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Background: Several studies have demonstrated the short-
term safety, feasibility and efficacy of cell transplantation in 
patients with advanced heart failure. Data on the long-term 
outcome are lacking.
Objectives: To evaluate the long-term outcome of intra- 
coronary autologous bone marrow administration in patients 
with stable severe ischemic cardiomyopathy who were not 
suitable for revascularization.
methods: We enrolled eight consecutive patients with 
ischemic cardiomyopathy: all were in NYHA functional 
class III-IV despite optimal medical treatment. Dobutamine 
stress echo showed that all had left ventricular ejection 
fraction < 35% with significant viability or ischemia, or 
both, in at least two myocardial segments. Based on 
coronary anatomy none of the patients was suitable for 
revascularization. Bone marrow was obtained and the cells 
were injected into all patent conduits after a brief balloon 
occlusion at a normal coronary segment. Clinical follow-
up was performed periodically at the heart failure clinic, 
and included electrocardiography, laboratory tests and 
echocardiography. 
results: During 5 years follow-up there were two deaths: 
one due to leukocytoclastic vasculitis 21 months after intra- 
coronary bone marrow infusion, and the second patient 
died suddenly during sleep 30 months after the transplant. 
The other six patients are alive, two of them without any 
cardiovascular or clinical events. No significant change 
in systolic and diastolic function was observed on echo- 
cardiography.
conclusions: Despite the small and selected patient group, 
our long-term follow-up showed a promising outcome for this 
population of patients suffering from severe cardiac disease. 
Longer follow-up of a much larger group is needed.
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aBstract:

keY wOrds:

d espite significant advances in medical and invasive ther-
apy, the prognosis of symptomatic patients with heart 

failure and chronic ischemic cardiomyopathy remains poor. 
The 1 and 5 year survival of these patients is around 20% 
and 50% respectively [1,2], which is higher than for common 
malignancies such as bladder, breast, prostate and uterus.

Stem cell-based cardiac therapy is a rapidly evolving field 
of research [3,4]. Numerous preclinical experimental stud-
ies [5-7] and pilot safety-feasibility studies [8-11], and some 
randomized controlled studies [12,13], have yielded non-con-
clusive but encouraging results [14]. These human studies are 
characterized by a diverse methodology in almost all aspects: 
patient population, type of cell investigated, number of injected 
cells, timing and route of cell injection, follow-up duration, 
and clinical endpoints [15,16]. The literature on patients with 
chronic ischemic heart disease as compared to those with acute 
coronary syndromes treated with cardiac cell regeneration-
based therapy is limited. In the meta-analysis published by 
Abdel-Latif et al. [17] the mean follow-up was relatively short, 
4 months (range 3–18 months). A 4 year follow-up after bone 
marrow mononuclear cell transplantation in patients with 
acute myocardial infarction was recently published [18].

The purpose of the present study was to evaluate the 5 year 
outcome of intracoronary autologous bone marrow injection 
in patients with severe chronic ischemic cardiomyopathy who 
were not suitable for revascularization.

Patients and metHOds

The methodology has been described in detail elsewhere 
[8]. Briefly, patients with ischemic cardiomyopathy, left ven-
tricular ejection fraction < 35%, New York Heart Association 
functional class III-IV despite optimal medical therapy, 
were screened. The study had been approved by local and 
national institutional review boards. After providing written 
informed consent the patients underwent dobutamine stress 
echo. Coronary angiography was performed in those with 
evidence of hibernation and/or ischemia in at least two differ-
ent myocardial segments. Regional left ventricular function 
at rest was assessed according to the recommendations of the 



Original articles

 739

IMAJ • VOL 12 • DECEMbEr 2010

American Society of Echocardiography scoring scheme [19] 
modified by 18 segments (three views: four and two chamber 
and apical long axis views; six segments in each view) and 
was scored as follows: 1 = normal, 2 = hypokinetic, and 3 
= akinetic contraction (includes dyskinesis and aneurysm). 
Patients who were not suitable for revascularization, either 
coronary angioplasty or coronary artery bypass surgery, were 
screened for inclusion in the study. Exclusion criteria were 
idiopathic or non-ischemic cardiomyopathy; other etiology 
for heart failure; history of past or current disease involving 
bone marrow; patients on dialysis; and positive serologic test 
for human immunodeficiency virus, hepatitis B or C; and any 
neoplastic or terminal disease. 

One day prior to coronary angiography, bone marrow 
aspiration was performed and manipulated to the point that 
a suspension of bone marrow containing only white blood 
cells was ready for injection. Mild ischemia was induced by 3 
minutes inflation of a coronary balloon to nominal pressure in 
an angiographically normal coronary segment in each patent 
coronary artery associated with ischemic or viable myocar-
dium on dobutamine stress echo, with baseline TIMI flow of 
≥ 2. Thereafter, the bone marrow cell suspension was slowly 
infused. The mean nucleated cell concentration was greater 
than 15 x 106/ml. The volume per conduit did not exceed 50 
ml and the total suspension volume was less than 180 ml.

Clinical follow-up was performed at 6 month intervals 
and included assessment of functional class, physical exami-
nation, electrocardiography, echocardiography and 24 hour 
Holter monitoring. The echocardiographic features included 
ejection fraction, diastolic dysfunction parameters (E/A ratio 
and W-wave deceleration time), mitral regurgitation, estimated 
pulmonary pressure (mmHg) and regional wall motion score. 
We recorded any hospitalization, decompensated heart failure, 
myocardial infarction and need for interventional procedures. 
Statistical analysis of average and standard deviation was per-
formed using MS Excel (Microsoft, Seattle, WA, USA).

results

We enrolled eight patients – including two patients in addi-
tion to those described in the previous publication [8]. The 
5 year follow-up was completed in all patients as planned. 
The baseline patient characteristics and 5 year follow-up are 
presented in Table 1. All the patients were males and their 
mean age was 64.7 ± 7.2 years. The mean time from their first 
myocardial infarction was 67.7 ± 43.5 months. The NYHA 
functional class upon enrolment was III in five patients and 
IV in the other three. Diabetes mellitus was present in 6 
patients (75%) and chronic kidney disease in 5 (62.5%). The 
first myocardial infarction involved the anterior wall in six 

NYHA = New York Heart Association

patients and in the latter two the inferior wall. The first isch-
emic episode had been treated percutaneously in five cases 
and coronary artery bypass graft in three. All patients were 
treated according to current guidelines. 

After 5 years follow-up [Table 2] six patients are alive: 
in four of them functional class improved at least by one 
degree. It remained unchanged in one and worsened in 
one. Of these six patients, two had no cardiovascular or 
clinically significant events, including hospitalization, while 
the rest presented one or more. One patient underwent an 
uneventful percutaneous coronary intervention to a de novo 
lesion 12 months after the bone marrow infusion. In this 
patient a cardiac resynchronization therapy defibrillator was 
implanted 28 months later due to refractory heart failure 
and chronic hemodialysis was started 58 months after cell 
therapy. Another patient had an acute coronary syndrome 
(non-ST elevation myocardial infarction) 11 months after 

Patient
nYHa 
class Hospitalization mace devices died

1 II – – – –

2 – x 3 Pulmonary edema – Leukocytoclastic 
vasculitis (21)

3 II–III – – – –

4 IV x 2 NSTEMI, Rt femoral PTA, 
hemodyalisis, femoral–
popliteal bypass

– –

5 – – – CRT–D Sudden death (30)

6 II–III – – – –

7 II–III – – CRT–D –

8 III – PCI, hemodialysis CRT–D –

Patient age gender nYHa dm
cr 
(mg/dl)

mi 
location

months 
between 

mi and Bm 
infusion

First 
revascularization

1 59 M III – – Anterior 12 PCI

2 56 M III-IV + 1.6 Inferior 120 PCI

3 81 M III-IV + – Anterior 46 PCI

4 56 M III + 2.4 Inferior 48 CABG

5 66 M III – 2.6 Anterior 96 PCI

6 65 M III-IV + 1.8 Anterior 28 PCI

7 64 M III + 1.7 Anterior 22 CABG

8 64 M III + – Anterior 34 CABG

BM = bone marrow, DM = diabetes mellitus, Cr = creatinine, MI = myocardial infarction,  
PCI = percutaneous coronary intervention, CABG = coronary artery bypass graft

MACE = major adverse cardiac events, NQWMI = non-Q wave myocardial infarction,  
PTA = peripheral transluminal angioplasty, CRT-D = cardiac resynchronization therapy 
defibrillator, PCI = percutaneous coronary intervention

table 1. Baseline characteristics

table 2. Five year clinical events
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suitable for revascularization. Clearly, our most interesting 
finding was the unexpectedly low mortality when com-
pared to the expected rate described for these patients. The 
expected yearly mortality rate in patients with heart failure, 
NYHA functional class III or higher, ranges between 20 and 
30%; in our study, six of eight patients survived for 5 years, a 
surprising 75% survival rate. Furthermore, only one patient 
died due to cardiac cause – sudden death, in spite of an ICD/
CRT implanted earlier. The other patient died as a result of 
vasculitis, which cannot be directly related to the procedure. 
Another message that can be obtained from our results relates 
to the safety of the procedure, which was previously reported 
and validated by our current results. 

With regard to quality of life measures, NYHA functional 
class had improved in two patients but deteriorated in one. 
Analysis of the echocardiographic systolic function (by LVEF 
and regional quantitative wall motion score) and of diastolic 
function (by E/A ratio, E-wave deceleration time), as well as 
the degree of mitral regurgitation and estimated pulmonary 
pressure, did not demonstrate a significant change over 5 
years in the surviving patients. One cannot assume causal-
ity between the improvement in objective measures or null 
effect, related to bone marrow-based therapy for several 
reasons. First, the study cohort is obviously underpowered 
by its size; and secondly, many confounders (e.g., ICD/CRT 
implantation, medical therapy) may have contributed to the 
different results. 

In the present study, follow-up angiography was per-
formed based solely on clear clinical indications. Repeat 
angiography in two patients failed to identify restenotic 
lesions as described in previous studies.

In conclusion, although conclusive results cannot be 
drawn because of the small cohort, our results indicate 
that intracoronary bone marrow injection for patients with 
severe ischemic cardiomyopathy is safe and may be related 
to prolonged survival when compared to expected mortal-

ICD = implantable cardioverter defibrillator
LVEF = left ventricular ejection fraction

the intracoronary bone marrow injection. Coronary angio- 
graphy was performed without angioplasty. One month later 
this patient underwent left femoral-popliteal bypass surgery 
followed by chronic hemodialysis. Finally, 1 year after this last 
clinical event, yet another vascular procedure was carried out. 
The fifth patient was hospitalized due to non-cardiac causes 
(gout and pneumonia) 24, 29 and 54 months after the infu-
sion procedure. In this patient a CRT-D was implanted due 
to heart failure 20 months after the infusion. The last patient 
alive underwent successful prostatectomy due to neoplasm 
51 months after the bone marrow infusion. One patient died 
from leukocytoclastic vasculitis 21 months after intracoro-
nary bone marrow infusion. Before this event, he had been 
hospitalized three times: twice for pulmonary edema and 
once for acute cholecystitis. The second patient died suddenly 
during sleep 30 months after the bone marrow transplant, 
despite an implanted automated cardioverter defibrillator/
CRT 8 months after transplantation.

The echocardiographic follow-up [Table 3] of the six 
patients who are alive did not show any significant change in 
systolic and diastolic parameters between the baseline and 5 
year follow-up echo. 

discussiOn

Treatment of severe ischemic heart failure is limited. New 
approaches for improved prognosis and better quality of life 
are being investigated, among them bone marrow-based 
therapy which has gained interest in the past decade. The 
main premise of this therapy assumes the differentiation of 
the injected cells into viable cardiomyocytes that supposedly 
will engage in recovery and improvement of cardiac function. 
In vitro and in vivo trials showed encouraging short-term 
results but they lack long-term follow-up

Our current study focuses on the 5 year follow-up of eight 
patients with severe ischemic cardiomyopathy who were not 

CRT-D = cardiac resynchronization therapy defibrillator

Baseline 5 Year follow up

Patient e/a ratio desc. time mr Pulm. pressure rwm score lveF % e/a ratio desc. time mr Pulm. pressure rwm score lveF %

1 1.3 180 Mild 55 41 25 1 205 Mild 25 43 25

3 0.4 >200 Mild 25 39 30 0.95 249 Mild 35 37 25

4 1.3 170 Mild 36 40 1.1 201 Trivial 25 36 40

5 1.3 Mod 38 30 N/A N/A N/A N/A N/A

7 0.9 >200 Mild 44 44 25 N/A N/A* Mild 60 36 45

8 0.6 >160 Trivial 35 40 25 N/A 140 Trivial 25 44 25

*Atrial fibrillation
RWM = regional wall motion, LVEF = left ventricular ejection fraction

table 3. Echocardiographic evaluation
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ity rates for these patients. Currently, this cell-based cardiac 
regeneration therapy suggests a nebulous future despite 
promising animal studies, clinical studies showing feasibil-
ity and safety, and initial small-scale studies with long-term 
outcomes. Further large-scale trials are needed to establish 
this hypothesis. 
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Irinotecan is a widely used anticancer prodrug that is 
converted in the liver into the active form. But when it gets 
into the gut, the normally benign microbial flora can convert 
it into the toxic form, which kills the rapidly multiplying gut 
epithelium as it would kill rapidly dividing tumor cells, and 
thus causes diarrhea. Wallace and co-authors used high-
throughput screening to identify inhibitors that target the 

offending bacterial enzyme, β-glucuronidase, without killing 
the bacteria or affecting orthologous mammalian enzymes. 
Crystal structures revealed the molecular basis of selectivity, 
and in vivo studies showed that an inhibitor protected mice 
from irinotecan-induced toxicity. 

Science 2010; 330: 831

Eitan Israeli  

capsule

Blocking microbes that convert irinotecan

The ability to expand hematopoietic stem cells (HSCs) during ex 
vivo culture has been an important goal for over 20 years. Using 
a high throughput chemical screen, Boitano and colleagues 
found that a purine derivative, StemRegenin1 (SR1), promoted 
the expansion of human HSCs. Treatment of HSCs with SR1 

(which blocked the activity of the aryl hydrocarbon receptor) 
led to the expansion of CD34+ cells and a 12 to 17-fold increase 
in the number of HSCs that engraft immune deficient mice.
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