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Cardiomyopathy, a disorder of mechanical and electrical cardiac action, is a 
significant cause of morbidity and mortality in the United States and is seen in 
both adult and pediatric populations. Dilated cardiomyopathy, a subtype 
involving pathological enlargement of the heart, in particular causes significant 
reduction in quality of life and is a significant risk factor for heart failure 
development. Traditional treatment for dilated cardiomyopathy largely focuses 
on symptomatic relief and delayed progression of disease but does not offer a 
cure or reversal of disease process. In the past few decades, stem cell therapy has 
become a promising therapeutic because these cells can differentiate into human 
cardiomyocytes and offer a potential restoration of normal cardiomyocyte 
function. This review highlights 3 methodological derivations of 
cardiomyocytes: bone marrow–derived hematopoietic stem cells, mesenchymal 
stem cells, and adipose-derived stem cells. While most of the current research 
has focused on hematopoietic stem cells for dilated cardiomyopathy, further 
research is needed to elucidate which stem cell line is superior and most 
effective for disease treatment and reversal. This review highlights future 
directions of this line of research, such as direct comparison between cell types, 
analysis of the long-term effects of stem cell treatment, increased sample sizes, 
and potential use of this treatment in the pediatric and adult populations. 

Introduction  
Cardiomyopathy, broadly defined as pathology of the cardiac muscle causing 
mechanical or electrical dysfunction, can be classified as dilated, hypertrophic, 
or restrictive based on its specific pathophysiology.1 Additionally, 
cardiomyopathies can be further categorized based on whether they have an 
ischemic or nonischemic etiology. 

In recent years, dilated cardiomyopathy (DCM) has emerged as a particular 
area of clinical and scientific focus because it is one of the top causes of 
heart failure and the most common indication for heart transplant.2 While its 
epidemiology is somewhat uncertain due to changing criteria for DCM, it is 
estimated that DCM affects 1 in 250 individuals in the general population, 
with more than 400 000 annual deaths occurring worldwide from subsequent 
pump failure or sudden cardiac death.1,2 Troublingly, the risk of DCM 
progressing to severe illness and heart failure is higher in Black patients 
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than White patients even when controlling for other medical conditions and 
socioeconomic factors, emphasizing the need for more effective treatments for 
DCM that could promote greater health equity.3 

In the pediatric population, the estimated incidence of cardiomyopathies is 1 
case per 100 000 person-years, with approximately 50% of cases characterized 
as DCM.4 While its incidence is lower in the pediatric population as 
compared with adults, almost 40% of children with symptomatic 
cardiomyopathy undergo heart transplant or die within 2 years after 
diagnosis, demonstrating the especially poor DCM outcomes and need for 
more efficacious treatments in this population.4 

There are numerous etiologies that can lead to this clinical phenotype, 
ranging from genetic to acquired. Familial cases of DCM may account for 
up to half of total cases, and more than 50 genes related to DCM have 
been identified.2 Acquired etiologies for DCM include excessive alcohol 
consumption; bacterial, viral, or parasitic myocarditis; and autoimmune 
disorders. 

DCM presents with left ventricular enlargement and systolic dysfunction 
defined as an ejection fraction of less than 45% capacity.2 Unfortunately, 
depending on the severity of left ventricular ejection fraction (LVEF) 
reduction, the prognosis for patients with DCM is often poor. LVEF is 
an indication of systolic function, and in patients with DCM, enlarged 
ventricles may lead to impaired contractility and declining cardiac output.1 

This declining cardiac output may progress to heart failure, in which the 
heart is unable to pump blood to adequately supply the body. This results 
in patients experiencing fatigue and shortness of breath while engaging in 
mild activity or at rest.1 Additionally, as DCM progresses, adverse cardiac 
remodeling often takes place, which may manifest as myocardial fibrosis, 
mitral regurgitation, and enlargement of other cardiac chambers. This adverse 
remodeling may trigger ventricular arrhythmias or pulseless electrical activity, 
leading to sudden cardiac death.1 

Currently, treatment for patients with DCM centers around managing heart 
failure symptoms and improving overall cardiac function. This can involve 
symptom management and prevention of disease remodeling through 
pharmacologic therapy, which includes the use of angiotensin-converting 
enzyme inhibitors, angiotensin receptor blockers, β-blockers, and 
mineralocorticoid receptor antagonists, among other drugs.1 Device therapy, 
including the use of pacemakers, may also be helpful for patients who 
demonstrate left ventricular systolic dysfunction or any sort of electrical 
dysfunction.1 However, if pharmacologic or device therapy is ineffective at 
management of symptoms and disease progression, patients with DCM may 
have to seek a heart transplant. 
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Because existing management strategies for DCM are not able to fully prevent 
patients from progressing to heart failure, the use of stem cells offers a 
promising alternative. Because stem cells are undifferentiated human cells 
that can potentially be used to replace diseased cells of virtually any type, 
these cells could be of use in cardiac pathologies including DCM. Specifically, 
pluripotent embryonic stem cells can differentiate into all cell types, while 
multipotent adult stem cells can differentiate into a more limited subset 
of cells, including cardiomyocytes.5 The progression of cardiomyopathy to 
more serious outcomes, such as heart failure, is largely due to adverse cardiac 
remodeling and the limited self-regenerative ability of the heart.1 However, 
in animal studies and early human studies, stem cells have been shown to 
be effective in improving LVEF and mitigating symptoms in patients with 
ischemic and nonischemic cardiomyopathy.6 

While stem cell therapy is a rapidly evolving area of research, several methods 
of stem cell derivation have proven particularly effective in the treatment of 
DCM. Based on our literature review, we highlight the 3 stem cell derivatives 
that have received the most scientific and clinical attention—bone 
marrow–derived hematopoietic stem cells, bone marrow–derived 
mesenchymal stem cells, and adipose-derived mesenchymal stem cells—and 
examine their efficacy in treating DCM as compared with existing treatment 
methods. 

Bone Marrow–Derived Hematopoietic Stem Cells      
Hematopoietic stem cells (HSCs) are multipotent cells capable of 
differentiating into any variation of cell in the hematopoietic cell line.5 They 
can be cultured from many sources, such as stimulation from peripheral 
blood or direct extraction from bone marrow, with the latter being a readily 
available source for most patients that requires no prior stimulation or 
injection.7,8 Additionally, only a relatively small amount of cells is required 
to produce desired effects such as increased ejection fraction or exercise 
tolerance, which relate to functional and lifestyle benefits.7 HSCs have been 
regularly studied for their effects on various diseases due to their ability to 
promote regeneration in various tissues, one being cardiac tissue.7 

Bone Marrow–Derived HSCs for Nonischemic DCM Therapy        
Divided into 2 subsets for the purpose of this review, nonischemic DCM 
is typically a result of genetic or immune errors or infection and ischemic 
DCM is commonly tissue damage secondary to ischemia.2 Nonischemic 
DCM has been studied with many variations of bone marrow–derived HSCs. 
Vrtovec et al8 used CD34+ HSCs, which are a subset of HSCs positive 
for this specific antigenic marker used for identification. They showed that 
intracoronary injection of CD34+ HSCs yielded a significant increase in 
LVEF from approximately 25% to 31% in nonischemic DCM compared with 
the control group, which showed no significant increase at 1-year follow-
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up.8 Measuring the amount of cells that remained in the desired injection 
site—defined as homing—played a significant role in outcomes. When good 
homing of the injection was observed, which was defined as any activity 
value greater than the general activity median value measured at 2 and 18 
hours post injection, patients showed significant increase in LVEF relative to 
control.8 Members of the treatment group with poor homing of cells showed 
more variable and insignificant increase in LVEF, suggesting that future stem 
cell therapies should consider exploring mechanisms to improve cell homing.8 

Additionally, N-terminal pro-brain natriuretic peptide, a commonly used 
marker for diagnosing heart failure due to its regulatory role in cardiovascular 
function, was found to be significantly decreased in the entire treatment 
group.8 

The observed increase in LVEF relatively declined at the 3- and 5-year follow- 
ups but still remained higher than preinjection numbers. No significant 
decrease in left ventricular end-diastolic dimension, which can be thought 
of as a measurement of dilation, was observed. Additionally, quality of life 
as assessed by the 6-minute walk test significantly increased and mortality 
significantly decreased in the treatment group relative to the control group.8 

The relative decline in LVEF shown by the first study of Vrtovec et al in 
successive follow-ups left room to ponder the effects of multiple injections, so 
a similar study was done comparing single vs multiple injections for patients 
with DCM, although transendocardial in nature.8,9 However, the group that 
received injections at the offset of the study and the 6-month mark saw 
similar results in terms of LVEF and left ventricular end- diastolic dimension 
as the group receiving just 1 injection.9 

Using the intracoronary method with multiple injections could have yielded 
more significant improvement in LVEF, although Vrtovec et al10 found 
transendocardial to be more effective than intracoronary in a comparative 
trial. Bervar et al11 found similar improvement in 6-minute walk distance 
and overall diastolic functioning among patients with DCM who received 
transendocardial injection of CD34+ HSCs. However, improvements in 
LVEF were not found to significantly differ between the 2 trial groups, which 
both had DCM and were separated by the amount of myocardial scarring, 
suggesting the mechanism of improved LVEF following stem cell application 
may be unrelated to myocardial scarring.11 

Because DCM often causes diffuse dilation, aspects of HSC therapy on other 
regions of the heart have shown similar promise. Transendocardial injections 
of CD34+ HSCs have shown significantly increased right ventricular 
functioning.12 In addition to this outcome, LVEF and 6-minute walk 
distance showed significant improvement from control, confirming what was 
seen in the studies by Vrtovec et al8 and Frljak et al.12 Interpretation of the 
data reasoned that improvement of right ventricular function was due to 
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improvement of the interventricular septum function because it plays a role 
in both the right and left ventricles, thus pointing to an area of further study 
and possible standard area of transendocardial injection in treatments going 
forward.12 

Bone Marrow–Derived HSCs for Ischemic DCM Therapy        
Ischemic DCM offers an interesting contrast to its more diffuse nonischemic 
counterpart, being that the infarcted area offers a region of focused injection 
and measurement. Patients with advanced ischemic DCM have received 
endomyocardial injection of bone marrow mononuclear cells (BMCs).13 

Prior studies had indicated that BMC therapy improves symptoms and left 
ventricular function in patients with nonischemic DCM, so BMCs were 
expected to have some efficacy in this patient population.8,10,12 However, 
after 6 months, there was no significant difference between the control and 
treatment groups in terms of LVEF, left ventricle end-systolic volume, and 
left ventricle infarct volume.13 BMCs did not improve left ventricle function 
or remodeling in these patients with ischemic cardiomyopathy.13 

With minimal results available to support the efficacy of HSCs as a stand-
alone treatment for ischemic DCM, Assmann et al7 looked to combine 
stem cell treatment with surgical measures in patients with ischemic DCM. 
Patients underwent coronary artery bypass surgery combined with laser-
supported transplant of CD133+ (another antigenic marker similar to 
CD34+) HSCs from bone marrow. At 3-, 6-, and 12-month follow-ups post 
procedure, patients were found to have decreased angina, increased quality 
of life measured via subjective survey, increased LVEF, and decreased left 
ventricular end-diastolic volume, all in significant measures.7 This creates the 
opportunity for stem cells to be used in combination therapy to induce 
improved postoperative healing in addition to novel, healthy tissue 
proliferation. This could allow stem cells to be used now as treatment in an 
operative setting, while their use as an independent treatment is still being 
honed, perhaps allowing more funding to be allocated for development. 

Bone Marrow–Derived Mesenchymal Stem Cells      
Mesenchymal stem cells (MSCs) are another area of prominent therapeutic 
research for cardiomyopathies such as DCM. Similar to HSCs, MSCs are 
multipotent progenitor cells that develop into the mesenchymal cell line, 
which includes structures relating to bone, adipose, and muscle tissues.14 

They are then able to further differentiate into specific tissue lineages such 
as hepatic, kidney, neuronal, and cardiac.14 These cells serve as significant 
prospects for clinical benefit for cardiovascular diseases such as 
cardiomyopathy, specifically regarding their anti-inflammatory, antifibrotic, 
and proangiogenic properties.15 
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Allogeneic vs Autologous MSCs for Nonischemic DCM Therapy         
Transplant of MSCs for therapeutic intervention is done in an autologous 
or allogeneic fashion, meaning cells can be transplanted from the patient 
themself or transplanted from someone other than the patient, respectively. 
These methods of derivation and transplant of MSCs have undergone 
comparisons regarding their efficacy as treatment options for nonischemic 
and ischemic cardiomyopathies. Hare et al6 aimed to evaluate which type 
of MSC demonstrated therapeutic effects in nonischemic dilated 
cardiomyopathy. Specifically, they found that allogeneic MSCs had more 
promising therapeutic effects on nonischemic DCM when compared with 
autologous MSCs, ultimately resulting in decreased rehospitalization rates 
after a year.^6 2^ 

The randomized clinical trial by Hare et al6 showed that patients given 
allogeneic MSCs had better outcomes regarding LVEF, 6-minute walk test, 
tumor necrosis factor α (TNF-⍺) plasma concentrations, and endothelial 
progenitor cell colony-forming units (EPC-CFUs) when contrasted with the 
patients receiving autologous MSCs.6 Patients within the allogeneic group 
experienced a significant increase in LVEF compared with baseline ejection 
fractions. 

Additionally, almost half of the patients who received the allogeneic injection 
achieved an ejection fraction of greater than 40%. In contrast, the autologous 
injection group only had a minimal percentage of patients achieve an LVEF 
greater than 40% and a minimal increase in overall LVEF when compared 
with baseline.6 The contrast between allogeneic and autologous injections 
was furthered when looking at the 6-minute walk test. Patients receiving 
the allogeneic injection had a substantial increase in tolerance and distance, 
while the autologous injection did not demonstrate the same result. Finally, 
the allogeneic injection revealed improved endothelial function when looking 
at the increase of EPC-CFUs and substantial decrease in plasma TNF-⍺ 6 
months post injection. The autologous group had minimal to insignificant 
changes.6 Considering that the pathology of nonischemic cardiomyopathy 
largely relates to endothelial dysfunction, the significant effects of allogeneic 
MSCs on the patients likely resulted from the considerable effects on EPC-
CFU and TNF-⍺ concentration. 

Allogeneic vs Autologous MSCs for Ischemic DCM Therapy         
The effects of allogeneic and autologous MSCs on restoring endothelial 
function can be seen in cases of ischemic DCM as well, as shown by Premer 
et al15 in their analysis of both ischemic and nonischemic DCM. The study 
revealed that endothelial dysfunction improved 3 months post treatment 
in the allogeneic MSC group, with significantly higher EPC-CFUs when 
contrasted with those receiving the autologous MSCs.15 On morphologic 
analysis, the allogeneic endothelial colonies presented as organized and 

Stem Cell Treatment for Dilated Cardiomyopathy: A Review of Recent Scientific Advances

Georgetown Medical Review 6



healthy in contrast with their initial disordered and nonfunctional appearance 
prior to injection. The positive endothelial cell markers VEGFR and CD31/
PECAM within these cells were also suggestive of stimulation of endothelial 
progenitor colonies in patients with dilated and ischemic cardiomyopathy 
receiving allogeneic MSC therapy.15 In sum, allogeneic MSCs have been 
shown as the more effective therapy for ischemic and nonischemic 
cardiomyopathies when contrasted with autologous MSCs in a variety of 
trials.6,15‑17 

Mechanism and Dosing of Allogeneic and Autologous MSC         
Therapy  
A follow-up on the Premer et al16 study was conducted in 2019 to better 
understand the mechanism behind the efficacy of allogeneic compared with 
autologous MSC therapy. This study found an inverse relationship between 
the plasma concentration of TNF-⍺ and EPC-CFUs; the decrease in this 
inflammatory cytokine had a beneficial change on endothelial proliferation. 
The major conclusion related to the concentration of stromal cell–derived 
factor-1⍺ (SDF-1⍺): lower levels of this cytokine allow for inhibition of 
destructive mitochondrial reactive oxygen species, while high levels do not 
have this property. It was determined that autologous MSCs secrete 3 times 
the level of SDF-1⍺ when compared with allogeneic MSCs, which is likely the 
basis behind the lower efficacy of autologous MSCs as therapeutic agents.16 

Finally, a study by Florea et al17 assessed the necessary dosage of transplanted 
allogeneic MSCs to elicit a therapeutic response. The results showed that 
high-dose transendocardial injections had better therapeutic outcomes than 
low-dose injections in ischemic cardiomyopathy.17 These findings revealed 
that high- and low-dose injections significantly reduced infarct size and 
improved the 6-minute walk test, while only the higher-dose MSCs decreased 
rehospitalization rates and stabilized heart failure markers, such as N-terminal 
pro-brain natriuretic peptide, after 12 months.17 This study, while 
demonstrating that higher-dose allogeneic MSC injection is an effective 
ischemic cardiomyopathy therapy, also begs the question of the potential 
implications of long-term usage of high-dose MSCs. 

Adipose-Derived MSCs   
MSCs are most commonly derived from bone marrow but, more recently, 
adipose tissue has emerged as a potential means of collection. Adipose-derived 
MSCs (ADMSCs), also referred to as adipose-derived regenerative cells, are 
a method of autologous transplant of multipotent cells that contain 500 
times as many MSCs as adult bone marrow.18 The PRECISE Trial conducted 
in 2014 by Perin et al18 demonstrated that liposuction-derived autologous 
transplant of ADMSCs is, in fact, safe in patients with ischemic heart 
disease. While the study demonstrated that ADMSCs are safe in patients with 
ischemic heart disease, research on human trials remains fairly limited due to 
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small sample sizes and unknown long-term effects.18 Even with the limited 
human trials, there are a variety of animal models that have demonstrated the 
potential therapeutic effects of ADMSCs on a variety of cardiomyopathies, 
which will further be discussed below. 

Larocca et al19 used a murine model to analyze whether stem cells from 
adipose tissue (SCAT) could function as a therapeutic treatment for Chagas 
cardiomyopathy, a prominent cardiomyopathy in Latin America resulting 
from infection with Trypanosoma cruzi. The study revealed a reduction in 
myocardial fibrosis as well as inflammation in the SCAT-treated chagasic 
animals in comparison with the control, which is consistent with the bone 
marrow–derived studies. However, the study did not show a difference in 
survival rate, cardiac arrhythmias, or ergonomic function between the control 
and SCAT-treated groups.19 

In contrast, a study in 2021 by Mori et al20 used a hamster model to further 
the understanding of ADMSCs for treating DCM. The group of DCM 
hamsters treated with ADMSCs preserved their LVEF for approximately a 
month longer than the control groups.20 Although there was no evident 
fibrosis suppression, histologic examination exhibited inhibition of 
hypertrophy and vascularization of cardiomyocytes. Analysis also showed 
cardiac output was maintained following transplant of ADMSCs.20 This 
is likely an outcome of the increased adenosine triphosphate (ATP) 
concentration and myosin expression resulting from the adenine nucleotide 
translocase-1 signaling pathway. The pathway is activated by activin A, which 
is secreted by ADMSCs. Increased myosin expression and ATP production 
allows for better cardiomyocyte contraction, and thus maintains cardiac 
output.20 While neither of these animal models clearly demonstrated the 
ability of ADMSCs to act as therapeutic agents for cardiomyopathy, their 
discoveries regarding reductions of myocardial fibrosis and maintenance of 
cardiac output and contractility could eventually expand adipose derivation 
of stem cells into a promising therapy for cardiomyopathy. 

Discussion  
Dilated cardiomyopathy presents a significant societal disease burden and 
results in significant morbidity and mortality for those affected, with current 
authorized treatments offering control of disease progression and 
symptomatic relief rather than a potential restorative benefit. For these 
reasons, the use of hematopoietic, mesenchymal, and adipose tissue–derived 
stem cells to specifically treat dilated cardiomyopathy is an exciting prospect 
with a lot of emerging supporting data. While the limitations of these 
therapies will be further analyzed here, some of the most compelling strengths 
of this line of therapeutic research include the increased availability of this 
treatment compared with heart transplant availability and the potential for a 
curative approach with the possibility of repairing previously diseased tissue. 
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One of the most promising aspects of stem cell therapy is the ability for 
these cells to intervene on and reverse disease processes, thereby giving this 
treatment method the most promise for pediatric populations who are 
rapidly undergoing development. While most of the data on this subject has 
come from adult populations, the use of stem cell therapy for congenital heart 
disorders has substantially less research but offers promise. Preclinical research 
in this subcategory is limited due to the difficulty of creating animal models 
with the exact congenital cardiac conditions seen in humans.21 However, 
there have been a few small case series and reports that have tested the 
efficacy of stem cell use in the pediatric population. For example, Mayo 
Clinic scientists led by Burkhart et al22 presented the first known case 
of transplanting umbilical cord–derived stem cells into an infant with 
hypoplastic left heart syndrome. At the 3-month follow-up visit, the patient 
had improved right ventricular ejection fraction. However, because this was 
only a case report, causation cannot be assumed and other modifying factors, 
such as the standard surgical procedures for infants with congenital heart 
disorders, cannot be ruled out as potentially causing the improved right 
ventricular ejection fraction.22 

In a slightly larger sample, Rupp and colleagues23 treated 9 children with 
congenital heart disease and dilated cardiomyopathy with bone 
marrow–derived mononuclear stem cells. While results were limited due 
to low power in a small and heterogeneous sample, 5 of the 9 children 
exhibited signs of cardiac improvement based on measures including ejection 
fraction and levels of brain natriuretic peptide.23 More research is needed in 
randomized clinical trials with larger sample sizes to further investigate the 
therapeutic effect of stem cell therapy in pediatric patients with congenital 
heart disease. 

Despite the potential therapeutic benefits of stem cell–based therapy for 
dilated cardiomyopathy, there are significant research limitations that must 
first be addressed before these therapies become standard treatment. For 
instance, it can be difficult in many of the studies highlighted in this review to 
truly control for confounding variables when many patients who are receiving 
stem cell–based therapy are also undergoing other standard treatments and 
surgeries. Because these critically ill patients are often receiving polytherapy, 
the direct effect of stem cell therapy remains unclear. Additionally, many 
of the studies conducted to date have small sample sizes and thus are not 
fully generalizable to the broader population. Finally, few current studies 
have examined administering multiple doses of stem cell therapy and, thus, 
the optimal dosing strategy and concentration of stem cells necessary for 
therapeutic effect have not been fully established. 

With these limitations in mind, future research is needed in several specific 
areas within the umbrella of stem cell treatment for dilated cardiomyopathy. 
First, several of the studies highlighted in this review were conducted within 
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the last several years and, because this is an emerging treatment method, 
more time is needed to ensure that the use of stem cells in cardiomyopathy 
treatment is safe in humans long-term. Additionally, more research is needed 
to elucidate which methods of derived stem cells are most effective in these 
treatments. Along with understanding which derivation to use, more research 
is needed to confirm which method of patient administration is most 
effective. Most of this work can be done in prehuman clinical trial stages in 
cell cultures and animal/nonhuman primate disease models. Further, because 
dilated cardiomyopathy presents significant disease burden, but the profound 
majority of these clinical studies are in adults, further research is needed to 
learn about the safety and efficacy of these treatments in pediatric congenital 
heart disease populations. Finally, while there is an abundance of stem cell 
research focused on treating dilated cardiomyopathy, future research should 
further elucidate the interplay between stem cell treatments for different 
types of cardiomyopathies, including for hypertrophic and restrictive 
cardiomyopathy subtypes. 

While the use of stem cells for cardiomyopathy is a promising therapeutic 
possibility that has garnered significant interest over the past decade, some 
researchers have voiced concerns about possible drawbacks to this type of 
therapy as a whole.24 For instance, the use of stem cells in general typically 
carries the risk of poor cell survival and engraftment rate. Additionally, there 
is the concern of tumorigenicity when using stem cells, although this is 
less of a risk when using multipotent stem cells as discussed in this review. 
Furthermore, when using stem cells for cardiomyopathy treatment, there are 
significant risks associated with the delivery process, which may necessitate 
open-chest surgery in patients who are less than optimal surgical candidates 
due to their heart disease.24 Some researchers have expressed that at this time, 
there is not enough demonstrated benefit of stem cell therapy to outweigh 
these risks. Moving forward, research in this field will hopefully continue 
to walk the line of maximizing therapeutic benefits while minimizing these 
potential drawbacks such that stem cell therapy is someday available as a 
curative treatment to individuals with DCM. 

Finally, as previously mentioned, there are significant racial and ethnic 
disparities in progression from DCM to heart failure.3 It is critical that future 
research in stem cell therapy for DCM includes diverse clinical trial samples 
and that any progression in therapy development is equally accessible to 
patients of all racial and ethnic backgrounds. 

Conclusion  
As has been outlined in this review, stem cell therapy for dilated 
cardiomyopathy is an exciting and evolving field. Hematopoietic, 
mesenchymal, and adipose tissue–derived stem cell therapies all have various 
efficacies and important considerations as potential therapeutic mechanisms, 
with bone marrow–derived hematopoietic stem cell therapy currently having 
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the most robust research. While most of the existing research in this area 
has been conducted with animal models or adult patients, several case studies 
have suggested that stem cell therapy may be efficacious in pediatric patients 
with congenital heart disease, indicating a potential treatment option for a 
condition associated with significant morbidity and mortality. Opportunities 
for future research include direct comparison to determine whether 1 of 
the 3 stem cell derivations is most efficacious, as well as gathering long-term 
safety and efficacy data in larger sample sizes to determine whether stem cell 
therapies can be used safely in the large population of individuals with DCM. 
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