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INTRODUCTION

Despite rapid advancements in both pharmacological and in-
terventional treatment options, coronary heart disease re-
mains the most common cause of death in Europe, accounting 
for 1.8 million deaths each year.1 Investigation of new thera-

pies to improve left ventricular (LV) function and clinical out-
comes after acute myocardial infarction (AMI) is actively ongo-
ing. Experimental studies have been performed to investigate 
whether bone marrow cells (BMCs) transplantation post AMI 
could regenerate or repair damaged heart and vessels.2,3 The 
safety and feasibility of cell therapy has been established by a 
great many of studies using unselected bone marrow mono-
nuclear cells (BMMC), progenitor cells, stem cells, or other mo-
bilized cells.4-6 However, the clinical outcomes of each indi-
vidual study have remained in controversy. Some studies have 
found positive effects for BMC therapy in the recovery of glob-
al and regional LV function. Others identified no favorable ef-
fects in a BMC group when compared with controls. 

The conflicting results among trials may in part be explained 
by differences in patient selection, routes of cell administration, 
cell types, timing of cell infusion, dose of cells injection, and 
imaging modalities used in the evaluation of the treatment effect. 
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Purpose: Results on the clinical utility of cell therapy for ST-elevated myocardial infarction (STEMI) are controversial. This study 
sought to analyze the efficacy of treatment with intracoronary bone marrow mononuclear cells (BMMC) on left ventricular (LV) 
function and remodeling and LV diastolic and systolic function in patients with STEMI. 
Materials and Methods: Literature search of PubMed and EMBASE databases between 2004 and 2017 was performed for ran-
domized controlled trials in STEMI patients who underwent successful percutaneous coronary intervention and received intra-
coronary BMMC therapy. The defined end points were left ventricular ejection fraction (LVEF), left ventricular end-diastolic vol-
ume (LVEDV), and left ventricular end-systolic volume (LVESV). Also, sensitivity analysis and several subgroup analyses based 
on follow-up duration, timing of injection, doses of cells, and imaging modalities were conducted to strengthen the statistic pow-
er of the study.
Results: A total of 22 trials with 1360 patients were available for the current meta-analysis. The pooled statistics showed a signifi-
cant improvement in LVEF {2.58 [95% confidence interval (CI), 1.32, 3.84]; p<0.001}, LVEDV [-3.73, (95% CI, -6.94, -0.52), p=0.02], 
and LVESV [-4.67, (95% CI, -7.07, -2.28), p<0.001] in the BMMC group, compared with the control group. However, in sensitivity 
analysis, a significant reduction in LVEDV disappeared, while the outcomes of LVEF and LVESV remained unchanged. The same 
results were presented in the subgroup analysis adjusting for imaging modalities and timing of cells injection. 
Conclusion: BMMC transplantation in patients with STEMI was found to lead to improvement in LVEF, LVEDV, and LVESV pa-
rameters, indicating that cell therapy has a potential beneficial effect on LV remodeling and function.
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To overcome the limitations of individual studies and increase 
statistical power, several meta-analyses have been performed.7-9 
A meta-analysis in 2012 demonstrated that intracoronary BMCs 
therapy after AMI had a modest, but significant, improvement 
in left ventricular ejection fraction (LVEF) at 6 months after 
treatment (2.87%). Similar trends for LV end systolic volume 
(LVESV) and LV end diastolic volumes (LVEDV) were also 
concluded. Another meta-analysis in 2014 also showed mod-
est increases in LVEF for the overall period (2.10%) and a re-
duction in LVESV. In contrast, a recent meta-analysis in 2015, 
selected individual patient data from 12 randomized clinical 
trials, and reported no beneficial effect at 1-year follow-up in 
LVEF, LVEDV, or LVESV. Taken together, these studies suggest 
that there remains a discrepancy in regards to the improve-
ment of LV function.10 Furthermore, long-term follow-up data 
on LV diastolic function and LV systolic function are also im-
portant for further evaluation of safety and for more compre-
hensive understanding of the process of repairing and remod-
eling after AMI and BMCs therapy.

Accordingly, the current meta-analysis involved a large amount 
of studies focusing solely on patients with ST-elevated myocar-
dial infarction (STEMI) treated with intracoronary infusion of 
BMMC after percutaneous coronary intervention (PCI) aiming 
to assess LV diastolic function and LV systolic function after 
cell therapy.

MATERIALS AND METHODS

Information sources and search strategy
To identify relevant trials for our analysis, the electronic data-
bases PudMed and EMBASE were searched with the follow-
ing terms: bone marrow mononuclear cells, bone marrow cells, 
BMC, myocardial infarction, acute myocardial infarction, ST-
elevation myocardial infarction, AMI, STEMI, cell therapy, ran-
domized control trials, and all possible combinations. The in-
cluded studies were limited to English and human experiments 
trials. Furthermore, reference lists of identified articles, re-
cently published editorials, and reviews on the topic for further 
eligible trials were also hand searched by reviewers for addi-
tional studies. No duplicated data were used in this analysis.  

Inclusion and exclusion criteria 
The inclusion criteria were as follows: 1) randomized con-
trolled trials (RCTs) comparing patients treated with BMMC 
and control therapy; 2) selected patients with STEMI; 3) pa-
tients under successful PCI before cell transplantation; 4) in-
cluded proper outcomes of LVEF, LVEDV, and LVEDV; and 5) 
no other restrictions in terms of time, doses, or number of times 
of cell infusion.

The exclusion criteria were 1) nonhuman studies, 2) non-
RCTs, 3) duplicated reports, 4) transplanted cells were not 
BMMC or circulating/ peripherals progenitor cells were mo-

bilized by granulocyte colony stimulating factor from bone 
marrows, 5) lack of control group, and 6) no available data.

Data extraction and quality assessment
Data abstraction and analysis was performed by two different 
researchers independently and reported on standardized forms, 
including the first author, year of publication, patient population 
characteristics, study design (blinded or unblinded), injection 
time of cell therapy post STEMI, timing between cell aspira-
tion and injection, type and dose of cells transplanted, measur-
ing modality, follow-up duration, infracted territory, treatment 
option for control patients and cardiac parameters of LVEF, 
LVEDV, and LVESV. The mean changes in LVEF, LVEDV, and 
LVESV were taken as our primary endpoints. Data on cardiac 
parameters measured by echocardiography (ECHO), mag-
netic resonance imaging (MRI), LV angiography, and single 
photon emission computed tomography (SPECT) were con-
sidered equivalent. When two or more modalities were used 
and data were available, MRI data or ECHO data was prefer-
entially used. Additional subgroup analyses were performed 
within the clinical trials investigating BMMC therapy in an at-
tempt to gain more insight into possible discriminating param-
eters or differential conditions that might improve clinical out-
comes in future experiments.

Subgroup analyses performed included 1) follow-up dura-
tion of 4 months, 6 months, 12 months, and 18 to 48 months; 2) 
different imaging modalities that were used to measure LVEF, 
LVEDV, and LVESV parameters; 3) BMMC injection time after 
STEMI onset symptom (within 24 hours, 2 to 14 days, and >14 
days); and 4) doses of cells administrated (<10 millions, 10–100 
millions, and >100 millions).

Data analysis
LVEF and LV volume were the primary end points of our anal-
ysis. In particular, we assessed the difference in mean changes 
(from baseline to follow up) of LVEF, LVEDV, and LVESV be-
tween patients receiving BMMC therapy and control treat-
ment. We employed inverse-variance weighting to combine the 
results from independent studies. Most studies reported out-
comes as mean difference (MD)±standard deviation (SD) at 
baseline and follow-up. The mean change of the outcome was 
then determined as MD at follow-up minus MD at baseline, 
whereas SD change was estimated according to the method 
described by Hristov, et al.11 Heterogeneity was analyzed with 
the I2 statistic and was defined as low (25–50%), intermediate 
(50−75%), or high (>75%). If p<0.05 or I2 >50%, a random effects 
model was used for data calculation. Otherwise, a fixed effects 
model was selected. When a considerable degree of heteroge-
neity was noted among trials (I2>50%), sensitivity analysis us-
ing the one study remove method and subgroup analysis was 
performed to seek out the source of heterogeneity. Pooled out-
comes were displayed using forest plots, and we considered p 
values <0.05 (two-sided) as statistically significant. All statistical 
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analyses were performed using RevMan 5.3 analysis software 
(The Nordic Cochrane Centre, The Cochrane Collaboration, 
Copenhagen, Denmark). 

RESULTS

Search results
The search identified 934 potential publications, and we fur-

ther screened these articles according to our inclusion and ex-
clusion criteria. Based on the titles and abstracts of each text, 
868 studies were excluded due to duplication and non-related 
topics. Sixty-six articles were applied for full-text analysis. De-
mographic characteristics and LVEF, LVEDV, and LVESV pa-
rameters were our outcomes of interest. Of the 66 studies that 
underwent full-text analysis, 44 studies were further excluded 
owing to other types of study subjects, regarding bone mesen-
chymal cells therapy (n=6), granulocyte-colony stimulating 

Table 1. Population Characteristics

Author
BMMC 

(n)
Control 

(n)
Follow-up 

(month)
Doses Injection time

Aspiration to 
injection

Infarcted 
territory

Imaging

Assmus, et al.12 91 85 4 198×106 3–7 days Same day - Angiography
Beitnes, et al.13 50 50 3, 6, 12, 36 68×106 4–8 days Same day Anterior wall ECHO
Benedek, et al.14 9 9 48 1.66±0.32×109  3 weeks–3 months Same day Anterior wall Angiography
Cao, et al.15 41 45 1, 3, 6, 12, 48 5±1.2×107 7 days Same day Anterior wall ECHO
Colombo, et al.16 5 5 12 5.9×106 10–14 days Same day Anterior wall ECHO
Dill, et al.17 27 27 4, 12 236±174×106 3–8 days Same day - MRI
Hirsch, et al.18 66 69 4 296±164×106 3–8 days Same day Anterior wall MRI

Hu, et al.19 11 14 6, 12 10×107 Day 5 
24 h after 
  harvested

Anterior wall ECHO

Huang, et al.20 26 25 6, 12 4.9×108 3–7 days, 7–30 days Same day Anterior wall ECHO
Huikuri, et al.21 40 40 6 360×106 2–6 days Same day Anterior wall ECHO
Janssens, et al.22 33 34 4 304×106  Within 24 hours Same day Anterior wall MRI

Lunde, et al.23 50 50 6 68×106 4–8 days
24 h after 
  harvested

Anterior wall SPECT

Meyer, et al.24 30 30 6, 18 24.6±9.4×108 4.8±1.3 days Same day Anterior wall MRI
Piepoli, et al.25 19 19 1, 6, 12 418×106 4±1 days Same day Anterior wall Rest SPECT
San Roman, et al.26 30 31 12 83×106 3–5 days Same day Anterior wall MRI/angiography
Schaefer, et al.27 30 29 6, 18 25±2×109 Within 5 days Same day Anterior wall ECHO
Skalicka, et al.28 17 10 4, 24 26.4×108 4–11 days Same day Anterior wall ECHO
Srimahachota, et al.29 11 12 6 420±221×106 57.2±122.8 days Same day - MRI/ ECHO
Tendera, et al.30 46 20 6 1.78×108 3-12 days Same day Anterior wall MRI
Traverse, et al.31 30 10 6 150×106 15.5–20 days Same day Anterior wall MRI
Wollert, et al.32 30 30 6 24±6×108 4–8 days Same day - MRI
Yao, et al.33 12 12 6, 12 1.9±1.2×108 3–7 days Same day Anterior wall MRI
BMMC, bone marrow mononuclear cells; MRI, magnetic resonance imaging; ECHO, echocardiography; SPECT, single photon emission computed tomography.

934 records identified after duplicates removed

66 studies met all inclusion criteria

22 studies included in the systematic review and 
quantitative analysis

Excluded (n=868)
Review 73
Letter 60
Editorial 22
Case report 324
Retrospective cohort 297
Prospective cohort 92

Fig. 1. Flow diagram of the literature search process and meta-analysis. BMMC, bone marrow mononuclear cell; G-CSF, granulocyte-colony stimulat-
ing factor; BMSC, bone mesenchymal cell.

73 records identified from PubMed 913 records identified from EMBASE

17 ‌�excluded because of trial on  
comparison between BMMC therapy  
and progenitor cell therapy or G-CSF  
or BMSC or peripheral blood cells 

15 ‌�excluded because of unable to extract 
data 

12 ‌�excluded because of no baseline data  
or only experimental group
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factor treatment (n=7), peripheral blood cells (n=4), lack of 
available data (n=15), and no baseline data or only treatment 
group data (n=12) (Fig. 1). Finally, 22 RCTs enrolling a total of 
1360 participants, of which 704 patients were treated with 
BMMC therapy, were used in this meta-analysis.

Study characteristics
The relevant study characteristics of each individual study that 
were thought to be an impact factor for the outcomes are sum-
marized in Table 1. The recruited articles were published from 
2004 to March 2015. Most studies used a 1:1 randomization 
scheme and studies sizes ranged from 10 to 176 patients. The 
follow-up duration ranged from 1 week to 48 months.12-33 Num-
ber of cells injected ranged from <108 to >109, and infusion 
time after STEMI onset was between less than 24 hours and 2 
weeks later. Eighteen studies announced that patients suffered 
from STEMI of the anterior wall; another four did not clarify 
infarcted territory. Most of the studies performed BMCs aspi-
ration and injection at the same day; two studies infused 
BMMC 24 hours after harvested. All of the selected trials ap-
plied freshly isolated BMMC by density gradient separation of 
autologous bone marrow aspirates, and cell injections were 
performed through intracoronary infusion after successful 
PCI post STEMI. All of the enrolled patients received BMMC 
infusion one-time-only. In the selected studies, LVEF, LVEDV, 
and LVESV were measured with MRI, SPECT, ECHO, and quan-

titative LV angiography. If one trial had applied several mea-
surement tools, data measured by ECHO or MRI were prefer-
entially used.

Overall effects of BMMC therapy on LVFE, LVEDV, 
and LVESV
According to the combined data of 22 studies, cell therapy im-
proved LVEF by 2.58 (95% CI, 1.32, 3.84; p<0.001; I2=71%) (Fig. 2), 
compared with controls. Due to the considerable high degree 
of heterogeneity among the studies, we conducted a sensitivity 
analysis using the one study remove method to seek out the het-
erogeneity sources, as well as to confirm the statistical power 
of the study. The initial result did not change when we omitted 
the studies one by one. However, we observed that, when re-
moving the study by Piepoli, et al.25 and Schaefer, et al.,27 the I2 
value changed from 71% to 60% and from 71% to 48%, respec-
tively. When we omitted both studies, the I2 value further dropped 
from 71% to 25%. Therefore, we hypothesized the two studies 
might be the sources of heterogeneity.

The calculated data showed a significant reduction in LVEDV 
[-3.73, (95% CI, -6.94, -0.52), p=0.02, I2=58%] (Fig. 3). Because 
I2>50%, one factor at a time sensitivity analysis was also per-
formed. When removing the studies by Cao, et al.15 and Hui-
kuri, et al.,21 the only two studies that found significant improve-
ment in LVEDV, the I2 value dropped to 0%. However, the positive 
effect of BMMC in LVEDV also disappeared [-1.24, (95% CI, 

BMMC Control MD MD
Study or subgroup Mean SD Total Mean SD Total Weight (%) IV, random, 95% CI IV, random, 95% CI
Assmus, et al.12   6   7 90   4   5 79 6.8 2.00 [0.18, 3.82]
Beitnes, et al.13   1.8   9.21 50  -0.1   9.14 50 4.8 1.90 [-1.70, 5.50]
Benedek, et al.14   3.52   3.4 9   2   3.47 9 5.3 1.52 [-1.65, 4.69]
Cao, et al.15 11.5   4.36 41   8   4.52 45 6.7 3.50 [1.62, 5.38]
Colombo, et al.16   3 10.04 5  -3 11.03 5 0.8 6.00 [-7.07, 19.07]
Dill, et al.17   3.4   6.8 27   0.6   6.2 27 4.9 2.80 [-0.67, 6.27]
Hirsch, et al.18   3.8   7.4 67   4   5.8 60 6.2 -0.20 [-2.50, 2.10]
Hu, et al.19   0.6   7.2 11  -3   8.9 14 2.6 3.60 [-2.71, 9.91]
Huang, et al.20   7.9   4.9 26   3.4   5.7 25 5.5 4.50 [1.58, 7.42]
Huikuri, et al.21   4 11.3 39  -1.4 10.1 38 3.7 5.40 [0.62, 10.18]
Janssens, et al.22   3.4   6.9 30   2.2   7.3 30 4.8 1.20 [-2.39, 4.79]
Lunde, et al.23   3.1   7.9 50   2.1   9.2 50 5.1 1.00 [-2.36, 4.36]
Meyer, et al.24   5.9   8.9 30   3.1   9.6 30 3.8 2.80 [-1.88, 7.48]
Piepoli et al.25   9.5   2.6 19   3.5   2.9 19 6.8 6.00 [4.25, 7.75]
San Roman, et al.26   6   6 26   4   7 24 4.8 2.00 [-1.63, 5.63]
Schaefer, et al.27   2   2 30   3   2.6 29 7.4 -1.00 [-2.19, 0.19]
Skalicka, et al.28 31 12 17 21   8.5 10 2.0 10.00 [2.24, 17.76]
Srimahachota, et al.29  -0.2   7.7 11   1.5   6.1 12 3.0 -1.70 [-7.41, 4.01]
Tendera, et al.30   3 14.91 46   0 11.95 20 2.4 3.00 [-3.78, 9.78]
Traverse, et al.31   6.2   9.8 30   9.4 10 10 2.2 -3.20 [-10.32, 3.92]
Wollert, et al.32   6.7   6.5 30   0.7   8.1 30 4.7 6.00 [2.28, 9.72]
Yao, et al.33   7.3   3.7 12   3   3.29 12 5.7 4.30 [1.50, 7.10]

Total (95% CI) 696 628 100 2.58 [1.32, 3.84]

Heterogeneity: Tau2=5.24, Chi2=71.71, df=21 (p<0.00001); I2=71%
Test for overall effect: Z=4.01 (p<0.0001)

Favours (experimental) Favours (control)
-20 -10 0 10 20

Fig. 2. Forest plot of the difference in change left ventricular ejection fraction from baseline to follow-up. BMMC, bone marrow mononuclear cell; MD, 
mean difference; SD, standard deviation; CI, confidence interval.
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-2.90, 0.43), p=0.14, I2=0%].
In the evaluation of LVESV, pooled data showed significant 

improvement in treatment groups, compared with controls 

[-4.67, (95% CI, -7.07, -2.28), p<0.001, I2=59%] (Fig. 4). The 
same sensitivity analysis was conducted, and no conflicting 
results were found. A decrease in I2 was observed went re-

BMMC Control MD MD
Study or subgroup Mean SD Total Mean SD Total Weight (%) IV, random, 95% CI IV, random, 95% CI
Beitnes, et al.13   -3.5   4.55 12   -2.6   2.95 12 10.8 -0.90 [-3.97, 2.17]
Benedek, et al.14    7.6 20 30    3.4 11.1 30 6.8 4.20 [-3.99, 12.39]
Cao, et al.15   -4 22 30  17 11 10 5.3 -21.00 [-31.41, -10.59]
Colombo, et al.16  10 93.15 46   -3 22.52 20 1.1 13.00 [-15.67, 41.67]
Dill, et al.17    8.3 24.3 11 -12.2 58 12 0.8 20.50 [-15.32, 56.32]
Hirsch, et al.18  16.7 46.32 17  17.9 37.59 10 0.9 -1.20 [-33.26, 30.86]
Hu, et al.19    2   7.55 30    3   5.57 29 10.6 -1.00 [-4.38, 2.38]
Huang, et al.20  12 51 26  12 32 24 1.6 0.00 [-23.41, 23.41]
Huikuri, et al.21 -22.4 16.8 19    1.1   9.2 19 6.5 -23.50 [-32.11, -14.89]
Janssens, et al.22    6.1 20.3 30    3.6 15.1 30 6.2 2.50 [-6.55, 11.55]
Lunde, et al.23    8.9 28.5 50  10.8 29.1 50 4.8 -1.90 [-13.19, 9.39]
Meyer, et al.24    2.8 15.2 30    2.8 15 30 7.2 0.00 [-7.64, 7.64]
Piepoli, et al.25    5.4 37.1 36    8.2 34.3 36 2.9 -2.80 [-19.30, 13.70]
San Roman, et al.26   -6.6 10.6 26   -3.9 18.7 25 6.6 -2.70 [-11.09, 5.69]
Schaefer, et al.27    6.9 22.62 11  17.8 43.5 14 1.3 -10.90 [-37.32, 15.52]
Skalicka, et al.28    5.4 13.4 67    8.2 13.5 60 9.6 -2.80 [-7.49, 1.89]
Srimahachota, et al.29  17.9 20.3 27  31.7 44.2 27 2.4 -13.80 [-32.15, 4.55]
Tendera, et al.30  18 23.45 5    1 32.91 5 0.8 17.00 [-18.42, 52.42]
Traverse, et al.31    1.9 11.93 41    4.9 12.97 45 9.1 -3.00 [-8.26, 2.26]
Wollert, et al.32 -31.29 27.98 9 -18.74 17.11 9 1.9 -12.55 [-33.98, 8.88]
Yao, et al.33    2 39.15 48    7 44.44 49 2.8 -5.00 [-21.66, 11.66]

Total (95% CI) 601 546 100 -3.73 [-6.94, -0.52]

Heterogeneity: Tau2=22.34, Chi2=47.68, df=20 (p=0.0005); I2=58%
Test for overall effect: Z=2.27 (p=0.02)

Favours (experimental) Favours (control)
-50 -25 0 25 50

Fig. 3. Forest plot of the difference in change left ventricular end-diastolic volume from baseline to follow-up. BMMC, bone marrow mononuclear cell; 
MD, mean difference; SD, standard deviation; CI, confidence interval.

BMMC Control MD MD
Study or subgroup Mean SD Total Mean SD Total Weight (%) IV, random, 95% CI IV, random, 95% CI
Assmus, et al.12   -0.7 19 90    2 20 79 6.9 -2.70 [-8.60, 3.20]
Beitnes, et al.13    0 31.75 48    6 33.65 49 2.6 -6.00 [-19.02, 7.02]
Cao, et al.15 -13.2   8.32 41   -6.9   9.24 45 9.3 -6.30 [-10.01, -2.59]
Dill, et al.17    5.8 17.7 27  17.8 35.3 27 2.1 -12.00 [-26.90, 2.90]
Hirsch, et al.18   -0.5 13.4 67    1.2 11.7 60 8.6 -1.70 [-6.07, 2.67]
Hu, et al.19   -6.8 13.7 11  16.8 26.7 14 1.9 -23.60 [-39.76, -7.44]
Huang, et al.20 -19.6 11.1 26   -6.4 15.9 25 5.5 -13.20 [-20.75, -5.65]
Huikuri, et al.21 -10 30.3 36   -1.2 11.5 36 3.6 -8.80 [-19.39, 1.79]
Janssens, et al.22   -1.1 11.2 30    0.6 11.6 30 7.1 -1.70 [-7.47, 4.07]
Meyer, et al.24   -0.5 16.5 30    0.4 12.5 30 5.6 -0.90 [-8.31, 6.51]
Piepoli, et al.25 -12.5 10.1 19   -0.5   4.4 19 7.9 -12.00 [-16.95, -7.05]
San Roman, et al.26   -3 26 26    2 24 24 2.4 -5.00 [-18.86, 8.86]
Schaefer, et al.27   -1   6.56 30   -2   4.36 29 10.2 1.00 [-1.83, 3.83]
Skalicka, et al.28   -2.6 38.98 17   -1.8 38.7 10 0.6 -0.80 [-31.11, 29.51]
Srimahachota, et al.29    5.9 22.2 11 -19.8 65.8 12 0.4 25.70 [-13.77, 65.17]
Tendera, et al.30   -1 60.13 46    9 29.01 20 1.1 -10.00 [-31.53, 11.53]
Traverse, et al.31   -7   3.3 30   -2   8.4 10 7.5 -5.00 [-10.34, 0.34]
Wollert, et al.32   -0.6 14.9 30    2 11.1 30 6.2 -2.60 [-9.25, 4.05]
Yao, et al.33   -6.1   2.9 12   -4.5 3.25 12 10.6 -1.60 [-4.06, 0.86]

Total (95% CI) 627 561 100 -4.67 [-7.07, -2.28]

Heterogeneity: Tau2=12.48, Chi2=44.42, df=18 (p=0.0005); I2=59%
Test for overall effect: Z=3.82 (p=0.0001)

Fig. 4. Forest plot of the difference in change left ventricular end-systolic volume from baseline to follow-up. BMMC, bone marrow mononuclear cell; 
MD, mean difference; SD, standard deviation; CI, confidence interval.

Favours (experimental) Favours (control)
-50 -25 0 25 50
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BMMC Control MD MD
Study or subgroup Mean SD Total Mean SD Total Weight (%) IV, random, 95% CI IV, random, 95% CI
1-week
Cao, et al.15   2.3   2.91 41   2.1   3.05 45 3.7 0.20 [-1.06, 1.46]
Subtotal (95% CI) 41 45 3.7 0.20 [-1.06, 1.46]
Heterogeneity: Not applicable
Test for overall effect: Z=0.31 (p=0.76)

1-month
Cao, et al.15   4.5   3.1 41   3.7   3.1 45 3.7 0.80 [-0.51, 2.11]
Subtotal (95% CI) 41 45 3.7 0.80 [-0.51, 2.11]
Heterogeneity: Not applicable
Test for overall effect: Z=1.20 (p=0.23)

3-month
Beitnes, et al.13   3.2   9.88 50   2.4   9.14 50 2.4 0.80 [-2.93, 4.53]
Cao, et al.15   5.9   3.05 41   4.9   3.4 45 3.7 1.00 [-0.36, 2.36]
Piepoli, et al.25   7   2.4 19   2.4   2 19 3.7 4.60 [3.20, 6.00]
Subtotal (95% CI) 110 114 9.8 2.31 [-0.52, 5.14]
Heterogeneity: Tau2=5.00, Chi2=13.97, df=2 (p<0.0009); I2=86%
Test for overall effect: Z=1.60 (p=0.11)

4-month
Assmus, et al.12   6   7 90   4   5 79 3.5 2.00 [0.18, 3.82]
Dill, et al.17   3.2   6.8 27   0.8   6.8 27 2.4 2.40 [-1.23, 6.03]
Hirsch, et al.18   3.8   7.4 67   4   5.8 60 3.2 -0.20 [-2.50, 2.10]
Janssens, et al.22   3.4   6.9 30   2.2   7.3 30 2.4 1.20 [-2.39, 4.79]
Skalicka, et al.28 15   5.9 17 19   7.6 10 1.6 -4.00 [-9.48, 1.48]
Subtotal (95% CI) 231 206 13.1 0.88 [-0.74, 2.49]
Heterogeneity: Tau2=1.09, Chi2=5.98, df=4 (p=0.20); I2=33%
Test for overall effect: Z=1.07 (p=0.29)

6-month
Beitnes, et al.13   3.1 10.11 50   2.1   9.55 50 2.3 1.00 [-2.85, 4.85]
Cao, et al.15   9.4   3.28 41   7.1   3.54 45 3.7 2.30 [0.86, 3.74]
Hu, et al.19   0.4   7.4 11  -4.9   7.1 14 1.5 5.30 [-0.44, 11.04]
Huang, et al.20   5.5   2.2 26   2.4   3.2 25 3.6 3.10 [1.59, 4.61]
Huikuri, et al.21   4 11.3 39  -1.4 10.1 38 1.9 5.40 [0.62, 10.18]
Lunde, et al.23   3.1   7.9 50   2.1   9.2 50 2.6 1.00 [-2.36, 4.36]
Piepoli, et al.25   8.4   2.1 19   2.2   2.9 19 3.6 6.20 [4.59, 7.81]
Schaefer, et al.27  -1   2 30   1   2 29 3.8 -2.00 [-3.02, -0.98]
Srimahachota, et al.29  -0.2   7.7 11   1.5   6.1 12 1.5 -1.70 [-7.41, 4.01]
Tendera, et al.30   3 14.91 46   0 11.95 20 1.2 3.00 [-3.78, 9.78]
Traverse, et al.31   6.2   9.8 30   9.4 10 10 1.1 -3.20 [-10.32, 3.92]
Wollert, et al.32   6.7   6.5 30   0.7   8.1 30 2.4 6.00 [2.28, 9.72]
Yao, et al.33   5.2   3.87 12   2.1   2.5 12 3.0 3.10 [0.49, 5.71]
Subtotal (95% CI) 395 354 32.3 2.41 [0.39, 4.42]
Heterogeneity: Tau2=10.01, Chi2=97.88, df=12 (p<0.00001); I2=88%
Test for overall effect: Z=2.34 (p=0.02)

12-month
Beitnes, et al.13   3   9.21 50   1.6   9.23 50 2.4 1.40 [-2.21, 5.01]
Cao, et al.15   9.2   3.89 41   6   3.82 45 3.6 3.20 [1.57, 4.83]
Colombo, et al.16   3 10.04 5  -3 11.03 5 0.4 6.00 [-7.07, 19.07]
Dill, et al.17   3.4   6.8 27   0.6   6.2 27 2.5 2.80 [-0.67, 6.27]
Hu, et al.19   0.6   7.2 11  -3   8.9 14 1.3 3.60 [-2.71, 9.91]
Huang, et al.20   6.9   3.9 26   3.4   5.7 25 3.0 3.50 [0.81, 6.19]
Piepoli, et al.25   9.5   2.6 19   3.5   2.9 19 3.5 6.00 [4.25, 7.75]
San Roman, et al.26   6   6 26   4   7 24 2.4 2.00 [-1.63, 5.63]
Yao, et al.33   7.3   3.7 12   3   3.29 12 2.9 4.30 [1.59, 7.10]
Subtotal (95% CI) 217 221 22.1 3.79 [2.72, 4.85]
Heterogeneity: Tau2=0.47, Chi2=9.78, df=8 (p=0.28); I2=18%
Test for overall effect: Z=6.97 (p<0.00001)

Favours (experimental) Favours (control)
-20 -10 0 10 20

Fig. 5. Forest plot of change in left ventricular ejection fraction of BMMC transplantation at different time durations. BMMC, bone marrow mononu-
clear cell; MD, mean difference; SD, standard deviation; CI, confidence interval.
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moving the studies by Piepoli, et al.25 and Schaefer, et al.,27 
from 59% to 32%.

Effects of BMMC therapy over time
Pooled statistics revealed no beneficial effect toward BMMC 
groups at less than 6 months of follow up, when compared with 
control groups. The function of BMMC emerged at 6 months 
of follow up and sustained to 12 months by improving LVEF 
by 2.41 (95% CI, 0.39, 4.42; p=0.02; I2=88%) and 3.79 (95% CI, 
2.72, 4.85; p<0.001; I2=18%), respectively. However, the favor-
able effect seemed to disappear at 18 to 48 months of follow-
up [2.20 (95% CI, -0.28, 4.69; p=0.08; I2=79%)] (Fig. 5). Sensitiv-
ity analyses were performed in subgroups of 6 months and 
more than 12 months of follow-up. Again, no opposing out-
comes were found when removing each study. On the other 
hand, when we deleted the results from Piepoli, et al.25 and 
Schaefer, et al.,27 the I2 value decreased in the 6-month group 
from 88% to 19%, and in the >12-month from 79% to 13%.

Subgroup analysis demonstrated that BMMC therapy was 
only effective at 3 months and 6 months of follow-up in the im-
provement of LVEDV, with -3.63 (95% CI, -6.57, -0.68; p=0.02; 
I2=0%) and -4.20 (95% CI, -8.11, -0.29; p=0.04; I2=70%), respec-
tively (Fig. 6). The results of 12 months and 18−48 months fol-
low-up did not show any significant difference between treat-
ment group and controls. The study by Piepoli, et al.25 was found 
to cause high heterogeneity in sensitivity analysis.

The effect of cell therapy in LVESV manifested at 6 months 
follow-up -3.73 (95% CI, -6.23, -1.24; p=0.003; I2=56%) and at 12 
months follow-up -7.93 (95% CI, -12.42, -3.44; p=0.0005; I2= 
75%) (Fig. 7). Whereas in short term follow-up of 3 months and 
4 months, and in long term 18−48 months, BMMC treatment 
did not show superiority. As above, when removing the studies 
by Piepoli, et al.25 and Schaefer, et al.,27 the I2 value decreased 
to less than 50%.

Imaging modalities
MRI is currently considered as the gold standard to assess LV 
function and volume. When subgroup analysis was performed 
based on MRI, the significant effect of BMMC therapy on 
LVEDV diminished [-2.12 (95% CI, -6.03, 1.79), p=0.29], while 
the significant improvement was still preserved in LVEF and 
LVESV (Table 2).  

Doses of cells infusion
Based on our data, patients treated with an injection of more 
than 109 cells did not benefit more than patients with lower cell 
doses. More specifically, in studies that infused patients with 
less than 108 cells, LVEF and LVESV were significantly improved 
in treatment groups, compared with controls. Patients who 
received BMMC between 108 and 109 had significant improve-
ment in LVEF, LVEDV, and LVESV. Whereas no such results 
were observed in the highest cell dose group (Table 2).

Timing of cells infusion
BMMC transplantation within 2 to 14 days after STEMI onset 
resulted in a significant elevation in LVEF by 2.97 (95% CI, 1.58, 
4.37; p<0.001) and a decrease in LVESV by -5.11 (95% CI, -7.83, 
-2.39; p=0.0002). Cell therapy that was performed within 24 
hours or more than 2 weeks after STEMI still improved LVEF, 
LVEDV, and LVESV. However, the outcomes did not reach statis-
tical significant when compared with control patients (Table 2).

DISCUSSION

In this meta-analysis, we assessed LVEF, LVEDV, and LVESV as 
our primary end points to evaluate the effectiveness of BMMC 
therapy on LV function, LV remodeling, LV diastolic function 
and LV systolic function in patient post STEMI. The summa-
rized data suggested BMMC therapy is associated with the re-
covery of LVEF and considerable reduction on LVEDV and 

BMMC Control MD MD
Study or subgroup Mean SD Total Mean SD Total Weight (%) IV, random, 95% CI IV, random, 95% CI
>12-month
Beitnes, et al.13   1.8   9.21 50  -0.1   9.14 50 2.4 1.90 [-1.70, 5.50]
Benedek, et al.14   3.52   3.4 9   2   3.47 9 2.7 1.52 [-1.65, 4.69]
Cao, et al.15 11.5   4.36 41   8   4.52 45 3.4 3.50 [1.62, 5.38]
Meyer, et al.24   5.9   8.9 30   3.1   9.6 30 1.9 2.80 [-1.88, 7.48]
Schaefer, et al.27   2   2 30   3   2.6 29 3.8 -1.00 [-2.19, 0.19]
Skalicka, et al.28 31 12 17 21   8.5 10 1.0 10.00 [2.24, 17.76]
Subtotal (95% CI) 177 173 15.3 2.20 [-0.28, 4.69]
Heterogeneity: Tau2=6.44, Chi2=23.40, df=5 (p=0.0003); I2=79%
Test for overall effect: Z=1.74 (p=0.08)

Total (95% CI) 1212 1158 100 2.24 [1.34, 3.13]

Heterogeneity: Tau2=5.14, Chi2=190.73, df=37 (p<0.00001); I2=81%
Test for overall effect: Z=4.90 (p<0.00001)
Test for subgroup differences: Chi2=23.62, df=6 (p=0.0006); I2=74.6%

Favours (experimental) Favours (control)
-20 -10 0 10 20

Fig. 5. Forest plot of change in left ventricular ejection fraction of BMMC transplantation at different time durations. BMMC, bone marrow mononu-
clear cell; MD, mean difference; SD, standard deviation; CI, confidence interval.



618

BMMC Therapy for STEMI

https://doi.org/10.3349/ymj.2018.59.5.611

BMMC Control MD MD
Study or subgroup Mean SD Total Mean SD Total Weight (%) IV, random, 95% CI IV, random, 95% CI
1-week
Cao, et al.15    3.22 10.77 41    0.4 11.36 45 4.8 2.82 [-1.86, 7.50]
Subtotal (95% CI) 41 45 4.8 2.82 [-1.86, 7.50]
Heterogeneity: not applicable
Test for overall effect: Z=1.18 (p=0.24)

1-month
Cao, et al.15    0.7   9.97 41    0.9 12.02 45 4.8 -0.20 [-4.85, 4.45]
Subtotal (95% CI) 41 45 4.8 -0.20 [-4.85, 4.45]
Heterogeneity: not applicable
Test for overall effect: Z=0.08 (p=0.93)

3-month
Beitnes, et al.13    2 37.03 50    4 38.97 50 1.3 -2.00 [-16.90, 12.90]
Cao, et al.15   -1.7 12.16 41   -0.2 10.97 45 4.7 -1.50 [-6.41, 3.41]
Piepoli, et al.25   -2.7   6.8 19    2.3   5 19 5.4 -5.00 [-8.80, -1.20]
Subtotal (95% CI) 110 114 11.3 -3.63 [-6.57, -0.68]
Heterogeneity: Tau2=0.00; Chi2=1.27, df=2 (p=0.53); I2=0%
Test for overall effect: Z=2.41 (p=0.02)

4-month
Dill, et al.17    8.5 28.6 27  13.9 28.1 27 1.2 -5.40 [-20.52, 9.72]
Hirsch, et al.18    5.4 13.4 67    8.2 13.5 60 4.8 -2.80 [-7.49, 1.89]
Janssens, et al.22    2.8 15.2 30    2.8 15 30 3.2 0.00 [-7.64, 7.64]
Skalicka, et al.28    9 36.46 17  12 52.18 10 0.2 -3.00 [-39.69, 33.69]
Subtotal (95% CI) 141 127 9.5 -2.26 [-6.10, 1.58]
Heterogeneity: Tau2=0.00; Chi2=0.55, df=3 (p=0.91); I2=0%
Test for overall effect: Z=1.15 (p=0.25)

6-month
Beitnes, et al.13    9 37.72 50  11 40.93 50 1.2 -2.00 [-17.43, 13.43]
Cao, et al.15   -3.2 10.11 41    1.5 11.18 45 4.9 -4.70 [-9.20, -0.20]
Hu, et al.19 -16.2 31.6 11    9.1 17.3 14 0.7 -25.30 [-46.06, -4.54]
Huang, et al.20   -3.7 12.5 26   -2.5 14.5 25 3.3 -1.20 [-8.64, 6.24]
Huikuri, et al.21    5.4 37.1 36    8.2 34.3 36 1.1 -2.80 [-19.30, 13.70]
Lunde, et al.23    8.9 28.5 50  10.8 29.1 50 2.0 -1.90 [-13.19, 9.39]
Piepoli, et al.25 -10   6.8 19    2.2   8.3 19 4.7 -12.20 [-17.02, -7.38]
Schaefer, et al.27    2   7.55 30    3   5 29 5.7 -1.00 [-4.26, 2.26]
Srimahachota, et al.29    8.3 24.3 11 -12.2 58 12 0.3 20.50 [-15.32, 56.32]
Tendera, et al.30  10 93.15 46   -3 22.52 20 0.4 13.00 [-15.67, 41.67]
Traverse, et al.31   -4 22 30  17 11 10 2.2 -21.00 [-31.41, -10.59]
Wollert, et al.32    7.6 20 30    3.4 11.1 30 3.0 4.20 [-3.99, 12.39]
Yao, et al.33   -2   4.6 12   -1.5   2.9 12 5.8 -0.50 [-3.58, 2.58]
Subtotal (95% CI) 392 352 35.2 -4.20 [-8.11, -0.29]
Heterogeneity: Tau2=26.13; Chi2=40.48, df=12 (p<0.0001); I2=70%
Test for overall effect: Z=2.11 (p=0.04)

12-month
Beitnes, et al.13    8 38.43 50    3 40.26 50 1.2 5.00 [-10.43, 20.43]
Cao, et al.15   -5.1 10.21 41    0.4 12.36 45 4.7 -5.50 [-10.28, -0.72]
Colombo, et al.16  18 23.45 5    1 32.91 5 0.3 17.00 [-18.42, 52.42]
Dill, et al.17  17.9 20.3 27  31.7 44.2 27 0.9 -13.80 [-32.15, 4.55]
Hu, et al.19    6.9 22.62 11  17.8 43.5 14 0.5 -10.90 [-37.32, 15.52]
Huang, et al.20   -6.6 10.6 26   -3.9 18.7 25 2.9 -2.70 [-11.09, 5.69]
Piepoli, et al.25 -22.4 16.8 19    1.1   9.2 19 2.8 -23.50 [-32.11, -14.89]
San Roman, et al.26  12 51 26   12 32 24 0.6 0.00 [-23.41, 23.41]
Yao, et al.33   -3.5   4.55 12   -2.6   2.95 12 5.8 -0.90 [-3.97, 2.17]
Subtotal (95% CI) 217 221 19.6 -5.87 [-12.02, 0.29]
Heterogeneity: Tau2=44.93; Chi2=28.18, df=8 (p<0.0004); I2=72%
Test for overall effect: Z=1.87 (p=0.06)

Favours (experimental) Favours (control)
-50 -25 0 25 50

Fig. 6. Forest plot of change in left ventricular end-diastolic volume of BMMC transplantation at different time durations. BMMC, bone marrow mono-
nuclear cell; MD, mean difference; SD, standard deviation; CI, confidence interval.
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LVESV. Due to the high degree of heterogeneity in each group, 
sensitivity analysis was conducted using the one study remove 
method. We assumed that two studies, Piepoli, et al.25 and 
Schaefer, et al.,27 might be sources of heterogeneity, as upon 
omitting the two studies in the analyses of LVEF and LVESV, the 
I2 value decreased to less than 50% while no original outcomes 
had changed. A comparison was made between the charac-
teristics of the two studies and the others to disclose the rea-
sons for the discrepancy. We found that the study by Piepoli, 
et al.25 was the only to use SPECT for outcome measurement. 
However, no major difference was found between Schaefer, et 
al.27 and other studies. Thus, the use of these two studies in fu-
ture meta-analysis needs to be carefully deliberated. Interest-
ingly, in LVEDV, when removing the studies by Cao, et al.15 and 
Huikuri, et al.,21 not only did the I2 value drop to 0%, the signif-
icant treatment effect on BMMC also disappeared. Therefore, 
the therapeutic effect of BMMC on LVEDV still remained con-
troversial.

Whether cell therapy can provide a short-term or long-term 
effect is still in dispute. Many previous meta-analysis has ex-
plored this area. Cong, et al.34 reported that bone marrow stem 
cells was effective in the amelioration of LVEF, LVEDV, and 
LVESV at 3 to 12 months investigation. Chen, et al.35 suggested 
that cell transplantation only had beneficial effects on LVEF, 
which could last at least 2 years. De Jong, et al.8 concluded that 
intracoronary infusion of BMMC improved LVEF at 6 months 
to 12 months follow-up, mostly by reduction of LVESV. This 
conclusion is in accordance with our findings, which reflected 
a profound increase in LVEF and a reduction in LVESV at 6 to 
12 months.

In the subgroup analysis adjusting imaging methods, when 
data were corrected for use of MRI, the positive effect of cell 
therapy on LVEDV diminished. More precisely, the treatment 
effect on LVEDV disappeared in all three imaging subgroups, 
MRI, ECHO, and angiography (Table 2). Already in sensitivity 
analysis when omitting the results of Cao, et al.15 and Huikuri, 

et al.,21 the effect on LVEDV became insignificant between 
BMMC and control patients. The finding of this subgroup fur-
ther indicated that BMMC therapy might have no superior ef-
fect on LVEDV, compared with controls.

Prior studies put forward that poor cell engraftment and 
low survival of the transplanted BMMC are the major obsta-
cles to the development of cell-based therapy.36,37 They also 
suggested that only a small proportion of infusion cells remain 
in the heart,38 and most of them die after a few days.39 There-
fore, many researchers hypothesized the number of injected 
cells might influence the treatment effect in STEMI patients. 
De Jong, et al.8 found that patients treated with an infusion of 
<100 million cells did not benefit more or less than patients 
with higher cell doses. On the contrary, the pooled outcome 
of our study suggested that patients who receive an infusion 
of 10 to 100 million cells might achieve the best therapeutic 
effect from BMMC.

The optimal time frame for intracoronary BMMC infusion 
was also assessed. Given the biological time course of healing 
and the expression of multiple factors, some researchers have 
believed that the highest probability for cells nesting and sur-
viving was in the period between day 3 and day 7.40 Several 
meta-analyses already elucidated that BMMC transfer at 3 to 
7 days post AMI was the optimal time to enhance cardiac 
function in patients.41 Our study provided further evidence that 
cell therapy performed within 2 to 14 days after symptom on-
set resulted in better recovery of LV function and volumes than 
patients receiving BMMC within 24 hours and after 14 days. 

Some limitations need to be considered in this meta-analy-
sis. Since the potential beneficial effects might be attributed to 
the combined effects of all infused mononuclear cells, rather 
than the small amount of progenitor cell or stem cell present 
in the bone marrow, our study restricted cell type to unselect-
ed BMMC. The effectiveness of other stem cell types, such as 
bone mesenchymal cells, remains to be established. Other fac-
tors, such as cells administrated routes, cell isolation proto-

BMMC Control MD MD
Study or Subgroup Mean SD Total Mean SD Total Weight (%) IV, random, 95% CI IV, random, 95% CI
>12-month
Beitnes, et al.13    2 39.15 48    7 44.44 49 1.1 -5.00 [-21.66, 11.66]
Benedek, et al.14 -31.29 27.98 9 -18.74 17.11 9 0.7 -12.55 [-33.98, 8.88]
Cao, et al.15    1.9 11.93 41    4.9 12.97 45 4.4 -3.00 [-8.26, 2.26]
Meyer, et al.24    6.1 20.3 30    3.6 15.1 30 2.6 2.50 [-6.55, 11.55]
Schaefer, et al.27    2   7.55 30    3   5.57 29 5.6 -1.00 [-4.38, 2.38]
Skalicka, et al.28  16.7 46.32 17  17.9 37.59 10 0.3 -1.20 [-33.26, 30.86]
Subtotal (95% CI) 175 172 14.8 -1.49 [-4.13, 1.16]
Heterogeneity: Tau2=0.00; Chi2=2.34, df=5 (p=0.80); I2=0%
Test for overall effect: Z=1.10 (p=0.27)

Total (95% CI) 1117 1076 100 -3.27 [-5.13, -1.40]

Heterogeneity: Tau2=13.22, Chi2=81.59, df=36 (p<0.0001); I2=56%
Test for overall effect: Z=3.43 (p<0.0006)
Test for subgroup differences: Chi2=8.68, df=6 (p=0.19); I2=30.9%

Fig. 6. Forest plot of change in left ventricular end-diastolic volume of BMMC transplantation at different time durations. BMMC, bone marrow mono-
nuclear cell; MD, mean difference; SD, standard deviation; CI, confidence interval.
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BMMC Control MD MD
Study or subgroup Mean SD Total Mean SD Total Weight (%) IV, random, 95% CI IV, random, 95% CI
1-week
Cao, et al.15   -1   6.92 41   -2.3   7.95 45 4.6 1.30 [-1.84, 4.44]
Subtotal (95% CI) 41 45 4.6 1.30 [-1.84, 4.44]
Heterogeneity: not applicable
Test for overall effect: Z=0.8 (p=0.42)

1-month
Cao, et al.15   -5.1   6.61 41   -3.8   8.61 45 4.5 -1.30 [-4.53, 1.93]
Subtotal (95% CI) 41 45 4.5 -1.30 [-4.53, 1.93]
Heterogeneity: not applicable
Test for overall effect: Z=0.79 (p=0.43)

3-month
Beitnes, et al.13   -0.2 22.49 50    0 21.46 50 1.9 -0.20 [-10.47, 10.07]
Cao, et al.15   -8.1 7.89 41    5.9   7.99 45 4.5 -14.00 [-17.36, -10.64]
Piepoli, et al.25   -1.8   6.1 19    1.6   8 19 4.0 -3.40 [-7.92, 1.12]
Subtotal (95% CI) 110 114 10.4 -6.58 [-15.43, 2.28]
Heterogeneity: Tau2=51.01; Chi2=17.02, df=2 (p=0.0002); I2=88%
Test for overall effect: Z=1.46 (p=0.15)

4-month
Assmus, et al.12   -0.7 19 90     2 20 79 3.4 -2.70 [-8.60, 3.20]
Dill, et al.17    0.4 23.4 27     9.1 22.9 27 1.5 -8.70 [-21.05, 3.65]
Hirsch, et al.18   -0.5 13.4 67    1.2 11.7 60 4.0 -1.70 [-6.07, 2.67]
Janssens, et al.22   -1.1 11.2 30    0.6 11.6 30 3.4 -1.70 [-7.47, 4.07]
Skalicka, et al.28    -3 34.24 17   -2 40.21 10 0.3 -1.00 [-30.77, 28.77]
Subtotal (95% CI) 231 206 12.6 -2.32 [-5.22, 0.58]
Heterogeneity: Tau2=0.00; Chi2=1.17, df=4 (p=0.88); I2=0%
Test for overall effect: Z=1.57 (p=0.12)

6-month
Beitnes, et al.13    1 30.27 50    4 29.46 50 1.6 -3.00 [-14.71, 8.71]
Cao, et al.15 -13.2   6.56 41   -7.8   8.12 45 4.6 -5.40 [-8.51, -2.29]
Hu, et al.19 -11.1 20.8 11  10.6 14.4 14 1.2 -21.70 [-36.12, -7.28]
Huang, et al.20 -10.5 11.9 26   -4 10.8 25 3.2 -6.50 [-12.73, -0.27]
Huikuri, et al.21 -10 30.3 36   -1.2 11.5 36 1.8 -8.80 [-19.39, 1.79]
Piepoli, et al.25   -2.4   6.1 19    1.8   8 19 4.0 -4.20 [-8.72, 0.32]
Schaefer, et al.27    0   6 30   -1   4.36 29 4.8 1.00 [-1.67, 3.67]
Srimahachota, et al.29    5.9 22.2 11 -19.8 65.8 12 0.2 25.70 [-13.77, 65.17]
Tendera, et al.30   -1 60.13 46    9 29.01 20 0.6 -10.00 [-31.53, 11.53]
Traverse, et al.31   -7   3.3 30   -2   8.4 10 3.6 -5.00 [-10.34, 0.34]
Wollert, et al.32   -0.6 14.9 30    2 11.1 30 3.1 -2.60 [-9.25, 4.05]
Yao, et al.33   -3.5   3.06 12   -2.5   3.4 12 4.8 -1.00 [-3.59, 1.59]
Subtotal (95% CI) 342 302 33.4 -3.73 [-6.23, -1.24]
Heterogeneity: Tau2=8.09; Chi2=24.81, df=11 (p=0.010); I2=56%
Test for overall effect: Z=2.93 (p=0.003)

12-month
Beitnes, et al.13    1 28.84 50    0 28.83 50 1.7 1.00 [-10.30, 20.30]
Cao, et al.15 -13.8   7.16 41   -7.1   8.4 45 4.5 -6.70 [-9.99, -3.41]
Dill, et al.17    5.8 17.7 27  17.8 35.3 27 1.1 -12.00 [-26.90, 2.90]
Hu, et al.19   -6.8 13.7 11  16.8 26.7 14 1.0 -23.60 [-39.76, -7.44]
Huang, et al.20 -19.6 11.1 26   -6.4 15.9 25 2.7 -13.20 [-20.75, -5.65]
Piepoli, et al.25 -12.5 10.1 19   -0.5   4.4 19 3.8 -12.00 [-16.95, -7.05]
San Roman, et al.26   -3 26 26    2 24 24 1.3 -5.00 [-18.86, 8.86]
Yao, et al.33   -6.1   2.9 12   -4.5   3.25 12 4.8 -1.60 [-4.06, 0.86]
Subtotal (95% CI) 212 216 20.9 -7.93 [-12.42, -3.44]
Heterogeneity: Tau2=23.74; Chi2=27.48, df=7 (p<0.0003); I2=75%
Test for overall effect: Z=3.46 (p=0.0005)

Favours (experimental) Favours (control)
-50 -25 0 25 50

Fig. 7. Forest plot of change in left ventricular end-systolic volume of BMMC transplantation at different time durations. BMMC, bone marrow mono-
nuclear cell; MD, mean difference; SD, standard deviation; CI, confidence interval.
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BMMC Control MD MD
Study or subgroup Mean SD Total Mean SD Total Weight (%) IV, random, 95% CI IV, random, 95% CI
>12-month
Beitnes, et al.13    0 31.75 48  6 33.65 49 1.4 -6.00 [-19.02, 7.02]
Cao, et al.15 -13.2   8.32 41 -6.9   9.24 45 4.3 -6.30 [-10.01, -2.59]
Meyer, et al.24   -0.5 16.5 30  0.4 12.5 30 2.8 -0.90 [-8.31, 6.51]
Schaefer, et al.27   -1   6.56 30 -2   4.36 29 4.7 1.00 [-1.83, 3.83]
Skalicka, et al.28   -2.6 38.95 17 -1.8 38.7 10 0.3 -0.80 [-31.11, 29.51]
Subtotal (95% CI) 166 163 13.5 -2.45 [-6.89, 1.99]
Heterogeneity: Tau2=11.98; Chi2=9.86, df=4 (p=0.04); I2=59%
Test for overall effect: Z=1.08 (p=0.28)

Total (95% CI) 1143 1091 100 -4.42 [-6.20, -2.64]

Heterogeneity: Tau2=15.36; Chi2=121.04, df=34 (p<0.00001); I2=72%
Test for overall effect: Z=4.88 (p<0.00001)
Test for subgroup differences: Chi2=13.53, df=6 (p=0.04); I2=55.6%

Fig. 7. Forest plot of change in left ventricular end-systolic volume of BMMC transplantation at different time durations. BMMC, bone marrow mono-
nuclear cell; MD, mean difference; SD, standard deviation; CI, confidence interval.

Favours (experimental) Favours (control)
-50 -25 0 25 50

Table 2. Subgroup Analyses based on Imaging Modalities, Timing of Injection and Doses of Cells Infusion

Outcomes Subgroup No. of studies Effect estimate p values

LVEF

Modalities

MRI 11    2.37 (0.87, 3.86)   0.002
ECHO 8    2.69 (0.28, 5.10)   0.03
Angiography 2    1.88 (0.30, 3.46)   0.02
SPECT 1    6.00 (4.25, 7.75) <0.001

Doses
<108 4    2.77 (1.29, 4.26)   0.0002
108−109 13    2.67 (1.21, 4.13)   0.0003
>109 5    3.01 (-0.48, 6.49)   0.09

Timing
Within 24 hours 2    3.03 (-0.19, 6.24)   0.06
2−14 days 18    2.97 (1.58, 4.37) <0.001
>14 days 4    0.76 (-1.09, 2.61)   0.42

LVEDV

Modalities

MRI 11   -2.12 (-6.03, 1.79)   0.29
ECHO 7   -1.68 (-4.37, 1.01)   0.22
Angiography 2   -6.43 (-19.51, 6.64)   0.31
SPECT 1 -23.50 (-32.11, -14.89) <0.001

Doses
<108 4   -2.64 (-7.19, 1.91)   0.26
108−109 12   -6.23 (-11.73, -0.73)   0.03
>109 5   -0.19 (-3.11, 2.72)   0.90

Timing
Within 24 hours 2   -1.67 (-7.50, 4.16)   0.57
2−14 days 17   -2.91 (-6.00, 0.19)   0.07
>14 days 4   -8.90 (-22.24, 4.44)   0.19

LVESV

Modalities

MRI 11   -3.32 (-5.64, -1.00)   0.005
ECHO 5   -5.47 (-12.11, 1.17)   0.11
Angiography 2   -4.15 (-9.30, 1.01)   0.11
SPECT 1 -12.00 (-16.95, -7.05) <0.001

Doses
<108 2   -6.28 (-9.85, -2.71)   0.0006
108−109 13   -5.99 (-9.21, -2.77)   0.0003
>109 4    0.29 (-2.16, 2.74)   0.82

Timing
Within 24 hours 2   -7.58 (-19.71, 4.56)   0.22
2−14 days 16   -5.11 (-7.83, -2.39)   0.0002
>14 days 3   -3.76 (-9.31, 1.79)   0.18

LVEF, left ventricular ejection fraction; LVEDV, left ventricular end-diastolic volume; LVESV, left ventricular end-systolic volume; MRI, magnetic resonance imag-
ing; ECHO, echocardiography; SPECT, single photon emission computed tomography.
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cols, patient characteristics, including age, gender, and weight, 
can have an influence on the effectiveness of cell therapy in 
STEMI patients. Future evaluations should put these factors 
into consideration. Our study only applied surrogate markers 
(LVEF, LVEDV, and LVESV) to estimate the therapeutic effect 
of BMMC. Despite the advantages of surrogate markers in the 
assessment of disease mechanisms, drug effect, and disease 
response, their use remains under scrutiny following the lack 
of some of the most reliable markers to predict clinical benefit 
of therapeutic interventions.42 A meta-analysis reported that 
BMC therapy was associated with long-term clinical benefits, 
such as all-cause mortality, although the effects on LV func-
tion and volumes were modest in short-term analyses.10 Fu-
ture clinical trials should include clinical follow-up outcomes 
to validate the efficacy of cell therapy. 

In conclusion, intracoronary infusion of BMMC leads to 
improvement of LVEF and reduction of LVESV, which indi-
cates that cell therapy has a positive effect on LV function and 
can ameliorate adverse LV remolding. Further larger random-
ized multicenter trials with different cell types, injection meth-
ods, and timing and number of cell infusions are required to 
attain more accurate clinical evidence of cell therapy on STEMI.
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