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Autologous bone marrow mononuclear cell (BMMC) transplantation has emerged as a potential therapeutic
option for refractory angina patients. Previous studies have shown conflicting myocardium reperfusion re-
sults. The present study evaluated safety and efficacy of CellPraxis Refractory Angina Cell Therapy Protocol
(ReACT), in which a specific BMMC formulation was administered as the sole therapy for these patients.
The phase 1/Ila noncontrolled, open label, clinical trial, involved eight patients with refractory angina and
viable ischemic myocardium, without left ventricular dysfunction and who were not suitable for conventional
myocardial revascularization. ReACT is a surgical procedure involving a single series of multiple injections
(40-90 injections, 0.2 ml each) into ischemic areas of the left ventricle. Primary endpoints were Canadian
Cardiovascular Society Angina Classification (CCSAC) improvement at 18 months follow-up and myocar-
dium ischemic area reduction (assessed by scintigraphic analysis) at 12 months follow-up, in correlation
with a specific BMMC formulation. Almost all patients presented progressive improvement in angina classi-
fication beginning 3 months (p = 0.008) postprocedure, which was sustained at 18 months follow-up (p =
0.004), as well as objective myocardium ischemic area reduction at 12 months (decrease of 84.4%, p <
0.004). A positive correlation was found between monocyte concentration and CCSAC improvement (r =
—0.759, p < 0.05). Improvement in CCSAC, followed by correlated reduction in scintigraphic myocardium
ischemic area, strongly suggests neoangiogenesis as the main stem cell action mechanism. The significant
correlation between number of monocytes and improvement strongly supports a cell-related effect of Re-
ACT. ReACT appeared safe and effective.

Key words: Monocytes; Angina; Cell therapy; Bone marrow mononuclear cell transplantation; Myocardia;
Ischemia

INTRODUCTION

Approximately 5-15% patients with chronic coro-
nary artery disease present severe disabling angina pec-
toris that cannot be controlled by a combination of con-
ventional therapy tools, including multiple series of drug
therapy optimization treatments, percutaneous translu-
minal coronary angioplasty (PTCA), and coronary artery
bypass grafting (CABG) (21). Severe angina pectoris of-

ten results in a substantial decrease in quality of life.
Symptom relief for the “no option” refractory angina
patient is a complex and challenging process. Alterna-
tive therapies in compliance with the American Heart
Association Guidelines, such as surgical laser transmyo-
cardial revascularization, external counterpulsation, and
spinal cord stimulation, have all provided modest results
at best (13,16). The vast majority of refractory angina
pectoris patients (75%) have preserved left ventricular
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function, with a mortality rate lower than the general
coronary heart disease population (22), and this patient
group is rapidly growing.

Cellular therapy, specifically autologous bone mar-
row cell transplantation, has emerged as a new therapeu-
tic option for cardiac regeneration in both animal models
(14,17,42) and human studies (23,26,29,34,37,41). Some
hypothetical mechanistic explanations involve the stem
cells’ myogenic and angiogenic potential, and the acti-
vation of resident progenitor cell growth via paracrine
effects (2,9,36).

Although regeneration of myocardial tissue and con-
comitant reduction of the infarcted area have been dem-
onstrated in experimental animal models, many uncer-
tainties regarding the translation of these results into
humans remain (33), rendering BMMC transplantation
for cardiac tissue regeneration an experimental proce-
dure, not a standard of care for clinical practice.

Nevertheless, refractory angina patients may benefit
from cellular-based therapy, particularly in regards to
angiogenesis. These angiogenic effects are considered
among investigators to be very important when cell ther-
apy is considered an option for human patients (19).

Angiogenic effects were reported in several preclini-
cal studies (6,19). Mobilization of mouse bone marrow
(BM) cells (25) or sheep cord blood mononuclear cells
(42) into the circulation after acute myocardial infarction
resulted in regeneration of myocytes and vascular struc-
tures. This functional benefit in BM cell implantation is
likely attributed to a paracrine effect with an increase in
angiogenesis through local release of multiple growth
factors, such as vascular endothelial growth factor and
stromal cell-derived factor-1, among others (19).

In clinical studies involving refractory angina pa-
tients, who received bone marrow-derived stem cells or
BMMC, improvement in symptoms and exercise capac-
ity, as well as in myocardial perfusion were observed
(4,5,19,27,35). Beeres et al. (3) conducted a trial using
intramyocardial injection of autologous BMMC in 25
patients with refractory angina, which showed sustained
beneficial effects on anginal symptoms and myocardial
perfusion. Losordo et al. (20) performed a phase 1/Ila,
double-blind, randomized, placebo-controlled dose-esca-
lating clinical trial with endomyocardial injection of au-
tologous CD34" stem cells for refractory angina patients,
demonstrating a trend of increased exercise time, in ad-
dition to Canadian Cardiovascular Society Angina Clas-
sification (CCSAC) improvement among CD34* cell-
treated patients. van Ramshorst et al. (38) conducted a
randomized controlled trial of intramyocardial bone
marrow cell injection for refractory angina, with a short-
term follow-up (3—-6 months) showing a modest im-
provement in myocardial perfusion compared with pla-
cebo.
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Observing the minimal left ventricular improvement
and the clinical response of previous refractory angina
trials, it is suggested that the primary action of bone
marrow stem cell transplantation in humans is promot-
ing myocardial angiogenesis, and not pure myogenesis.
In this setting, angiogenesis can surely improve left ven-
tricular function through rescuing or recruiting hibernat-
ing myocardium, but to a limited extent, as demon-
strated by these trials and some meta-analysis (1,18).

Previous preclinical and clinical studies have sup-
ported the feasibility, safety, and efficacious potential of
stem cell therapy for myocardium tissue regeneration
and encompasses patients presenting with a range of di-
agnoses from acute myocardial infarction to chronic is-
chemic heart disease (6,23,34,37,41).

The greatest challenge here consists in translating
laboratory results to a standard clinical procedure. Dif-
ferences in study design, stem and mononuclear cell
preparation, and infusion techniques have delivered
somewhat promising, but overall inconsistent, data from
different studies (31).

The aim of our study was to evaluate the safety and
efficacy of a proprietarily designed protocol, the Cell-
Praxis Refractory Angina Cell Therapy Protocol (Re-
ACT), in which a single series of multiple intramyocar-
dial injections of a specific BMMC formulation is
performed as the sole surgical therapy for these patients.

ReACT was designed in compliance with Good Man-
ufacturing Practices (GMP) and FDA standards criteria.

Inclusion criteria for this study required patients diag-
nosed with refractory angina pectoris, with viable myo-
cardium (diagnosed through stress tecnecium scintigra-
phy), without left ventricular dysfunction (ejection fraction
of at least 45%) and who were not suitable for myocar-
dial revascularization (either PTCA or CABG).

Eight refractory angina patients were included in the
study from September 2005 to July 2007. All patients
had previously undergone surgical revascularization [once
(four patients), twice (three patients), or four (one pa-
tient) times] without angina relief. Patients’ baseline
characteristics are described on Table 1.

An additional four refractory angina patients were en-
rolled and underwent ReACT, but required simultaneous
coronary artery bypass grafting and were excluded from
this analysis. These patients are currently being followed
as a separate group.

MATERIALS AND METHODS
Study Design/Study Population

The study was a phase 1/Ila noncontrolled open label
clinical trial. Refractory angina patients routinely under-
going treatment at the Sdo Paulo Hospital, in Sdo Paulo,
Brazil, a referral tertiary Federal University Hospital for
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coronary heart disease, were included in the study. The
study protocol (ReACT) was approved by our local and
national ethical committee (CEP-EPM-0314/05), and all
patients provided written informed consent. Refractory
angina patients were defined as those with functional
class IV (angina at rest) according to the CCSAC despite
maximum medical therapy, not suitable for conventional
myocardial revascularization and with viable myocar-
dium identification. Ineligibility for revascularization—
either percutaneous or surgical—was determined by at
least two cardiologists and two cardiovascular surgeons
based on the most recent (within 6 months) patient’s
coronary angiogram. Exclusion criteria were: (a) left
ventricular ejection fraction (LVEF) <45% on transtho-
racic echocardiogram; (b) absence of viable myocar-
dium on cardiac nuclear imaging test; (c) positive sero-
logic tests for human immunodeficiency virus (HIV),
types A, B, and C hepatitis, human T-cell lymphotropic
virus (HTLV), or Chagas disease; (d) significant heart
valve disease; (e) chronic renal disease in dialysis; (f)
abusive use of alcohol and drugs; (g) any other medical
condition with estimated survival <5 years; (h) participa-
tion in prior cell therapy studies; and (i) pregnancy.

Study Procedures

For each patient, a total of 100 cc of bone marrow
was aspirated from the iliac crest, and stored in a saline
solution of 80 IU heparin/ml. Mononuclear cells were
isolated by density gradient, and diluted to a final con-
centration of 107 cells/ml, in accordance with ReACT
and GMP. Cell viability, total mononuclear, leukocyte
differential counting (including monocytes concentra-
tion), and CD34* content, as well as aerobe and anaer-
obe microbiology tests, were performed. Samples for fu-
ture evaluation were stored. One series of multiple cell

Table 1. Patients’ Baseline Characteristics
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formulation injections into the left ventricular myocar-
dium were performed surgically, through a left lateral
thoracotomy, as follows: 0.2 ml (2 x 10° cells)/injection,
1 cm distance between injections, and 1 cm epimyocar-
dial depth infusion. The number of injections (40-90)
for each patient differed based on the extension of myo-
cardium viable ischemic area determined on nuclear im-
aging tests, and left ventricular chamber size.

Follow-up

Patients’ heart rhythm was monitored for 48 h after
surgery. Clinical evaluation of CCSAC was carried out
at months 3, 6, 12, and 18 after surgery. Echocardiogram
was performed at baseline (prior to patient inclusion)
and 1, 3, 6, and 12 months and magnetic resonance
(MR) of the heart at baseline and months 6 and 12 to
assess safety. Nuclear imaging test (tecnecium stress-in-
duced myocardium perfusion scintigraphy) was per-
formed at baseline and 6 and 12 months after the proce-
dure to evaluate the percentage of myocardium ischemic
area. It is important to point out, regarding ischemic
heart area objective analysis (stress scintigraphy), that
all patients were considered to have 100% of viable
myocardium ischemic area on those specific left ventric-
ular walls identified by stress tecnecium scintigraphy,
prior to cell formulation injection. These reversible is-
chemic heart areas were considered baseline comparison
to 6 and 12 months scintigraphic analysis follow-up.
Scintigraphic analysis was only performed at 6 and 12
months follow-up.

Statistical Analysis

The Friedman nonparametric test was used to assess
changes from baseline in angina CCSAC class at 3, 6,
and 12 months and in myocardium ischemic area at 6

Drug
Therapy Ejection  Previous
Patient Age Gender Diabetes Optimization Fraction CABG (n) CCSAC
1 62  male yes yes 63% yes (1) 4
2 70  male no yes 63% yes (2) 4
3 58 male no yes 74% yes (2) 4
4 72 female yes yes 59% yes (2) 4
5 75 male yes yes 56% yes (1) 4
6 79  male yes yes 61% yes (1) 4
7 53 male no yes 47% yes (4) 4
8 53 female yes yes 62% yes (1) 4

Drug therapy optimization is defined as repeated attempts of drug therapy optimization and combina-
tion, including maximum dosage of beta blockers, angiotensin converting enzyme inhibitors, calcium
channel blockers, short- and long-lasting action nitrates, statins, and antiplatelets, for at least 3

months prior to patient meeting inclusion criteria.
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Figure 1. Variations in CCSAC over 18 months follow-up.
Each line in the graphic represents one patient enrolled in Re-
ACT and the corresponding CCSAC improvement over the
18-month follow-up. The x-axis represents CCSAC class
(number 4 for refractory angina pectoris, and number 0 for no
pain). The y-axis represents patient follow-up in months. One-
tailed Wilcoxon test statistical analysis of CCSAC improve-
ment was significant at 3 (0.008), 6 (0.008), 12 (0.004), and
18 (0.004) months follow-up compared to baseline; variation
in angina class is statistically significant if p < 0.0125 (0.05/4)
(Bonferroni’s correction).
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and 12 months of follow-up. For post hoc comparisons,
the Wilcoxon test with Bonferroni’s correction was
used. Correlation between outcomes (angina class and
myocardium ischemic area after the procedure) and the
injections number was assessed by Spearman test. To
compare the left ventricular function on echocardiogram
before and at 12 months after the procedure, the Wilco-
Xon nonparametric test was used.

RESULTS
Subjective Improvement in Myocardial Ischemia

After the ReACT myocardial injection procedure,
there was a progressive improvement in the angina clas-
sification median, varying from class 4 at baseline to 2.3
(p =0.008), 1.5 (p = 0.008), 0.9 (p =0.004), and 0.9 (p =
0.004) at 3, 6, 12, and 18 months of follow-up, respec-
tively (Fig. 1, Table 2).

Objective Improvement in Myocardial Ischemia

A progressive reduction in ischemic myocardium
area was observed by stress tecnecium scintigraphy after
6 months (decrease of 39.4%, p = 0.06) and 12 months
(decrease of 84.4%, p < 0.004), although the difference
was statistically significant only at 12 months. It is im-
portant to note that all patients were considered to have
100% of viable myocardium ischemic area on those spe-
cific left ventricular walls identified by stress tecnecium
scintigraphy, prior to cell formulation injection. These
initial reversible ischemic heart areas were considered
baseline when compared to 6 and 12 months scinti-
graphic analysis follow-up (Fig. 2, Fig. 3, Table 2).

Table 2. Variation in Angina Classification and Myocardium Ischemic Area After the ReACT Infusion

Canadian Cardiovascular Society Angina Classification (p < 0.001)

% Ischemic Area* (p < 0.002)

6 Months 12 Months 18 Months 6 Months 12 Months

Patient Pre 3 Months  of Follow-up  of Follow-up  of Follow-up Pret of Follow-up of Follow-up
1 4 2 2 1 1 100 0 0
2 4 1 0 0 0 100 0 0
3 4 3 2 1 1 100 0 0
4 4 3 2 1 1 100 100 0
5 4 1 0 0 0 100 100 40
6 4 3 2 1 1 100 100 0
7 4 4 4 3 3 100 85 85
8 4 1 0 0 0 100 100 0
Mean 4 2.3 1.5 0 0.9 100 60.6 15.6
Median 4 2.5 2.0 1 1.0 100 92.5 0.0
p-Value (unilateral

Wilcoxon test)i 0.008 0.008 0.004 0.004 0.063 0.004

*Assessed by stress tecnecium scintigraphy.

TAIll patients were considered to have 100% of viable myocardium ischemic area on those specific left ventricular walls identified by stress
tecnecium scintigraphy, prior to cell formulation injection. The 6- and 12-month analysis reflects the myocardium ischemic area percentage reduction

on these walls.

iRelated to baseline; variation in angina class and ischemic myocardium area statistically significant if p < 0.0125 (0.05/4) and p < 0.025 (0.05/2)

(Bonferroni’s correction), respectively.
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Figure 2. Variations in myocardial ischemic area evaluated by
stress tecnecium scintigraphy at 12 months follow-up. Each
line in the graphic represents one patient enrolled in ReACT
and the corresponding scintigraphic myocardium ischemic
area improvement over 12 months follow-up. The x-axis repre-
sents the percentage of scintigraphic myocardial ischemic area.
The y-axis represents patient follow-up in months (scinti-
graphic analysis was assessed only at 6 and 12 months). One-
tailed Wilcoxon test statistical analysis of scintigraphic myo-
cardium ischemic area improvement was not significant at 6
(0.063) but was significant at 12 (0.004) months follow-up
compared to baseline; variation in scintigraphic myocardium
ischemic area improvement is statistically significant if p <
0.025 (0.05/2) (Bonferroni’s correction).

Correlation Between ReACT’s Formulation
and Improvement

ReACT has a certain percentage of monocytes (12.4
+ 3.5; range 8.0—18.4) (see Table 1 for more details) and
its specific formulation positively correlates with clini-
cal response: specifically, improvement in CCSAC (Ta-
ble 4, Fig. 4).

Other cell types such as lymphocytes or CD34* cells
showed no correlation with CCSAC or myocardium is-
chemic area improvement.

Correlation Between Number of Myocardium
Punctures and Improvement

The number of myocardium punctures varied from
40 to 90 in each patient (58 = 14.9), depending on the
extent of the left ventricular ischemic area, as deter-
mined by stress tecnecium scintigraphy. No significant

correlation was found between the number of punctures
(the “act of introducing the needle” into the heart mus-
cle) and angina classification improvement at 3, 6, 12,
and 18 months. Also, there was no correlation between
the number of punctures and changes in ischemic myo-
cardium area at 6 and 12 months of follow-up, as shown
in Table 5 and Figures 5 and 6.

Left Ventricular Ejection Fraction

The difference in LVEF median assessed by echocar-
diogram was not statistically significant, according to
Wilcoxon test, varying from 60.6 + 7.6% at baseline to
61.1 £6.5% at 12 months follow-up (p =0.726) (see
Fig. 7).

Safety

None of the patients presented arrhythmia, or local
(as assessed by heart magnetic resonance imaging) or
systemic neoplasia up to 18 months after the procedure.

DISCUSSION

The results of this study demonstrate that ReACT
may benefit refractory angina patients, who are not suit-
able for conventional myocardial revascularization, and
show signs of angina at rest despite maximum medical
therapy. Our findings demonstrate an improvement in
angina symptoms and a decrease in the extent of myo-
cardial ischemia. The probable causal mechanism of this
improvement may be angiogenic properties of ReACT
formulation.

In our study, angina symptom relief began as early as
3 months postprocedure with continuing improvement
through 12 months and sustained improvement through
18 months, suggesting that angiogenesis began early,
and that it kept evolving 18 months after the procedure
(see Table 2 and Fig. 1). Furthermore, symptom relief
progressively improved in all patients, suggesting that
the effect is sustained and not transitory, a result differ-
ent from other studies (5). Accordingly, the myocardial
ischemia area percentage showed a decreasing trend, ul-
timately reaching significance at 12 months. The fact
that symptom improvement occurred much earlier than
perfusion improvement might be explained by nuclear
imaging testing’s low spatial resolution and high vari-
ability, preventing it from detecting small changes, espe-
cially in such a small patient population.

The natural history of refractory angina shows that
spontaneous remissions of even severe angina may oc-
cur (16,22,30). Looking at medically treated groups of
randomized studies at 12 months posttreatment, up to
19% of patients included in percutaneous myocardial la-
ser revascularization trials and up to 32% of patients
(and up to 44% at 36 months) for surgical myocardial
laser revascularization studies had an improvement of at
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Figure 3. Comparison between the scintigraphic myocardium stress perfusion area from baseline
to 6 and 12 months after ReACT procedure, in two patients. (A) Refractory angina, at baseline.
(B) Reduction of myocardium ischemic area. (C) Absence of myocardium ischemic area.

least two points in CCSAC (24). Our results show a
much compelling and greater CCSAC improvement, re-
inforced by the tangible myocardium perfusion stress
testing.

Refractory angina studies include mainly patients
with moderate to severe left ventricular dysfunction. As
a result, our study showed better improvement in angina
symptoms and quality of life, rather than benefits in left
ventricular ejection fraction (LVEF). In our study, all
patients had LVEF > 45% at baseline and, as expected,
there was no significant change in LVEF at 12 months
(p =0.726). These findings also suggest angiogenesis
directly related to stem cell infusion and not myocardial
punctures promoting secondary angiogenesis. On the
other hand, the sustained LVEF as well as the myocar-
dial perfusion improvement suggests absence of func-
tional deficit due to myocardium necrosis or fibrosis
promoted by the intramyocardial ReACT injections, re-
inforcing the procedure safety.

The standard refractory angina patient population

with viable myocardium and preserved left ventricular
function would be the ideal candidate for an angiogenic
therapy employing ReACT intramyocardial injection.
For obvious reasons, analysis of LVEF is not an end-
point for this group. The primary therapeutic goal is
myocardial perfusion improvements using ReACT for-
mulation in a subjective (CCSAC) and objective (stress-
induced myocardium imaging testing) perspective.
Different from other studies, ReACT has a specific
cell formulation, which seems to correlate with clinical
and scintigraphic responses: an improvement in angina
classification and a reduction in myocardium ischemic
area, respectively. Improvement in CCSAC (subjective
measure), followed by correlated reduction in myocar-
dium ischemic area (objective measure), strongly sug-
gests neoangiogenesis as the main stem cell action
mechanism (Figs. 1 and 2). Consequently, the large frac-
tion of monocytes present in ReACT seems to be related
to the angiogenesis that restores the perfusion of the
myocardial ischemic areas after the cell transplantation.
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Table 3. Percentage of Monocyte Concentration in ReACT
in Each Patient

Patient Monocyte Concentration
1 —

2 18.36

3 11.20

4 13.92

5 14.47

6 9.52

7 7.99

8 11.20

Please note that monocyte data for patient number 1 are not available.

The mechanisms are not yet elucidated and will be ana-
lyzed in the next phase of this study. Nevertheless, a
significant correlation between number of monocytes
and improvement of clinical response (r=-0.759, p <
0.05) strongly supports a cell related effect of ReACT
in this study.

This positive correlation between the number of
monocytes in ReACT and the sustained improvement
in angina class could indicate the importance of these
supporting cells for BMMC mechanism of action and
sustained myocardium angiogenesis. The importance of
monocytes in the transplantation of mononuclear cells
has also been shown in the treatment of stroke (39,40).
Also critical, these data support the hypothesis that the
results of this study are due to a cellular effect of Re-
ACT formulation and not to nonspecific effects of the
ReACT procedure. Future controlled studies will further
clarify.

Bone marrow is a natural source of a broad spectrum
of cytokines that are involved in the control of angio-
genic and inflammatory processes. Bone marrow leuko-
cytes play an important role in the angiogenic mecha-
nism, and neutrophils and monocytes act as a key in this
process (12,15).

Monocytes/macrophages essentially contribute to neo-
vascularization in heart and other ischemic diseases, re-
gardless of the mechanism involved (either arteriogene-
sis or angiogenesis) (11,32).

When arteriogenesis is the main process, monocytes
can promote endothelial and smooth muscle cell prolif-
eration, through a significant increase in monocyte che-
motactic protein-1 (MCP-1) (32).

In angiogenesis, VEGF and angiopoietin induce the
recruitment of endothelial progenitor cells and mono-
cytes/macrophages. These recruited monocytes/macro-
phages promote angiogenesis by several potential mech-
anisms, including endothelial cell migration, proliferation
or tube formation, growth factors mobilization, proangi-
ogenic cytokines release, and transdifferentiation into

endothelial-like cells. Furthermore, the endothelial cell
production of MCP-1, VEGF, and angiopoietin initiated
by VEGF exposure or hypoxia activate and attract more
monocytes/macrophages, resulting in an auto feedback
of the angiogenic process (32).

The optimal number or formulation of stem cells to
promote myocardial regeneration remains controversial
among different investigators, most of them showing no
dose-dependent effect (7,8).

Henning et al. (10) injected human cord blood-
derived bone marrow stem cells in infarcted rats, com-
paring different doses and routes of administration
(intramyocardial, intracoronary, or intravenous), demon-
strating higher effectiveness with the intramyocardial in-
jection. In our study, we performed ReACT, a single
series of multiple injections with 2 x 10 BMMC formu-
lation/myocardium puncture. There was no correlation
between the number of injections and the angina classi-
fication variation over time; however, the study popula-
tion was probably too small for any significant associa-
tion to be reached and as the ReACT protocol is
designed to continue, future data may or may not con-
firm this.

The intramyocardial route of cell formulation deliv-
ery was selected based upon experimental data that
shows higher myocardial stem cell uptake through intra-
myocardial infusion, in comparison to other routes, such
as intracoronary (either anterograde or retrograde injec-
tion) or transcoronary (6,10,28). Also, the chronic clini-
cal feature of refractory angina provides a much safer
profile for an intramyocardial approach, without major
complication concerns, like intramyocardial injection in
the acute setting (acute myocardial infarction).

It is important to point out that, although promising,
we understand our study has some limitations. While
our study included a larger number of patients with a
significantly greater follow-up time than most published
refractory angina studies, the small sample size of eight
patients makes efficacy determination difficult, but has
been able to demonstrate safety. Due to ethical aspects
and the inability to justify the use of an isolated surgical
intramyocardial placebo in this population, this was a
nonrandomized, open study; consequently, a placebo ef-
fect cannot be ruled out. However, it should be empha-
sized that an objective increase in myocardium perfusion
was also assessed and maintained over time.

Other clinical studies still need to confirm our results.
However, the effectiveness of this ReACT procedure, in
compliance with the technical and GMP specifications
as well as a specific cell preparation of ReACT, seem
to deliver better outcomes than previously reported by
other investigators.

In conclusion, surgical intramyocardial transplanta-
tion of an autologous, bone marrow-derived cell prepa-
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Table 4. Spearman’s Correlation Coefficients (r,) Between ReACT Monocyte
Content, Lymphocytes, and CD34" Cells and Improvement of Angina
Classification and Percent Myocardium Ischemic Area in the Follow-up

Monocytes  Lymphocytes  CD34"

Angina class: 3 months follow-up (n=7)

7 —0.759 0.579 -0.318

p-Value 0.048 0.174 0.487
Angina class: 6 months follow-up (n=7)

7 —0.759 0.579 —0.458

p-Value 0.048 0.174 0.301
Angina class: 12 months follow-up (n =7)

7 —0.759 0.579 —0.458

p-Value 0.048 0.174 0.301
Angina class: 18 months follow-up n =7)

7 —0.759 0.579 —0.458

p-Value 0.048 0.174 0.301
% Ischemic area: 6 months follow-up (n=7)

7 —-0.101 0.339 0.077

p-Value 0.830 0.457 0.869
% Ischemic area: 12 months follow-up (n=7)

7 —0.270 0.267 —0.204

p-Value 0.559 0.562 0.661

For technical reasons, we do not have cell counting and percentage for the first patient enrolled in
the study; therefore, analysis is only seven patients. Angina class was assessed according to Cana-
dian Cardiovascular Society Angina Classification. Percent ischemic area improvement assessed
by stress tecnecium scintigraphy.
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Figure 4. Correlation between monocyte concentration in ReACT and CCS improvement in 18 months follow-up. Each point
represents one patient. The x-axis corresponds to the monocyte concentration and the y-axis corresponds to number of CCS classes
improved.
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Table 5. Spearman’s Correlation Coefficients (r,) Between Number of Punctuations and Results
of CCSAC and Percent Myocardium Ischemic Area Improvement During Follow-up

Angina Angina Angina Angina % Ischemic % Ischemic
Class: Class: Class: Class: Area: Area:

3 Months 6 Months 12 Months 18 Months 6 Months 12 Months

Injections  Follow-up  Follow-up Follow-up Follow-up Follow-up Follow-up
T -0.403 -0.216 -0.216 -0.216 -0.203 -0.204
p-Value 0.322 0.607 0.607 0.607 0.629 0.628

Angina class assessed according to Canadian Cardiovascular Society Angina Classification. Percent ischemic
area improvement as assessed by stress tecnecium scintigraphy. N = 8 for all.
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Figure 5. Correlation between number of myocardium punctures and CCS improvement in 18 months follow-up. Each point in the
graphic represents one patient. The x-axis corresponds to the number of myocardium punctures and the y-axis corresponds to
number of CCS classes improved.
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Figure 6. Correlation between number of myocardium punctures and myocardium ischemic area reduction, as assessed by stress

scintigraphy. Each point in the graphic represents one patient. The x-axis corresponds to the number of myocardium punctures and
the y-axis corresponds to percentage of myocardium ischemic area improved.
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Figure 7. Comparison between left ventricular ejection fraction, as assessed by transthoracic echocardiogram, at baseline and 12
months follow-up. The left bar represents baseline left ventricular ejection fraction, while the right one represents the ejection
fraction at 12 months. The x-axis corresponds to echocardiographic left ventricular ejection fraction (in %) and the y-axis corre-

sponds to time point, in months (where 0 = baseline).

ration, in a standardized protocol, may be a safe and
effective procedure in promoting progressive and sus-
tained improvement in patients with refractory angina.
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