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Purpose: The purpose of this study is to evaluate the therapeutic efficacy and safety of stem 

cells for the treatment of patients with ST-segment elevation myocardial infarction (STEMI).

Materials and methods: We performed a systematic review and meta-analysis of relevant 

published clinical studies. A computerized search was conducted for randomized controlled 

trials of stem cell therapy for STEMI.

Results: Twenty-eight randomized controlled trials with a total of 1,938 STEMI patients 

were included in the present meta-analysis. Stem cell therapy resulted in an improvement in 

long-term (12 months) left ventricular ejection fraction of 3.15% (95% confidence interval 

1.01–5.29, P0.01). The 3-month to 4-month, 6-month, and 12-month left ventricular end-

systolic volume showed favorable results in the stem cell therapy group compared with the 

control group (P0.05). Significant decrease was also observed in left ventricular end-diastolic 

volume after 3-month to 4-month and 12-month follow-up compared with controls (P0.05). 

Wall mean score index was reduced significantly in stem cell therapy group when compared 

with the control group at 6-month and 12-month follow-up (P=0.01). Moreover, our analysis 

showed a significant change of 12-month infarct size decrease in STEMI patients treated with 

stem cells compared with controls (P0.01). In addition, no significant difference was found 

between treatment group and control in adverse reactions (P0.05).

Conclusion: Overall, stem cell therapy is efficacious in the treatment of patients with STEMI, 

with low rates of adverse events compared with control group patients.

Keywords: ST-segment elevation myocardial infarction, bone marrow mononuclear cells, 

hematopoietic stem cells, endothelial progenitor cells, mesenchymal stem cells, meta-analysis

Introduction
Acute myocardial infarction (AMI) remains the leading cause of disability and mortality 

throughout the world, despite substantial advances in therapeutic approaches, includ-

ing pharmacotherapy, percutaneous coronary intervention, device-based therapies, 

and cardiac transplantation.1–4 Usually, heart failure is largely caused by ischemic 

heart disease.5 AMI leads to regional ischemia and subsequent myocardial tissue 

necrosis. AMI is generally caused by the formation of a blockage in the coronary 

arteries supplying blood to the heart, which is primarily due to the unstable buildup 

of cholesterol, leukocytes, and fat.6,7 AMI is further divided into two subclasses, 

ST-segment elevation myocardial infarction (STEMI) and non-ST-segment eleva-

tion myocardial infarction (NSTEMI). STEMI accounted for roughly 25%–40% of 

AMI and is known as a combination of symptoms including a typical ischemic chest 

pain that persists for 20 minutes and elevated serum myocardial necrosis marker 
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concentrations, as well as a typical class of ST-segment 

elevation on the electrocardiogram.8–10 Currently, more 

effective treatments are strongly required to be explored, due 

to the high mortality and disability rate in STEMI patients. 

Application of stem cell therapy has opened a new chapter for 

ischemic heart disease treatment. Various methods of stem 

cells have been used to treat STEMI patients in recent years, 

including clinical setting, cell type, the route, and timing of 

cell delivery.11–14 Stem cell therapy is confirmed to be safe, 

although the efficacy remains controversial.

Stem cells used in clinical trials can be roughly divided into 

four categories: bone marrow mononuclear cells (BM-MNCs), 

hematopoietic stem cells (HSCs), endothelial progenitor 

cells (EPCs), and mesenchymal stem cells (MSCs).11–15 

ClinicalTrials.gov lists 25 registered trials on STEMI with 

the keywords of “stem cells” and “STEMI” until January 4,  

2016: one in Phase I, 15 in Phase II, eight in Phase III, and 

one in Phase IV (https://www.ClinicalTrials.gov),16 14 trials 

among them have been completed. Recently, the most trend-

ing type of stem cells used for STEMI are bone marrow-

derived cells (BMCs).11–15 BMCs contain multiple cluster 

of stem cells, including HSCs, EPCs, and MSCs. In July 

2011, Hearticellgram-AMI (FCB-Pharmicell, Seongnam, 

South Korea) was approved by the Korean Food and Drug 

Administration for the treatment of AMI, and MSCs were 

the main ingredient of this drug.

In this study, we performed a systematic review and meta-

analysis of randomized controlled trials (RCTs) to assess the 

efficacy and safety of stem cell therapy in the treatment of 

patients with STEMI. The aim was to evaluate the clinical 

response to stem cell therapy by assessing left ventricular 

ejection fraction (LVEF), left ventricular end-systolic volume 

(LVESV) and left ventricular end-systolic volume index 

(LVESVI), left ventricular end-diastolic volume (LVEDV) 

and left ventricular end-diastolic volume index (LVEDVI), 

wall mean score index (WMSI), infarct size (IS), and adverse 

events (AEs).

Materials and methods
Search strategy, study design, and 
eligibility criteria
Randomized controlled clinical trials were identified by 

searching PubMed, EMBASE, the Cochrane Center Register 

of Controlled Trials, the Central medical literature, the 

Wangfang Database and China Journal Net, and the China 

Science and Technology Periodical Database from 1966 to 

February 2016. The search strategy included the keywords 

(“bone marrow mononuclear cells” OR “mesenchymal 

stem cells” OR “haemopoietic stem cells” OR “endothelial 

progenitor cells” OR “stem cells”) AND (“ST-segment 

elevation myocardial infarction” OR “STEMI”) AND 

“randomized controlled trial” without language limitation. 

The registered trials with publication citations were displayed 

at the bottom of the “full-text view” tab of a study record, 

under the “more information” heading. All retrieved articles 

were checked by the relevant review papers, previously 

published trials, and postgraduate articles. We also searched 

ClinicalTrials.gov website for the information of ongoing 

trials. The studies on animals and cell lines, case reports, 

investigating multiple types of AMI, no details of patients, 

and not RCTs were excluded.

Data selection criteria and quality 
assessment
Study selection and data extraction were performed inde-

pendently by two reviewers (Rong Li and Xiao-Ming Li) 

using a standardized approach and according to the quality 

of reporting of meta-analyses (QUOROM) recommenda-

tions. Studies were eligible for inclusion if 1) they published, 

prospective, RCTs in human BM-MNCs or MSCs or HSCs 

or EPC transplantation therapy for STEMI patients, 2) the 

data of LVEF were reported both prior to therapy and at the 

end of the study, 3) they enrolled six or more patients in each 

group, and 4) the dose of BM-MNCs is between 107 and 108; 

the dose of MSCs, HSCs, and EPCs should be 106. The 

exclusion criteria were 1) studies with inadequate key back-

ground data of patients and 2) ongoing or unpublished studies 

and duplicate reports. Study features extracted included the 

first author’s name, country and year of publication, the 

phase of clinical trial, trial identifier, number of patients, 

sample size per arm, mean patient age, time from STEMI to 

cell delivery, the kinds of stem cells, cell dose and route of 

administration, and myocardial function measurement. Any 

data that could not be directly obtained from the articles were 

calculated from the graphed data using Adobe Illustrator 

and Photoshop.

Definition of outcome measures
LVEF improvement was defined as the mean change in 

the LVEF from baseline. LVESV, LVESVI, LVEDV, and 

LVEDVI reduction were defined as the mean changes in the 

LVESV, LVESVI, LVEDV, and LVEDVI from baseline, 

respectively. WMSI and IS reduction were defined as the 

mean changes in the WMSI and IS from baseline, respec-

tively. The primary end points were absolute change in global 

LVEF, LVESV, and LVESVI from baseline. Secondary end 
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points included changes in LVEDV, LVEDVI, WMSI, 

IS, and AEs. Short-term (3–4 months and 6 months) and 

long-term (12  months) data were separately analyzed 

for each group.

Statistical analysis
In this meta-analysis, we compared the stem cell treatment 

groups from the trials with their respective control groups 

using Review Manager (Version 5.0, Nordic Cochrane Centre, 

Copenhagen, Denmark). The stem cell treatment effects were 

reflected by the weighted mean differences (WMDs) and odds 

ratios with 95% confidence intervals (CIs). Fixed- and random-

effect models were used to estimate stem cell treatment effects. 

Heterogeneity among the trials was assessed with the χ2-based 

Q-test and the I2 statistic, and I250% was considered to indi-

cate a high level of heterogeneity. A random-effect model was 

used when statistical heterogeneity was confirmed; otherwise, 

a fixed-effect model was used. P0.05 was considered to be 

statistically significant in all analysis, and all reported P-values 

resulted from two-sided version tests of the respective tests. 

To assess the possibility of publication bias, Egger’s test and 

Begg’s test were used (Stata Version 12.0; Stata Corporation, 

College Station, TX, USA).

Results
Trial selection
The data search yielded 101 references, 51 of which were 

excluded for various reasons (21 review articles, seven full 

texts were not available, four animal models or in vitro 

experiments, six case reports, and 13 due to multiple publica-

tion). An additional 50 studies were excluded because they 

were published in other languages, did not provide detailed-

enough clinical data, or were not RCTs. Finally, 28 trials 

met the specified inclusion criteria.17–44 Figure 1 provides a 

flowchart illustrating the search results and mechanisms of 

exclusion for certain studies. The funnel plots for the analyses 

regarding AEs were largely symmetrical (Figure S1). Both 

Begg’s test and Egger’s test showed no clear evidence of 

publication bias (P0.05). Thus, publication bias did not 

seem to be present in our study.

Baseline patient characteristics
The baseline characteristics of the patients in the 28 selected 

publications are listed in Table 1. The trials involved a 

total of 1,938 patients with STEMI. All of the 28 papers 

were fully published over the period from 2006 to 2015. 

Sample size ranged from a minimum of 12 to a maximum 

• 
• 
• 
• 
• 

• 
• 
• 

Figure 1 Flow diagram showing the study identification, screening, and inclusion process.
Abbreviation: RCT, randomized controlled trial.
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of 204 patients. The percentage of male study participants 

ranged from 55% to 93%. Time from STEMI to cell delivery 

ranged from 1 day to 24 days. The average ages of enrolled 

patients were between 50.7 years and 62 years. In all of the 

trials, stem cell therapy was evaluated in STEMI patients 

with BM-MNCs in 22 studies,17–38 HSCs in two studies,38,39 

EPCs in one study,40 and bone marrow mesenchymal stem 

cells (BMSCs) in four studies.41–44 The number of stem cells 

injected ranged from 2.9×106 to 5×108. The routes of stem 

cells injection used were all intracoronary injection, which 

is the most promising way of transplantation.

Left ventricular ejection fraction
Three to 4 months LVEF
Information on the 3-month to 4-month LVEF improvement-

based SPECT was available from seven trials.22,25,26,28,31,33,34 

These seven trials contained a total of 423 patients, of whom 

230 patients received stem cell treatment, and 193 control 

patients did not receive stem cell therapy. The WMD 

of changes in LVEF (%) of patients receiving stem cell 

treatment was a no-significant increase of −0.11% (95% 

CI −2.03–1.82, P0.05, I2=70%) compared with that of the 

controls (Figure 2A). In five studies that reported 3-month 

to 4-month LVEF-based echocardiography (echo), the 

WMD of changes in LVEF was 2.76% (95% CI 0.90–4.62, 

P0.01). And the corresponding I2 was 67% (Figure 2B). 

In two studies20,35 that reported 3-month to 4-month LVEF-

based magnetic resonance imaging (MRI), the WMD of 

changes in LVEF was 2.02% (95% CI 0.71–3.32, P=0.002, 

I2=0%; Figure 2C).

Six-month LVEF
Information on the 6-month LVEF improvement-based 

SPECT was available from seven trials,17,25,26,30,31,37,39 

including a total of 273 patients (149 of whom received stem 

cell treatment; Figure 2). The WMD of changes in LVEF (%) 

of patients receiving stem cell treatment was a no-significant 

increase of 2.91% (95% CI −0.15–5.96, P0.05, I2=80%) 

compared with that of the control group. In nine studies that 

reported 6-month LVEF-based echo, the WMD of changes 

Figure 2 (Continued)
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in LVEF was 2.58% (95% CI 1.27–3.90, P0.01, I2=78%). 

Three studies17,19,32 measured LVEF with MRI at 6 months. 

Pooled analysis of these data did not show a significant 

improvement in STEMI patients receiving stem cell therapy 

(WMD 0.11, 95% CI −6.58–6.80, P0.05, I2=86%).

Twelve-month LVEF
Information on the 12-month LVEF improvement-based 

SPECT was available from five trials,25,30,31,36,37 which con-

tained a total of 184 patients (100 of whom received stem 

cell treatment; Figure 2). Stem cell therapy led to 12-month 

Figure 2 Forest plots of weighted mean difference, with 95% CI in LVEF in patients undergoing stem cell therapy and controls.
Notes: (A) LVEF-based SPECT, (B) LVEF-based echo, and (C) LVEF-based MRI. Random-effect models (Mantel–Haenszel method) were used. Each trial is represented by 
a square, and the size of the square is proportional to the information in that trial. The ends of the horizontal bars denote 95% CIs. Black diamond gives the overall results 
of all trials.
Abbreviations: CI, confidence interval; echo, echocardiography; IV, inverse variance; LVEF, left ventricular ejection fraction; MRI, magnetic resonance imaging; SPECT, 
single-photon-emission computed tomography.
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LVEF of 4.51% improvement (95% CI 2.36–6.66, P0.01, 

I2=67%) in STEMI patients. Three studies27,29,44 measured 

LVEF with echo at 12  months. Pooled analysis of these 

data showed a significant improvement in STEMI patients 

receiving stem cell therapy (WMD 3.15, 95% CI 1.01–5.29, 

P0.01, I2=89%; Figure 2).

Left ventricular end-systolic volume and 
left ventricular end-systolic volume index
WMD of changes in LVESV and LVESVI at 3–4 months 

was −6.42 mL (95% CI −11.34 to −1.49, P=0.01, I2=80%) 

and −1.70  mL (95% CI −5.18–1.78, P0.05, I2=0%). 

In nine trials that reported 6-month outcomes, the WMD of 

changes in LVESV was −3.78 mL (95% CI −7.50 to −0.07, 

P=0.05, I2=92%).24,25,29–32,37,38,44 In two studies that reported 

6-month outcomes, the WMD of changes in LVESVI 

was −2.56 mL (95% CI −8.58–3.46, P0.05, I2=0%).19,39 

Information on the 12-month LVESV was available form 

eight trials.25,27,29–31,36,37,44 These eight trials contained a total 

of 363 patients (187 of whom received stem cell treatment 

and 176 controls who did not receive). The WMD of changes 

in LVESV was −8.50 mL (95% CI −13.30 to −3.70, P0.01, 

I2=91%; Figure 3).

Left ventricular end-diastolic volume 
and left ventricular end-diastolic volume 
index
WMD of changes in LVEDV and LVEDVI at 3–4 months 

was −6.61 mL (95% CI −12.54 to −0.69, P=0.03, I2=76%) 

and −2.03  mL (95% CI −6.03–1.96, P0.05, I2=0%). 

Figure 3 (Continued)
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In ten trials that reported 6-month outcomes, the WMD of 

changes in LVEDV was −2.75  mL (95% CI −6.58–1.08, 

P0.05, I2=86%).17,24,25,29–32,37,38,44 In two studies that reported 

6-month outcomes, the WMD of changes in LVEDVI was 

2.71  mL (95% CI −5.18–10.59, P0.05, I2=43%).19,39 

Information on the 12-month LVEDV was available form 

nine trials.17,25,27,29–31,36,37,44 These trials included a total of 

452 patients (232 of whom received stem cell treatment and 

220 controls who did not receive). The WMD of changes in 

LVEDV was −5.39 mL (95% CI −9.71 to −1.06, P=0.01, 

I2=79%; Figure 4).

Wall mean score index
Pooled analysis of three trials with measurement of 3-month 

to 4-month WMSI did not show statistic significance with 

stem cell treatment patients compared with the controls, and 

the WMD of WMSI changes was −0.02 (95% CI −0.14–0.10, 

P0.05, I2=71%). Pooled analysis was also performed on six 

trials at 6 months.29,31,37,39,43,44 The WMD of WMSI changes 

was statistically significant, which was −0.03 (95% CI −0.05 

to −0.01, P=0.01, I2=12%). Information on the 12-month 

WMSI improvement was available from five studies,29,31,36,37,44 

which included a total of 245 patients (128 of whom received 

stem cell treatment; Figure 5). And the WMD of WMSI 

changes was statistically significant, which was −0.04 (95% 

CI −0.06 to −0.01, P=0.01, I2=24%).

Infarct size
Pooled analysis of three trials with measurement of 3-month to 

4-month IS did not show statistical significance with stem cell 

treatment patients compared with controls, and the WMD of 

IS changes was −0.03 (95% CI −0.24–0.19, P0.05, I2=0%). 

Pooled analysis was performed on four trials at 6 months. 

The WMD of IS changes was not statistically significant, 

which was −0.56 (95% CI −2.88–1.77, P0.05, I2=72%). 

Information on the 12-month IS improvement was available 

from three trials,29,30,36 which included a total of 160 patients 

(79 of whom received stem cell treatment). And the WMD 

of IS changes was statistically significant, which was −2.22 

(95% CI −3.28 to −1.15, P0.01, I2=0%; Figure 6).

Toxicity and adverse reactions
The AEs of patients were summarized in Table 2, includ-

ing death,20,32–38 cardiac death,33,40 reinfarction,20,32–36,38,40 

rehospitalization for heart failure (HF),20,32–37 target-vessel 

revascularization,20,32,35,37 stent thrombosis,20,33,37,40 stroke,34,37,38 

and artythmia.20,33,36 Because some side effects occurred less 

frequently, we analyzed only the common adverse effects 

in this meta-analysis. No significant differences were found 

in the rates of AEs between stem cell treatment and control 

groups (Table 2 and Figure S2).

Discussion
Each year, ~17 million people die from cardiovascular 

diseases worldwide, more than half of which are due to 

AMI.1,3,45 Traditional revascularization and drug treat-

ment are used currently to prevent the deterioration of 

cardiac function that emerged after AMI, while the effects 

were limited. Hence, how to make the damaged myocar-

dium cell regeneration becomes the urgent problem to be 

Figure 3 Forest plots of WMD with 95% CI in patients undergoing stem cell therapy and controls in LVESV (A) and LVESVI (B).
Note: Random- and fixed-effect models were used.
Abbreviations: WMD, weighted mean difference; CI, confidence interval; IV, inverse variance; LVESV, left ventricular end-systolic volume; LVESVI, left ventricular end-
systolic volume Index.
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Figure 4 Forest plots of WMD with 95% CI in patients undergoing with stem cell therapy and controls in LVEDV (A) and LVEDVI (B).
Note: Random- and fixed-effect models were used.
Abbreviations: WMD, weighted mean difference; CI, confidence interval; IV, inverse variance; LVEDV, left ventricular end-diastolic volume; LVEDVI, left ventricular end-
diastolic volume index.
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τ χ
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τ χ

Figure 5 Effect of stem cell treatment on WMSI.
Note: Random-effect models were used.
Abbreviations: CI, confidence interval; IV, inverse variance; WMSI, wall mean score index.

solved recently. Stem cell-based therapies seem to be one of 

the most promising solutions. If the transplanted stem cells 

could successfully differentiate into myocardial cells and 

had the contractility of cardiac muscle fibers, which then 

could improve the heart function for AMI patients.45–47 Trans-

planted stem cells secrete various cytokines, growth factors 

and vascular endothelial growth factors, thereby promoting 

the proliferation of cells and the regeneration of vascular.48,49 

In addition, the expression of heat shock protein 32 and heat 

shock protein 70 is also increased by the transplanted stem 

cells, which could promote the recovery of cardiac muscle 

cell function.50 Our systemic review assessed the efficacy 

and safety of the stem cell treatment application in STEMI 

patients in multicountry based on the analysis of LVEF, 

LVESV, LVESVI, LVEDV, LVEDVI, WMSI, IS, and AEs. 

In this study, data indicate the significant improvement in 

LVEF, LVESV, LVEDV, WMSI, and IS after stem cell 

treatment, whereas there was no significant improvement 

in LVESVI and LVEDVI after stem cell transplantation 

compared with the controls.

Several important findings were revealed in this meta-

analysis. We first demonstrated that stem cell therapy could 

significantly increase the 12-month LVEF (based SPECT); 

the 3-month to 4-month, 6-month, and 12-month LVEF 

(based echo); and the 3-month to 4-month LVEF (based 

MRI) in STEMI patients compared with the control group 

(P0.01; Figure 2). No significant increase was found in 

6-month LVEF (based MRI; P=0.97). Only the positive 

trend was proved to be existed. Currently, the use of MRI 

to detect LVEF is considered as the gold standard.51,52 In this 

analysis, 46.4% of all trials use echo, while only 17.9% of 

all trials use MRI. Our logistic regression results showed 

that stem cell therapy could significantly increase long-term 

(12 months) LVEF (3.15%) in STEMI patients. The effects 

of stem cell therapy on short-term (3 months to 4 months 

and 6 months) LVEF still need to be incorporated into larger 

number of patients.

Second, the 3-month to 4-month, 6-month, and 12-month 

LVESV showed favorable results in the stem cell therapy 

group compared with the control group (P0.05, Figure 3). 
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τ χ
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Figure 6 Effect of stem cell treatment on IS.
Note: Random-effect models were used.
Abbreviations: CI, confidence interval; IV, inverse variance; IS, infarct size.

Table 2 Pooled adverse outcome data

Outcome Studies  
reporting

Events stem  
cell treatment

Events  
control

Odds ratio 95% CI P-value

Death
3–6 months 9 9/556 6/455 1.25 0.49–3.14 0.64
12–18 months 3 2/142 7/148 0.33 0.08–1.40 0.13

Cardiac death
3–6 months 2 4/102 3/99 1.30 0.28–5.95 0.74

Reinfarction
3–6 months 9 11/595 15/491 0.61 0.30–1.25 0.17
12–18 months 2 2/131 5/134 0.68 0.01–39.75 0.85

HF hospitalization
3–6 months 7 6/396 9/375 0.69 0.27–1.79 0.45
12–18 months 3 6/142 6/148 1.15 0.14–9.29 0.90

Target-vessel revascularization
3–6 months 5 20/275 27/261 0.69 0.38–1.28 0.24
12–18 months 2 16/112 24/117 0.62 0.31–1.25 0.18

Stent thrombosis
3–6 months 4 5/214 5/216 0.98 0.29–3.26 0.97
12–18 months 2 1/112 3/117 0.33 0.03–3.26 0.34

Stroke
3–6 months 4 0/240 0/159 – – –

Arrhythmia
3–6 months 2 6/153 6/152 0.99 0.31–3.15 0.99
12–18 months 2 11/131 11/134 1.03 0.42–2.53 0.95

Abbreviations: CI, confidence interval; HF, rehospitalization for heart failure.
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LVEDV also significantly decreased at 3-month to 4-month 

and 12-month follow-up compared with the controls 

(P0.05, Figure 4). LVESV and LVEDV are two surrogate 

markers for left ventricular adverse remodeling. No signifi-

cant increase was found in LVESVI and LVEDVI (P0.05), 

and only the positive trend was proved to be existed. 

Mechanistically, ventricular enlargement is mainly due to 

the suddenly increased loading conditions after AMI, which 

leads to a series of reparative changes including the expan-

sion of ventricle after programmed cell death, the formation 

of discrete collagen scars, and the myocardial hypertrophy 

in noninfarct area.29 Therefore, logistic regression helps 

us to conclude that stem cell treatment significantly limits 

LVESV increase and averts progressive LVEDV expansion 

in STEMI patients.

Furthermore, as one of the secondary end points, our 

analysis showed significant reduction in 6-month WMSI and 

12-month WMSI in STEMI patients treated with stem cells 

compared with controls. WMSI serves as a well-characteristic 

indicator for the local systolic function of the heart. Tao et al 

reported that MSC could significantly decrease the WMSI in 

animals 10 weeks after AMI.53 Santoso et al54 also reported 

that the 3-month WMSI was decreased significantly from 

1.57 at baseline to 1.37 after peripheral blood stem cell 

treatment. Stem cell therapy did not significantly decrease 

3-month to 4-month WMSI in our meta-analysis (P0.05). 

This result might be due to the sparse number of patients 

counted in this study. Thereby, we have concluded based 

on logistic regression that stem cell therapy has a significant 

effect on WMSI (both long term and short term) in patients 

with STEMI.

In addition, our analysis showed a significant change in 

12-month IS, which decreased in STEMI patients with the 

treatment of stem cells compared with controls. Changes in IS 

are commonly used to quantify the left ventricular function. 

Recently, research by Chen et al55 on EPCs transplantation in 

AMI reported that after AMI, the expression of endothelial 

nitric oxide synthases was beneficial to deterioration pre-

vention, infarcted size reduction, and the improvement in 

heart function by promoting the formation of blood vessels. 

In another trial, the decrease of IS in repeated BM-MNCs 

administration group was more significant than in single 

BM-MNCs administration control group. This finding sug-

gests that the number and frequency of cell transplantation 

may play a key role in therapeutic efficacy to AMI patients.30 

In the trial of Cao et al,29 the BM-MNC therapy did not further 

improve the myocardial viability of the infarcted area as 

assessed by SPECT 4 years after transplantation. Thus, the 

effects of stem cell therapy on IS still need to be incorporated 

into larger number of patients and longer follow-up.

Although great results were received in both AMI animal 

models and clinical studies using stem cell transplantation 

treatment, there are still some problems that need to be 

explored and settled in the future. First, what kinds of cell 

types are suitable for cell transplantation? At present, bone 

marrow-derived stem cell usage, which took up to 80% of the 

total stem cell therapy trials for AMI patients. Bone marrow-

derived stem cell is a group of hybrid cells, mainly including 

BM-MNCs, HSCs, BMSCs, etc. BM-MNCs have their own 

advantages, such as large reserves and simple separation 

process; however, the inflammatory reaction aggravation of 

myocardium by mixing a large number of white blood cells 

limits its performance. We believe that the higher purity of 

stem cells, the better treatment effect will be achieved.56,57 

Second, the “NICH” that guarantee stem cells differentiate 

into cardiomyocytes? Microenvironment (named “NICH”) is 

believed to affect stem cell differentiation, but the regulation 

mechanism of stem cell differentiation into cardiomyocytes 

remains unclear. Furthermore, the best timing for stem cell 

transplantation is also a critical point to be taken into account. 

The period of heart inflammation peaks 1–3 days after AMI, 

which might reduce the survival of the transplanted stem 

cells. The vessel wall in the infarct area forms ~20  days 

later after AMI, preventing the migration of transplanted 

stem cells. The secretion of growth factors such as vascular 

endothelial growth factor reaches its highest level on the 

seventh day after AMI. Hence, the best time point for stem 

cell transplantation is ~1 week after AMI.17,25–27,33

In summary, our meta-analysis demonstrates that stem 

cell therapy post-STEMI results in significant improvements 

in LVEF, LVESV, LVEDV, WMSI, and IS for STEMI 

patients with low rates of side effects.

Limitations
Although this meta-analysis showed that stem cells therapy 

is effective for STEMI patients, it also has certain con-

traindications. The 28 clinical trials in this systemic review 

were conducted in 13 countries, and not all trials were 

multicenter clinical research, so the results could not be 

extended to all STEMI patients around the world. Other 

factors might affect the outcome of this analysis, such as 

the total sample size, the follow-up time, and the process 

of stem cells transplantation. Second, some good efficacy 

clinical trials were excluded because they were not RCTs 

or for other reasons. So the effectiveness of the stem cells 

therapy might be underestimated. In addition, it should be 
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stressed the conclusions of this meta-analysis are confirmed 

only to BM-MNCs, HSCs, EPCs, and BMSCs transfer after 

STEMI. The effectiveness of other stem cell types remains to 

be studied. Thus, future better design randomized multicenter 

clinical trials are required to develop and maximize the clini-

cal potential of stem cell therapy.

Future perspectives
In the near future, stem cell therapy could potentially offer 

substantial benefits for STEMI patients. But before that, 

there are still many issues regarding the methodology of 

transplanting cells, treatment mechanism, and safety, which 

need to be solved. First, we need to definitively address the 

precise molecules and pathways, including microenviron-

ment improvement and cell homing. Furthermore, we still 

need to identify the best cell types, explore the best cell 

culture condition and number, choose the best cell infusion 

method, and select the most appropriate outcome measures 

for stem cell therapy. In addition, we also need to select the 

ideal target patients. At last, with the continuous progress 

that is being made in biotechnology, the future stem cell 

therapy for heart disease patients will move toward indi-

vidualized treatment.

Conclusion
Taken together, the results suggest that stem cell therapy 

has great potential as an efficacious clinical therapy for the 

treatment of STEMI patients after percutaneous coronary 

intervention. The results of these clinical trials are very 

promising and additional studies have to be performed with 

a more rigorous, larger sample size validation before stem 

cell therapy could be used in clinical practice.
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Supplementary materials

Figure S1 A funnel plot of AEs generated by Review Manager Version 5.0.
Note: (A) 3–6 months, (B) 12–18 months.
Abbreviations: AE, adverse effect; SE, standard error; OR, odds ratio; HF, rehospitalization for heart failure.
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Figure S2 Effect of stem cell treatment on AEs.
Notes: Fixed-effect and random-effect models were used. (A) 3–6 months, (B) 12–18 months.
Abbreviations: AE, adverse effect; CI, confidence interval; HF, rehospitalization for heart failure; M–H, Mantel–Haenszel test.
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