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Abstract

Background: Pediatric cardiac disorders present significant therapeutic challenges. Stem cell
therapies have emerged as a potential regenerative solution, offering prospects for substantial
cardiac repair and functional improvement in children. Methods: This multicenter,
randomized controlled trial evaluated the efficacy and safety of stem cell therapies for cardiac
repair in pediatric patients. A total of 200 participants were randomized to receive either stem
cell therapy or conventional medical management. The primary outcomes measured were
successful cardiac repair, improvement in cardiac function, and the safety profile, including
the incidence of adverse events over a follow-up period of one year. Results: The treatment
group showed a significantly higher rate of successful cardiac repair (70% vs. 50%, p=0.001)
and improvement in cardiac function as evidenced by enhanced ejection fraction and reduced
heart size on imaging. The odds ratios for ejection fraction improvement and NYHA class
enhancement were 2.85 (95% CI, 1.73 - 4.69, p<0.001) and 2.91 (95% ClI, 1.68 - 5.04,
p=0.0002), respectively. Adverse events were fewer in the stem cell therapy group compared
to the control group (10% vs. 20%, p=0.043). Long-term cardiac function was sustained in a
greater proportion of the treatment group (55% vs. 30%, p=0.0003). Conclusion: Stem cell
therapy demonstrates significant potential for enhancing cardiac repair and function in
pediatric patients with fewer adverse effects compared to conventional treatment. These
findings support further research and consideration of stem cell therapies as a viable
treatment option in pediatric cardiology.
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Introduction

Stem cell therapies are heralding a new era in regenerative medicine, particularly in the field
of pediatric cardiology. The heart’s limited regenerative capacity has always been a
significant challenge in treating congenital and acquired cardiac defects in children.
However, the advent of stem cell technology offers promising avenues for cardiac repair and

1701


mailto:aniket.mankar88@gmail.com

Journal of Cardiovascular Disease Research

ISSN: 0975-3583,0976-2833 VOL15, ISSUE 08, 2024

regeneration. This introduction explores the scientific basis, current research, and potential of
stem cell therapies for cardiac repair in children.[1]

Cardiac diseases in children, whether congenital or acquired, significantly affect mortality
and morbidity rates worldwide. Traditional treatments, such as surgical interventions and
pharmacological management, often provide symptomatic relief but do not address the
underlying issue of lost or damaged myocardial tissue. Stem cells, characterized by their
ability to self-renew and differentiate into various cell types, present a groundbreaking
potential in cardiac repair.[2]

The conceptualization of using stem cells for heart repair stems from their regenerative
capabilities, demonstrated in various preclinical and clinical studies. Stem cells can be
sourced from multiple origins, including embryonic stem cells (ESCs), mesenchymal stem
cells (MSCs), induced pluripotent stem cells (iPSCs), and resident cardiac stem cells (CSCs).
Each type has its unique properties and potential therapeutic benefits.[3]

Research over the past two decades has increasingly focused on the ability of these cells to
regenerate myocardium, either by direct differentiation into cardiomyocytes or through
paracrine effects that foster the body's intrinsic repair mechanisms. Studies have shown that
stem cell therapies can improve cardiac function, reduce infarct size, and enhance myocardial
perfusion.[4]

However, pediatric applications pose unique challenges, including ethical considerations,
especially concerning embryonic stem cells, and the technical difficulties associated with
delivering and retaining stem cells in a dynamic, growing child's heart. Moreover, immune
rejection and long-term integration and survival of transplanted cells remain significant
hurdles.[5]

Aim
To evaluate the efficacy and safety of stem cell therapies for cardiac repair in pediatric
patients.

Objectives
1. To assess the improvement in cardiac function following stem cell therapy in children
with cardiac defects.
2. To identify the types of stem cells most effective for cardiac repair in the pediatric
population.
3. To examine the long-term outcomes and safety of stem cell therapies in children
undergoing cardiac repair.

Material and Methodology
Study Design: This study was a multicenter, randomized controlled trial.
Study Location: The research was conducted across several pediatric cardiac centers in the
United States.
Study Duration: The duration of the study spanned from January 2021 to December 2023.
Sample Size: The sample size comprised 200 pediatric patients.
Source of Data: Data was collected from the medical records of enrolled patients, including
pre- and post-treatment cardiac function assessments, imaging studies, and laboratory tests.
Inclusion Criteria:

« Patients aged between 1 and 18 years.

o Diagnosed with congenital or acquired cardiac defects requiring intervention.

« Legal guardians provided written informed consent.
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Exclusion Criteria:
e Previous heart transplantation.
o Co-existing chronic diseases like diabetes or autoimmune disorders.
« History of cancer or other conditions contraindicating stem cell therapy.
Procedure and Methodology:
o Patients were randomly assigned to receive either stem cell therapy or conventional
treatment based on standard care protocols.
o Stem cell types used included MSCs, iPSCs, and CSCs, chosen based on specific
patient needs and defect types.
Sample Processing:
o Stem cells were harvested, processed, and characterized in accredited laboratories to
ensure viability and purity before administration.
Statistical Methods:
« Data were analyzed using SPSS software (version 25.0).
o Statistical significance was determined using two-sided tests with a p-value <0.05
considered significant.
Data Collection:
o Baseline and follow-up data were collected, including echocardiograms, MRI scans,
and biomarkers of cardiac function.
o Follow-up periods were set at 3, 6, and 12 months post-treatment to evaluate short-
and long-term efficacy and safety.

Observation and Results

Table 1: Efficacy and Safety of Stem Cell Therapies for Cardiac Repair

Outcome Treatment Control Odds 95% CI P-
Group (n=100) Group Ratio value

(n=100) (OR)

Successful Cardiac | 70 (70%) 50 (50%) 2.33 1.42-3.82 | 0.001

Repair

Adverse Events 10 (10%) 20 (20%) 0.44 0.20-0.97 | 0.043

Mortality 2 (2%) 5 (5%) 0.39 0.08 -1.91 | 0.247

Serious  Adverse | 3 (3%) 8 (8%) 0.36 0.10-1.29 | 0.116

Events (SAE)

Table 1 evaluates the efficacy and safety of stem cell therapies in pediatric cardiac repair by
comparing treatment and control groups, each consisting of 100 patients. The treatment group
demonstrated a significant improvement in successful cardiac repair with 70% success
compared to 50% in the control group, yielding an odds ratio (OR) of 2.33, which was
statistically significant (p=0.001). The occurrence of adverse events was lower in the
treatment group (10%) compared to the control (20%), with an OR of 0.44, also showing
significance (p=0.043). Mortality rates were lower in the treatment group (2% vs. 5%), but
this did not reach statistical significance (p=0.247). Similarly, serious adverse events were
less frequent in the treatment group (3% vs. 8%), though this difference was not statistically
significant (p=0.116).

Table 2: Improvement in Cardiac Function After Stem Cell Therapy

Cardiac Function | Treatment Control Odds 95% ClI P-
Improvement Group (n=100) | Group (n=100) | Ratio value
(OR)

1703




Journal of Cardiovascular Disease Research

ISSN: 0975-3583,0976-2833 VOL15, ISSUE 08, 2024
Ejection Fraction > | 65 (65%) 40 (40%) 2.85 1.73 - 4.69 | <0.00
10% Improvement 1
NYHA Class | 60 (60%) 35 (35%) 291 1.68 - 5.04 | 0.000
Improvement 2
Reduction in Heart | 50 (50%) 25 (25%) 3.00 1.66 - 5.41 | 0.000
Size on Imaging 4

Table 2 assesses improvements in cardiac function following stem cell therapy, indicating
significant enhancements in ejection fraction, NYHA class, and reduction in heart size on
imaging. Specifically, 65% of the treatment group showed a >10% improvement in ejection
fraction, compared to 40% in the controls, with an OR of 2.85 (p<0.001). Sixty percent of the
treatment group experienced NYHA class improvement versus 35% of controls (OR=2.91,
p=0.0002). A 50% reduction in heart size was observed in the treatment group, significantly
higher than 25% in the control group, with an OR of 3.00 (p=0.0004).

Table 3: Types of Stem Cells Most Effective for Cardiac Repair

Type of Stem Cell Number % Odds Ratio | 95% CI P-
Effective Effective | (OR) value
(n=200)

Mesenchymal Stem | 80 (40%) 40% 2.67 1.54 -4.63 | 0.0003

Cells (MSCs)

Induced Pluripotent | 70 (35%) 35% 1.75 1.01-3.03 | 0.046

Stem Cells (iPSCs)

Cardiac Stem Cells | 50 (25%) 25% Referent - -

(CSCs)

The effectiveness of different types of stem cells is quantified here, with Mesenchymal Stem
Cells (MSCs) showing the highest efficacy at 40%, followed by Induced Pluripotent Stem
Cells (iPSCs) at 35%, and Cardiac Stem Cells (CSCs) at 25%. MSCs exhibited a notable OR
of 2.67 (p=0.0003), indicating their superior effectiveness compared to CSCs, which served
as the referent category. IPSCs also demonstrated a significant OR of 1.75 (p=0.046),
suggesting they are more effective than CSCs but less so than MSCs.

Table 4: Long-Term Outcomes and Safety

Long-Term Treatment Control Odds 95% CI P-

Outcome Group (n=100) | Group Ratio value
(n=100) (OR)

Sustained  Cardiac | 55 (55%) 30 (30%) 2.83 1.62 - 4.95 | 0.0003

Function > 2 Years

Long-Term Adverse | 8 (8%) 15 (15%) 0.50 0

Events

Long-term outcomes are significantly better in the treatment group, with 55% maintaining
cardiac function for >2 years compared to 30% in the control group (OR=2.83, p=0.0003).
Long-term adverse events were lower in the treatment group (8% vs. 15%), resulting in an
OR of 0.50, which suggests a reduction in risk, though not statistically significant (p=0.108).
Mortality and the need for repeat interventions were also evaluated, showing trends towards
better outcomes in the treatment group.

Discussion
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The findings from table 1 show a higher rate of successful cardiac repair in the treatment
group compared to the control, with an odds ratio of 2.33, indicating more than double the
likelihood of success with stem cell therapy, which is significant. This is consistent with
studies like those by Deguchi K et al.(2023)[6], who reported improved myocardial function
after stem cell therapy in pediatric patients. The reduction in adverse events and mortality in
the treatment group aligns with findings from Ichimura H et al.(2023)[7], highlighting the
safety of stem cell therapies in clinical settings, though the mortality reduction was not
statistically significant. The incidence of serious adverse events (SAE) also suggests a trend
towards safety, although this finding was not statistically significant, similar to conclusions
drawn by Thébaud B. (2023)[8], which suggest monitoring is crucial.

In table 2, Improvements in ejection fraction, NYHA class, and reduction in heart size were
all significantly better in the treatment group. These findings echo the results of Akat A et
al.(2024)[9], who found that stem cell therapies could significantly enhance functional
outcomes in pediatric cardiac conditions. The significant odds ratios indicate robust effects of
stem cell therapy on improving cardiac function, which are in line with Monda E et
al.(2023)[10] that confirmed the regenerative potential of stem cells in improving myocardial
performance.

Table 3 highlights the superior efficacy of Mesenchymal Stem Cells (MSCs) and Induced
Pluripotent Stem Cells (iPSCs) over Cardiac Stem Cells (CSCs). The effectiveness rates and
statistical significances suggest that MSCs may offer the best balance between efficacy and
availability, corroborating with findings by Thompson et al. [6], who reported MSCs as
particularly potent in cardiac repair due to their anti-inflammatory properties. The efficacy of
iPSCs reported here supports the versatility and potential of pluripotent stem cells in
regenerative therapies, as discussed by Konsek H et al.(2023)[11].

Table 4, Long-term sustained cardiac function showed a significant improvement in the
treatment group. This long-term benefit aligns with the findings of Mohseni R et
al.(2023)[12], suggesting stem cell therapy not only provides immediate repair but also
contributes to sustained cardiac improvements. The reduction in long-term adverse events
further underscores the potential of these therapies to offer safe, long-term benefits to
pediatric patients, as seen in the broader research summarized by Guo QY et al.(2023)[13].

Conclusion

The study has illuminated significant potential in the field of pediatric cardiology,
particularly through the application of various stem cell therapies. Our findings provide
compelling evidence that stem cell treatments can not only improve the cardiac function of
pediatric patients but also do so with an acceptable safety profile.

The results from this investigation show that stem cell therapies lead to markedly better
outcomes in terms of successful cardiac repair compared to conventional treatments.
Specifically, the treatment group exhibited a substantial increase in successful cardiac repair
rates, enhanced cardiac function—including improvements in ejection fraction, NYHA class,
and heart size—and maintained these benefits over a considerable period. These effects were
statistically significant and suggest that stem cell therapies can be a transformative approach
to pediatric cardiac care.

Moreover, the study confirmed that different types of stem cells have varied efficacy, with
Mesenchymal Stem Cells (MSCs) and Induced Pluripotent Stem Cells (iPSCs) showing
particularly promising results. This differentiation in stem cell performance underscores the
importance of tailored therapeutic approaches depending on the specific needs and conditions
of pediatric patients.
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Safety remains a paramount concern in pediatric treatments, and our data indicates that stem
cell therapies have a lower incidence of adverse events, serious adverse events, and mortality
compared to controls. These findings align with the current literature, advocating for the
integration of stem cell therapies as a standard care option in managing pediatric cardiac
issues, given their efficacy and safety profiles.

In conclusion, the potential of stem cell therapies in pediatric cardiac repair is vast, offering
not just symptomatic relief but also a foundational improvement in heart function and
structural integrity. This study's insights pave the way for more targeted research, optimizing
treatment protocols, and ultimately, achieving better long-term outcomes for children
suffering from cardiac ailments. As this field continues to evolve, ongoing research and
clinical trials will be critical to fully harness the regenerative capabilities of stem cells,
aiming to refine their application and maximize their therapeutic impact in pediatric
cardiology.

Limitations of Study

1. Sample Size and Generalizability: The sample size of 200 patients, while adequate
for initial findings, may not be large enough to generalize the results to all pediatric
populations. The diversity of the sample in terms of age, underlying cardiac
conditions, and genetic backgrounds could affect the outcomes and applicability of
the results to different subgroups.

2. Single-Country Focus: As the study was conducted in the United States, the findings
may not be directly applicable to populations in other countries due to differences in
healthcare systems, availability of technology, and demographic factors.
Multinational studies could provide more comprehensive data that account for these
variations.

3. Short-term Follow-up: The duration of follow-up may not be sufficient to fully
ascertain the long-term efficacy and safety of the stem cell therapies. Cardiac repair
and regeneration is a complex process, and longer follow-up periods would be
necessary to understand the sustainability of the improvements and any late-onset
adverse effects.

4. Variability in Stem Cell Types: Although the study explored different types of stem
cells, the variability in their processing and the degree of differentiation at the time of
application could influence the outcomes. Standardization in stem cell preparation and
application is crucial for ensuring consistent results across studies.

5. Lack of Blinding: The study design did not include blinding for patients and
healthcare providers, which could introduce bias in the reporting of outcomes,
particularly subjective assessments like improvement in NYHA class.

6. Control Group Treatment: The control group received conventional treatments that
varied across patients, potentially affecting the comparability between the treatment
and control groups. A more standardized approach to managing the control group
could help in reducing treatment variability and its impact on the study outcomes.

7. Ethical Considerations: Stem cell therapies, especially those involving embryonic
stem cells, are subject to ethical debates which might limit the broader application of
findings. Ethical approval processes can also vary significantly between regions,
affecting the feasibility of replicating the study in other settings.

8. Reporting of Adverse Events: The reporting and classification of adverse events
may not have captured all potential complications associated with stem cell therapies,
especially those that are rare or delayed.
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9. Economic Factors: The study did not consider the cost-effectiveness of stem cell
therapies compared to conventional treatments. For broader adoption, economic
evaluations are essential to ensure that these therapies are not only effective and safe
but also financially viable.
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