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Abstracts 

[1] A NEW APPROACH TO TREAT ISCHEMIA IS TO 
ENHANCE THE BIOAVAILABITY OF ENDOGENOUS 
AND NATURALLY PRESENT GROWTH FACTORS.  

D.Barritault, P.Desgranges, J.Gautron, H.Yamauchi*, 
D. Loisance*,G.Zakine°, J.C. Chachques°, A. Carpentier°, 

D Papy, J.P Caruelle 

Laboratoire CRRET, CNRS FRE 2412, Université Paris 12,  
Ave Gal de Gaulle F94000 Créteil ; *Centre de Recherche 
Chirurgicales Université Paris 12.fr Hopital H. Mondor 

F94000 Créteil ; °Departement de Chiruirgie Cardiovaculaire 
Broussais Hospital, Rue Didot F75014 Paris 

Optimization of local delivery of angiogenic growth 
factors for the treatment of myocardial ischemia has 
been well documented in various animal models, and 
clinical trials are now in progress. Our strategy was 
radically different, based on a selective protection of 
some of the growth factors naturally present within the 
injured tissue. This protection was obtained by applying 
a chemically engineered polymer named RGTA and 
designed to mimick the protective, stabilizing and 
potentiating properties of heparan sulfates towards 
heparin-binding growth factors (HBGF) such as 
FGF,VEGF,PDGF or TGFbeta. RGTA stands for 
ReGeneraTing Agent and was adapted to enhance in 
vivo the bioavailabity of the HBGF naturally released in 
a spacio-temporal manner at the site of injury. When 
applied locally RGTA stimulated tissue repair to a 
quality reminding that of original tissue. The effect of 
RGTA treatment in several injury models including 
skin, bone, muscle, nerve, digestive tractus etc… have 
been reported. Here we show that RGTA prevented 
most of the damages resulting from acute muscle 
ischemia: 1) in an ischemic and denervated EDL muscle 
from adult rat 2) in acute myocardial infarction induced 
in pigs by ligation of the left circumflex artery 3) in a 
dynamic cardiomyoplasty model in sheep.  

Ischemic and denervated EDL muscle treated with a 
unique injection of RGTA differed from controls after 
one week on several aspects a)the epimysial 
postinflammation reaction was inhibited and the area of 
fibrotic tissue is reduced, b)the peripheral zone, as 
measured by the number of intact muscle fibers, was 
increased by more than twofold, c) in the central zone 
RGTA enhanced the regeneration of the muscle fibers, 
d) muscle revascularization was enhanced and resumed 
central routes as opposed to collateral routes induced in 
none RGTA treated controls. 

Cardiac muscle injected with RGTA in the center of 
the infarcted area one hour where studied  three weeks 
later. We observed, a) recovery of 84% of the initial left 
ventricular ejection fraction (while saline injected were 
only at 55% in saline-treated controls), b) an almost 
50% reduction in the infarct size, c) a reduction in 

fibrotic tissue formation, d) significant preservation of 
myocytes, and  e) an increase in the number of blood 
vessels. 

RGTA or bFGF or VEGF were locally and weekly 
administrated during one month after cardiomyoplasty 
using the left LDM. At 3 months angiographic 
demonstrated hypervascularisation due to the 
development of new vessels in all animals. 
Histomorphometric and histological studies showed a 
significant increase in the number of capillaries and 
arterioles in the groups treated with bFGF : 443+/-101 
*, RGTA : 293+/-29, VEGF : 246+/-46, compared to 
the control group : 81.5+/-11. A significantly lower 
atrophy score was observed in the groups treated with 
bFGF : 1.49+/-0.19 *, RGTA : 1.59+/-0.18 *, and 
VEGF : 1.96+/-0.14 compared to the control group : 
2.48+/-0.17. (* = p<0,05). 
The treatment of ischemic muscles with RGTA would 
have should have the clear advantages over other 
therapies such as growth factor, gene or cell transplants, 
of being based on a stable, simple, none toxic and easy-
to-develop chemical product. 

[2] OPCABG PLUS SIMULTANEOUS AUTOLOGOUS 
STEM CELLS IMPLANTS. FIRST WORLD CASE 

REPORT 

F Benetti, J Diez, A Patel*, R Fernandez Vina, M Fernandez 
Vina°, L Geffner, M Zappetti, A Zappetti 

Benetti Foundation, *Department of Surgery, Baylor 
University Medical Center, Dallas, °Department of Oncology, 

Georgetown University Medical Center, Washington, USA; 
Director Histocompatibilty Laboratory Naval Medical Research  

Institute - Georgetown University, Kensington, MD, USA 

A 63 years old male overweighed patient, with severe 
Chronic Obstructive Pulmonary Disease, ex smoker, 
dyslipidemic, suffered a 2nd episode of acute 
myocardial infarction with pulmonary edema, remaining 
a post acute myocardial infarction angina. He had a 
100% obstruction at the proximal end of LAD, Cx with 
a 70% obstruction at its middle part and diffusely 
clogged.. His left ventricular function (LVF) severely 
decreased due to hypokinetic septum and lateral wall, 
along with akinesia of anterior, medial and apical 
segments, his ejection fraction (EF) being 25%. His 
Parsonet score was 14. 

Under general anesthesia he was turned to ventral 
lying, then 2,500 U of Heparin were given and some 
bone marrow was extracted from both iliac bones. As it 
was not enough some more was extracted from the 
sternum once he was turned to dorsal lying.  

The stem cells were separated by centrifugation, 
reinfusing the red blood cells left. The stem cells 
solution was treated to obtain a rise in mononuclear 
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cells concentration (18x10e7), 200/ml of which resulted 
positive to CD34 marker, reaching a total amount of 
12x10e6. The total volume of this solution was 60 ml 
and it was injected 4 hours after harvesting using a 21G 
needle with a stop at 7 mm for the ventricular thickness 
was 11 mm. 

In the meantime he was being operated on his 
coronaries grafting the LIMA to the LAD and a vein to 
the Cx, without pump machine (OPCABG). The heart 
was mechanical stabilized and the exposure was helped 
by the vacuum sucker exposure. 

Hemodynamic, respiratory and haemostatic evolution 
was as usual in OPCABG. His temperature was 37º5 C 
along the 2 first days after operation. Small pericardial 
effusion was noted. The analgesics needs were greater 
than in OPCABG mostly due to the iliac punctures 
according to the patient’s comments. 

28 days after surgery the exercise tolerance test (ETT) 
was normal and the echocardiogram showed an EF of 
53% (increasing 112%), good global wall motion and 
contractility in septum and both anterior and lateral 
wall, good thickening of septum and posterior wall. The 
small pericardial effusion persisted. 

The patient is currently NYHA I, and no arrhythmic 
episode were reported. 

CD34 positive cells are one of the most 
undifferentiated ones therefore they are the most 
pluripotential. The high concentration of CD34 positive 
cells could probably be important to success in the 
implantation since it seems that it may be determinant to 
induce cytogenesis.  

The small increase in the patient’s temperature and the 
pericardial effusion are regarded as inflammatory 
responses to the implant, therefore they were expected 
as a favorable event.  

The improvement on his clinical condition (currently a 
symptomatic), the rise in his EF, the improvement of his 
contractility and his better ETT do not allow us yet to 
determine whether they are due to the coronary surgery 
or to the stem cells implantation. 
Thus further research is still to be done on this subject. 

[3] PHYSIOLOGICAL BASIS OF SKELETAL MUSCLE 
BASED CARDIAC ASSIST-MECHANOGRAM 

U. Carraro 

Laboratory of Applied Myology, Italian C.N.R. Institute of 
Neuroscience, Unit for Neuromuscular Biology and 

Physiopathology, c/o Department of Biomedical Sciences, 
Padua Medical School, University of Padova, Italy 

The value of dynamic cardiomyoplasty has been 
brought into question by disappointing results produced 
by slow contraction-relaxation cycle and possibly 
degeneration of the latissimus dorsi muscle (LD) 

secondary to temporary tenotomy and chronic daily 
electrical stimulation. Objective of our study is to 
determine whether daily periods of rest introduced by 
demand stimulation in the continuous contraction 
protocol produce systolic assistance and improve 
clinical results. 

Periods of LD inactivity, each lasting several hours, 
were daily introduced by a heart rate-based demand 
regime. To avoid full transformation of LD, fewer 
impulses per day have been delivered, daily providing 
the LD with long periods of rest (Demand light 
stimulation). The contractile properties have been 
measured by transcutaneous non-invasive LD 
tensiomyogram interrogation (LD tensiomyogram). Bio-
Girdle activation was synchronized to heart’s beat by 
combining tensiomyogram and echocardiography.  

Demand Stimulation Regime. Demand stimulation 
protocol was introduced to avoid or reverse complete 
LD girdle slow-contraction transformation caused by 
continuous electrical stimulation. After a healing period 
of 10-14 days, the LD was stimulated with a single 
impulse at a 1:3 synchronization ratio all over the 
“conditioning” period. In practice, an impulse 
(amplitude <5 Volts and duration of 1.5 msec) was 
added every week at a 23 msec pulse interval (43 Hz) 
for a final burst of four impulses. This continuous 
regime of burst stimulation lasted from six up to twelve 
months. Then the patients, not considered to have 
indications for bradycardia pacing, were submitted to 
the “demand regime”. The other patients in the study 
were switched to the demand stimulation after longer 
periods of continuous electrical stimulation. To provide 
LD girdle daily periods of rest, 24-hour Holter study 
was performed to determine the average heart rate 
during sleeping hours. Since commercial stimulators do 
not provide the option to intermittently rest the LD 
girdle, we took advantage of a safety option (either 
Sense or Pace) of the Transform, Model 4710 
(Medtronic, Inc., Minneapolis, MN, USA), which 
discontinues LD activation when eventual arrhythmic 
episodes activate heart pacing. The pacing parameters of 
the cardiomyostimulator were programmed at a rate of 
70-80 bpm with minimum pulse amplitude (<1 Volts) 
and pulse width (<0.05 msec). The muscle output was 
programmed to “Sense”. Programmed in this way, 
muscle output will occur at the programmed 
synchronization ratio only with sensed cardiac events, 
not paced events. The net result is that muscle 
stimulation is largely inhibited during resting hours and 
occurs regularly at the programmed synchronization 
ratio during active hours. Thus, an activity-rest, or 
“demand” stimulation regime is provided [1]. 

LD Tensiomyogram. Each subject’s LD girdle 
function is monitored bedside using a standard 
polygraph (MegaCart or Mingophon, Siemens Elema, 
Solna, Sweden). The ECG, heart sounds and pressure 
changes due to LD contraction and relaxation are 



 - 247 -

recorded simultaneously [2].  Placed at the location of 
the rib window through which the LD enters the 
thoracic cavity, the pressure transducer, which is 
traditionally used to monitor apical motion, records the 
LD motion.  We determine the following parameters: i) 
the activation threshold of the LD contraction, ii) the 
duration of the mechanical event of the LD girdle 
contraction and relaxation, iii) the dynamic contractile 
characteristics of the LD based on assessment of the 
tetanic fusion frequency (TFF), and iv) the optimal 
synchronization between the cardiac cycle and LD 
contraction. 

Dynamic characteristics of LD girdle. Speed of 
contraction and relaxation, are determined from the LD 
response to a series of burst stimuli delivered at 
increasing in-burst frequency up to TFF [1,2]. Usually, 
a burst of four impulses are delivered at 5, 10, 23, 43, 
50, 80 Hz by means of the available rate option of 
Cardiomyostim (Medtronic, Inc., Minneapolis, MN, 
USA). 

High-Resolution Heart-LD Girdle Synchronization. 
Heart systole and LD girdle contractions are 
synchronized by combining polygraph echo-Doppler 
measurements of aortic out-flow, as described by 
Carraro et al. [1,2]. 

Mean duration of the demand stimulation follow-up 
40.2+13.8 months. At five years, “Demand stimulation” 
shows: 1. No operative death; 2. 83% actuarial survival; 
3. Highly significant 47.4% decrease of the NYHA 
class; 4. 41.6% improvement of LVEF; 5. 7.5+3.0% 
increase in aortic flow velocity peak in assisted vs. 
unassisted beats, and 6. Preservation of LD from 
slowness (TFF value 33+ 7.86 at follow-up versus 
15.8+11.1 Hz just before switching from continuous to 
demand stimulation, p=0.0001) and muscle 
degenerative atrophy. 

In conclusion in Dynamic Cardiomyoplasty the 
“demand light stimulation” maintains LD contraction 
properties over time, produces effective systolic 
assistance, and improves clinical results [3-6]. Demand 
Dynamic Bio-Girdling is a safe and effective treatment 
of end-stage heart failure in selected patients. 

References: 
[1] Carraro U, Barbiero M, Docali G, et al. Dynamic 

cardiomyoplasty: long term viability demonstrated 
by noninvasive on-line analysis of dynamic 
contractile characteristics of the human latissimus 
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Cardiovascular Diagnosis Procedures 1998; 15: 
115-25. 

[2] Carraro U, Barbiero M, Docali G, et al. Demand 
Dynamic Cardiomyoplasty: mechanograms prove 
incomplete transformation of the rested latissimus 
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[4] Rigatelli GL, Carraro U, Barbiero M, et al. New 
advances in Dynamic Cardiomyoplasty: Doppler 
flow wire shows improved cardiac assistance in 
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[5] Rigatelli GL, Carraro U, Barbiero M, et al. 
Activity-rest stimulation protocol improves cardiac 
assistance in dynamic cardiomyoplasty. Eur J 
Cardiothorac Surg 2002; 21: 478-82. 
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[4] ADAPTIVE CARDIAC BINDING:  NEW APPROACH 
TO VENTRICULAR REMODELING IN END-STAGE 

CONGESTIVE HEART FAILURE 

V.Chekanov  

St. Luke’s/Aurora Sinai Medical Centers, University of 
Wisconsin Medical School-Milwaukee Clinical Campus, 

Milwaukee, Wisconsin. 

Through use of a dual-chambered pouch adaptive 
cardiac binding gradually increases compression to 
remodel the dilated heart as a new clinical treatment for 
patients with end-stage heart failure (HF).  Methods: 
We created a canine model of biventricular HF 
(arteriovenous anastomosis and doxorubicin 
administration) to study a new dual chambered pouch 
designed with separate walls of differing stiffness and 
distensibility.  Before the pouch was placed (2 groups, 6 
dogs/group), we measured left ventricular ejection 
fraction (LVEF) at 29±8%, left ventricular end-systolic 
volume (LVESV at 26±7.4 ml, and left ventriclar end-
diastolic volume (LVEDV) at 36.7±8.1 ml.  Liquid was 
added incrementally (70 cc, 30 cc, and finally 20 cc) to 
both sides of the pouch at hourly intervals.  The control 
group had no liquid added.  Results:  After heart 
binding, both groups showed increased LVEF 
(34±11%) and decreased LVESV (18.6±2.2 ml) and 
LVEDV (26.5±4.2 ml); however, in controls, there was 
no change in these parameters up to 4 hours later.  In the 
experimental group, all measurements improved (LVEF 
42±7%, LVESV 10.4±4.6 ml, LVEDV 17.7±6.2 ml) 
with each incremental addition of liquid until the final 
20 cc was added, which led to a downturn; this was 
corrected when the 20 cc was removed.  Conclusion:   A 
heart-binding device that adapts to natural variations in 
tension and contractile strength is a promising new 
approach for patients who have end-stage heart failure. 
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[5] TRANSPLANTATION OF AUTOLOGOUS 
ENDOTHELIAL CELLS INDUCES ANGIOGENESIS AND 

IMPROVES MYOCARDIAL FUNCTION IN A SHEEP 
MODEL OF ISCHEMIC CARDIOMYOPATHY 

V.Chekanov  

St. Luke’s/Aurora Sinai Medical Centers, University of 
Wisconsin Medical School-Milwaukee Clinical Campus, 

Milwaukee, Wisconsin. 

We wanted to investigate the effect of autologous EC 
transplantation using a fibrin meshwork in the ischemic 
myocardium of sheep.  Methods:  Placing an ameroid 
constrictor on the branch of the circumflex artery of 24 
adual sheep induced ischemic cardiomyopathy.  Four 
groups (6 animals/group) were randomized to 
transepicardial injection (3 sites/animal) 4 weeks after 
ameroid placement:  sham treatment (saline), controls 
(no injection), fibrin meshwork alone, and EC fibrin 
meshwork (autologous EC, 5x105 per injection site).  
Eight weeks after treatment, we assessed myocardial 
function (echocardiography), myocardial flow (colored 
microspheres), histology (capillary area), and 
myocardial ultrastructure (TEM).  Results:  Eight weeks 
after treatment, ejection fraction (EF) in the EC 
transplant group was 0.56±0.04 (p=0.029 vs. baseline), 
whereas EF deteriorated to 0.40±0.08 in the sham 
group, 0.43±0.04 in the fibrin group, and 0.39±0.05 in 
the control group (p<0.05).  Myocardial blood flow 
(ml/min/g) also significantly increased in the EC 
transplant group (0.66±0.10 vs. 0.15±0.03 in control, 
0.18±0.05 in the saline, and 0.31±0.06 in the fibrin 
group (p<0.0001). In EC transplant zones, histology 
revealed extensive neovascularization (significant 
increase in capillary area). Conclusion: Transepicardial 
heterotropic transplantation of EC within a fibrin matrix 
dramatically enhances neovascularization, increases 
myocardial blood flow, and improves left ventricular 
function in a sheep model of ischemic cardiomyopathy.  
The fibrin meshwork platform may serve as a 
generalized enhancement vehicle for other stem cell 
transplant methodologies to treat patients with 
refractory ischemica or LV dysfunction, or both. 

[6] ELECTRICAL STIMULATION AND ANGIOGENESIS 
FROM CARDIOMYOPLASTY TO SEVERE LEG 

ISCHEMIA 

V.Chekanov  

St. Luke’s/Aurora Sinai Medical Centers, University of 
Wisconsin Medical School-Milwaukee Clinical Campus, 

Milwaukee, Wisconsin. 

In previous investigations with cardiomyplasty and 
latissimus dorsi muscle mobilization, we showed that 

applying a modest regimen of electrical stimulation 
(ES), even in severely ischemic tissue, improves the 
healing process, accelerates neovascularization, and 
enhances angiogenesis in muscle tissue. Our objective 
in this current report was to further understand ES as a 
potential alternative treatment for severe muscle 
ischemia.  Methods:  Immediately after the left distal 
external iliac and the femoral arteries were excised, ES 
(30 contractions per minute [cpm], 2V, single impulses 
per burst) was applied to a rabbit adductor muscle near 
the site of the excised femoral artery for 24 hours daily 
over a period of one month. Three other series served as 
controls: ES without arterial excision; arterial excision 
without ES or lead implantation; and arterial excision 
with lead implantation but no ES. Histological study of 
capillary density (CD) was performed by angiography 
(on a grid template) and by measuring lower limb-calf 
blood pressure ratio (LL-CBP).  Results: At the end of 
30 days in the ES series, 10.5±1.2 contrast medium 
opacified arteries (COAs) crossed a specific grid section 
segment compared with 7.2±1.5 in the control series 
without ES (p<0.05); 68.2±9.3 COAs crossed a grid 
section compared with 43.2±6.4 in controls (p<0.05); 
27.3±1.2 grids contained COAs compared with 
29.3±3.5 in controls (p<0.05); LL-CBP ratio was 
0.81±0.06 compared with 0.31±0.07 in controls 
(p<0.05); and CD was 283.7±24.5 mm2 compared with 
91.4±20.9 mm2 in controls (p<0.001). Conclusions: 
These preliminary results show that cautious ES 
enhances and accelerates muscle revascularization in 
severely ischemic tissue. 

[7] SPONTANEOUS CANINE MODELS OF DILATED 
CARDIOMYOPATHY 

V. Chetboul*°, C. Escriou #, S. Blot #, J.L.Pouchelon*° 
*Unité de Cardiologie, Ecole Nationale Vétérinaire d’Alfort, 

94704 Maisons-Alfort Cedex, France ; °EMI-U-00-01, 
Kremlin-Bicêtre, France ; #Unité d’Etude et de thérapie des 

myopathies, Ecole Nationale Vétérinaire d’Alfort, 94704 
Maisons-Alfort Cedex, France. 

Experimental models of heart failure have 
considerably contributed to evaluate the effects of new 
medical and surgical therapies or new imaging 
techniques in cardiology. Among them, experimental 
models using large animals are particularly suitable for 
repeated invasive assessments of cardiovascular 
function, and also for surgical treatment evaluations. 
However, these models often imperfectly mimic 
spontaneous evolution of human cardiac disorders, 
particularly chronic pathological processes.  

Spontaneous large animal models are the most 
appropriate to reproduce pathological mechanisms of 
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human heart dysfunctions. Several spontaneous dog 
models of dilated cardiomyopathy (DCM) are available 
and offer the opportunity to evaluate the natural 
evolution of the disease including pre-clinical stages of 
congestive heart failure. 

The Golden Retriever Muscular Dystrophy (GRMD) 
model: several animal models of Duchenne muscular 
dystrophy are available. The most used and studied is 
the mdx mouse, but the dog model, GRMD, is the only 
one to share striking phenotypic similarities with the 
human disease. GRMD is related to a spontaneous X-
linked mutation of dystrophin gene and, as Duchenne 
dystrophy, GRMD cardiomyopathy is characterized by 
myocardial lesions leading to progressive heart failure. 
Histologic, echocardiographic and radionuclide findings 
have demonstrated the cardiac involvement of GRMD 
dogs to be a good model for the cardiac insufficiency in 
human Duchenne muscular dystrophy. Studies of the 
canine disorder showed the consistent occurrence of 
these cardiac alterations, with systolic dysfunction and 
left ventricular dilation at a late stage of the disease. The 
heart of the carrier dogs appears to be affected by the 
same dystrophic process, however with a less severe 
extent.  

The Labrador Retriever Muscular Dystrophy (LRMD) 
model: the LRMD is a new canine model of 
dystrophinopathy, which was recently discovered in a 
labrador Retriever Strain at the National Veterinary 
School of Alfort. As the GRMD, the LRMD is related to 
the absence of dystrophin, but the gene defect is 
different from the previous published canine models of 
dystrophinopathy with identified mutations. The LRMD 
DCM has been studied in several littermates by our 
group and presents great similarities with the GRMD 
heart disease.  
Others: in veterinary medicine, DCM is a major cause 
of morbidity and mortality in large and giant breed 
dogs, including Deerhounds, Dobermanns, Irish 
wolfhounds, Great Danes, Boxers and Newfoundlands. 
Because of its prevalence in pedigree dog breeds, canine 
spontaneous DCM is suspected to be an inherited 
disease. An autosomal dominant mode of transmission 
has even been reported in some breeds such as Irish 
wolfhound, Dobermanns, Newfoundlands, and Boxers. 
Two major histopathological features associated with 
these DCM are the attenuated wavy fibre and the fibro-
fatty infiltration-degenerative forms. Atrial fibrillation is 
the most commonly diagnosed arrhythmia in dogs with 
spontaneous DCM. However, ventricular premature 
complexes and ventricular tachycardia are frequent in 
Boxers and Dobermanns and may even precede 
echocardiographic abnormalities. 

[8] THE LEFT VENTRICULAR (LV) WALL AFTER 
MYOCARDIAL INFARCT : MAGNETIC RESONANCE 

ASSESSMENT, SURGICAL ENHANCEMENT.   

V. Dor 

Cardio Thoracique Center of Monaco  

Ischemic cardiomyopathy is characterized by an 
asynergic involvement of LV wall and this necrotic scar 
still exists in spite of the recanalization of culprit artery 
which save only partially the infarcted myocardium. 
Gorlin in 1967, demonstrated that when 20%, of the 
ventricle area is scarred, there is a progressive evolution 
to global dilatation (LV remodeling) Nowadays CMR 
allows to see and assess the scarred area and its 
consequences on LV performances and volumes.   

Since 1984, to repair surgically the scarred LV, a 
patch is inserted inside the ventricle, on contractile 
muscle, in order to exclude all akinetic non resectable 
areas, and to rebuilt the ventricular cavity as it was 
before the infarct.  

The LV wall after infarct : The infarcted areas is first 
necrotic, then fibrotic and finally calcified. But since the 
standardisation of the treatment of the myocardial 
infarct in the acute phase, the necrosis is more 
frequently not transmural, but affects this sub 
endocardial layer. For this reason and others, like mural 
thrombi, calcifications,  this asynergic LV wall can be 
diskinetic or akinetic, or both.  

The antero-apico septal lesion is the most common 
location for left ventricular scar. CMR, with 4 
projections (2 and 4 chambers, LVOT and short axis) 
illustrates the involvement of the septum, and Late 
Gadolinium Enhancement shows precisely the place and 
the length of the necrosis tissues.  The prognosis of the 
post infarct evolution, depends on the extent of the 
asynergic wall.  The extension of the asynergic wall can 
be expressed as the ratio between the length of the 
necrotic scarred wall and the total length of the LV 
circumference. 

The undamaged area is first normal, then 
hypertrophied and finally dilated. LV end-systolic 
volume is an important predictor of prognosis. If 25/30 
ml/m² is considered as normal value for ESVI, doubling 
of this index can be considered as severe dilatation. 

Surgical conservative treatment : The Left Ventricular 
Reconstruction (LVR) is conducted under totally 
arrested heart, coronary revascularization is 
accomplished first. Mitral valve is checked by TEE and 
repaired if  necessary. Endocardectomy and cryotherapy 
are used in case of ventricular tachycardia. At the limit 
between scarred and normal tissue, a continuous purse 
string suture is sed and tied on a balloon inflated at the 
theoretical diastolic volume of the patient, and a patch is 
fixed inside the ventricle. The experience of author is 
over 1 000 cases.  In the series of the last five years, the 
global hospital mortality is 4.8% and 7.9% in patients 
with very poor ejection fraction (<30%). Both, 
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geometry and performances of the LV are improved and 
the mean increase of ejection fraction, is between 10 
and 15 points. 

Global life expectancy at 5 years is 82%  and 70% for 
those with ESVI above 120 ml/m². At 10 years in this 
group, percentage of survival in 50%. 
Conclusion: LVR in very large failing ventricle, is 
possible with a risk below 10% and life expectancy at 2, 
5 and 10 years, better than the natural evolution. There 
is a place for LVR in the treatment of large ischemic 
wall motion asynergy (involving 40-50 % of the LV 
circumference) and this surgery, is more efficient in the 
following weeks or months, after infarct than after 
years. 

[9] THE HEMODYNAMIC  EFFECT  OF  EXTRAAORTIC 
COUNTERPULSATION AND SKELETAL MUSCLE 

VENTRICLE IN THE  EXPERIMENT 

A. Dumcius, V. Vysockas, V. Chekanov 

Institute for Biomedical Research, Clinic of Heart Surgery, 
Kaunas University of Medicine, Lithuania; Milwaukee Heart 
Institute, Heart Care Associates of Sinai Samaritan Medical 

Center, Milwaukee, Wisconsin, USA 

Cardiac Bioassist is a procedure aimed to improve 
cardiac output in patients suffering from heart failure. 
Our investigation was aimed to check a hemodynamic 
efficiency of the cardiac bioassistors as an extraaortic 
counterpulsator and skeletal muscle ventricle (SMV) in 
acute experiments using a biologic energy of the 
latissimus dorsi muscle (LDM). 

Material and methods.The extraaortic counterpulsation 
and SMV was performed on 8 open chest mongreal 
dogs. The extent of the diastolic aortic augmentation 
was measured. Also we used counterpulsation index 
(CI) derived from the diastolic and systolic areas 
beneath theaortic pressure curve (DABAC/SABAC). 
We compared these hemodinamic data before and 
during cardiac bioassistation by using biostatistical 
methods. 

Our acute experiments on dogs revealed a remarkable 
increase in diastolic pressure to 26.3% at an average on 
extraaortic counterpulsation and to 28.5% on SMV 
model. 

There was increase of peak diastolic aortic pressure 
(from 56.93 ±5.20,till 68.37±8.77 mm Hg, p<0.05), 
mean diastolic aortic pressure (from 50.88±5.10, till 
55.95±7.70 mm Hg, p<0.05), decrease of end diastolic 
aortic pressure (from 45.62±5.75, till 43.64±6.18 mm 
Hg, p<0.05) and increased the CI (0.983±0.170 to 
1.055±0.172, p<0.05), during LDM  stimulation 
compared with unassisted cardiac cycles. 

The cardiac bioassistation with the application of LDM 
can help to improve blood supply to the heart and may 
be applicable in cases of irreversible heart failure. 

[10] SKELETAL MUSCLE AND NERVE AXONS AFTER 
CHRONIC ELECTRICAL STIMULATION  IN DYNAMIC 
TRAINING –MORPHOMETRY AS A VALUABLE TOOL 

TO DETECT CHANGES 

M. Großherr, N. W. Guldner*, P. Klapproth*, R. Eggers°,  
R. Noel#, H. H. Sievers*, P. Schmucker 

Clinic of Anaesthesiology, *Cardiac Surgery, °Institute of 
Anatomy and #Animal Care University Clinic of Schleswig - 

Holstein, Campus Lübeck 

The massive decrease of power in skeletal muscle 
after constant chronic electrical stimulation limits its 
clinical use, for example in cardiomyoplasty. Peripheral 
nerves play an important role in the choice of skeletal 
muscle type and its trophic support. It is still not known 
if pathological changes of the peripheral nerve are 
involved in this type of muscle failure. This study 
should investigate in a huge animal model whether 
skeletal muscle failure is associated with morphological  
relevant nerve damage. 

In boor goats (n=8) the left latissimus dorsi muscle 
(LDM) was wrapped around a silicone chamber  to 
construct an intrathoracal training device. This training 
device was stimulated with 33 (n=4) or 50 (n=4) Hz 
burst frequencies and trained against pressure values of 
systemic loads. During and at the end of the training 
period produced stroke volumes and pressures were 
measured. At the end of the training period the trained 
and untrained LDM were harvested and examined for 
morphometrical parameters of the skeletal muscle 
(diameter of the muscle fibre and proportion of the 
connective tissue)  and the intramuscular nerve 
(diameter of the axon).  Constant electrical stimulation 
led to a marked and morphometrical proven decrease of 
skeletal muscle´s fibre diameter and an increase of the 
connective tissue, accompanied with loss of the 
pumping performance of the stimulated muscle. As 
there were discrete morphometrical signs of change the 
role of peripheral nerve injury could not be excluded.  
New methods to strengthen the skeletal muscle should 
be tested by this morphometrical concept. 
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[11] COMPARISON OF THE EFFECTS OF SKELETAL 
MYOBLASTS (SM), BONE MARROW MESENCHYMAL 

STEM CELLS (BMSC) AND CO-CULTURE OF THE 
BOTH TYPES: SM AND BMSC IN ADULT RAT 
TRANSPLANTATION AFTER MYOCARDIAL 

INFARCTION. 

L. C. Guarita-Souza, M. Scorsin, KAT Carvalho, CLK 
Rebelatto, A. C. Senegaglia, N. Myagui, M. Furuta, 

P. Hansen, M. Olandoski, J.C. Francisco, PRS Brofman. 

Pontifícia Universidade Católica do Paraná. Brazil 

This study is to compare the functional outcome of both 
cells in isolated transplantation and also the co-injection 
after co-culture of both types: SM and BMSC, on Left 
Ventricular dysfunction. SM and BMSC were isolated 
from muscle biopsy, bone marrow respectively and the 
co-culture was made by our method. They were 
expanded in vitro during 10 days. Adult rats were 
submitted myocardium infarction (MI) by left coronary 
occlusion. One week after MI, rats underwent for the 
first 2-D echocardiographic study for baseline 
assessment of the ejection fraction (EF) and left 
ventricule end diastolic volume (LVEDV). Then, after 
one week they were operated through sternotomy and 
randomly assigned for intra-myocardium transplantation 
(Tx) of SM ( n=16; 5 x106 cells), BMSC (n=17; 3x 106 

cells), control (n=22); and co-culture(n=17) all in 
200µL of culture medium. All animals were immune 
suppressed in this study. Four weeks later, another 
echocardiographic study was performed evaluation. The 
statistic analysis was performed by ANOVA. In 
baseline, there was no difference between groups EF 
(p=0,27), however in LEVD the groups were different 
(p=0,009). A decrease of the EF in controls (baseline: 
26.68±6.92% and 1-month: 22.32±6.94%) while EF 
improved after myoblast Tx (baseline: 22.90± 6.25%, 
and 1-month: 28.21 ±9.15%), a decrease after BMSC 
Tx (baseline: 26.80±8.17% and 1-month: 
24.80±10.20%), and a increase after Co-culture Tx 
(baseline: 23.52±8.67% and 1-month 31.45±8.87%); 
baseline p=0.27 and 1-month p=0,001). However, left 
ventricular volume did not differ between 
transplantation (baseline:0.63±0.15 to 1-month: 0.76 
±0.17/ ml; baseline: 0.53±0.10 to 1-month 0.64 ±0.12/ 
ml, baseline 0.53±0.12/ml to 1-month 0.69±0.17 and 
baseline: 0.51±0.09 to 1-month 0.68±0.12/ml; baseline 
p=0.009 and p=0.43 for controls, SM, BMSC and co-
culture, respectively). The echocardiographic analysis 
on post infarct ventricular dysfunction demonstrated 
that MS Tx (p=0.367) and co-culture Tx ( p=0.009) 
were  more effective than control; BMSC Tx( p=0.372) 
was not effective than control;  there were no difference 
with MS and BMSC Tx (p=0.263) and also with MS 
and co-culture Tx (p=0.267). The co-culture Tx was 
more effective than BMSC Tx (p=0.0247). The 
histopathological study of muscle fibers was made by 

the hematoxylin-eosin and Gomori trichrome staining 
and demonstrated skeletal fibers in SM, 
neoangiogenesis in BMSC and skeletal muscle fibers 
with neoangiogenesis in the same tissue of the co-
culture groups within myocardium scar. We concluded 
that the co-culture Tx method is better than others 
isolated cells transplanted after Fisher’s exact test, when 
we have found that the ameliorated or stay equal versus 
aggravated, control Tx: 27.3% x 72.7%; SM Tx: 62.5% 
x 37.5%, BMSC Tx: 52.9% x 47.1% and co-culture Tx: 
88.2% x 11.8%( control x SM, p=0.471; control x co-
culture, p=0.0003; SM x co-culture, p=0.1175 and 
BMSC x co-culture, p=0.0575). Our data suggest that 
association of SM and BMSC are functionally effective 
and could reduce the risk of myocardial ischemia after 
SM transplantation 

[12] OXYGEN TENSION, BLOOD FLOW AND 
CAPILLARY DENSITY IN ELECTRICALLY PRE-

STIMULATED LATISSIMUS DORSI MUSCLE  

N.W. Guldner, P. Klapproth, P. Schwarz, M. Großherr, E. 
Kraatz, R. Noel, H.H. Sievers 

Clinic of Cardiac Surgery, University of Schleswig Holstein, 
Campus Lübeck, Germany 

Background Indirect myocardial re-vascularisation by 
muscle flaps was shown to be suboptimal in comparison 
to bypass surgery. Nevertheless in coronary small vessel 
disease, where bypass surgery was not feasible, indirect 
revascularisation by a muscular flap from latissimus 
dorsi muscle (LDM) was effective in several patients. 
To give LDM more potential for indirect myocardial 
revascularisation, LDM should become electrically pre-
stimulated for a hypothesized increased blood flow and 
capillarisation. 

Methods In six adult male Bore goats, left LDM was 
stimulated with a stimulation regime of one hour on and 
one hour off, with 10 Hz continuously over 14 days by a 
in-house-made fully implantable myostimulator. 
Thereafter oxygen tension of LDM and blood flow of 
arteria thoraco-dorsalis were evaluated in rest and under 
work conditions (one muscle contraction per second 
over 10 minutes). Thereafter, muscle samples were 
harvested for histology to determine capillary to muscle 
fibre ratio. 

Results In the non stimulated LDM, oxygen tension 
was in the range of 6 to 9 mmHg at rest, but under 
working conditions, it decreased about 30% and had an 
overshot of about 30% after exercise before it levelled 
between 6 to 9 mmHg. The pre- stimulated however 
showed an oxygen tension in the range of 6 to 9 mmHg 
under rest and work. Blood flow in the non stimulated at 
rest was 3.8 ± 0.9 ml/min and after pre-stimulation 
significantly higher with 8.2 ±1.1 ml/min (p<0.05). 
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Under the defined working conditions flow maximum 
of the non stimulated was evaluated with 31.3 ± 2.8 
ml/min and in the pre-stimulated significantly higher 
with 74.8 ± 11.3 ml/min (p<0.05). Histological muscle 
examination showed a 54.3 % higher capillary to 
muscle fibre ratio than in the non stimulated one 
(p<0.05). 
Conclusion A two week electrically pre-stimulated 
LDM, showed under defined working conditions, a 
more than doubled blood flow and an increased 
capillary to muscle fibre ratio of more than 50%. Thus 
electrical pre-stimulation should become a must for 
muscular cardiac bioassist in general and especially for 
indirect myocardial revascularisation. 

[13] LONG TERM RESULTS OF SKELETAL MUSCLE 
VENTRICLES. 

R. Hammond and L. Stephenson. 

Wayne State University, Detroit MI, USA. 

At Wayne State University two working models of 
chronic left ventricular assist have been developed by 
creating skeletal muscle ventricles (SMVs) in dogs.  In 
the first model, the SMV is connected to the descending 
thoracic aorta by a two-limbed graft, and the aorta is 
ligated between the limbs to obligate flow through the 
SMVs. The SMV contraction is timed to counterpulse 
the heart, and it functions in a manner similar to the 
intra-aortic balloon pump by effectively adding and 
removing volume to the arterial system, thus alternately 
lowering LV afterload and increasing diastolic perfusion 
pressure.  With this simpler model, we have followed 
animals for years with the SMVs providing aortic 
diastolic counterpulsation and we have tested various 
modifications. The longest surviving animal was 
electively sacrificed after more than four years inthe 
circulation. In the second model, the SMV is connected 
between the LV apex and the descending aorta by 
valved conduits, and it also pumps in counterpulsation 
with the left ventricle. The SMV ejects blood into the 
aorta to improve aortic pressure while the heart is in 
diastole and then relaxes at the onset of LV systole, thus 
providing a low  pressure 'sink' for the ejecting left 
ventricle.  This allows the LV to partially empty and 
achieve a smaller volume before it must pump against 
higher aortic pressures. After LV relaxation, the cycle is 
completed when the SMV pumps the blood that it 
accepted from the native LV. We have found that this is 
the most hemodynamically effective skeletal muscle LV 
assist method and we have followed many animals with 
effective SMV pumps for several months. One animal 
was electively sacrificed after the SMV had been 
functioning effectively in the circulation for one 

year.Long term hemodynamic data will be presented for 
both of these models. A commentary of their relative 
merits and problems will be presented, as well as 
suggestions for future research goals. 

[14] LOCALIZED FIBROSIS AFFECTS A MID-TERM 
OUTCOME OF LEFT VENTRICLE PLASTY FOR 

IDIOPATHIC DILATED CARDIOMYOPATHY 

T. Horii, F. Terasaki*, A. Yamaguchi, T. Isomura, H. Suma. 

Hayama Heart Center, Hayama, JAPAN and *3rd Department 
of Internal Medicine, Osaka Medical College, Osaka, JAPAN 

To achieve a good result of LV plasty (LVP) for 
idiopathic dilated cardiomyopathy (DCM), proper 
surgical site selection might be a key factor. LV wall 
property and surgical results of LVP was examined. 

Since 1996, we have performed LVP in 84 patients 
(pts) with DCM. Surgical specimen taken from both 
free wall and septum were examined histopathologically 
in 51 pts and the fraction of myocardial fibrosis was 
calculated with point counting method. 

Partial left ventriculectomy was performed in 63 pts 
and septal anterior ventricular exclusion in 21 pts. In the 
last 70 pts, the surgical site was selected with pre- and 
intra-operative examination. Hospital mortality was 
17.8% of overall 84 pts and 5.3% in elective operation 
with site selection of 57 pts. Three and five year 
survival rate was 73.1% and 60.2% in elective 
operation. Percent fibrosis varied widely from 4.3% to 
60.4%. Free wall was more fibrotic than septum in 15 
pts (29.4%) and less fibrotic in 17 pts (33.3%). More 
fibrotic portion of LV should be surgically intervened. 
Fifteen pts underwent properly site-selected surgery in 
substance and had only one death within 5 years. On the 
other hand, more fibrotic portion was preserved in 17 
pts with one hospital death and 6 late deaths. Better 
mid-term outcome was achieved with proper surgical 
site selection (p=0.025). 
Heterogeneity of LV wall property affected a mid-term 
result. Surgical site selection is important to achieve a 
good outcome of LV restoration surgery for DCM. 

[15] LEFT VENTRICULAR RESTORATION OR 
VALVULAR SURGERY FOR NON-ISCHEMIC DILATED 

CARDIOMYOPATHY 

T. Isomura, T. Horii, A.Yamaguchi 

Hisayoshi Suma Institute, Hayama Heart Center, Japan 

Heart transplantation is a golden standard procedure 
for end-stage heart failure of non-ischemic dilated 
cardiomyopathy (DCM). However, non-transplant 
surgery can be provide an alternative to heart 
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transplantation. We studied non-transplant surgery for 
patients with non-ischemic DCM 

Since 1996, left ventricular restoration (LVR) or valve 
surgery alone was performed in 177 patients with DCM.  
They were divided into two groups; patients with LVR 
(LVR-group; n=113) and patients with valve surgery 
alone (Valve-group; n=64). The mean age was 53 years 
with 147 men and 30 women. Preoperative NYHA was 
class 3 in 88 and class 4 in 89 patients and emergent 
operation was in 35 patients. The LVP was performed in 
patients with the diastolic diameter of LV more than 
75mm and the LV was excluded with partial left 
ventriculectomy or septal exclusion with patch 
according to detail examination before and during 
operation. For patients with severe LV akinesis with 
valvular lesion but less dilatation of LV, valve surgery 
without LVR was selected. After the operation, all 
patients were followed-up. 

In LVP-group, partial left ventriculectomy was 
performed in 83 patients and septal anterior ventricular 
exclusion was in 30, and concomitant mitral surgery 
was in 106 patients and tricuspid plasty in 60. In valve 
surgery without LVP, mitral surgery was performed in 
56 patients (88%) including the patients with tricuspid 
surgery in 40. As concomitant procedures, maze 
operation was performed in 12 patients, biventricular 
pacing in 14 and LV cryoablation in 31. In elective 
operation, hospital mortality was 7.9% in LVR -group 
and 3.8% in Valve-group, while in emergent operation 
the mortality was 54% and 45%, respectively. Late 
death was noted in 40 patients including 7 non-cardiac 
deaths and 101 patients�$B!J�(B57%) were in NYHA 
class 1 or 2. Three and five year survival rate in elective 
operation was 63.9% and 51.2% in LVP-group and 
72.1% and 60.1% in Valve-group, respectively.  
In conclusion, non-transplant surgery for non-ischemic 
DCM can be performed with low hospital mortality by 
selection of operative procedures and avoiding emergent 
situation. The procedures can be an alternative to heart 
transplantation in more than 50% of patients in mid-
term follow-up. 

[16] CONCEPT OF AN IMPULSE-SAVING 
MYOSTIMULATOR AND TELEMONITOR FOR 

BIOMECHANICAL HEARTS  

P. Klapproth, J. Otten*, T. Büter*, R. Schirmer*, 
P. Maczinowski*, B. Nestler*, M. Großherr°, N.W. Guldner 

Clinic of Cardiac Surgery, University Lübeck; *Institutes of 
Analog and Digital Electronics, University of Applied Science, 

Lübeck; °Clinic of Anaesthesiology, University Lübeck, 
Germany 

Biomechanical Hearts are autologeous muscular blood 
pumps with a stabilising inlay performed in a one-step 

operation constructed and tested in animals in aorta 
descendens position. In order to overcome one major 
problem, the increasing inefficiency of muscle by 
overuse (transformation to muscle fiber type I and 
muscle damage), a myostimulator is to develop to 
maintain muscle's power delivery over time. 

The stimulation concept envisions to avoid the 
permanent overuse of muscle. Thus muscle should be 
used intermittent by controlled activity and rest taking 
the amount of applied stimulation impulses into 
account.  

An implantable myostimulator based on 
microcontrollers is designed and built. R-wave trigger, 
day and night rhythm, impulse counter and data 
telemetry are included. Optionally a pressure module for 
patient monitoring can be added. The software is 
optimised to save the number of given impulse to 
muscle. First implantations of 14 days with intermittent 
stimulation demonstrated good muscle contraction. 
Long term studies should show, if the concept of 
impulse-saving helps to prevent muscle degeneration. 
A tool is designed to help examining the effect of 
reduced muscle usage over time. Telemetric data 
transfer could help Scientist or MD to estimate muscle's 
condition. The impulse-adapted stimulation 
management could be an important key to maintain the 
efficiency of Biomechanical Hearts. 

[17] QUALITY OF LIFE OF CARDIOMYOPLASTY 
VERSUS HEART TRANSPLANTATION PATIENTS 

K. Lahlou-Laforet, J.C. Chachques, S. Paterniti, A. Carpentier, 
Y. Sami, J.N. Fabiani, F. Aucouturier, C. Lambert,  

S.M. Consoli. 

European Hospital Georges Pompidou. Paris, France. 

The aim of this study was to compare quality of life 
(QOL) of two groups of patients who received in our 
hospital two types of surgical treatment for refractory 
heart failure: cardiomyoplasty (n = 33) and heart 
transplantation (n = 63). Quality of life was evaluated 
by the IQOLA SF36 questionnaire (International 
Quality of Life Assessment, IQOLA), 9.7 ± 3 years after 
the intervention. The two groups did not differ for age 
and gender. 

No significant difference was found in QOL subscores 
or components. Physical component scores were 
respectively 42.2 ± 10.9 vs 43.5 ± 9.5 and psychic 
component scores were 49.5 ± 11.9 vs 46.4 ± 11.0, for 
cardiomyoplasty (CMP) and heart transplantation (HT), 
very close to standardized scores for general population 
(50 ± 10). This result did not change after controlling 
for the time elapsed since intervention and NYHA stage 
at the time of evaluation. 
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These results show that QOL is globally preserved in 
CMP as well as in HT, several years after surgery. Such 
data encourage the choice of CMP in cases with 
contraindications for HT or when the waiting list for 
transplantation is too long. 

[18] RESULTS FROM THE CHRONIC EXPERIMENTS OF 
THE VIENNA SMV PROJECT, MEDICAL AND 

TECHNICAL ASPECTS 

H. Lanmüller, U. Windberger, R. Seitelberger, M. Greher, E. 
Unger, S. Sauermann, M. Rab, L.P. Kamolz, H. Schima,  

R. Avanessian, W. Girsch* 

Medical School, University of Vienna; *Orthopedic Hospital 
Speising, Vienna, Austria 

A skeletal muscle ventricle (SMV) constructed of 
biological materials only should be designed as an aortic 
counterpulsation device. A series of chronic 
experiments in sheep and goat was scheduled in order to 
evaluate the reliability and patency of this type of SMV 
and its overall influence to the circulation. Additional, a 
heart triggered multichannel nerve stimulator should be 
developed. The application of multichannel stimulation 
techniques should increase muscle force and reduce 
muscle fatigue. 

The SMV consists of an aortic homograft, enlarged to 
a pouch with pericardium and is anastomosed in parallel 
to the descending aorta. The latissimus dorsi muscle 
(LDM) is wrapped around the pouch. Stimulation 
electrodes are applicated to the thoracodorsal nerve and 
R-wave triggered burst stimulation is applied during 
cardiac diastole. In 4 animals an unconditioned LDM 
was used. In 10 animals the LDM was preconditioned 
over a period of 8 weeks. An implantable nerve 
stimulator was used in 4 animals, an external device 
with a transcutaneous connector to the leads was used in 
10 animals. 

A chronic stage was reached in 3 animals, 11 animals 
had to be sacrificed during the following 24 hours after 
building the SMV. The SMV was in circulation for four, 
five and six months, stimulated chronically at a rate of 
1:5 compared with the native heart rate. Reconstitution 
of the resected third rib caused compression of muscle 
and nerve in the one of these animals. Consecutive loss 
of muscle force terminated this experiment. Second and 
third animal were sacrificed as scheduled. In all three 
animals the SMV was found patent at the end of the 
experiment. The implantable device works without 
complications. An infection through the transcutaneous 
connector appears in one animal after 7 months and an 
electrode revision had to be done once because of 
broken leads. 
The configuration produced distinct hemodynamic 
changes required for aortic counterpulsation. Although, 

the survival rate was low, mainly caused by acute 
haemorrhage and the impossibility to wean the animal 
from mechanical ventilation. The developed technical 
equipment, particularly the functionality turned out to 
be useful. The dynamic adaptation of the 
synchronization delay and the burst duration to the heart 
rate enables a fast and simple adjustment. The external 
device in conjunction with the transcutaneous connector 
turned out as a cost-saving device and resistant again an 
infection for an implant period of six month. 

[19] BIOENGINEERED CARDIOMYOCYTE SHEETS 
WITHOUT USE OF SCAFFOLD - A NEW METHOD OF 

TISSUE CARDIOMYOPLASTY - 

S. Miyagawa, Y. Sawa, Y. Miyamoto, S.Taketani, H. Kondoh, 
I. Memon, T. Shimizu*, T. Okano*, H. Matsuda 

Osaka University Graduate School of Medicine, Suita, Japan; 
*Tokyo Women`s Medical University, Tokyo, Japan 

We have already reported that cardiomyocyte sheet 
without scaffold attenuated the cardiac remodeling in 
the infarct myocardium. Because of avoidance of 
trypsin treatment, surface proteins such as gap junction 
and adhesion molecules might be preserved in 
cardiomyocyte sheet. Therefore, we hypothesized that 
the electrical integration between the sheets and the 
recipient heart may contribute to the improvement of 
cardiac performance. 

Neonatal rat cardiomyocytes, myoblasts, or fibroblasts 
were cultured on culture dishes grafted Poly(N-
isopropylacrylamide) and detached as a square cell 
sheet at 20°C. Cardiomyocyte sheets showed 
spontaneous contraction, and regular and continuous 
electrical spike evaluated by electrical potential analyzer 
(MED system), while random bursts of electrical spike 
in myoblast sheet and no electrical spike in fibroblasts 
sheet.  

Two weeks after LAD ligation, three different 
treatments for rat heart were conducted: 1] 
cardiomyocyte sheet (CM group, n = 10), 2] myoblast 
sheet (M group, n=10), and 3] fibroblast sheet (F group, 
n = 10). The control group underwent no additional 
treatment (C group, n = 10). The CM group showed 
synchronous wall motion between treated scar and 
posterior wall, while not in the other groups. 
Immunohistochemical staining demonstrated random 
expression of connexin 43 in the CM group, whereas 
not in the others. In the electrophysiological 
experiments, the CM group showed a QRS complex 
with one peak in the treated scar area in the CM group 
but two peaks indicating branch block in the other 
groups. Furthermore, the threshold for pacing of the 
recipient heart was significantly lower in the CM group 
than in the other groups (C vs F vs M vs T: 4.9 ± 0.9 vs 
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3.0 ± 0.7 2.6±1.0 vs 1.7 ± 0.5V, P < 0.05) and amplitude 
of R-wave was significantly higher in the CM group 
than in the other groups. 
Cardiomyocyte sheet showed electrical integration with 
the recipient myocardium following improvement of 
cardiac performance. Thus preservation of electrical 
integration between recipient heart and cardiomyocyte 
sheet may be a possible mechanism for improvement of 
cardiac performance after tissue implantation. 

[20] EFFECT OF PROSTHETIC CARDIAC BINDING ON 
DIASTOLIC FUNCTION IN DOGS WITH ADRIAMYCIN-

INDUCED CARDIOMYOPATHY 

C.M. MacPhail, E. Monnet, D. Corliss 

Colorado State University, Fort Collins, Colorado, USA 

Dynamic cardiomyoplasty is a surgical option for 
treatment of heart failure.  As there is significant 
morbidity associated with latissimus dorsi muscle 
harvest, methods of passive ventricular constraint or 
binding have been investigated as treatment alternatives. 
Cardiac binding takes advantage of the proposed 
girdling effect of cardiomyoplasty by preventing left 
ventricular dilation and possibly inducing reverse 
remodeling.  However, there are concerns that 
ventricular constraint may induce diastolic dysfunction. 
The objective of this study is to evaluate the effect of 
prosthetic cardiac binding on cardiac function, 
particularly in diastole, in dogs with adriamycin-
induced cardiomyopathy. 

Twelve normal adult large-breed dogs were used in 
this study. Cardiomyopathy was induced in all dogs by 
two intracoronary injections of adriamycin (22.5mg in 
60ml saline) administered two weeks apart.  Three 
weeks after the last injection of adriamycin, left and 
right heart catheterization was performed and 
echocardiography was repeated.  Dogs were then 
randomly split into two groups with one group to 
undergo prosthetic cardiac binding (treatment group) 
and the other group to have no treatment (control 
group).  Treatment dogs underwent surgery one week 
after baseline cardiac catheterization. Through a median 
sternotomy, the pericardium was resected at the level of 
the atrioventricular groove and replaced with 
polypropylene mesh.  The mesh was sutured to the 
remaining pericardium and was in direct contact with 
the epicardium of the right and left ventricles.  
Echocardiography was performed three and six weeks 
after surgery and a terminal cardiac catheterization was 
performed six weeks postoperatively. 

Three of the six treatment dogs and four of six control 
dogs completed the entire study. One treatment dog died 
during the final catheterization procedure while the 
other two dogs died 1 and 2 weeks after surgery, due to 

pulmonary thromboembolism and ventricular 
arrhythmias, respectively.  Two control dogs died 
suddenly due to cardiac arrhythmias.  For the dogs that 
completed the study, left ventricular dimensions were 
unchanged in the treatment group from the time of 
surgery until 6 weeks postoperatively compared to 
control dogs whose parameters significantly increased 
during that same time frame.  Fractional shortening 
(control: 26.3 to 24.7%; treatment: 28.3 to 18.6%; p = 
0.23), ejection fraction (control: 50.6 to 51.2%; 
treatment: 57.3 to 36.6%; p = 0.12), -dp/dt (control: -
1743 to –1262; treatment: -1564 to –1048; p = 0.47), 
and tau (control: 37.2 to 35.3msec; treatment: 55.5 to 
66.7msec; p = 0.79) were not significantly different 
between control and treatment groups during the same 
time frame. 
While prosthetic cardiac binding may limit progressive 
cardiac dilatation without interference in diastolic 
function, no overall improvement in cardiac function is 
attained with this procedure in dogs with adriamycin-
induced cardiomyopathy. 

[21] MECHANICAL CIRCULATORY SUPPORT DEVICES 
AS A BRIDGE TO CARDIAC TRANSPLANTATION:  THE 

OTTAWA HEART INSTITUTE EXPERIENCE. 

T. Mesana, M. Haddad, P. Hendry, R. Masters, T. Mussivand, 
W. Keon. 

University of Ottawa Heart Institute, Ottawa, Ontario, 
Canada. 

The mechanical circulatory support program at the 
University of Ottawa Heart Institute was established in 
1986. Initially the Total Artificial Heart (TAH) was 
exclusively utilized until the introduction of left 
ventricular assist devices (LVADs) at our center in 
1991. The purpose of this study is to report our 
experience with the various utilized devices. 

From 1986 to 2003, 31 patients (Pts) received a TAH 
(CardioWest Laboratories, Richmond, BC, Canada). 
Approximately 30% of these Pts were in cardiogenic 
shock.  Eighteen Pts were implanted in the first 8 years 
of the program and 13 in the last 8 years. In addition, a 
total of 42 Pts received a Thoratec LVAD (Thoratec 
Laboratories, Berkeley, CA, USA) and 12 Pts received a 
Novacor LVAD (WorldHeart Inc., Ottawa, ON, 
Canada). All devices were implanted for the purpose of 
bridging to cardiac transplantation except for one 
patient in the Novacor group (Destination). 

All TAH patients were transplanted. Survival to 
hospital discharge was 61% in the first 8 years 
compared to 85% in the last 8 years. Various factors 
were felt to contribute to such improved outcomes 
including longer device support duration in order to 
stabilized vital organs prior to transplantation. 
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Furthermore, 30 of the 42 Thoratec Pts (71%) survived 
to transplantation compared to 6 (50%) in the Novacor 
group. Four Novacor Pts are still awaiting 
transplantation, and 2 Pts died during support. Of the 
transplanted Pts, 87% were discharged in the Thoratec 
group compared to 67% in the Novacor group. Infection 
rates were relatively high in both the TAH and LVAD 
groups (30% and 40% respectively). Neurologic 
complications were also common affecting 19% of 
TAH Pts during support and 33% for each of the LVAD 
groups. Reopening for bleeding and tamponade due to 
anticoagulation were also frequent affecting 35% of 
TAH Pts, 45% of Thoratec Pts, and 42% of the Novacor 
Pts. The rates of other complications such as right 
ventricular and renal failure during support were 
uncommon and were comparable to other published 
reports. Mechanical device failure was never 
encountered. 
Our experience demonstrates: 1) The effectiveness of 
mechanical circulatory support in bridging mortally ill 
cardiac patients to successful heart transplantation, 2) 
The absence of clear superiority of LVADs over TAH 
despite the current trend to implant LVAD’s almost 
exclusively, and 3) The limitations of current device 
technology which does not yet offer an optimal 
alternative to heart transplantation. 

[22] DYNAMIC CARDIOMYOPLASTY, ADYNAMIC 
CARDIOMYOPLASTY, OR CARDIAC BINDING: WHAT 
IS THE OPTIMAL PROCEDURE FOR THE TREATMENT 

OF HEART FAILURE?  

E. Monnet, C. MacPhail, C. Orton, D. Corliss, M. Guadagnoli 

Colorado State University Fort Collins, Colorado, USA. 

Dynamic cardiomyoplasty (DCM) has failed to 
consistently provide systolic augmentation in the long 
term. Since a girdling effect was present adynamic 
cardiomyoplasty (ADCM) and cardiac binding (CB) 
with a prosthetic material have been developed. Cardiac 
binding has been implemented to treat patients with 
dilated cardiomyopathy and appears to be favored over 
dynamic cardiomyoplasty. However, dynamic 
cardiomyoplasty, adynamic cardiomyoplasty and 
cardiac binding have never been directly compared to 
evaluate what procedure is optimal for the treatment of 
dilated cardiomyopathy. We propose to compare the 
effect of dynamic cardiomyoplasty, adynamic 
cardiomyoplasty and cardiac binding in a chronic canine 
model of heart failure.  This study is the summary of 
three different studies that have been performed with the 
same protocol with the same animal model.  

Thirty-two dogs were entered in the three studies. 
Heart failure was induced with intracoronary injection 
of Adriamycin (40 mg in 2 to 3 injections). Six weeks 
after the last Adriamycin injection the dogs were 

assigned to a control group (14 dogs), a DCM group (4 
dogs), an ADCM group (6 dogs), and a CB group (8 
dogs). The right latissimus dorsi muscle was used for 
the DCM and the ADCM. It was wrapped in posterior 
cardiosubcutaneous fashion. In the DCM group after 
training, the LDM was stimulated with 
cardiosynchronization ratio of 3:1. A polypropylene 
mesh was used for the CB group.  Echocardiography 
and cardiac catheterization were performed prior to 
surgery and 6 weeks after surgery or 6 weeks after the 
end of training of the LDM in the DCM group. 

On echocardiography, the ejection fraction was not 
significantly affected (p=0.119) by any surgical 
treatment.  A reduction of left ventricular end diastolic 
diameter was present in the ADCM group while an 
augmentation of diameter was present with the other 
groups (p=0.0021). Cardiac catheterization showed that  
pulmonary capillary wedge pressure (p=0.667) and 
stroke volume (p=0.084) were not affected by any 
treatment. Stroke work increased in the DCM group 
while it decreased in the other groups over time 
(p=0.0309). A significant improvement of cardiac 
efficiency was only present in the DCM group (Figure 
1) (p=0.0433). 
Dynamic cardiomyoplasty seems to be superior to 
adynamic cardiomyoplasty and cardiac binding for the 
treatment of heart failure since it can provide a 
myocardial sparing effect.  With optimization of 
dynamic cardiomyoplasty through vascular delay, 
prestimulation and a more appropriate stimulation 
protocol of the LDM, dynamic cardiomyoplasty might 
induce a more significant myocardial sparing.  

Figure 1: Variation of cardiac efficiency (CE) over time 
for the control, the adynamic cardiomyoplasty, 
dynamic cardiomyoplasty and cardiac binding 
groups 
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[23] CLINICAL CHARACTERISTICS IN PATIENTS WITH 
IDIOPATHIC CARDIOMYOPATHY SUCCESSFULLY 

WEANED FROM LONG-TERM LVAS SUPPORT. 

O. Monta, Y. Miyamoto, G. Matsumiya, Y. Sawa, N. 
Fukushima, S. Miyagawa, H. Hiroki, H. Matsuda 

Division of Cardiovascular Surgery, Department of Surgery, 
Osaka University Graduate School of Medicine 

Although successful weaning from left ventricular 
assist system (LVAS) in patients with idiopathic 
cardiomyopathy has been increasing, its underlying 
mechanism is largely unknown. Since 1996, 16 patients 
with end-stage heart failure have been supported more 
than 3 months with an implantable LVAS (Novacor 6, 
HeartMate IP 8,HeartMate VE 2). All patients received 
sufficient medical therapy including β-blocker and 
cardiac function was assessed the 3rd postoperative 
month. Four patients demonstrated significant 
improvement of cardiac function and the LVAS was 
successfully removed after 239 to 460 (mean, 371 plus 
or minus 99) days of support. Clinical and histological 
parameters in the 4 patients are summarized as below in 
comparison to those in the other 8 patients, who did not 
have significant myocardial recovery. Iodine-125-
metaiodobenzylguanizine (125I-MIBG) scintigraphy 
demonstrated that sympathetic nerve activity gradually 
improved not only during LVAS support but also after 
LVAS explantation (mean H/M ratio, 1.8 to 2.4) in 
patients successfully weaned from LVAS. All the patients 
are in NYHA class and maintain good LV function (EF 
49~58%) during 3 to 14 months of follow-up. [Table in 
this page] 

In conclusion, successful weaning from LVAS was 
possible in relatively young patients with less 
myocardial fibrotic change. LVAS support enabled 
administration of β-blocker therapy, amendment of 
neurohormonal changes, and improvement of 
sympathetic nerve activity. Better understanding of the 

mechanism is mandatory to promote further recovery of 
cardiac performance during LVAS support.  

[24] GENETIC PROFILING IN SCAR AND REMOTE 
AREA OF INFARCTION IN THE FAILING RAT HEART  

B.K. Podesser 

Ludwig Boltzmann Institute for Cardiosurgical Research, 
Institute of Biomedical Research, AKH Wien, Universität 

Wien, Vienna, Austria 

Recently, some attention has been paid on the 
description of molecular changes involved in ventricular 
remodeling following myocardial infarction. So far, 
most of the interest was in characterizing the remote 
area. It was the particular aim of this study to focus on 
differences in gene expression between the remote area 
of infarction and the scar using a newly developed 
oligonucleotide array.  

Myocardial infarction was produced in male Sprague-
Dawley rats (n=12). Eight weeks later, cardiac function 
and hemodynamics were measured on an isolated red 
cell perfused heart. Tissue samples were taken from the 
scar and the non-infarcted remote area of the LV free 
wall. Total RNA was prepared, converted into cDNA 
and hybridised to the newly constructed oligonucelotide 
array. In parallel, expression levels of a subset of genes 
were assessed by real time quantitative RT-PCR and by 
a commercially available genome array. Results: 
Alterations in gene expression included changes in 
ANP, extracellular matrix (ECM) proteins, calcium 
handling and inflammatory proteins. Expression levels 
were more prominent in the scar compared to the 
remote area (Table in next page).  

We therefore conclude, that eight weeks post MI the 
scar is still a genetically dynamic tissue possibly 
participating in the progression of heart failure. 

 Age 
Duration 

of HF 
(month) 

Pre-LVAS 
blocker 
therapy 

(%) 

LVDd implant 
and 3 month 
after LVAS 

LVEF implant and 3
month after LVAS 

BNP implant and 
3 month after 

LVAS 

%-fibrosis at 
implant at 

explant 

Reco
v 

(n=4) 
29 11 0* 67-46 16-42 1035-30.4 15-23 

Not 
Reco

v 
(n=1

2) 

34 42 75 73-47 19-35 1192-123 30 

*: p<0 05 
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[25] ANGIOGENESIS INDUCTION FOR THE 
TREATMENT OF REFRACTORY ANGINA. AN 

EXPERIMENTAL APPROACH FOR TWO DIFFERENT 
THERAPIES 

G. Rabago; J. Cosin-Sales; A. Panizo*; A. Maceira; J.J. 
Gavira; M.J. Garcia-Velloso**; J. Herreros 

Dep. Cardiology and Cardiovascular Surgery, * Pathology 
and Nuclear Medecine; **Clinica Universitaria. University of 

Navarra. Spain 

Gene therapy (adenovirus mediated) with VEGF-165 
induces angiogenesis by increase in the myocardial 

content of this growth factor. Transmyocardial laser 
revascularization (TMLR) seems to enhance new 
vessels through increment of different growth factors. 
We have compared both therapies. 

Chronic myocardial ischemia was induced in 14 
minipigs by PTCA on the left circumflex coronary 
artery. Three months later a coronary angiography was 
done to assess coronary stenosis. After a chronic 
ischemic zone was established, the animals were 
randomly divided into three groups: Laser (n=5), VEGF 
(n=6) and controls (n=3). TMLR or injection of an 
adenoviral vector (adnv) encoding for VEGF-165 was 
performed in the ischemic territory; the control group 

   changes (mean) 

   free wall vs. 
control scar vs. free wall scar vs. 

control 
functional group  gene log2R FC log2R FC log2R FC 

neurohumeral  ANP 1,2 2,3 * 0,7 1,6 * 1,9 3,8 * 
  ACE 0,1 1,0 -0,4 0,8 -0,3 0,8 

inflammation  IL6 -0,1 0,9 0,2 1,1 0,1 1,1 
  C4 -0,1 0,9 2,8 7,0 * 2,7 6,3 * 
  ABIN1 0,1 1,1 0,1 1,1 0,2 1,1 
  ICAM-2 0,3 1,2 -0,4 0,8 -0,1 0,9 
  VCAM-1 0,0 1,0 0,5 1,4 0,5 1,4 

growth hormons  IGF-1 0,5 1,4 -0,1 0,9 0,4 1,3 
  TGF 0,0 1,0 0,3 1,2 0,4 1,3 

contractile 
proteins  MYO 0,0 1,0 0,2 1,2 0,2 1,1 

  MYOB -0,3 0,8 0,3 1,2 0,0 1,0 
  Troponin I -0,3 0,8 -0,8 0,6 * -1,1 0,5 * 
  Troponin T 0,1 1,0 -0,4 0,8 -0,3 0,8 

extracellular 
matrix  COLA-1 0,6 1,5 * 0,4 1,3 1,0 2,0 * 

  PG-S1 -0,1 0,9 -0,7 0,6 * -0,8 0,6 * 
  MMP-2 0,5 1,4 0,1 1,1 0,6 1,5 * 
  MMP-9 0,7 1,6 * 0,5 1,4 1,1 2,2 * 
  MMP-3 0,1 1,0 -0,1 1,0 0,0 1,0 
  TIMP-1 2,6 6,2 * 0,6 1,5 * 3,2 9,5 * 
  TIMP-2 -0,2 0,8 0,2 1,2 0,0 1,0 
  TSP-4 0,2 1,1 0,6 1,6 * 0,8 1,8 * 

calcium handling  SERCA2 -0,1 0,9 -0,4 0,7 -0,6 0,7 
  SERCA2n -0,1 0,9 -1,2 0,4 * -1,3 0,4 * 

others  GAPDH 0,2 1,2 0,1 1,0 0,3 1,2 
  GAPDHc -0,1 0,9 0,0 1,0 -0,1 0,9 
  RPL19 -0,2 0,9 0,3 1,3 0,2 1,1 
  RPL19c -0,2 0,9 0,5 1,4 0,2 1,2 

Table Abs [24]: Results of custom-designed oligonucleotide array. Genes are clustered according to 
functional groups. Mean changes of gene expression induced in free wall vs control, scar vs free wall 
and scar vs control are presented (n=6 per area). FC values <1.5 or >0.6 are considered to be a 
significant up- or down-regulation.  

 Log2R, signal log ratio; FC, fold change; ABIN1, inhibitor of NF-kappa B activation; COLA1, collagen 
1; PG-S1, biglycan (proteoglycan 1); RPL19, ribosomal protein L19. 
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did not receive any therapy. The blood sampling 
protocol was performed before PTCA (I), three months 
later (when a new coronary angiography showed a 
coronary lesion) (II), and 3 month after therapy (III). 
ANOVA statistical analysis was used. Blood samples 
were withdrawn from the coronary sinus at baseline (B), 
maximal heart rate achieved during right atrial pacing 
(Mx) and 15 min after Mx (15). Plasma levels of bFGF 
and VEGF were measured in all with ELISA assays 
(pg/mL). 

In the TMLR group the treated area showed tiny lineal 
scares without patency. It was possible to identify 
vessels with a very thick wall due to smooth muscle 
hyperplasia, surrounding and inside the channels. All 
six cases of VEGF treated group showed increased focal 
epicardial blood vessel density and angioma-like 
formation. Groups TMLR and VEGF had a significant 
higher level of VEGF expression compared with control 
group. Immunoreactivity for VEGF was intense within 
myocardium and neovascular structures surrounding the 
treated areas. In the treated areas, vascular density was 
significantly elevated in both TMLR and VEGF groups 
as compared with the control group: 21.1±5.1 (TMLR); 
29.3±4.4 (VEGF); and 5.7±2.1 (control) (p<0.05). 
Significant differences were also found between VEGF 
and TMLR (p<0,05). There were not differences in 
vascular density between all three groups in non-
ischemic remote areas: 4.02±1.7 (TMLR); 5.05±1.5 
(VEGF); and 4.26±1.9 (control) (p>0.05). 

VEGF levels increased after TMLR or adnv-VEGF 
165, pointing towards similar mechanism of action for 
both therapies. Levels of bFGF increased with chronic 
ischemia, and returned to normal levels after treatment 
(except controls). b-FGF may serve as an ischemic 
marker. 

[26] POLVAD SYSTEM AS A BRIDGE TO RECOVERY IN 
FULMINANT MYOCARDITIS 

G. Religa, A. Parluski; E. Sitkowska, S. Banaś, P. Siondalski*; 
M. Brzozowski*, K. Kuśmierski; R. Lango*; M. Stefaniak*, 

M. Narkiewicz*, Z. Religa; R. Kustosz** 

II Department of Cardiac Surgery, Institute of Cardiology, 
Warsaw, Poland; *Department of Cardiac Surgery, Medical 
Academy, Gdansk, Poland; **Silesian Medicine Academy, 

Katowice, Poland 

The Polish Mechanical Cardiac Assist System 
POLCAS, consisting of POLVAD extracorporeal 
ventricular assist device and POLPDU driving unit, has 
been clinically used in treatment of the end-stage heart 
insufficiency since 1995, resulting with the total number 
of clinical applications exceeding 130 cases 
(applications in different ethiologies). The presentation 
reports the Polish experiences with POLCAS system in 

treatment of fulminant myocarditis complicated by 
cardiogenic shock. 

The BiVAD heart assistance using POLCAS System 
was performed in 10 cases (5 females, 5 males, age 15-
50 years old) after the administered pharmacological 
treatment and mechanical circulatory support with 
intraaortic balloon pump (IABP) had failed. In each 
case a developed cardiogenic shock was observed with 
an average ejection fraction (%EF) 10-15%. 

In 5 presented cases myocarditis was caused by 
viruses. In 4 of them Coxackie B etiology was 
confirmed. The BiVAD heart assistance duration with 
POLCAS System ranged from 4 to 52 days. 

Totally 7 patients have been successfully treated with 
BiVAD: 5 patients have been successfully supported 
towards heart regeneration, which was 
histopathologically, clinically and in echocardiography 
confirmed and 2 patients underwent an orthotropic heart 
transplantation (they are doing well). 3 patients in heart 
regeneration group have been discharged from the 
hospital and are doing well (6-45 months) with %EF 
between 45-50% and 2 patients died (one after 7 days 
and the second after 22 days after POLVAD’s 
explantation). 3 patients died on BiVAD because of 
multi organ failure (MOF) and sepsis. The most 
common complication during POLVAD  support was 
bleeding. 

Presented results reveal that the POLCAS system can 
be successfully clinically used in treatment of patients 
suffering from fulminant myocarditis complicated with 
cardiogenic shock. The application of mechanical heart 
assistance allows to treat the patient to heart 
regeneration, and in case of unsuccessful treatment also 
allows to bridge the patient to heart transplantation. 

[27] LONG TERM RESULTS OF DEMAND CARDIAC 
BIO-GIRDLING 

G.L. Rigatelli, U. Carraro*, G. Rigatelli  

Cardiomyoplasty project unit, The Legnago General Hospital, 
Legnago (Verona) Italy; *Laboratory of Applied Myology, 

Department of Biomedical Sciences, University of Padova, Italy 

The value of dynamic cardiomyoplasty has been 
brought into question by disappointing results produced 
by slow contraction-relaxation cycle and possibly 
degeneration of the latissimus dorsi muscle (LD) 
secondary to temporary tenotomy and chronic daily 
electrical stimulation. Objective of our study is to 
determine whether daily periods of rest introduced by 
demand stimulation in the continuous contraction 
protocol produce systolic assistance and improve 
clinical results. Twelve Dynamic Cardiomyoplasty 
patients (mean age 58.2+5.8 years, M/F=11/1, sinus 
rhythm/atrial fibrillation=11/1) with dilated myocardio-
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pathy were enrolled in a not randomized trial of 
Demand Dynamic Heart Bio-Girdling in a public 
regional teaching hospital. Periods of LD inactivity, 
each lasting several hours, were daily introduced by a 
heart rate-based demand regime. To avoid full 
transformation of LD, fewer impulses per day have been 
delivered, daily providing the LD with long periods of 
rest (Demand light stimulation). The contractile 
properties have been measured by transcutaneous non-
invasive LD tensiomyogram interrogation (LD 
tensiomyogram). Bio-Girdle activation was synchro-
nized to heart’s beat by combining tensiomyogram and 
echocardiography. Clinic, echocardiographic and 
hemodynamic records, as well as aortic flow measure-
ments by Doppler aortic flow wire were performed 
during the follow-up. Mean duration of the demand 
stimulation follow-up 40.2+13.8 months. At five years, 
“Demand stimulation” shows: 1. No operative death; 2. 
83% actuarial survival; 3. Highly significant 47.4% 
decrease of the NYHA class (from 3.17+0.38 to 
1.67+0.77, p=0.0001); 4. 41.6% improvement of LVEF 
(from 22.6+4.38 to 32.0+7.0, p=0.001); 5. 7.5+3.0% 
increase in aortic flow velocity peak in assisted vs. 
unassisted beats, and 6. Preservation of LD from 
slowness (TFF value 33+ 7.86 at follow-up versus 
15.8+11.1 Hz just before switching from continuous to 
demand stimulation, p=0.0001) and muscle 
degenerative atrophy. In Dynamic Cardiomyoplasty the 
demand light stimulation maintains LD contraction 
properties over time, produces effective systolic 
assistance, and improves clinical results. Demand 
Dynamic Bio-Girdling is a safe and effective treatment 
of end-stage heart failure in selected patients. 

[28] EVALUATION OF LATERAL TORACOTOMY FOR 
VENTRICULAR ASSISTANCE 

J.L. Rizzardi, J.dC. Diez, F. Benetti, M. de Zappetti, 
A. Zappetti, C.Concetti, R.F. Viña. 

BENETTI FOUNDATION, Rosario – Argentina 

The approach by sternotomy, for ventricular 
assistance, this has revealed limitations like the 
infections and the difficulty in reoperations for 
transplants or the correction of another pathology. 

To evaluate the toracotomy, for long time ventricular 
assistance and the access to the mediastinum vases. 

The approach was carried out for lateral toracotomy, 
in 12 animals: 6 sheep, with a weight average of 75 K 
and 6 calves, with a weight average of 110 K. General 
anesthesia was carried out with ketamin and halotan. 
The right lateral toracotomy was carried out in the 4º 
space with resection of the 5º rib. In 3 animals, was 
carried out the left lateral toracotomy. The approached 

vases were ascending and descending aorta. The heart 
was approached by the appendage of the auricle or 
through the right vein lung inferior. 

Hemodynamic monitor: primitive carotid pressure, 
ECG and diuresis. Laboratory controls: ordinary 
analysis, plus determination of gases in blood, KPTT. 
Monitor of corporal temperature and lees control. The 
anticoagulation was carried out with heparin and 
sintrom. 

The carried out approaching, it allowed an easy access 
to the aorta and left auricle, facilitating an appropriate 
permanency of the cannulas in the place of implants. 
The duration of the experiments was of 38 days. The 
dicumarinics association with heparin demonstrated to 
be the most effective combination, allowing avoiding 
the formation of thrombus. 

[29] DYNAMIC CARDIOMYOPLASTY: ARE WE 
DOWNHEARTED? 

S. Salmons and J.C. Jarvis 

British Heart Foundation Skeletal Muscle Assist Group, 
Department of Human Anatomy and Cell Biology, University 

of Liverpool, Liverpool, U.K. 

Dynamic cardiomyoplasty achieved extensive clinical 
application and brought about an improvement in the 
quality of life of the patient in the majority of cases, yet 
it is widely regarded as a failed approach, an impression 
that has been heightened by the withdrawal of 
Medtronic Inc. from the field. Is this an accurate 
assessment? Could a latissimus dorsi muscle graft 
function permanently and effectively after transfer into 
the chest? 

A highly developed aerobic metabolism is essential if 
the muscle is to sustain the continuous energy demands 
of cardiac assistance. The necessary mitochondrial 
density is achieved by ‘conditioning’ the muscle with 
chronic electrical stimulation. If, however, this is not 
supported by adequate delivery of oxygen and nutrients 
to the muscle via the arterial blood supply the result is 
fatigue, ischaemic damage and replacement of muscle 
with fibrofatty connective tissue. Ischaemia can result 
from compression or torsion of the vascular pedicle as it 
passes through the rib-cage. It will always occur if the 
graft is stimulated in every cardiac cycle, for the 
sustained intramuscular pressure then excludes the 
muscle’s own blood supply. These sources of ischaemia 
are avoidable. 

Division of the perforating branches of intercostal 
arteries during mobilization is, however, unavoidable, 
and significantly compromises the blood supply, 
particularly in the distal portion of the graft. Vascular 
delay techniques, based on neovascularization of the 
ischaemic distal muscle from the vascular tree of the 
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intact thoracodorsal artery, have been used to avert this 
damage, with limited success. Stimulating the skeletal 
muscle prior to mobilization enhances arterial 
anastomoses and enables the distal vascular tree to be 
perfused from the thoracodorsal artery. This technique 
is far less invasive and will allow effective cardiac 
assistance to be initiated with only a minimal 
postoperative delay.  

It is important to avoid stimulation protocols that 
induce expression of slow muscle myosin isoforms. The 
resultant decrease in contractile speed makes it more 
difficult to achieve systolic assistance or appropriate 
synchronization with the cardiac cycle. The proper goal 
of conditioning and activation for cardiac assistance is a 
fast, fatigue-resistant muscle. This goal can be attained 
by using less continuous regimes of stimulation, which 
preserve contractile speed yet still bring about the 
desired metabolic conversion. 

Future progress will depend on the renewed 
commercial availability of implantable cardiomyo-
stimulators. But it will depend just as much on our 
ability to learn from past mistakes, to address the key 
issues, and to persuade the broader community of 
cardiothoracic surgeons and cardiologists that cardiac 
bioassist from skeletal muscle is not a blind alley but an 
approach whose full potential has yet to be realized.  

[30] RESHAPING OF THE LEFT VENTRICLE 
ENHANCES CONTRACTILITY AND IMPROVES LEFT 

VENTRICULAR SYSTOLIC FUNCTION 

W.P. Santamore, M.A. Kashem, S. Hassan, D.L. Crabbe, K.B. 
Margulies, B.I. Goldman, D.B. Melvin*. 

Cardiovascular Research Group, Temple University, 
Philadelphia, PA, *Division of Cardiothoracic Surgery, 

University of Cincinnati, Cincinnati, OH 

We tested whether the CardioClasp, a non-blood 
contact device by acutely reshaping the left ventricle 
(LV) and reducing the LV wall stress (LVWS), would 
improve the LV contractility.Methods In dogs (n=6), 4-
weeks of ventricular pacing (210 to 240 ppm) induced 
severe heart failure. LV function was evaluated before 
and after placing CardioClasp, which employs two 
indenting bars to reshape LV. Hemodynamics, 
echocardiography, and Sonometrics® crystals 

dimension were measured at steady state and during 
inferior vena cava occlusion.  

CardioClasp decreased the LV end-diastolic anterior-
posterior dimension by 22.8 ± 1.9%, decreased LVWS 
from 97.3 ± 22.8 to 67.2 ± 7.7 g/cm2

 (p=0.003), and 
increased fractional area of contraction (FAC) from 21.3 
± 10.5 to 31.3 ± 18.1 (p=0.002). Clasp did not alter 
LVEDP, LVP, LV dP/dts, and CO. With CardioClasp, 
the slope of end-systolic pressure-volume relationship 
(Emax) was increased from 1.87 ± 0.47 to 3.22 ± 1.55  
mmHg/ml (p=0.02), the slope of the preload recruitable 
stroke work versus end-diastolic volume (MSW) was 
increased from 28.4 ± 11.0 to 44.1 ± 23.5 (p=0.02) 
mmHg, and the slope of maximum dP/dt versus end-
diastolic volume (dE/dtMAX) was increased from 10.6 ± 
4.6 to 18.6 ± 7.4 mmHg/sec/ml (p=0.01). CardioClasp 
increased Emax by 68.0 ± 21.7%, MSW by 50.7 ± 18.1%, 
and dE/dtMAX by 85.7 ± 28.9%. 

Effects of left ventricular reshaping on pressure-volume 
relationship 

In conclusion, CardioClasp decreased LVWS and 
increased FAC by reshaping the LV. CardioClasp was 
able to maintain CO and arterial pressure. CardioClasp 
increased global LV contractility by increasing Emax, 
MSW, and dE/dtMAX. In heart failure patients, 
CardioClasp device may be effective for clinical 
application. 

 LVEDP 
 (mmHg) 

LVSP  
(mmHg) 

LV+dP/dt 
(mmHg/s) 

LV-dP/dt 
(mmHg/s) 

AoP sys 
(mmHg) 

AoP dias 
(mmHg) 

C.O. 
(L/min) 

Baseline 
 17.3 ± 2.2 79.8 ± 4.1 870 ± 120 -988 ± 154 71.7 ± 3.4 53.2 ± 2.5 2.2 ± 0.4 

Cardio 
Clasp 16.8 ± 1.2 81.5 ± 3.9 955 ± 180 -967 ± 178 69.5 ± 4.2 50.5± 3.2 2.1 ± 0.3 

Table abstract [30] 
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[31] ACUTE LOADING EFFECTS OF INTRA-AORTIC 
COUNTERPULSATION TIMING ON LEFT 

VENTRICULAR PERFORMANCE AND 
DYSSYNCHRONY IN PATIENTS WITH LOW EJECTION 

FRACTION  

J. Schreuder, F. Maisano, A. Castiglioni, S. Benussi, O. Alfieri. 

Department of Cardiac Surgery, San Raffaele University 
Hospital, Milan, Italy  

Beat-to-beat analysis of properly timed intra-aortic 
balloon counter pulsation (IABP), premature IAB 
inflation and late IAB deflation on left ventricular (LV) 
performance  

and LV mechanical dyssynchrony in heart failure 
patients undergoing cardiac surgery. 

IABP timing errors during arrhythmia may result in 
inappropriate afterload increases which may negatively 
influence LV ejection and LV mechanical 
dyssynchrony. 

In fifteen patients LV pressure-volume relations and 
LV dyssynchrony were measured by conductance 
volume catheter. Properly timed IABP was evaluated at 
a 1:1 assist ratio within a 10s time-span. Premature IAB 
inflation and late IAB deflation were evaluated at a 1:4 
assist ratio.  

Properly timed 1:1 IABP acutely decreased LV end-
systolic volume by 6.1% (p<.0001) and LV end-systolic 
pressure by 17.5% (p<.0001) due to decreased aortic 
impedance. Stroke volume (SV) increased by 14% 
(p<.0001), and was best predicted by a decrease in LV 
mechanical dyssynchrony (p<.0025). The largest SV 
increases occurred in patients with lowest contractile 
state. Premature IAB inflation decreased SV by 20% 
(p<.0001) due to abrupt increase of LV afterload during 
late ejection. Late IAB deflation increased SV by 18% 
(p<.0001) and increased stroke work by 16% (p<.01) 
due to increased afterload during early ejection and 
decreased afterload during late ejection. Changes in 
systolic dyssynchrony due to premature inflation or late 
deflation of the IAB best predicted the changes in SV 
(p<.00003). 

LV performance during IABP is causally related to 
changes in LV afterload and its timing in contraction or 
relaxation phase and to contractile state. Stroke volume 
changes were best predicted by changes in LV 
mechanical dyssynchrony.  

[32] AUTOMATIC INTRA-AORTIC BALLOON PUMP 
TIMING IN PATIENTS WITH MARKED ARRHYTMIA 

USING AN INTRA-BEAT DICROTIC NOTCH 
PREDICTION ALGORITHM  

J. Schreuder, F. Maisano, A. Castiglioni, S. Benussi, O. Alfieri. 

Department of Cardiac Surgery, San Raffaele University 
Hospital, Milan, Italy. 

The efficacy of intra-aortic balloon counterpulsation 
(IABP) during arrhythmic episodes is questionable. A 
novel algorithm for intra-beat prediction of the dicrotic 
notch from aortic flow was used for IABP inflation 
timing control. 

A windkessel model algorithm was used to calculate 
real-time aortic flow from aortic pressure. The dicrotic 
notch was predicted using a percentage of calculated 
peak flow. Automatic inflation timing was set at intra-
beat predicted dicrotic notch and IAB deflation at the R-
wave or by predictive deflation algorithm. Prophylactic 
IABP was applied in 27 patients with low ejection 
fraction (<35%) undergoing cardiac surgery. Analysis 
of IABP at a 1:4 ratio showed that IAB inflation 
occurred at a mean of 0.6±5 ms from the dicrotic notch. 
In all patients accurate, automatic timing at a 1:1 assist 
ratio was performed. Seventeen patients had episodes of 
severe arrhythmia, the novel IABP inflation algorithm 
accurately assisted 318 of 320 arrhythmic beats at a 1:1 
ratio. No false positive dicrotic notch identifications 
were observed. Left ventricular pressure-volume loops 
recorded during severe arrhythmia in 5 patients revealed 
highly accurate IAB inflation and deflation timing.    

The novel real-time intra-beat IABP inflation timing 
algorithm performed accurately in all patients during 
both regular rhythms and severe arrhythmia, allowing 
fully automatic IABP timing. 

[33] LEFT VENTRICULAR MECHANICAL 
DYSSYNCHRONY AND IMPROVEMENT OF 

CONTRACTILE STATE AFTER LEFT VENTRICULAR 
RESTORATION  

J. Schreuder, F. Maisano, A. Castiglioni, L. Torracca, O. Alfieri 

Department of Cardiac Surgery, San Raffaele University 
Hospital, Milan, Italy 

Surgical left ventricular restoration by endoventricular 
patch aneurysmectomy in patients with post-infarction 
aneurysm should result in acute improved left 
ventricular performance by unloading and decreasing 
mechanical dyssynchrony.  

Nine patients with left ventricular post-infarction 
aneurysm were studied intra-operatively before and 
after left ventricular restoration using the conductance 
volume catheter technique to analyze left ventricular 
pressure-volume relationships and mechanical 
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dyssynchrony. The end-systolic elastance was used as 
load independent index of contractile state. Segmental 
volume changes perpendicular to the long axis were 
used to calculate mechanical dyssynchrony.  

Endoventricular patch aneurysmectomy reduced end-
diastolic volume by 37% (p<.001) with unchanged 
stroke volume. Systolic function improved as derived 
from increased +dP/dtmax by 42% (p<.03), peak ejection 
rate by 28% (p<.02) and ejection fraction by 16% 
(p<.0002). Early diastolic function improved by reduced 
-dP/dtmax by 34% (p<.006) and Tau by 30% (p<.001). 
Left ventricular end-systolic elastance increased from 
1.2±.6 to 2.2±1mmHg/ml (p<.001). Left ventricular 
mechanical dyssynchrony decreased during systole 
relatively by 33% (p<.001) and during diastole by 20% 
(p<.005). Multiple linear regression analysis indicated 
that contractile state, as measured by end-systolic 
elastance, was best predicted by mechanical systolic 
dyssynchrony (p=.001). 

Left ventricular restoration acutely induces an 
improvement of contractile state and relaxation together 
with a decrease in mechanical dyssynchrony, indicating  
improvement of left ventricular mechanical efficiency. 

[34] FUNCTIONAL AND HISTOLOGICAL EFFECTS OF 
CLENBUTEROL ON THE CANINE SKELETAL MUSCLE 

VENTRICLE. 

Z. Sharif, R. Hammond, L. Stephenson. 

Wayne State University, Detroit MI, USA.  

We investigated the anabolic effects of the b 
sympatho-mimetic drug clenbuterol upon pumping 
chambers constructed from latissimus dorsi muscle 
(LDM) when used as an adjunct to our standard regimen 
of electrical conditioning that produces fatigue 
resistance.  In two groups of 4 dogs (18-26Kg), one 
group served as a control, undergoing the standard 
regimen of skeletal muscle ventricle (SMV) 
construction, with 3 weeks of recuperative delay 
followed by 6-7 weeks of electrical conditioning at a 
continuous frequency of 2 pulses per second, producing 
twitches against a non-compliant mandrel.  The second 
group underwent the same protocol combined with 
administration of clenbuterol (8ug/kg, 2x/day).  Over 
the course of the conditioning period, the clenbuterol 
group increased significantly in body weight as 
compared to the control group (p<.05).  In a terminal 
experiment, the SMVs were assessed with a mock 
circulation device to determine pumping performance 
and were also examined with regard to fiber type 
distribution and area in the SMVs and the contralateral 
in situ LDM.  In initial tests, the clenbuterol group 
performed better than the control group, but by the end 
of a 60 minute fatigue test, there were no significant 

differences between the groups.  With regard to fiber 
type distribution and areas, the SMVs of the clenbuterol 
group exhibited a Type II distribution (28 ± 4%) similar 
to unconditioned muscles, whereas the control group 
showed complete transformation (100%) as expected.  
With respect to fiber areas, the Type II fibers of the 
clenbuterol group were larger than their respective 
controls (p<.05), but the Type I fibers were not 
significantly different. We conclude that at the dose 
given and utilizing our current conditioning protocol, 
clenbuterol does not improve the chronic pumping 
performance of skeletal muscle ventricles in the canine 
model. 

[35] A NOVEL BICISTRONIC VECTOR EXPRESSING 
HUMAN VEGF165 AND ANGIOPOIETIN-1 FOR 

TRANSDUCTION OF HUMAN MYOBLASTS FOR 
CARDIAC REPAIR.  

E.K.W. Sim, *H.K. Haider, Y.Lei, °R. Ge, #S. Jiang, N.M. 
Idris, R.A. Jalil, §P.KLaw. 

Cardiothoracic Surgery, National University Hospital, 
Singapore; *National University Medical Institutes, NUS, 
Singapore; °Department of Biological Science, National 

University of Singapore, Singapore; #National Heart Centre, 
Singapore; §Cell Transplants Singapore, Science Park-II, 

Singapore. 

Therapeutic angiogenesis needs multiple factors to 
cooperatively rebuild functional blood vessel network. 
This study characterizes in vitro human myoblasts 
transduced with an adenoviral bicistronic vector (Ad-
Bic) simultaneously expressing human VEGF165 and 
angiopoietin-1 (Ang-1). 

Methods. 
Skeletal myoblasts from human donors were 

propagated in vitro using patented Super medium and 
assessed for purity of the culture by desmin 
immunostaining and flow cytometry for CD56 
expression. The cells were transduced with Ad-Bic at 
various virus: myoblast ratios by multiple transductions. 
The transduced myoblasts were dually fluoroimmuno-
stained for VEGF165 and Ang-1 expression to assess 
transduction efficiency. Western blot analysis was 
carried out to identify and determine the molecular 
weights of secreted angiogenic factors. The expression 
efficiency was assessed by RT-PCR and ELISA. The 
biological activity of VEGF165 and Ang-1 released by 
myoblasts was assessed by Thymidine [H3] 
incorporation assay and human umbilical vein 
endothelial cell (HUVEC) proliferation assay. 

The myoblast culture was >99% for desmin 
expression. The highest transduction and expression 
level was achieved by 3 times transduction for eight 
hours each at 1000: 1 ratio of virus: myoblast. Double 
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immunofluorescent staining showed that more than 98% 
of myoblasts were transduced with Ad-Bic and secreted 
VEGF165 and Ang-1. The expression level of VEGF165 
and Ang-1 continued for up to 30 days of observation 
with a peak at day 10 after transduction. Expression 
level of VEGF165 at day 10 was 32±4 ng/ml by ELISA 
which declined to 12~19 ng/ml at 30 days after 
transduction. The molecular weights of the secreted 
VEGF165 and Ang-1 were 42 kD and 75 kD respectively. 
Thymidine [H3] incorporation assay showed that 
conditioned supernatant from Ad-Bic transduced 
myoblasts stimulated the incorporation of Thymidine 
[H3] by more than two folds compared with supernatant 
from un-transduced myoblasts. HUVEC proliferation 
assay showed increased proliferation (more than 3 
folds) of endothelial cells which was inhibited by 
inclusion of anti-VEGF and anti-Ang-1 antibodies.  

In conclusion, myoblasts transduced with adenoviral 
bicistronic vector showed efficient and simultaneous 
expression of VEGF165 and Ang-1 and may provide a 
novel option for therapeutic angiomyogenesis for 
cardiac repair.  

[36] INTRAERYTHROCYTIC CA AND THROMBUS 
PRECURSOR PROTEIN AS MARKERS OF ACUTE 

MYOCARDIAL INFARCTION 

B. Toptaş, A. Baykal, M. İsbir, N. Değer 

Akdeniz University, School of Medicine; Departments of 
Biochemistry, Pharmacology and Cardiology, Antalya, Turkey 

It is known that the most important limitation of 
current chemical diagnostic methods for the stat 
diagnosis of an acute myocardial infarction (AMI) 
involves the measurement of the effects of ischemic or 
necrotic process on myocardial function. Among the 
biomarkers thrombus precursor protein (TpP) is the 
most important one and its use on AMI has been studied 
extensively. In this study the relation between the 
amount of TpP and the level of Ca during AMI was 
investigated. At one hour of AMI while the level of TpP 
in plasma increases, the level of Ca in erythrocyte 
decreases. During convalescence period the amount of 
TpP decreases whereas Ca rises to the normal levels. 
The subjects presenting with AMI had significantly 
higher TpP concentrations (p<0,001) than the controls at 
the first hour. The patients had concentrations within the 
reference range when controlled at the 72nd hour. These 
data supported the possible use of TpP assay as an aid 
for the diagnosis of AMI. 

[37] AUTOLOGOUS CELLULAR CARDIAC-IMPLANT IN 
HEART FAILURE 

J. Trainini, N. Lago, R. Giordano, J. Mouras, J. de Paz, M. 
Quintana, J.C. Chachques. 

Cardiovascular Surgery, Presidente Perón Hospital, Buenos 
Aires, Argentina 

Objective. Acute myocardial infarction leads to loss of 
functional myocytes and structural integrity of the heart. 
Autologous cell transplantation to repair or regenerate 
injured myocardium is a new direction in the treatment 
of cardiovascular disease. On the other hand, myoblast 
cell transplantation to repair myocardial infarction has 
been show to be safe and effective in preclinical studies. 
The objective of this study was to demonstrate the 
feasibility and safety of myoblast transplantation in 
humans. 

Methods. Our experience include ten patients. Five of 
them were transplant with myoblasts and another five 
patients with bone marrow cells. In this presentation we 
want to inform our findings in myoblasts 
transplantation. These patients were included on the 
basis of the following criteria: 1) severe left ventricular 
dysfunction (ejection fraction < 40%); 2) the presence 
of a postinfarction akinetic and nonviable scar, as 
assessed by dobutamina echocardiography and color 
kinesis, and 3) an indication of coronary bypass in 
remote areas. Skeletal myoblast were grown from a 
biopsy taken at the thigh. 

Results. An average of 200±37 millions cells were 
obtained after a mean period of 28 days and implanted 
uneventfully across the scar at the time of bypass. All 
patients had uncomplicated postoperative course. At an 
average follow-up of 6±3.5 months, the mean New 
York Heart Association class improved from 2.2±0.5 
preoperatively to 1±0.0 postoperatively, the ejection 
fraction increased from 33±15.6% to 36±12%, the 
diastolic diameter of left ventricle was reduced from 
64±6.5 mm to 60.1±4.2 mm and the motility index 
improved from 1.75±0.0 to 1.63±0.5. A blinded 
echocardiographic analysis showed that 31.6% of the 
cell-implanted scars demonstrated improve changes 
kinetic (p<0.05). 

Conclusions. The repair of the heart with autologous 
cells could have profound medical importance. Clinical 
feasibility and efficiency rates must be demonstrated 
with histological and functional evidence. A 
multidisciplinary effort will be required to bring these 
techniques into routine clinical practice. 
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[38] VENTRICULAR ASSIST DEVICE SUPPORT FOR 
ACUTE GRAFT FAILURE FOLLOWING HEART 

TRANSPLANTATION USING THE ABIOMED BVS 5000 

B. Vasseur and M. Anderson 

Department of Surgery, Division of Thoracic surgery, 
University of Dentistry and Medicine of New Jersey - Robert 
Wood Johnson Medical School, New Brunswick, NJ, USA. 

The purpose of this review was to examine our 
experience with the Abiomed BVS 5000 VAD for acute 
graft dysfunction following heart transplantation. All 
patients requiring VAD support  between 1/96 and 5/03 
were reviewed.  The group was evaluated for patient 
characteristics, operative data and outcomes. 

A total of 26 patients were identified, 17 males and 9 
females with a mean age of 50 years. Post transplant 
support included 16 RVAD, 8 BIVAD and 2 LVAD. 
The mean duration of support was 6.0 ± 2.3 days. 21 
patients (81%) were explanted (1 died), 2 patients were 
re-transplanted and 3 had VAD support terminated.  
Complications included 5 (19%) patients having at least 
1 re-operation for bleeding and 3 patients needing at 
least 1 blood pump exchange. There were 3 presumed 
thromboembolic events (12%), 1 of which was fatal. 
The overall survival to discharge was 85% (22/26) and 
the 1 year survival was 95% (20/21). These results 
suggest that acute graft failure following heart 
transplantation is reversible.  Further, the outcomes in 
this group of patients is excellent.  These results may 
support our use of what were previously considered 
marginal donors and as a result, should increase the 
currently limited donor pool. 

[39] RECONSTRUCTION OF RECTUS ABDOMINIS BY 
ADULT MYOGENIC STEM CELLS 

V. Vindigni, F. Mazzoleni, G. Rigatelli*, K. Rossini°, U. Carraro° 

Clinic of Plastic and Reconstructive Surgery, Department of 
Surgical Science, University of Padova, Italy; 

*Cardiomyoplasty Project Unit, The Legnago General 
Hospital, Legnago (Verona), Italy; °C.N.R. Institute of 

Neuroscience, Neuromuscular Section, Laboratory of Applied 
Myology, Department of Biomedical Science, University of 

Padova, Italy. 

Skeletal muscle regeneration is a powerful process of 
tissue reconstruction when myofibers die secondary to 
ischemia and/or myotoxic injury, which usually spare 
tissue circulation and scaffold. On the other hand, it is a 
common observation in limb ischemic necrosis, 
traumatology and free muscle graft that the 
necrotic/ablated tissue is substituted by scar. The need 
to minimize the donor site defect after the harvesting of 
a muscle flap, like latissimus dorsii or rectus abdominis, 

is another example in reconstructive plastic surgery. The 
final outcome is poor even after myoblast seeding in the 
site of a harvested muscle. Taking advantage of what 
had been developed to repair heart defects by cellular 
cardiomyoplasty, we are studying how successfully 
reconstruct and/or modify rectus abdominis muscle. In a 
rat model of full thickness rectus abdominis muscle 
ablation, we are using a step-by-step approach to 
identify factors that favor survival of implanted 
autologous satellite cells and thus muscle regeneration.  

If autologous myoblasts are isolated from explanted 
rectus abdominis and seeded in a homologous acellular 
matrix immediately after wall reconstruction, the only 
regenerated myofibers are confined to surrounding 
muscle frame. Auto-grafting of the rectus abdominis 
also results in a scar. The few muscle cells in the graft 
core are scanty myoblasts only identified by monoclonal 
antibody to embryonic myosin, a well-characterized 
molecular marker of regenerative myogenesis. These 
results strongly suggest that vascularization of the 
scaffold followed by co-ordinate proliferation of the 
seeded cells are mandatory events to allow myoblasts to 
migrate into the implant and differentiate up to myofiber 
stage. 

We succeed in regeneration of myofibers into the 
implants by injecting marcaine in both the muscle auto-
graft and the surrounding muscle frame. Three weeks 
after surgery, the implant core shows young centrally 
nucleated myofibers intermixed to early myofibers and 
myotubes, which express embryonic myosin. Even the 
core of an acellular matrix shows myofiber regeneration 
when surrounding muscle is injected with marcaine. 
Muscle regeneration is the result of co-ordinate 
migration of angioblasts and satellite cell–derived 
myoblasts from the muscle frame. At our knowledge, 
this is the first successful evidence of muscle 
reconstruction after full thickness ablation of rectus 
abdominis. 

[40] INCREASING TRANSPLANTED CELL SURVIVAL 
WITH CELL-BASED ANGIOGENIC GENE THERAPY 

T.M. Yau, G. Li, R.D. Weisel, D.A.G .Mickle, R.K. Li 

Division of Cardiovascular Surgery, Toronto General 
Hospital,  Department of Surgery, University of Toronto, 

Toronto, Canada 

The majority of cells transplanted into infarcted 
myocardium do not survive. Maximizing cell survival 
should maximize the efficacy of cell transplantation for 
myocardial repair. We evaluated the role of apoptosis in 
cell loss after transplantation and the effect of an 
angiogenic transgene on apoptosis and overall cell 
survival. 
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Female Lewis rats underwent myocardial cryoinjury 4 
weeks before transplantation with 3x106 male donor 
heart cells (HC, a mixed culture of cardiomyocytes, 
smooth muscle cells, endothelial cells and fibroblasts), 
VEGF-transfected HC (HC+), skeletal myoblasts (Sk), 
VEGF-transfected Sk (Sk+), or medium (Ctrl, N=3 
each). Apoptosis was quantitated by TUNEL assay and 
DNA fragmentation. Survival of male donor cells in 
female recipient hearts was evaluated by quantitative 
real-time PCR for the Y chromosomal gene sry. 
Approximately one-third of HC and Sk survived 1 week 
after transplantation (Figure), while one-half of VEGF-
transfected HC+ and Sk+ survived to this time (p<0.05 
vs. HC and Sk). 

TUNEL staining revealed apoptosis in all cell 
transplanted groups, but only a few apoptotic cells in 
control hearts. Apoptosis (% apoptotic cells / total cells) 
was significantly reduced in HC+ and Sk+ hearts 
compared to unmodified HC and Sk (p<0.05) (Figure, 
left). DNA fragmentation (% intensity < 5kb / total 
intensity) was also significantly lower in HC+ and Sk+ 
hearts than unmodified HC and Sk (p<0.05). 

Ischemia and apoptosis both contribute to cell loss 
after transplantation. Transfection with VEGF induced 
angiogenesis which reduced both ischemic and 
apoptotic cell death. Our findings suggest that further 
strategies to reduce apoptosis, e.g. by inhibition of 
caspases, may enhance the efficacy of cell 
transplantation in myocardial repair. 

[41] GROWTH FACTORS IMPROVE LATISSIMUS DORSI 
MUSCLE VASCULARISATION AND TROPHICITY 

FOLLOWING CARDIOMYOPLASTY 

G.Zakine, E. Martino, P. Fornes, M. Sapoval, D. Barritault,  
A. Carpentier, J.C. Chachques. 

Broussais Hospital, Laboratoire d'Etude des Greffes et 
Prothèses Cardiaques, Paris. 

Partial ischemia and atrophy of LDM can decrease 
efficacy of dynamic cardiomyoplasty. First part of this 
study evaluated effects of locally administered growth 
factors through a port chamber placed at heart / muscle 
interface following cardiomyoplasty. Second part 
compared two different ways of growth factors 
administration. In 24 sheep dynamic cardiomyoplasty 
was performed using left LDM. A multiperforated 
catheter was positioned at LDM / epicardial interface 
for weekly administration, during one month, of the 
following factors : basic Fibroblast Growth Factor 
(bFGF, n=6), Vascular Endothelial Growth Factor 
(VEGF, n=6) and ReGeneRaTing Agent  : synthetic 
molecule which potentiates effects of heparin binding 
growth factors (RGTA, n=6). Six sheep were injected 
with PBS (phosphate buffered saline solution) as control 
group.  Twenty four sheep underwent a right and left 
LDM elevation. Serratus major was removed and fascia 
was burned by electrocoagulation. Regenerating agent 
(n=12) and bFGF (n=12) were administrated through a 
multiperforated catheter under LDM, or injected in 
distal part of LDM in one side, as PBS was 
administrated in other side (control group). At three 
months, for two parts of the study, angiographic, 
histological and histomorphometric studies were 
performed. Angiographic studies of animals treated with 
growth factors demonstrated hypervascularisation due 
to development of new vessels. Histomorphometric and 
histological studies showed a significant (*) increase of 
number of capillaries and arterioles (calculated for a 
defined area), in groups treated with bFGF : 443+/-157 
*, RGTA : 293+/-29, VEGF : 246+/-46, compared to 
control group : 81.5+/-12. A significantly lower atrophy 
score was observed in groups treated with bFGF : 
1.49+/-0.31 *, RGTA : 1.59+/-0.17 *, and VEGF : 
1.96+/-0.14,  compared to control group : 2.48+/-0.21. 
(*= p<0.05). 

In the second group, augmentation of neoangiogenesis 
was seen in groups treated with bFGF by intramuscular 
injection : 561.4 ± 43.2 and through catheter : 631.6 ± 
72.1 and with RGTA by intramuscular injection : 563.1 
± 80.6 and through catheter : 574.8 ± 44.3, in 
comparison with control group : 388.5 ± 74.3. Score of 
atrophy was lower in groups treated with bFGF (IM: 
0.91 ± 0.14, catheter: 0.87 ± 0.23) and RGTA (IM: 0.85 
± 0.33, catheter: 1.13 ± 0.38) than in control group (1.65 
± 0.37). There was no statistically significant difference 
between groups treated by catheter administration and 
groups treated by intramuscular injection.  
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Local administration at heart / muscle interface of 
growth factors has increased muscle vascularization and 
avoided muscle atrophy in an experimental model of 
cardiomyoplasty. A single per-operative intramuscular 
injection and a weekly topic administration provided 

similar results. Furthermore, no systemic effects of 
growth factors were observed. 

These results are promising for muscle and 
myocutaneous flap use in the clinical setting of 
cardiomyoplasty or plastic and reconstructive surgery. 

 


