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Introduction

Stem cells have been explored as a treatment for cardiac
diseases, being related to possible neovascularization and
tissue formation'. Stem cell transplantation has been performed
through intracoronary, intramyocardial and retrograde infusion
techniques®*; however, it presents limitations and has reduced
applications in clinical practice.

Previous studies tested the pericardial space for drug
administration®. Theoretically, the transpericardial approach
presents potential advantages for cell administration, including
the pericardial sac’s non-vascular characteristic that may permit
repeated procedures. The pericardial space may serve as a
depot compartment, thereby enhancing local bioavailability
of infused cells. However, the transpericardial approach for
stem cell therapy has been poorly explored.

This preliminary study evaluates whether the administration
of autologous Bone Marrow Mononuclear Cells (BMMC) into
the pericardial space is followed by myocardial cell homing in
control and myocardial infarction-induced cases.

Methods

Study Design

This study aimed at evaluating whether myocardial cell
homing occurs after the injection of autologous BMMC into
pericardial space. Seven domestic female swine were divided
into two groups: induced myocardial infarction (n=3) and
non-myocardial infarction (n=3). One animal from the
induced myocardial infarction group died before the BMMC
injection. Animals were euthanized for heart examination 21
days after BMMC injection. Protocols were approved by the
local Bioethics Committee.
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Bone Marrow Sampling & Cell Separation and Labeling

Animals were pre-medicated with intramuscular chloridrate
of ketamine (5mg/kg) and midazolam (0.5 mg/kg). Induction
was performed with intravenous propofol (5mg/kg) followed by
maintenance with isofluorane. A 60-ml bone marrow aspirate
was obtained using a bone puncture needle introduced in
iliac crest.

The aspirated bone marrow was diluted into saline and
BMMC were separated by density gradient using Ficoll-
Paque™ Plus® (Amersham Pharmacia). After 20-minute
centrifugation at 2000 rpm (202C), a halo of BMMC cells
was formed. Bone marrow cells were aspirated and added
to saline for further centrifugation (7 minutes at 2000 rpm
and 202C). Agglomerated cells were suspended in saline
and filtrated in a 150 Mesh stainless steel mesh. The filtrate
was re-suspended in saline and re-centrifuged as described
above. An aliquot of the solution was Trypan-blue stained
and evaluated in a Neubauer chamber to determine viability.
We separated 1x108 cells and DNA stained with 1ul Hoechst
33342 (Invitrogen/H1399, Brazil) incubated in water-bath
during 30 minutes at 379C.

Intrapericardial Infusion Technique

Pericardial space was accessed through the subxiphoid
region using an epidural needle (Figure 1). The needle was
advanced under fluoroscopic guidance past the parietal
pericardium. The position of the needle tip at the pericardial
sac was radiographically confirmed by infusion of diluted
iodinated contrast. Once at the pericardial space, a total of
10° of BMMC stained with Hoechst®diluted in 10ml of saline
were injected.

Experimental Acute Myocardial Infarction

Following the previously described procedures °, an acute
myocardial infarction was induced in 3 animals immediately
before BMMC injection. After accessing the femoral artery
by blunt dissection, a 6F right Judkins guiding catheter was
manipulated under fluoroscopic guidance up to the left
coronary and selectively cannulated. A 0.014” guide-wire
was inserted into the left anterior descending artery, over
which a balloon catheter was positioned just distal to the
origin of the first diagonal branch. An acute myocardial
infarction of anterior wall was induced by a 45-minute total
occlusion of artery.
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Figure 1 - Place of infusion of the bone marrow mononuclear cells according
to (pericardial space - *) visualization by fluoroscopy. Needle epidural (red
arrow) and fodized contrast ({3).

Animals were euthanized after 21 days. The heart was
collected and the ventricles were separated from the atria
at the level of the atrioventricular groove. Ventricles were
sliced and the fragments were collected for analysis from the
basal, medial, and apical regions. Specimens were processed
for standard optical microscopy, and immunohistochemical
analysis. Immunohistochemistry fragments were embedded
in a solution of 3 parts of PBS and 7 parts of glycerol,
and cryopreserved in nitrogen, and stored in a -80°C
freezer. Analyses were performed on frozen slices using an
epifluorescence microscope (Leica® DM 50 microscope).
BMMC myocardial homing was estimated by total number
of BMMC stained with Hoechst® present in the ventricular
myocardium.

Statistical analysis

Continuous variables are presented as averages + standard
deviation and discrete variables as counts and percentages.
Student’s T test was used to compare cell counting between
the study groups.

Results

Acute results

One experimental death in the infarction group occurred
due to ventricular fibrillation during the balloon inflation. The
animal died before the administration of BMMC and was not
considered for the analysis. All other 6 animals completed the
procedure without complications.

Pericardial space access was attained without accidents
and the full dose of BMMC was administered in all cases.
No puncture complications, heart chamber perforation,
arrhythmia, or hemodynamic instability occurred during
intrapericardial manipulation and cell infusion.

21-Day Follow-up

There were no post-procedure deaths. All animals survived
to index procedure completing 21 study-days protocol without
adverse events or signs of heart failure.

In all animals, pericardial surface seemed normal
at visual inspection, without fibrin deposition, fibrosis,
adherences or visible neovascularization. In animals with
induced infarction, a clear myocardial scar was identified
at the anteroapical wall.

In both groups (infarcted and non-infarcted pigs),
microscopic evaluation showed an average of 109494 =
46505 BMMC homing in the myocardium. Furthermore,
myocardial homing was significantly pronounced in
the infarction group than in animals without infarction
(15034222456 vs. 68645+x19421; p<0.01). Degrees
of penetration of BMMC into the myocardium varied
throughout the heart. The largest penetration of BMMC in
the myocardium occurred in the infarcted area. BMMC were
observed adhered to the wall epithelia of small vessels in
the infarcted area (Figure 2). Small amounts of BMMC were
seen in the epicardium and myocardium in animals from the
control group (Figure 2).

Discussion

In our preliminary study, we demonstrated that the
intrapericardial administration of BMMC is able to induce
myocardial homing in swine. Moreover, after 21 days, cell
homing was more extensive in animals with induced acute
myocardial infarction.

Our results suggest that BMMC are able to penetrate the
myocardium through the visceral pericardium, following
the administration at the pericardial space. Our findings are
similar to those described for the intracoronary, retrograde and
intramyocardial techniques®’. However, the intrapericardial
injection presents characteristics that may translate into
advantages for clinical use, related to its minimally invasive
nature and non-necessity of arterial entry. The safety of
transpericardial access has been reported previously for other
applications, even though training in cardiac punction is highly
necessary. Nevertheless, the transpericardial approach might
theoretically be at least as safe as the commonly reported
intramyocardial cell administration®. Moreover, costs of
application of the transpericardial technique are lower than
intracoronary, retrograde and intramyocardial ones>®.

Pericardial fluid has been reported to present a low
turnover rate, indicating the potential of the pericardial
space to function as a reservoir for delayed delivery of
pharmacological agents, which can be administered at high
concentrations without systemic effects*'°. Accordingly, the
depot ability of the pericardial space may prove beneficial
for cell therapy, as it may prolong the bioavailability of viable
cells for myocardial penetration.

In our study, we observed a diffuse penetration of
BMMC across the myocardium, which contrasts with the
more localized nature of intracoronary, intramyocardial,
or retrograde techniques®”®. It is possible, therefore, to
foresee possible application of transpericardial approach to
diffuse forms of cardiomyopathy. On the other hand, cell
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Figure 2 : Photomicrograph of heart of animal 21 days post acute myocardium infarction, showing in A: Note granular tissue in cardiac tissue containing partially intact
longitudinal cardiac fibers (circle). Observe an immature fibrotic organization with neo-vase formation (thin arrow), extracellular matrix deposition (non-polymerized
vertical collagen fibers) (thick arrow), fibroblasts and moderate mononuclear inflammatory infiltrate (doted square). Stain: Masson’s trichrome. Bar scale: 20um. B and
C: Infarcted animals: Hoechst® positive staining on bone marrow mononuclear cells in the interstitial space of the myocardium (arrows) and BMMC homing in vessel
wall (ellipse). Stain: Evans’ blue. Bar scale: 10um (A), 20um (B). D and E: Control animals: Masson’s trichrome positive stain in the epicardium, interstitial space of

myocardium (arrows). Stain: Evans’ blue. Bar scale: 10um (A)

concentration was significantly higher in regions with acute
myocardial infarction. This finding suggests that local factors
at the infarcted region may interact to increase either cell
migration and/or cell survival at the injured myocardium.
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