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	Genis et al. (2024) [27]
	Spain

	Phase I, double-blind, randomized, single-center clinical trial.

	2018 -2020.

	2 years

	12
	This study included patients aged 18 and older who experienced a myocardial infarction (MI) with at least 50% transmurally identified by cMRI and exhibited a Q wave on their ECG. All patients were required to be candidates for revascularization either in the infarcted area or in another myocardial territory. Additionally, they had to provide informed consent to participate in the research.
	Patients with severe valve disease requiring surgical repair may be ineligible for participation in a clinical trial if they have contraindications for MRI such as creatinine clearance ≤30 ml/min/1.73 m2, metal implants, or claustrophobia. Other exclusion criteria may include extra-cardiac diseases with a prognosis of less than 1 year, neoplastic disease detected in the past 5 years without complete remission, severe kidney or liver failure, abnormal laboratory values that may contraindicate participation, previous cardiac interventions, pregnancy or lactation, heterosexually active women of childbearing age not using effective contraception, and participation in another clinical trial or treatment with another investigational product.

	7
	PeriCord :decellularised pericardial matrix and umbilical cord Wharton’s jelly mesenchymal stromal cells.
	7–15 million cells.
	1 or 2 grafts depending on the scar size.
	Surgically implanted and secured with surgical glue (Glubran®2)
	Acetylsalicylic acid, clopidogrel
, ACEI, β-blockers, MRA, furosemide, statins, calcium channel blocker, and nitrate.

	7–15 million cells.
	5
	Only coronary artery bypass graft (CABG) surgery
	Not reported
	One year
	At 1 week, 3, 6 and 12 months
	Cardiac MRI, NT-proBNP and high-sensitivity troponin I (hs-TnI) levels, and
SF-36 Questionnaire

	Qayyum et al. (2024) [32]
	Slovenia

	A single-center phase I/II, open
randomized clinical trial
	2018 -2020.

	2 years

	30
	Patients between the ages of 30 to 80 with known non-ischemic dilated cardiomyopathy, NYHA class II or higher despite optimal heart failure treatment without other options, LVEF ≤ 40%, and plasma NT-pro-BNP levels exceeding 300 pg/mL (>35 pmol/L) are eligible for inclusion. They must have unchanged heart failure medication for 2 months prior to inclusion and can only be enrolled 3 months post-CRT implantation or at least 1-month post-ICD unit implantation. Other criteria include signed informed consent, absence of contraindications for MRI, extra-cardiac diseases with a prognosis of less than 1 year, neoplastic disease detected in the past 5 years without complete remission, severe kidney or liver failure, abnormal laboratory values contraindicating participation, previous cardiac interventions, pregnancy or lactation, non-use of effective contraception in heterosexually active women of childbearing age, and participation in another clinical trial or treatment with another investigational product.

	Exclusion criteria for the treatment include patients with NYHA Class I heart failure, moderate to severe aortic stenosis (valve area < 1.3 cm²), heart failure from valve disease or untreated hypertension, candidates for MitraClip therapy, reversible causes of cardiomyopathy, previous cardiac surgery, diminished functional capacity (e.g., severe COPD), significant anemia or leukocyte abnormalities, reduced kidney function (eGFR < 30 mL/min), left ventricular thrombus, and those unable to pause anticoagulation. Additional exclusions apply to patients with reduced immune response, a history of malignancy within the past five years (except treated skin cancer), pregnancy, women of childbearing potential without negative β-HCG, recent experimental treatments, participation in other interventional trials, or a life expectancy of less than one year.
	20
	Adipose-derived mesenchymal stromal cells
	100 × 10⁶ cells delivered in a 5 mL CryoStor solution.
	10–15 injections per patient in a single procedure.
	Transendocardial injections via NOGA® XP Mapping System
	ACEi/ARB/ARNI
, β-blockers, MRA, furosemide, SGLT2i
, and Digoxin.
	100 million
	10
	Only standard medical care
	Not mentioned
	6 months
	6 months
	Echocardiography, 6-minute walk test, EQ-5D-5L Questionnaire, NYHA,
And Kansas City Cardiomyopathy Questionnaire.

	Attar et al. (2023) [29]
	Iran
	Phase II, single-blind, randomized, multicenter clinical trial.
	2020-2022.
	2 years.
	65
	Patients were 20–60 years old and had their MI 3 to 7 days earlier with echocardiographic LVEF<40%.
	Patients with the following conditions are excluded from the treatment: prior history of anterior MI, regional wall motion abnormalities in non-infarct areas, CABG surgery, significant valve disease (stenosis or regurgitation grade ≥ 2), alternative causes of left ventricular (LV) dysfunction (such as non-ischemic cardiomyopathy or anthracycline therapy), regular alcohol abuse (over 6 oz. of ethanol per day), poor echocardiography window, active syphilis, viral infections (hepatitis B, hepatitis C, HIV, or HTLV-1), terminal disease or cancer, history of bone marrow transplant, autoimmune diseases, and pregnancy.

	40
	Human Wharton’s jelly mesenchymal stromal cells
	Single infusion: 10 million cells.
Repeated infusion: 10 million cells per infusion (total 20 million cells).
	Intracoronary infusion using a microcatheter.
	Not mentioned
	20 million cells

	25
	Only standard medical care
	Not mentioned
	6 months
	6 months
	CMR, Echocardiographic

	Qayyum et al. (2023) [31]
	Denmark
	Phase II, double-blind, randomized, placebo-controlled clinical trial.
	2015-2019
	4 years
	75
	Participants were aged between 30 to 85 years with chronic ischemic heart disease and NYHA class II or III symptoms. They should have a left ventricular ejection fraction (LVEF) of ≤ 45%, confirmed by imaging, and elevated plasma NT-proBNP levels (> 300 pg/mL in sinus rhythm or > 422 pg/mL in atrial fibrillation). Candidates must have been on maximal tolerable guideline-directed medical therapy (GDMT) for heart failure for at least 2 months prior, have no further options for revascularization via PCI or CABG, and, if previously revascularized, must have had angiography within 1 month to rule out restenosis.

	Participants were excluded if they have NYHA Class I or IV symptoms, a recent acute coronary syndrome, stroke, or transient ischemic attack within 6 weeks prior to inclusion, or recent revascularization or other cardiac procedures within 4 months. Additional exclusions include moderate to severe aortic stenosis or other valvular diseases requiring surgery, severe pulmonary disease or conditions that limit functional capacity, significant hematological abnormalities (such as anemia, leukopenia, or thrombocytopenia), a history of malignancy within the last 5 years (except non-melanoma skin cancer), and pregnancy or breastfeeding.

	49
	Allogeneic adipose tissue-derived mesenchymal stromal cells
	100 × 10⁶
	100 × 10⁶ cells in 5 mL of CryoStor solution., 12–15 intramyocardial injections using the NOGA® XP Mapping System.
	Intramyocardial injections using the NOGA® XP Mapping System.
	Aspirin, clopidogrel, prasugrel, ticagrelor, warfarin, ACEi/ARB/ARNI, β-blockers, MRA, furosemide, statins, non-statin lipid lowering drug, Nitrate, Insulin, and liraglutide.

	100 × 106
	26
	Isotonic saline injections as a placebo
	Not mentioned
	3 years
	6 and 12 months.
	Echocardiographic, 6-minute walk test, and KCCQ, NT-proBNP

	Perin et al. (2023) [28]
	USA and Canada
	Phase III, multinational, randomized, double-blind, sham-controlled clinical trial.
	2014-2019
	5 years
	565
	Participants were adults aged 18 to 80 years with heart failure with reduced ejection fraction (HFrEF), exhibiting NYHA functional class II or III symptoms. They should have a LVEF of ≤ 40% by two-dimensional echocardiogram or ≤ 35% by multigated acquisition scan, and at least one heart failure-related hospitalization or urgent care visit within 1 to 9 months prior to screening. Plasma NT-proBNP levels must be > 1,000 pg/mL (or > 1,200 pg/mL in patients with atrial fibrillation). Additionally, participants must be receiving guideline-directed medical therapy (GDMT) at stable doses for at least 1 month and have devices capable of defibrillation (ICD/CRT) implanted ≥ 1 month before screening.

	Participants were excluded if they have NYHA functional class I or IV symptoms, experienced an acute myocardial infarction or unstable angina within 1 month of screening, or have left ventricular thrombus or significant valvular disease. Recent coronary revascularization procedures (e.g., PCI or CABG) within 2 months also disqualify candidates. Additionally, a history of malignant ventricular arrhythmias or sustained ventricular tachycardia without an ICD, severe chronic obstructive pulmonary disease (COPD) requiring home oxygen, active malignancy within the past 3 years (except certain localized cancers), and acute or chronic infections or inflammatory diseases at the time of enrollment are exclusion criteria.
	283
	Mesenchymal precursor cells
	150 million
	150 million MPCs in 15 to 20 injection sites (in 0.2 mL volume containing 8-10 million MPCs).
	Transendocardial injection
	ACEi/ARB/ARNI, β-blockers, MRA, furosemide, SGLT2i, oral anticoagulants, Antiplatelet agents, Statins, and Digoxin.
	150 million
	282
	Sham procedure
	Not mentioned
	Mean of 30 months (maximum 66 months)
	3, 6, and 12 months 
	Echocardiography, 6-minute walk test, biomarkers (NT-proBNP, hsCRP),
 and quality of life assessments (MLHFQ, EQ-5D-3L)


	Qayyum et al. (2023) [34]
	Denmark, Germany, The Netherlands, Austria, Slovenia, and Poland.
	Phase II, double-blind, randomized, placebo-controlled, multicenter clinical trial.
	2015-2023
	8 years
	133
	Participants must be aged 30 to 80 years and provide signed informed consent. They should have chronic stable ischemic heart disease, with symptomatic NYHA class II–III and a LVEF of ≤ 45% on echocardiography. Plasma NT-proBNP levels must exceed 300 pg/mL (> 35 pmol/L). Candidates must have been on maximal tolerated heart failure medication without changes for at least 2 months prior to inclusion and should have no options for PCI or CABG. Those who have undergone PCI or CABG within the past 6 months must have a new coronary angiography to rule out early restenosis. Additionally, patients cannot be included until 3 months after the implantation of a CRT-D and 1 month after an ICD unit.
	Participants will be excluded if they have symptomatic heart failure (NYHA class I or IV), experienced an acute coronary syndrome within 6 weeks of inclusion, or received other revascularization treatments within 4 months. Those with moderate to severe aortic stenosis (valve area < 1.3 cm²) or valvular heart disease requiring surgery or interventional therapy, as well as patients who have undergone aortic valve replacement with an artificial heart valve (unless considering a trans-septal approach), are also excluded. Candidates expected to be considered for MitraClip therapy, those with diminished functional capacity due to reduced lung function (FEV < 1 L/min), moderate to severe claudication, or morbid obesity, and individuals with clinically significant anemia (Hb < 6 mmol/L), leukopenia (leukocytes < 2 × 10⁹/L), leukocytosis (leukocytes > 14 × 10⁹/L), or thrombocytopenia (thrombocytes < 50 × 10⁹/L) are not eligible. Additionally, those with reduced kidney function (eGFR < 30 mL/min), left ventricular thrombus, anticoagulation treatment that cannot be paused during cell injections, reduced immune response or known anti-HLA antibodies, a history of malignant disease within the last 5 years (or suspected malignity, except treated skin cancer other than melanoma), pregnant women, participation in other experimental treatments within 4 weeks of baseline tests, a life expectancy of less than 1 year, participation in another intervention trial, and known hypersensitivity to DMSO, penicillin, or streptomycin will also be excluded.
	90
	Allogeneic Adipose Tissue-Derived Mesenchymal Stromal Cells
	100 × 10⁶ cells per patient in a 5 ml CryoStor solution.
	Single session of 15 intramyocardial injections using the NOGA® XP mapping system
	Intramyocardial injections with Myostar injection
catheters
	Aspirin, clopidogrel, prasugrel, ticagrelor, warfarin, ACEi/ARB/ARNI, β-blockers, MRA, furosemide, statins, non-statin lipid lowering drug, Nitrate, Insulin, and liraglutide.

	100 × 10⁶ cells
	43
	Isotonic saline injections
	Not mentioned
	One year
	6,12 months 
	Echocardiography for LVESV, LVEDV, and LVEF changes, NYHA classification, 6-minute walk test (6MWT), quality of life questionnaires (KCCQ, EQ-5D-3L), and biomarkers such as NT-proBNP and CRP.

	Bolli et al. (2021) [35]
	USA
	Double-blind, placebo-controlled, Phase II clinical trial
	November 2016 – November 2018
	2 years

	125
	Participants must be aged 21-79, have documented coronary artery disease with myocardial injury and heart failure (HF), and exhibit ≥ 5% left ventricular (LV) involvement as confirmed by cMRI. They should have an ejection fraction (EF) ≤ 40% and have been on stable, guideline-driven heart failure medication for at least one month prior to consent. Candidates must also be eligible for cardiac catheterization and present with NYHA class I, II, or III HF symptoms. Females of childbearing potential must agree to use birth control during the study and undergo pregnancy testing at baseline and within 36 hours prior to injection.
	Participants will be excluded if they have indications for standard-of-care surgery (valve surgery, LV assist device, imminent heart transplantation, CABG, or PCI) and are classified as UNOS 1A or 1B, or have a high likelihood of transplantation; if they underwent PCI within 3 months or CABG within 4 months; have significant valvular heart disease; a history of stroke within 90 days; recent LV remodeling surgery; specific pacemaker/ICD limitations; CRT implantation within 3 months; other MRI contraindications; inappropriate ICD firing within 30 days; recent ventricular tachycardia without an ICD; LV thrombus; elevated baseline VO2 max; low eGFR; poorly controlled diabetes; significant hematologic or liver dysfunction; coagulopathy; active HIV, HBV, or HCV; severe allergies; recent gene therapy; malignancy history; a limited lifespan; substance abuse history; participation in an investigational trial within 30 days; cognitive barriers; pregnancy or lactation plans within 12 months; or any other conditions deemed exclusionary by the Investigator or Sponsor.

	MSCs + CPCs (Combination Therapy): 33 
MSCs Alone: 29 CPCs Alone: 31 Total: 93 
	Mesenchymal Stromal Cells
c-kit Positive Cardiac Cells
	MSCs: 150 × 10⁶ cells
CPCs: 5 × 10⁶ cells
	Biological: Mesenchymal Stem Cells (MSC)
15 transendocardial injections of 0.4ml MSCs administered to the left ventricle via NOGA Myostar injection catheter (single procedure)

Biological: c-kit+ cells
15 transendocardial injections of 0.4ml c-kit+ cells administered to the left ventricle via NOGA Myostar injection catheter (single procedure)
	Transendocardial injection
	Aspirin, antiplatelet agents (non-aspirin), 
ACEi/ARB/ARNI, β-blockers, calcium channel blockers, hydralazine, nitrates, MRA, diuretics, statins, non-insulin, Insulin, antiarrhythmics, and PCSK9 Inhibitors


	MSCs Group: Received only MSCs (150 × 10⁶ cells).
CPCs Group: Received only CPCs (5 × 10⁶ cells).
Combination Therapy Group: Received both MSCs (150 × 10⁶ cells) and CPCs (5 × 10⁶ cells).
	32
	Placebo via sham injections
	Not mentioned
	One year
	6,12 months
	(HF-MACE), quality of life (MLHFQ), cardiac imaging (cMRI for EF, volumes, and scar size), functional capacity tests (6MWT and peak VO2), and biomarkers (NT-proBNP)

	Ostovaneh et al. (2021) [36]
	USA
	Randomized, double-blinded, placebo-controlled Phase II trial.
	January 2014 to September 2016.
	2.5
	134
	Participants will be included if they had a myocardial infarction (MI) within the prior 4 weeks to 12 months before enrollment, underwent successful percutaneous coronary intervention with resultant thrombolysis in myocardial infarction (TIMI) flow of 3 in the infarct-related artery, have a post-infarct left ventricular ejection fraction (LVEF) < 45% by any clinically accepted imaging method, and have an infarct size (scar) of ≥ 15% of left ventricular mass as determined by MRI.
	ACE inhibitors, ARBs, beta blockers, diuretics, aldosterone antagonists, antithrombotic agents, lipid lowering agents, and aspirin.







	83
	Allogeneic cardiosphere derived cells
(CDCs): CAP-1002
	25 million human allogeneicCDCs
	Single intracoronary infusion of CDCs
	Intracoronary infusion
	ACE inhibitors , ARBs, beta blockers, diuretics, aldosterone antagonists, antithrombotic agents, lipid lowering agents, and aspirin.






 
	25 million
	41
	Placebo infusion intracoronary
	Not mentioned 
	One year 
	6,12 months
	Cardiac MRI

	He et al. (2020) [33]
	China
	Phase 1, randomized, double-blind, controlled clinical trial​
	March 1, 2016, to August 31, 2019
	4
	50
	Participants must be male or female, aged 35-80 years, have coronary artery disease detected by coronary angiography that is not eligible for percutaneous coronary intervention, and have MRI confirmation of coronary artery disease and ischemic regions. They must have a LVEF ≤ 45% assessed by 3D echocardiography, be classified as NYHA Class II-IV, and show no organ dysfunction in the lung, liver, or kidney. Additionally, participants must be able and willing to observe therapeutic effects and adverse events, provide signed informed consent, have a negative serum pregnancy test, show no coagulation dysfunction, and maintain a glycated hemoglobin level of ≤ 6.5.

	Participants will be excluded if they have acute coronary syndrome (ACS), are lactating or pregnant, are ineligible for CABG, have unexplained laboratory abnormalities, have sensitivities to study medications, suffer from cardiovascular diseases (e.g., aortic disease, severe valvular issues), or have a history of severe allergic reactions. Other exclusions include systemic infections, shock, severe organ dysfunction, use of interfering medications, HIV, Hepatitis B or C, participation in recent clinical trials, mental illness or suicide risk, high expectations, recent high radiation exposure, neoplasia history, serious coronary disease complications, abnormal coagulation function, hemodynamic instability, or any other condition deemed risky by the investigator.
	Collagen/Cell Group: 18
Cell Group: 17
total: 35
	Human umbilical cord-derived mesenchymal stromal cells (hUC-MSCs)​
	Collagen/Cell Group: 1 × 10^8 hUC-MSCs in 1.5 mL phosphate-buffered saline combined with 1 mL of collagen scaffold Cell Group: 1 × 10^8 hUC-MSCs in 2.5 mL phosphate-buffered saline
	Single administration during CABG surgery
	Intramyocardial injections with Myostar injection catheters
	β-blockers,  calcium channel blockers,nitrate, statins, aspirin, and  Clopidogrel 

	Not mentioned 
	15
	CABG only
	Not mentioned 
	One year 
	3,6, and 12 months
	Cardiovascular magnetic resonance imaging (CMR)

	Mathiasen et al. (2020) [37]
	 Denmark
	phase II, single centre, randomized,
double-blind, placebo-controlled
	September 2008 – April 2013
	5 
	60
	Participants will be included if they are aged between 30 and 80 years, diagnosed with ischemic heart failure without further revascularization options, on maximum tolerable medication with no changes for 2 months prior to treatment, have a left ventricular ejection fraction (LVEF) ≤ 45%, and are classified as New York Heart Association (NYHA) classes II–III.


	Participants will be excluded if they have experienced acute coronary syndrome, stroke, or transitional cerebral ischemia within the last 6 weeks; undergone revascularization within the last 4 months; have moderate or severe valvular disease; suffer from severe chronic pulmonary disease; are classified as morbidly obese; or have a history of cancer within the past 5 years.
	40
	Mesenchymal stromal cells (MSCs)
	0.2 mL MSC
	Ten to five-teen injection 
	Intramyocardial injections with Myostar injection catheters

	β-blockers, calcium channel blockers, nitrate, statins, VKA, Diuretic agent, aspirin, and Clopidogrel 

	Mesenchymal stromal cells 20 - 40 mill

	20
	Placebo injections (phosphate-buffered saline)
	Not mentioned 
	4
	3,6, and 12 months
	Magnetic resonance imaging (MRI) or computed tomography (CT)

	Sung et al. (2020) [38]
	Taiwan
	Prospective, randomized open-label controlled phase II clinical trial
	December 2013 - November 2017
	4
	60
	Participants will be included if they are aged 20 to 80 years with diffuse obstructive coronary artery disease, characterized by long stenotic lesions in multiple arteries, including small branches. They must experience moderate to severe angina (Canadian Cardiovascular Society Grade II-IV) and show reversible myocardial ischemia on a thallium scan, with relatively preserved heart function (left ventricular ejection fraction above 40%). Additionally, they must not be candidates for revascularization procedures like PCI or CABG due to anatomical limitations, high risk from comorbidities, or mutual decisions made with the patient and family.

	Participants will be excluded if they have experienced recent major cardiac events within the last three months, or have severe liver disease, blood disorders, renal insufficiency, or active cancer. Additionally, those with febrile or inflammatory conditions, severe valvular heart disease, advanced heart failure, or a life expectancy of less than two years will be excluded. Individuals younger than 20 or older than 80 years, as well as pregnant women, will also be ineligible for the study.
	30
	Circulating CD34+ cells
	3.0 × 10^7 cells per vessel
	Granulocyte-colony stimulating factor (G-CSF) Administration: 5 µg/kg subcutaneously every 12 hours for 4 days (total of 8 doses)

	Intracoronary Infusion
	Antiplatelet, beta blocker, RAAS blocker, calcium channel blocker, diuretic, lowering agent, and vasodilator.








	Not mentioned 
	30
	Standard anti-ischemic and heart failure medications
	Not mentioned 
	one
	1, 3,6, and 12 months
	•        LVEF: Assessed by 3D echocardiography at baseline
•        Angiogenesis Score: Coronary angiography 
•        Angina Severity: CCS Angina Grade.
•        Heart Failure Symptoms: NYHA Functional Classification.
•        Clinical Events: Monitoring of MACCE, heart failure hospitalizations, and mortality

	Yau et al.   (2019) [39]
	U.S. and Canada
	Randomized phase 2 clinical trial
	July 2015 - August 2018
	3







	159
	Participants who have given informed consent, including the release of medical information and HIPAA documentation, and be 18 years or older. If the subject or their partner is of childbearing potential, they must agree to use adequate contraception (hormonal, barrier method, or abstinence) from screening and for at least 16 weeks post-procedure. Female subjects of childbearing potential must have a negative serum pregnancy test at screening. Additionally, they must be admitted to the clinical center at the time of randomization and have a clinical indication as an accepted candidate for the implantation of an FDA-approved (US) or Health Canada-approved (Canada) non-pulsatile LVAD as a bridge to transplantation or for destination therapy.

	Participants will be excluded if they have planned percutaneous LVAD implantation, anticipate the need for biventricular mechanical support, or require concomitant arrhythmia ablation during LVAD implantation. Additionally, those with a planned aortic valve intervention for aortic insufficiency at the time of LVAD implantation, cardiothoracic surgery within 30 days prior to randomization, or a spontaneous myocardial infarction related to ischemia (such as unstable plaque rupture, erosion, or dissection) within the past 30 days will be ineligible. Other exclusion criteria include a history of prior cardiac transplantation, LV reduction surgery, or cardiomyoplasty; acute reversible causes of heart failure (e.g., myocarditis, profound hypothyroidism); stroke within 30 days prior; a platelet count of less than 100,000/µL within 24 hours prior; an acute infectious process; presence of >10% anti-HLA antibody titers specific to MPC donor HLA antigens; known hypersensitivity to dimethyl sulfoxide (DMSO), murine, or bovine products; active malignancy within the past 3 years (except for localized prostate cancer, cervical carcinoma in situ, breast cancer in situ, or nonmelanoma skin cancer that has been definitively treated); presence of HIV; receipt of investigational intervention within 30 days prior; treatment or incomplete follow-up of any investigational cell-based therapy within 6 months prior; active participation in other research therapies for cardiovascular repair/regeneration; prior receipt of stem precursor cell therapy for cardiac repair; and those who are pregnant or breastfeeding at the time of randomization. Lastly, individuals with a known or suspected hypercoagulable state, as determined by the investigator, will also be excluded.
	106
	Mesenchymal Precursor Cells
	150 million
	Not mentioned

	Intramyocardial Injection

	Vasoactive therapy, inotropic therapy, aldosterone receptor antagonist, β-Blocker , ACE inhibitor , and ARB. 




	150 million
	53
	Cryoprotective medium as a sham treatment.
	Not mentioned
	Two
	6,12 months
	Echocardiography, clinical evaluations of temporary LVAD weaning success, and Quality-of-life 
questionnaires (SF-12, KCCQ).


	Kim et al. (2018) [40]
	South Korea
	Prospective, randomized, open-label study
	January 2012 - May 2015
	3
	26
	Participants will be included if they were admitted to the hospital less than 24 hours after the onset of chest pain, presented with an electrocardiogram (ECG) showing ST-segment elevation greater than 1 mm in two consecutive leads or greater than 2 mm in the precordial leads, and could be enrolled in the study less than 72 hours after successful revascularization of anterior acute myocardial infarction (AMI). Successful revascularization is defined as having residual stenosis of less than 30% in the left anterior descending artery (LAD) with an ejection fraction (EF) of ≤ 40%.

	14
	Bone marrow mesenchymal stem cells
	7.2 ± 0.90 × 107 cells
	Cells injection was done during three transient occlusions, each lasting 2 to 3 min
	Over-the-wire balloon catheter
	Aspirin, clopidogrel, ticagrelor, beta blocker, and ACEi or ARB. 

	7.2 ± 0.90 × 107 cells
	12
	Optimal post-infarction medical treatment
	Not mentioned
	One
	4 and 12 months
	SPECT, and echocardiography


	


	Teerlink et al. (2017) [41]
	Belgium
	Prospective,multicentre,double-blind randomized, sham-controlled trial/Phase 3.
	18 December 2012–31 July 2015.
	3
	271
	Participants must be aged between 18 and 80 years with systolic dysfunction characterized by a left ventricular ejection fraction (LVEF) of ≤ 35% and have ischemic heart failure without a known need for revascularization. They should have a total Minnesota Living with Heart Failure Questionnaire (MLHFQ) score greater than 30 and be able to perform a 6-minute walk test between 100 m and 400 m. A history of hospitalization for heart failure within the last 12 months or outpatient treatment with intravenous vasoactive therapy or diuretics is required. Participants must have been in NYHA Class III or IV or INTERMACS class 4-7 within the past year and currently be at least in NYHA Class II. They should have been on stable doses of ACE inhibitors, ARBs, beta blockers, and other heart failure medications for at least one month prior to screening and must be willing to provide written informed consent.
	Participants will be excluded if they are pregnant or women of child-bearing potential without a negative pregnancy test. Men who refuse reliable contraception are also ineligible. Additional exclusions include recent myocardial infarction, unstable angina, or PCI (within 90 days), coronary artery bypass graft surgery (within 180 days), and those on a cardiac transplant list or with previous solid organ transplants. Patients who have undergone significant cardiac surgeries, cardiac resynchronization therapy within the last 6 months, or severe uncontrolled heart failure within the last month are excluded. Inability to perform a 6-minute walk test due to physical limitations, dependence on chronic oral steroids, recent stroke, active myocarditis, specific heart conditions (e.g., left ventricular thrombus), significant valvular disease, chronic infections, compromised renal function, and known allergies to Dextran or plasma expanders are also disqualifying. Lastly, individuals with HIV, hepatitis, or recent exposure to experimental therapies will not be eligible.

	120
	Cardiopoietic stem cells (C3BS-CQR-1)
	57–60x10^6
	Up to twenty 0.5-mL injections spaced ∼1 cm apart over the left ventricle
	Intramyocardial injections
	ACEI, ARB, Beta-blocker, statin, Calcium channel blocker, Alpha-blocker, MRA, Loop diuretic, Aspirin, and Vitamin K antagonist.
	(n=3) received 21 injections
(n=53) received 20 injections
(n=17) received 19 injections
(n=12) received 18 injections
(n=6) received 17 injections
(n=6) received 16 injections
 (n=11) received 15 injections
 (n=12) received 14 injections or fewer

	151
	Sham procedure
	Not mentioned 
	One 
	3,6,and 12 months 
	Minnesota Living with Heart Failure Questionnaire (MLHFQ), six-minute walk distances,
and echocardiography

	Bartunek et al. (2017) [42]
	Belgium
	Prospective, multicentre, double-blind randomized, sham-controlled trial/Phase 3.
	18 December 2012–31 July 2015.
	3
	271
	Participants must be aged between 18 and 80 years with systolic dysfunction characterized by a left ventricular ejection fraction (LVEF) of ≤ 35% and have ischemic heart failure without a known need for revascularization. They should have a total Minnesota Living with Heart Failure Questionnaire (MLHFQ) score greater than 30 and be able to perform a 6-minute walk test between 100 m and 400 m. A history of hospitalization for heart failure within the last 12 months or outpatient treatment with intravenous vasoactive therapy or diuretics is required. Participants must have been in NYHA Class III or IV or INTERMACS class 4-7 within the past year and currently be at least in NYHA Class II. They should have been on stable doses of ACE inhibitors, ARBs, beta blockers, and other heart failure medications for at least one month prior to screening and must be willing to provide written informed consent.
	Participants will be excluded if they are pregnant or women of child-bearing potential without a negative pregnancy test. Men who refuse reliable contraception are also ineligible. Additional exclusions include recent myocardial infarction, unstable angina, or PCI (within 90 days), coronary artery bypass graft surgery (within 180 days), and those on a cardiac transplant list or with previous solid organ transplants. Patients who have undergone significant cardiac surgeries, cardiac resynchronization therapy within the last 6 months, or severe uncontrolled heart failure within the last month are excluded. Inability to perform a 6-minute walk test due to physical limitations, dependence on chronic oral steroids, recent stroke, active myocarditis, specific heart conditions (e.g., left ventricular thrombus), significant valvular disease, chronic infections, compromised renal function, and known allergies to Dextran or plasma expanders are also disqualifying. Lastly, individuals with HIV, hepatitis, or recent exposure to experimental therapies will not be eligible.

	120
	Cardiopoietic stem cells (C3BS-CQR-1)
	57–60x10^6
	Up to twenty 0.5-mL injections spaced ∼1 cm apart over the left ventricle
	Intramyocardial injections
	ACEI, ARB, Beta-blocker, statin, Calcium channel blocker, Alpha-blocker, MRA, Loop diuretic, Aspirin, and Vitamin K antagonist.
	(n=3) received 21 injections
(n=53) received 20 injections
(n=17) received 19 injections
(n=12) received 18 injections
(n=6) received 17 injections
(n=6) received 16 injections
 (n=11) received 15 injections
 (n=12) received 14 injections or fewer

	151
	Sham procedure
	Not mentioned 
	One 
	39 weeks 
	Minnesota Living with Heart Failure Questionnaire (MLHFQ), six-minute walk distances,
 and echocardiography

	Butler et al. (2017) [69]
	US
	Single-blind, placebo-controlled, crossover, randomized trial/ phase IIa.
	June 2014 -April 2016
	one year and ten months
	34
	Participants must be males and females aged ≥ 18 years with a left ventricular ejection fraction (LVEF) of ≤ 35% on echocardiogram within 12 months prior to randomization. A baseline cardiac MRI must show an ejection fraction of ≤ 40% without significant hyper-enhancement, as determined by the central imaging lab. Eligible patients should have a non-ischemic heart failure etiology, evidenced by absent or non-obstructive coronary artery disease on angiography or computed tomography. They must have a history of heart failure treated with guideline-directed medical therapy (GDMT) for at least three months and present with NYHA class II-III symptoms. Additionally, participants must be able to understand and provide signed informed consent and have a reasonable expectation of receiving standard post-treatment care and attending all scheduled safety follow-up visits.

	Participants with current or planned implantation of an implantable-cardioverter defibrillator, permanent pacemaker, or cardiac resynchronization therapy devices, as where patients treated with inotropic agents within 1 month of randomization and patients with severe valvular, renal (estimated glomerular filtration rate <30 mL/min), or liver disease (alanine transaminase or aspartate transaminase >3× normal, alkaline phosphatase or bilirubin >2× normal)
	11 then crossover 12
	Allogeneic Mesenchymal Bone Marrow Cells(itMSC)
	1.5x10^6  
	1.5 million (aMBMC) per kg administered at approximately 2mL/min
	Intravenously
	ACEI, ARB, Loop diuretic, Mineralocorticoid receptor antagonist, and Beta-blocker.
	1.5×10^6 cells/kg
	12 then crossover 8
	Lactate Ringer’s
	Not mentioned 
	25.7 week 
	3 and 6 months
	electrocardiograms, and laboratory tests (including complete blood counts, 
comprehensive chemistry panels, troponin I, and creatinine kinase) ,
twenty-four-hour Holter monitoring,cardiac magnetic resonance imaging, 
Six-minute walk distance (6MWD), NYHA class, and Kansas City Cardiomyopathy
 Questionnaire data, serum biomarkers (including N-terminal pro-B-type natriuretic peptide, troponin I, fibroblast growth factor 23, and vascular endothelial growth factor) and lymphocyte proliferation panels (including levels of CD3, CD4, and natural killer [NK] cells).


	Patel et al. (2016) [43]
	US
	Randomised, double-blind, placebo-controlled/ phase IIB trial
	April 2, 2013–Jan 28, 2015
	one year and nine months
	126
	Participants must be males or non-pregnant, non-lactating females aged 30 to 86 years with ischemic dilated cardiomyopathy and a left ventricular ejection fraction (LVEF) of ≤ 35%. They should be NYHA functional class III or IV and not candidates for revascularization. Eligible individuals must have been on standard heart failure therapy for at least 30 days, have an automatic implantable cardioverter defibrillator (AICD), and have experienced a worsening heart failure hospitalization or equivalent within the last 6 months. They should also meet one of the following criteria: NT-proBNP ≥ 2000 pg/mL, BNP ≥ 400 pg/mL, or a 6-minute walk test distance of ≤ 400 meters. Additionally, participants must have a life expectancy of at least 12 months, LV wall thickness ≥ 7mm, and be stable without IV support. They must be willing to comply with study procedures and provide signed informed consent.

	Participants will be excluded for severe valvular heart disease, prior major cardiac procedures, planned heart interventions, current arrhythmias affecting mapping, LV thrombus, recent myocardial infarction or stroke, major procedures within the last 30 days, unsuitable left ventricular wall, HbA1c ≥ 9%, uncontrolled proliferative retinopathy, non-medication-related clotting disorders, active malignancy, drug or alcohol abuse, allergies to specific animal products, BMI ≥ 40 kg/m², chronic kidney disease requiring dialysis, intolerance to imaging contrast, abnormal lab values, use of anti-angiogenic drugs, recent cytotoxic therapy, or participation in another interventional trial within 30 days.

	126
	Ixmyelocel-T
	0·8 mL into 1 mL syringes
	12-20 transendocardial injections
	Transendocardial injections
	ACEI, Antiplatelet therapy, Beta-blocker, Diuretic,Statin, and Warfarin.
	4.8 mL to 8.0 mL
	66
	Placebo
	Not mentioned 
	One
	3,6,9, and 12 months 
	Minnesota Living with Heart Failure Questionnaire, NYHA Classification, 
6-minute walk test, and echocardiography.

	Qayyum et al. (2016) [44]
	Denmark
	Single-center, double-blind, randomized, placebo-controlled study/ phase II
	2010-2014
	4
	61
	Participants will be included if they have CCS class III-IV angina, coronary artery stenosis or occlusion that isn't treatable with invasive procedures, left ventricular ejection fraction (LVEF) greater than 40%, or if their exercise treadmill test (ETT) duration is between 2 to 10 minutes.

	Participants will be excluded for the presence of valvular heart disease, FEV1 less than 1, severe systemic disease, or having experienced an acute coronary syndrome more than 2 months prior.

	41
	MSC Adipose derived stem cells
	0.2 mL
	10–15 injections of 0.2 mL
	NOGA Myostar® catheter
	Acetylsalicylic acid, Clopidogrel, ACE-I or ARB, Beta-Blocker, Calcium antagonist, Diuretics, Statins, Nitrate, Nicorandil, and Ivabradine.
	20mL to 30 mL
	20
	Saline
	Not mentioned 
	One
	1,3, and 6
	Exercise test, Canadian Cardiovascular Society (CCS), New York Heart Association (NYHA) class, 
Seattle Angina Questionnaire, and CT scan

	Chung et al. (2015) [45]
	US
	Randomized, double-blind, placebo controlled/ phase II
	May 2012–September 2013
	1
	93
	Participants must be at least 18 years old and meet the following: impaired 6-minute walk distance, poor quality of life per the Minnesota LWHF questionnaire, ischemic cardiomyopathy without acute coronary syndrome in the last 6 months, residual LV systolic dysfunction (3 consecutive segments abnormal), LVEF ≤ 40%, meet wall thickness criteria, have a functional AICD, and for diabetics, no active proliferative retinopathy. They must also be on stable optimal pharmacological therapy including ACE inhibitors/ARBs, beta-blockers, diuretics (if fluid retention), ASA, statins, and aldosterone antagonists as needed.

	Participants will be excluded from the study if they have planned revascularization within 30 days, an estimated GFR < 30 ml/min, signs of acute heart failure within 24 hours, moderate or severe aortic valve regurgitation or stenosis, an artificial aortic valve, aortic aneurysm > 3.8 cm, severe mitral regurgitation, planned mitral valve surgery, a history of cancer (with exceptions for certain non-melanoma skin cancers or cancers without recurrence for 5 years), abnormal cancer screening results, persistent atrial fibrillation, recent changes to a biventricular pacing device, previous solid organ transplant, > 40% univentricular RV pacing, uncontrolled diabetes (HbA1c > 9.0%), inability to complete a walking or treadmill test, participation in another trial within 30 days, enrollment in gene or stem cell trials within the past year, a life expectancy < 1 year, positive pregnancy tests or non-compliance with contraception, breastfeeding, positive hepatitis B/C/HIV tests, elevated liver function tests or bilirubin, known or detected LV thrombus, critical limb ischemia, severe COPD, recent SLE flare, drug or alcohol abuse within the last year, or if deemed unfit for the trial by the Principal Investigator.
	32
	JVS-100
	15 mg, 30 mg
	Not mentioned 
	Intramyocardial Injection
	ACEI, Beta-blocker, and mineralocorticoid receptor antagonist.
	15mg, 30 mg
	31
	Placebo
	Not mentioned 
	One
	4 and 12 months
	Minnesota Living with Heart Failure Questionnaire, NYHA class, and 
echocardiography.

	Perin et al. (2015) [46]
	US
	Randomized, single-blind, placebo controlled/ phase II
	2008-2011
	3
	20
	Participants must be NYHA functional class ≥ 2, age between 21 and 79, cardiomyopathy of ischemic or idiopathic origin, and not be candidates for percutaneous intervention or cardiac surgery as confirmed by both an interventional cardiologist and a cardiac surgeon. They must have an LVEF < 40% via 2-D echocardiogram within 28 days of the procedure and be on stable, maximal tolerable dosages of heart failure therapies (including beta-blockers, ACE inhibitors, and/or diuretics) for at least 28 days prior to enrollment. Additionally, left ventricle wall thickness must be ≥ 8 mm at the target site by echo within 28 days of the procedure. If of childbearing potential, participants must agree to use adequate contraception from screening through at least 16 weeks post-procedure, and females must have a negative serum pregnancy test at screening. They must also be willing and able to understand and sign the Informed Consent Form, return for follow-up visits, and adhere to the postoperative management program.

	Participants will be excluded if they have experienced an acute myocardial infarction in the past 30 days, if their ICD was discharged within 28 days of the study procedure, or if they have sustained ventricular tachycardia (QRS complexes > 120 msec, lasting > 30 seconds, and > 100 bpm) documented in screening ECG or Holter monitoring. Other exclusions include unstable angina, LV thrombus detected by echocardiogram or angiogram within 28 days prior, aortic stenosis (valve area < 1 cm²), cardiogenic shock requiring intravenous inotropic support or mechanical circulatory support at the time of injection, chronic atrial fibrillation, unprotected left main coronary artery disease > 50%, ischemic or hemorrhagic stroke within the last 3 months, bleeding disorders affecting coagulation, serum glucose > 400 mg/dl or 300-400 mg/dl with urine ketones within 28 days, creatinine ≥ 2.5 mg/dL, hematocrit ≤ 32%, white blood cell count > 12 x 10^6/mm³, platelet count ≤ 100 x 10^6/mm³, total bilirubin > 3 mg/dL, albumin < 2.8 g/dL, elevated liver enzymes, ≥ 20% anti-HLA antibody titers, known hypersensitivity to DMSO or animal products, prior history of cancer (excluding basal cell carcinoma), active infections (including HIV), any condition deemed unsuitable by the investigator, participation in investigational therapy within the last 6 months, intent to join other investigational studies during the 3-year follow-up, active participation in cardiovascular repair research, or prior stem precursor cell therapy for cardiac repair.

	15
	Mesenchymal Precursor Cells (MPCs)

	25, 75, and 150 million MPCs

	Not mentioned 
	transendocardial injection

	Not mentioned 

	150 million

	5
	standard-of-care treatment with mock mapping and injection procedures.
	Not mentioned
	One
	3,6, and 12 months
	Safety was assessed by physical examination; clinical laboratory tests, and echocardiography

	Mathiasen et al. (2015) [15]
	 Denmark

	phase-two, single-centre, randomized, double-
blind, placebo-controlled 

	2008-2013
	5
	59
	· EF < 45 %
· NYHA 2 - 3

	· Acute coronary syndrome within the last 6 weeks.
· Pregnancy
· FEV1 <1.0
· Cancer
· Any severe disease which could interfere with the treatment or the outcome

	40
	Mesenchymal stromal cell
	Ten to 15 injections of 0.2 mL MSC

	NOGA-XP system and intra-myocardial injections with Myostar injection catheters
 

	Acetylsalicylic acid, Clopidogrel, ACE-I or ARB, Beta-Blocker, Calcium antagonist, Diuretics, Statins, and Nitrate..
	20-40 mL

	20
	standard-of-care treatment with mock mapping and injection procedures.
	Not mentioned 
	One 
	1,3, and 6 months
	Improvements in left ventricular function

	Gao et al. (2015) [47]
	China
	Double-blind, randomized controlled trial

	February 2011 and January 2012

	One
	115
	Participants must be at least 18 years of age and have experienced their first acute ST-elevation myocardial infarction (AMI) with successful primary percutaneous coronary intervention (PCI), achieving thrombolysis in myocardial infarction (TIMI) flow grade 3. They should exhibit substantial residual left ventricular regional wall-motion abnormalities as measured by 2-D echocardiography. Additionally, there must be no contraindications to undergoing the cell-therapy procedure within one week after AMI and PCI. Participants must also demonstrate hemodynamic stability, defined as no requirement for an intra-aortic balloon pump or for inotropic or blood-pressure supporting medications. Lastly, they must provide consent to the protocol and agree to comply with all follow-up visits and studies.

	Participants will be excluded if they have cardiogenic shock (defined as systolic blood pressure < 80 mmHg requiring intravenous pressors or intra-aortic balloon counterpulsation), major bleeding that necessitates blood transfusion after acute reperfusion treatment, a history of leukopenia, thrombocytopenia, hepatic or renal dysfunction, evidence of malignant diseases, or if they are unwilling to participate in the study.
	58
	Wharton's jelly- Derived Mesenchymal Stem Cells Transfer

	6 × 106 WJMSCs into the infarct artery 4-7 days after successful reperfusion therapy


	intracoronary infusion

	Aspirin, clopidogrel, Beta-blocker, ACE-inhibitors or angiotensin-receptor B, and Stains

	6 × 106
	57
	Placebo infusion

	Not mentioned 
	One 
	3 days, 1,4, 12, and 18 months
	Quantify myocardial metabolism and perfusion using F-18-fluorodeoxyglucose 
(F-18-FDG) PET and 99mTc-tetrofosmin SPET, along with global left ventricular 
ejection fraction assessed by echocardiography.


	Qi et al. (2015) [48]
	china
	Double-blind, randomized controlled trial

	January 2007 to August 2012
	5
	42
	Patients eligible for the CABG study must have a diagnosis of coronary artery disease and be scheduled for coronary artery bypass grafting. They should have at least 3 months since their last myocardial infarction and meet either of the following criteria: reversible myocardial ischemia as indicated by SPECT imaging or an ejection fraction between 40% and 50%. Additionally, participants must be aged 18 to 70 years, capable of providing informed consent in writing, and, for women of childbearing potential, must present a negative pregnancy test.

	Patients will be excluded from the study for any of the following reasons: sustained ventricular tachycardia on a 24-hour ECG, chronic atrial fibrillation, less than 3 months since the last episode of cerebral infarction, presence of a malignant tumor, chronic rheumatoid arthritis, a history of severe allergic reactions, hematological diseases (such as leukemia or myelodysplastic syndromes), current or past interstitial pneumonitis, leukocyte counts below 4,000/µL or above 10,000/µL, platelet counts below 100,000/µL, hemoglobin levels below 10 g/dL, elevated liver enzymes (AST or ALT exceeding 100 IU/L), inability to perform both cardiac MRI, and being pregnant, nursing, or planning to become pregnant before the study concludes. Additionally, any other reasons deemed unsuitable by Clinical Supervisors or Clinical Researchers may lead to exclusion.

	24
	Bone Marrow Stem Cell Therapy combined CABG
	Ranged from 1.09 to 73 x 107 with an average of 13.28 +  9.41 x 107
	Saphenous vein bypass graft
	Not mentioned 
	73 x 107
	18 
	CABG
	Not mentioned 
	One 
	12 months 
	Changes in left ventricular ejection fraction
	

	Chullikana et al. (2015) [49]
	India
	phase I/II randomized, double-blind, placebo-controlled, multicentric trial
	July 2009 to November 2011
	2
	20
	Patients eligible for the study must be aged 20 to 70 years, either men or women with non-child-bearing potential, and have experienced a STEMI after 2 days of successful percutaneous coronary intervention (PCI). An ECG must show signs of acute anterior myocardial infarction with ST-elevation of ≥2 mm in at least two leads (I, aVL, V1-V6) or acute inferoposterior myocardial infarction with ST-elevation of ≥1 mm in leads II, III, V5-V6, or ST-elevation of ≥2 mm in at least two leads. The target lesion should be located in the proximal left anterior descending artery (LAD), left circumflex artery, or right coronary artery (RCA). Patients must be able to understand the study information provided and give voluntary written consent. Additionally, they should have had an acute myocardial infarction (AMI) within 10 days prior to intraperitoneal administration and demonstrate normal liver and renal function. Those with global left ventricular systolic dysfunction (LVSD) must have an ejection fraction (EF) between 30% and 50%.


	Patients will be excluded from the study for any of the following reasons: a history of acute or chronic inflammatory conditions, severe aortic stenosis or insufficiency, or severe mitral stenosis or insufficiency; severe co-morbidities associated with a life expectancy of less than 1 year; advanced renal dysfunction with creatinine levels of ≥2 mg%; advanced hepatic dysfunction; clinically serious and/or unstable intercurrent infections or medical illnesses that are uncontrolled or may be jeopardized by study participation; a previous myocardial infarction; being enrolled in another investigational drug trial; a history of severe alcohol or drug abuse within the past 3 months; women with child-bearing potential, or those who are pregnant or lactating; a positive test for HIV-1, hepatitis C, hepatitis B, syphilis, or CMV (IgM); and any conditions that contraindicate MRI.
	10
	Stempeucel (ex vivo–cultured allogeneic bone marrow-derived mesenchymal stromal cells)

	2 million cells/kg body weight
	Intravenously
	All patients received standard medications for AMI according to the treating investigator
	180-220 million cells
	10
	Placebo
	Not mentioned
	Two
	6 and 24 m0nths 
	ECHO , SPECT, MRI

	Ascheim et al. (2014) [50]
	USA
	Randomized, double-blind, sham-procedure controlled trial
	April 2012 to Aug 2013
	1 year and 4 months.
	30
	Patients will be included in the study if they are 18 years or older, provide signed informed consent and HIPAA documentation, and are admitted to the clinical center at the time of randomization. If they or their partner are of childbearing potential, they must agree to use adequate contraception from screening through at least 16 weeks post-procedure, and female participants must have a negative serum pregnancy test. Additionally, they must be accepted candidates for implantation of an FDA-approved nonpulsatile left ventricular assist device (LVAD) as a bridge to transplantation or for destination therapy.
	19
	Intramyocardial mesenchymal precursor cell (Allogeneic MPC's)
	25 million cells of MPC
	Single administration of 25 million MPCs injected during left ventricular assist device (LVAD) implantation
	Not mentioned 
	Beta Blocker, aldosterone Receptor Antagonist, ACEi/ARB, inotropic Therapy, and Vasoactive Therapy. 


	25 million
	10
	Placebo
	Not mentioned 
	One
	3 and 12 months
	Transthoracic echocardiogram (TTE), myocardial size and function, 6MW, 
and duration of wean


	Assmus et al. (2014) [51]
	Germany
	Phase II, double-blind, randomized, placebo-controlled, multicenter clinical trial.
	2004- 2006
	2
	204
	Patients will be included in the study if they are aged 18 to 80 years, have experienced an acute ST-elevation myocardial infarction that was successfully reperfused through stent implantation, and exhibit a significant residual left ventricular regional wall-motion abnormality defined by an ejection fraction of 45% or less. Additionally, written informed consent must be obtained within three days after reperfusion therapy, provided the patients no longer require intravenous pressor substances or mechanical hemodynamic support.

	Patients will be excluded from the study if they have a left ventricular ejection fraction (LVEF) greater than 45%, exhibit signs of inflammation or elevated C-reactive protein (CRP) levels, or have peripheral artery occlusion. These criteria ensure that only those who meet specific clinical profiles are included, thereby enhancing the reliability and validity of the study outcomes.
	101
	Bone marrow-derived mononuclear cells
	1 × 10⁶ cells per mL.
	Single Intracoronary infusion
	Intracoronary infusion
	Not mentioned 
	1 × 10⁶ cells per mL.
	103
	placebo
	Not mentioned 
	5
	1 and 5 years
	Change in global left ventricular function in quantitative LV angiography,
 Improvement of regional wall motion in infarct area, and NYHA status.


	Gao et al. (2013) [52]
	China
	Phase II, single-blind, randomized, open-labeled, multicenter
	May 2008 - November 2009.
	1.5
	43
	Patients will be included in the study if they are aged 18 to 80 years and have experienced an acute ST-elevation myocardial infarction (STEMI) that was successfully reperfused within 12 hours through stent implantation. Additionally, they must demonstrate a significant residual left ventricular regional wall motion abnormality on echocardiography and have a creatine kinase MB (CK-MB) level more than three times the normal range.

	Patients will be excluded from the study if they have a history of previous Q-wave myocardial infarction, are experiencing cardiogenic shock, or have severe coexisting conditions, such as advanced renal or hepatic dysfunction, documented terminal illness, or cancer. These exclusions are designed to ensure that the study population is homogeneous and that the results are not confounded by these significant health issues.
	21
	Autologous bone marrow-derived mesenchymal stem cells
	single infusion session 3.08 × 10⁶ cells infused in 10 mL heparinized saline, infused 17.1 ± 0.6 days after successful reperfusion.
	Intracoronary infusion
	Aspirin, Clopidogrel or another P2Y12 inhibitor, β-blockers, ACEIs, ARBs, Statins, and Diuretics
	3.08 × 10⁶
	22
	Aspirin, Clopidogrel or another P2Y12 inhibitor, β-blockers, ACEIs, ARBs, Statins, and Diuretics
	Not mentioned 
	2
	6,12, and 24 months. 
	18 F-fluorodeoxyglucose and 99mTc-sestamibi single-photon emission computed 
tomography (SPECT) and change in global left ventricular ejection fraction measured 
by two-dimensional echocardiograms


	Lu M et al. (2013) [53]
	China
	Phase II, randomized, double-blind, placebo-controlled clinical trial.
	2007-2009
	2
	50
	Patients will be included in the study if they are aged less than 75 years, have triple-vessel coronary artery disease (CAD), exhibit severe left ventricular dysfunction with a left ventricular ejection fraction (LVEF) of 35% or less, and have a chronic myocardial infarction (defined as occurring at least 3 months prior). Additionally, participants must demonstrate the cognitive ability to follow the study protocol, ensuring they can comply with the study requirements effectively.

	Patients will be excluded from the study if they have experienced an acute myocardial infarction (MI) within the last 3 months, have a history of cancer or blood system disorders, or possess contraindications to MRI or coronary artery bypass grafting (CABG). Additionally, those with severe mitral regurgitation or a requirement for aneurysm repair, as well as pregnant or lactating individuals, will also be excluded to ensure the safety and suitability of participants for the study.
	25
	Autologous bone marrow mononuclear cells.
	Average of 13.38±8.14×107, 4 ml into the left anterior descending artery, 3 ml into the right coronary artery, and 3 ml into the left circumflex artery.
	Direct injection into coronary arteries through bypass grafts
	Aspirin, Clopidogrel, β-Blockers, Statins, Calcium Channel Blockers (CCBs), and diuretics.
	Not specific
	25
	CABG + standard post-CABG therapy
	Not mentioned 
	3
	12 months
	Changes in left ventricular ejection fraction


	Bartunek et al. (2013) [54]
	Belgium, Serbia, and Switzerland
	Prospective, randomized, open, and parallel 2-arm study
	January 2009 - January 2012.
	3
	62
	Patients will be included in the study if they are aged 18 to less than 75 years, have heart failure classified as NYHA class II or III, with a left ventricular ejection fraction (LVEF) greater than 15% and less than or equal to 40% as determined by echocardiography. They must also have ischemic heart disease and an identifiable area of transmural scar within the left ventricle on echocardiography. Additionally, participants should have been on an optimal and stable standard of care pharmacological and device therapy for at least 2 months, have a prior implantable cardioverter-defibrillator (ICD) or be willing and able to undergo ICD implantation. They must agree to comply with all follow-up evaluations and provide written informed consent after being informed about the nature of the clinical trial.

	Patients will be excluded from the study if they have undergone myocardial revascularization by PCI or CABG within the last 2 months, experienced an MI within the same timeframe, or are planned for any cardiac surgery. Other exclusion criteria include having a biventricular pacemaker placed within the last 6 months, moderate to severe aortic valve heart disease, significant mitral valve insufficiency (ERO > 0.2 cm²), left ventricular thrombus, aneurysm requiring surgical intervention, ventricular wall thickness of ≤ 5 mm in the target territory, high-grade atrioventricular block, sustained ventricular tachyarrhythmias, hemodynamically significant congenital heart disorders, clinical evidence of infection or active malignancy, chronic kidney dysfunction (serum creatinine > 2.5 mg/dL), severe allergies to contrast agents or penicillin, atherosclerosis or arterial tortuosity affecting catheter passage, chronic immunosuppressive therapy, history of bone marrow or organ transplantation, multisystem disease, being a woman of childbearing potential, life expectancy under 1 year from non-heart failure causes, BMI > 40, history of substance abuse, surgical or medical safety contraindications, or current participation in another clinical trial.

	21
	Autologous bone marrow-derived cardiopoietic mesenchymal stem cells.
	733 x 10^6
	9 to 26 injections in 4.5 to 12.7 ml
	Endomyocardial injection guided by electromechanical mapping.
	beta-blockers, ACE inhibitors or ARBs, diuretics, antiplatelet agents, statins, hypoglycemic agents, antiarrhythmic drugs, calcium antagonists, and nitrates or molsidomine.
	Not specific 
	24
	CABG + beta-blockers, ACE inhibitors or ARBs, diuretics, antiplatelet agents, statins, hypoglycemic agents, antiarrhythmic drugs, calcium antagonists, and nitrates or molsidomine
	Not mentioned 
	2
	6 and 24 months 
	Echocardiography, 6-minute walk, Minnesota Living with Heart Failure 
Questionnaire

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Hu et al. (2011) [55]
	China 
	A Single-Center, Randomized, Double-Blind, Placebo-Controlled Clinical Trial

	2007-2009
	2
	60
	Patients will be included in the study if they have coronary disease and are undergoing coronary artery bypass grafting (CABG), with at least 3 months since their last episode of myocardial infarction. Inclusion criteria also require patients to fulfill one of the following: evidence of reversible myocardial ischemia as revealed by SPECT, an ejection fraction between 40% and 50%, and ages between 18 and 70 years. Additionally, patients must be able to provide written informed consent and have a negative pregnancy test if they are of childbearing potential.
	Patients will be excluded from the study for any of the following reasons: sustained ventricular tachycardia on a 24-hour ECG, chronic atrial fibrillation, less than 3 months since the last cerebral infarction, presence of a malignant tumor, chronic rheumatoid arthritis, a history of severe allergic reactions, hematological diseases (such as leukemia or myelodysplastic syndromes), current or past interstitial pneumonitis, leukocyte counts below 4,000/µL or above 10,000/µL, platelet counts below 100,000/µL, hemoglobin levels below 10 g/dL, AST or ALT exceeding 100 IU/L, inability to perform cardiac MRI, and pregnancy or nursing status in females, including those who may become pregnant during the study. Additionally, any other reasons deemed unsuitable by Clinical Supervisors or Researchers will also warrant exclusion.

	31
	Marrow Stem Cell Therapy combined CABG

	A single intracoronary infusion of BMCs 2.6 × 10⁹ BMCs 

	Patients received standard post-infarction medical therapy, including  aspirin, beta-blockers, ACE inhibitors, and statins.

	2.6 × 10⁹
	29
	placebo
	Not mentioned 
	3
	6 months
	Changes in left ventricular ejection fraction


	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Perin et al. (2011) [30]                                
	US
	Phase I/II, randomized, single-blind, controlled trial

	2004–2007

	3
	30
	Ischemic heart failure (HF), functional class III/IV angina, reversible perfusion defect, LVEF <40%, MVO₂ <21 mL/kg/min
	Cancer, severe comorbidities, ventricular dysrhythmias, left ventricular aneurysm, Previous MI at the same location 
	20
	Autologous bone marrow mononuclear cells (ABMMNCs)

	3 × 10⁷ cells per patient

	Single transendocardial injection

	Transendocardial injection into viable myocardium

	Standard heart failure medications(beta-blockers, ACE inhibitors, ARBs, statins)


	3 × 10⁷  cells in 3 mL saline


	10
	placebo
	Standard post-heart failure therapy

	6 months 
	2 weeks, 3, and 6 months
	Safety, myocardial oxygen consumption (MVO₂), echocardiography, SPECT imaging,
 quality-of-life scores


	Hare et al. (2009) [56]
	US
	Phase I, randomized, double-blind, placebo-controlled, dose-escalation trial

	2005–2006

	1
	53

	First myocardial infarction, LVEF ≤60%, patent infarct-related artery, stable hemodynamics

	Need for CABG, severe valvular disease, anticipated further revascularization, arrhythmias

	35

	Allogeneic human mesenchymal stem cells (hMSCs)

	0.5, 1.6, or 5 million cells/kg

	Single intravenous infusion

	Intravenous infusion

	Standard post-MI medications

	5 million cells/kg

	18

	placebo
	Standard post-heart failure therapy

	6 months
	3,6, and 12 months
	Safety, LVEF (measured by MRI & echocardiography), arrhythmia incidence, pulmonary function, patient-reported symptom scores


	Ripa et al. (2006) [57]
	Denmark

	Randomized, double-blind, placebo-controlled trial

	June 2003- January 2005
	One year and seven months
	78

	First-time ST-elevation myocardial infarction (STEMI), PCI within 12 hours of symptom onset

	Prior MI, previous heart failure, severe valvular disease, poor general health

	39

	Bone marrow-derived mesenchymal stem cells

	4.9 × 10¹¹ mesenchymal stem cells

	Subcutaneous G-CSF injection for 6 days

	Systemic mobilization via G-CSF

	Standard AMI treatment

	Not specific 
	39

	placebo

	Standard post-AMI therapy

	6 months

	4,7, 28 days, and 12 months

	Left ventricular function


	Wollert et al. (2004) [16]
	Germany
	Double-blind, placebo-controlled, randomized trial
	January 2002 – May 2003

	One year and four months
	60

	· Patients admitted within 5 days of symptoms of the first ST-segment elevation myocardial infarction (STEMI)
· Successful percutaneous coronary intervention (PCI) with stent implantation
· Hypokinesia or akinesia involving more than two-thirds of the left ventricle (as shown by angiography)

	· Multivessel coronary artery disease
· Pulmonary edema
· Cariogenic shock
· Advanced renal or hepatic dysfunction
· Terminal illness or cancer

	30
	Autologous bone-marrow cells

	24.6 × 10⁸ nucleated cells

	Single infusion 4.8 days after PCI

	Intracoronary via balloon catheter during temporary blood flow occlusion

	Standard post-PCI medications: aspirin, clopidogrel, ACE inhibitors, beta-blockers, statins

	24.6 × 10⁸
	30
	Placebo 
	Same as add-on therapy

	6 months 
	6 months
	Change in global left-ventricular ejection fraction (LVEF) 


	Chen SL et al. (2004) [58]
	China

	Double-blind, placebo-controlled, randomized trial
	2002 – May 2003

	6 months  
	69

	· Age ≤70 years
· Acute Myocardial Infarction (AMI) within 12 hours of symptom onset
· No cardiac shock or cardiac block
· Stable hemodynamics
· No severe comorbidities

	· Severe comorbidities
· Cardiac shock or block
· Hemodynamic instability

	34

	Bone Marrow Mesenchymal Stem Cells (BMSCs)

	6 mL of BMSC suspension (8–10 × 10⁹ cells/mL)

	Single intracoronary injection

	Intracoronary via an inflated balloon catheter

	Standard post-PCI care, including antiplatelet and anticoagulant therapy

	6 mL per patient

	35

	Placebo 
	Standard post-AMI medications

	6 months

	3 and 6 months
	· Left ventricular function (ejection fraction, end-systolic volume)
· Infarct size reduction (PET imaging, electromechanical mapping)
· Wall motion velocity improvement
· Incidence of arrhythmias (ECG monitoring)
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