INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH IN DENTAL AND MEDICAL SCIENCES 5 (2023) 7683

Dental and Medical Sciences

9 4

~7

International Journal of Scientific Research in
o~ Dental and Medical Sciences

www.ijsrdms.com

Evaluation of the Effect of Stem Cell Therapy on Ischemic Heart Disease: A Systematic Review
and Meta-analysis

Ozra Asham?, Arezoo Nezhad Alirezayi”, Marjan Hadian®", Neda Mehralizadeh®

@ Department of Cardiology, School of Medicine, Urmia University of Medical Sciences, Urmia, Iran

® Department of Cardiology, School of Medicine, Mazandaran University of Medical Sciences, Sari, Iran

¢ Department of Cardiology, School of Medicine, Shahid Beheshti University of Medical Sciences, Tehran, Iran
4 Department of Cardiology, Rajayi Heart Center, Iran University of Medical Sciences, Tehran, Iran

ARTICLEINFO ABSTRACT

Article history:

Received 05 April 2023 heart disease.

Background and aim: The present study was conducted to evaluate the effect of stem cell therapy on ischemic

Material and methods: All international databases, PubMed, Scopus, Science Direct, I1SI, Web of Knowledge, and
Embase were examined, searching until April 2023 based on keywords related to the objectives of the study. The
current study was conducted based on the PRISMA 2020 checklist, and the Google Scholar search engine was also
used to find related articles. The 95% confidence interval mean differences were calculated using the fixed effect
model. Stata/MP v.17 software was used to conduct the meta-analysis.

Results: After reviewing the abstracts of 320 articles, 98 articles were selected for full-text review, of which 20
articles were included in the meta-analysis. The left ventricular ejection fraction difference after stem-cell therapy
compared to the control group was 8.29% (MD, 8.29 Cl; 8.22,8.37; p<0.01). LVEF mean difference values in the
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Ischemia _ ischemia/reperfusion M1 model and chronic M1 was 5.54% (MD, 5.54 CI; 5.43,5.65; p<0.01) and 10.65% (MD,
Myocardial Infarction 10.65 CI; 10.55,10.75; p<0.01).
Stem Cells

Conclusions: Based on the present meta-analysis, stem cell therapy on ischemic heart disease improves left
ventricular ejection fraction.

1. Introduction

Myocardial infarction (MI) is a growing health problem and a major
cause of disability, illness, and mortality worldwide, closely related to
lifestyle changes, increased urbanization, and socioeconomic conditions.™
Global mortality from MI is approximately 1,500,000 per year.[
Pathologically, Ml leads to tissue damage due to myocardial ischemia,
followed by biochemical changes caused by reperfusion and pathological
changes leading to left ventricular heart failure and cardiac cell death.F
Myocyte death triggers a cascade of intracellular signals such as
inflammation, oxidative stress, necrotic tissue absorption, and hypertrophy.
These cellular and molecular changes can manifest clinically as heart size,
volume, and function changes.”! The evidence shows that rehabilitation
programs based on physical exercises after cardiovascular accidents have an
important effect on reducing the mortality rate and improving the living
conditions of these patients.’! Adverse left ventricular remodeling after
myocardial infarction is designed to reduce myocardial scarring, which can
improve cardiac function.® 7 It is necessary to save dying cells and rebuild
blood vessels and heart tissues to treat heart attacks successfully.®® Despite
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the recent therapeutic advances in drugs and surgery, these cases only delay
the progression of the disease and do not stop the process of heart failure,
ultimately leading us to heart transplantation, the last remaining treatment
option.’! According to research, stem cells are considered a promising
candidate for treating ischemic heart diseases because these cells are an
unlimited source of cardiac cells, endothelial cells, and other types of
differentiated cells for use in all stages of repair.[**! Mesenchymal stem cells
(MSCs) are considered an ideal source for cell therapy, gene therapy, and a
tool for treating congenital diseases.*" Because they have many advantages:
they are easily harvested, can be cultivated and stored, and also can act in
different ways, cannot stimulate the immune system, and they do not have
ethical restrictions.? In the studies conducted on cardiovascular diseases,
MSCs are considered a promising cell type in the treatment of ischemic heart
disease due to their capacity to differentiate into endothelial cells, participate
in the creation of new blood vessels in ischemic tissues, and enhance the
activity of resting cardiac cells.*® The results obtained from the studies are
often heterogeneous and contradictory. Therefore, it is very important to
review the results of studies to provide stronger evidence. Thus, the present
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study was conducted with the aim of evaluating the effect of stem cell therapy
on ischemic heart disease.

2. Material and methods
Search strategy

The present study was conducted using the PRISMA 2020 checklist (14).
The search was conducted based on keywords related to the study objectives
in the international databases PubMed, Scopus, Science Direct, 1SI, Web of
Knowledge, and Embase; All articles were reviewed until May 2023.
Keywords and the MeSH terms:

(CCCoeere(stem cells"[Mesh]) OR ( "Mesenchymal Stem Cell
Transplantation"[Mesh] OR  "Mesenchymal Stem Cells"[Mesh] )) OR
"Endothelial Progenitor Cells"[Mesh]) OR ( "Bone Marrow"[Mesh] OR
"Bone Marrow Transplantation“[Mesh] OR "Bone Marrow Cells"[Mesh] ))
AND "Myocardial Infarction"[Mesh]) OR "Myocardial
Infarction/therapy"[Mesh]) OR ( "Heart Failure"[Mesh] OR "Heart Failure,
Diastolic"[Mesh] OR  "Heart Failure, Systolic"[Mesh] )) OR "Heart
Failure/therapy"[Mesh]) OR "Coronary Artery Disease"[Mesh]) OR
"Coronary Artery Disease/therapy”[Mesh]) OR “Cardiac Valve

Annuloplasty"[Mesh]) OR ( "Ischemic Stroke"[Mesh] OR "Myocardial
Ischemia”[Mesh] )) AND "Animals“[Mesh]) OR "Swine"[Mesh]) OR
"Sheep"[Mesh]) OR "Dogs"[Mesh].

Data collection

First, a checklist including the author's name, publication year, study
design, type of animal, type of Infarction, MI, cell type, number of cells, route
of delivery, and follow-up was prepared. The mean differences in results were
extracted and used for meta-analysis. Two independent, blinded reviewers
screened each record, and a third person retrieved each report. The selection
of articles was based on inclusion and exclusion criteria.

Inclusion and exclusion criteria

Only articles published in English, randomized controlled trials and non-
randomized controlled trials, stem-cell therapy on cardiac function, and
animal models. Case studies, case reports, in-vitro studies, and review
articles; studies without access to the full text were excluded from the study.
The PICO strategy to answer the research questions (Table 1).

Table 1. PICO strategy.

PICO Strategy Description
P Population: animal models
| Intervention: stem-cell therapy
C Comparison: placebo or sham-operated
O Outcome: left ventricular ejection fraction

Data analysis

Potential heterogeneity between studies was reported with the I?
coefficient; values 50%< indicate low heterogeneity, 50% to 75% indicate
moderate heterogeneity, and values >75% indicate high heterogeneity. Mean
differences (95% confidence interval) were calculated using a fixed effect
model with the inverse-variance method. STATA/MP. V17 software was
used for meta-analysis.

3. Results
Study selection

First, a search was conducted using keywords in international databases,
and 371 articles were found, all of which were entered into End.Note.X8
software; Duplicate papers and records marked as ineligible by automation
tools and for other reasons were removed. The abstracts of 320 articles were
reviewed, and according to the inclusion and exclusion criteria, 222 studies
were excluded, and the full text of 98 studies was reviewed; finally, 20 studies

were selected according to the objectives of the present study and included in
the meta-analysis (Fig. 1).

Study characteristics

The study included one rat, 12 dogs, and 326 pigs. Infarction type was
left anterior descending in 16 articles and left circumflex artery in four studies.
Table 2 shows a summary of the data extracted from the selected articles.

Left ventricular ejection fraction difference

Left ventricular ejection fraction difference after stem-cell therapy
compared to the control group was 8.29% (MD, 8.29 CI; 8.22,8.37; p<0.01)
(Fig. 2). Statistically, a significant difference was observed between stem-cell
therapy and control group, which indicates that the stem-cell therapy was
successful. The heterogeneity between the studies was high (1>=8.29%; P
=0.00), which could be due to the difference in the methodology of the
studies.
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Fig. 1. PRISMA 2020 Checklist.
Mean difference Weight
Study with 95% CI (%)
Moari et al., 2023 - 13.20[12.61, 13.79] 155
Wang et al., 2021 [ ] 664 644, 684] 13.95
Winkler et al_, 2020 = 13.80[13.41, 14.19] 3.49
Sun et al., 2020 .- 1353 [12.75, 1431] 0.87
Romagnuolo et al_, 2019 [ ] 017[ -0.03, ©037] 1395
Crisostomo et al., 2019 - 4.40[ 4.01, 479 3.49
Haenel et al.. 2019 - 420[ 361, 479] 155
Liaoc et al_, 2019 - 044 -034, 122] 087
Ishigami et al_, 2018 = 1450[13.91, 15.09] 155
Mori et al., 2018 M 1420[1460 1500] 13.95
Dariolli et al., 2017 = 465 426, 504] 3.49
Kawamura et al_, 2017 -=- 1440 [13.62, 15.18] 0.87
Kim et al., 2017 [ ] 11.90 [11.70, 12.10] 13.95
Alestalo et al_, 2015 ] 12.00[11.61, 12.39] 3.49
Bobi et al_, 2017 - 480[ 421, 539] 155
Tseliou et al_, 2016 ‘- 704[ 626, T7.82] 087
Cai et al_, 2016 [} 530[ 510, 550] 13.95
Chang et al_, 2015 m1660 [1621, 1699] 3.49
Kanazawa et al. 2015 = 16.30 [15.71, 16.89] 1.55
Lee et al. 2015 - -3.00[ -3.59, -241] 155
Overall i 829 822, 837]
Heterogeneity: I° = 99 91%, H” = 1094 03
Test of 8 = 8- @Q(19) = 20786.52, p = 0.00
Testof@=0:2=22204, p=0.00
-5 0 5 10 15

Fixed-effects inverse-variance model

Fig. 2. The forest plot showed a left ventricular ejection fraction difference after stem-cell therapy compared to the control group.
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Subgroup meta-analysis

LVEF mean difference values in the ischemia/reperfusion Ml model and
chronic MI was 5.54% (MD, 5.54 Cl; 5.43,5.65; p<0.01) and 10.65% (MD,
10.65 CI; 10.55,10.75; p<0.01), respectively. Test of group differences
showed a significant difference between the two groups; Thus, fewer benefits
were observed in the ischemia/reperfusion MI model (p<0.01) (Fig. 3). LVEF
means difference values with autologous cell treatment and no autologous cell

Study

treatment was 7.31% (MD, 7.31 ClI; 7.16,7.46; p<0.01) and 8.61% (MD, 8.61
Cl; 8.52,8.69; p<0.01), respectively. Test of group differences showed a
significant difference between groups; there was an improvement with
autologous cell treatment (p<0.01) (Fig. 4). According to the Test of group
differences between animal model groups, no significant difference was
observed in LVEF (Fig. 5).

Mean difference Weight
with 85% CI (%)

ischemialreperfusion
Mo et al., 2023

Wang et al., 2021
Winkler et al., 2020
Romagnuolo et al.. 2018
Crisostome et al., 2018
Haenel et al., 2018
Llestalo et al., 2015
Baobi et al., 2017

Hanazaws et al. 2015

Lee et al. 2015 -

Heterogeneity: | = 00.80%, H' = 95121
Test of 8, = 8, Q0 = S560.91, p = 0.00

Mo ischemialreperfusion
Sun efal., 2020

Liao etal., 2018

Ishigami et al., 2013

Mori et al., 2013

&  1220[ 1261, 1379] 155
[ | 6.4 G.44, 0.34] 13.85
B 12E0[13.41. 14.18] 3.49

[ ] 047 [ -0.03, 0.27] 13.05
] 440[ 401, 470 340

- 420[ 281, 478 1.55

] 12.00[ 1161, 12.38] 32.49

- 480[ 421, 5.28] 1.55

#1630 [ 1671, 1688 1565
-3.00[ -3.59, -2.41] 1.55
554 543, 5.65]

& 1353[12.75, 1431] 087

- 0447 034, 1.22] 087

& 1450[13.01. 15.08] 1.55
B 14:0([ 1460, 15.00) 12.95

Daariolli et al., 2017 [ 485] 4.26, 5.04] 349
Hawamura et al., 2017 = 14.40[ 13.62. 1518] 0.87
Kim et al., 2017 [ | 180 11.70, 12.10] 12.85
Tseliou et al., 2016 = TO4[ 626, T8I 08T
Cai et 21, 2018 || £30[ 510, 550 12.95
Chang =t al., 2015 W1GE0[ 16.21. 16.00] 3.40
Heterogeneity: ' = 92.58%, H' = 840,35 l 10,65 [ 10.55. 10.75]
Test of 8, = &,; Q{E) = T5E2.21, p = 0.00
Owverall | 229 822, 837
Heterogeneity: I' = 92.81%, H' = 1084.02
Test of 8, = &, Q{19) = 207568.52, p = 0.00
Test of group differences: ({1} = 4662.40, p=0.00

5 ] 5 w15

Fized-affects inverse-variance model

Fig. 3. The forest plot showed LVEF mean difference values in the ischemia/reperfusion and chronic MI models.
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Fized-afacts inverse-variance model
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Chang et al., 2015 W16.60[ 19.21, 16.88] 249
Lees et al. 2015 -3.00[ -3.58. -241]  1.55
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Sum et al., 2020 - 1253 [ 12,76, 14.31] 087
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Kim et al., 2017 . 1180 [ 11.70, 12.10] 13.95
Baobi et al., 2017 - 4380 421, 538] 1.55
Tseliou et al., 2018 .- T4 628 7.2 087
Kanazawa et al. 2015 ‘B 16.30[ 15.71, 16.89]) 1.55
Heterogeneity: |I' = 92.81%, H' = 115487 8281[ 852 864
Testof 8, =8 Q{14) = 16165.33, p = 0.00
Owverall 829 822 837
Heterogeneity: I = 99.91%, H' = 1004.02
Testof 8 =8 Q{19) = 207368.52, p = 0.00
Test of group differences: (1) = 221.14, p = 0.00

Iﬁ l:IZI é '1III'.- '1I5

Fig. 4. The Forest plot showed LVEF mean difference values with autologous and no autologous cell treatments.
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Mean difference Weight
Study with 95% CI (%)
Pig
Wang et al., 2021 [ | 6.64[ 6.44, 6.84] 13.95

Winkler et al., 2020
Sun et al., 2020
Romagnuolo et al., 2019
Crisostomo et al., 2019
Haenel et al., 2019
Liao et al., 2019
Ishigami et al., 2018
Mori et al., 2018
Dariolli et al., 2017
Kawamura et al., 2017
Kim et al., 2017
Alestalo et al., 2015
Bobi et al., 2017
Tseliou et al., 2016

Cai et al., 2016

Kanazawa et al. 2015

Lee et al. 2015 -
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Test of 6, = 6;: Q(17) = 18693.42, p = 0.00
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Chang et al., 2015

Heterogeneity: I> = 0.00%, H® = 1.00
Test of 6, = 6 Q(0) = 0.00, p = .

Rat

Mori et al., 2023

Heterogeneity: I” = 0.00%, H” = 1.00
Test of 6, = 6;: Q(0) =0.00,p =.

Overall
Heterogeneity: 1> = 99.91%, H’ = 1094.03
Test of 8; = 6;: Q(19) = 20786.52, p = 0.00

Test of group differences: Q,(2) = 2093.10, p = 0.31
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- 420[ 3.61, 4.79] 1.55
- 0.44[ -0.34, 1.22] 0.87

=  14.50[13.91, 15.09] 1.55

I 14.80[14.60, 15.00] 13.95

[ 465[ 4.26, 5.04] 3.49
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[ | 11.90 [ 11.70, 12.10] 13.95
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- 4.80[ 4.21, 5.39] 1.55
o 7.04[ 6.26, 7.82] 0.87
[ | 5.30[ 5.10, 5.50] 13.95

= 16.30[ 15.71, 16.89] 1.55
-3.00[ -3.59, -2.41] 1.55
| 7.91[ 7.83, 7.98]

m16.60 [ 16.21, 16.99] 3.49
¢ 16.60 [ 16.21, 16.99]

- 13.20[12.61, 13.79] 1.55
¢ 13.20 [ 12.61, 13.79]

8.29[ 8.22, 8.37]
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Fig. 5. The Forest plot showed LVEF mean difference values in an animal model.

4. Discussion

In the present study, the effectiveness of stem cell treatment compared to
the control group was investigated in animal models. The current meta-
analysis showed a significant improvement in LVEF after treatment with stem
cells. The previous meta-analysis was consistent with the results of the present
study.® However, the heterogeneity between the studies was very high, and
the results of the present study should be relied on with caution. In the
subgroup meta-analysis, improvement of LVEF was observed in the
ischemia/reperfusion MI model and autologous cell treatment. In terms of
animal models, no difference was observed between the results. However,
most of the studies were conducted on the pig animal model,® which is
widely accepted, and it is better to use the pig animal model in future studies.
In the present study, due to the difference in the follow-up period, a subgroup
meta-analysis was not performed; According to the results of the studies, the

effect of cell therapy between 30 and 60 days leads to better treatment results.
According to the results of the present study and previous studies, the use of
stem cell therapy in heart diseases can increase cell survival.F A meta-
analysis that examined human studies reported similar findings to the results
of the present study.® A meta-analysis study observed that autologous cell
therapy improves LVEFE®, and these results are in line with the findings of
the present study. The current study had limitations; firstly, the heterogeneity
between the above studies is caused by the difference in the cognitive
methodology of obedience; Secondly, the follow-up period of the studies was
not the same, and it was done in different periods, so it is suggested that future
studies should place the follow-up period in the period of 30 to 60 days. Soma,
the most significant difference between the studies was the cell type and the
number of cells, which can be one of the reasons for the high heterogeneity
between the studies.
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5. Conclusion

According to the present meta-analysis, stem cell therapy improves left
ventricular ejection fraction in ischemic heart disease. Also, the
ischemia/reperfusion Ml model and autologous cell treatment improve left
ventricular ejection fraction. Using the pig animal model can effectively
predict the results of clinical trials in the cardiovascular field.
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