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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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1. Articles must be provided with a double copy, in English or Russian languages and typed or
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
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8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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 HFTEF. 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
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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
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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 (o) 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:

Atotal 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



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% CO: 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).
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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 77.145.7 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
(A=-0.85), reflecting the impact of disease on sexual activity.
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Figure 1. Changes in the total MLHFQ score after 12 months of treatment.
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Figure 2. Comparative changes in the 21 MLHFQ domains between study groups after 12 months of follow-up.

Table 1. Baseline clinical and demographic characteristics of the study population.

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

Variable Group 1 (n=27)
MLHFQ before treatment, points 77.11£5.67
MLHFQ at 12 months, points 70.63+2.51
AMLHFQ (post-treatment — baseline), points -6.48+4.63
Within-group p-value (Wilcoxon test) <0.001

Group 0 (n=27) p-value
78.96+6.15 0.290
77.48+7.67 <0.001
-1.48+5.37 <0.001
0.021

Table 3. Changes in individual domains of the Minnesota Living with Heart Failure Questionnaire.

MLHFQ Item Clinical Meaning of the Domain

1 Leg swelling 0.04
2 Need for daytime rest -0.15
3 Difficulty climbing stairs -0.11
4 Limitation of household activities -0.07
5 Limitation of mobility outside the home 0.00
6 Sleep disturbance -0.15
7 Limitatiqn of social interaction with friends 0.07
and relatives
8 Reduced ability to work / reduced income  -0.30
Limitation of hobbies, sports, and
9 . . 0.37
leisure activities
10 Sexual dysfunction -0.37
11 Limitation of usual daily activities -0.19
12 Shortness of breath -0.07
13 Hospitalization due to heart failure -0.07
14 Fatigue / weakness 0.19
15 Financial burden of medical treatment 0.04
16 Side effects of medications -0.11
17 Feeling like a burden to family members 0.00
18 Loss of control over the disease -0.11
19 Anxiety / worry 0.00
20 Memory and concentration problems -0.30
21 Depressive mood -0.19

Substantial improvements were also detected for item 1 (A=-
0.67), item 20 (A=-0.67), and item 2 (A=-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 (A=-0.30), as well as item 10 (A=-
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.
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A Group 0 A Group 1

Between-Group Within-Group Within-Group

p-value (A) p-value Group 0 p-value Group 1

-0.63 0.008 0.808 0.003
-0.59 0.007 0.206 <0.001
-0.41 0.061 0.405 <0.001
-0.33 0.134 0.480 0.013
-0.41 0.002 1.000 <0.001
0.07 0.286 0.285 0.617
-0.04 0.636 0.527 0.782
-0.41 0.563 0.021 <0.001
-0.41 <0.001 0.035 0.005
-0.85 0.010 0.012 <0.001
-0.30 0.397 0.059 0.021
-0.15 0.627 0.480 0.157
-0.37 0.072 0.414 0.018
-0.04 0.265 0.132 0.782
-0.22 0.057 0.705 0.014
-0.22 0.284 0.083 0.014
-0.33 0.027 1.000 0.013
0.07 0.212 0.248 0.593
-0.30 0.209 1.000 0.154
-0.67 0.050 0.021 <0.001
0.04 0.104 0.096 0.655
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



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.
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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



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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