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Objectives: Myocardial infarction (MI) remains a major cause of morbidity and mortality worldwide, primarily due to
irreversible cardiomyocyte injury and minimal regenerative potential. While mesenchymal and bone-marrow-derived
stem cells have been widely studied, evidence for cardiac stem cells (CSCs) remains limited. This systematic review and
meta-analysis evaluate the efficacy of cardiac stem cell therapy after MI. Methods: We conducted this meta-analysis in
accordance with the Preferred Reporting Items for Systematic Review and Meta-Analyses (PRISMA) guidelines. Eligible
studies were identified from electronic searches of PubMed, EBSCO, and ProQuest for randomized controlled trials (RCTs)
evaluating the efficacy of cardiac stem cell therapy after MI. The random effect analysis was performed using R v4.4.1.
Results: Four randomized controlled trials comprising 329 participants were included. At six months, cardiac stem cell
therapy was associated with a significant reduction in scar mass (MD: -4.25 g, 95% ClI: -7.16 to -1.34, p = 0.004) and infarct
size (MD: -2.32%, 95% Cl: -3.91 to -0.73, p = 0.004) compared with placebo. No significant differences were observed in
left ventricular ejection fraction (LVEF), left ventricular end-systolic volume index (LVESVi), left ventricular end-diastolic
volume index (LVEDVi) at either six or twelve months, or in the 6-minute walk test at 12 months. Conclusion: Cardiac stem
cell therapy after Ml is associated with modest reductions in scar mass and infarct size at six months, without significant
improvement in global ventricular function or functional capacity up to twelve months. These findings suggest that while
CSCs may confer early structural benefits, their clinical impact remains uncertain and requires confirmation in larger trials
with longer follow-up.
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Llenu: Muokapanmst uHdapkt (M) octaBa 0CHOBHa NpuymHa 3a 3a60N1sieMOCT M CMBbPTHOCT B CBETOBEH MalLab, rnasHo
nopaau HeobpaTUMO yBpexdaHe Ha KapaMOMUOLMTATE M MUHWUMANEH pereHepaTuBeH noTeHuman. Bunpeku ye meseH-
XMMHWTE 1 KOCTHOMO3bYHUTE CTBOMOBU KMETKW Ca LUMPOKO MPOYYEHM, AOKa3aTencTaaTa 3a CbpAeyH CTBONOBU KMETKM
(CCK) octaBat orpaHuyeHu. To3u cuctemaTyeH npernes 1 MeTaaHanus oLeHsiBa edhrkacHOCTTa Ha TepanusiTa CbC Cbp-
[JeyHn cTBonoBK kneTku cneq M. Metogu: MeTaaHanuabT e npoBeaeH B cboTBeTcTBME ¢ Hacokute PRISMA (Preferred
Reporting Items for Systematic Review and Meta-Analyses). Mogxogawmte NpoyyBaHns ca MAEHTUNULMPAHN OT enek-
TPOHHW Tbpcerus B PubMed, EBSCO u ProQuest 3a paHgomusmnpaHi koHTponmpanu npoyysaHns (PKW), ouensisalim
ehuKacHOCTTa Ha TepanusTa CbC CbpAeYHM CTBONOBY KneTku cned MIA. AHanuabT Ha cryqaiiHuTe edekTi e M3BBLPLLEH C
nomolirta Ha nporpameH npoaykT R v4.4.1. Peayntatu: BkmioyeHu ca 0610 YyeTnpy paHBoMIU3NpaHu KOHTPOIMpaHu
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npoyyBaHus, ¢ 329 yyacTHuuy. Ha wectns mecel crief npekapaH WHQapKT Tepanusita CbC CbpAeYHU CTBOSIOBU KNETKM
Ce CBbp3Ba CbC 3HAUMTENHO peayumpaHe Ha MacaTa Ha 6enera (MD: -4,25 g, 95% CI: -7,16 po -1,34, p = 0,004) v Ha
pasmepa Ha uHdapkra (MD: -2,32%, 95% Cl: -3,91 no -0,73, p = 0,004) B cpasHeHwe ¢ nnauebo. He ca HabniogaBaHu
3HaYMMM pasnukv BbB (ppakumusaTa Ha U3TNackeaHe Ha nseata kamepa (LVEF), uHgekca Ha kpaiHns cuctoneH obem Ha
nsaBata kamepa (LVESVi), nHgekca Ha kpaiiHns guactoneH obem Ha nssata kamepa (LVEDVI) HUTO Ha ecTusi, HUTO Ha
[BaHafeceTus MeceLl, HUTO Npu 6-MUHYTHUS TECT C XofeHe Ha 12-1s mMecel OT npocneasBaHeTo. 3akntoyeHue: Tepa-
nusTa CbC CbpAEYHN CTBOMOBY KNETKU Cred MH(apKT Ha MUOKapaa e CBbp3aHa C yMepeHo HamansaBaHe Ha MacaTa Ha
Benera u pasmepa Ha UHapkTa crnep LecT Meceua, be3 sHaunTenHo nogobpeHue B rnobanHata kamepHa yHKLMS nim
(pyHKUMOHaNHMS kanauuteT go 12-ua mecell. Tean OTKpUTMSA nokassar, ye Makap CSC ga morat ga gosegat 4o paHHu
CTPYKTYPHM NON3, KIMHUYHOTO UM Bb3AEACTBIME OCTABA HECUTYPHO W M3WUCKBA MOTBLPXAEHNE B MO-TONIEMM NPOYYBaHNS

C MO-AbNro NpocneasBaHe.
KntouoBu gymu:

Anpec

MUOKapZeH MHAAPKT, CbPAEYHM CTBOMOBU KNETKM, CTBOMOBM KNETKM, pasMep Ha MHdapKTa

3a kopecnonaeHums:  a-p Jlyuc ®abuo DxoHataH KOcHu, e-mail: fabiolouis0109@gmail.com

INTRODUCTION

Myocardial infarction (MI) remains a major global
health burden and one of the leading causes of mortali-
ty, with an estimated 17.9 million cardiovascular-related
deaths annually. In the United States alone, more than
800,000 cases of MI are reported each year [1]. De-
spite advances in acute management strategies, par-
ticularly the widespread use of percutaneous coronary
intervention (PCI), a substantial proportion of patients
continue to experience adverse long-term outcomes.
Approximately 20% to 30% of post-MI patients eventu-
ally develop heart failure (HF), which is associated with
a significant healthcare burden and reduced quality
of life [2]. One of the primary limitations in post-MI re-
covery is the minimal regenerative capacity of cardiac
tissue [3, 4]. Terminally differentiated cardiomyocytes
demonstrate negligible proliferative activity, leading
to inadequate repair following ischemic injury. Conse-
quently, necrotic myocardial regions are replaced by
non-contractile fibrotic tissue, leading to maladaptive
left ventricular (LV) remodeling and progressive systol-
ic dysfunction [4].

Cardiac stem cells (CSCs) are a population of tis-
sue-resident progenitor cells within the myocardium.
These cells exhibit self-renewal, clonogenicity, and
multipotency, with demonstrated capacity to differenti-
ate into cardiomyocytes and vascular cell types both in
vitro and in vivo [5, 6]. Several randomized controlled tri-
als have evaluated the therapeutic potential of intracor-
onary CSC administration following acute MI. Among
the early clinical trials, the CADUCEUS trial conducted
by Malliaras et al. demonstrated a significant reduction
in myocardial scar size at six months after intracoro-
nary infusion of autologous cardiosphere-derived cells
(CDCs) in patients with acute MI, supporting a potential
role for CSCs in promoting myocardial tissue regenera-
tion and reverse remodeling [7]. This systematic review

and meta-analysis aims to comprehensively evaluate
the efficacy of CSC therapy in improving cardiac func-
tion and structural outcomes in post-MI patients.

METHODS

This systematic review followed the Preferred Re-
porting ltems for Systematic Reviews and Meta-analy-
sis (PRISMA) 2020 statement guideline [8]. This study
was registered on PROSPERO with the registration
number CRD42024586771.

Search Strategy

In this systematic review, a comprehensive litera-
ture search was conducted across three databases:
PubMed, EBSCO, and ProQuest, up to July 16, 2025.
Keywords used within each database were “Myocardial
infarction”, “Stem cells”, “Cardiac stem cells”, “Cardiac
progenitor cells”, “Infarct size,” “Scar mass”, “Ventricu-
lar ejection fraction,” “Ventricular end-systolic volume”,
and “Ventricular end-diastolic volume.” Filters were
applied to exclude animal studies and to include only
randomized controlled trials (RCTs). Additionally, the

search was limited to articles published in English.

Eligibility criteria

The intervention group consisted of patients with
a history of acute myocardial infarction (AMI) who
received standard therapy, including PCI with guide-
line-directed medical therapy, plus cardiac stem cell
therapy. The control group consisted of AMI patients
who received either standard therapy alone or stan-
dard therapy with placebo administration. Eligible
studies were required to meet the following criteria:
(1) randomized controlled trials (RCTs); (2) Inclusion
of patients with a history of acute myocardial infarction
(post-Ml), confirmed by clinical presentation, biomarker
evidence of myocardial injury, and/or imaging or angio-
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graphic findings, according to the definitions applied in
each original trial; (3) administration of either autolo-
gous or allogeneic stem cells; and (4) reporting at least
one clinically relevant outcome, such as infarct size,
scar mass, left ventricular ejection fraction (LVEF), left
ventricular end-systolic volume index (LVESVi), and
left ventricular end-diastolic volume index (LVEDVi).
Studies were excluded if they met any of the follow-
ing conditions: (1) conducted on non-human subjects
or classified as pre-clinical research; (2) non-original
articles (systematic reviews, editorials, letter to the ed-
itor, commentaries, or clinical guidelines); (3) non-RCT
designs; (4) studies not published in English; (5) lack of
access to full text.

Study selection and quality assessment

Results from the database searches were import-
ed into EndNote X9, and duplicates were removed.
The titles and abstracts of all retrieved studies were
independently screened by two reviewers according to
the prespecified inclusion criteria. Discrepancies were
resolved through discussion, and a third reviewer was
involved to resolve the conflict. The Cochrane Collab-
oration’s

Risk of Bias 2 (RoB 2) tool was used to assess the
quality of randomized studies, categorizing each RCT
as having low, high, or unclear risk of bias across five
domains: selection, performance, detection, attrition,
and reporting biases. Two reviewers (LF, FAT) inde-
pendently evaluated each study, and any disagree-
ments were resolved through discussion with the full
review team.

Data extraction

Two independent reviewers (LF and DAT) system-
atically extracted data using pre-standardized data
collection forms. These data encompassed publication
characteristics (study title, author information, country
of origin, and year of publication), study design char-
acteristics (study type, methodology, total sample size,
and follow-up duration), and baseline characteristics of
the study population (inclusion criteria, age, and sex).
Details of the intervention were also recorded, such as
cardiac stem cell type, cell dose, route of administra-
tion, and timing of cell injection relative to M| onset.
Clinical outcome measures related to efficacy, such as
infarct size, scar mass, LVEF, LVESVi, LVEDVi, and the
6-minute walk test, were also extracted.

Statistical analysis

We analyzed infarct size, scar mass, LVEF, LVES-
Vi, and LVEDVi using mean differences (MD) with 95%
confidence intervals (Cls). The statistical analysis for
between-group comparisons was performed using the
inverse variance method. Due to variations in how the

primary outcomes were reported or calculated across
studies, we used a random-effects model for the me-
ta-analyses. Heterogeneity among trials was evaluated
using the I? statistic. An I* value below 25% indicated
low heterogeneity, values between 26% and 50% sug-
gested moderate heterogeneity, values from 51% to
75% indicated substantial heterogeneity, and values
above 75% reflected high heterogeneity. A p-value
of less than 0.05 was considered statistically signifi-
cant. Differences across studies were assessed based
on sample size. All analyses were conducted using
RevMan software version 5.4.

REsuULTS

Search Strategy

Figure 1 illustrates the flowchart of the study selec-
tion process. The initial research identified 275 potential-
ly relevant records after duplicates were removed. Fol-
lowing title and abstract screening, six full-text articles
were retrieved for detailed assessment. Of these, two
studies were excluded: one due to insufficient outcome
data, and another because it represented a secondary
analysis of an already included trial. As a result, four
studies met the inclusion criteria and were included in
the systematic review and meta-analysis [7, 9, 10, 11].

Quality Assessment

The risk of bias of the included RCTs was evaluat-
ed using the Cochrane Risk of Bias Tool 2.0 (RoB 2)
for randomized controlled trials. Two reviewers (FAT,
LA) independently assessed the risk of bias, and any
disagreements were resolved through discussion with
a third reviewer (LF). Inter-rater agreement was high,
with a Cohen’s kappa of 0.85, reflecting a substantial
agreement. The risk of bias assessment using the Co-
chrane RoB 2 tool identified concerns in several of the
included studies, primarily in Domain 3 (missing out-
come data). The trials by Ostovaneh et al., Bolli et al.,
and Avilés et al. were rated as having some concerns
because a proportion of patients without complete fol-
low-up cardiac MR, either due to loss to follow-up or
inadequate image quality, ranged from approximately
10% to 20% of participants. (Figure 2).

Characteristics of Included Studies

All four randomized controlled trials that met the
inclusion criteria were included in this review. The stud-
ies were published between 2009 and 2018 and were
conducted in the United States (n = 3) and Spain (n
= 1). Follow-up periods ranged from 6 to 12 months.
Across the studies, the total number of participants was
178, with sample sizes varying from 25 to 124 individ-
uals. The proportion of male participants was consis-



Cardiac stem cell therapy following myocardial infarction...

49

Identification

Screening

[ meiugea ] |

Fig. 1. PRISMA 2020 Flow Diagram of Included Studies

Identification of studies via databases and registers

Records identified from®
PubMad = (n=24)
EBSCO = (n= 34)
ProCuest = (n=264)

I

Records screened

Recards remaved hefone

Duplicate records remaoved
In=47)

{n = 275)
!

Reports sought for retrienval

{n =8}
'

Fepors assessed for eligibility
in =6}

T

Studies included in review
in=4)

L ]

Records excleded*™
{n = 26%)

Repors not retriaved
n=0)

Reparts excluded:
»  Insufficien cutcomes
n=1)
Analysis for already-
included study (n=1)

Risk of bias domains

D5 | Overall |

Malliaras 2014

Avilés 2018

Study

Bolli 2021

Ostovaneh 2021

Fig. 2. RoB 2 Tool Risk of Bias Assessment

tently higher than that of female participants across
all included studies [7, 9, 10, 11]. A detailed summary
of the included randomized controlled trials, includ-
ing study design, follow-up duration, type of cardiac
stem cells utilized, inclusion criteria, participant char-
acteristics, and study protocols for both intervention
and control groups, is detailed in Table 1. Three stud-
ies utilized intracoronary delivery methods, while one
study employed transendocardial injection. The types
of stem cells varied: two studies used CDCs, one used
allogeneic cardiac stem cells (CSCs), and one used
c-kit-positive cardiac progenitor cells (CPCs). Inclusion
criteria generally focused on patients with a history of
myocardial infarction, left ventricular ejection fraction
(LVEF) below 45%, and evidence of myocardial scar-
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ring as detected by cardiac MRI. The timing of cell ad-
ministration differed slightly among studies. In two trials
(CADUCEUS trial and ALLSTAR trial), cell therapy was
administered between 2 to 12 weeks post-MI [7, 11].
In the study by Avilés et al (CAREMI ftrial), the inter-
vention was performed 5 to 7 days after reperfusion
[9]. In the CONCERT-HF trial, CPCs were delivered
by transendocardial injection in patients with chronic
ischemic heart failure, without a specified interval from
the index MI [10]. In ALLSTAR and CAREMI trials, the
control groups received placebo infusions with delivery
matched to intervention arms [9, 11]. In contrast, CA-
DUCEUS and CONCERT-HF trials used standard care
(guideline-directed medical therapy) without placebo

adm inistration [7, 10].
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Table 1. Characteristic of the included studies
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Thrombolysis in myocardial

= Percutaneous coronary intervention, TIMI =

Myocardial infarction, PCI

New York Heart Association

= control group. Abbreviations: MRI = Magnetic resonance imaging, Ml

| = intervention group; C

infarction, LVEF

Heart failure, NYHA

Left ventricular ejection fraction, HF =

META-ANALYSIS RESULT

Infarct size

Pooled analysis of the four RCTs showed a
mean reduction in infarct size of —=2.32% (95%
Cl: -3.91 t0 -0.73; p = 0.004) at 6 months in the
cardiac stem cell group compared with placebo.
Heterogeneity was low (I?= 0%, p = 0.43) across
the four included studies. Three studies report-
ed smaller infarct sizes in the treatment group,
with the largest contributions to the pooled esti-
mate derived from the studies by Ostovaneh et
al. and Bolli et al., both of which showed signifi-
cant reductions. At 12 months, the pooled effect
continued to favor cardiac stem cell therapy, but
the difference was not statistically significant
(mean difference -10.18%, 95% CI -21.48 to
1.12; p= 0.08), with high heterogeneity across
studies (12 = 93%).

Scar Mass

Pooled analysis of three trials reporting
outcomes at 6 months demonstrated a signif-
icant reduction in scar mass of -4.25 g (95%
Cl -7.16 to -1.34; p = 0.004) in the cardiac
stem cell group compared with placebo, with
low heterogeneity (12 = 0) across studies.
While some individual trials reported scar
mass outcomes at 12 months, Ostovaneh et
al. provided only 6-month data, resulting in
an insufficient number of studies for a pooled
12-month analysis. Consequently, the avail-
able evidence for scar mass remains limited
to the 6-month follow-up period.

Left ventricular ejection fraction, left
ventricular end-systolic volume index,
and left ventricular end-diastolic
volume index

In contrast, pooled analysis of left ven-
tricular ejection fraction (LVEF), left ventricu-
lar end-systolic volume index (LVESVi), and
left ventricular end-diastolic volume index
(LVEDVi) at 6 months showed no significant
differences between the cardiac stem cell and
placebo groups. The mean differences (MDs)
were -0.77 (95% CI: -3.08 to 1.54, p = 0.51)
for LVEF, -2.00 (95% CI: -8.65 to 4.66, p =
0.56) for LVESVi, and -3.11 (95% CI: -10.05
to 3.82, p = 0.38) for LVEDVi. These findings
indicate that cardiac stem cell therapy did not
improve ventricular function after myocardial
infarction. Heterogeneity was low (1> = 25%
for LVEF; I? = 0% for LVESVi and LVEDVi).
Similar results were observed at 12-month
follow-up, with no significant improvement in
any ventricular function parameters.
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Fig. 3. Forest Plot of infarct size (%) after 6-month follow-up
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Fig. 4. Forest Plot of infarct size (%) after 12-month follow-up
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Fig. 5. Forest Plot of scar mass (g) after 6-month follow-up
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Fig. 6. Forest Plot of LVEF (%) after 6-month follow-up
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Fig. 7. Forest Plot of LVEF (%) after 12-month follow-up
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Fig. 8. Forest Plot of LVESVi (mL) after 6-Month Follow-Up
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Fig. 9. Forest Plot of LVESVi (mL) after 12-month follow-up
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Fig. 10. Forest Plot of LVEDVi (mL) after 6-month follow-up
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Fig. 11. Forest Plot of LVEDVi (mL) after 12-month follow-up

6-minute walk test

For the 6-minute walk test, the available data at 6
months were insufficient for pooled analysis, as Osto-
vaneh et al. did not report this outcome, and Avilés et
al. did not evaluate it at that time point. At 12 months,
the pooled analysis showed no significant difference in
walking distance between the cardiac stem cell group
and the placebo group (mean difference of 20.22 m,
95% CI: -20.28 to 60.73; p = 0.33), with low heteroge-
neity across studies (I = 0%).

DiscussIiON

The observed reduction in infarct size and scar
mass at 6 months following intracoronary cardiac stem
cell (CSC) therapy is supported by underlying biologi-

cal mechanisms. Rather than relying on long-term en-
graftment, CSCs, particularly CDC-like products, exert
their effects mainly through a paracrine “secretome”
rich in exosomes, microRNAs (such as miRNA-146a
and miRNA-181b), and growth factors. These factors
help preserve the regenerative properties of stem cells
and create a more favourable environment within the
infarcted tissue. They also exert anti-apoptotic effects
on cardiomyocytes, stimulate fibroblasts to release
vascular endothelial growth factor (VEGF) and stro-
mal cell-derived factor 1 (SDF-1) for angiogenesis, and
drive macrophages toward a reparative M2-like phe-
notype with increased IL-10 expression [5, 12]. These
processes limit infarct expansion, enhance microvas-
cular perfusion, and accelerate scar compaction mech-
anisms reflected by smaller infarct size and reduced
scar mass on LGE-MRI [5, 12]. By 12 months, the ben-
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Fig. 12. Forest Plot of 6-minute walk test after 6-month follow-up
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efit was no longer significant, which could be related
to the limited retention of cells in the myocardium and
the short duration of paracrine activity [5]. Additionally,
natural infarct resorption and the impact of guideline-di-
rected medical therapy in control groups likely diminish
between-group differences over time [13]. Methodolog-
ical heterogeneity, particularly in terms of cardiac stem
cell type, dosing regimen, delivery route, timing of ad-
ministration, and imaging protocols, further contributes
to variability at longer follow-up [7, 9, 10, 11].

Despite these reductions in infarct size and scar
mass, there were no significant changes in global
cardiac function post-MI, such as LVEF, LVESVi, and
LVEDVi. This is in accordance with the 1-year results
report from the CADUCEUS trial, which reported that
within 1-year follow-up, there was a decrease in scar
mass; however, there was still no significant change
in left ventricular function in the control group [7]. The
mechanism of CDCs in reducing infarct sie/scar mass is
thought to originate from a paracrine effect that releas-
es endogenous factors to be accepted by surrounding
cells, which function as anti-fibrotic, anti-inflammatory,
and pro-angiogenic, thereby reducing the size of fibrot-
ic tissue [7]. However, left ventricular contractility did
not appear to improve significantly, possibly because
the paracrine effect of CDCs is mainly localized to the
peri-infarct region, whereas most M| patients present
with heterogeneous infarction across multiple seg-
ments [12, 14]. Consequently, global parameters such
as LVEF, LVESVi, and LVEDVi are difficult to change
[14]. In a preclinical study, Reich et al. reported that
repeated administration of CDCs was associated with
further reductions in infarct size/scar mass, preser-
vation of LVEF, increased myocardial mass, and en-
hanced vessel density in a rat model of acute myocar-
dial infarction. These findings suggest that the absence
of significant functional improvement at later follow-up
in clinical settings might be related to the lack of repeat-
ed dosing [15].

The adverse effects, or primary safety endpoints, of
these four studies were reported as major adverse car-
diac events (MACE). Overall, only a limited number of
clinically significant events were observed. In the study
by Avilés et al., three patients in the intervention group
developed fever after intracoronary engraftment, and
one experienced allergic dermatitis, while in the control
group, one patient had a transient rash [9]. Malliaras
et al. reported four severe adverse events in the CDC
group: one case of acute myocardial infarction, two
cases of chest pain, and one case of atrial fibrillation
[7]. In the trial conducted by Bolli et al., 3.6% of patients
who received CPCs required hospitalization for HF
[10]. Importantly, none of the studies reported hemody-
namic instability, myocarditis, ventricular tachycardia,
ventricular fibrillation, or death [7, 9, 10, 11].

Most prior meta-analyses and RCTs of post-Ml
stem cell therapy have focused on mesenchymal or
bone marrow-derived cells, whereas evidence for car-
diac stem cells (CSCs) remains limited. This meta-anal-
ysis focuses exclusively on RCTs evaluating CSC ther-
apy, a myocardium-derived cell type with mechanisms
distinct from MSCs, thus potentially offering a greater
impact on post-infarct remodeling. Several limitations
should be acknowledged. Only four trials met the inclu-
sion criteria, limiting statistical power and the precision
of the effect estimates. Follow-up was relatively short,
with most outcomes assessed at six months and only
three studies extending to 12 months, leaving the long-
term durability of benefits uncertain. Methodological
variability was also notable, including CSC type (CDCs
vs c-kit+ CPCs), dosing strategies, delivery routes, and
timing of administration, which may have contributed
to heterogeneity in the observed treatment effects [7,
9, 10, 11]. Furthermore, all included trials relied on a
single-dose protocol. This may underestimate the ther-
apeutic potential, as a preclinical study by Reich et al.
suggests that repeat dosing can enhance infarct reduc-
tion, myocardial viability, and functional recovery com-
pared with a single dose [15]. Most of the trials were
single center with modest sample sizes, and outcomes
were primarily based on surrogate imaging markers
rather than hard clinical endpoints such as mortality,
heart failure hospitalization, or MACE. The absence
of standardized cell manufacturing and delivery pro-
tocols, together with limited data on repeated dosing,
poses further challenges for reproducibility and clinical
translation.

Future research should address these gaps
through adequately powered, multicenter randomized
trials with standardized cell processing and delivery
methods, longer follow-up durations, and clinically rele-
vant endpoints. Strategies to enhance efficacy, such as
repeated dosing or improved myocardial cell retention,
should also be systematically investigated. Incorporat-
ing advanced imaging for precise scar characterization
and conducting patient-level meta-analyses may help
identify subgroups most likely to benefit, thereby en-
abling a more personalized approach to CSC therapy.

CONCLUSION

Cardiac stem cell therapy is associated with a
modest but consistent reduction in infarct size and scar
mass at six months after MI, but without significant
improvement in global ventricular function, and these
benefits appear to attenuate by 12 months. In the cur-
rent era of optimized PCI and guideline-directed medi-
cal therapy, CSC-based interventions may serve more
as an adjunct than as a standalone treatment for pre-
venting adverse remodeling. Future research should
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prioritize large, multicenter trials with longer follow-up,
standardized protocols, and hard clinical endpoints,
while also exploring strategies such as repeated dos-
ing and patient phenotyping to better identify those
most likely to benefit.

Ethics approval and consent to participate — Not applicable.
Consent for publication — Not applicable.
Funding — The authors received no funding for the study.
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