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Abstract: Ischemic myocardial disease, the main cause of heart failure, is a major public health and economic
problem. Given the aging population, heart failure is becoming an increasing clinical issue and a substantial
financial burden. Thus, research in heart failure is of relevant interest and importance, involving specialties
such as cellular and molecular biology, tissue engineering, genetics, biophysics and electrophysiology. Stem
cell-based regenerative therapy is undergoing experimental and clinical trials in order to limit the
consequences of decreased contractile function and compliance of damaged ventricles following myocardial
infarction or in patients presenting non-ischemic dilated cardiomyopathies. This biological approach is
particularly attractive due to the potential for myocardial regeneration with a variety of myogenic and
angiogenic cell types. The development of a bio-artificial myocardium using biological or synthetic matrix is
a new challenge.
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INTRODUCTION

The recent progress in cellular and molecular biology
allows the development of new therapies for heart failure [1,
2]. One of the most innovative therapies consists in the
transplantation of stem cells into the myocardium for heart
muscle regeneration. This approach is called “cellular
cardiomyoplasty” [3, 4]. Adult myocardium cannot
effectively repair itself after infarction due to the limited
number of stem cells. Thus, most of the injury is
irreversible [5]. For this reason, cell transplantation
strategies for heart failure have been designed to replace
damaged cells with cells that can restore cardiac function,
either in ischemic or non-ischemic cardiomyopathies.
Grafting of healthy cells into the diseased myocardium
holds enormous potential as an approach to cardiovascular
pathology. The goal of cell transplantation is to grow new
muscle fibers (myogenesis) and/or to develop new blood
vessels (angiogenesis) in the damaged myocardium. This
may potentially contribute to improve systolic and diastolic
ventricular function, and to reverse the post ischemic
remodeling process of the ventricular chambers [5].
The encouraging results of experimental studies [6-8]
have opened the way to the clinical application of cellular
cardiomyoplasty in patients with akinetic and non-viable
post-infarction scar, low ejection fraction, and in patients
with idiopathic and/or chagasic cardiomyopathies [9-12].
Adult cultured autologous stem cells do not raise
immunological, ethical, tumorogenesis or donor availability
problems. The development of cell therapies for heart failure
should progress according to a rigorous scientific
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methodology, from observation to experimentation, to a
careful evaluation of preliminary clinical results.

Current possibilities in cell therapy for myocardial
regeneration are the transplantation into the damaged
myocardium with different types of stem cells such as:
autologous myoblasts (originating from a skeletal muscle
biopsy) [13], bone marrow stem cells [14], peripheral blood
stem cells [15], vascular endothelial cells [16], mesothelial
cells (removed from a biopsy of the omentum) [17], adipose
tissue stem cells [18], and embryonic pluripotent cells [19].
Tissue engineering using biological and synthetic matrix
is now associated with cell therapy. The goal is to develop a
bioartificial myocardium [20-23]. The MAGNUM Clinical
Trial (Myocardial Assistance by Grafting a New Upgraded
bioartificial Myocardium) was initiated [24].
STEM CELLS

Resident stem cells have been identified in the heart [2529] as in many other organs, some of them with recognized
proliferative activity, such as skin [30] and blood [31] or
others more static as central nervous system components
[32]. Cardiac stem cells have been isolated from human and
murine hearts and characterized [33]. Even in human hearts
with the presence of native stem cells, myocardial renewal is
an insufficient mechanism to restore heart damage. In
contrast to some non-mammalian animals [34, 35], humans
regeneration is reduced in favor of reparation and efficient
wound healing with scar formation. This resolution should
be a multifactorial process that includes not only muscle
proliferation but neo-angiogenesis and electric and
mechanical stabilization. A defective resolution results in
temporary compensatory mechanisms which at some
moment progresses the cascade that leads to heart failure.
© 2007 Bentham Science Publishers Ltd.
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It is highly possible that the recruitment of stems cells
which circulate and mostly originated in the bone marrow,
help create structures other than cardiac muscle to restore the
regional architecture and generate the adequate niche for
native and migrating stem cells. An adequate level of
inflammation with reparative characteristic is critical not
only to limit the local necrosis but to reach an adequate
support of regulatory cytokines. These cytokines could be
secreted by the injected or recruited cells in a paracrine
action, as have been demonstrated after bone marrowmesenchymal derived stem cells injection [36], with a direct
effect on resident cells. Thus cellular cardiomyoplasty goal
is to provide exogenous stem cells that can improve the
natural insufficient reparative cardiac activity after a
myocardium injury. Many different types of cells has been
studied (Table 1) in a large body of animal research and an
important numbers of clinical results have been reported,
most of them using adult autologous stem cells. Those
studies have been heterogeneous in their methodology and
patient selection, restricted to post-ischemic lesions,
exclusively phase I or II trials and/or non randomized
double-blind trials. Surprisingly, most of the groups have
reported successful results. It is evident that a universal stem
cell based treatment in cardiology is a realistic goal. This
may require different cells be used in different combinations
in a variety of situations with the need to evaluate and
correlate outcomes from the bench to the bedside. The use of
other technologies, e.g. gene transfer and tissue engineering,
and the potential utility of embryonic stem cells [19, 37]
under ethical acceptable conditions, will extend the outlook
of cellular cardiomyoplasty behind the actual applications.
Properties of
Regeneration

Cells

Useful

MYOGENESIS OR CARDIOMYOGENESIS
Skeletal Myoblasts

AUTOLOGOUS-HUMAN-SERUM
CULTURE

for

Myocardial

Muscle Stem Cells

Bone Marrow- Mesenchymal Stem Cells

Umbilical Cord Mesenchymal Stem Cells
Embryonic Stem Cells
Smooth Muscle Cells

Fetal and Neonatal Cardiomyocytes

Atrial Cardiomyocytes as Biological Pacemakers
Adult Ventricular Cardiomyocytes
ANGIOGENESIS AND ARTERIOGENESIS INDUCTION
Bone Marrow Mononuclear Fraction
Peripheral Blood Mononuclear Fraction

FOR

CELL

Traditional cell culture techniques involve the use of fetal
bovine serum for cell growth. Contact of human cells with
fetal bovine serum results after three weeks in fixation of
animal proteins on the cell surface, representing an antigenic
substrate for immunological and inflammatory adverse
events. After cell implantation into the heart, an
inflammatory reaction can occur with subsequent fibrosis,
representing a risk for micro-re-entry circuits that can
generate ectopic ventricular arrhythmias. Thus, directly
injecting skeletal myoblasts-derived cells cultivated with
bovine serum into ischemic myocardium seems to provide
the substrate for electrical instability leading to malignant
arrhythmia. In fact, current clinical experience with cellular
cardiomyoplasty using bovine serum-cultivated myoblasts
has demonstrated significant malignant ventricular
arrhythmias and sudden death in patients. In some ongoing
clinical trials the implantation of cardioverter-defibrillator is
mandatory [38, 39].
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To reduce the risk of arrhythmia, a total autologous cell
culture procedure was used in 20 patients in our cellular
cardiomyoplasty clinical trials [13]. Cells were cultivated
without cytokines in a complete human medium during 3
weeks, using the patient’s own serum obtained from
plasmapheresis or blood samples. This approach obviated
the need for the implantation of defibrillators. Additional
benefit of human-autologous-serum cell expansion is that it
can be performed without risk of prion, viral or zoonoses
contamination. Since patients treated with non-cultivated
bone marrow cells are free of arrhythmia [14, 15], the
bovine-culture-medium used for myoblasts expansion seems
to be responsible for this complication.
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Table 1.
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MECHANISMS OF ACTION OF CELLULAR CMP
The many proposed mechanisms of action of cellular
cardiomyoplasty are: reduction of the size and fibrosis of
infarct scars, recovery of myocardial viability, limitation of
postischemic ventricular remodeling, improvement of
ventricular wall thickening and compliance, and recovery of
regional myocardial elasticity (Table 2). When skeletal
myoblasts are used for cellular cardiomyoplasty the sequence
of actions seems to be the following: cells transplanted into
the myocardium first impact on diastolic dysfunction, and
subsequently when sufficiently organized in myotubes and
myofibers, systolic performance improves. Bone marrow
cells principally induce angiogenesis and vasculogenesis that
will contribute to the recovery and regeneration of partial
ischemic or hibernating myocardium. Mesenchymal bone
marrow cells are of great interest since these cells can
differentiate into cardiac cells [36].

Bone Marrow and Peripheral Blood Endothelial Progenitor Cells
Umbilical Cord Blood Cells

INDICATIONS

Endothelial Cells
Mesothelial Cells from Omentum

1. Ischemic Cardiomyopathy

Adipocyte Derived Stem Cells

Clinical application for cell transplantation should be for
patients presenting with more cardiac dysfunction due to an
extensive myocardial infarction. The cells are generally

Fetal Cells
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implanted during catheter-based or surgical revascularization
procedures. The positive results seem to be obtained when
the cells are implanted soon after the ischemic injury.
Patients with right ventricular myocardial infarction and
with ischemic mitral valve regurgitation can also be treated
with stem cells [4].
Table 2.

Cellular CMP

MECHANISM OF ACTION
1)

Transdifferentiation of transplanted stem cells (Cellular
Plasticity).

2)

Fusion of implanted cells with resident cells (Chimerization).

3)

Paracrine secretion.

4)

Inflammation modulation.
FUNCTIONAL AND STRUCTURAL BENEFITS

1)

Reduction of fibrosis extension and density in the infarcted area.

2)

Recovery of myocardial viability.

3)

Recovery of regional myocardium compliance.

4)

Limitation of postischemic ventricular remodelling.

unknown, despite the use of myocardial mapping to identify
the pathologic myocardium. The success is largely
dependent on many technical considerations, namely the
patency of the coronary artery branch flowing the infarcted
area when the cells are delivery by coronary catheterization,
or the risk of cell “regurgitation” at the injection site and the
precise localization of the post-ischemic scar and the periinfarct areas when the cells are injected through the LV
cavity [12].
A new diagnostic-therapeutic device for local myocardial
treatment has been developed, called “CELL-FIX” catheter
[40]. This system includes a method and apparatus to
identify by electrophysiology in real-time the infarcted area,
and simultaneous delivery of the cells, stabilizing by
vacuum, the scar at the moment of the cell injection. The
distal part of the Cell-Fix catheter includes a fixing
“suction” system to the endocardium, in the form of a
suction cup. This “umbrella” may be retracted inside the
exterior tube of the distal part of the catheter.

There is a tendency to use bone marrow cells for
myocardial regeneration since this approach avoids the
complex and expensive 3-week cell-culture procedure and the
risk of ventricular arrhythmias and sudden death observed
after skeletal myoblasts implantation. Another drawback of
using skeletal myoblasts is the lack of gap junctions and
electromechanical connections between the implanted cells
and the host myocardium. Thus, it is uncertain whether an
improvement in ventricular performance could be mediated
by increased systolic function caused by synchronous
contraction of the graft since skeletal myoblasts are known
to not contract spontaneously. Furthermore, the “in vitro”
cell cultures and multiple passage procedures can attenuate
the viability of cells. After implantation, these denervated
skeletal myoblasts could progressively become atrophic.
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Non-ischemic dilated cardiomyopathies and Chagas
disease are also major causes of heart failure with long term
mortality rates [2, 11]. By restoring impaired heart function,
cell transplantation provides new hope for those with these
disease processes. These cells may have better survival due
to these improved myocardial circulation. The stem cells can
be injected after catheterization of the coronary arteries.
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The technical approach used to implant the cells
influences the efficacy of cellular cardiomyoplasty. Cell
mortality after transplantation seems to be important when
they are grafted in the center of high-fibrotic ischemic scars,
since there are limitations of oxygen and nutrients supply to
the chronic ischemic myocardium. Implanting the cells
mainly in the peri-infarct areas may improve the rate of
surviving cells, thus the size of the infarct scar undergo a
centripetal reduction [4].
It is possible that periodically repeated cell injections
should be necessary to progressively reduce the infarct scars
in ischemic cardiomyopathies or to gradually improve the
diseased myocardium in non-ischemic cardiomyopathies.
This approach should be facilitated by the development of
specific catheters for percutaneous cell implantations [12]. A
superb cryopreservation technique utilized in world-class
GMP (Good Manufacturing Practice) standard-facilities,
acquire relevance when multi-injection and multi-site
protocols are considered.
Intracoronary and endoventricular catheter-based cell
delivery procedures for therapeutic angiogenesis and
myogenesis have been clinically performed. Nevertheless,
the quantity of the cells injected in the target infarcted area is
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CLINICAL APPLICATION

2. Non-Ischemic Cardiomyopathies

CELL DELIVERY
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Bone marrow stem cells are principally used for the
induction of angiogenesis in ischemic diseases. Most of
these cells are endothelial progenitors and can be obtained
from bone marrow. Technically, after aspiration of the ilium
bone (200-300 ml), mononuclear bone marrow cells are
selected by Ficoll density separation. This simple and
inexpensive cell selection procedure can be performed by
hematologists the same day as the cardiologic treatment.
New developments include the use of umbilical cord cells
and mesenchymal bone marrow cells (called also stromal
cells).
TISSUE ENGINEERING: DEVELOPMENT
BIOARTIFICIAL MYOCARDIUM

OF

Tissue engineering may contribute to improving the
efficiency of cellular therapy for organ regeneration. The
objective of cellular cardiomyoplasty is to regenerate the
myocardium by the implantation of living cells. However,
in ischemic disease the extracellular matrix is often disrupted
or destroyed. Therefore it could be important to associate a
procedure aiming at regenerating both myocardial cells and
the extracellular matrix. Our work is currently focused on
evaluating the potential of a biodegradable three-dimensional
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matrix seeded with cells and grafted onto the infarcted
ventricle [20].
Shortly after myocardial infarction, inflammatory cells
such as neutrophils, monocytes and macrophages infiltrate
the infarcted zone, and then the necrotic myocytes in the
injured myocardium are replaced by collagen fibers. This
process uniformly occurs in the whole infarcted area and
determines the degree of early infarct expansion. Prevention
of the dilation, secondary to LV remodelling, can increase
cardiac performance [5].
There are two types of collagen fibers in the normal adult
heart: types I and III which produced by fibroblasts and
myofibroblasts. The fiber type I represents 80% of collagen
protein in the heart, and type III is near 10%. These fibers
provide structural support and give the heart properties that
include stiffness and resistance to deformation; they have
also shown as an important role as a link between contractile
elements of adjacent myocytes and carrying some
information useful for cell function. In the infarcted zone the
extracellular myocardial matrix is modified with collagen
type I decreasing from 80% to 40%. Experimental and
clinical studies performed by our group in ischemic patients
showed that bone marrow cell therapy associated with the
surgical implantation onto the epicardium of a cell-seeded
collagen type I matrix prevented myocardial wall thinning
and limited postischemic remodelling [20, 24] (Fig. (1)).
The use of this and other biomaterials permit the creation of
a micro atmosphere where the exogenous and endogenous
cells find the microenvironmental optimal for repair with a
low scar production [41]. The cell microenvironment could
be custom designed in order to obtain the releasing of
determined factors [42] or control cellular adhesion or
mechanical function [43]. We hypothesize also that an
exogenous cellularized matrix would adjust the proportion of
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collagens type I and III in the scar zone and in the adjacent
and remote zones.
“IN VITRO” STEM CELL ELECTROSTIMULATION
FOR MYOGENIC PRECONDITIONING
Ex-vivo cell electrostimulation was applied by our group
in the driving process of conditioning bone marrow stem
cells towards cardiac-type myogenic cells. In vitro
electrostimulation of human bone marrow cell cultures for
myogenic preconditioning have been performed using a
bipolar system including an external pacemaker and specific
electrodes, submerged into the culture medium. We induce
AC current using balanced charge capacitive coupled
biphasic pulses. After 3 weeks we observed an increase of
cell multiplication, improved cell organization and
cardiomyogenic pre-differentiation [44]. Since stem cells can
differentiate into fibroblasts after implantation in myocardial
scars, this method could be proposed to precondition cells or
a matrix (grafted with cells) before implantation [45, 46].
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ELECTROSTIMULATED “DYNAMIC” CELLULAR
CMP

Atrial synchronized biventricular pacing is indicated in
many heart failure patients to correct conduction disorders
associated with chronic systolic and diastolic dysfunction.
Electrostimulation associated with cellular cardiomyoplasty
was proposed by our group to transform passive cell therapy
into “dynamic cellular support”. The principles of
electrophysiological conditioning of muscle fibers (e.g.:
dynamic cardiomyoplasty) [3] was applied by our group in
cellular cardiomyoplasty since skeletal myofibers express
predominantly fatigue sensitive fast myosin, which is not

Fig. (1). Left: Macroscopic view of the collagen type I, 3D biodegradable matrix used for myocardial repair. Right: Histological study
of the matrix seeded with bone marrow mononuclear cells and implanted during 45 days in an experimental myocardial infarction
model. Masson's trichrome staining. Original magnification x 200.

Cell Based Approaches for Myocardial Regeneration

suitable for cardiac work. Electrostimulation of the ventricles
following skeletal myoblasts implantation induced the
contraction of the transplanted cells and a higher expression
of slow myosin, better adapted for chronic ventricular
assistance [46, 47]. In protocols using bioengineered cellseeded collagen matrix, electrostimulation may induce the
differentiation and contraction of the grafted tissue.
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emerging. Intracoronary and endoventricular catheter-based
cell delivery for therapeutic angiogenesis and myogenesis
have been performed [12, 14, 15].

DISCUSSION

Cell transplantation is becoming recognized as a viable
strategy to improve myocardial viability and limit infarct
growth. The major challenges for future research programs
are the pre-conditioning for pre-differentiation of stem cells
before transplantation, the optimization of the rate of
surviving cells after myocardial implantation associating
angiogenic therapy (growth factors and/or bone marrow
derived cells) [50, 51], with myogenic cells (skeletal muscle
cells and bone marrow mesenchymal stem cells), and the
improvement of host-cell interactions (mechanical and
electrical coupling). The development of a bio-artificial
myocardium is a new challenge (Table 3). In this approach
tissue engineered procedures are associated with cell therapy.
The MAGNUM Clinical Trial (Myocardial Assistance by
Grafting a New Upgraded bioartificial Myocardium) has been
initiated by our group showing positive results [24].

Follow up of congestive heart failure patients has
mobilized a growing number of research teams over the past
years. Medical treatment, particularly with ACE inhibitors
combined with beta and aldosterone blockers, as well as
electrophysiological procedures (multisite pacing for atrialbiventricular resynchronization) has proven to be effective in
improving the prognosis of heart failure patients. However,
these treatments remain palliative and a lot of cardiovascular
diseases still evolve towards the deficiency of the cardiac
muscle [1].
Cardiac transplantation remains the only curative
treatment of congestive heart failure, but has remained
limited in its application secondary to shortage of donated
organs, age of recipients, and other strict selection criteria.
Surgical alternatives for refractory heart failure such as left
ventricular geometry/remodeling interventions and dynamic
cardiomyoplasty also remain limited in their applicability as
well [3, 47]. Cardiomyoplasty, in which the latissimus dorsi
muscle is used to create a LV wrap, has been proposed by
our group in the early 80’s, but presently it remains
dedicated to patients with right ventricular dysfunction and
relatively preserved LV function [48]. Implantable cardiac
assist devices are still in evolution [49], and
xenotransplantation is in the early phase of research with no
clinical applications as of yet.
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The prevalence of severe heart failure and the clear
clinical limitations of conventional interventions have
encouraged the development of new methods based on the
regeneration of the pool of myocardial contractile cells. This
approach is supported by recent advances in cellular and
molecular biology. New technologies for cell implantation,
derived from interventional cardiology procedures are
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Scaffold Materials Used in Myocardium Tissue
Engineering
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Historically, tissue regeneration techniques based on cell
transplantation technology has been used for the treatment of
hemopathies (e.g. chronic lymphocytic leukemia, aplastic
anemia, immunodeficiencies, myeloma), in ophthalmology
(transplantation of limbal stem cells for corneal
regeneration), in orthopedics (implantation of chondrocytes
for articular defects), and in urology (myoblasts
transplantation to create a neo-sphincter in women, and in
men after prostatectomy for cancer). Current clinical
investigations
involve
the
following
specialties:
endocrinology (transplantation of stem cells in diabetes
mellitus), neurology (Alzheimer and Parkinson disease,
spinal cord regeneration), hepatology (implantation of
hepatocytes as a bridge to liver transplantation), myology
(transplantation of myoblasts in Duchenne dystrophy), in
dermatology (implantation of cultured keratinocytes and
fibroblasts in burned patients) and for peripheral vascular
diseases (implantation of angiogenic stem cells in critical
limb ischemia).

N

Table 3.

Gelatin Meshes
Alginate

Polyglycolic Acid

Ref.
[52]
[53]
[54]

Collagen Meshes

[20, 24]

Fibrin

[55]

SYNTHETICS

Ref.

Polylactic Acid

[56]

Polyvinyl Alcohol

[57]

Polyhydroxibutyrate

[58]

Polyurethane Meshes

[59]

Polycaprolactone

[60]

Elastomeric co-Polymers

[61]

CONCLUSIONS
Cell-based regenerative therapy is
undergoing
experimental and clinical trials in order to limit the
consequences of decreased contractile function and
compliance of damaged ventricles following myocardial
infarction or in patients presenting non-ischemic dilated
cardiomyopathies. This biological approach is particularly
attractive due to the potential for myocardial regeneration
with a variety of myogenic and angiogenic cell types:
skeletal myoblasts, bone marrow-derived mesenchymal stem
cells, circulating blood-derived progenitor cells, endothelial
and mesothelial cells, adipose tissue stem cells, and
potentially embryonic cells. Over 500 patients have been
treated worldwide with cell-based procedures for myocardial
regeneration. The number of surgical implantations was
equivalent to those of percutaneous catheter-based
procedures. There is a tendency to use bone marrow cells for
myocardial regeneration since this approach avoids the 3-
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week cell culture procedure and the risk of ventricular
arrhythmias and sudden death observed after skeletal
myoblasts transplantation. Cellular cardiomyoplasty seems
to reduce the size and fibrosis of infarct scars, limit
postischemic remodeling, and restore regional myocardial
contractility.

[15]

Some published studies do not rule out objective effects
of cell transplantation in cardiology. Clinical results of
isolated cellular cardiomyoplasty fail to clearly demonstrate
improvements of ventricular function [62-64]. Experiments
to establish the existence of a pluripotent stem cell in adults
are crucial. Currently, there is no clinical evidence of such a
cell in adults. Moreover, large-scale studies are warranted to
examine the potential effects of progenitor-cell
administration on morbidity and mortality. Further research
is needed before this treatment can be recommended for
patients with acute or chronic ischemic heart disease [65].

[17]

The use of efficient scaffolds, in-vivo or ex-vivo, will let
us reestablish a beneficial atmosphere for cell survival,
multiplication, differentiation and function. Cardiac tissue
engineering (using collagen matrix seeded with stem cells)
emerges as a new therapeutic tool and provides even more
amazing possibilities of cell therapies in cardiology,
becoming a promising way for the creation of a “bioartificial
myocardium”.

[16]

[18]
[19]
[20]

[21]
[22]
[23]
[24]

Jessup M, Brozena S. Heart failure. N Engl J Med 2003; 348:
2007–2018.
Bleumink GS, Knetsch AM, Sturkenboom MC, et al. Quantifying
the heart failure epidemic: prevalence, incidence rate, lifetime
risk and prognosis of heart failure The Rotterdam Study. Eur
Heart J 2004; 25: 1614-9.
Chachques JC, Abdel Shafy AB, Duarte F, et al. From dynamic to
cellular cardiomyoplasty. J Card Surg 2002; 17: 194-200.
Chachques JC, Acar C, Herreros J, et al. A. Cellular
cardiomyoplasty: clinical application. Ann Thorac Surg 2004; 77:
1121-30.
Pfeffer MA, Braunwald E. Ventricular remodeling after
myocardial infarction. Experimental observations and clinical
implications. Circulation 1990; 81: 1161-72.
Wang JS, Shum-Tim D, Galipeau J, et al. Marrow stromal cells
for cellular cardiomyoplasty: feasibility and potential clinical
advantages. J Thorac Cardiovasc Surg 2000; 120: 999-1005.
Rajnoch C, Chachques JC, Berrebi A, et al. A. Cellular therapy
reverses myocardial dysfunction. J Thorac Cardiovasc Surg 2001;
121: 871-8.
Verfaillie CM, Schwartz R, Reyes M, et al. Unexpected potential
of adult stem cells. Ann N Y Acad Sci 2003; 996: 231-4.
Chachques JC, Cattadori B, Herreros J, et al. Treatment of heart
failure with autologous skeletal myoblasts. Herz 2002; 27: 570-8.
Haider HK, Tan AC, Aziz S, et al. Myoblast transplantation for
cardiac repair: a clinical perspective. Mol Ther 2004; 9: 14-23.
Vilas-Boas F, Feitosa GS, Soares MB, et al Bone marrow cell
transplantation to the myocardium of a patient with heart failure
due to Chagas' disease. Arq Bras Cardiol 2004; 82: 185-7.
Perin EC, Dohmann HF, Borojevic R, et al. Transendocardial,
autologous bone marrow cell transplantation for severe, chronic
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