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Abstract Bone marrow stem cells (BMSCs) have been used
to treat patient with ST-segment elevation myocardial infarc-
tion (STEMI) via intracoronary route. We performed a meta-
analysis to evaluate the short-term efficacy and safety of this
modality. Seventeen randomized controlled trials (RCTs) of
BMSC-based therapy for STEMI, delivered with 9 days of
reperfusion and followed up shorter than 12 months, were
identified by systematic review. Intracoronary BMSC therapy
resulted in an overall significant improvement in left ventric-
ular ejection fraction (LVEF) by 2.74 % (95 % confidence
interval (CI) 2.09–3.39, P<0.00001, I2=84 %) at 3–6-month
follow-up and 5.1 % (95 % CI 4.16–6.03, P<0.00001 and I2=
85 %) at 12 months. The left ventricular end-systolic volume
(LVESV) and wall motion score index (WMSI) were also
reduced at 3–6 months. At 12 months, left ventricular end-
diastolic volume (LVEDV), LVESV, and WMSI were signif-
icantly reduced in BMSC group. In conclusion, intracoronary
BMSC therapy at post-STEMI is safe and effective in patient
with acute STEMI.

Keywords Meta-analysis . Cell therapy . Stem cells . Acute
myocardial infarction

Introduction

Acute myocardial infarction (AMI) is a common presentation
of coronary artery disease which remains the number one cause
of death worldwide [1]. Usually because one of the coronary
arteries that supplies blood to the heart develops a blockage due
to an unstable buildup of leucocytes, cholesterol, and fat, AMI
leads to regional ischemia and subsequent necrosis of myocar-
dial tissues [2, 3]. AMI is classified into ST elevation MI
(STEMI) and non-ST elevation MI (NSTEMI). STEMI is the
combination of symptoms related to poor oxygenation of the
heart with elevation of the ST segments on the electrocardio-
gram followed by an increase in proteins in bloods related to
myocardial death. They make up about 25–40 % of cases [4].

The ideal therapy for myocardial infarction and ischemic
heart failure (HF), in which the primary mechanism is cardio-
myocyte loss, is to recuperate injured myocytes or regenerate
new ones. Since stem cells have the important properties of self-
regeneration and differentiation to replace lost tissues or repair
the injured vascular and cardiac cells through paracrine effects
[5–8], they have been proposed to be an ideal candidate for
regeneration of damaged myocardium [9]. Bone marrow stem
cell (BMSC) transfer is an emerging therapy for AMI patients.
However, the safety and efficacy of this approach for cardiac
repair remains controversial. Recent meta-analysis showed
intracoronary mononuclear BMSC transfer after AMI im-
proved left ventricular ejection fraction (LVEF) by 2.51 (95 %
confidence interval (CI), 1.20–3.83) at a 6-month follow-up [1,
10]. By using a random-effect meta-analysis model, we system-
atically reviewed the randomized controlled trials (RCTs) that
have studied BMSCs for the treatment of acute STEMI.

Methods

Data Source and Search Strategy We searched PubMed,
EMBASE, and the Cochrane Collaboration database till April
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2014 for available studies. The search was limited to English
language articles. The following search terms were used: bone
marrow stem cell, acute myocardial infarction. If the same study
had been published in various journals or in different years, our
analysis only selected the most recent publication. If different
experiments of multiple studies were done and published by
same group of researchers, then combined data of these studies
with same patient cohort was included in the analysis. Conse-
quently, there was no overlap in patients included in our analysis.

Study Selection We included randomized controlled studies
comparing left ventricular ejection fraction (LVEF) improve-
ment, left ventricular end-diastolic volume (LVEDV) reduction,
left ventricular end-systolic volume (LVESV), and wall mean
index score (WMIS) in patients treated with intracoronary
BMSC transfer. Inclusion criteria were (1) patients with STEM
I receiving percutaneous coronary intervention (PCI), (2) BMSC
cell dose higher than 108, (3) studies that had a less than 12-
month follow-up, and (4) sample size in BMSC transfer group
larger than 20. Exclusion criteria were (1) patients with chronic
myocardial infarction (CMI) who continued at least more than
1 month after AMI and patients with NSTEMI, (2) reviews,
editorial, and abstracts presented at a conference, and (3) dupli-
cate reports and ongoing or unpublished studies.

Data Extraction The following information was collected
for our analysis: first author and publication year [5]; baseline
characteristics (age, sex, number of patients) [11], follow-up
period, imaging modalities used to assess the endpoints, type

of cell transfused, time from the PCI to cell transfusion [12];
the primary outcome was extracted and tabulated with partic-
ular attention to LVEF, LVEDV, LVESV, and WMIS at mul-
tiple follow-up time points [13].

Methodological Quality To determine the quality of the in-
cluded studies, Guidelines in the Cochrane Handbook for
Systematic Reviews of Interventions 5.2 was used to direct
the qualitative classification of studies.

Statistical Analysis The meta-analysis was performed on the
start-time point-adjusted changes in LVEF, LVEDV, and LVESV
withBMSC therapy usingCochraneCollaborationReviewMana-
ger (version 5.2, Cochrane Collaboration, Copenhagen, Denmark)
software package. The weighted mean difference (WMD) and
95 % confidence intervals were presented as outcome data. The
P values with WMD were calculated from fixed-effect meta-ana-
lysis. Heterogeneity across studies was quantified using the I2

statistic with a scale of 0–100 % (>75 % represented very large
between-study inconsistency).We quantitatively assessed publica-
tion bias using the Begg adjusted-rank correlation test.

Results

Characteristics of Included Study We identified 173 poten-
tially relevant studies as shown in the flow diagram (Fig. 1).
Of these studies, 20 studies met the inclusion criteria. Three
additional studies were excluded. Sun et al. [14] investigated

Excluded (n=16)
Review  11
conference abstract  3
le�er  1

editorial  1

515 records iden�fied 
from Pubmed

494records iden�fied 
from EMBASE

50 full text ar�cles 
screened for eligibility

20 studies met all 
inclusion criteria

1 excluded because of trial on diabetes pa�ents.
1 excluded because of trial on comparison 
between progenitor cell therapy and BMSC 
therapy 
1 excluded because detail result s have not 
published yet. 17 studies included in the 

systema�c review and 
quan�ta�ve analysis

173  records iden�fied 
a�er duplicates removed

66  records screened based 
on �tle and abstract

Fig. 1 Flow diagram for study
selection
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the effect of autologous bone marrow mononuclear cell trans-
plantation in diabetic patients with STEMI. In this study,
the efficacy and proposed mechanism of BMSC trans-
plantation was investigated in diabetic and non-diabetic
patients with STEMI. Hamshere et al. performed a ran-
domized doub l e -b l i nd con t ro l s t udy on ea r l y
intracoronary autologous bone marrow cell infusion in
AMI (REGENERSTE-AMI trial). However, the detailed
results of this trial have not been published yet. Leistner
D et al. [15] (TOPCARE-AMI trial) investigated short-
term and long-term safety and effects of intracoronary
progenitor cell therapy compared with BMSC therapy in
AMI patients. So the above three trials were excluded in
this meta-analysis study. Thus, a total of 20 studies were
included in our systematic review, encompassing patients
between 2006 and 2013. The follow-up duration varied
between less than 6 and 12 months.

These studies recruited 1393 participants including 710
patients in the treatment arm (ranging from 40 to 204 per
study), predominately men, with a mean age of 50–
61 years, and a mean follow-up of 3–12 months including
5 studies with a 4-month follow-up [2, 16–19] and 2
studies with a 3-month follow-up [20, 21]. The included
studies based on the criteria are shown in Table 1. Of all
these trials, STEMI in these patients was diagnosed by
cardiologists at each study site by MRI, echocardiography,

and angiography and all the patients underwent PCI as a pri-
mary intervention. All patients were recruited consecutively
during the study periods. BMSCs were prepared by using
Ficoll-based methods and suspended with heparinized saline.
CD34+ cells were tested in 16 of 20 trials and CD34+ cell
numbers were from 0.6×106 to 9×106. BMSCs were intro-
duced via the intracoronary route in all studies and the dosage
ranged from 1×108 to 2.46×109. The time to BMSC transfer
from the onset of AMI ranged from 0.37 to 9 days. The base-
line ejection fraction ranged from 34.6 to 60.5 % (mean LVEF
45 %). The characteristics of the included trials are summa-
rized in Table 2.

Quantitative Findings

Pooled analysis of the 17 BMSC trials showed that at 3–
6 months of follow-up, the weighed mean difference
(WMD) of changes in LVEF (%) in patients treated with
BMSCs was a significant increase of 2.74 % (95 % CI 2.09–
3.39, P<0.00001, I2=84 %) compared with controls. In five
studies that reported 12-month outcomes, theWMDof change
in LVEF at 12 months was 5.1 % with 95 % CI 4.16–6.03;
P<0.00001 and I2=85 % (Figs. 2 and 3).

Fifteen BMSC studies measured LV volume outcomes at
3–6 months of follow-up. Pooled analysis of these data

Table 1 Included studies
Study Trial

name
Year Study size Follow-up used

in analysis
(month)

Myocardial
function
measurement

Scahinger at al 2006 [18] REPAIR-AMI 2006 204 4 Echo

Janssens et al. 2006 [2] 2006 67 4 MRi/Echo

Meyer et al. 2006 [31] BOOST 2006 60 6 MRI

Huikuri et al. 2008 [32] FINCELL 2008 40 6, 12 MRI

Meluzin et al. 2008 [20] 2008 40 3 SECT

Tendera et al. 2009 [33] REGENT
(non-
selective)

2009 120 6 MRI

Lunde et al. 2009 [34] ASTAMI 2009 100 6, 12 Echo/
SPECT/
MRI

Herbots et al. 2009 [16] 2009 67 4 MRI

Plewka et al. 2009 [35] 2009 60 6 Echo

Dill et al. 2009 [13] REPAIR-AMI 2009 54 12 MRI

Grajeck et al. 2010 [36] 2010 45 6, 12 Echo

Traverse et al. 2010 [37] Late Time 2010 40 6 MRI

Wohrle et al. 2013 [38] SCAMI 2010 42 6, 12 MRI

Hirsch et al. 2011 [17] HEBE 2011 134 4 MRI

Roncalli et al. 2011 [21] 2011 101 3 MRI, LVG

Cao et al. 2009 [11] 2009 86 6 Echo, SPECT

Surder et al. 2013 [19] SWISS-AMI 2013 133 4 Echo
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demonstrated significant reduction in LVESV with
BMSCs treatment compared with controls. Weighted
mean difference (WMD) of change in left ventricular
end-systolic volume (LVESV) was −3.92 ml (95 % CI
−5.0 to −2.85, P<0.00001, I2=62 %). However, no sta-
tistic reduction was detected in LVEDV change in BMSC
treatment with control. At 12-month follow-up, 5 trials
were pooled to analyze the LVESV and LVEDV outcome.
The WMD of change in LVESV and LVEDV demonstrat-
ed the significant reduction with BMSC treatment com-
pared with controls, which was −11.46 ml (95 % CI
−13.69 to −9.23, P<0.00001, I2=91 %) in LVESV and
−7.29 ml (95 % CI −10.19 to −4.38, P<0.00001, I2=
84 %) in LVEDV (Figs. 4, 5, and 6).

With two major imaging modalities for myocardial
function measurement (echo and MRI) in the included
trials, LVESV demonstrated significant reduction with
BMSC treatment compared with controls, which was
−2.78 ml (95 % CI −4.10 to −1.45 ml, P<0.00001, I2=
0 %) in 3–6-month follow-up with MRI. With echo mea-
surement, LVESV also showed significant reduction at 3–
6-month follow-up, which was −4.25 ml (95 % CI −6.32
to −2.19 ml, P<0.00001, I2=0 %) (Fig. 5).

Pooled analysis of 6 studies with measurement of wall
motion score index (WMSI) at less than 6-month follow-
up showed statistic significance with BMSC treatment
compared with controls, and the WMD of WMSI change
was −0.04 (95 % CI −0.06 to −0.02, P<0.00001, I2=

45 %). Pooled analysis was also performed on 4 studies
at 12-month follow-up and the WMD of change was sta-
tistically significant, which was −0.06 (95 % CI −0.10 to
−0.02, P<0.002, I2=0 %) in BMSC treatment versus
controls.

Assessment for Publication Bias

Begg’s funnel plots test was performed to test qualitative
publication bias of the studies for the primary outcome
LVEF (Fig. 3) and mortality (Figs. 7, 8, and 9). The fun-
nel plot tests for LVEF at less than 6-month follow-up and
at 12-month follow-up showed symmetry. There was no
clear evidence that the size of the trials reflect the magni-
tude of the effects. Begg’s funnel plot for mortality
showed no evidence of obvious asymmetry. Therefore,
no bias of publications was found.

Adverse Outcome Data

Reporting of adverse outcome was undertaken in most
studies assessed. However, some trials provided less de-
tail than others. Events reported include mortality, cardiac
death, re-infarction, heart failure hospitalization, revascu-
larization stent thrombosis, and in-stent restenosis. In this
analysis, we only analyzed adverse outcome for mortality;
there is no difference when comparing BMSC treatment
with control.

Table 2 Characteristics of included studies

Study/first author,
year

Mean age
(year)

Gender
(% male)

Time from AMI to
cell delivery (days)

BMSC
quantity (108)

CD34+ cell
quantity (106)

Mean baseline
LVEF (%)

G-CSF
mobilization

Scahinger at al, 2006 [18] 56 82 0.37 2.36 3.6 47.6 NO

Janssens et al., 2006 [2] 57 82 1.5 3.04 2.8 47.7 NO

Meyer et al., 2006 [31] 56 70 5.21 24.6 9.5 50.7 NO

Huikuri et al.,2008 [32] 60 88 6 4.02 2.6 60.5 NO

Meluzin et al.,2008 [20] 55 90 6.8 1 NR 40 NO

Tendera et al., 2009 [33] 56 72 7 1.78 NR 37.6 NO

Lunde et al., 2009 [34] 57 84 5–7 1 0.6 41.3 NO

Herbots et al.,2009 [16] 58 43 7 3.04 NR 55 NO

Plewka et al.,2009 [35] 56 78 7 1.44 3.06 35 NO

Dill et al., 2009 [13] 56 91 4.3 2.36 3.6 47.8 NO

Grajeck et al.,2010 [36] 50 87 6 4.1 3.89 50.5 NO

Traverse et al.,2010 [37] 54 77 4.5 1 1.6 48.9 NO

Wohrle et al.,2010 [38] 61 82 6.8 3.81 3.2 48.9 NO

Hirsch et al., 2010 [17] 56 85 6 2.96 4 43.1 NO

Roncalli et al.,2011 [21] 56 81 9 1 NR 37 NO

Cao et al. 2009 [11] 51 93 5 5 9 39 NO

Surder et al. 2013 [19] 56 86.2 5–7 5 NR 34.6 NO
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Fig. 3 Funnel plot of comparison
in LVEF

Fig. 2 Forest plot of weighted mean difference (WMD), with 95% confidence interval (CI) in left ventricular ejection fraction (LVEF) in patient treated
with BMSC compared with controls. The overall result of meta analysis indicated in black
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Discussion

This systemic review is based on the comprehensive
search strategy. The selection of trials for meta-analysis
was based on the rigorous criteria.

There are several clinical therapy strategies on the
treatment of AMI, such as BMSCs (BMMNCs), allogene-
ic mesenchymal stem cell (MSC) and CD133+/CD34+

[22]. In the published trials on the treatment of AMI,
BMSCs have been the most widely used cell populations
in clinical AMI practice. In this systemic review, all in-
cluded clinical trials are BMSC treatment on AMI. BMSC
dose play an important role in the efficiency of BMSC
therapy in patients with STEMI. BMSC dose administrat-
ed is correlated positively with the effect on LVEF. The
mean change in LVEF was statistically significant in favor
of administrating BMSCs for studies using high doses of
BMSCs. Previous trials determined that significant effects
on LVEF may only be achieved when infusing doses are
higher than 108 BMSCs [1, 12, 23]. So this meta-analysis
suggested that a total of more than 108 unfractionated
BMSC dose were associated with an increased in LVEF.

We excluded the timing of BMSC transfer after pri-
mary PCI. Huang RC et al. and Jeevanantham et al.
investigated the timing of cell delivery and showed that
the time of cell transfer does not have a BMSC treat-
ment effect in AMI patients [1, 24]. In REPAIR-AMI
trial and SWISS-AMI trials, the beneficial effects of
BMSCs appeared to be more pronounced with cell ap-
plication at 5–7 days [13, 19]. Zimmet et al. suggested
that the time between AMI and cell delivery, over the
9-day post-infarct time frame, did not appear to be as-
sociated with changes in LVEF [25]. A larger random-
ized study suggested that BMSCs should ideally be ad-
ministrated more than 4 days after STEMI to obtain the
best benefit from this therapy [18].

This present systematic review aimed to assess data
from RCTs relevant to the clinical practice of BMSC ther-
apy for AMI. This meta-analys is suggests that
intracoronary BMSC therapy post-STEMI produces im-
provements in absolute LVEF values of the order of
2.74 % at 3–6-month follow-up. In terms of LV volumes,
statistically significant reduction in LVESV and LVEVD
was seen with intracoronary BMSC treatment at 3–

Fig. 4 Forest plot of weighted mean difference (WMD), with 95 % confidence interval (CI) in left ventricular end-systolic volume (LVESV) in patient
treated with BMSC compared with controls. The overall result of meta analysis indicated in black
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6 months with −3.92 ml (95 % CI −5.00 to −2.85) and
1.69 ml (95 % CI 3.47–0.09), respectively.

Wall motion score index is another powerful prognostic
information of LV function after AMI [26, 27]. In this
meta-analysis, only 6 studies reported WMSI at 3–
6 months and 4 studies reported WMSI at 12 months.
Statistically significant reduction was observed with
BMSC treatment. Even though fewer trials were included
in this analysis for WMSI than analysis for LVEF, hetero-
geneity is low to 45 %. So WMSI is suggested to be
assessed and reported in the trials of BMSC therapy in
STEMI.

To assess the durability of these improvements in
LVEF, LV volumes, and WMSI, observed with
intracoronary BMSC treatment, we made them at 3–
6 months and 12 months. In these studies, improvements
in LVEF observed at 3–6 months increased at 12 months
with 5.10 % (95 % CI 4.16–6.03). Moreover reduction in
LVESV, LVEDV, and WMSI observed at 3-6 months re-
duced at 12 months with −11.46 ml (95 % CI −13.69 to
−9.23), −7.29 ml (95 % CI −10.19 to −4.38), and
−0.06 ml (96 % CI −0.10 to −0.02). In this analysis,
BMSC group exhibited a significant attenuation of
LVEDV compared with control at 12-month follow-up,

instead of in 3–6 months of follow-up. The occurrence
of cell treatment-related LVEF improvement go parallel
to LVESV but appeared to be earlier than the beneficial
changes in LVEDV. This result is consistent with Zhang
et al.’s study that the increase in LVEF was observed at
3 months post cell treatment or earlier [28], whereas the
benefits on LVEDV might begin to emerge up to
12 months after procedure [29]. However, the potential
mechanism responsibility for the time-related clinical ben-
efits was still uncertain.

MRI is currently considered the gold standard for pri-
mary endpoint measures of efficacy and volumes. In this
meta-analysis, 50 % of all trials used MRI and 30 % of all
trials used echo. LVESV in treatment group showed sig-
nificant changes in 3–6-month follow-up compared with
control group by both MRI-based and echo analysis. This
result supports that imaging modalities have no effect on
the assessment on the treatment.

With regard to the safety of BMSC therapy, the low
mortality in the intervention arms of all studies assessed
in this analysis indicated that BMSC therapy after PCI in
post-STEMI is safe and feasible. It has been reported that
primary PCI after AMI can improve changes in LVEF and
eventually effects on mortality [30]. In this analysis, PCI

Fig. 5 Forest plot of weighted mean difference with imaging modalities (WMD), with 95 % confidence interval (CI) in left ventricular end-systolic
volume (LVESV) in patient treated with BMSC compared with controls. The overall result of meta analysis indicated in black
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Fig. 6 Forest plot of weighted mean difference (WMD), with 95 % confidence interval (CI) in left ventricular end-diastolic volume (LVEDV) in patient
treated with BMSC compared with controls. The overall result of meta analysis indicated in black

Fig. 7 Forest plot of weighted mean difference (WMD), with 95 % confidence interval (CI) in wall motion score index (WMSI) in patient treated with
BMSC compared with controls
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after AMI was set up as one of the criteria on trials col-
lection. The results showed here confirmed that autolo-
gous BMSC therapy may be a safe administration to treat
patients with STEMI. Moreover the relative risk of mor-
tality was not significantly increased in participants who
received BMSC therapy compared with control, consis-
tent with the earlier meta-analysis results [25]. Further
adverse outcome, revascularization, rehospitalization, re-
infarction, and stent thrombosis are suggested to be

included in the assessment of safety and feasibility of
BMSC therapy. Earlier meta-analysis have revealed sig-
nificantly lower revascularization rate with intracoronary
BMSC compared with controls [25].

In summary, this study showed evaluated RCTevidence for
BMSC therapy after AMI. Although long-time follow-up and
larger size of recruited patients are not included in this study,
this analysis supports safety and efficiency of BMSC therapy
in STEMI patients.

Fig. 8 Forest plot of weighted mean difference (WMD), with 95 % confidence interval (CI) in motility in patient treated with BMSC compared with
controls in the short-term follow-up of less than 12 months from the therapy. The overall result of meta analysis indicated in black

Fig. 9 Funnel plot of comparison
in Mortality
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