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ABSTRACT

Introduction

Heart failure is a condition defined as insufficient supply of oxygen to tissues, caused by a
reduced cardiac output. It is usually associated with myocardial infarction or valve
malfunction, but can also be a result of chronic diseases, such as hypertension or alcohol
abuse. Despite the good state of knowledge about this disease and modern forms of treatment,
heart failure remains a major therapeutic problem and a common cause of death around the

world. The evolution of heart failure treatment over the years has revolved around managing
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the symptoms, yet failed to develop a causal treatment. Stem cell therapy has risen interest
among researchers, as promising studies had emerged. The regenerative potential of stem cells
and their paracrine properties are believed to improve cardiac function in patients with heart
failure.

Aim of study

The aim of this study is to review randomized clinical trials published in the last 5 years and
evaluate the safety and potential role of stem cell therapy in managing patients suffering from
heart failure.

State of knowledge

Stem cells are capable of self-renewal and differentiating into other types of cells. They hold
great promise in the field of regenerative medicine as a factor inducing tissue repair, reducing
apoptosis and promoting angiogenesis. Animal studies have shown their positive effect on
cardiac contractility and also reducing the amount of scar tissue, but subsequent studies in
humans have not yielded consistent results.

Conclusion

Heart failure therapy using stem cells is a safe method. Promising results of clinical studies
have been reported related to the improvement of contractile function of the heart, as well as
reduction of scar mass and improvement of quality of life. However, there is still a lack of
consistent data and guidelines regarding the selection of the type of cells and the method of
their administration in specific clinical situations. This topic requires broader studies, on

larger groups of patients.

Keywords: Ischaemic heart failure; heart failure; Myocardial infarction; Stem cell therapy,

Adipose stem cell;

INTRODUCTION
About heart failure
Heart failure is defined as the inability to provide adequate oxygen supply to tissues, caused
by reduced cardiac output. The pathophysiology of this disease entity is complex and involves
many mechanisms. One of the most common causes of heart failure, however is ischemic

damage to the heart muscle. The damaged heart tissue forms scar tissue that disrupts



haemodynamics and the ability of the heart to proper contraction, leading to deterioration of
the organ’s function. Despite extensive research, treatment and prevention programs, heart
failure continues to be a growing clinical problem and a common cause of death worldwide. It
is estimated that about 6.7 million Americans over the age of 20 suffer from heart failure, and
it is expected that the incidence will increase to about 8.5 million by 2030. ([18],[20]) Despite
great efforts and good guidelines for the treatment of HF, there is still a lack of causal
treatment options[19]. Heart transplantation is associated with significant perioperative risks
and an insufficient number of organs for transplantation. In recent years, stem cell therapy has
emerged as a promising solution, with clinical trials showing the potential to regenerate
myocardium, reduce scar tissue mass, and improve left ventricular systolic function([16,17]).
The aim of this paper is to review the current state of knowledge on the use of stem cells in
heart failure, the safety of this therapy, and the difficulties associated with it.

About stem cells

Stem cells are capable of self-renewal and differentiation into other cell types, which makes
them a very promising tool for regenerating damaged heart muscle. We distinguish different
types of stem cells based on their origin, regenerative potential and mechanisms of action.
The most important of them, in the context of treating heart failure, are hematopoietic stem
cells (HSC), mesenchymal stem cells (MSC) and induced pluripotent stem cells (iPSC)
Hematopoietic stem cells (HSC) are mainly responsible for the production of blood cells in
the body, but they raise some hopes for stimulating heart regeneration. Their source is
primarily bone marrow, but also peripheral and umbilical cord blood. Although they do not
have the ability to differentiate into cardiomyocytes, it is believed that they can have a
positive effect on the function of damaged heart muscle, most likely by modulating
inflammatory processes and stimulating angiogenesis through the secretion of
VEGF([2],[3],[8],[11]).

Mesenchymal stem cells (MSC) can be found in bone marrow, adipose tissue and umbilical
cord. Their main function is to respond to damage and regenerate tissue. They have the ability
to differentiate into various tissues, including nervous, adipose, bone and muscle. They also
have a strong immunomodulatory effect, which has a beneficial effect on the survival of
transplanted cells. It is believed that MSC can stimulate myocardial regeneration by secreting
growth factors, stimulating angiogenesis, reducing inflammation and, to some extent, by
differentiating into cardiomyocytes. MSCs are the most promising cell type for the treatment

of heart failure([24][25]).



Induced pluripotent stem cells (iPSCs) are mature somatic cells that have been
dedifferentiated to a pluripotent state. They have the ability to differentiate into any cell type,
similar to the embryonic stem cells ([21],[22]). It is believed that they can lead to the
regeneration of heart tissue by differentiating into cardiomyocytes, and they also stimulate
angiogenesis and regulate inflammation[23].

Ways of cell administration

The type of cells used for therapy is of fundamental importance, and the method of
administration is no different. There are several methods of applying stem cells, differing in
both the level of invasiveness and effectiveness of action.

The least invasive method of administering stem cells is their intravenous injection. The
undoubted advantage of this method is its simplicity and safety. On the other hand, this
method shows lower effectiveness due to the low number of cells reaching the heart
tissue([26],[27]).

Stem cells can also be administered directly into the coronary arteries using catheterization.
This method guarantees greater precision of administration than intravenous injection, has a
beneficial effect on angiogenesis and myocardial perfusion. Unfortunately, this method carries
the risk of embolism and is also characterized by low cell retention in the myocardium[28].
Another method of administering stem cells is to inject them directly into the myocardium
using a catheter or directly. This procedure allows for very precise cell deposition and ensures
high retention of the administered cells. The disadvantage of this method is its invasiveness,
associated with open-chest surgery, as well as a significant risk of arrhythmia[28].

A promising method of administering stem cells is to implant them into the heart on a scaffold
made of biomaterials. Such a procedure allows for improved cell survival and increases the
effectiveness of the therapy, but it is also associated with complicated surgical procedures[9].
Adverse effects

Despite great enthusiasm and numerous clinical studies on the use of stem cells in heart
failure, this method still poses many challenges for researchers. One of them is the side effects
of the therapy. The main problem is episodes of arrhythmia in patients treated with STEM
cells. Cells administered directly to the heart muscle can change the electrical conductivity of
the heart, creating arrhythmogenic foci. Studies have observed episodes of atrial fibrillation
and ventricular arrhythmias in patients after stem cell implantation([1],[2],[3],[5],[6],[7]). In
addition, there is a risk of carcinogenesis, especially when using induced pluripotent stem

cells, as well as an inflammatory response of the recipient's organism[13].



METHODOLOGY

This article describes the current state of knowledge on stem cell therapy for heart failure,
with a focus on randomized clinical trials published between 2020 and 2025. The analysis was
performed using the PubMed platform. The search terms were “Stem cell in heart failure”;
“Stem cell therapy”; “Ischaemic heart failure”.

REVIEW OF LITERATURE

Allogeneic adipose tissue-derived mesenchymal stromal cells

The effectiveness and potential use of adipose tissue-derived mesenchymal stromal cells in
the treatment of heart failure have been demonstrated in animal models|[14], but the results of
subsequent clinical trials have been inconsistent, probably due to the variety of routes of drug
administration and the lack of systematic protocols([16],[17]). In the last 5 years, four clinical
trials have been published in this field, three of them in ischemic heart failure and one in non-
ischemic heart failure. In the SCIENCIE trial, a group of 133 patients with ischemic heart
failure with reduced ejection fraction were treated with allogeneic adipose tissue-derived
mesenchymal stromal cells administered intramyocardially or placebo. After 6 months of
follow-up,,no statistically significant change in left ventricular systolic function, improvement
in quality of life, nor change in NYHA class was observed[1]. Kawamura et al. (2024)
compared the efficacy of adipose tissue-derived mesenchymal stromal cells administered by
spray transplantation during CABG surgery versus CABG alone in a group of 26 patients with
ischemic HF. After 6 months of follow-up, significant improvement in left ventricular systolic
function and increased ejection fraction was noted in the ADMSC group[5]. Qayum et al.
(2023) studied the efficacy of adipose tissue-derived mesenchymal stromal cells administered
intramyocardially compared to placebo in a group of 81 patients with ischemic HF. There
were no significant differences in left ventricular function, NYHA class or 6-minute walk test
between the groups at 6 months of follow-up. There were also no differences in survival or
adverse events over 3 years[6]. The SCIENCE II pilot study examined the use of adipose
tissue-derived mesenchymal stromal cells administered intramyocardially compared to
placebo in 30 patients with non-ischemic HF with EF<40%. After 6 months, significant
improvement in left ventricular function, NYHA class, and 6-minute walk test was observed
in the MSC group compared to placebo[10].

Autologous bone marrow-derived mesenchymal stromal cells

The MSC-HF trial conducted intramyocardial bone marrow-derived mesenchymal stromal

cells or placebo administration in 60 patients with ischemic HF. A 12-month follow-up



showed significant improvement in left ventricular systolic function, increased myocardial
mass, and decreased scar mass. Unfortunately, the change in echocardiographic parameters
was not reflected in the improvement in quality of life, as there was no improvement in
NYHA class or 6-minute walk test. There was also no difference in survival at 4-year follow-
up[2]. In the CCTRN CONCERT-HF trial, 125 patients with ischaemic HF were treated with
a trans endocardial injection of bone marrow-derived mesenchymal stromal cells in
combination with or without c-kit positive cardiac cells. A 12-month follow-up showed
improvement in quality of life in both groups, but no changes in LV systolic function, scar
mass, or 6-minute walk test[3]. Soetisna et al (2021) conducted transseptal and trans
epicardial bone marrow-derived mesenchymal stromal cells therapy in combination with
CABG or CABG alone in a group of 26 patients with ischemic HF. After 6 months,
significant improvements in left ventricular function, wall motion score index increased
VEGF levels, and reduced scar mass were observed in the cell/CABG group compared to
CABG alone[4]. The REGENERATE-AMI trial compared the safety and efficiency of
intracoronary bone marrow-derived mesenchymal stromal cells injection in a group of 85
patients with ischemic HF with a follow up of 5 years. No improvement in cardiac function
and similar odds of cardiac events were found between groups[8]. Soetisna et al (2020),
evaluated the efficacy of transseptal and trans epicardial bone marrow-derived mesenchymal
stromal cells administration in combination with CABG compared to CABG alone in a group
of 30 patients with ischemic HF. A 6 months follow-up revealed improved left ventricular
function, reduced scar mass, and improved 6-minute walk test compared to the CABG
group[11].

Human umbilical cord-derived mesenchymal stromal cells

In the last 5 years, only one randomized clinical study using these cells in the treatment of HF
has been published. He et al (2020) compared the effectiveness of human umbilical cord-
derived mesenchymal stromal cells administered intramyocardially on a collagen scaffold or
alone in a group of 50 patients with ischemic HF. After 12 months, a greater reduction in scar
mass was observed in the group treated with cells on collagen carrier compared to cells alone
or placebo[9].

Cardiac progenitor cells

Animal studies have shown the efficacy of c-kit positive cardiac cells in treating HF in
rats[15]. Two randomized clinical trials with this cell type were conducted between 2020 and

2025. The CCTRN CONCERT-HF trial [3] was discussed above. The ALLSTAR trial



compared the effectiveness of intracoronary cardiosphere-derived cells therapy vs placebo in

a group of 134 patients with ischemic HF. After 6 months, there was an improvement in left

ventricular systolic function and a decrease in NT-proBNP levels compared to placebo, but no

differences in scar mass were found between groups|7].

The table below summarizes key information on the course and outcomes of randomized

clinical trials for the treatment of heart failure with stem cells from 2020 to 2025.

Study; Reference Type of cells Method of cell Study Results
used implantation | population
the SCIENCE | Allogeneic Intramyocardial | 133 No significant change in LVESV,
trial; [1] adipose  tissue- | injection LVEDV, LVEF, 6MWT or NYHA
derived class between the groups at 6 month
mesenchymal follow-up
stromal cells
The MSC-HF | Autologous bone | Intramyocardial | 60 Significant reduction of LVESV,
trial; [2] marrow-derived injection improvement in LVEF and
mesenchymal myocardial mass, reduction of scar
stromal cells tissue mass in MSC group compared
to placebo at 12 months follow-up.
No significant differences between
groups in improvements in NYHA
class, GMWT.
No significant difference in survival
between groups in 4 years follow-up
The CCTRN | Autologous bone | Trans 125 No significant difference in LVEEF,
CONCERT-HF marrow-derived endocardial LVESV, LVEDV, scar size 6MWT
trial; [3] mesenchymal injection between groups.

stromal cells and
c-kit positive
cardiac cells

alone or in

Reduction of adverse cardiac events
was observed in the CPCs group.
Improved quality of life score was

observed both in MSCs and MSCs+




combination

CPCs group at 12 months follow-up.

Soetisna et al [4], | Autologous bone | Transseptal and | 26 Significant increase in LVEF, WMSI
2021 marrow-derived | trans epicardial and level of VEGF. Reduction of scar
stromal cells accompanied by tissue mass compared to CABG
CABG alone.
No significant difference in LVEDV
at 6 months follow-up.
Kawamura et al | Allogeneic Spray 6 Decrease in LVEDV, LVESV and
[5], 2024 adipose-derived transplantation increase in LVEF was observed in
mesenchymal during CABG stem cell group compared to CABG
stromal cells procedure alone at 6 months follow-up.
Qayyum et al [6], | Allogeneic Intramyocardial | 81 No significant differences in LVESYV,
2023 adipose-derived injection LVEDYV, LVEF, NYHA classification
mesenchymal or 6OMWT between the groups at 6
stromal cells months follow-up. There was no
statistical difference between groups
in mortality or adverse effects at 3
years follow-up.
The ALLSTAR | Cardiosphere- Intracoronary 134 Reduction in LVEDV, LVESV, NT-
trial; [7] derived cells proBNP compared to placebo.
No significant reduction of scar size
at 6 months follow-up.
REGENERATE- | Autologous bone | Intracoronary 85 No improvements in heart function
AMI trial; [8] marrow-derived in patients treated with cell therapy
cells compared to placebo.
Similar incidence for cardiac events
between the groups at 5 years
follow-up.
Heetal [9],2020 | Human umbilical | Intramyocardial | 50 Reduction in scar size in the
cord-derived grafting on collagen/cell group compared to cell
mesenchymal collagen and placebo group at 12 months




stromal cells

scaffold or alone

follow-up

SCIENCE 1I pilot | Allogeneic Intramyocardial | 30 Significant improvement in LVEEF,

study; [10] adipose-derived injection LVESV, LVEDV, NYHA class and
mesenchymal 6MWT in MSC group compared to
stromal cells placebo at 6 month follow-up.

Soetisna et al | Autologous bone | Trans epicardial | 30 Improvement in LVEF, 6MWT,

[11],2020

marrow-derived

stromal cells

and transseptal
accompanied by

CABG

reduction of scar tissue mass
compared to CABG alone at 6 month
follow-up.

The adverse event incidence was

similar between both groups.

LVEF, left ventricle ejection fraction; LVESV, left ventricle end-systolic volume; LVEDV, left
ventricle end-diastolic volume; NYHA, New York Heart Association, 6MWT, 6-minute walk
test; MSC, mesenchymal stromal cells;, CPC, c-kit positive cardiac cells; WMSI, wall motion

score index; CABG, coronary artery bypass grafting;

Adverse effects

All cited studies described the therapy as safe and without a high risk of adverse events, but
there were individual cases worth noting. The most frequently reported serious cardiac
adverse events associated with stem cell therapy were: ventricular tachycardia([1]; [2]; [3];
[6]), atrial fibrillation([5]; [6]) and acute myocardial infarction([6]; [7]).

THE CHALLENGES OF STEM CELL THERAPY

Stem cell medicine is a relatively young and still developing field. The cited studies indicate
numerous challenges associated with this treatment model. The basic problem is choosing the
right type of cell - individual types of stem cells have their advantages and disadvantages, but
clinical studies do not provide consistent conclusions as to which type of cell is best for
treating heart failure. Another, similarly complicated issue is the route of cell administration,
there is also no clinical consensus and no direct advantage of one method of implantation. In
addition to these problems, there are also technical challenges related to cell culture and

storage, donor acquisition, as well as legal and ethical issues related to the process([1]-

[11],[16],[17]).
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CONCLUSION
Heart failure therapy using stem cells seems to be an effective and relatively safe method. In
the last 5 years, promising results of randomized clinical trials have been reported related to
the improvement of cardiac contractile function, as well as reduction of scar mass and
improvement of quality of life. However, there is still a need for consistent data and
guidelines regarding the selection of cell types and the method of their administration in
specific clinical situations. There is also a lack of information about the influence of
comorbidities on the course of stem cell therapy. In the future, there is a need to create
systematic clinical guidelines for this process, as well as to develop efficient methods of
obtaining and storing cells. This topic requires broader studies on larger groups of patients.
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