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The selection criteria for bone marrow stem cell (BMSC) therapy are not well established for ST segment elevation myocardial
infarction (STEMI) patients. This investigation seeks to utilize total ischemic time (TIT), time of symptom onset to percutaneous
coronary intervention (PCI), as a criterion for givingBMSC to STEMIpatients. Ameta-analysis andmetaregressionwere conducted
to evaluate improvement of LVEF with BMSC and its association with TIT (<6 and ≥6 hours) and baseline LVEF (<45% and ≥45%)
at short (3–6 months) and long term (>6 months) followup. At short term, BMSC allowed improvement of LVEF with prolonged
TIT (6.62%, 95%CI, 2.26 to 10.98 for <45%; 6.13%, 95%CI, 2.59 to 9.67 for ≥45%). Similarly, for long term, receiving BMSC allowed
significant improvement of LVEF for prolonged TIT (9.19%, 95% CI, 2.34 to 16.05 for <45%; 7.64%, 95% CI, 3.72 to 11.56 for ≥45%).
Additionally, TIT was a significant predictor of LVEF improvement independent of baseline LVEF in both short (4.96%, 95% CI,
0.72 to 9.19, 𝑃 = 0.02) and long term (6.24%, 95% CI, 0.46 to 12.02, 𝑃 = 0.03) followup. Consequently, BMSC therapy allows LVEF
improvement in prolonged TIT and future studies for BMSC should include TIT ≥ 6 hours as an inclusion criterion.

1. Introduction

Autologous bone marrow stem cell (BMSC) injection in
patients with ST segment elevation myocardial infarction
(STEMI) has been investigated as a new treatment strategy for
the past decade. After the first encouraging pilot study [1] in
2002,many trials have since been published.Although several
studies failed to show any favorable outcomes from BMSC
[2–5], there have been many trials which demonstrated the
beneficial effects of BMSC [6–12]. Several meta-analyses have
confirmed that BMSC injections improved left ventricular
systolic function, on average, by 3% [13–15]. Despite the
promising results in these studies, there were many incon-
sistencies in the selection criteria; incongruent cell types,

varying administration time, and variable injection routes are
a few examples. Selected patients were also heterogeneous in
terms of baseline left ventricular ejection fraction (LVEF) and
time from symptom onset to reperfusion. Unfortunately, it
is still difficult to identify the best model to demonstrate the
effectiveness of stem cell therapy.

In this study, we attempted to define an independent
parameter which can increase the efficacy of BMSC: we
focused on whether the total ischemic time (TIT), defined
by the time of symptom onset to the time of percutaneous
coronary intervention (PCI), was associated with LVEF
improvement in response to BMSC administration in STEMI
patients.
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2. Methods

2.1. Study Selection Criteria. The study selection criterionwas
adapted from Zhang et al. [13], and it aimed to investigate the
effect of BMSC administration on LVEF improvement as a
function of total ischemic time and baseline LVEF.

2.1.1. InclusionCriteria. Studies that included STEMIpatients
who had PCI performed within 12 hours of symptom onset
and BMSC treatment. Studies which were included were
either randomized or placebo controlled trials, having at least
10 patients in each respective trial and a reported clinical
endpoint of LVEF improvement. Only English language
literature was searched.

2.1.2. Exclusion Criteria. Greater than 12 hours of symptom
onset to PCI, reperfusion other than PCI, BMSC delivery
other than intracoronary cell delivery (e.g., intramyocardial,
peripheral blood, etc.), use of stem cells other than BMSC,
and the use of granulocyte colony-stimulating factor to
induce BMSC release. Nonrandomized or noncontrolled
trials, and trials with less than 10 patients in each respective
study were also excluded.

2.2. Data Search. Weperformed a systematic literature search
for randomized controlled clinical trials evaluating BMSC
effects on LVEF and left ventricular end systolic volume
(LVESV) in STEMI patients who underwent PCI. PubMed,
Ovid’s MEDLINE, and Cochrane Evidence-Based Medicine
(EBM) Reviews databases from January 1990 through August
2010 were searched to identify all eligible trials by using
the following medical subject heading (MeSH) terms and
text words: bone marrow, stem cell, progenitor cells, cell
transplantation, cell therapy, myocardial infarction, and car-
diac repair. Additionally, the reference lists of reviews were
searched for all relevant studies.

2.3. Study Enrollment and Data Extraction. Data for LVEF,
LVESV, and major adverse cardiovascular events (MACE)
were extracted and checked by three investigators according
to our inclusion criteria and classified as short term (3
to 6 months) and long term (>6 months) according to
follow-up periods. Left ventricular performance parameters
were extracted from the magnetic resonance imaging (MRI)
results, if they existed. Otherwise, echocardiograph (Echo),
angiographic (Angio), and/or single photon emission com-
puted tomography (PET) results were taken, respectively.

2.4. Data Synthesis and Statistical Analyses. For statistical
analysis, STATA 11 software (StataCorp, College Station, TX)
and R (Development Core Team, Version 3.0.0) were used.
𝑃 values < 0.05 were considered statistically significant.

Meta-analysis [24–26] was conducted to evaluate the
overall BMSC effect by comparing the mean difference
between the BMSC and placebo group. Fixed and random

effects model were performed according to the overall het-
erogeneity, which was examined with 𝐼2 and Cochran’s chi-
square test.The inverse variancemethodwas applied toweigh
the mean difference of each included study.

For analysis on LVEF,mean difference between the BMSC
and placebo group, LVEFchange, and their 95% confidence
interval (CI) were calculated. In particular, LVEFchange =
LVEFBMSCchange − LVEFPlacebochange, where LVEFBMSCchange
and LVEFPlacebochange are the mean change of the LVEF from
the baseline in the BMSC and placebo group, respectively.
Most of the studies reported themean and standard deviation
(SD) for LVEFBMSCchange and LVEFPlacebochange. For those
studies in which the mean and SD were missing, an estima-
tion was made of the mean and SD based on the reported
mean and SD of LVEF at baseline, during followup, and the
estimated correlation coefficient between the baseline and
follow-up LVEF within each group [27]. The reported values
in Schächinger et al. [8] and Yousef et al. [22] were utilized
to estimate the correlation coefficients, within each group,
for short and long term followup, respectively. Similarly, the
mean difference of LVESV, LVESVchange, and its 95% CI
were evaluated. The weighted mean difference (WMD) was
reported for each study and the statistical significance of the
overall effect of all studies was performed by 𝑧 test.

If the significance of heterogeneity was found, a meta-
regression analysis was performed to assess the relationship
between LVEFchange, TIT (<6 hours versus ≥6 hours), and
baseline LVEF prior to PCI (<45% versus ≥45%).

For the MACE data set, the number of patients (𝑛)
who had cardiovascular deaths, rehospitalization in the form
of heart failure (HF) or myocardial infarction (MI), or
ventricular arrhythmias was modeled by the meta-analysis
based on the Mantel-Haenszel method. The risk ratio (RR)
and the 95% CI were calculated.

3. Results

3.1. Selected Studies and Characteristics. Five hundred forty-
seven studies were identified from the electronic databases.
After exclusion of duplicated or nonrelated articles, 43
papers were saved as references. Twenty-seven of these were
excluded based on the exclusion criteria.

For LVEF data, a total of 20 articles reporting the results
of 14 trials (13 trials with 855 patients for short term, and 7
trials with 466 patients for long term) were included in this
study. Six articles in the long term group had the results of the
same studies of those in the short term category [5, 16, 18, 20,
21, 23]. Eighteen trials contained LVESV data; four of them
were excluded because the results were reported as LVESV
index. ForMACE analysis, we used 10 trials for the short term
and 6 trials in the long term analysis. Additionally, in order
to remove the effects of an outlier, we excluded one study [28]
(since its mean PCI time was 20 hours) because this severely
prolonged ischemic time left little hope for beneficial effects
from PCI.

The characteristics of the studies, including patient
number, follow-up months, TIT, and the method of LVEF
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Figure 1: Forest plot of WMD with 95% CI on LVEF demonstrated favorable LVEF outcomes within the BMSC group compared with the
placebo group. The size of data markers represents the statistical weight of each included study before it was pooled to the overall effect. (a)
Trials in short term followup: heterogeneity: 𝜒2 = 53.63, df = 12,𝑃 < 0.0001, and 𝐼2 (variation inWMDattributable to heterogeneity) = 77.6%.
(b) Trials in long term followup: heterogeneity: 𝜒2 = 63.86, df = 6, 𝑃 < 0.0001, and 𝐼2 (variation in WMD attributable to heterogeneity) =
90.6%.

measures are summarized in Table 1. The baseline and post-
PCI measurements of left ventricular parameters, as well as
MACE, are shown inTable 2.Themean values for the baseline
LVEF and LVESV between the BMSC and placebo group
are grossly similar, with a range of 0–4.4% and 0–8mL/m2,
respectively. In Table 3, the studies are separated into short or
long term followup and categorized based on their subgroup
characteristics, as defined by TIT (<6 hours or ≥6 hours) and
baseline LVEF prior to PCI (<45% or ≥45%).

3.2. Effect on LVEF. Cochran’s chi-square test for heterogene-
ity suggested significance on LVEFchange for both short term
(𝑃 < 0.0001) and long term followup (𝑃 < 0.0001) (Figure 1).
Therefore, a meta-analysis based on a random effects model
was performed to obtain the overall LVEF improvement
within the BMSC group compared with placebo. The over-
all LVEF improvement demonstrated significant difference
between the BMSC and placebo group, favoring the BMSC
categorywith amean difference of 3.38% (95%CI, 1.26 to 5.51,
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Figure 2: The difference in LVEF between the BMSC and placebo group after PCI.
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Figure 3: Forest plot ofWMDwith 95%CI on LVESV demonstrated favorable outcomes within the BMSC group compared with the placebo.
The size of data markers represents the statistical weight of each included study before it was pooled to the overall effect. (a) Trials in short
term followup: heterogeneity: 𝜒2 = 9.21, df = 7, 𝑃 = 0.238, and 𝐼2 (variation inWMD attributable to heterogeneity) = 24%. (b) Trials in long
term followup: heterogeneity: 𝜒2 = 19.9, df = 4, 𝑃 = 0.0005, and 𝐼2 (variation in WMD attributable to heterogeneity) = 79.9%.
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RR 95% CI
Cardiovascular deaths 0.88 (0.36, 2.16) 0.79

Short term Rehospitalization (HF/MI) 0.49 (0.20, 1.23) 0.13
Ventricular arrhythmias 0.55 (0.24, 1.29) 0.17
Cardiovascular deaths 0.45 (0.21, 0.97) 0.04

Long term Rehospitalization (HF/MI) 0.46 (0.23, 0.96) 0.04
Ventricular arrhythmias 1.18 (0.47, 2.95) 0.77

0.1 1 10

P value

Figure 4: MACE at short term and long term followup.

𝑃 = 0.002) in the short term and 5.36% (95% CI, 1.26 to 9.47,
𝑃 = 0.01) in the long term followup.

Based on the evidence of heterogeneity on LVEF, a
random effects meta-regression model was built to evaluate
the relationship between the BMSC effect and two binary
covariates (TIT, <6 hours or ≥6 hours, and baseline LVEF,
<45% or ≥45%).

In the short term followup, patients within the prolonged
TIT subgroup exhibited a substantial improvement in LVEF
favoring the BMSC category regardless of baseline function
(short term: 6.62%, 95%CI, 2.26 to 10.98 for <45% and 6.13%,
95% CI, 2.59 to 9.67 for ≥45%; long term: 9.19%, 95% CI,
2.34 to 16.05 for <45% and 7.64%, 95% CI, 3.72 to 11.56 for
≥45%). Although there was a trend towards improved LVEF
for the BMSC group with reduced TIT, the results were not
statistically significant (short term: 1.66%, 95% CI, −2.12 to
5.44 for<45% and 1.17%, 95%CI,−2.02 to 4.36 for≥45%; long
term: 2.95%, 95%CI,−4.29 to 10.2 for<45%and 1.4%, 95%CI,
−3.29 to 6.09 for ≥45%) (Figure 2).

For both short and long term followup, the statistical
significant regression coefficients suggest that the binary
indicator of TIT (<6 hours or ≥6 hours) is an independent
predictor affecting the improvement of LVEF when compar-
ing the BMSC to the placebo groups (4.96%, 95% CI, 0.72 to
9.19, 𝑃 = 0.02 and 6.24%, 95% CI, 0.46 to 12.02, 𝑃 = 0.03,
resp.). Although there was no statistical significance, there
appeared to be a trend towards improved LVEF for the BMSC
category within the LVEF < 45% subgroup, at short term and
long term followup (0.49%, 𝑃 = 0.82 and 1.55%, 𝑃 = 0.67,
resp.).

3.3. Effect on LVESV. Cochran’s chi-square test for hetero-
geneity suggested significance on LVESVchange for long term
(𝑃 < 0.0001) but not short term followup (𝑃 = 0.238)
(Figure 3). Therefore, a meta-analysis based on fixed effects
model and random effects model for short term was per-
formed to obtain the overall LVESV benefits comparing the
BMSC to the placebo group. Compared to placebo, the treat-
ment effect of BMSC on LVESV improvement demonstrated
a mean difference of −6.45mL/m2 (95% CI, −9.19 to −3.72,
𝑃 < 0.0001) in the short term and −10.83mL/m2 (95% CI,
−21.81 to 0.16, 𝑃 = 0.05) in the long term followup. Because
of nonsignificance of heterogeneity and the limited number
of trials, a meta-regression analysis was not conducted on
LVESV for both short term and long term trials.

3.4. Effect on MACE. The RR of MACE between the BMSC
and placebo group were calculated. At short term followup,
compared with the placebo, there was a trend towards
beneficial effects of BMSC against cardiovascular deaths (RR:
0.88, 95% CI, 0.36 to 2.16, 𝑃 = 0.79), rehospitalization from
HF or MI (RR: 0.13, 95% CI, 0.20 to 1.23, 𝑃 = 0.13), and
ventricular arrhythmias (RR: 0.17, 95% CI, 0.24 to 1.29, 𝑃 =
0.17), though these findings were not statistically significant.
However, at long term followup, there was statistical signifi-
cance demonstrating that decreased morbidity and mortality
(measured as cardiovascular deaths, RR: 0.45, 95% CI, 0.21
to 0.97, 𝑃 = 0.04, and rehospitalization, RR: 0.46, 95% CI,
0.23 to 0.96, 𝑃 = 0.04) were associated with receiving BMSC
(Figure 4).

4. Discussion

Overall, from the systematic review and meta-regression
analysis, the total ischemic time (TIT), defined by the time of
symptom onset to the time of percutaneous coronary inter-
vention (PCI), is shown to be a significant factor for LVEF
improvement when comparing the BMSC to the placebo
group if intervention is performed after 6 hours for both short
term and long term followup (Figure 2). Although there was
also a trend towards improvement of LVEF with decreased
TIT (<6 hours), the data was not statistically significant.

The reason for this effect can be multifactorial; it is our
belief that with TIT < 6 hours, the rapid restoration of
blood flow to the infarcted artery will reduce the damage
to the myocardium, thus limiting the potential for benefit
with the administration of BMSC. Accordingly, Denktas
et al. [29] demonstrated that for patients presenting with
STEMI, a TIT of less than 120 minutes allows for improved
clinical outcomes because of reduced infarct size. Therefore,
it is possible that the beneficial effects of BMSC will be
masked for the subgroup of people who present with reduced
TIT. Another potential reason that there was no statistical
significance for LVEF improvement with decreased TIT can
be that the patients included in our selected studies who
presented with their first STEMI may have already had
impaired LV function at baseline, which was not identified
prior to their presentation. Thus, the improvement potential
of LVEF during followup will be limited in that group of
patients despite having a reduced TIT.
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Previous meta-analyses have shown that intracoronary
BMSC infusion has beneficial effects on restoration of left
ventricular systolic dysfunction after acute STEMI [13–15];
the results from our analysis are consistent with these find-
ings, having a mean LVEF improvement, within the BMSC
group, of 3.38% in the short term, and 5.36% in the long term
followup. Additionally, similar to previous meta-analyses,
we found that there was no increase in MACE with BMSC
therapy in STEMIpatients.On the contrary, there appeared to
be evidence in favor of BMSC in the prevention of MACE for
cardiovascular deaths and rehospitalization (by HF or MI),
especially at long term followup (Figure 4).

Although we have demonstrated the beneficial effects of
intracoronary BMSC infusion, a topic of interest (which we
did not touch upon) is whether different types of transplanted
stem cells will also provide an equivalent improvement in
cardiac function for TIT ≥ 6 hours. Though analyzing the
effects of incongruent cell types is out of the realms of the
literature review for our paper, this area of research will be a
possible topic for further investigation.

In conclusion, patient selection is an important part of
ensuring maximal benefit from BMSC treatment. Current
studies demonstrate that BMSC therapy can contribute to
the improvement of left ventricular systolic function in select
patients. More specifically, we found that total ischemic time
is an independent predictor of BMSC treatment response
in STEMI patients. We therefore propose that the selection
criteria for any new trials looking to demonstrate the efficacy
of BMSC treatment in STEMI patients should include the
total ischemic time, specifically≥6 hours, as one of the patient
selection criteria.
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[16] J. Meluźın, S. Janoušek, J. Mayer et al., “Three-, 6-, and 12-
month results of autologous transplantation of mononuclear
bonemarrow cells in patients with acutemyocardial infarction,”
International Journal of Cardiology, vol. 128, no. 2, pp. 185–192,
2008.

[17] M. Penicka, J. Horak, P. Kobylka et al., “Intracoronary injec-
tion of autologous bone marrow-derived mononuclear cells



ISRN Stem Cells 13

in patients with large anterior acute myocardial infarction:
a prematurely terminated randomized study,” Journal of the
American College of Cardiology, vol. 49, no. 24, pp. 2373–2374,
2007.

[18] M. F. Piepoli, D. Vallisa, M. Arbasi et al., “Bone marrow cell
transplantation improves cardiac, autonomic, and functional
indexes in acute anterior myocardial infarction patients (car-
diac study),” European Journal of Heart Failure, vol. 12, no. 2,
pp. 172–180, 2010.

[19] J. H. Traverse, D. H. McKenna, K. Harvey et al., “Results of a
phase 1, randomized, double-blind, placebo-controlled trial of
bone marrowmononuclear stem cell administration in patients
following ST-elevation myocardial infarction,” American Heart
Journal, vol. 160, no. 3, pp. 428–434, 2010.

[20] G. P. Meyer, K. C. Wollert, J. Lotz et al., “Intracoronary
bone marrow cell transfer after myocardial infarction: eigh-
teen months’ follow-up data from the randomized, controlled
BOOST (BOne marrOw transfer to enhance ST-elevation
infarct regeneration) trial,”Circulation, vol. 113, no. 10, pp. 1287–
1294, 2006.

[21] J. O. Beitnes, E. Hopp, K. Lunde et al., “Long-term results
after intracoronary injection of autologous mononuclear bone
marrow cells in acute myocardial infarction: the ASTAMI
randomised, controlled study,” Heart, vol. 95, no. 24, pp. 1983–
1989, 2009.

[22] M. Yousef, C. M. Schannwell, M. Köstering, T. Zeus, M. Brehm,
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