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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background: Despite substantial advances in guideline-

directed medical therapy (GDMT), many patients with ischemic 
cardiomyopathy (ICM) and heart failure with reduced ejection 
fraction (HFrEF) continue to experience persistent symptoms 
and impaired quality of life. Regenerative cell therapy has 
emerged as a promising adjunctive treatment; however, its 
clinical effectiveness remains under active investigation.

Aim: To evaluate the association between adjunctive 
autologous bone marrow-derived mononuclear stem cell therapy 
and quality of life in patients with ischemic cardiomyopathy 
receiving contemporary guideline-directed medical therapy.

Materials and Methods: This prospective non-randomized 
controlled study included 54 patients with ischemic 
cardiomyopathy and HFrEF (left ventricular ejection fraction 
≤40%). Twenty-seven patients underwent autologous bone 
marrow-derived mononuclear stem cell transplantation in 
addition to optimized GDMT, while 27 patients received 
optimized GDMT alone. Quality of life was assessed using the 
Minnesota Living with Heart Failure Questionnaire (MLHFQ) 
at baseline and after 12 months. Within-group comparisons were 
performed using the Wilcoxon signed-rank test, and between-
group comparisons using the Mann-Whitney U test.

Results: After 12 months, patients receiving adjunctive stem 
cell therapy demonstrated significantly greater improvement 
in overall MLHFQ score than patients treated with optimized 
GDMT alone. Significant improvements were also observed 
across several MLHFQ domains, particularly those related to 
physical functioning, mobility, daytime fatigue, daily activities, 
sexual activity, and memory and concentration. These benefits 
were observed in patients receiving optimized contemporary 
GDMT, including widespread use of angiotensin receptor-
neprilysin inhibitors, beta-blockers, mineralocorticoid receptor 
antagonists, and sodium-glucose cotransporter-2 inhibitors.

Conclusion: Adjunctive autologous bone marrow-derived 
mononuclear stem cell therapy was associated with greater 
improvement in quality of life than optimized guideline-directed 
medical therapy alone in patients with ischemic cardiomyopathy 
and HFrEF. These findings suggest that regenerative cell therapy 
may provide additional patient-reported benefits when added to 
contemporary pharmacological treatment. However, because of 
the prospective non-randomized design, relatively small sample 
size, and single-center setting, the results should be interpreted 
with appropriate caution and require confirmation in larger 
multicenter randomized controlled trials.

Key words. Ischemic cardiomyopathy, heart failure with 
reduced ejection fraction, autologous bone marrow-derived 

mononuclear cells, stem cell therapy, quality of life, Minnesota 
living with heart failure questionnaire.
Introduction.

Heart failure (HF) remains one of the leading causes of 
mortality, disability, and recurrent hospitalizations worldwide. 
Despite substantial advances in the treatment of cardiovascular 
diseases, due to an aging population, the growing number of 
myocardial infarction survivors, and improved survival rates 
among patients with cardiovascular disorders [1-12].

Ischemic cardiomyopathy (ICM) is one of the most common 
causes of HF and is characterized by post-infarction myocardial 
remodeling, progressive deterioration of left ventricular systolic 
function, and progressive clinical detorioration [12]. Despite 
advances in myocardial revascularization techniques and 
optimal medical therapy, a considerable proportion of patients 
continue to experience persistent HF symptoms, reduced 
exercise capacity, and impaired quality of life [12,13-17].

Current guideline-directed medical therapy (GDMT) for 
heart failure with reduced ejection fraction (HFrEF) includes 
angiotensin receptor-neprilysin inhibitors (ARNIs), beta-
blockers, mineralocorticoid receptor antagonists (MRAs), and 
sodium-glucose cotransporter-2 (SGLT2) inhibitors. Although 
these therapies significantly reduce mortality and hospitalization 
rates, disease progression and deterioration of myocardial 
function continue to occur in a substantial number of patients 
[10,12]. 

In the Republic of Kazakhstan, the management of patients 
with chronic HF is based on the national clinical protocol for 
the Diagnosis and Treatment of Chronic Heart Failure (2022), 
developed based on the European Society of Cardiology 
(ESC) Guidelines for the diagnosis and treatment of acute and 
chronic heart failure. According to these recommendations, 
guideline-directed medical therapy for patients with HFrEF 
should include renin-angiotensin system inhibitors (preferably 
ARNIs), beta-blockers, MRAs, and SGLT2 inhibitors. Despite 
the substantial prognostic benefits achieved with contemporary 
pharmacological treatment, many patients continue to 
experience progressive myocardial remodeling, persistent HF 
symptoms, and deterioration in quality of life, highlighting the 
need for additional therapeutic approaches [10,12]. 

Heart transplantation remains the most definitive treatment 
option for end-stage HF. However, the shortage of donor organs, 
high treatment costs, and limited accessibility substantially 
restrict its widespread application [12]. Consequently, there 
is a continued search for novel therapeutic strategies aimed 
at restoring damaged myocardium and improving functional 
outcomes in patients with advanced cardiac disease. 
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Cell-based therapy has emerged as one of the most promising 
areas of regenerative cardiovascular medicine. Transplanted 
cells are believed to exert beneficial effects through paracrine 
signaling, stimulation of angiogenesis, attenuation of myocardial 
fibrosis, and favorable modulation of left ventricular remodeling 
processes [5,8,9]. 

Over the past decade, numerous clinical studies have 
investigated the use of different cell therapy approaches in 
patients with ischemic cardiomyopathy. The TAC-HFT trial 
demonstrated improvements in quality of life, six-minute 
walk distance, and reduction in infarct scar size following 
administration of mesenchymal stem cells [9]. Similar findings 
were reported in the POSEIDON and TRIDENT studies, which 
confirmed the safety of stem cell therapy and suggested its 
potential beneficial effects on myocardial function and overall 
clinical status [5,8]. 

Encouraging results have also been reported with CD34+ 
cell therapy in patients with ischemic cardiomyopathy. 
Previous studies demonstrated improvements in left ventricular 
ejection fraction, exercise tolerance, and neurohormonal 
markers following treatment [14,16]. However, results from 
large multicenter trials remain inconsistent. For example, the 
SCIENCE trial confirmed the safety of allogeneic mesenchymal 
stromal cell therapy but failed to demonstrate significant 
improvements in major clinical and echocardiographic outcomes 
compared with the control group [17]. 

Despite the growing body of evidence, the clinical efficacy 
of stem cell therapy in ischemic cardiomyopathy remains a 
matter of ongoing debate. Most published studies have focused 
on echocardiographic parameters, left ventricular remodeling, 
and biomarkers of heart failure. In contrast, the impact of stem 
cell therapy on patient-reported quality of life has received far 
less attention, particularly with respect to detailed analysis of 
individual domains of the Minnesota Living with Heart Failure 
Questionnaire (MLHFQ). 

Therefore, further investigation of the effects of autologous stem 
cell therapy combined with guideline-directed medical therapy 
on quality of life in patients with ischemic cardiomyopathy 
and heart failure with reduced ejection fraction remains highly 
relevant.

Aim of the study.
To evaluate the effect of autologous stem cell therapy 

combined with guideline-directed medical therapy on quality of 
life in patients with ischemic cardiomyopathy and heart failure 
with reduced ejection fraction. 

Study objectives.
To assess changes in the total score and individual domains 

of the Minnesota Living with Heart Failure Questionnaire 
(MLHFQ), and to compare quality-of-life outcomes between 
patients with ischemic cardiomyopathy receiving autologous 
stem cell therapy in addition to guideline-directed medical 
therapy and those receiving guideline-directed medical therapy 
alone.
Materials and Methods.
Study Design:

A prospective non-randomized controlled study was conducted 
to evaluate the effect of autologous stem cell therapy combined 

with guideline-directed medical therapy on quality of life in 
patients with ischemic cardiomyopathy and heart failure with 
reduced ejection fraction. The study was performed between 
February 2023 and February 2024 at the Center for Cell 
Technologies and Transplantation of the National Scientific 
Medical Center (Astana, Republic of Kazakhstan). The study 
protocol was approved by the Local Bioethics Committee 
of Marat Ospanov West Kazakhstan Medical University 
(Protocol No. 1, January 24, 2023). Written informed consent 
was obtained from all participants before enrollment, and the 
study was conducted in accordance with the principles of the 
Declaration of Helsinki.
Sample Size Calculation:

The minimum required sample size was calculated before study 
initiation using the Snedecor–Cochran formula for comparison 
of two independent means. The calculation was based on a two-
sided significance level (α) of 0.05 and a statistical power of 
80%, corresponding to a constant (C) of 7.85. The expected 
standard deviation (SD) of the primary outcome was 7.7 
based on preliminary study assumptions, and the anticipated 
clinically meaningful difference between the treatment and 
control groups was used as the expected effect size. According 
to these assumptions, the minimum required sample size was 
21.7 participants per group. To compensate for potential losses 
during the 12-month follow-up period, the calculated sample 
size was increased by 25%, resulting in a final enrollment target 
of 27 patients in each group (54 patients in total).
Study Population:

A total of 54 patients aged 40–71 years with established ischemic 
cardiomyopathy, previous myocardial infarction occurring 
at least 28 days before enrollment, and heart failure with left 
ventricular ejection fraction (LVEF) ≤40% were included. 
Eligible patients had undergone myocardial revascularization or 
had no hemodynamically significant coronary artery stenoses. 
Exclusion criteria included non-ischemic cardiomyopathies, 
LVEF >40%, acute myocardial infarction within 28 days 
before enrollment, malignant neoplasms, psychiatric disorders, 
hematologic or bone marrow diseases, and severe comorbid 
conditions limiting study participation.
Patient Allocation:

Patients who provided informed consent for autologous stem 
cell transplantation were assigned to the intervention group 
(Group 1), whereas patients who declined the procedure but 
agreed to participate in follow-up comprised the control group 
(Group 0). Each group included 27 patients. All participants 
were followed for 12 months according to the study protocol.
Stem Cell Therapy Protocol:

Patients allocated to the intervention group underwent 
autologous bone marrow-derived mononuclear stem cell 
transplantation according to the Clinical Protocol Transplantation 
of Autologous Stem Cells approved by the Ministry of Health of 
the Republic of Kazakhstan (2016).

Following written informed consent, approximately 220 mL of 
bone marrow was aspirated from the posterior iliac crest under 
sterile operating room conditions using a standardized aspiration 
technique. The harvested bone marrow was immediately 
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transferred under sterile conditions to a specialized cell 
technology laboratory, where the mononuclear cell fraction was 
isolated. The isolated mononuclear cell fraction subsequently 
underwent approximately 3 hours of pre-cultivation in a 
humidified incubator containing 5% CO₂ before transplantation 
[11].

Before administration, viable mononuclear cells were counted 
and suspended in 200 mL of sterile physiological saline. The cell 
suspension was administered intravenously through a peripheral 
vein at a controlled infusion rate of approximately 50 mL/h over 
approximately 3 hours. Patients were monitored throughout the 
infusion procedure and during the early post-infusion period 
according to institutional clinical practice.

Cell processing was performed under sterile laboratory 
conditions according to institutional laboratory procedures and 
the national Clinical Protocol for Transplantation of Autologous 
Stem Cells. Laboratory quality control was performed according 
to institutional laboratory procedures and the national clinical 
protocol. All procedures for bone marrow harvesting, laboratory 
processing, and cell administration were performed in 
accordance with the national clinical protocol and standardized 
institutional procedures throughout the study.
Guideline-Directed Medical Therapy:

Patients in both groups received contemporary guideline-
directed medical therapy (GDMT) for heart failure with 
reduced ejection fraction according to the Clinical Protocol 
for the Diagnosis and Treatment of Chronic Heart Failure of 
the Ministry of Health of the Republic of Kazakhstan (2022), 
developed in accordance with the 2021 European Society of 
Cardiology Guidelines.

At baseline, 90.7% of patients received angiotensin receptor-
neprilysin inhibitors (ARNIs), whereas 9.3% remained on 
angiotensin-converting enzyme inhibitors. Beta-blockers and 
mineralocorticoid receptor antagonists were prescribed in 100% 
of patients, sodium-glucose cotransporter-2 inhibitors in 90.7%, 
loop diuretics in 94.4%, statins in 92.6%, aspirin in 70.4%, 
and non-vitamin K oral anticoagulants in 37.0% according to 
individual clinical indications.

Throughout the study, patients in both groups received 
optimized guideline-directed medical therapy according to 
current national and European recommendations. Therefore, 
the differences observed between the study groups reflect 
the additional effect of autologous stem cell therapy beyond 
optimized background pharmacological treatment.
Outcome Assessment:

Quality of life was assessed using the Minnesota Living with 
Heart Failure Questionnaire (MLHFQ), consisting of 21 items 
scored on a six-point Likert scale (0–5), with higher scores 
indicating poorer quality of life. Assessments were performed 
at baseline and after 12 months of follow-up. Both the total 
MLHFQ score and changes in individual questionnaire domains 
were analyzed.
Statistical Analysis:

Statistical analysis was performed using IBM SPSS Statistics 
version 26.0 (IBM Corp., Armonk, NY, USA). Continuous 
variables were expressed as mean ± standard deviation (SD). 

Normality of data distribution was assessed before comparative 
analyses. Within-group comparisons were performed using the 
Wilcoxon signed-rank test, whereas between-group comparisons 
were conducted using the Mann–Whitney U test. Categorical 
variables were analyzed using Fisher’s exact test. All statistical 
tests were two-sided, and a p-value <0.05 was considered 
statistically significant. The analyses of individual MLHFQ 
domains were considered exploratory and were performed to 
provide additional descriptive information regarding specific 
aspects of quality of life.
Results.
Baseline Characteristics:

At baseline, the study groups were comparable with respect 
to the main demographic and clinical characteristics. The mean 
age of the participants was approximately 59 years. Males 
predominated in both groups, which is consistent with the 
epidemiological characteristics of ischemic cardiomyopathy. 
No statistically significant differences were observed between 
the groups regarding age, sex distribution, anthropometric 
parameters, smoking status, or baseline left ventricular ejection 
fraction (Table 1).
Quality of life outcomes: total MLHFQ score:

Analysis of the total Minnesota Living with Heart Failure 
Questionnaire (MLHFQ) score demonstrated improvement in 
quality of life in both study groups after 12 months of treatment. 

In the treatment group, the mean total MLHFQ score decreased 
from 77.1±5.7 to 70.6±2.5 points, indicating a reduction in 
heart failure symptom burden and an improvement in quality 
of life. Within-group analysis revealed a statistically significant 
improvement after 12 months of follow-up (p<0.001). 

In the control group, the total MLHFQ score also decreased, 
from 79.0±6.2 to 77.5±7.7 points. However, the magnitude of 
improvement was considerably smaller than that observed in 
the treatment group. Although a statistically significant within-
group change was detected (p=0.021), the overall improvement 
was less pronounced (Figure 1).

Intergroup analysis demonstrated significantly greater 
improvement in quality of life among patients who received 
stem cell therapy in addition to guideline-directed medical 
therapy (p=0.001).

The mean total MLHFQ score decreased by 6.48±4.63 points 
in the treatment group compared with 1.48±5.37 points in the 
control group (p<0.001), indicating a significantly greater 
improvement in patient-reported quality of life following 
combined stem cell and medical therapy. 
Analysis of Individual MLHFQ Domains:

To provide a more detailed assessment of the impact of stem 
cell therapy on quality of life, all 21 domains of the MLHFQ 
were analyzed (Table 3). 

The most pronounced improvements were observed in 
domains related to physical functioning, the need for daytime 
rest, mobility outside the home, sexual activity, and memory 
and concentration. 

The largest reduction in mean scores was observed for item 10 
(Δ=-0.85), reflecting the impact of disease on sexual activity. 
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Figure 2. Comparative changes in the 21 MLHFQ domains between study groups after 12 months of follow-up.

Figure 1. Changes in the total MLHFQ score after 12 months of treatment.

Variable Group 1 (n=27) Group 0 (n=27) p-value
Age, years 58.63±7.81 59.44±4.99 0.910
Male sex, n (%) 26 (96.3) 25 (92.6) 1.000
Height, cm 169.63±8.20 168.89±7.77 0.896
Weight, kg 89.07±13.96 82.56±16.24 0.051
BMI, kg/m² 31.00±4.96 28.75±4.71 0.062
Baseline LVEF, % 30.52±6.89 32.44±5.54 0.327
Smoking, n (%) 9 (33.3) 13 (48.1) 0.406

Table 1. Baseline clinical and demographic characteristics of the study population.
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Substantial improvements were also detected for item 1 (Δ=-
0.67), item 20 (Δ=-0.67), and item 2 (Δ=-0.59), representing 
symptoms of heart failure and their influence on everyday life. 

Significant improvements were additionally observed in items 
3, 5, 8, and 9, with reductions ranging from -0.37 to -0.41 points. 
These findings suggest a positive effect of stem cell therapy on 
functional capacity, symptom burden, and daily activity levels 
in patients with ischemic cardiomyopathy. 

In the control group, changes in most questionnaire domains 
were less pronounced. The greatest improvements were 
observed for items 8 and 20 (Δ=-0.30), as well as item 10 (Δ=-
0.37). Nevertheless, the magnitude of change across nearly all 
MLHFQ domains remained lower than that observed in the 
treatment group. 

Comparative analysis of all 21 MLHFQ domains demonstrated 
consistently greater improvements. The largest between-group 
differences were observed in domains related to physical 
functioning, limitations in daily activities, and subjective 
perception of heart failure symptoms (Figure 2).
Safety:

No procedure-related complications or serious adverse events 
related to stem cell therapy were observed during the study 
period.

Discussion.
The present prospective non-randomized controlled study 

evaluated the association between autologous bone marrow-
derived mononuclear stem cell therapy and quality of life in 
patients with ischemic cardiomyopathy and heart failure with 
reduced ejection fraction receiving contemporary guideline-
directed medical therapy (GDMT). The principal finding 
was that patients treated with adjunctive stem cell therapy 
demonstrated significantly greater improvement in the overall 
Minnesota Living with Heart Failure Questionnaire (MLHFQ) 
score than those receiving GDMT alone. Furthermore, detailed 
evaluation of all 21 MLHFQ domains showed that the observed 
benefits extended beyond the overall questionnaire score and 
involved several aspects of physical functioning, daily activities, 
and patient well-being.

An important feature of the present study is that the observed 
improvements were achieved despite optimized contemporary 
pharmacological treatment. More than 90% of patients received 
angiotensin receptor-neprilysin inhibitors and sodium-glucose 
cotransporter-2 inhibitors, while all participants were treated 
with beta-blockers and mineralocorticoid receptor antagonists 
according to current national and European heart failure 
guidelines. Consequently, the additional improvement in quality 

Variable Group 1 (n=27) Group 0 (n=27) p-value
MLHFQ before treatment, points 77.11±5.67 78.96±6.15 0.290
MLHFQ at 12 months, points 70.63±2.51 77.48±7.67 <0.001
Δ MLHFQ (post-treatment − baseline), points -6.48±4.63 -1.48±5.37 <0.001
Within-group p-value (Wilcoxon test) <0.001 0.021

Table 2. Changes in the total MLHFQ score during 12 months of follow-up.

MLHFQ Item Clinical Meaning of the Domain Δ Group 0 Δ Group 1 Between-Group
p-value (Δ)

Within-Group 
p-value Group 0

Within-Group
p-value Group 1

1 Leg swelling 0.04 -0.63 0.008 0.808 0.003
2 Need for daytime rest -0.15 -0.59 0.007 0.206 <0.001
3 Difficulty climbing stairs -0.11 -0.41 0.061 0.405 <0.001
4 Limitation of household activities -0.07 -0.33 0.134 0.480 0.013
5 Limitation of mobility outside the home 0.00 -0.41 0.002 1.000 <0.001
6 Sleep disturbance -0.15 0.07 0.286 0.285 0.617

7 Limitation of social interaction with friends 
and relatives 0.07 -0.04 0.636 0.527 0.782

8 Reduced ability to work / reduced income -0.30 -0.41 0.563 0.021 <0.001

9 Limitation of hobbies, sports, and 
leisure activities 0.37 -0.41 <0.001 0.035 0.005

10 Sexual dysfunction -0.37 -0.85 0.010 0.012 <0.001
11 Limitation of usual daily activities -0.19 -0.30 0.397 0.059 0.021
12 Shortness of breath -0.07 -0.15 0.627 0.480 0.157
13 Hospitalization due to heart failure -0.07 -0.37 0.072 0.414 0.018
14 Fatigue / weakness 0.19 -0.04 0.265 0.132 0.782
15 Financial burden of medical treatment 0.04 -0.22 0.057 0.705 0.014
16 Side effects of medications -0.11 -0.22 0.284 0.083 0.014
17 Feeling like a burden to family members 0.00 -0.33 0.027 1.000 0.013
18 Loss of control over the disease -0.11 0.07 0.212 0.248 0.593
19 Anxiety / worry 0.00 -0.30 0.209 1.000 0.154
20 Memory and concentration problems -0.30 -0.67 0.050 0.021 <0.001
21 Depressive mood -0.19 0.04 0.104 0.096 0.655

Table 3. Changes in individual domains of the Minnesota Living with Heart Failure Questionnaire.
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of life observed in the intervention group cannot be explained 
by inadequate background medical therapy alone and supports 
the potential complementary role of stem cell therapy when 
added to optimized GDMT.

The beneficial effects observed in the present study are 
generally consistent with previous clinical investigations 
evaluating regenerative therapies in ischemic cardiomyopathy. 
One of the landmark studies in this field, the TAC-HFT trial, 
demonstrated significant improvements in quality of life, six-
minute walk distance, and reduction in myocardial scar size 
following transendocardial administration of mesenchymal stem 
cells [9]. These findings suggested that regenerative therapy 
may influence not only myocardial structure but also patients’ 
perception of functional capacity and overall health status.

Comparable observations were reported in the POSEIDON 
trial, in which both autologous and allogeneic mesenchymal 
stem cells demonstrated favorable safety profiles together 
with improvements in clinical status among patients with 
ischemic cardiomyopathy [8]. Subsequently, pooled analysis 
of the POSEIDON and TAC-HFT cohorts demonstrated that 
therapeutic response was largely independent of patient age. 
Individuals older than 60 years achieved improvements in 
quality of life and functional capacity comparable with those 
observed in younger patients, supporting the applicability 
of stem cell therapy across a broad spectrum of patients with 
chronic heart failure [7].

The present findings are also in agreement with the TRIDENT 
study, which demonstrated that administration of higher doses of 
mesenchymal stem cells was associated with favorable changes 
in left ventricular function and clinical status [5]. Although our 
study was not designed to evaluate dose-response relationships or 
compare different cellular products, the significant improvement 
in patient-reported quality of life observed after autologous 
bone marrow-derived mononuclear cell transplantation further 
supports the concept that regenerative therapies may provide 
clinically meaningful benefits when administered alongside 
optimized pharmacological treatment.

In recent years, patient-reported outcomes have become 
increasingly important in cardiovascular clinical research 
because they directly reflect the patient’s perception of treatment 
benefit. Accordingly, the CHART-1 trial incorporated MLHFQ 
assessment together with echocardiographic parameters and 
exercise capacity among its principal clinical endpoints [2]. The 
results of the present study support this comprehensive approach 
and emphasize that evaluation of novel regenerative therapies 
should include validated quality-of-life instruments in addition 
to conventional structural and functional cardiac parameters.

Despite encouraging findings reported by several clinical 
trials, the overall evidence regarding stem cell therapy for 
ischemic cardiomyopathy remains heterogeneous. Considerable 
differences exist among published studies with respect to 
patient selection, cell source, laboratory processing methods, 
administered cell dose, route of administration, primary 
endpoints, and duration of follow-up. These methodological 
variations should be considered when interpreting treatment 
effects and are likely to contribute to the inconsistent results 
observed across individual studies.

Nevertheless, not all clinical studies have demonstrated 
consistent therapeutic benefits. The CONCERT-HF trial 
confirmed the safety of mesenchymal stromal cells and c-kit-
positive cardiac cells; however, improvements in major clinical 
outcomes were less pronounced than initially anticipated [3]. 
Similarly, the SCIENCE trial demonstrated an excellent safety 
profile of allogeneic adipose tissue-derived mesenchymal 
stromal cells but did not show significant improvements in 
left ventricular function, exercise capacity, or quality of life 
compared with placebo [17]. Taken together, these findings 
suggest that although stem cell therapy appears to be safe, its 
clinical efficacy remains dependent on multiple methodological 
and patient-related factors, including patient selection, cell 
characteristics, manufacturing procedures, delivery strategy, 
and treatment protocol.

Another important consideration is the design of the present 
study. Patient allocation was based on informed consent 
to undergo stem cell transplantation rather than random 
assignment. Although the intervention and control groups 
were comparable with respect to baseline demographic and 
clinical characteristics, the possibility of selection bias cannot 
be completely excluded. Consequently, the present findings 
should be interpreted as demonstrating an association between 
adjunctive stem cell therapy and improved quality of life rather 
than establishing a definitive causal relationship. Confirmation 
of these findings in adequately powered randomized controlled 
trials remains necessary.

An additional aspect of interest concerns the potential influence 
of sex on treatment response. Florea et al. reported comparable 
improvements in left ventricular ejection fraction, quality of 
life, and functional status among both male and female patients 
following mesenchymal stem cell administration [6]. In the 
present study, only three women were enrolled, reflecting 
the epidemiological characteristics of advanced ischemic 
cardiomyopathy. Although no significant imbalance in sex 
distribution was observed between the study groups, the limited 
number of female participants precluded meaningful sex-
specific analyses.

A particular strength of the present study is the comprehensive 
evaluation of all 21 domains of the Minnesota Living with Heart 
Failure Questionnaire. While most previous investigations have 
primarily focused on changes in the overall MLHFQ score, 
domain-specific analyses have been reported less frequently. Our 
findings demonstrated that the greatest improvements occurred 
in domains related to physical functioning, the need for daytime 
rest, mobility outside the home, sexual activity, daily activities, 
and memory and concentration. These observations provide a 
more detailed understanding of how regenerative therapy may 
influence everyday functioning from the patient’s perspective 
and represent one of the distinctive methodological features of 
the present investigation.
Study Limitations.

Several limitations should be acknowledged when interpreting 
the results of this study. First, the investigation was conducted as 
a prospective non-randomized controlled study, and allocation 
to the intervention group depended on patients’ willingness 
to undergo stem cell transplantation. Although baseline 
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characteristics were comparable, the possibility of residual 
selection bias cannot be completely excluded. Second, the 
sample size was relatively small, and the study was performed 
at a single center, which may limit the generalizability of the 
findings. Third, the follow-up period was limited to 12 months 
and therefore did not allow evaluation of long-term clinical 
outcomes such as mortality, recurrent hospitalizations, or 
sustained treatment effects. Fourth, quality of life was assessed 
using a single disease-specific instrument, the Minnesota Living 
with Heart Failure Questionnaire, although this questionnaire 
is one of the most extensively validated and widely used tools 
for patients with heart failure. Finally, the present study was not 
designed to investigate the biological mechanisms responsible 
for the observed clinical improvements. Future multicenter 
randomized controlled trials with larger study populations 
and longer follow-up periods are warranted to further clarify 
the clinical role of stem cell therapy in patients with ischemic 
cardiomyopathy.

Overall, the present findings suggest that autologous bone 
marrow-derived mononuclear stem cell therapy may provide 
additional patient-reported benefits when administered 
alongside optimized contemporary guideline-directed medical 
therapy in patients with ischemic cardiomyopathy and heart 
failure with reduced ejection fraction. However, these findings 
should be interpreted within the context of the non-randomized 
study design and require confirmation in larger randomized 
controlled trials before definitive conclusions regarding clinical 
efficacy can be established.
Conclusion.

In this prospective non-randomized controlled study, adjunctive 
autologous bone marrow-derived mononuclear stem cell 
therapy was associated with significantly greater improvement 
in quality of life compared with optimized guideline-directed 
medical therapy alone in patients with ischemic cardiomyopathy 
and heart failure with reduced ejection fraction. Improvements 
were observed not only in the overall Minnesota Living with 
Heart Failure Questionnaire score but also across multiple 
domains reflecting physical functioning, daily activities, and 
patient well-being.

The findings suggest that autologous stem cell therapy may 
provide additional patient-reported benefits when administered 
alongside contemporary guideline-directed medical therapy. 
However, because of the non-randomized design, relatively 
small sample size, and single-center setting, these results should 
be interpreted with appropriate caution. Larger multicenter 
randomized controlled trials with longer follow-up are required 
to confirm the clinical effectiveness of this therapeutic approach 
and to further define its role in the management of ischemic 
cardiomyopathy.
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