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Clinical observation of cardiac function in patients
with acute myocardial infarction complicated with
heart failure undergoing stem cell transplantation:

a 2-year follow-up visit
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Abstract

BACKGROUND: Many animal experiments and clinical trials have demonstrated that stem cell transplantation
can improve heart function and reduce ventricular dilatation and ventricular remodeling, which has shown an
incomparable superiority over traditional therapies in the treatment of myocardial infarction complicated by heart
failure.

OBJECTIVE: To observe the clinical effects of single autologous peripheral blood stem cell transplantation in
acute myocardial infarction patients with heart failure.

METHODS: Since 2006 August to 2010 June, 23 patients who were diagnosed to have acute ST elevation
myocardial infarction complicated with heart failure were selected and divided into two groups: cell
transplantation group (n=11) and control group (n=12). All patients underwent emergency coronary angiography
and percutaneous coronary intervention with drug eluting stent implantation. In the stem cell transplantation
group, peripheral blood stem cells positive for CD34 (about 1><108) were collected mobilized by granulocyte
colony stimulating factor at 5 days after stent implantation, and then the cells were injected into infarcted vessels
using coronary angiography method. Two-year follow-up was performed after cell transplantation to observe the
cardiac function and adverse reactions in patients.

RESULTS AND CONCLUSION: After 6 months of follow-up, the cardiac function in the cell transplantation
group was improved significantly compared with that before cell transplantation (P < 0.05), and the left
ventricular ejection fraction was increased by (6.2+0.2)% and the left ventricular end diastolic volume was
reduced by (4.7+2.9) mm. However, there was no difference in follow-up results by the end of 1 and 2 years
after cell transplantation (P > 0.05), as well as no adverse reaction occurred. In the control group, after 6 months
of follow-up, the left ventricular ejection fraction was reduced by (0.5+0.1)% and the left ventricular end diastolic
volume was increased by (0.4+0.3) mm, which were deteriorated year after year. Percutaneous coronary
intervention with autologous peripheral blood stem cell transplantation can significantly improve the left
ventricular function, reduce left ventricular volume, and delay or prevent left ventricular remodeling in patients
with acute myocardial infarction, which is safe and effective. But up to 2 years after cell transplantation, the
cardiac function shows no further improvement.

Subject headings: myocardial infarction; heart failure; stem cell transplantation; peripheral blood stem cell
transplantation; stroke volume
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INTRODUCTION

Post-infarction heart failure refers to
congestive heart failure due to the large area
of myocardial necrosis after acute myocardial

remodeling and reduced heart function
indicates that the long-term efficacy is still very
limited.

infarction. Although coronary reperfusion
therapy and long-term application of drug
therapy can improve symptoms, improve
quality of life and prolong life-span, the mature
cardiomyocytes are difficult to regenerate and
meet the needs of cardiac repair. The
presence of myocardial fibrosis, ventricular
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In 2001, Orlic et al"! found that autologous
bone marrow stem cells transplanted in mice
with heart damage could differentiate into
cardiomyocytes, providing a basis for the basic
and clinical research on stem cell
transplantation for treatment of myocardial
infarction complicated by heart failure. In
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recent years, stem cell transplantation has become the hot
spot in the treatment of acute myocardial infarction'®*. Most
animal experiments and clinical trials have demonstrated
that stem cell transplantation can improve cardiac function
and reduce ventricular dilatation and ventricular remodeling,
which has incomparable superiority over traditional
treatment methods in the treatment of myocardial infarction
complicated by heart failure. Currently, we can confirm the
safety and preliminary effectiveness of stem cell
transplantation in the treatment of myocardial infarction with
heart failure through REPAIR-AMI, ASTAMI, MAGIC
Cell-3-DES, BOOST and PROTECT-CAD trials®®”].

Bone marrow stem cell transplantation has been largely
reported in the treatment of myocardial infarction. Yin et a
performed the intracoronary injection of autologous bone
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marrow stem cells into 18 cases of acute myocardial infarction.

After 6 months of follow-up, Yin and colleagues found that this
therapy could improve cardiac function and reduce heart
failure in patients with myocardial infarction. In another study
by Wollert et al ® 30 patients with acute myocardial infarction
undergoing intracoronary injection of autologous bone marrow
mononuclear cells showed a significant improvement in their
cardiac function after 6 months, and the incidence of adverse
events, such as arrhythmias, had no increase. In addition,
transplantation of adipose-derived stem cells and umbilical
cord blood mesenchymal stem cells has also achieved good
results"®"",

Compared with bone marrow stem cells and adipose stem
cells, peripheral blood stem cells are relatively easy to
obtain and produce smaller trauma in patients. Therefore,
growing studies have reported the clinical outcomes of
peripheral blood stem cell transplantation in the treatment of
myocardial infarction complicated by heart failure. Zhang et
al " treated 23 cases of myocardial infarction complicated
by cardiac insufficiency with peripheral blood stem cell
transplantation, and 6 months later, echocardiographic
findings confirmed that the patient’s left ventricular volume
and ventricular wall motion were markedly improved that the
left ventricular remodeling was blocked or continued. Gu
Xiang and coworkers!" found that intracoronary injection of
autologous peripheral blood stem cells for post-myocardial
infarction heart failure could narrow the left ventricular
end-diastolic diameter, improve the left ventricular ejection
fraction, increase 6-minute walking distance, and reduce
myocardial defect size in a age-independent manner.
Referring to the above studies, we also used peripheral
blood stem cell transplantation in the treatment of 23
patients with acute ST-segment elevation myocardial
infarction complicated by heart failure, and completed the
2-year follow-up.

SUBJECTS AND METHODS
Design
Case-control study.

Time and setting
All patients with acute myocardial infarction complicated
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by heart failure were admitted in the Department of
Cardiology, Jingiu Hospital of Liaoning Province, China
from August 2005 to September 2006.

Subjects

Twenty-three patients with acute ST-segment elevation
myocardial infarction complicated by heart failure, who
had undergone emergency coronary angiography and
percutaneous coronary intervention with drug-eluting stent
implantation, were enrolled, including 16 males and 7
females, aged 65-85 years with a mean age of (75+10)
years, weighing 55.5-85.0 kg with a mean of (70+15) kg.
Of the 23 patients, 13 cases had hypertension, 11 cases
had diabetes, 2 cases had respiratory insufficiency, and 2
cases had renal insufficiency.

Diagnostic criteria: (1)persistent chest pain = 30 minutes;
(2)electrocardiogram showed 2 mm ST segment elevation
in at least two adjacent or contiguous leads; (3)elevation
of serum creatine kinase MB isoenzyme or troponin |;
(4)presence of dyspnea, coughing, cyanosis, irritability
and other symptoms of heart failure.

Inclusion criteria: (1)acute myocardial infarction
complicated by heart failure; (2)cardiac function at
admission = grade Il of Killip’s classification;
(3)conventional drug therapy is invalid; (4)the left
ventricular ejection fraction < 45%; (5)patients and their
families signed an informed consent form, and the
therapeutic schedule was approved by the ethics
committee of the hospital.

Exclusion criteria: (1)patients who could not receive or
disagreed with percutaneous coronary intervention;
(2)presence of angina and cardiogenic shock prior to
transplantation; (3)with history of cancer or other fatal
diseases that can impact patient’s short-term survival;
(4)anemia and coagulation disorders; (5)progressive
hepatic failure.

According to patient’s willness, the 23 patients were
divided into: cell transplantation group (n=11), including 8
males and 3 females, aged 65-85 years; and control
group (n=12), including 8 males and 4 females, aged
65-85 years. Baseline characteristics of the two groups
were similar and comparable.

Methods

In the control group, patients were routinely given
anti-platelet aggregation, crown expansion, diuretic,
cardiac, and other drugs to improve the ventricular
remodeling at admission, and then, received the
emergency coronary angiography and percutaneous
coronary intervention with drug-eluting stent
implantation.

In the cell transplantation group, stem cell transplantation
was conducted 5 days after percutaneous coronary
intervention.
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Mobilization and collection of peripheral blood stem cells:
granulocyte colony-stimulating factor at a dose of 300-
600 pg/d was injected subcutaneously for 5 consecutive
days. At day 6, peripheral blood samples were collected
via cubital vein puncture. Collected blood samples were
placed via a closed sterile pick device into a blood cell
separator for extraction of peripheral blood stem cells.
Hematopoietic stem cells were collected and stored in
blood bags, and the remaining blood flowed back to the
patient’s body. Finally, the total amount collected was
50-100 mL. The isolated stem cells were counted by flow
cytometry to collect CD34" cells (about 1x1 08).

Cell transplantation: At the day of transplantation, the
femoral artery access was established under the sterile
environment in the conduit room. Ischemic coronary
angiography was performed to introduce a microcatheter
into the guiding catheter. Then, the suspension of
peripheral blood stem cells was injected via the
microcatheter into the distal end of infarcted vessels,
2.0-3.0 mL every 3 minutes, totally 30 mL (about 1x10°
CD34" cells). After injection, balloon occlusion was done
for 3 minutes. We observed whether intraoperative
arrhythmia, micro-embolism and hypotension occurred. If
patients presented with chest pain, chest tightness,
unbearable, or severe arrhythmia, the balloon occlusion
time could be reduced appropriately.

Main outcome measures

(1)Cardiac function prior to, 6 months, 1 year, 2 years after
treatment in the two groups was observed;
Echocardiography (SONO7500, Philips) was used by a
designated physician from the ultrasound department to
evaluate the left ventricular ejection fraction and left
ventricular end-diastolic volume before and after
treatment. (2)Safety monitoring: we observed whether
the fever, cancer and other adverse reactions occurred,
and whether there were new myocardial ischemic
damage, inflammation and malignant arrhythmias
reactions.

% www.CRTER.org
Statistical analysis

Measurement data were expressed as mean+SD and
statistically analyzed by SPSS 10.0 statistical software.
Student’s ¢ test was performed between two groups, and a
value of P < 0.05 was considered statistically different.

RESULTS

Quantitative analysis of participants

By intention-to-treat analysis, 23 patients completed the
2-year follow-up with no shedding and were all included in
the result analysis.

Comparison of baseline data between two groups
(Tables 1, 2)

Effects of stem cell transplantation on cardiac
function

After 6 months of follow-up, the cardiac function in the cell
transplantation group was improved significantly
compared with that before cell transplantation (P < 0.05),
and the left ventricular ejection fraction was increased by
(6.240.2)% and the left ventricular end diastolic volume
was reduced by (4.7+2.9) mm (P < 0.05). However, there
was no difference in follow-up results by the end of 1 and
2 years after cell transplantation (P > 0.05). In the control
group, after 6 months of follow-up, the left ventricular
ejection fraction was reduced by (0.5+0.1)% and the left
ventricular end diastolic volume was increased by
(0.4+0.3) mm, which were deteriorated year after year
(Table 3 and Figures 1, 2).

Safety monitoring results

During stem cell collection, there were no serious
reactions or complications. Sometimes some patients
felt hand and foot numbness, dry mouth, or faint during
acupuncture. No tumor, malignant arrhythmia,
hemolysis, thrombocytopenia, reduced heart function,
allergies, infections and other adverse reactions
occurred in the cell transplantation group at 6 months,
1 year, 2 years after cell transplantation.

Table 1 Baseline data of patients in the cell transplantation group

No. Sex Age Body mass Coronary Acute Heart Percutaneous Hypertension  Diabetics Respiratory Renal
(year) (kg) heart disease myocardial failure coronary mellitus insufficiency  insufficiency

infarction intervention

1 Male 65 55.5 + + + + + + _ _

2 Male 76 67.0 + + + + + - _ _

3 Male 77 745 + + + + - + + -

4  Male 66 85.0 + + + + - -

5 Male 75 725 + + + + - - _

6  Male 73 62.0 + + + + + - - +

7 Female 69 65.5 + + + + - - - _

8 Female 80 71.5 + + + + + + _ _

9 Male 85 73.0 + + + + - - - -

10 Female 79 81.0 + + + + - + - -

11  Male 84 68.5 + + + + - _ _ _

Note: Baseline data in the cell transplantation group are comparable with those in the control group.
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Figure 1 Comparison of left ventricular ejection fraction between
two groups before treatment and during follow-up

Note: 1: Before transplantation; 2: By the end of 6-month follow-up;
3: By the end of 1-year follow-up; 4: By the end of 2-year follow-up.
Data are represented as the optical absorption values at 490 nm.
P < 0.05, vs. ONFH femoral head group; °P < 0.05, vs. femoral
neck fracture group. ONFH: osteonecrosis of the femoral head.

Table 2 Baseline data of patients in the control group

O Cell transplantation group @ Control group
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Figure 2 Comparison of left ventricular end-diastolic volume
between two groups before treatment and during follow-up

Note: 1: Before transplantation; 2: By the end of 6-month follow-up;
3: By the end of 1-year follow-up; 4: By the end of 2-year follow-up.
Data are represented as the optical absorption values at 490 nm.
@P < 0.05, vs. before transplantation; ®P < 0.05, vs. control group in
the same period.

Left ventricular end-diastolic
Volume (mm)

No. Sex Age Body Coronary  Acute Heart Percutaneous  Hypertension  Diabetics  Respiratory Renal
(year) mass (kg) heart myocardial  failure coronary mellitus insufficiency  insufficiency
disease infarction intervention
1 Female 68 79.5 + + + + + + _ _
2 Male 73 73.0 + + + + - _ +
3 Male 79 55.5 + + + + - - _
4 Male 68 68.0 + + + + + + - _
5 Female 71 82.5 + + + + - - - _
6 Female 77 61.0 + + + + + + _ _
7 Male 65 725 + + + + - _ _ _
8 Male 85 69.5 + + + + - - - _
9 Male 81 67.0 + + + + + + -
10 Female 72 85.0 + + + + - - _
11 Male 84 59.5 + + + + + - -
12 Male 74 70.0 + + + + - - - _

Note: Baseline data in the control group are comparable with those in the cell transplantation group.

Table 3 Cardiac function of two groups before transplantation and
during follow-up (xts)

Time Cell transplantation group Control group (n=12)
(n=11)
LVEF (%)  LvDd (mm) LVEF (%) LVDd (mm)
Before 37.315.4 62.1£7.5 38.9+5.2 59.4+6.1
transplantation
By the end of 43,5456  57.444.6® 384451  59.8+6.4
6-month follow-up
By the end of 1-year 39.8+5.9% 59.3+4.4%® 38.7+5.6 61.07.3
follow-up
By the end of 2-year  39.9+6.0%°  59.5+4.2* 38.4+54  61.3+7.8

follow-up

Note: LVEF: left ventricular ejection fraction; LVDd: left ventricular
end-diastolic volume. *P < 0.05, vs. before transplantation; °p < 0.05, vs.
control group in the same period.

DISCUSSION

In 2001, Strauer, a physician from Dusseldorf, Germany and
co-workers performed the first transplantation of autologous
bone marrow stem cells in the clinical treatment of acute
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myocardial infarction. Autologous bone marrow stem cells at
a dose of 1x10” were implanted via the transcatheter into
the infarcted vessels during percutaneous transluminal
coronary angioplasty. Ten weeks later, single photon
emission computed tomography, echocardiography and
radionuclide ventriculography displayed reduced myocardial
infarction area, increased cardiac ejection fraction and
decreased end-diastolic pressure. After cell transplantation,
there was no new myocardial ischemic damage,
inflammation and malignant arrhythmias. It for the first time
demonstrates that intracoronary transplantation of
autologous bone marrow stem cells is safe and feasible in
the treatment of acute myocardial infarction.

MAGIC Cell-3-DES trial is used to evaluate the safety of
stem cell therapy through granulocyte colony-stimulating
factor mobilization and effect of intracoronary injection of
mobilized peripheral blood stem cells on acute myocardial
infarction. The trial confirms that stem cell transplantation
may improve coronary flow reserves and improve the left
ventricular systolic function and myocardial perfusion.
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However, the application of drug-eluting stents is necessary
to prevent in-stent restenosis. In our study, 23 myocardial
infarction patients underwent revascularization with
drug-eluting stents. Then, the peripheral blood stem cells via
granulocyte colony-stimulating factor mobilization for 5 days
were collected and intracoronarily injected in the cell
transplantation group. By the end of 6 months after cell
transplantation, the left ventricular ejection fraction was
increased by (6.2+0.2)% and the left ventricular end
diastolic volume was reduced by (4.7+2.9) mm, which were
significant different from those before treatment (P < 0.05);
there was also a significant difference between the cell
transplantation group and control group (P < 0.05). Our
findings indicate that based on granulocyte
colony-stimulating factor mobilization, stem cell therapy
cannot promote neointimal hyperplasia after drug-eluting
stent implantation[m'm]. This therapy is safe and feasible
to improve the left ventricular remodeling and left
ventricular ejection fraction, eliminate the risk of vascular
restenosis, and improve the clinical endpoint event rate in
patients with acute myocardial infarction patients. The
specific mechanisms of cellular physiology may be to
promote neovascularization or inhibit ventricular
remodeling.

Single cell transplantation garners increasing attention to
whether it can bring long-term benefits for patients with
acute myocardial infarction. The types of transplanted cells
are no longer confined to bone marrow mononuclear cells,
bone marrow mesenchymal stem cells and peripheral blood
progenitor cells. In addition, numerous animal experiments
have shown that the number of transplanted cells shows a
linear positive relationship with the improvement in heart
function. Existing transplantation methods, however, cannot
successfully transfer more transplanted cells into the
infarcted zone and its marginal zone. The timing and
efficiency of transplantation is still a bottleneck in the
widespread clinical application. Poh et al ") conducted
several transplantation of bone marrow mesenchymal stem
cells in a swine model of myocardial infarction, which is
feasible and found to improve the efficiency and safety of
transplantation. The findings from the animal experiment are
consistent with previous studies. Compared with the single
transplantation, multiple transplantation can improve the
long-term cardiac function of patients. In our study, the left
ventricular ejection fraction was remarkably improved at 6
months after a single stem cell transplantation, but no
further improvement was found after 2 years, indicating that
multiple transplantation of stem cells are required for
myocardial infarction complicated by heart failure in order to
improve the long-term cardiac function.

Stem cell therapy is safe and feasible for treatment of
myocardial infarction complicated by heart failure.
Large-sample, large-scale, multi-center long-term
randomized controlled studies are required in the further to
further evaluate the efficacy and risk{"®.

A 6-month follow-up shows that the single intracoronary
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transplantation of autologous peripheral blood stem cells
can significantly improve the left ventricular function, reduce
the left ventricular volume, prevent or delay left ventricular
remodeling in patients with acute myocardial infarction,
which is safe and effective. Multiple transplantations are
suggested to continuously improve the left ventricular
function, but large-scale multi-center clinical randomized
controlled studies are necessary to verify the safety and
feasibility.
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