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ABSTRACT  
Background: Pre-clinical and clinical data suggest that transplantation of autologous bone marrow stem cells may contribute 
to myocardial repair. Intracoronary autologous bone marrow mononuclear cell (BM-MNCs) transplantation in patients with 
severe LV dysfunction and diffused coronary is safe and improves functional outcome.  
Methods and materials: Five patients with diffused coronary artery disease and severe LV dysfunction (20-70 years of age) 
with Left Ventricular Ejection Fraction (LVEF)<30% were included in this study. Mean volume of BM-MNCs (45 ml) 
infused with dose of mean 0.34% CD34+ cells. Patients were followed-up with catheterization profile and 16 segment echo 
for 1, 3 and 6 months.  
Results and Conclusion: LVEF was significantly increased from 25% to 40% in two of the patients who received 
approximate dose of 0.4% of CD34+ cells and mean viability of 98%. No adverse events observed during the study period. 
Patients were absent for follow-up investigations, however two patients were finally traced after ten years with improved 
quality of life. This study demonstrates that intracoronary infusion of autologous BM-MNCs can be performed with relative 
safety without inducing new life threatening ventricular tachyarrhythmia 
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Institutional Ethics Committee; LFT: Liver Function Tests; LV: Left Ventricle; LVEF: Left Ventricular Ejection Fraction; 
NYHA: New York Heart Association; PT: Prothrombin Time; RFT: Renal Function Tests 

INTRODUCTION 

Dilated (congestive) cardiomyopathy is a group of heart 
muscle disorders in which the ventricles enlarge but are 
not able to pump enough blood for the body’s needs, 
resulting in heart failure. Dilated cardiomyopathy can 
develop at any age but is more common among people 
aged 20 to 60 years. About 10% of people who develop 
dilated cardiomyopathy are older than 65. The disorder 
occurs in about 3 times as many men as women and 3 
times as many blacks as whites. About 5 to 8 of every 
100,000 people develop the disorder each year. 

Prognosis and treatment 

About 70% of people with dilated cardiomyopathy die 
within 5 years of when their symptoms begin, and the 
prognosis worsens as the heart walls become thinner and 
the heart functions less well. Abnormal heart rhythms also 
indicate a worse prognosis. Overall, men survive only half 
as long as women and blacks survive half as long as 

whites. About 50% of deaths are sudden, probably 
resulting from an abnormal heart rhythm. 

About 20-40% of patients have familial forms of the 
disease, with mutations of genes encoding cytoskeletal, 
contractile, or other proteins present in myocardial cells 
[1]. Although the disease is more common in African-
Americans than in whites [2] it may occur in any patient 
population.  

The  progression  of  heart  failure  is  associated  with left 
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ventricular remodeling, which manifests as gradual increases 
in left ventricular end-diastolic and end-systolic volumes, 
wall thinning and a change in chamber geometry to a more 
spherical, less elongated shape. This process is usually 
associated with a continuous decline in ejection fraction. 
Conventional interventions, such as coronary artery bypass 
graft (CABG) or percutaneous coronary intervention (PCI), 
are only able to restore heart function to a minor degree, 
with an improvement in the left ventricular ejection fraction 
(LVEF) of only approximately 3-4% [3]. Although 
interventional and conventional drug therapy may delay 
ventricular remodeling, there is no basic therapeutic regime 
available for preventing or even reversing this process.  

Stem cell therapy has emerged as a promising strategy for 
the treatment of dead myocardium, directly or indirectly, and 
seems to offer functional benefits to patients. The Cellular 
transplantation to improve myocardial function and 
perfusion has been proven in animal models [4,5] and 

human pilot studies [6-9]. It has been demonstrated that 
administration of bone marrow stem cells leads to improved 
perfusion and left ventricular function.   

The present study evaluated the safety, feasibility and 
efficacy of intracoronary administration of bone marrow 
mononuclear cells in patients with dilated cardiomyopathy 
with diffuse coronary artery disease.   

METHODS 

Patient population 

This study has been approved by Institutional Ethics 
Committee (Dated 10-1-2005; IEC-Global Hospitals, 
Hyderabad, India). Five patients with a history of dilated 
cardiomyopathy with severe LV systolic dysfunction with 
EF<30% falling under New York Heart Association 
(NYHA) Class II or III were included. Inclusion/Exclusion 
criteria; pre and post stem cell transplant investigations are 
listed in the following tables (Tables 1-5). 

Table 1. Inclusion/exclusion criteria of patients. 

Inclusion Criteria Exclusion Criteria 

Exertional angina class III-IV Sever co-morbid medical condition 

LVEF<30% LVEF>31% 

Single/multi vessel coronary artery disease 

neither suitable for CABG nor PTCA+stenting 

HIV/HBS/HCV positive serology 

Stroke with significant sequel 

Short life expectancy due to terminal illness 

Hypokinetic, A kinetic, Dyskinetic segments Gross CCF/Pulmonary edema 

Table 2. Baseline characteristics of patients. 

Patient. No Age (years) Sex NYHA Class DM CRF 

1 65 M Class II; Mild CAD Yes None 

2 23 F Class III/IV;CAD None None 

3 54 F Class II; CAD None None 

4 70 M Class II; CAD None None 

5 60 M 
DCM with severe LV 

dysfunction 
None None 

Mean=54 F:M=2:3 

F: Female; M: Male; CAD: Coronary Artery Disease; DM: Diabetes Mellitus; CRF: Chronic Renal Failure 
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Table 3. Patient activities at each schedule. 

Phase Schedule Activity 

Patient informed consent Day 0 Patient counseling and consent 

Patient visit Day 0 
Clinical history 

General examination 

Diagnostic confirmation of DCM Day 0 – Day 1 DCM investigations: ECG, 2D Echo 

Pre-enrollment tests Day 0 – Day 1 Serological: HIV, HbsAg, HCV 

Patient admission Day 1 – Day 2 Admission procedures 

Pre-transplant investigations Day 1 – Day 2 

Hematological: Hemogram, PT, APTT, 

BT by Ivy’s method 

General: LFT, RFT 

Radiological: X-ray chest 

Pre anesthetic check 

BM harvest Day 2 – Day 3 

BM harvest, post BM harvest 

observation, BM smear preparation for 

expert opinion 

Stem cell isolation and intra 

coronary stem cell infusion 
Day 2 – Day 3 

MNC isolation under aseptic 

conditions, viability check, cell count 

Post-transplant follow-up 

1, 3 and 6 months; 

verified by annual follow-

up 

LVEF; 16 segment ECHO, 24 h 

Holter; Improvement in NYHA 

functional class; reduction in 

requirement of drug therapy 
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Table 4. Characteristics of BM-MNCs infused. 

Patient. No. 
Vol. of BM 

aspirated (mL) 

Dose of BM-

MNCs 

% of BM-MNCs 

Viability 
% of CD34+ cells 

1 87 1.4 × 108 98 0.4 

2 57 6.8 × 107 94 0.37 

3 70 6.7 × 107 94 0.44 

4 65 1.3 × 108 96 0.4 

5 85 1.7 × 108 99 0.13 

Mean 72.8 1.5 × 108 96.2 0.35 

Table 5. Characteristics of BM-MNCs infused and LVEF. 

Patient. 

No. 

Vol. of BM-

MNC’s in saline 

infused (mL) 

Time of BM 

aspiration 

(h) 

Time of SC 

infusion (h) 

LVEF (%) 

Before 
After 

3 months 6 months 10 years 

1 45 12:30 17:00 25 45 42 NA 

2 45 10:30 17:15 30 40 38 NA 

3 40 10:30 17:30 30 35 38 40 

4 45 9:00 16:40 25 40 39 NA 

5 35 12:30 16:30 30 35 35 

Mean volume=42 28 39 38.4 

Time interval from BM aspiration to infusion=6.13 h 
NA: Not Available 

Bone marrow harvest and cell isolation 

High risk informed consent was obtained from the patient or 
his/her relatives. Bone marrow was harvested from the 
posterior iliac crest under deep sedation following standard 
aspiration protocol on the day of cardiac catheterization. 
Mononuclear cells were isolated on Ficol-gradient (Sigma). 
Three washing steps were performed and cells were re-
suspended in normal saline for use. All BM manipulation 
procedures were done under cGMP conditions. Viability was 
tested by Trypan blue exclusion method (Sigma) and 
showed viability more than 90% of cells for each transplant. 
Characteristics of MNCs infused shown in the following 
tables. Histological evaluation of BM smear preparation 

revealed normal tissue in all patients. BM-MNCs were kept 
at room temperature until infusion. 

Intracoronary infusion of BM-MNCs 

BM-MNCs were infused into the infarct related artery at the 
site of the previous occlusion. BM-MNCs were suspended in 
45 ml of normal saline. 30 ml was injected in the left 
coronary artery and 15 ml in the right coronary artery slowly 
through right radial approach. Time taken for left coronary 
infusion was 10-12 min while of right coronary infusion of 
5-6 min. approximately 10cc infusion was administered at
one bolus. Patient was discharged from the hospital after 72
h. post procedure.
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Outcome measures 

Primary end point: Safety and feasibility of the procedure 
was considered as primary end point on the present study. 
Any adverse event, concomitant medications, hospitalization 
and deaths within 6 months of post stem cell infusion were 
evaluated for safety.  

Secondary end points: Improvement in LVEF was 
considered as efficacy measure. Any signs of new 
arrhythmias were recorded. 

RESULTS AND DISCUSSION 

The baseline characteristics of five patients are given in 
Tables 2 and 4. Intracoronary infusion of BM-MNCs was 
performed without any acute or long term side effect. No 
arrhythmatic effects were detected in Holter monitoring 
during follow-up. There was no episode of ventricular 
tachycardia observed by Holter monitoring. Remarkable 
improvement in Echo parameters was observed in three 
patients who received approximately 0.4% of CD34+ cells 
with viability of 98%. Significant improvement in LVEF 
from 25% to 45% was observed. Patients who received less 
viable cells shown comparatively less LVEF. The 
improvement in LVEF suggests that intracoronary infusion 
of autologous BM-MNCs to patients with severe DCM can 
potentially lead to improved clinical symptoms.  

Preliminary studies with lower primate animal models have 
shown that stem cells can be induced to differentiate onto 
cardiomyocytes ex vivo [10,11] however similar 
differentiation was not consistently shown in vivo [12]. A 
number of clinical trials have proven the safety of stem cell 
therapy. Bone marrow-derived stem cells (BMCs) infusion 
represents the greatest number of clinical studies for 
myocardial ischemia [13]. Single intracoronary transfer of 
unfractionated BMMNCs in BOOST trial with acute AMI 
provided only short-term benefits lasted no more than 6 
months [14]. In the ASTAMI trial follow-up (24 h to 3 
years), there was no effect on global LV function after 
intracoronary injection of autologous BMMNCs [15-17]. 
The BMMNCs treated patients (191 patients) in STAR-heart 
trial with an LVEF of 35% exhibited a statistically 
significant improvement in LV performance compared 
suggests that BMMNC therapy can affect mortality in 
patients with chronic heart failure [18].  

Promising results in human clinical trials have been obtained 
by administering bone marrow stem cells to the area of 
infarction after revascularization of acute myocardial 
infarction [19]. TOPCARE-AMI study demonstrated a 
significant increase in global LVEF and significant decrease 
in infarct size. Transplanted marrow stromal cells into the rat 
model of dilated cardiomyopathy improved cardiac function 
by inhibiting myocardial fibrosis [20]. Expansion of bone 
marrow-derived MSCs for therapy require at least 7 days 
compared with unfractionated BMMNCs while the 
endogenous conditions from each patient may be varied. 

In our study we have infused autologous mononuclear cells 
through both coronaries. The mononuclear cell fraction of 
bone marrow contains a cocktail of hemangioblasts, 
endothelial progenitor cells and mesodermal progenitor 
cells. CD34 is one of the markers for Hemopoietic stem cells 
(HSCs) that possess kinase insert domain receptor (KDR) 
and are believed to be able to derive all blood lineages and 
possibly trans differentiate into cardiomyocytes [21]. 

It is now evident that secretion of specific growth factors 
from transplanted stem cells may activate angiogenic, anti-
apoptotic and anti-fibrotic paracrine patterning within the 
recipient heart, playing a major role in tissue repair [22]. 
Stem cells infused in systemic circulation would require 
number of circulatory passages to enable the administered 
stem cells to home at the infarct area. Hence supplying a 
large bolus of stem cells at the site of infarct area would 
facilitate homing of more number of stem cells. Moreover 
the microenvironment and paracrine effect of resident 
cardiac stem cells also facilitate homing of administered 
stem cells leading to improved clinical outcome. Stem cell 
from peripheral blood and cord blood are also being used in 
exploring clinical trials of cardiomyopathy. The results of 
the present study are in agreement previous studies using 
similar stem cells and method of administration [23] and 
demonstrate that procedure can be performed with relative 
safety and without inducing new life threatening ventricular 
tachyarrhythmia. 

LIMITATIONS OF THE STUDY 

This is a preliminary study designed primarily for evaluation 
of safety and feasibility of the procedure. CD34+ cell 
population in the BM-MNCs was not quantified before the 
time of infusion due to non-availability of FACS caliber that 
time. Cryo-preserved samples were evaluated for CD34+ 
cell population after the availability of FACS caliber. 
Furthermore larger randomized studies are warranted for 
evaluation. Functional assessments in terms of myocardial 
viability following stem cell administration are warranted. 

CONCLUSION 

In patients with dilated cardiomyopathy and diffused 
coronary artery disease with severe LV dysfunction, the 
intracoronary infusion of autologous bone marrow 
mononuclear cells appears to be safe, leading to significant 
improvement in left ventricular ejection fraction. 
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