Heart Failure Improvement After Autologous Bone Marrow
Mononuclear Cells Transplantation

J Tuma-Mubarak, MD'*, R Fernandez-Vifia, MD?, A Carrasco-Yalan, MD?, J Castillo, MD’, H
Rios, MD’, C Cruz, MD', A Carrillo, MD', J Ercilla, MD', C Yarleque, MD', J Cunza, MD', and
A Patel MD*.

For the TELCECORI HF PERU Investigators*(Terapia Celular Corazon Improves Heart Failure)

Pilot studies suggest that transcoronary transplantation of progenitor cells derived from bone marrow

(ABMMC) may improve left ventricular ejection fraction (LVEF) in heart failure patients

Methods

Eighteen patients were enrolled and completed 1 year follow up. Patients underwent SPECT evaluation, all
had ejection fraction < 35%, 6 patients were allocated to the control group and 12 in Bone Marrow Cells
(ABMMC) group, median age 65 years old, all but one were male; all with ischemic cardiomyopathy. All of
cohort had NYHA class of Ill with maximal medical therapy and median basal LEVF was 29.8%. Median
number of mononuclear and CD34+ cells infused were 8.1*108 and 1.2*107 respectively in a 50 cc delivered
retrograde via coronary sinus approach using balloon occlusion over wire for 8 to 10 minutes. No study

related adverse events were observed.

Results
After a median time of 21 days, patients in the ABMMC group had relief of dyspnea symptoms and

improvement in functional class. At 1 year, NYHA class improved in 92% of the patients in the ABMMC
group by atleast 1 class and no improvement in the control group. Mean improvements of LVEF post
ABMMC transplantation were 5.4% and 6.67% at rest and stress SPECT respectively. Rest LVEF at
baseline and after one-year follow up between the ABMMC and control groups demonstrates significant
difference (5.4% vs 1.1%, p=0.009), as well as the comparison of change in stress LVEF in both groups
(6.6% vs 0.11%, p<0.001).

Conclusions
Infusion of progenitor cells into the coronary veins is safe and feasible in the ischemic HF. It is associated

with significant improvement in symptoms, functional capacity and LVEF.
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Chronic heart failure is common, and its
prevalence continues to increase.' Ischemic
heart disease is the principal cause of heart
failure.> Although myocardial salvage due to early
reperfusion therapy has significantly reduced early
mortality rates,’ postinfarction heart failure resulting
from ventricular remodeling remains a problem.* One
possible approach to reversing postinfarction heart
failure is enhancement of the regeneration of cardiac
myocytes as well as stimulation of neovascularization
within the infarcted area. Initial clinical pilot studies
have suggested that transcoronary infusion of
progenitor cells is feasible and may beneficially affect
postinfarction remodeling processes in patients with
acute myocardial infarction.”"® However, it is currently
unknown whether such a treatment strategy may also
be associated with improvements in cardiac function in
patients with persistent left ventricular dysfunction due
to healed myocardial infarction with established scar
formation.

Therefore, in the prospective TELCECORI HF PERU
(Terapia Celular Corazon Improves Function in Patients
with Heart Failure) trial, we investigated whether
percutaneous retrograde sinus technique infusion of
autologous bone marrow mononuclear cells (ABMMC)
into the coronary veins at least 6 months after
myocardial infarction improves global left ventricular
function.

Methods

Patients

From May 2005 to November 2006, a total of 18
patients who had had a myocardial infarction and
ischemic cardiomyopathy were recruited in a
multicenter study. Patients between 41 and 81 years of
age were eligible for inclusion in the study if they had
had a documented myocardial infarction at least more
than 6 months before inclusion and had a left
ventricular dysfunction < 35%. None of these patient
were candidates for myocardial revascularization
surgery neither angioplasty nor resynchronization
therapy. Exclusion criteria were the presence of acutely
decompensated heart failure with a New York Heart
Association (NYHA) class IV, a history of other severe
chronic diseases or cancer, or unwillingness to
participate. The ethics review board of the Peruvian
foundation of regenerative medicine, approved the
protocol and the study was conducted in accordance

with the Declaration of Helsinki. Written informed
consent was obtained from each patient.
Study Design
The study consisted in clinical status and Spect
evaluation at baseline and 1 year follow up.
The primary end point of the study addresses the
safety of ABMMC infusion into the coronary veins. And
the secondary end points included the absolute
change in global left ventricular ejection fraction
(LVEF) as measured by quantitative SPECT at rest
and stress evaluation at baseline and 12 months after
cell infusion. In addition functional status was
assessed by NYHA classification.

Preparation and Transplantation of Progenitor Cells

For patients assigned to receive ABMMC a median
volume of 345 ml of bone marrow aspirate was
obtained while the patients were under local
anesthesia on the morning of cell-transplantation day.
ABMMC were isolated by Hess density-gradient
centrifugation, as previously reported.” We infused a
median number of mononuclear and CD34+ cells 8.12*10
and 1.206*107 respectively in a median volume of 50
ml. The total procedure time for implantation was 30
minutes. The right internal jugular vein was canulated
with local anesthesia and place a 7 French sheath,
then the coronary veins were catheterized with left
amplatz or multipurpose and place a guide 0.035 mm
in the interventricular anterior or lateral vein and
exchange with the balloon thereafter in a good
position, we begin to infuse ABMMC and leave the
balloon insufflated for 10 minutes producing stagnation
of the flow as previously described.'#'7 (Figure 1, 2)

gure 1.
ABMMC into the coronary veins.

Transplantation of unselected



Figure 2. Transplantation of unselected ABMMC
into the lateral veins.

Evaluation of Safety and Feasibility

Clinical, laboratory, and safety-related data were
prospectively collected. Follow-up visits after 1 month
was performed by physicians. Procedural complications
were defined as any ventricular arrhythmia, visible
thrombus formation or injury of the coronary veins
associated with the cell-infusion catheterization
procedure. For patients undergoing bone marrow
aspiration, potential bleeding complications were
assessed. During hospitalization, telemetry was
routinely performed for 12 hours after the procedure in
all patients.

Single-photon emission computed tomography Spect-
Imaging

For the SPECT examination, a 1-day rest-stress
protocol was used. On the same day, images at rest
were obtained 60 minute after the injection (using
99mTechnetium Sestamibi, acquired in gated). Imaging
was performed with a double-head SPECT camera as
previously described.'8-19 The stress protocol included a
symptom limited bicycle exercise test. 9mTechnetium
Sestamibi was injected intravenously at peak exercise
85% of the estimated heart rate, which was continued
for 2 minute after tracer injection, images was obtained
60 minute after the stress test. In patients unable to
perform physical exercise, adenosine (n = 8) was used.
Reconstruction yielded long-and short -axis projections
perpendicular to the heart axis. The short-axis slices
were displayed in polar map format, adjusted for peak
myocardial activity (100%).

Statistical Analysis

Data are reported as means +- SDs. Quantitative data
were compared using 2 tails Student’s test. Categorical
data were compared using the chi-square test, a p
value 0.05 was considered significant. Statistical
analysis was performed using SPSS 14.00.

Results

Baseline Characteristics of the Patients

A total of 18 patients were enrolled in the study. Of
these, 12 patients received ABMMC treatment, and 6
patients in the control group. 7able 7 illustrates that the
two groups of patients were well matched.

Table 1. Baseline characteristics of iatients ABMMC and Control Groui.

Age —yr Mean 65 £14.3 64 £10 NS
Male sex — N (%) 11 (91.6%) 6 (100%) NS
Systemic Hypertension - N (%) 9 (75%) 6 (100%) NS
Hyperlipidemia — N (%) 7 (58.3%) 5 (83.3%) NS
Diabetes Mellitus - N (%) 4 (33.3%) 2 (33.3%) NS
Previous myocardial infarction 12 (100%) 6 (100%) NS
Previous percutaneous coronary intert 5 (41.6%) 4 (66.6%) NS
Previous coronary artery bypass surge 7 (58.3%) 4 (66.6%) NS
NYHA 11l (%) 12 (100%) 6 (100%) NS
LVEF at Rest — Mean 28.56+6.53 32.2+1.85 NS (p=0.1)
LVEF at Stress — Mean 27.81+6.82 31.71£1.39 NS (p=0.08)




Effects of ABMMC transplantation

Thus, SPECT-derived assessment of left ventricular
function further corroborated the results obtained from
the total patient population. Analysis of global left
ventricular function revealed that ABMMC treatment
significantly increased. The mean (+SD) LVEF post
transplantation by SPECT at rest improved from
28.56% to 33.98% in the ABMMC arm (p=0.009) with
not significant changes in the control group (32.2% to
33.3%). The absolute change in left ventricular ejection

fraction at stress was significantly greater among
patients receiving ABMMC (+6.6 percentage points)
than among the control group (+0.1 percentage points)
(p<0.001). The absolute changes in global LVEF from
baseline to 12 months differ among the two groups of
patients. (7able 2-3)

Table 2. LVEF at rest and stress in control and ABMMC group.

Baseline 32.2+1.85 28.56+6.53 NS Baseline 31.71+£1.39 27.81+6.82 NS
1 Year 33.34+2.59  33.98+6.03 0.809 1 Year 31.82+1.06 34.48+5.50 0.131
Absolute difference 1.14+1.6 5.42+4.39 0.009 Absolute difference 0.11£1.41 6.67+4.53 <0.001

Table 3. Summary of ABMMC Group: NYHA and LVEF at Rest and Stress.

1 68 3 2 18.5 30.7 12.1 21.3 299 8.7
2 68 3 2 15.8 25.0 9.2 15.5 28.9 134
3 41 3 2 223 24.6 23 19.0 26.0 7.1
4 55 3 2 348 36.7 2.0 344 38.7 4.3
5 81 3 3 31.6 31.9 03 319 32.6 0.7
6 67 3 2 34.1 359 1.8 33.6 384 4.8
7 80 3 2 32.6 39.2 6.6 32.6 39.2 6.6
8 69 3 2 30.5 35.8 53 29.9 42.6 12.7
9 81 3 2 31.7 33.8 2.1 30.0 39.0 9.1
10 48 3 2 30.8 322 13 31.6 333 1.7
11 67 3 2 350 47 12.0 34 42 8.0
12 46 3 2 250 35.0 10.0 20 30 10
Mean 65.9 3 2.5 28.56 33.90 542 27.81 34.71 6.67
=SD +13.68 +0.0 +0.32 +6.75 +6.32 +4.36 +6.68 +5.71 +4.46




The functional status of the patients, as assessed by
NYHA classification, improved significantly in the
ABMMC group (from 3.0+0.0 to 2.08 + 0.28, P = 0.002)
(Table 4)

Table 4 (NYHA) improved significantly in ABMMC
group

End-Systolic volumen (ESV) and end-Dyastolic volumen
(EDV) were evaluated with rest and stress SPECT. Either
ESV and EDV do not show any improvements at rest SPECT
between the ABMMC and control group; while with the stress
SPECT assessment, the ESV did show significant difference
between ABMMC and control group (-15.4 ml vs 0.1 ml,
p=0.05). EDV changes with stress SPECT between both
groups did not show difference.

Procedural Safety and Clinical Outcomes

In 2 of the 12 retrograde progenitor-cells—infusion procedures
local dissection of the coronary wall was
angiographically visible after inflation of the balloon
during cell infusion; in these cases the dissection was
not treated and the anticoagulation was reversed with
protamine. The further clinical course of these two
patients was uneventful.

Discussion

Using a prospective and comparative study design, we
examined the effects of coronary vein infusion of adult
progenitor cells on left ventricular function assessed by
SPECT study in patients with chronic ischemic heart
disease who had had a myocardial infarction more than
6 months before inclusion. The principal finding of our
study is that percutaneous retrograde sinus technique
administration of ABMMC is associated with a
significant increase in the recovery of left ventricular
ejection fraction in patients with left ventricular
dysfunction. After 1 year, rest and stress LVEF was
significantly higher in the ABMMC group than in the
control group. So we evaluated the response of rest
and stress LVEF in patients with ABMMC group and
control group. Our results demonstrate that infusion of
ABMMC into the coronary veins is associated with
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Figure 3. LVEF in the ABMMC group and control
group

significant improvements in rest and stress LVEF
evaluation at follow up.

Although resting LVEF improved in only 50 % of
patients despite the presence of substantial
improvement in functional class, stress LVEF improve
in 83%. Therefore, stress LVEF identified additional
patients who benefited from cell therapy in terms of
global stress function, even though resting function did
improve.20-27 Although previous studies have shown
that additional benefits (besides recovery of resting
function) may be present after ABMMC, the present
study uniquely showed that stress LVEF could improve
also in patients without improved resting LVEF.

It has been suggested that, although resting function
does not improve, the contractile reserve may increase
during stress challenge after revascularization.28
However, the mechanisms involved in mediating
improved contractile function after progenitor-cell
infusion are not well understood. Experimentally,
although there is no definitive proof that cardiac
myocytes may be regenerated, however angiogenesis
was demonstrated in Brazilian heart failure patients,
who died of unrelated causes after cellular infusion. The
treated area had substantially more blood vessels and
other unusual histologic features.2®

ABMMC were shown to contribute to functional
recovery of left ventricular contraction when injected
into infarcted hearts and ventricular dysfunction-'2 Both
cell types mononuclear and CD34+ were shown to
prevent cardiomyocyte apoptosis and reduce the
development of myocardial fibrosis and thereby
improve cardiac function in heart failure patients.19.20
Indeed Relief of ischemia by angiogenesis or activation
of cardiac stem cell due to paracrine effects may be the
possible mechanism responsible for maintaining the
contractile
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function30-32, The current study does not explain the
cellular mechanisms associated with the significantly
improved left ventricular function in the patients treated
with ABMMC. These improvements were observed in
the presence of full optimal conventional pharmacologic
treatment and lasted at least 12 months. Assessment of
resting LV function has been used as the method to
evaluate the success of ABMMC transplantation in
patients with left ventricular dysfunction and viable
myocardium. The findings in the present study showed
that dual assessment of rest and stress LVEF may
improve the method to detect the benefit of cell
infusion, since stress LVEF may improve even in
patients without improved resting LVEF. Afridi and
Rizello2'22  showed  with  dobutamine  stress
echocardiography, that the wall motion score index at
peak stress also improved in patients without improved
resting function. Although patients with viable
myocardium did not always have improved rest LVEF
after revascularization, peak stress LVEF improved, the
majority of the improvement in stress wall motion score
occurred in patients with evidence of ischemia before
revascularization. These observations in the present
study suggest that assessment of rest and stress LVEF
after ABMMC transplantation may be the ideal end
point to evaluate the success of cell infusion.
Assessment of LVEF at rest and after exercise may be
a more appropriate strategy to evaluate fully the benefit
of cell transplantation. The improvement of stress LVEF
suggests the presence of a sustained contractile
reserve and the absence of significant ischemia.

Over the last few decades, the assessment of
myocardial perfusion from stress and rest myocardial
perfusion SPECT has become central to the
management of patients with known or suspected
coronary artery disease. More recently,
electrocardiography-gated SPECT, with the ability to
measure LVEF and ventricular volumes has become a
routine part of clinical protocols. Gated SPECT
evaluation has been widely confirmed to be accurate
and non invasive for delineating and identifying scarred

and viable myocardium. This approved procedure
seemed safer for this chronically ill, high- risk patients-33
The treatment of patients with heart failure has become
increasingly important given the growing number of
cases and their economic impact on the healthcare
system. For these patients the therapeutic options
remain limited and the coronary veins provide to be
safe in our study, without any major periprocedural
events (death, myocardial infarction, ventricular
arrhythmias, or pericardial effusion, an underexploited
route of access to the myocardium for catheter
interventions and the delivery of therapeutic agents.
The study population is relatively small. Further
randomized studies with more patients are needed to
clarify the prognostic implications of these findings
Prospective trials are needed to better characterize the
efficacy of ABMMC as a new treatment for heart failure.
We conclude in this initial prospective, nonrandomized,
study in patients with heart failure that Infusion of
progenitor cells into the coronary veins is associated
with significant improvement in symptoms, functional
capacity and LVEF. Without any clinical evidence of
significant harm from the procedure itself. We believe
there may be clinical potential for this relatively novel
therapy. Further investigation in a larger, randomized
trial is warranted.
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