design and fabrication of bio-hybrid materials having biometric characteristics has been accomplished in
the field of nanotechnology for direct applications in medicine and engineering. The main purpose of these
materials is to create tissues and organs and display structural and functional properties similar to natural
extracellular matrices, containing truly three-dimensional nano-structures and controlling the delivery and
effective concentration of bioactive signals and cells. New technology emerges to create fully functional,
bio-mechanical replacement hearts, including hemocompatible implantable prostheses connected to
external electric power supply or pneumatic activation systems, asociated with remote monitoring and
electronic control systems for the hospital operative follow-up and for home-monitoring.

References :

J.-C. Chachques and co-authors, Creating the bioartificial myocardium for cardiac repair : challenges and
clinical

targets, Expert Rev. Cardiovasc. Ther. 11(12), 1701--1711 (2013).

J.-C. Chachques and co-authors, Cardiac Bioassist : Results of the French Multicenter Cardiomyoplasty
Study,

Asian Cardiovasc. Thorac Ann 2009; 17; 573--580.
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Cardiac Bioassist: Results of the French Multicenter Cardiomyoplasty Study
Juan C Chachques, Olivier Jegaden, Thierry Mesana, Yves Glock, Pierre A Grandjean
and Alain F Carpentier
Asian Cardiovasc Thorac Ann 2009;17:573-580
DOI: 10.1177/0218492309349371

Thisinformation is current as of March 26, 2010

The online version of this article, along with updated information and services, is
located on the World Wide Web at:
http://asianannal s.ctsnetjournal s.org/cgi/content/full/17/6/573

The Asian Cardiovascular & Thoracic Annalsisthe official journal of The Asian Society for
Cardiovascular Surgery and affiliated journal of The Association of Thoracic and Cardiovascular
Surgeons of Asia.

Downloaded from asianannals.ctsnetjournal s.org by on March 26, 2010
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ORIGINAL ARTICLE

Cardiac Bioassist: Results of the French
Multicenter Cardiomyoplasty Study

Juan C Chachques, MDl, Olivier Jegaden, MDZ, Thierry Mesana, MD? ,
Yves Glock, MD*, Pierre A Grandjean, MS?°, Alain F Carpentier, MD!, for the
French Cardiomyoplasty Investigators

! Department of Cardiovascular Surgery, Pompidou Hospital, Paris, France
’Department of Cardiovascular Surgery, Louis Pradel Hospital, Lyon, France
*Department of Cardiovascular Surgery, La Timone Hospital, Marseille, France
*Department of Cardiovascular Surgery, Rangueil Hospital, Toulouse, France
Bakken Research Center, Maastricht, The Netherlands

ABSTRACT

The French multicenter experience (6 centers) of dynamic cardiomyoplasty was
analyzed for long-term survival and functional outcome, the most important endpoints
in congestive heart failure therapy. Cardiomyoplasty was performed in 212 patients
with symptoms of chronic heart failure despite maximal pharmacological therapy. The
etiology was ischemic (48%), idiopathic (45%) or other (7%). Cardiomyoplasty was
performed using the latissimus dorsi muscle which was electrostimulated after surgery.
During follow-up, 88% of patients improved clinically. Hospital death occurred in 29
(14%) patients and was related to the severity of preoperative heart failure symptoms.
Late mortality occurred in 99 patients due to heart failure (44%), sudden death (37%)),
or noncardiac causes (18%). Combined dynamic cardiomyoplasty and implantation of
a cardiac rhythm management system was safely achieved in 22 patients, and 26
underwent heart transplantation for recurrent heart failure. Long-term functional
improvements were observed in most patients, and the best outcome was achieved in
those with isolated right ventricular failure. Dynamic cardiomyoplasty can be
considered as a destination therapy or a mid- to long-term biological bridge to heart
transplantation.

(Asian Cardiovasc Thorac Ann 2009;17:573-80)

KEYWORDS: Cardiomyoplasty,
Ischemia

Cardiomyopathies, Heart Failure, Myocardial

INTRODUCTION

Heart failure with systolic dysfunction leads to progres-
sive increases in the size of the cardiac chambers. The
interaction of hemodynamic processes influences this
dilatation, and the actin-myosin crossbridges stretch
beyond their physiologic limits, causing a decrease
instead of an increase in contractile strength as well as
structural and hemodynamic changes. The increased
end-diastolic pressure that accompanies dilatation may
affect the coronary circulation during diastole, resulting
in structural myocardial changes and extracardiac

Juan C Chachques, MD Tel: +33 613144398

Fax: 433 140728608

modifications such as metabolic and neuroendocrine
changes at the systemic level. The growing prevalence
of heart failure has prompted development of new
therapies to support the failing heart. Important
advances have been made in cardiac bioassist
approaches both as a bridge to transplantation and
recovery therapy.' Latissimus dorsi dynamic cardio-
myoplasty (DCMP), introduced in the 1980s, has been
followed by aortomyoplasty, atriomyoplasty, and skel-
etal muscle ventricles. With advances in cellular and
molecular biology, the concept of ventricular assistance

Email: j.chachques@brs.aphp.fr

Department of Cardiovascular Surgery, Pompidou Hospital, 20 rue Leblanc, 75015 Paris, France.

doi: 10.1177/0218492309349371
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by biological means seems promising.” Worldwide,
cardiomyoplasty has been performed in over 2,000
clinical cases, aortomyoplasty counterpulsation in 100
cases, cellular cardiomyoplasty in 3,000 cases, and
cellular cardiomyoplasty associated with a bioartificial
myocardium in 50 cases. DCMP aims to support cardiac
function in patients with chronic heart failure by
wrapping the (usually left) latissimus dorsi muscle
around the failing ventricles and stimulating it electri-
cally in synchrony with ventricular function.® The first
successful clinical case was treated in 1985 in Broussais
Hospital, Paris. This retrospective analysis gives an
overview of the collective DCMP experience in France.

PATIENTS AND METHODS

Since the first clinical case in January 1985, 212
cardiomyoplasty procedures have been performed in 6
centers in France. The last patient in this series was
operated on in November 2006. Patient characteristics
are summarized in Table 1. All patients had chronic
heart failure refractory to pharmacological therapy.
Their mean left ventricular ejection fraction was
22% 4 9%. The causes of right ventricular (RV) failure
were arrhythmogenic cardiomyopathy in 7 patients,
ischemic in 2, Uhl’s disease in 1, and endomyocardial
fibrosis in 1. Arrhythmogenic RV dysplasia/cardiomyo-
pathy is characterized by progressive fibrofatty replace-
ment of the myocardium, which predisposes to
ventricular tachycardia and sudden death in young
individuals and athletes. It primarily affects the RV,
but with time, it may also involve the left ventricle (LV).
DCMP was performed as an isolated procedure in 74%
of patients, without the need for extracorporeal circula-
tion; 26% had additional procedures including LV
resection (7.3%), tricuspid repair or replacement (7%),

Table 1. Characteristics of 212 patients undergoing

cardiomyoplasty

Variable No. of Patients
Male 176
Female 36
Mean age (years) [range] 53+£11 [15-74]
Ischemic cardiomyopathy 48%
Idiopathic cardiomyopathy 45%
Other (valvular, tumor, RV dysplasia) 7%
Predominant LV dysfunction 68%
Predominant RV dysfunction 9%
Biventricular dysfunction 23%
NYHA functional class
Mean preoperative class 3.0

Class 11 9%

Class 111 81%

Class IV 10%

LV =left ventricular, NYHA = New York Heart Association,
RV =right ventricular.

coronary artery bypass grafting (6.6%), ventricular
tumor resection (2.7%), and mitral valve repair or
replacement (2.4%).

The most common DCMP procedure was performed in 2
stages: elevation of the latissimus dorsi muscle, and
cardiac wrapping. The patient was placed in the right
decubitus position. The left latissimus dorsi muscle was
dissected free with preservation of its axillary neuro-
vascular pedicle (Figure 1A). Intramuscular pacing
electrodes were implanted. The muscle and pacing
leads were transferred to the left thoracic cavity after
resection of a segment of the 2" rib. The heart was
exposed via a median sternotomy, and 1 or 2 epicardial
leads were implanted for myocardial sensing. The
latissimus dorsi muscle was wrapped around both
ventricles and fixed to the pericardium with interrupted
sutures (Figure 1B). Depending on the indication,
different latissimus dorsi wrapping methods were used.
The muscle was wrapped around dilated ventricles to
reinforce the myocardium, or used to replace a portion
of myocardium after aneurysm or tumor resection.”
Anterior-to-posterior wrapping of the RV was carried
out for specific diseases such as arrhythmogenic RV
dysplasia, which was generally associated with tricuspid
valve annuloplasty (Figure 2).

To keep the latissimus dorsi muscle active, prevent
atrophy, and support cardiac function, it must be
activated in synchrony with ventricular contractions.
Two specially designed intramuscular leads were used
to induce contraction of the whole latissimus dorsi
muscle using electrodes implanted near its motor nerve
branches and synchronized with cardiac function.
Muscle burst characteristics (amplitude, number of
pulses, timing) could be modified by telemetry.' A
progressive stimulation protocol developed at Broussais
Hospital was used in all patients. This protocol was
designed to allow the muscle to adapt to its new
function. It consisted of a 2-week postoperative rest
period (no muscle stimulation) to allow recovery and
adhesion to the ventricle, followed by progressive
activation by biweekly progressive increases in
the number of pulses until the burst contained 6 pulses
(31-ms intervals) and occurred at every other heart
beat. The timing of the burst was adjusted by
echocardiography.

Twenty-two (10%) patients concomitantly received
cardiac rhythm management implants: 6 had a dual-
chamber pacemaker for atrioventricular block and/or
chronotropic incompetence, 10 had cardiac resynchro-
nization devices for left bundle branch block
(QRS > 130 ms) and heart failure symptoms, and 6 had
defibrillators for ventricular tachycardia/arrhythmias.
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Figure 1. (A) Left latissimus dorsi muscle to be used for cardiac wrapping. (B) Latissimus dorsi dynamic cardiomyoplasty.

When indicated, heart transplants were performed in
the standard fashion by anastomosing a donor heart to
the remnant atria and great vessels. During surgery, the
latissimus dorsi wrap was divided as far as possible
inside the left pleural cavity, and its vascular pedicle was
obturated. The proximal portion of the muscle as well as
the intramuscular pacing electrodes were kept in place in
the left pleural cavity. Adhesions between the muscle
and the heart were not released so as to achieve en-bloc
resection of the heart and muscle wrap. The latissimus
dorsi was divided using electrocautery. The incidence of
bleeding from the skeletal muscle stump was generally
low. During removal of the recipient’s heart, care was
taken to avoid injuring the left phrenic nerve which was
frequently close to the latissimus dorsi muscle.

RESULTS

Hospital death (within 30 days) occurred in 29 (14%)
patients, and was related to the severity of preoperative
heart failure symptoms: mortality was 31.8% for those
in New York Heart Association (NYHA) functional
class IV, 12.4% in class III, and 5.8% in class II. The
most important cause of mortality was heart failure
(83%). Survival data were to December 2008. From
January 1985, 99 patients died (mean time to death,
4 years). Causes of death were heart failure (44%;
mean time, 3.4 years), sudden death (37%; mean time,
4.1 years), and noncardiac causes (18%; mean time, 5.4

years). Noncardiac causes of death were stroke, cancer,
and gastric bleeding. In addition, 26 patients underwent
heart transplantation for recurring symptoms of heart
failure. Data were analyzed for freedom from cardiac
death or transplantation for the 3 types of predominant
ventricular dysfunction (LV, RV, or biventricular). The
best results were achieved for isolated RV dysfunction
(5-year survival 78%; 10-year survival 69%); while LV
and biventricular dysfunction had 48% and 39% sur-
vival at 5 years, and 30% at 10 years (Figure 3). Data
were also analyzed for freedom from severe cardiac
decompensation episodes: 61% of patients were free
from severe decompensation at 5 years, 51% at 10 years,
and 43% at 15 years. During follow-up, 88% of patients
improved clinically as measured by NYHA class which
improved by at least 1 class. The mean NYHA class of
hospital survivors just before sudden death or death from
anoncardiac cause was 1.66 (class IIT 11%, class 11 44%,
class I 45%; Figure 4). Mean NYHA class was 3.0
preoperatively and 1.7 postoperatively at a mean follow-
up time of 7.2 years.

All cardiac rhythm management implants were success-
ful using standard endovenous implant procedures and
testing. Device interactions were checked at implanta-
tion and at regular follow-up examinations, using the
appropriate marker channel, electrocardiograms, and
device memory readings. To minimize far-field sensing,
sensing and pacing were programmed to bipolar mode

2009, VOL. 17, NO. 6
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Figure 2. (A) Right ventricular latissimus dorsi dynamic cardiomyoplasty. (B) Echocardiographic study of a patient presenting
with arrhythmogenic right ventricular dysplasia treated with right ventricular cardiomyoplasty and tricuspid valve annuloplasty
(Carpentier ring). The arrow shows the electrostimulation pulse train inducing contraction of the right ventricular wall.

when possible. Muscle burst sensing could always be
avoided by adjusting the sensitivity, number of pulses
in the burst, pulse interval and/or burst delay. As an
additional safety feature for patients with defibrillators,
the cardiomyostimulator was programmed to turn its
muscle stimulator off when in the ventricular tachycar-
dia/fibrillation detection zone. In one patient, the shock
from an implanted defibrillator disabled the muscle
channel. It could be reprogrammed at the next follow-up
visit.

Heart transplantation was indicated in 26 patients for
persistent heart failure (no immediate improvement
after DCMP) in 19% and for recurring heart failure

symptoms, mostly due to progression of the underlying
cardiac disease, in 81%. The mean age of these 26
patients was 51 & 11 years, and the interval after DCMP
was 2.3 &+ 3 years (range, 0—16.7 years). The etiology in
these cases was mostly ischemic (50%) and idiopathic
(42%). LV ejection fraction at DCMP was 19% =+ 6%,
and the predominant ventricular failure was LV in 76%,
RV in 5%, and biventricular in 19%. Survival after heart
transplantation (mean, 5.5 years; longest, 13.5 years) is
shown in Figure 5. For the urgent subgroup in which
there was no clinical benefit after DCMP, the transplant
was carried out within 4 months (mean, 1 month; range,
0.1-2.1 months). In the elective subgroup, transplanta-
tion was performed after a mean period of 3 years
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(range, 0.5-16.7 years). Hospital mortality was higher in
the urgent subgroup compared to electively treated
patients (60% vs. 17%). Early deaths were due to
septicemia (2) and graft failure (5). Late deaths were
caused by graft failure (4), rejection (1), and gastric
bleeding (1). The muscle wrap was found to be well
preserved in 9 patients, there was slight hypertrophy and
mild fibrosis in 11, and severe ultrastructural impair-
ment and atrophy in 9. Tight adhesions between the
muscle wrap and the heart wall were frequently
observed.

DISCUSSION

The 30-day hospital mortality includes data from the
pilot and feasibility phase during which the surgical
method was developed. As expected, hospital mortality
was strongly linked to the preoperative NYHA class.
With implementation of improvements, later multi-
center studies (e.g. C-SMART in the USA) have focused
on NYHA class III patients and used risk-stratification
strategies, with 30-day hospital mortality of 4%.° As
expected, our hospital mortality was higher when urgent
transplantation was required due to postoperative heart
failure or early inefficient DCMP support, but it was not
significantly different to that after elective transplanta-
tion performed later due to progression of underlying
cardiac disease resulting in DCMP inefficiency. This
experience confirms that heart transplantation is feasible
and safe after DCMP. For non-urgent transplants, the
results were similar to those reported for primary
transplant procedures.’

DCMP provided long-term cardiac benefits as demon-
strated by a reduction of NYHA class by at least 1 class
in 88% of patients discharged from hospital. Long-term
event-free survival, defined as no cardiac death or
transplantation, depended on cardiac indication; it was
best for isolated RV failure. Muscle contraction can be
maintained in the long term.”'" The effect of muscle
stimulation, efficacy of contraction, and the need to be
stimulated were not tested prospectively. However,
some clinical observations could be undertaken, e.g.,
when the stimulator reached its end of service and the
device was not replaced on time (battery depleted)
because the patient lived overseas, or when muscle
stimulation stopped due to lead fracture. Most of these
events occurred >10 years after DCMP. In each of these
cases, the patient returned to hospital with recurring
symptoms of heart failure. Correction of the problem by
exchanging the stimulator or repairing the lead allowed
the patient to gradually recover to their previous clinical
condition. These anecdotal observations confirm that
muscle function can be preserved in the long term, and
that long-term muscle stimulation is needed to maintain
the clinical benefits.

In this study, all patients followed the original progres-
sive stimulation protocol developed at Broussais
Hospital. Implementation of recent improved under-
standing of muscle physiology and adapting stimulation
protocols to the patient’s physiological status, such as
customizing the stimulation pattern to the muscle
response and allowing for a mixed fiber composition,
indicates that use of skeletal muscle pharmacological
support would certainly improve results. A major impact
might result from a protocol or procedure that would
obviate the need for a muscle rest period after surgery as
this would permit cardiac support during the early
postoperative phase. Surgical improvements aimed at
optimizing energy transfer from muscle to cardiac
hemodynamics might also be important.

Nearly all of these cardiomyoplasty operations used
cardiomyostimulators supplied by Medtronic, Inc.
The commercial decision by Medtronic to withdraw
from the field was damaging as it led to the widespread
conclusion that the technique was inherently flawed.
Ironically, it was the drive to meet regulatory require-
ments that discouraged departure from a fixed protocol,
isolating clinical practice from progress in the underly-
ing basic science. New devices are now available, such
as the Microstim Myostimulator (Microstim, Germany)
and the LD-PACE II (CCC, Uruguay); these may revive
cardiomyoplasty and related research.'*'?

Because 37% of late deaths during follow-up were
sudden, a cardiomyostimulator that includes defibrilla-
tion therapy has the potential to improve clinical
outcomes. This experience indicates that concomitant
implantation of a cardiac rhythm management device
can be undertaken safely, and confirms previous case
reports of the benefit of a combination of cardiomyos-
timulators and implantable defibrillators. Appropriate
long-term function of both devices can be maintained.
The cumulative experience in this cohort amounted to
54 patient-years. Device interactions must be verified
after implantation, and systems adjusted to avoid inter-
action of the bursts with cardiac rhythm detection. After
defibrillation, checking cardiomyostimulator function
by electrocardiography or telemetry is recommended.
The addition of ventricular resynchronization could be
an added benefit for heart failure patients, and should be
considered in combination with a defibrillator function.
Basic research in recent years on the vascular anatomy
of the latissimus dorsi muscle and its adaptive response
to electrostimulation has improved the viability and
function of skeletal muscle grafts. DCMP performed
with emerging pacing protocols could well reduce
systolic wall stress and provide beat-to-beat assistance
in the short term, together with reverse remodeling and
extra myocardial revascularization in the long term.'*'¢
Implementation of the latest findings on muscle
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preservation, activation, energy transfer from muscle to
heart, as well as combinations of defibrillators and
resynchronization devices might improve survival and
efficacy.' In the case of recurrent heart failure, heart
transplantation is still feasible. Therefore DCMP could
be considered as either a destination therapy or as a mid-
to long-term biological bridge to heart transplantation.

The knowledge acquired with DCMP has been applied to
regenerative cardiology. Stem cell therapy in ischemic
and nonischemic cardiomyopathies is a rapidly growing
field.'” The benefits of stem cell delivery to injured
myocardium have been demonstrated, and recent reports
have described bioartificial matrices that may provide
mechanical support and enhance myocardial regenera-
tion. It is important to remark that current indications for
cell-based regenerative therapy are small ischemic scars
and not the large ischemic lesions responsible for end-
stage ventricular failure. Electrostimulation combined
with cellular cardiomyoplasty could transform passive
cell therapy into ‘‘dynamic cellular support’’. The
principles of electrophysiological conditioning of skel-
etal muscle fibers developed for DCMP are now applied
in cellular cardiomyoplasty. The hypothesis is that
electrostimulation of both ventricles following skeletal
myoblast implantation induces contraction of the trans-
planted cells and greater expression of slow myosin
which is better for chronic ventricular assistance.
Electrostimulation seems to drive stem cells to differ-
entiate into cardiac-type myogenic cells.'® This type of
differentiation should include the induction of gap
junction formation, improving stem cell engraftment
and reducing the risk of arrhythmogenic events. In-vitro
electrostimulation of cell cultures induced both morpho-
logical and biochemical changes in mesenchymal stem
cells, realizing a shift towards a striated muscle cell
phenotype expressing cardiac-specific markers."”
Cardiac tissue engineering is emerging as a new thera-
peutic tool, extending the amazing possibilities of
cardiac bioassist procedures and promising the creation
of a bioartificial myocardium. The stem cell niche, a
specialized environment surrounding stem cells, pro-
vides crucial support for stem cell maintenance.
Compromised niche function may lead to selection of
stem cells that no longer depend on self-renewal factors.
If the stem cell niche has aged, it might not be capable of
supporting autogenous or transplanted stem cells.
Cardiac tissue engineering is developing biodegradable
scaffolds to support cell survival and early extracellular
instruction. The MAGNUM trial showed that cellular
cardiomyoplasty associated with a cell-seeded collagen
matrix increased the thickness of the infarct scar with
viable tissue, and helped to normalize cardiac wall stress
in injured regions, thus limiting ventricular remodeling
and improving diastolic function.”* The creation of
functional biocompatible contractile tissues remains

challenging. Future developments include bioengineered
platforms where stem cells are preconditioned to resist
implantation into highly stressed myocardial tissue.

Presented at the 4” International Cardiac Bio-Assist
Association Congress, Singapore, March 12—13, 2008.
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Creating the bioartificial
myocardium for cardiac
repair: challenges and clinical
targets

Expert Rev. Cardiovasc. Ther. 11(12), 1701-1711 (2013)

The association of stem cells with tissue-engineered scaffolds constitutes an attractive
approach for the repair of myocardial tissue with positive effects to avoid ventricular chamber
dilatation, which changes from a natural elliptical to spherical shape in heart failure patients.
Biohybrid scaffolds using nanomaterials combined with stem cells emerge as new therapeutic
tool for the creation of ‘bioartificial myocardium’ and ‘cardiac wrap bioprostheses’ for
myocardial regeneration and ventricular support. Biohybrids are created introducing stem cells
and self-assembling peptide nanofibers inside a porous elastomeric membrane, forming cell
niches. Our studies lead to the creation of semi-degradable ‘ventricular support bioprostheses’
for adaptative LV and/or RV wrapping, designed with the concept of ‘helical myocardial
bands’. The goal is to restore LV elliptical shape, and contribute to systolic contraction and
diastolic filling (suction mechanism). Cardiac wrapping with ventricular bioprostheses may

reduce the risk of heart failure progression and the indication for heart transplantation.

Keyworbps: bioartificial myocardium e biohybrid scaffolds  bionanomaterials e cardiac bioregeneration
e cardiomyoplasty e cell transplantation e heart failure ® myocardial infarction ® myocardial regeneration e tissue

engineering

Myocardial ischemia is leading cause of heart
failure (HF) in all over the world. Following
myocardial infarction the irreparable loss or
dysfunction of cardiomyocytes occurs due to
sudden deprivation of oxygen supply to the
heart. Heart has very limited regeneration
capacity as most of the myocytes seems to be
terminally differentiated, only small fraction of
myocytes retain the capacity to replicate. Undil
now, drug therapy, surgical procedures (e.g.,
CABGs, ventricular remodeling and restora-
tion, dynamic cardiomyoplasty), heart trans-
plantation and mechanical circulatory assist
devices are used as treatment when hearts are
irreparably damaged. It is evident that it is
necessary to develop more effective, less inva-
sive, therapeutic strategies for HF. Stem cells-
based therapies give new hope in the field of
regenerative medicine, as stem cells have ability
to differentiate into same as well as different
tissue types and to regenerate themselves
without losing their differentiation potential.
This property of differentiation is being

explored for the regeneration of several dam-
aged tissues [1.2].

Post-ischemic ventricular dilatation &
remodeling
Cardiac remodeling refers to the changes in
size, shape, structure and physiology of the
heart after injury to the myocardium. Dilated
cardiomyopathy from many causes results in a
change in ventricular geometry, whereby the
elliptical chamber becomes more spherical.
This change in architecture alters myocardial
fiber direction and diminishes function. The
early changes of increased spherical configura-
tion lead to impairment of ventricular function
and may lead to mitral valve regurgitation.
The extracellular matrix (ECM) is mainly
composed of collagen which gives structural
strength to the left ventricle (LV). After myo-
cardial infarction, not only the changes affect
the contractile element of the myocardium
(cardiomyocytes) but also the ECM. Cardio-
myocyte death and scar formation, which are
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Box 1. Current limitations of cell-based cardiac

treatments.

e Cell bioretention and engraftment within infarct scar tissue
is low.

e Mortality of implanted cells in ischemic myocardium is high.

e In ischemic heart disease, the extracellular matrix is patho-
logically modified.

e Genetic abnormalities (karyotype instability) have been
described for in vitro expanded mesenchymal stem cell.

ECM: Extracellular matrix; MSC: Mesenchymal stem cell.

caused by coronary artery occlusion, modulate cardiac remodel-
ing. Ischemic heart disease may progress inducing geometric
alteration of the ventricular cavity, heart dilatation is a negative
symptom in the evolution of HF patients, related with morbid-
ity and mortality.

Strategies to repair or regenerate injured cardiac tissue offer
new hope for the treatment of congestive HF; stem cell therapy
associated with myocardial tissue engineering should play an
important role in modern regenerative cardiology [34].

Myocardial tissue engineering

The poor survival of grafted cells following cellular cardiomyo-
plasty has been a great concern of researchers as transplanted
cells cannot survive for long period due to the ischemic envi-
ronment, the pathologically modified ECM, the proapoptotic
factors and the inflammatory response. It seems suitable to pro-
vide a safe environment (niche) for cell proliferation and
differentiation [5-7). The use of anti-oxidant, anti-inflammatory
and anti-apoptotic proteins may give better survival of
transplanted cells.

Figure 1. Myocardial infarction treated with collagen scaf-
fold seeded with adipose mesenchymal stem cells. This fig-
ure shows growing myocardial tissue adjacent to the infarct scar
including BrdU-labeled cells (arrows). Immunohistological study
using anti-BrdU antibody (Sigma monoclonal B2531) on left ven-
tricular wall x20.

Poor cell retention without graft viability in the target tissue
was observed during clinical application of cellular cardiomyo-
plasty. A significant number of cells (more than 90%) die within
the early days post-transplantation or widely spread to other tis-
sues [12]. A possible solution would be to encapsulate the appro-
priate cells in an injectable gel, but this is not seen as a viable
option for the low mechanical properties of gels, which makes it
difficult to handle for fixation onto the pathologic myocardium
(Box 1).

Alternative tissue engineering strategies [7-10] combine cells
with three-dimensional scaffolds or patches to lodge them and
improve their survival, to induce the formation of new blood
vessels and ECM and at the same time to mechanically sup-
port the native tissue. Isolated injection of stem cells in
patients presenting post-infarction myocardial scars showed
poor results in terms of improving ventricular function and
clinical functional class. Several experimental studies showed
the benefits of engineered materials charged with stem cells for
ischemic models. In addition, in some of these studies the cell
transplantation was associated with epicardial grafting of scaf-
folds onto the ventricular surface [11-14]. Subsequenty, our
group coordinated the MAGNUM Clinical Trial (Myocardial
Assistance by Grafting a New bioartificial Upgraded Myocar-
dium). This trial was the first clinical application of myocar-
dial dssue engineering [15]. In this biosurgical approach
performed during OP-CABGs, a collagen type I matrix was
seeded with autologous mononuclear bone marrow cells and
grafted onto the LV wall. Long-term results showed that a
combined cell transplantation and matrix scaffolds approach
offer further benefits with respect to cell therapy alone. The
cell-seeded collagen matrix increases the thickness of the
infarct scar with viable tissue and helps to normalize cardiac
wall stress in injured regions, thus limiting ventricular remod-
eling and improving diastolic function.

The main limitation of collagen scaffolds for heart repair is
the low mechanical characteristics of the material to engineer
the myocardial tissue and the complete bioresorption and deg-
radation of the material at mid-term. For these reasons, recent
studies combined biodegradable cell-seeded scaffolds with syn-
thetic mesh wrap devices [16] showing promising results in
terms of myocardial tissue repair (Fioure 1).

Natural and synthetic scaffolds are in development, the main
goal of these tissue-engineered materials is to allow cell attach-
ment and migration, deliver and retain cells and biochemical
factors and enable diffusion of vital cell nutrients. These mate-
rials should offer a suitable ‘cellular niche’, microenvironment
needed for cell survival and function Box 2) [17-19].

Biologic scaffold materials composed of ECM can be derived
by processes that involve decellularization of tissues or organs.
Preservation of the complex composition and 3D ultrastructure
of the ECM is highly desirable but methods of decellularization
result in some disruption of the architecture and potential loss
of surface structure and composition. Because the native ECM
guides organ development, repair and physiologic regeneration,
it provides a promising alternative to synthetic scaffolds. In
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summary, perfusion decellularization is a novel technology that
generates native ECM scaffolds with 3D anatomical architec-
ture and vasculature. These bioscaffolds can then be recellular-
ized to create potentially functional organs, through progressive
vessels into medium-sized

flow from large

arterioles [20-23].

branching

Biohybrid scaffolds

One of the main mechanisms by which cellular therapy could
bring functional benefits would be that the implanted cells
should provide a supporting ‘band-aid’ scaffolding effect, which
can limit the spread of the infarcted area, preventing excessive
remodeling and dilatation of the ventricle.

On this direction, we created the European Consortium
RECATABI (Regeneration of Cardiac Tissue Assisted by Bioac-
tive Implants) [201), where the main goal was to develop a bio-
engincered  platform  and  obtaining newly  designed
biodegradable and semi-degradable scaffolds (constructs) to
support implanted stem cell survival and mobilization into the
ischemic tissue, promoting slow progressive tissue remodeling
and tssue replacement with minimal ventricle dilatation.
RECATABI is an interdisciplinary group of experts in areas
such as material sciences, tissue engineering, stem cell technolo-
gies and clinical cardiovascular research, integrating and syner-
gizing their capacities in order to obtain a simple one-time
patch technology application.

This was accomplished by fabricating nanoscale-engineered bio-
materials and scaffolds to match the exact biomechanical and bio-
physical requirements of the implanted tissue. The goal of this
bioactive construct is to induce rapid vascularization to ensure tissue
remodeling and regeneration into a newly functional myocardium.

Bioactive implants were developed combining self-assembling
peptide  [24], and
cells [17.182526]. These biohybrid scaffolds are basically created
introducing adipose mesenchymal stem cells (MSCs) and self-
assembling peptide nanofibers inside a porous elastomeric

new elastomeric membranes stem

membrane. In this way, the membrane acts as carrier but most
importantly, protects mechanically the cells into the soft nano-
fiber scaffold or hydrogel, creating cell niches.

The biohybrid tissue-engineered scaffolds developed by the
RECATABI Consortium were the following:

* Non-degradable polymer: porous ®
membrane of poly ethyl acrylate
(PEA), with  self-
assembly nanofibers peptide hydro-

associated

gel (FIGURE 2).

e Partially degradable polymer: capro-
lactone  methacryloxyl ethyl ester
(CLMA) and hyaluronic acid mem-
branes, associated with self-assembly
nanofibers peptide hydrogel (Ficure 3).

Biomaterials for cardiac tissue engi-
neering need to feature biocompatibility

Box 2. Challenges in myocardial tissue engineering.

It is difficult to repair a large myocardial scar

Extracellular matrix degradation and myocardial fibrosis contrib-
ute to progressive ventricular dilatation in heart failure patients

Materials selected for myocardial tissue engineering associ-
ated with stem cells should provide adequate niches for cell
survival, multiplication and differentiation

The therapeutic limitation of heart dilatation and the recov-
ery of the native elliptical shape of ventricular chambers are
key prognostic factors for patient’s survival

Complete biodegradation of grafted scaffolds may compro-
mise long-term limitation of post-ischemic ventricular
remodeling

ECM: Extracellular matrix; HF: Heart failure.

and mechanical properties to be elastic enough to match the
myocardium contraction—distraction activity to allow deep
structural and functional biointegration. Thus, ‘viscoelasticity’
is a key physical factor in the selection of materials for myo-
cardial tissue engineering, stiffening of ventricular chambers
can be related with systolic and diastolic dysfunctions, pro-
gressing to HF. Therefore, we evaluated viscoelastic proper-
of biohybrid scaffolds,
properties [101].

To progress from bench to bedside, small animal studies
were followed by the application of biohybrids on large animal
ischemic models. Specific readjustments were taken care of in

ties results showed mechanical

order to scale up the implant, since the increase on the mem-
brane size might affect self-assembling peptide distribution into
the elastomeric membrane as well as the amount of seeded
stem cells and their survival capacity.

Technically, the bioactive implants were successfully
attached by surgery to the infarcted areas. The application of
bioactive implants on infarcted sheep hearts showed
enhanced parameters of systolic and diastolic functions in a
6-month trial. LV chamber dilatation was reversed and
infarct size was reduced in treated animals (Ficure 4). In addi-
tion, MRI showed in the biohybrid scaffold group a signifi-
cant reduction of the infarct volume related with the LV

myocardial mass (Ficure 5).

Figure 2. Microscopic images of the poly ethyl acrylate scaffolds with cylindrical
orthogonal pores. (A) SEM image, cross-section. (B) SEM image, surface.
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Figure 3. Microscopic images of the caprolactone methacryloxyl ethyl ester scaf-
folds with spherical pores. (A) SEM image, cross-section. (B) SEM image, surface.

Electrophysiology of cardiac scaffolds

Electrical impedance has shown to be an effective indicator of
myocardial tissue characteristics. Significant modifications have
been demonstrated during myocardial ischemia and in infarct
scars. Electrical resistivity (also known as specific electrical
resistance or volume resistivity) is a measure of how strongly a
material opposes the flow of electric current. A low resistivity
indicates a material that readily allows the movement of electri-
cal charge. The SI unit of electrical resistivity is the ohm ().

Electrophysiological studies were performed implanting two
electrodes into the opposite borders of elastomeric scaffolds and
of a collagen type I matrix, electrodes were connected to a Pac-
ing System Analyzer Model 5311 (Medtronic Inc., MN, USA).
Bipolar charge balanced electrostimulation was delivered just
for testing, electrical impedance was assessed.

Results showed that all the evaluated materials present elec-
trical conduction properties (i.e., resistance) similar to those
encountered with cardiac tissues, thus these scaffolds have the
potential to be used for myocardial substitution (Tasie 1).

Stem cell differentiation in 3D systems

Undifferentiated stem cells reside within differentiated tissues
and can become specialized cell types when they received signals.
Stem cells have the ability to differentiate into various types of
lineages which makes them attractive for the creation of bioartifi-
cial myocardium when seeded in specific scaffolds [34].

Stem cell differentiation can be achieved by extrinsic
physical stimuli (electrostimulation, magnetic fields), cyclic
compressive strain as well as by chemical (cytokines) and
biological/genetic ~ stimuli ~ (cell  co-cultures,  genetic
manipulations) [27-31]. Experimental studies demonstrated

Table 1. Electrophysiological studies of biohybrid

scaffolds compared with normal myocardium.

340 440 300-700
2.94 2.1 2

Impedance (Q) 230

Current (mA)  4.35

Pacing pulse; 1.0V, 0.5 ms
CLMA: Caprolactone methacryloxyl ethyl ester; PEA: Poly ethyl acrylate.

that electrostimulation of cell-seeded
collagen matrix changed stem cell
morphology and biochemical charac-
teristics, increasing the expression of
cardiac markers [32.33]. This precondi-
tioned  biological scaffold
could be useful for myocardial sup-
port and regeneration [102].

Thus, electrostimulation seems to be
a safe method to induce physical and

biochemical changes in stem cells mov-

matrix

ing toward cardiac cells without using
any demethylating agents or viral vector,
representing a safe alternative to drugs
like 5-azacytidine (5-azaC; a nucleoside-based DNA methyl-
transferase inhibitor that induces demethylation and gene reac-
tivation) and chemical cytokines (Box 3) [3435].

On another approach, it was shown that the functionali-
zation of collagen scaffold with RGD molecule allows ter-
minal differentiation of neonatal rat cardiomyocytes. Thus,
an efficient and stable contractile tissue could be elaborated
without the need of tumoral extracts such as Matrigel. In a
regenerative matrix model combined with RGD peptides, a
spontaneous differentiation toward a contractile cell pheno-
type such as myofibroblasts [36] was observed.

Translational research

Cardiac support bioprostheses for myocardial regeneration
& ventricular remodeling

HF patients develop oversized, dilated hearts due to increased
filling pressures. Over time, the increased workload of the heart
can lead to a change called remodeling, which is the chamber
enlargement and wall thinning of the ventricles. The failing car-
diac muscle need to be supported to decrease the ventricular wall
stress. For example, biological approaches like latissimus dorsi
(LD) cardiomyoplasty have been used for ‘ventricular support
therapy’ (103]. Limitation of cardiac enlargement and reduction in
mechanical ventricular wall stress was observed experimentally
and clinically in cases treated with LD dynamic cardiomyoplasty,
a biological support/restraint therapy in which the heart is
wrapped by the electrostimulated LD muscle [3738]. This autolo-
gous source of circulatory assistance in which an electrically
stimulated grafted skeletal muscle works in concert with myocar-
dium requires a rather long and complex surgical procedure. For
this reason, less invasive alternative approaches have been pro-
posed like ventricular restraint therapy using polyester or nitinol
devices and more recently biological approaches for myocardial
support and regeneration such as stem cell transplantation associ-
ated with tissue-engineered scaffolds.

Synthetic mesh wrap devices have been clinically implanted
around the heart; these devices are intended to prevent and
reverse the progression of HF by the limitation of heart dilata-
tion. Two devices were investigated: a polyester net-like sack
designed for placement around the heart fabricated into a mul-
tifilament mesh knit (CorCap device, Acorn); and a nitinol
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mesh for ventricular wrapping (HeartNet (&)
device, Paracor). Permanent implantation
experience of both synthetic devices
showed lack of improvement of systolic
function, without evidence of myocardial
healing and adverse effects like restriction
in diastolic function, probably due to for-
eign body reaction fibrosis [39.40).

Recently, the RECATABI European
Study demonstrated the feasibility and
safety of bioactive implants manufactures
with PEA and CLMA for the treatment
of myocardial infarction in large animal
models. Bioactive implants improved sys-
tolic and diastolic functions, reducing
adverse cardiac dilatation. Better results
were obtained combining semi-degradable
CLMA material with a non-degradable PEA trellis mesh net.
No inflammatory reaction was observed after long-term
implantation of both materials; in addition, grafted marked
stem cells have been found in histological studies of small and
big experimental treated animals. These cells were localized at
6 months follow-up in bioactive implants, in infarcted myocar-
dium and in vessels’ wall. Stem cells actively migrate from the
biohybrid scaffold to the host cardiac tissue (Ficure 6).

Bioprostheses for left and /or right ventricular wrapping
Our proposal is to create bioprostheses using biohybrid scaf-
folds for adapted ventricular wrapping. Devices are designed
for LV and/or right ventricular (RV) support and regeneration,
including different sizes for partial or complete ventricular
wrappings. The implant characteristics (mechanical, physical,
chemical, biological) are adapted for the LV or the RV geome-
try, physiology and pathology.

For example, for biventricular HF patients, bioprostheses are
made using the same semi-degradable material to wrap both
ventricles; for RV failure cases, bioprostheses are made using
high rate of biodegradable material for the normal LV; and for
LV failure cases, bioprostheses are made of high rate of biode-
gradable material to wrap the normal RV (Fieurs 7).

Helical loop to restore ventricular shape & function

The anatomical model proposed by Torrent-Guasp et 4/. [41] con-
siders the heart one muscle band plied in a double helical loop,
this explains how the ventricles contract and get an efficient
pumping in every heartbeat, achieving an ejection fraction of the
60% when sarcomeres individually contract 15% only [42).

Our studies lead to the creation of semi-degradable
‘ventricular support bioprostheses’ designed with the concept of
‘helical myocardial bands’ [101). Bioprosthetic helical loops follow
the anatomical heart configuration (native muscular ventricular
bands) beginning at the insertion of the pulmonary artery in the
RV and ending at the aortic valve annulus. In cases of severe
heart dilatation, double basal and apical ventricular helical loops
could be used to restore conical shape (Froure 8). The role of helical

Figure 4. Pathological studies after myocardial infarction. (A) Heart macroscopic
view showing a large left ventricular myocardial scar (encircled) following experimental
infarction without treatment (sheep control group). Follow-up at 6 months. (B) Small
infarct scar including islets of regenerated myocardium (encircled) in a heart treated with
bioactive implant (caprolactone methacryloxyl ethyl ester scaffold patch with self-
assembly peptides and adipose mesenchymal stem cells). Follow-up at 6 months.

myocardial band is to limit LV dilatation, preserving elliptical
shape, and contribute to systolic contraction and diastolic filling
(suction mechanism generated by a piston-like downstream
motion) [41,42].

Artificial prosthetic helical bands are a complement of ven-
tricular support bioprostheses. These myocardial bands might
be repopulated with MSCs or cardiac stem cells. Afterward,
cardiomyogenic cell differentiation could be induced by physi-
cal approaches like electrostimulation and/or cyclic compressive
strain (from the heart contractions).

Expert commentary

Tissue engineering and nanobiomaterials (containing nanopar-
ticles smaller than 100 nm) emerge as new therapeutic tool
becoming a promising way for the creation of ‘Bioartificial
Myocardium’. Biohybrid scaffolds have been implanted onto the
heart for cardiac support and myocardial regeneration, these
implants should provide a suitable environment for cell homing,
growth and differentiation, as well as mechanical support to the
heart. Semi-degradable nanofibers should allow the implanted
cells to progressively interconnect, organize and contract. Partial
degradation of the elastomers forming the implants should

®

Infarct Infarct + scaffold

Figure 5. MRI of infarcted sheep, 6 months follow-up. MRI
was performed after 10 min gadolinium injection. (A) Without
treatment: an infarct volume of 15% related to left ventricular
myocardial mass. (B) Treated with biohybrid scaffold: an infarct
volume of 5% related to left ventricular myocardial mass.
Arrows: white myocardial infarction area stained by gadolinium.
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Box 3. Methods to induce cardiomyogenic cell

differentiation.

Chemical: cytokines, 5-azacytidine.

Biological: stem cell co-cultures with cardiomyocytes.

e Genetic engineering.

Physical: electric stimulation, magnetic fields, mechanical
stimulation (cyclic compressive strain).

reduce the risk of development of chronic fibrosis involved in the
restriction of diastolic function. Electrostimulation seems to be a
safe method to induce physical and biochemical changes in iso-
lated stem cells and in scaffolds repopulated with MSCs, moving
toward cardiac cells.

New cells have been evaluated for regenerative cardiology
like MSCs originating from adipose tissue. Theses cells can
be found in a high concentration per ml tissue and can be
easily harvested by liposuction [1643). Induced pluripotent
stem cells (iPSCs, potentially autologous) and embryonic
stem cells (ESCs) are promising cell sources for myocardial
tissue engineering [4445]. Also non-embryonic parthenogenetic
stem cells (PSCs) can be directed toward the cardiac lineage
and applied to tissue-engineered heart repair [46]. Recognition
of the existence of cardiac stem cells and of the ability of
mature myocytes to re-enter the cell cycle and proliferate has

DAPI + fluorescent cells

DAPI stain Fluorescent cells

Figure 6. Left ventricular myocardial infarction in sheep treated with biohybrid
scaffolds. Histochemical studies at 6 months. Left pictures show DAPI marked cells into
infarcted areas. Central pictures show previous labeled fluorescent adipose stem cells in
the same infarct areas. Right pictures show DAPI cells superimposed with fluorescent
adipose stem cells. These cells are integrated into vessels walls (angiogenesis) within the

infarct zone.
DAPI: 4',6-diamidino-2-phenylindole.

motivated the development of new approaches to regenerative
cardiology [47.48). In this direction, clinical trials are in prog-
ress like the SCIPIO trial using autologous cardiac stem
cells 491 and the CADUCEUS trial using cardiosphere-
derived cells [50].

Among paracrine factors, that could be responsible for
the beneficial effect of the stem cell therapy, the most sig-
nificant are believed to be VEGF, IGF-1 and basic fibro-
blast growth factor that interestingly are upregulated by
hypoxia. In fact, it has been demonstrated that hypoxic pre-
conditioning of stem cells prior to implantation, promotes
their therapeutic potential as determined by their proangio-
genic properties [51,52].

The use of MSCs as potential ‘universal donor cells’ should
be carefully evaluated (6. Some genetic abnormalities have been
described for in wvitro expanded MSC. Different methods
should be applied to overcome the problem of karyotype insta-
bility and a universal protocol for identification of the same is
warranted, to exclude cells carrying chromosomal abnormalides
for clinical application [s3].

Autologous human serum has been proposed for cell cultiva-
tion and expansion; this serum can be obtained by plasmaphe-
resis. This approach avoids the antigen—antibody reaction and
inflammatory reactions caused by heterologous proteins, and
cell destruction as a consequence of the repeated lavages. In
addition, cells cultured can be performed
without the risk of contaminadon by
prion disease, viruses and zoonosis inher-
ent to the use of fetal bovine serum. To
avoid the preparation of large volumes of
autologous serum, it can be only used in
the last-passage of cell cultures [5455].

Five-year view

Biohybrid nanomaterials are in develop-
ment to be used as scaffolds for patho-
logic  myocardium.  Some  show
considerable interest, for example, semi-
degradable materials like CLMA and
self-assembling peptides (that produce
nanostructures), all reinforced with a
PEA trellis mesh netting. Bioactive patch
carrying stem cells embedded in a self-
assembling nanofiber network demon-
strated good cell survival, regular cell dis-
tribution and to properly deliver cells
into the ischemic cardiac tissue of small
and large animal models.

Bioactive molecules and nanobiotech-
nologies may contribute for the creation
of new bioprostheses for myocardial
regeneration and LV and/or RV support.
The properties of biohybrids could be

improved associating electrostimulation,
this might be a way to transform a
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passive scaffold effect into a ‘dynamic @ ©
ventricular support’.

Ventricular  bioprostheses  derived
from biohybrid scaffolds may reduce
the indication for heart transplantation
and the risk of death in chronic HF.
Long-term effectiveness studies of bio-
active implants evaluating the efficacy

to prevent HF progression are needed RV =
to guide future clinical translation.
Ventricular ~ support  bioprostheses
could be indicated as a single proce-
dure or after ventricular restoration Figure 7. Ventricular support bioprostheses for cardiac wrapping. (A) For biven-
surgery or the Revivent myocardial tricular heart failure patients, where bioprosthesis is made of the same biohybrid mate-

rial for both ventricles. (B) For RV failure patients, where bioprosthesis is made of
elastomeric membrane for the right side and of biodegradable material for the normal
o o ; . left heart. (C) For LV failure patients, where bioprosthesis is made of elastomeric mem-
both in vivo and in vitro biomedical brane for the left side and of biodegradable material for the normal RV.

research and applications [s657). The LV: Left ventricle; RV: Right ventricle.

size¢ of nanomaterials (containing

nanoparticles smaller than 100 nm) is similar to that of most and therapy, the integration of nanomaterials with biology has
biological molecules and structures of human body. Nanobio- led to the development of diagnostic devices, contrast agents
technology tools are progressing in areas of diagnosis, imaging for cell imaging, analytical tools, nanoelectronic biosensors,

anchoring system.
Nanomaterials can be useful for

®

Figure 8. Bioprostheses are reinforced by helical loops made of a band of semi-degradable polymers to recover the conical
shape of dilated spherical ventricles. (A) Single helical loop: For moderate heart dilatation, a single apical loop is used to wrap ven-
tricles, starting at the level of the left atrial appendage and ending at the aortic root. (B) Double helical loop: For severe heart dilatation,
double basal and apical ventricular helical loops are used to restore conical shape and to improve systolic and diastolic functions.
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physical therapy applications, drug delivery vehicles and devel-
opment of biohybrid materials for cardiac support and myocar-
dial replacement (58-60]. The main challenges the
development of nanotechnologies seem to be related to fabrica-
tion strategies, biocompatibility, toxicity as well as environmen-

in

tal, ethical and societal impacts.

Bioartificial organs are in development in view of the limita-
tions of the donor’s pool for organ transplantation. Decellurar-
ized bioscaffolds from donor
recellularized again using cells from recipients to create poten-

organs or tissues can be
tially functional organs. Pursuing the studies on nanostructured
biomaterial strategies for the treatment of ischemic heart dis-

ease, should be important to progress from bench to bedside.
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Key issues

Cardiac remodeling following myocardial infarction is one of the most common causes of heart failure (HF), cardiomyocyte death and
scar formation modulate cardiac remodeling. Ischemic heart disease may progress inducing geometric alteration of the ventricular cavity,
the original left ventricular (LV) elliptical chamber geometry becomes spherical. Heart dilatation is a negative symptom in the evolution
of HF patients, related with morbidity and mortality. The underlying concept of rebuilding the ventricle by ventricular restoration is sug-
gested to be reconstruction of form, rather than focusing on only the underlying disease.

Tissue engineering and nanobiomaterials (containing nanoparticles smaller than 100 nm) emerge as new therapeutic tool becoming a
promising way for the creation of ‘bioartificial myocardium’. Biohybrid scaffolds are basically created introducing stem cells and self-
assembling peptide nanofibers inside a porous elastomeric membrane. In this way, the membrane acts as carrier but most importantly,
protects mechanically the cells into the soft nanofiber scaffold or hydrogel, creating cell niches.

Biohybrid scaffolds carrying stem cells embedded in a self-assembling nanofiber network demonstrated good cell survival, regular cell
distribution and to properly deliver cells into the ischemic cardiac tissue of large animal models. The implanted stem cells started active
migration into the host tissue suggesting that it could contribute to induce regeneration, angiogenesis and cardiac tissue neo-formation,
improving systolic and diastolic functions, limiting therefore adverse remodeling of ventricular chambers.

Biohybrid scaffolds and nanobiotechnologies may contribute for the creation of cardiac wrap bioprostheses for myocardial regeneration
and ventricular support that may reduce the risk of HF progression and cardiac death. Ventricular support bioprostheses could be indi-
cated as a single procedure or following ventricular restoration surgery or the Revivent myocardial anchoring system.

Ventricular support bioprostheses are designed with the concept of ‘helical myocardial bands’, following the anatomical heart
configuration, where muscular ventricular bands provide conical configuration to LV chamber, beginning at the insertion of the pulmo-
nary artery in the right ventricle and ending at the aortic valve annulus. For severe heart dilatation, double basal and apical ventricular
helical loops are used. The role of myocardial band is to limit ventricular dilatation, preserving elliptical shape and contribute to systolic
contraction and diastolic filling (suction mechanism). These myocardial bands may be repopulated with mesenchymal stem cells or car-
diac contractile cells, afterward the construct might be electrically coupled to the host myocardium.

Stem cell differentiation can be achieved by extrinsic physical stimuli (electrostimulation, magnetic fields), cyclic compressive strain as
well as by chemical (cytokines) and biological/genetic stimuli (cell co-cultures, genetic manipulations). Chronic electrostimulated MSC
grafted in 3D scaffolds seems to be a way for the creation of bioartificial myocardium.

There is an increased demand for human organs to replace acute and chronically damaged tissues. This demand cannot be met by the
currently available pool of donor organs. Efforts to provide an alternative source have led to the development of organ engineering, a
discipline that combines progressive organ/matrix decellularization followed by cell perfusion for recellularization. These bioscaffolds can
then be used to create potentially functional organs.
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REPERES

REGENERATION. Parmi les nombreuses
voies de recherche explorées pour pal-
lier la défaillance d'un organe, et compte
tenu du fait que le nombre de greffons
(que ce soit la cornée, le rein, le foie, le
poumon, le cceur ou la moelle osseuse)
reste plus faible que le nombre de pa-
tients en attente de greffe, I'utilisation
de cellules souches embryonnaires sus-

santépossier

cite, amoyen oulong terme, de réels es-
poirs. Ainsi, des chercheurs frangais ont
ily a peuréussi, chezlerat, a faire se dé-
velopper en deux mois des cellules car-
diaques humaines, issues de cellules
souches embryonnaires, dans la zone
endommagée. Dans cet environnement
propice, les cellules souches se sont dif-
férenciées en cardiomyocytes et les tis-
sus cardiaques ont commencé a se ré-

générer. AMPHIBIENS. Des animaux
comme la salamandre ont la capacité de
régénérer spontanément certaines par-
ties de leur corps, ce qui n'est pas le cas
des oiseaux et des mammiféres. Les
chercheurs s'efforcent de découvrir les
commandes génétiques de cette régé-
nération spontanée. Ils ont déja montré
en laboratoire que des poulets par

CERVEAU. De nombreux travaux ont
également lieu pour tenter de régénérer
des neurones ou leurs prolongements
principaux, les axones, s'ils sont lésés.
Ces recherches pourraient trouver des
applications dans les maladies dégéné-
ratives du cerveau comme la maladie
d'Alzheimer ainsi que d'autres troubles
neurologiques. FOIE. Certaines équipes

tion de matrices artificielles sur ou dans
lesquelles pourraient proliférer diverses
sortes de cellules. Autre idée, dans le
cas du foie par exemple, pouvoir se ser-
vir de la matrice tridimensionnelle dé-
cellularisée de l'organe pour la repeu-
pler avec des hépatocytes, comme cela
a éte fait chez I'animal. Mais on est en-
core loin de pouvoir le réaliser chez

exemple avaient les génes nécessaires.

de recherche travaillent sur la réalisa-

Thomme.

J-L.N.

Face au manque de greffons,
le bond en avant des organes artificiels

Ils devraient permettre a terme d’offrir
une alternative a la transplantation.

MARTINE LOCHOUARN

GREFFES Face ala défaillance d'un orga-
ne qui met en péril la vie du malade, la
greffe s’impose souvent. Le recours aux
organes artificiels ou bioartificiels appa-
rait toutefois comme une alternative
pour pallier la pénurie chronique de gref-
fons, lorsqu’un cancer interdit le traite-
ment immunosuppresseur nécessaire
apres une greffe ou quand celle-ci n’est
pas faisable. Issus des techniques de sup-
pléance vitale, des biotechnologies et de
Tingénierie cellulaire, ces organes de
remplacement sont encore souvent a
I'état de projets portés par des chirur-
giens, des spécialistes d’organes, des réa-
nimateurs ou des scientifiques.

Le coeur artificiel suscite depuis long-
temps lintérét car la transplantation,
seul traitement curatif de I'insuffisance

« Le cceur Carmat,
développé avec le groupe
EADS, sera le premier
cceur implantable
bioartificiel »

PR JUAN CARLOS CHACHQUES
(HEGP, PARIS)

cardiaque avancée, se heurte a un man-
que criant de greffons. L’un des projets
phares est celui du coeur implantable du
Pr Alain Carpentier (HEGP, Paris),
«pere » des premiéres valves cardia-
ques en péricarde bovin, non immuno-
gene. « Le coeur Carmat qu’il développe
avec le groupe EADS sera le premier coeur
implantable bioartificiel, puisqu’il utilise
ces valves et que ses cavités sont aussi ta-
pissées de péricarde bovin », souligne le
Pr Juan Carlos Chachques, lui aussi

chirurgien cardio-vasculaire (HEGP,
Paris). Muni d’un systéme embarqué mi-
niaturisé tres sophistiqué, le Carmat
comprend la bioprothese implantée pe-
sant 900 g et des éléments externes por-
tables de monitoring et d’alimentation
électrique. Premiere implantation hu-
maine prévue fin 2011.

Comment stimuler

la régénération

Des tentatives trés novatrices ont été
menées par I'équipe hispano-améri-
caine de Doris Taylor, d’abord sur le

rat et tout récemment sur coeur hu-
main. Le coeur est d’abord perfusé par
des détergents qui éliminent les cellules
mais laissent intacte la matrice. « Cette
matrice de collagéne garde son architec-
ture et son systéme de valves, donc aussi
des fibres d’élastine, des polysaccharides...
Puis elle est ensemencée avec des cellules
cardiaques et endothéliales (1) qui recons-
tituent peu a peu l'organe. Chez le rat, le
cceur obtenu, maintenu sous perfusion, a
montré apreés quelques jours des contrac-
tions et une fonction de pompe rudimentai-
re », explique le Pr Chachques.

A partir d’une culture des propres cel-
lules du patient, on obtiendrait un gref-
fon parfaitement compatible. «II fau-
drait d’abord évaluer le risque lié au
détergent, réserver cette technique a des
ceeurs inutilisables pour la greffe, et la
tester en premier pour régénérer une zone
restreinte du coeur », estime le Pr Chach-
ques. Ce qu'il tente autrement sur le
myocarde de malades 1ésé par I'infarctus
enle recouvrant de « patchs » bioactifs a
base de cellules souches immobilisées
dans du collagéne ou des nanofibres,
pour stimuler sa régénération.

Rein et vessie:
une multitude de techniques

LA GREFFE, meilleure solution dans I'in-
suffisance rénale terminale, ne couvre
pas les besoins. Nombre de malades dé-
pendent d’hémodialyses trois ou quatre
fois par semaine pour épurer leur sang
des déchets qui passent a travers une
membrane dans un liquide de dialysat.
En dix ans, la technologie a beaucoup
progressé. « L’appareil sait désormais
capter et analyser de nombreux parame-
tres du patient pour adapter en continu la
dialyse, d’otl une meilleure tolérance phy-
sique. Les dialysats ultrapurs ont réduit
linfl tion, donc les plications.
Obtenues par nanotechnologie, de nouvel-
les membranes inertes au sang, aux pores
calibrés, permettent d’adapter la filtration
aux besoins, explique le Pr Bernard Ca-

Malgré des performances
supérieures, la dialyse ne
peut rivaliser avec le rein
qui fonctionne en continu

naud (CHRU Montpellier). A Uavenir, des
vaisseaux bioartificiels provenant de cel-
lules souches du patient, déja testés chez
quelques dialysés, pourraient permettre
d’améliorer I'acces veineux. »

Malgré ses performances supérieures,
la dialyse intermittente ne peut rivaliser
avec le rein qui fonctionne en continu.
« Il faut se rapprocher de la situation phy-
siologique, avec des dialyses plus longues,
plus fréquentes, donc développer des ma-
chines transportables, utilisables a domi-
cile et capables de régénérer le liquide de
dialysat, insiste le néphrologue pour qui
un rein artificiel implantable pourrait
bien voir le jour dans les dix ans qui
viennent. La taille du dialyseur, déja divi-
sée par dix en dix ans, va atteindre celle

d’un paquet de cigarettes. Si on résout le
probléme de I'accés au sang et de la coa-
gulation, son implantation en continu prés
de la vessie devient envisageable. »

Plus futuristes, des prototypes anglo-
américains de reins artificiels portables
régénérant le sang en continu ont été
testés quelques heures sur des patients.
Mais leur rendement reste faible et leur
sécurité incertaine. « Un usage courant
semble trés éloigné », estime le Pr Ca-
naud. Autre voie, le rein bioartificiel, in-
corporant des cellules rénales au dialy-
seur. Recréer un rein, trés complexe, a
partir de cellules souches semble encore
plus lointain...

En urologie, la vessie est parfois enle-
vée, comme lors d’un cancer. « Sa re-
construction a partir d’'un segment d’intes-
tin est devenue la régle et restaure avec de
trés bons résultats le réservoir vésical, ex-
plique le Pr Francois Haab (hopital Tenon,
Paris). Le développement de vessies artifi-
cielles a donc été délaissé, mais de récents
essais cliniques ont reconstruit, en partie
ou en totdlité, une vessie a I’aide d’une ma-
trice biologig ire s
avec des cellules vésicales du patient. »

Autre remplacement, celui du sphinc-
ter vésical, le muscle circulaire qui obtu-
re la vessie. « Dans I'incontinence urinai-
re sévere, la pose d'un implant
sphincterien gonflable comprimant le ca-
nal urétral, permet au patient d’uriner se-
lon ses besoins en appuyant sur une petite
pompe cachée sous la peau, indique I'uro-
logue. Quatre équipes, dont la nétre,
cherchent maintenant a restaurer la force
du sphincter naturel défaillant en y injec-
tant des cellules musculaires du malade.
Les résultats, encore hétérogénes, nous
font envisager plutot I'usage de cellules
moins différenciées. » m

M.L.

SQUELETTE REIN
Une structure externe Unrein artificiel implantable
qui s'attache sur le pres de la vessie épure le sang
corps renforce au cours des insuffisances
le squelette. rénales.
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JAMBE MAIN
Un stimulateur, Des microcapteurs
activé par un interprétent les
ordinateur, envoie informations envoyées

desimpulsions, via
des cables, a des
électrodes plantées
dansles musclesa
stimuler.

par le cerveau au muscle
absent. Des microproces-
seurs activent des
moteurs pour faire
fonctionner les doigts.

Un coeur totalement artificiel
pallie les graves insuffisances
cardiaques, sans appareillages
extérieurs. Il se recharge par
induction a travers la peau.

PANCREAS

Le débit d'une pompe ainsuline,
associée a un capteur mesurant
le taux de glucose, est réglé par
un ordinateur.

POUMON

Une technique de
décellularisation-

recellularisation permet de
reconstruire les poumons.

CEIL

Une caméra transmet les images
aun ordinateur porté a la ceinture.
Apres retraitement, elles sont
renvoyées vers le cerveau au
moyen d'électrodes.

Ilustration: Sophie Jacopin

CERVEAU

Limplantation d'électrodes,
ou d'une puce, dans une
partie lésée permet au
patient d'acquérir de
nouveau certaines facultes.

Comment les organes artificiels vont transformer le corps humain

La méme technique de décellularisa-
tion-recellularisation a permis I’an der-
nier a4 deux équipes américaines (Peter-
sen et Ott), en conservant I’architecture
pulmonaire et vasculaire, de reconstrui-
re des poumons chez le rat. Greffés, ces
poumons ont assuré durant quelques
heures les échanges gazeux avec le sang.
Mais nombre de questions sur le type de
cellules a utiliser, la fiabilité de la régeé-
nération et les mécanismes en jeu, de-
vront étre résolues avant un éventuel et
lointain passage a ’homme.

1l n’existe pas aujourd’hui d’alternati-
ve a la greffe pulmonaire : impossible
d’obtenir un systeme d’échanges gazeux
aussi efficace que le poumon qui déploie,
dans I’espace réduit de la cage thoraci-

que, une surface d’échanges de 70 m’.
Seules techniques disponibles, celles de
suppléance externe utilisées en réanima-
tion. « Les systémes de circulation extra-
corporelle permettent maintenant de faire
aussi de 'assistance pulmonaire en cas de
défaillance respiratoire grave. Mais cela
reste une technique de pointe, peu minia-
turisable, aux indications tres sélection-
nées, en attente de récupération ou de
transplantation », explique le Pr Alain
Combes (CHU Pitié-Salpétriére, Paris).
« Malgré d’importants progreés, cette as-
sistance demeure donc aujourd’hui tem-
poraire », précise le réanimateur.
Premiere mondiale, la greffe de bron-
che réalisée par le Pr Emmanuel Marti-
nod (hopital Avicenne, Paris) se heurtait

aune contradiction : un tissu bronchique
trés immunogene et 'impossibilité d’un
traitement immunosuppresseur chez un
malade cancéreux. « D’ou notre choix
d’utiliser un segment d’aorte dont la seule
couche immunogéne, 'endothélium, est
détruite par la cryopréservation, rendant
Iimmunosuppression inutile, explique le
chirurgien. Apreés mise en place, le seg-
ment, rigidifié par un stent, se recouvre
peu a peu d’épithélium bronchique par co-
lonisation a partir des extrémités de la
greffe. » La procédure va étre renouve-
Iée sur une série de malades tres sélec-
tionnée. m

(1) L’endothélium est la couche interne qui
tapisse I'intérieur des vaisseaux et du coeur
et se trouve au contact du sang.

Vers des pancréas et des foies de substitution

Dans les

essais meneés

a I'hopital,

ce pancréas

artificiel divise

par cinq

le risque

d’hypo-
glycémie

PR ERIC RENARD,
CHU MONTPELLIER

CERTAINS organes assurent
aussi une fonction de synthese.
Par exemple, le pancréas dont
les ilots de Langerhans sécretent
Tinsuline, qui régule avec une
infinie précision le taux de glu-
cose dans le sang. « Des greffes
d’ilots permettent a certains dia-
bétiques, transplantés rénaux ou
dont les hypoglycémies séveres
menacent la vie, de stabiliser leur
diabéte et souvent d’interrompre
les injections. Mais c’est au prix
d’une immunosuppression, et la
production d’insuline des greffons
diminue souvent au fil des ans »,
explique le Pr Eric Renard (CHU
Montpellier).

Parmi les alternatives, le
pancréas artificiel. « Il associe
une pompe a insuline et un cap-
teur qui mesure le taux de gluco-
se en continu, avec un algorith-
me, un programme complexe
géré par ordinateur qui régle en
permanence le débit de la pompe
en fonction du capteur. »

Reste a mimer au mieux la
physiologie. «Le capteur de
glucose placé sous la peau a un
court délai de latence sur le taux
de glucose sanguin, ce qui rend
délicat I'équilibre de la glycémie
apres les repas, et I'insuline, dé-
livrée aussi sous la peau, deman-
de un petit délai pour diffuser
Jjusqu’au sang », explique 'hé-

patologue. Toute la difficulté,
c’est d’élaborer un algorithme
qui prenne bien en compte ces
contraintes. « Dans les essais
menés a ’hopital, ce pancréas
artificiel divise par cinq le risque
d’hypoglycémie. Nous allons lan-
cer un essai a domicile, de nuit,
otL ce risque est le plus élevé, avec
une plate-forme de télémonito-
ring permettant de surveiller et
d’intervenir a distance sur le sys-
téme. » Ce projet européen de-
vrait aboutir dans les trois ans.

L'objectif : encapsuler
des ilots humains

Autre piste, le pancréas bioarti-
ficiel. La greffe d’ilots de porc
encapsulés a été abandonnée a
cause du risque d’obstruction et
la nécessité d'un traitement im-
munosuppresseur limite celle
d’ilots humains. « L’objectif se-
rait d’encapsuler des ilots hu-
‘mains pour réduire les réactions
i itaires, donc I’
suppression nécessaire. Des re-
cherches trés préliminaires éva-
luent pour cela des membranes
proches de celles du rein artifi-
ciel, perméables au glucose et a
linsuline mais pas aux anti-
corps. » Quant a la différencia-
tion de cellules souches en ilots
de Langerhans, elle est beau-
coup plus problématique...

Organe complexe de trans-
formation, de stockage, de syn-
these et de filtration, le foie pose
encore plus de problémes. « I
n’existe pas aujourd’hui de sup-
pléance hépatique efficace, ca-
pable de remplacer la greffe de
foie, explique le Pr Didier Sa-
muel (hopital Paul-Brousse,
Villejuif). Des systémes artifi-
ciels de dialyse a I’albumine per-
mettent de détoxifier le plasma
de patients en insuffisance hépa-
tique sévere, et parfois de passer
un cap dangereux. Mais ils ne
remplacent pas les autres fonc-
tions du foie, que seules des cel-
lules humaines peuvent assu-
rer. »

Des dispositifs de foie bioarti-
ficiel extracorporel a base de
cellules hépatiques cultivées
sont en essais cliniques tres pré-
liminaires aux Etats-Unis et en
Chine. En France, Cécile Legal-
lais (CNRS, UTC Compiégne) a
développé un bioréacteur per-
mettant de cultiver des hépato-
cytes encapsulés dans des fibres
creuses d’alginate, qui restent
fonctionnels plus de quinze
jours. « Un projet commun avec
I’équipe de Villejuif devrait nous
permettre de I’évaluer assez ra-
pidement en clinique », espere-
t-elle.m

M.L.
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