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Background & objectives: Acute myocardial infarction (AMI) is characterized by irreparable and 
irreversible loss of cardiac myocytes. Despite major advances in the management of AMI, a large number 
of patients are left with reduced left ventricular ejection fraction (LVEF), which is a major determinant of 
short and long term morbidity and mortality. A review of 33 randomized control trials has shown varying 
improvement in left ventricular (LV) function in patients receiving stem cells compared to standard 
medical therapy. Most trials had small sample size and were underpowered. This phase III prospective, 
open labelled, randomized multicenteric trial was undertaken to evaluate the efficacy in improving the 
LVEF over a period of six months, after injecting a predefined dose of 5-10 × 108 autologous mononuclear 
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	 Acute myocardial infarction (AMI) is characterized 
by irreparable and irreversible loss of cardiac myocytes 
pursuant to occlusion of the infarct related coronary 
artery1. Despite major advances in the management of 
AMI, a large number of patients are left with reduced 
left ventricular ejection fraction (LVEF), which is a 
major determinant of short and long term morbidity and 
mortality2. This is especially true in cases of AMI that 
present late and thus do not receive the benefits of early 
reperfusion therapy3,4, a scenario often encountered in 
developing countries like India5.

	 Interest in the clinical application of stem cells as a 
regenerative strategy for treatment of AMI is based on 
the premise that transplanted exogenous stem cells have 
a paracrine effect and can engraft and integrate with 
host myocardium for cardiac regeneration6. However,  
studies suggest that multiple additional mechanisms, 
such as remodelling of extracellular matrix, 
enhancement of neovascularization and recruitment 
of endogenous stem cells are also likely to contribute 
to the beneficial effects of stem cell therapy (SCT)6,7. 
Bone marrow-derived cells and skeletal myoblasts 
have been among the types of cells tested in various 
clinical trials7.

	 A review of 33 randomized control trials (1765 
participants) on this subject showed sustained and 
significant improvement in left ventricular function in 
patients receiving SCT as compared to those treated 
with standard of care medical therapy8. However, a 

high degree of heterogeneity was noted with respect 
to study design, standardization of methodology, cell 
product formulation, cell dosing, time of intervention 
and method of evaluation of LV function among the 
included trials. Most trials had small sample size and 
were underpowered. The present clinical trial was 
a Phase III prospective, open labelled, randomized, 
multicentric trial to assess the efficacy of autologous 
bone marrow derived mononuclear cells (MNC) on LV 
function of patients with post ST elevation AMI. 

material & Methods 

Period and place of study: Patients of AMI from five 
premier centres, namely, Army Hospital (Research 
and Referral), New Delhi; Military Hospital, Cardio 
Thoracic Centre (MH, CTC), Pune; Sanjay Gandhi 
Postgraduate Institute of Medical Sciences (SGPGI), 
Lucknow; Post Graduate Institute of Medical 
Education and Research (PGIMER), Chandigarh; 
Christian Medical College (CMC), Vellore; and All 
India Institute of Medical Sciences (AIIMS), New 
Delhi, were included in the study conducted from July 
7, 2007 to July 8, 2010.

Study design: The study was a randomized, multicentric, 
phase III trial to evaluate the efficacy of stem cell 
in improvement of LV function in patients with ST 
elevation AMI. Patients aged 20-65 yr presenting with 
first acute ST elevation AMI who underwent coronary 
angiography (CAG), between 1 - 3 wk, were included 

cells (MNC) by intra-coronary route, in patients, one to three weeks post ST elevation AMI, in addition 
to the standard medical therapy. 
Methods: In this phase III prospective, multicentric trial 250 patients with AMI were included and 
randomized into stem cell therapy (SCT) and non SCT groups. All patients were followed up for six 
months. Patients with AMI having left ventricular ejection fraction (LVEF) of 20-50 per cent were 
included and were randomized to receive intracoronary stem cell infusion after successfully completing 
percutaneous coronary intervention (PCI).
Results: On intention-to-treat analysis the infusion of MNCs had no positive impact on LVEF improvement 
of ≥ 5 per cent. The improvement in LVEF after six months was 5.17 ± 8.90 per cent in non SCT group 
and 4.82 ± 10.32 per cent in SCT group. The adverse effects were comparable in both the groups. On post 
hoc analysis it was noted that the cell dose had a positive impact when infused in the dose of ≥ 5 X 108 
(n=71). This benefit was noted upto three weeks post AMI. There were 38 trial deviates in the SCT group 
which was a limitation of the study. 
Interpretation & conclusions: Infusion of stem cells was found to have no benefit in ST elevation 
AMI. However, the procedure was safe. A possible benefit was seen when the predefined cell dose 
was administered which was noted upto three weeks post AMI, but this was not significant and needs 
confirmation by larger trials.

key words �Acute myocardial infarction - autologous bone marrow derived mononuclear cells - left ventricular ejection fraction -   
MI3: mononuclear infusion in myocardial infarction - multicentrial-trial in India - stem cell therapy 
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in the study if they fulfilled the following: (i) Killip 
Class I - III at admission; (ii) Proximal and/or mid 
left anterior descending (LAD) artery involvement on 
CAG; and (iii) LVEF of 20-50 per cent by multigated 
graphical analysis (MUGA) scan.

	 Patients with multi-vessel coronary artery disease 
(CAD), pulmonary oedema, Killip class IV, advanced 
renal or hepatic dysfunction, associated mechanical 
complications like ventricular septal rupture, previous 
history of angioplasty or significant circumflex and 
right coronary artery (RCA) involvement, LVEF < 20 
per cent by echocardiography, percutaneous coronary 
intervention (PCI) done within two hours of AMI, and 
pregnant women were excluded from the study.

Echocardiography: Echocardiography was done as 
a screening procedure in all patients at baseline and 
repeated at six months. Patients with baseline LVEF 
between 20 - 50 per cent were eligible for MUGA 
study.

MUGA: LVEF was measured by MUGA, a modality 
using radionuclide 99mTc-pertechnitate (Tc-99m) that 
provides cine image of the beating heart8 to study 
regional and global LV function. The test was done at 
baseline and after six months. An independent external 
observer, not involved in the study, reviewed MUGA 
scans at all centers. In case of intraobserver variation, 
the p value by the independent observer was taken 
as the final value for analysis. The nuclear medicine 
specialists in all centers and the independent external 
observer were blinded to each other and patient 
assignment.

Study oversight: The ethics committee of the 
Department of Biotechnology, New Delhi, and the 
respective ethics committees of all the participating 
centres approved the study protocol. The trial was 
registered with the Clinical Trial Registry- India 
(CTRI- PROVCTRI/2008/091/000232)]. All patients 
or their legally authorized representatives gave written 
informed consent. An independent Data and Safety 
Monitoring Board (DSMB) was responsible for safety 
and data integrity. An external data management centre 
was responsible for random allocation of patients, data 
entry and data management. An independent Contract 
Research Organization (CRO) was responsible for 
gathering and monitoring data. 

Baseline assessment: History of past events and co-
morbidities, family history of CAD, smoking, relevant 
drug history, clinical examination and laboratory tests 
[blood sugar, blood urea nitrogen (BUN), creatinine, 

cholesterol, electrolytes and haemogram] were 
recorded.

Bone marrow recovery and cell processing: Bone 
marrow was aseptically aspirated under local 
anaesthesia from one or both iliac crests using adult 
marrow sternal aspiration needles in the SCT group. 
A total of 100-150 ml of bone marrow was collected. 
The predefined cell dose was >5 × 108 MNCs, whereas  
doses >2 and <5 × 108 MNCs were labelled as trial 
deviates. Any cell dose ≥ 2 × 108 MNCs was infused 
while cell dose of < 2 × 108 MNCs was discarded.

Coronary angiography: All patients included in the 
study underwent PCI and achieved TIMI 3 flow. This 
was followed by standard of care medical therapy, 
which was given to both groups (SCT and non SCT). 
The patients randomized to SCT group received 
intracoronary stem cell infusion after successful 
completion of PCI and stenting. The processed MNCs 
were infused immediately without storage into the 
infarct related LAD artery. The total time from bone 
marrow collection to stem cell infusion was £  four 
hours. The post procedure care of these patients was 
similar to any PCI procedure. 

Clinical monitoring post MNC infusion and follow up: 
Patients were monitored in the intensive care setting 
for 48 h, post infusion of MNCs, for blood pressure, 
heart rate, pulse oximetry, ECG and any event 
including fever, chills, chest pain, rigors and urticaria. 
The primary follow up was scheduled six months after 
intervention when repeat echocardiography and MUGA 
were performed to assess the improvement in LVEF. 

Outcome measures

Measurement of primary outcome: The primary 
outcome was defined as an absolute improvement in 
LVEF by ≥5 per cent at six months when compared to 
the baseline as measured by MUGA.

Measurement of secondary outcome and serious 
adverse events: The following parameters were 
recorded: (i) subjects dying in either group, (ii) episodes 
of repeat AMI, cerebral infarctions and need for 
target vessel revascularization, (iii) patients requiring 
hospitalization for treatment of chest pain, breathing 
difficulty, syncope, heart failure or arrhythmias, and 
(iv) safety of the intervention was evaluated.

Statistical analysis: The following assumptions 
were made for sample size calculation. A standard 
deviation of 10, alpha error 5 per cent, power 90 per 
cent and approximate dropout of 10 per cent which 
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added up to a sample size of 115-120 in each group. 
The sample size of 125 was taken in each group 
making a total sample of 250. 

	 The randomization list and numbered packing of 
the intervention, allocating patient in 1:1 ratio to either 
SCT or non SCT groups, were prepared off site by 
central data coordinator, for all centres. The random 
numbers were generated by a computer programme 
using permuted blocks of variable length. 

	 Baseline characteristics were recorded for both 
groups and compared using Student’s t-test for 
continuous variables and chi square test for categorical 
variables. Analysis of primary outcome was performed 
both by intention to treat (ITT) principle as well as 
per-protocol analysis. Intervention related factors 
like stem cell dose and timing of intervention were 
also evaluated for their impact on the primary 
outcome. Post hoc univariate analysis was done for 
variables likely to affect primary outcome, including 
age, sex, history of smoking, presence of diabetes, 
hypertension, raised serum cholesterol and baseline 
LVEF. A significant number of patients did not receive 
the predefined cell dose and were designated as trial 
deviates. Hence, a stratified analysis of patients who 
received the intervention with the predefined cell dose 
was compared with a nested cohort. All the tests were 
two-sided, and P<0.05 was considered significant. 
Analysis was performed with SPSS software 17.0 
version (SPSS, Inc., Chicago, USA). 

results

	 During the study period, 621 patients were screened 
to assess their eligibility for participation in the trial. Two 
hundred and fifty patients were randomly assigned, in 
1:1 ratio, either to a non SCT group (n: 125) that received 
standard of care medical therapy or to a SCT group 
(n: 125) that received intracoronary infusion of 
MNCs in addition to standard of care medical therapy. 
Optimum treatment comprised revascularization 
and medical therapy as per the institutional policy. 
In the SCT group, 114 patients received the stem 
cells. While in the non SCT group, all 125 patients 
received standard of care medical therapy after PCI. 
The final cohort followed up for six months included, 
109 patients in SCT group and 117 in non-SCT 
group. Significant number of trial deviates were noted 
(n=61). In the non-SCT group eight were lost to follow 
up and in the SCT group there were 53 trial deviates  
(Fig. 1). Only 71 got the predefined cell dose  
(≥ 5 x 108 cells) in the SCT group while the remaining 
38 received a cell dose of ≥2 to < 5 x 108cells and 

were labelled as trial deviates. The number of trial 
deviates was relatively high and was possibly due to 
inadequate yield of MNCs in bone marrow. Analysis of 
likely factors which can influence harvest yield, were 
considered and included as age, comorbid conditions 
and smoking. It was noted that the participants from 
trial deviate group were older (n=38, 50.26 ±9.16 yr) 
compared to non trial deviate group (n=71, 46.22 ±  
9.44 yr) (p<0.05). Similarly, there were greater number 
of hypertensives in trial deviate group (p<0.05) 
compared to non trial deviate group. However, there 
was no impact of diabetes as reported in BONAMI 
study11 and neither was an impact of smoking or 
cholesterol levels.

Baseline characteristics: Baseline characteristics were 
similar in the two groups (Table I). The concordance 
between intraobserver values was over 95 per cent 
for both the baseline as well as six month values of 
LVEF by MUGA scan. The values were validated by 
an independent nuclear medicine specialist.

Intervention: All patients received standard of care 
medical therapy post PCI. A total of 100-150 ml of 
bone marrow was successfully aspirated from the 
posterior superior iliac crest under local anaesthesia 
without any adverse events for the SCT group. The 
median time from onset to intervention was 15 days 
(inter quartile ratio, IQR: 11-18 days). The stem cell 
dose was infused within four hours of completion of 
bone marrow harvest in all patients. The median MNC 
cell dose was 5.58×108 (IQR: 3.38-25.54x108) and the 
median viability of cells was 95 per cent (IQR, 93-
99.9).

Primary outcome analysis: Analysis of the primary 
outcome was done using the intention-to-treat analysis, 
to assess the absolute improvement in LVEF over six 
months by MUGA scan between the two groups. The 
baseline LVEF did not differ significantly between the 
two groups. At six months, LVEF showed an increase in 
both groups. The mean change in LVEF from baseline 
to six months being 5.17 ± 8.90 per cent in non SCT 
group and 4.82 ± 10.32 per cent in SCT group. The 
median change in LVEF from baseline to six months 
was four per cent (IQR, 0-10.5) in non SCT and 3.5 
per cent (IQR: 1.01-12.0) in SCT group. However, the 
difference was not significant.

	 Since only 71 patients received the predefined cell 
dose, a stratified analysis of this group of patients was 
done with a nested cohort matched for age and sex. 
The baseline LVEF was similar in both groups (34.22 ± 
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Enrollment

Assessed for eligibility (n=621)

Randomized (n=250)

Excluded (n=371)
Not meeting inclusion criteria (n=237)••
Declined to participate (n=126)••
Others reasons (n=8)••

Voluntary withdrawal	 -5••
Cell dose <2 × 10•• 8 MNC	 - 4
SAE prior to intervention	 -1••
LFU prior to intervention	 -1••

Lost to follow up	 -4••
Death due to SAE	 -1••

Inadequate MNC -38 cell
dose  2 & <5×108 MNC

Patient followed up for 6 months (n=109)

Allocated to standard therapy (n=125)

Received allocated treatment (n=125) Received intervention (n=114)

Follow up

Treatment

Allocation

Analysis

Analysed (n=117) Analysed (n=71)

Received allocated intervention (n=75)

Patient followed up for 6 months (n=117)

Lost to follow up
(n=8)

Allocated to stem cell therapy (n=125)

Fig. 1. Flow chart depicting patients’ enrollment and follow up. SAE, serious adverse event; LFU, lost to follow up; MNC, mononuclear cells..
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7.03% in SCT vs. 35.75 ± 4.1% in non SCT group). The 
difference in LVEF observed at the end of six months 
was approximately 3 per cent (7.03 vs. 4.1%) with a 
possible benefit in the SCT group (Fig. 2); however, 
this was not significant. Stratified analysis comparing 
38 trial deviates with a nested cohort from the non SCT 
group showed no significant improvement between the 
two groups.

	t he cell dose showed a positive impact when 
infused in the intended dose of ≥ 5 X 108 (n=71) when 
compared with a subset of trial deviates (n=38) who 
did not receive the predefined cell dose, namely ≥ 2 
or <5 x 108 cells. In our study, there was no difference 
noted in the group infused stem cells prior to or beyond 
10 days (upto 21 days) of onset of AMI. There was no 
impact of age and baseline LVEF noted on the primary 
outcome. 

Secondary outcome:

	 Adverse effects (AEs) and serious adverse events 
(SAE) - AEs and SAEs recorded during six months 
follow up were equally distributed in both the groups 
with no significant difference. The AEs reported 
were hospitalization, chest pain, dyspnoea and other 
symptoms. There were 15 AEs in stem cell group and 
11 in non stem cell group. Overall, 14 SAEs were 
reported, of which nine were in the stem cell group and 
five in the non stem cell group. All SAEs resolved with 
treatment except for one case of ‘acute stent thrombosis 
with acute LV failure’ who died in the SCT group.

discussion

	 This trial was done to address the efficacy of 
MNCs in improving the LV function by ≥ 5 per cent in 
AMI patients which was the primary outcome of this 
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Table I. Baseline characteristics of patients randomized to 
stem cell therapy (SCT) and non-SCT group 
Baseline clinical 
parameters

SCT group
(n=125)

Non-SCT 
group (n=125)

Age (yr)
Mean ± SD 48.07 ± 9.68 48.98 ± 9.76
Median (IQR) 50 (41, 55) 48 (43, 58)
Male: female ratio 111 :14 109 : 16
Weight (kg)
Mean ± SD 65.76 ± 10.01 66.48 ± 9.91
Median (IQR) 65 (60, 72) 68 (60,72)
Height (cm)
Mean ± SD 166.65 ± 7.83 166.45 ± 8.09
Median (IQR) 168 (161, 172) 168 (161, 170)
Diabetes, n (%) 22 (17.60) 19 (15.20)
Total cholesterol
Mean ± SD 178.11 ± 33.35 187.44 ± 42.82
Median (IQR) 174 (151, 196) 183 (159, 213)
Hypertension, n (%) 23 (18.40) 20 (16.00)
Family history of CAD, 
n (%)

7 (5.60) 10 (8.00)

Past H/O AMI, n (%) 0 (0) 1 (0.80)
Current smoker, n (%) 59 (47.20) 59 (47.20)
Location AMI, n (%)

Extensive anterior MI •• 64 (51.20) 49 (39.20)
Anteroseptal MI •• 50 (40.00) 65 (52.00)
Anterolateral MI •• 10 (8.00) 11 (8.80)

CAD, coronary artery disease; AMI, acute myocardial 
infarction

study. The proposed cell dose was ≥ 5 x 108 MNCs 
to be administered 7-21 days post AMI. A total of 250 
patients were recruited, 125 in each group. A significant 
number of trial deviates (n=53) were noted which was, 
however, not envisaged. On ITT analysis there was no 
significant difference in the primary outcome between 
the two groups of the present study.

	a  stratified analysis was done of the 71 patients 
who received the predefined cell dose with a nested 
cohort matched for age and sex. The non SCT group 
had a baseline LVEF which was 1.5 per cent greater 
than the patients. The absolute improvement in LVEF 
in six months was 7.05 per cent in the SCT group and 
4.1 per cent in the non SCT group, which showed a 
benefit in SCT group but was not significant (Table 
II). It was further seen that a significant benefit 

(p<0.05) was accrued when the predefined cell dose 
was administered (n=71) as compared to the group 
receiving sub optimal cell dose (n=38). Expectedly, 
when the group (n=38) receiving suboptimal cell dose 
was compared with a nested cohort matched for age 
and sex showed no significant difference between the 
two groups.

	 Most trials had small sample size and were 
underpowered. The primary end point in most studies 
has been an improvement in LVEF which has ranged 
from 3 per cent in the REGENT study9 (n=200) to 13.1 
per cent in the CARDIAC study14 (n= 38), whereas, 
the ASTAMI study10 (n=100) and the BONAMI study11 

(n=100) showed no significant improvement in LVEF, 
at the end of six and three months, respectively. 
The follow up period varied from three months, in 
TOPCARE-AMI12, and BONAMI trial to 12 months in 
the COMPARE AMI trial13.

	 A review of major trials analyzing the utility of stem 
cells in AMI is outlined in Table II. Most of these trials 
did not administer a predefined cell dose. The cell dose 
was variable, ranging from 0.61-24.6 × 108 of MNCs. 
The timing of infusion post AMI has ranged from 3-10 
days. However, in our trial we infused a predefined cell 
dose, based on the hypothesis that 5 x 108 MNCs will 
result in absolute improvement in LVEF of ≥5 per cent. 
The protocol was followed stringently and all subjects 
receiving suboptimal cell dose were labelled as trial 
deviates. the cell dose had a significant positive impact 
infused in the intended dose as compared to suboptimal 
dose (p<0.05). This attains significance for designing 
further trials.

	 The age range in most trials was 51 to 59.2 yr in 
the SCT group and 50.7 to 57.2 yr in the non SCT 
group15- 18. However, our study showed a mean age of 
48 yr and had a younger population than other similar 
studies. This is likely to be due to the demographic 
pattern of patients with AMI in the Indian sub-
continent. The sex distribution of our patients was 
skewed in favour of males. This has been the pattern 
with all similar studies except BONAMI11 where a 
female preponderance was noted.

	 In most trials, the LVEF at baseline was in the 
range of 41.3 to 51.6 per cent12-20 notably 51.6 per cent 
in BALANCE study15, 50 per cent in BOOST trial16, 
45 per cent in REPAIR AMI trial17, 44 per cent in 
TOPCARE-AMI12 study and 41.3 per cent in ASTAMI 
trial10. Very few trials included subjects with LVEF  
< 40 per cent at baseline. In our study the mean baseline 
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Fig. 2A. Stratified analysis of SCT group with nested cohort: 
Effect on primary outcome. Box and whisker plot showing primary 
outcome at 6 months in 2 groups. Group 1, SCT (n=71) and Group 
2 Nested cohort from non SCT group (n=71). Actual increase in EF 
at 6 months between SCT group (7.03 ± 10.33 %, Median 6, IQR 
0-14) and nested cohort from non SCT arm (4.1 ± 9.1%, Median 
3.01, -2.15-10.45) was not significantly different.
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Group 2, Nested cohort from non SCT arm (n=38). Actual increase 
in EF at 6 months between trial deviates group (2.75 ± 9.6%, 
Median 3.25, IQR -3.91-9.49) and nested cohort from non SCT 
arm (4.37 ± 8.87% Median 3.5, -0.75-8.86) was not significantly 
different.
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Fig. 2C. Impact of cell dose administered on primary outcome. 
Box and whisker plot showing primary outcome at 6 months in 2 
groups. Group 1, SCT (n=71) and Group 2, Trial deviates (n=38). 
Actual increase in EF at 6 months between SCT group (7.03 ± 
10.33%, Median 6, IQR 0-14) and Trial deviates (2.75 ± 9.6%, 
Median 3.25, IQR -3.91-9.49) was significant (P<0.05).
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Fig. 2D. Impact of timing of infusion in SCT arm on primary 
outcome. Box and whisker plot showing primary outcome at 6 
months in 2 groups. Group 1, early (infusion given in < 10 days, 
n=21) and Group 2, late (infusion given between day 10 to day 21, 
n=50). : Actual increase in EF at 6 months between the early group 
(6 ± 10.45 %, Median 7.5, IQR 0.49-14) and late group (7.47 ± 
10.97, Median 4, IQR -2 - 14) was not significant.
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LVEF was 34.22 per cent in the SCT group and 35.75 
per cent in the non SCT group which was also noted 
in the BONAMI trial (33 and 37%, respectively). It is 
well known that even modest gains in LV function with 
pharmacotherapy result in significant benefits in long-
term morbidity21.

	 SAEs were noted in the form of acute, sub-acute 
and delayed stent thrombosis, which were comparable 
in the two groups of the study. There was one death due 
to acute stent thrombosis with acute LV failure in the 
SCT group. Another important observation pertains to 
the timing of stem cell infusion. Most previous trials 
have infused stem cells between 3-10 days. However, 
in our study there was no difference noted in the group 
infused stem cells prior to or beyond 10 days (upto 21 
days) of onset of AMI. This observation could lead to 
an increase in the therapeutic window for stem cell 
infusion.

	 The strengths of this study included a large sample 
size, administration of a predefined cell dose; a wider 
time window for stem cell infusion (7-21 days post 
AMI) and 90.4 per cent of total patients completed a 
six month follow up. The limitations included a large 
number of trial deviates (n=53) which reduced the 
number of patients receiving the intended intervention 
from 125 to 71 patients. The follow up period of six 
months was relatively short and preferably should be 
more than one year.	

	 In conclusion, our study demonstrates that 
autologous MNCs can be safely administered in 
patients with AMI. On ITT analysis there was no 
significant difference in the primary outcome between 
the two groups. However, a stratified analysis of 
71 patients who received the predefined cell dose 
compared to a nested cohort from the non SCT group 
showed a possible benefit in the SCT group. a benefit 
was also seen when the predefined cell dose was 
administered. This benefit was noted upto three weeks 
post AMI in contrast to other trials that demonstrated 
the same mostly within 10 days post AMI. In future, 
larger randomized trials need to be done to specifically 
validate and address issues regarding cell dose and 
timing of infusion. 
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