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Background: Early clinical investigations indicate that an infusion of autologous bone-marrow cells into the infarct-re-
lated coronary artery is feasible after acute myocardial infarction. There is increasing evidence that cell transplantation may
improve the perfusion and contractile function of the ischemic myocardium. The present study reports primarily the safety of
intracoronary bone marrow mononuclear cell (BMMNC) injections and secondarily the hypothesis that intracoronary injec-
tions of autologous BMMNC in patients with acute myocardial infarction may have a favorable impact on tissue perfusion
and contractile performance.

Methods: Twelve patients with acute ST-elevation myocardial infarction of the anterior wall treated with percutaneous
coronary intervention were enrolled in this prospective, nonrandomized, open-label study. Left ventricular function and
number of nonviable segments were assessed with the use of echocardiography and Technetium-sestamibi single photon
emission tomography respectively at baseline and after a 4-month follow-up.

Results: At 4 months’ follow-up, global left ventricular ejection fraction in echocardiography increased from a mean of
31.7847.56% at baseline to 38.89+6.97% (p=0.018). Mean wall motion score in rest echocardiography was 29.5+6.67 in ba-
sal and 26.75+5.44 at 4 months’ follow-up (p=0.05). Nuclear perfusion imaging studies in the patients for the mean number
of nonviable segments were 6.5 at baseline and 6 in 4 months’ follow-up (p=0.17). Three patients were lost to follow-up and
did not undergo the 4-month evaluations.

Conclusion: This study is small and very preliminary. Data from large, randomized, controlled trials are needed to clarify
the effect of stem-cell injection in myocardial function.
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Introduction

Myocardial infarction (MI) leads to the loss of tissue and ~ cardiomyocytes after MI begets left ventricular remodeling,
impairment of cardiac performance. The irreversible loss of — eventually resulting in ischemic heart failure. Remodeling of
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the left ventricle after MI represents a major cause of infarct-
related heart failure and death.? Despite the application of
pharmacotherapeutics and mechanical interventions, the
cardiomyocytes lost during MI cannot be regenerated. The
recent finding that a small population of cardiac muscle cells
is able to replicate itself is encouraging but is still consistent
with the concept that such regeneration is restricted to
viable myocardium.® One approach to reverse myocardial
remodeling is to repair myocardial tissue by using bone
marrow-derived cells. Inrecent years, stem cell transplantation
has emerged as a potential modality for the treatment of
cardiovascular disease on the basis of its possible ability to
induce neovascularization and tissue replacement. Several
recent experimental studies have confirmed the potential of
pluripotential cells in differentiating into cardiomyocytes
and endothelial cells.*¢ Early clinical investigations indicate
that the infusion of autologous bone-marrow cells into the
infarct-related coronary artery is feasible after acute MI™*
and there is increasing evidence that cell transplantation
may improve the perfusion and contractile function of the
ischemic myocardium.*'? In this way, the present study
reports primarily the safety of intracoronary bone marrow
mononuclear cell (BMMNC) injections and secondarily
the hypothesis that intracoronary injections of autologous
BMMNC in patients with acute MI may have a favorable
impact on tissue perfusion and contractile performance of the
injured heart.

Methods

Patient selection

This is a prospective, nonrandomized, open-label study
on 12 patients with ST- elevation MI. The following
inclusion criteria were required for patient enrollment: 1)
age between 18 and 75 years; 2) first acute ST- elevation
MI and in left anterior descending coronary artery (LAD)
territory; 3) left ventricular ejection fraction (LVEF)<45%
in echocardiography; 4) at least 2 nonviable segments in
dipyridamole single photon emission computed tomography
(SPECT); 5) akinetic and nonviable scar, as demonstrated by a
lack of response to low-dose dobutamine echocardiography; 6)
successful revascularization procedure with stent implanting;
and 7) signed, informed consent. Patients were not enrolled
in the study if any the following exclusion criteria was
met: 1) presence of cardiogenic shock (defined as systolic
blood pressure<80 mm Hg requiring intravenous pressors
or intra-aortic balloon counterpulsation); 2) major bleeding
requiring blood transfusion after reperfusion treatment; 3)
a history of leucopenia, thrombocytopenia, or hepatic or
renal dysfunction; 4) evidence for malignant disease, and 5)
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unwillingness to participate. The ethics committee of Tehran
Heart Center, affiliated with Tehran University of Medical
Sciences approved the study protocol, and a written informed
consent was obtained from each patient.

Study protocol

All 12 patients had suffered transmural infarction according
to World Health Organization criteria with the involvement of
the LAD. We assessed patients with left-heart catheterization
and coronary angiography, transthoracic dobutamine
echocardiography, and **"Tc-mibi SPECT perfusion scan.
After coronary angiography, mechanical treatment was
initiated by balloon angioplasty and stent implantation in
infarct-related artery and other arteries. According to the
inclusion criteria, if the patient was eligible for stem cell
implantation, he/she was prepared for this procedure.

TC-mibi SPECT

Baseline Technetium-Sestamibi single photon emission
tomography (*™Tc-mibi SPECT) was performed after
angioplasty and stenting for the assessment of viable
myocardium. All the patients underwent rest-redistribution
¥mTe-mibi SPECT imaging according to a standardized
clinical protocol. Several minutes after the injection of *™Tc-
mibi, rest imaging was performed. Then, 3 to 4 h later the
patient returned for redistribution imaging.

Stress echocardiography

Baseline dobutamine stress echocardiography was carried
out to assess viable myocardium. Dobutamine was infused
with doses of 5, 10, and 15 pg/kg per minute in 3-minute
stages. Regional wall motion analysis was performed as
described by the Committee on Standards of the American
Society of Echocardiography'® dividing the left ventricle
into 16 segments and scoring wall motion of 1=normal,
2=hypokinesia, 3=akinesia, and 4=dyskinesia for each
segment. Contractile reserve was defined as an improvement
of >1 in the wall motion score between the baseline images
and the dobutamine low- dose stage (15ug/kg per minute).
The wall motion score index (WMSI) was calculated as the
sum of the scores of the segments divided by the number
of the segments evaluated. Echocardiograms were read by
investigators unaware of the clinical, angiographic, and
SPECT imaging findings in each patient.

Bone marrow aspiration and isolation of
mononuclear cells

Within the first week after angioplasty, bone marrow (=50
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ml) was aspirated under local anesthesia from the posterior
iliac crest. Bone marrow mononuclear cells (BMMNC)
were isolated by Ficol density separation on Lymphocyte
Separation Medium 199 before the erythrocytes were lysed
with H O. Mononuclear cells were exhaustively washed with
heparinized saline containing 1% human serum albumin.
The cells were finally resuspended in saline with 1% human
serum albumin for injection. A small fraction of the cell
suspension was used for cell counting and viability testing by
trypan blue exclusion. Post-hoc characterization of leukocyte
differentiation markers by flow cytometry and functional
assay were performed on another fraction of the cells.

Intracoronary transplantation of Bone marrow cells
(BMC)

A day after bone marrow harvest, the final preparation of
bone marrow cells was infused into the infarct-related artery
via the central lumen of an over-the- wire balloon catheter.
To allow bone marrow cells maximum contact time with the
microcirculation of the infarct-related artery, the balloon was
inflated inside the stent to transiently interrupt antegrade
blood flow during infusions. The entire bone marrow
cell preparation was infused during four to five coronary
occlusions, each lasting 3 minutes. Between occlusions, the
coronary artery was reperfused for 3 minutes.

Assessment of outcomes

Follow-up visits were performed by physicians 1 and 4
months post transplantation. Specific attention was paid
to any potential signs or symptoms of arrhythmia during
the follow-up. Four months after stem cell injection, stress
echocardiography and *"Tc-mibi SPECT were repeated to
measure LVEF, WMSI, and number of nonviable segments.
The primary end points were feasibility and safety. Feasibility
was defined as the ability of the expansion procedure to
yield the target numbers of cells within two to three weeks.
Safety referred to any procedural complication, including:
ventricular arrhythmia, visible thrombus formation, distal
embolization, injury of the coronary artery associated with
the cell-infusion catheterization procedure or any adverse
events related to cell injection within the follow-up period.
The secondary end point was efficacy, which was primarily
assessed by two-dimensional echocardiographic analysis of
LV function at four months’ follow-up.

Statistics

Results are reported as mean+SD. A comparison of the
preoperative and postoperative data was done using the

paired t test, with p<0.05 as the limit of significance.

Results

Between July 2003 and August 2004, 12 patients were
informed and enrolled in this prospective study. Table
1 shows the clinical and interventional details of the 12
patients in this series. Although 12 patients were enrolled
in this study, 3 patients were not included in the analysis.
One patient was lost to follow-up and did not undergo the
4-month evaluations, the second patient had additional non-
ST elevation MI 2 weeks after cell therapy. A Third patient
had pulmonary edema 2 hours after the procedure; Cardio
pulmonary resuscitation (CPR) was done successfully and in
repeated angiogram the related artery was patent. The patient
was subsequently transferred to CCU ward. However, the
patient’s situation was complicated with fever, pneumonia,
acute renal failure, and acute respiratory distress syndrome
(ARDS). After 8 days, the patient died in CCU.

In all the patients, aspirin, plavix, statin, B-blocker, and
angiotensin converting enzyme (ACE) inhibitor therapy
were initiated during the hospitalization for acute MI and
continued until the 4-month follow-up examination. After
the exclusion of above-mentioned patients, there were
no deaths, and none of the patients had any malignant
arrhythmias during the follow-up. At 4 months’ follow-up
examination, none had any clinical findings suggestive of
heart failure.

On average, 43+5 ml of bone marrow was aspirated from
the posterior iliac crest during a brief general analgesia with
morphine. No bleeding complications at the harvest site
were noted. During the preparation of bone marrow cells, the
sedimentation process reduced the volume of bone marrow
cells to a mean of 7.54+3.5 ml. The final preparation of bone
marrow cells contained 15.5x10£6.4x10° nucleated cells
(mean viability 90%), 1.55x10¢ CD34+ cells, and 7.75x10°
CD45+cells.

As is shown in Figure 1, at 4 months’ follow-up, global
LVEF in echocardiography increased from a mean of
31.78+7.56% at baseline to 38.89+6.97% at 4 months
(p=0.018). Mean WMS in rest echocardiography was
29.546.67 in basal and 26.75+5.44 at 4 months’ follow-up
(p=0.05). Figure 2 illustrates WMSI at resting and 15 pg
dobutamine stress echocardiography at baseline before stem
cell therapy as well as the WMSI at resting echocardiography
at 4 months’ follow-up. Nuclear perfusion imaging studies
in the patients for the mean number of nonviable segments
were 6.6 at baseline and 6.1 at 4 months’ follow-up (p=0.17).
Two patients showed improvement of nonviable segment in
SPECT at 4 months’ follow-up.
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Table 1. Patients’ Characteristics
Patient No  Age (y) Sex LVEFv (%) LVEF (%) No of nonviab'le? No of nonviab.le. WMS, WM'S'
(pre inj) (post inj) segments (pre inj)  segments (post inj) (pre inj) (post inj)
1 39 Male 25 30 6 6 27 28
2 46 Female 35 30 8 8 28 28
3 62 Male 25 40 6 6 26 26
4 52 Male 25 35 9 9 42 38
5 36 Female 40 45 5 5 22 22
6 62 Male 30 45 7 4 34 26
7 42 Male 36 40 7 5 34 28
8 53 Male 45 50 6 6 25 20
9 65 Female 30 35 6 6 24 24
10 75 Male 30 - - - - -
11 50 Female 40 - - - - -
12 69 Male 35 - - - - -

LVEF, Left ventricalar ejection fraction: Inj, Injection; WMS, Wall motion score
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Figure 1. Mean left ventricular ejection fraction (LVEF) of patients at
baseline and 4-month follow-up
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Figure 2. Wall motion score index (WMSI) before injection of bone marrow
stem cell (rest and after dobutamine injection) and at 4-month follow-up

Follow-up visits were continued after 4 months. Mean
follow-up visit duration was 24+4.5 months. There were
no deaths, and none of the patients had any malignant
arrhythmias during follow-up visit duration.
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Discussion

A reduced LVEF during the acute phase of myocardial
infarction is the most important independent predictor
of a poor outcome, even in the era of optimal reperfusion
therapy with the stenting of the infarct-related artery.' Thus,
enhanced recovery of contractile function may be beneficial,
especially in patients with large infarcts and depressed left
ventricular function.!s

Our findings indicate that a catheter-based intramyocardial
implantation of bone marrow cells is relatively safe and
feasible for the treatment of patients with acute MI. The present
report describes the effect of intracoronary, autologous,
mononuclear bone marrow cell transplantation on improving
heart function and myocardial perfusion in patients after
acute MI. After 4 months, the global LVEF was significantly
higher compared with basal LVEF. However, the number of
patients is not sufficient to conclude that an intracoronary
infusion of bone marrow stem cell (BMS) is associated with
persistent improvements in global left ventricular function
and improved functional status among patients who have
had MI at least 4 months prior to the transplantation. The
enhanced recovery of global left ventricular contractile
function after the intracoronary administration of BMS was
due to a significant reduction in the extent and magnitude of
regional left ventricular dysfunction within the territory of the
infarct. This finding is in agreement with other studies where
unfractionated BMC was utilized.”'*!® Our 4-month follow-
up showed that the mean number of nonviable segments and
WMSI were not significantly higher compared with the basal
evaluation.

Some previous studies have shown no improvement in left
ventricular function after treatment with BMC.!*! Technical
differences in the characteristics or handling of the infused
BMC might explain the different outcome. Also, differences
in cell preparation and cell population may be important.

Although stem cell therapy has been shown to be safe,
feasible, and effective in both animal and human studies,
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the mechanism by which this therapy improves healing after
ischemic injury remains unexplored. Other unanswered
questions include: Is stem cell therapy safe and effective in
the long term? Which stem cell (unfractionated bone marrow,
bone marrow-derived mononuclear, or any of the multiple
subpopulations of the latter) will produce optimal therapeutic
effect in damaged myocardium? What is the optimal delivery
approach (intravenous, intracoronary, intramyocardial, or
transepicardial)? What is the optimal dosage and timing of
the administration of cell therapy? Answers to these questions
may require additional animal and human studies.

The major limitations of this study are the small number
of the patients enrolled; the study design, which limits any
conclusions about efficacy; and the lack of a randomized
control group, which did not receive intracoronary infusion
of BMC.

Additionally, as assessment of whether intracoronary
infusion of BMCS can reduce the risk of complications and
death among patients with acute MI was beyond the scope of
the present study.

In summary, after acute MI, the intracoronary
administration of BMC enhances left ventricular contractile
recovery. Given the safety profile of this treatment and the
beneficial effects in patients with the most severely impaired
left ventricular function, large scale studies are warranted
to examine the potential effects of this novel approach on
the risk of death and complications in patients with large
acute MI and depressed left ventricular contractile function.
We emphasize the fact that all reported attempts of clinical
cell transplantation for myocardial regeneration, including
our study; have been done in association with surgical or
interventional revascularization, so that the effectiveness
of cell transplantation alone cannot clarify the role of cell
transplantation in myocardial regeneration.

Conclusions
This study is small and very preliminary. Data from large,

randomized controlled trials are needed to clarify the effect
of stem cell injection in myocardial function.
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