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Background: Ischemic cardiomyopathy (ICM) is a leading cause of cardiovascular mortality worldwide. It
is defined as abnormal enlargement of the left ventricular (LV) cavity with poor LV function due to coronary
artery disease. Currently available established treatments are palliative whereby blood supply is recovered
to ischemic regions but fails to regenerate heart tissues. Mesenchymal stem cells (MSCs) offer a promising
treatment for ICM given their regenerative and multipotent characteristics. This study aims to investigate
the effect of MSCs infusion with concurrent revascularization in patients with severe ICM compared to
receiving only revascularization procedure or MSCs infusion.

Methods: Twenty-seven patients with history of anterior myocardial infarction (MI) and baseline left
ventricular ejection fraction (LVEF) of less than 35% were recruited into this study. Patients who are eligible
for revascularization were grouped into group A (MSCs infusion with concurrent revascularization) or group
B (revascularization only) while patients who were not eligible for revascularization were allocated in group
C to receive intracoronary MSCs infusion. LV function was measured using echocardiography.

Results: Patients who received MSCs infusion (either with or without revascularization) demonstrated
significant LVEF improvements at 3, 6 and 12 months post-infusion when compared to baseline LVEF
within its own group. When comparing the groups, the magnitude of change in LVEF from baseline for
third visits i.e., 12 months post-infusion was significant for patients who received MSCs infusion plus
concurrent revascularization in comparison to patients who only had the revascularization procedure.
Conclusions: MSCs infusion significantly improves LV function in ICM patients. MSCs infusion plus
concurrent revascularization procedure worked synergistically to improve cardiac function in patients with
severe ICM.
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Introduction

The latest Global Health Estimates (GHE) by World Health
Organization (WHO) reported ischemic heart disease as the
leading cause of death worldwide, accounting for 7.35 million
deaths (13.2% of total death) in year 2012 (1). Ischemic
cardiomyopathy (ICM) is a condition defined by the
weakening of the heart to circulate blood effectively due
to coronary artery disease and the narrowing or hardening
of the arteries. This condition can result in the loss of
cardiomyocytes, scarring and reduced ventricular contractility
that will lead to heart failure, and finally death (2).

Currently available established treatments for ICM are
limited to revascularization strategies such as percutaneous
transluminal coronary angioplasty (PTCA) and coronary
artery bypass graft (CABG) operations. Implantation of
pacemaker or defibrillator is considered for patients with
cardiac dyssynchrony or risk of ventricular arrhythmias.
For patients with end-stage cardiomyopathy, heart
transplantation is the final option. Despite the treatment
advances, the only strategy that addresses the loss of
cardiomyocytes is heart transplantation. However, this
method is severely limited due to the scarce availability
of organ, and graft rejection (3). Revascularization is
an effective method in rejuvenating viable and dormant
cardiomyocytes but it is unable to restore function of the
damaged cardiomyocytes (4).

Therefore, the use of mesenchymal stem cells (MSCs)
serves as a promising therapeutic strategy for the treatment
of ICM given that MSCs have the potential to enter cell
cycle and differentiate into cardiomyocytes to replace the
infarcted cardiomyocytes (5). Studies have shown beneficial
effects of MSCs for treating myocardial infarction (MI)
through intracoronary and intravenous administration with
improvement of left ventricular ejection fraction (LVEF),
left ventricular (LV) remodelling and reduction of infarct
size (6). Infusion of MSCs in acute MI has resulted in the
reduction of heart failure, rehospitalization due to cardiac
complications, and cardiac hypertrophy too (7).

Our previous studies have demonstrated that autologous
MSC:s stored by cryopreservation is safe and feasible for
transportation without affecting the cell viability and
risk of contamination (8). With assurance that the cells
are well-maintained before infusion, we moved on to
prove that autologous MSCs treatment via intracoronary
or intramyocardial administration is effective and safe
for treatment of chronic severe dilated cardiomyopathy
with improvement of LV function and parameters, and

© Stem Cell Investigation. All rights reserved.

Stem Cell Investigation, 2021

the resolution of full thickness scarring (9). In this study,
we would like investigate the effect of autologous MSCs
infusion for severe ICM by comparing three different
modes of treatment; MSCs intracoronary infusion only,
revascularization only and the combination of MSCs
intracoronary infusion with revascularization.

Methods
Study design and patient selection

Patients aged between 35 and 70 years were recruited
from participating cardiology clinics. Patients were
considered for participation in the study according to
criteria: (I) diagnosed to have ICM with history of previous
anterior MI, (II) LVEF of less than 35% without any
significant improvement within the past 6 months, and (III)
symptomatic heart failure in New York Heart Association
(NYHA) functional class II to IV with evidence of failure
despite optimal heart disease medication or inability to
attain maximal therapy due to side effects.

Exclusion criteria include patients with: (I) heart failure
due to other causes such as idiopathic, infective or metabolic
cardiomyopathy, valvular heart disease and pericardial
disease, (II) contradictions to bone marrow aspiration,
(III) contradiction to coronary contrast angiography and
angioplasty, (IV) infectious diseases including hepatitis B,
hepatitis C and HIV, (V) history of neoplasia and primary
hematological disease, (VI) renal impairment (creatinine
clearance less than 30 mL/min), and (VII) liver impairment
(liver transaminase level at four times higher than the
optimal value).

Based on these inclusion and exclusion criteria, 27
patients who had anterior MI previously and baseline
cardiac function (LVEF) less than 35% were recruited
(Figure 1). Patients eligible for revascularization were
divided into group A (MSCs infusion concurrent with
revascularization) and B (revascularization only). Patients
who were not suitable for revascularization were set apart in
group C for intracoronary infusion of MSCs. Patients not
suitable for revascularization are those with diffuse small
vessel disease or chronic total occlusion with collateral flow.

This is a multicentre study and was conducted as a
controlled open label trial in accordance with Malaysian
Guidelines for Stem Cell Research and Therapy (Ministry
of Health Malaysia, 2009). The study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013). Study was approved by the Research Committee
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Myocardial infarction history within 6 months - 2 years

t Symptomatic heart failure (NYHA [1-1V) 1

Left ventricular ejection fraction <35%

Patients suitable for
revascularization

Patients not suitable for
revascularization

Group A

Intracoronary MSC + Group B Group C
A Revascularization only Intracoronary MSC only
revascularization (n=9) (n=10)

(n=8)

Figure 1 Distribution of recruited patients in this study. Twenty-seven patients were allocated into three different groups. Eight patients

were allocated to group A for intracoronary MSCs infusion with concurrent revascularization; nine patients were assigned to group B for

revascularization procedure only while ten patients who were not amenable to revascularization were allocated in group C for intracoronary

infusion of MSCs only. MSC, mesenchymal stem cell; NYHA, New York Heart Association.

of National University of Malaysia Medical Centre with
oversight provided by the Malaysian Medical Research
and Ethics Committee (Ref. No. ERGS/1/2011/SKK/
UKM/02/71) and informed consent was taken from all
individual participants. The study has registered under
Clinical Trial.gov (NCT 01720888).

MSCs culture and storage

These methods have been previously described (8-10).
Briefly, 50 mL of bone marrow aspirates (BMA) were
obtained from the iliac crest of each patient and processed
within 24 hours. MSCs were isolated from BMA using
Ficoll-Paque density gradient centrifugation and adhered
to the surface of culture flask. MSCs were cultured in
Dulbecco’s modified Eagle’s medium with low glucose
(Gibco) supplemented with 10% autologous serum,
100 U/mL penicillin, 100 mg/mL streptomycin, 250 ng/mL
amphotericin B and 2 mM GlutaMAX (Gibco). MSCs were
maintained in a 37 °C humidified incubator with 5% CO,
and 95% air.

After 3 days, cells in suspension were discarded
and culture medium was replaced every 3—-4 days until
confluent. MSCs adhered to the flask were harvested using
TrypLE Select (Gibco) and seeded into new culture flask
for population expansion. Upon achieving the required
number of cells, MSCs were harvested and cryopreserved

© Stem Cell Investigation. All rights reserved.

in 90% autologous plasma and 10% DMSO. MSCs were
characterized by immunophenotyping and checked for their
differentiation abilities according to the method described
previously (11). The cells were also checked for sterility
from microbial and fungal contaminations.

For MSCs infusion, cryopreserved MSCs were
transported to the medical centre in a cryoshipper. MSCs
were thawed before resuspended in 10 mL sterile 0.9%
normal saline for intracoronary infusion.

Intracoronary infusion of autologous MSCs

Intracoronary infusion was performed according to the
standard procedure as practiced in current interventional
cardiology. Arterial puncture was done and arterial sheath
was then inserted to the punctured artery.

An angioplasty guide catheter was inserted to the
infarct coronary artery. Then, an over the wire balloon
catheter (oversized by 0.5 mm) was advanced by a standard
guidewire threaded in the infract artery. At a ratio of 1:1,
contrast material was added to a syringe containing MSCs
suspension. Guidewire was removed and replaced by the
MSCs-contrast syringe syringe. The balloon was inflated at
2-3 atm for 1-2 minutes to block the blood flow.

Next, 1-2 mL of MSCs suspension were infused over
1 minute through the guidewire and flushed with 1 mL
of heparinized saline. This step was repeated two to three
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Table 1 Patients demographic data, echocardiographic parameters and comorbidity

Group (mean + SD)

Parameters Total (mean = SD) P value
A B C

No. of patients (n) 27 9 10

Age (years) 57.4+10.4 53.3+12.9 59.1+8.7 59.1+9.7 0.42

Male (n) 26 8 9 9

Female (n) 1 0 0 1

Smoker (n) 9 5 0 4

Diabetes mellitus (n) 13 4 4 5

Hypertension (n) 15 4 6 5

Ischemic heart disease (n) 15 4 6 5

Hyperlipidaemia (n) 21 8 6 7

LVEF baseline (%) 29.3+6.4 27.5+5.6 28.0+8.3 32.0+4.5 0.26

LVEDD baseline (cm) 6.4+0.7 6.8+0.7 6.0+0.3 6.5+0.7 0.07

IVSD baseline (cm) 1.0+0.2 1.2+0.3 1.0+£0.2 1.0+0.3 0.22

P value <0.05 indicates statistical significant difference across three different groups of patients. SD, standard deviation; LVEF, left
ventricular ejection fraction; LVEDD, left ventricular end diastolic diameter; IVSD, interventricular septal thickness at diastole.

times while the balloon was allowed to deflate between each
infusion undl all 10 mL of MSCs were infused. Two to three
million MSCs/kg were infused to the patients based on
weight. Coronary angiogram was performed at the end of the
infusion to ensure vessel patency and no other complications.

Patients follow up and monitoring

Patients who have been administered with autologous
MSCs were observed in the coronary care unit for a
minimum period of 24 hours to monitor for any ventricular
arrhythmias using telemetry. Patients were required to
return to the medical centre after 6 weeks, 3 months,
6 months and 12 months for follow up assessment. LV
function and parameters such as, LVEF, left ventricular
end diastolic diameter (LVEDD), and interventricular
septal thickness at diastole (IVSD) were evaluated by
echocardiography during each follow up.

Statistical analysis

Statistical analysis were performed using Microsoft
Excel and SPSS version 14.0. Means of the values were
summarized as mean + standard deviation (mean + SD).

Magnitude of change in LVEF from baseline (ALVEF) was
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calculated as follows:

Current LVEF — Baseline LVEF
Baseline LVEF

x100% (1]

The multiple comparisons of means of parameters
for different time points were conducted using one-
way ANOVA. T-tests were used for comparison between
different groups. In this study, the significance level is set at
P<0.05 or unless stated otherwise.

Results

Patient baseline clinical data and echocardiograph
ventricular parameters

In this study, there were 26 male patients and 1 female
patient. Fifteen out of the 27 patients had ischemic heart
disease and co-morbid hypertension while there were 21
patients with hyperlipidaemia. Nine of the patients are
smokers or ex-smokers. Thirteen patients in this study had
co-morbid diabetes mellitus. The average of the LVEF
percentage at baseline is 29.3%+6.4% for all patients. The
total LVEDD baseline mean was 6.4+0.7 cm. The mean
value of IVSD baseline for the patients was recorded at
1.0£0.2 cm (Table 1).
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P=0.47 P<0.05

Group B Group C
Revascularization only MSC only
[ 6 months M 12 months

Figure 2 Comparison of mean of LVEF within groups at baseline, 3, 6 and 12 months visit. For patents in group A and C, LVEF showed

significant improvement for all post-treatment visits when comparing to baseline. Significant values: *, P<0.05; *, P<0.01. LVEF, left

ventricular ejection fraction.

Significant improvement of LVEF after MSCs infusion

LVEF measurements were obtained using echocardiogram
(echo) at 3, 6 and 12 months post treatment and compared
to baseline LVEF for patients in group A, B and C
(Figure 2). There were significant LVEF improvement for
patients in group A (35.6+£2.4, 41.2+5.2, and 50.2+5.8) at
3, 6 and 12 months post-MSCs infusion concurrent with
revascularization. Patients who received MSCs infusion
only also showed significant LVEF improvement at the
3, 6 and 12 months post-treatment visits (32.0%=4.5%,
40.5%+4.5%, and 39.9%+6.6%, respectively). For patients
in group B, there were no significant changes in LVEF after
revascularization when compared to baseline LVEE.

Mean of LVEF percentages for the 3 visits when
compared with one-way ANOVA showed significant
difference in group A and C up to 12 months of follow up
(P<0.001 and P<0.05 respectively). However, there is no
significant difference of LVEF in group B (revascularization
only) in this statistic analysis (Zable 2).

Magnitude of change of LVEF in comparison between
three groups

The ALVEF in third visit (12 months post-treatment) was
significant for patients with MSCs infusion concurrent with
revascularization (group A) when compared with patients
who underwent revascularization procedure only (group B)
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(Figure 3). However, there was no statistically significant
difference between patients who received revascularization

only (group A) and MSCs infusion only (group C).

Discussion

Usage of MSCs has been increasingly investigated for
therapeutic purpose. The present study was designed to
assess the safety and efficacy of the autologous MSCs
infusion with concurrent revascularization for severe ICM
in comparison to receiving autologous MSCs infusion
alone or revascularization procedure only. Our findings
suggest that the usage of MSCs infusion with concurrent
revascularization is beneficial to patients with severe ICM
which will provide important evidence for the use of this
method in clinical setting.

Further on that, we have proven that intracoronary
injection of autologous MSCs in patients with severe ICM
was well-tolerated. No proarrythmia, calcification or tumor
formation was observed in patients who underwent MSCs
infusion. The infusion of MSCs was safe and was not
associated with any kind of adverse effects. This finding
is in line with the meta-analysis done by de Jong e 4/. on
clinical trials of intracoronary stem cell infusion for MI
which reported that trials have repeatedly proven that stem
cell therapy is safe and feasible, and intracoronary stem cell
infusion did not cause any adverse events (12).
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Table 2 LV parameter measured by echocardiography for baseline and all three visits

Visit (mean + SD)

Parameters Group P value
Baseline 3 months 6 months 12 months

LVEF (%) A 27.5+5.6 35.6+2.4 41.2+5.2 50.2+5.8 <0.001
B 28.0+8.3 32.8+11.9 33.8+£10.5 35.6+10.1 0.47
C 32.0+4.5 40.5+4.5 39.9+6.6 44.0£12.3 0.02

LVEDD (cm) A 6.8 +0.6 6.5+0.8 6.6+0.9 6.3+1.0 0.79
B 6.0+0.3 5.7+0.4 5.8+0.8 5.8+0.4 0.71
C 6.5+0.7 6.2+1.3 5.6+1.0 6.2+0.8 0.51

IVSD (cm) A 1.2+0.3 1.2+0.2 1.2+0.4 1.1+0.0 0.88
B 1.0£0.2 1.0£0.2 0.9+0.1 1.0+0.1 1.00
C 1.0+0.3 1.1+0.3 1.2+0.3 1.2£0.2 0.55

P value <0.05 indicates statistical significant difference across the baseline and three visits. LV, left ventricular; SD, standard deviation;
LVEF, left ventricular ejection fraction; LVEDD, left ventricular end diastolic diameter; IVSD, interventricular septal thickness at diastole.
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Figure 3 Comparison between three groups for the magnitude of
change of LVEF compared to baseline during 3, 6 and 12 months
visits. Magnitude of change is significant at the 12 months post-
treatment visit when comparing between group A and B. LVEE,

left ventricular ejection fraction; MSC, mesenchymal stem cell.

Our results also revealed that the administration of
MSCs in the patients improved their LVEF. The effect
is more eminent when combined with revascularization
procedure demonstrating evidence that these two
procedures can work synergistically. Some patients did not
significantly benefit from revascularization procedure alone
because the myocardium is not recovered by this process
due to the presence of non-viable cardiomyocytes (13).
The administration of MSCs further improves cardiac

© Stem Cell Investigation. All rights reserved.

functions for patients when revascularization procedure
fails to show significant improvements. This observation
is shown by the evident improvement in the LVEF at
12 months after MSCs infusion in group A patients. The
delayed benefit of MSCs infusion which was apparent after
12 months is consistent with the understanding of the
principles of regenerative medicine. The delayed effect may
be due to low engraftment of MSCs within the targeted
sites following intracoronary infusion. Optimization should
be carried out to improve the engraftment and homing of
MSCs within the targeted sites. Our results suggest that
adequate revascularization is probably essential to successful
engraftment.

Infusion of MSCs may have contributed to the formation
of cardiomyocytes that subsequently form renewed
myocardium resulting in the improvement of the cardiac
function. It has been shown that stem cells including
embryonic stem cells, cardiac stem cells and induced
pluripotent stem cells can differentiate into cardiomyocytes
upon transplantation. This process is important to initiate
angiogenesis, revive damaged heart muscle, and reduce scar
expansion (14). It has also been demonstrated that adult
MSCs can differentiate into cardiomyocytes iz vitro and in
vivo through an appropriate induction process (15,16).

Studies have reported that stem cell treatment for
heart failure is highly dependent on the mechanisms
related to paracrine effect of stem cell which promote
angiogenesis, and prevent cardiomyocytes apoptosis (17).
Recent evidence has proven that MSCs-derived miRNA-
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bearing exosomes were internalized into cardiomyocytes to
improve angiogenecity, anti-apoptotic features, and anti-
inflammatory activities (18). Increase angiogenesis and
blood supply to ischemic areas improves revascularization
of the hibernating myocardium (19).

Hibernating cardiomyocytes are prone to undergo
necrosis or apoptosis that leads to heart failure. MSCs
may induce the secretion of cytokines and growth factors
that reduce the cell death of cardiomyocytes and facilitate
vascular regeneration (17,20). Hence, the significant
improvement in the LVEF of group A patients at 12 months
post-MSCs infusion can be due to the late effect of
gradual recovery process of hibernating myocardium and
regeneration which subsequently provide adequate vascular
supply to the patients. It has been reported that bone
marrow derived stromal cells implanted in the infarcted
myocardium lose their haemopoietic properties and acquired
cardiogenicity to form functional cardiomyocytes in vivo (21).
Besides, bone marrow derived stem cells administration can
reduce the activities of circulating autoantibodies mediating
the tolerability of autoreactive lymphocytes during the
pathogenesis of dilated cardiomyopathy (22). MSCs are
able to impair the cytotoxic effect of T lymphocytes, inhibit
differentiation of B cells and inhibit the immunostimulatory
activity of dendritic cells (23). These observation
demonstrated the immunomodulatory properties of MSCs
as an early effect of MSCs in vivo or upon infusion.

Limitation of the study

The limitations of this study include the low number of
recruited patients. The small number of patients recruited
might contribute to the limited conclusions for the
measurements done in this study. The stringent exclusion
criterion is the main contributor to this limitation where
patients eligible for other treatment options and would
likely to benefit from revascularization alone were excluded.
Although there is a limitation in sample size, the groups
were very well-matched at the baseline which reduced
potential bias in this study. One of the limitations in this
study which is also a limitation in most of the clinical
trials related to MSCs infusion is the inability to discern
the fate of autologous MSCs in the body after infusion.
This is the reason that no markers have been used in this
study, and no modifications have been done to the infused
MSCs. Therefore, MSCs cannot be detectable after
infusion. Besides, placebo treatment was not included in
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this study which might introduce potential bias. Hence, we
minimized the bias that could be potentially caused by this
factor by assigning independent and blinded observers for
echocardiographic evaluation during the follow up visits.

Conclusions

In summary, we would like to conclude that this study has
provided clinical evidence that the usage of autologous
MSC:s is safe and effective for the treatment of severe
ICM. Intracoronary injection of autologous MSCs at a
suitable dose elicits improvement in the cardiac function
in terms of LV function specifically in patients who have
concurrent revascularization. The magnitude of LVEF
changes was significant for patients with MSCs infusion
and revascularization in comparison with patients who
underwent revascularization procedure only.
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