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Abstract: This retrospective report presents findings on 7 patients with idiopathic dilated cardiomyopathy who underwent
transplantation of autologous bone marrow derived mononuclear cells (BMSC) after failed routine conservative treatment,
and were on a waiting list for cardiac transplantation. In two out of seven patients, we performed intramyocardial delivery of
BMSC twice, 22 and 24 months respectively after the first transplant. All patients received anti-congestive therapy by diuretics, ACE inhibitors, carvedilol, digitalis and aspirin. We discuss potential disadvantages of intracoronary injections of
autologous bone marrow stem cells. We believe that our BMSC transplantation method as opposed to intravascular input is
the method of choice, particularly in children with idiopathic dilated cardiomyopathy because it is safe, gentle and is not
associated with risks for coronary circulation.
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1. Introduction
Dilated cardiomyopathy (DCM) is a serious problem in
pediatric cardiology. Despite the relatively low incidence 0,
57/100 000 to 2,6/100 000 children, the mortality rate is
high: one third of patients die within a first year after diagnosis (1, 2). Up to 40 % of them are diagnosed idiopathic
dilated cardiomyopathy (IDCM) – defined as left ventricular dilatation and systolic dysfunction of unknown cause.
The prognosis is poor in pediatric patients, and survival
appears to be related to the degree of systolic dysfunction.
Conservative treatment does not provide substantially better prognosis. Heart transplantation appears to be the last
resort option for these patients, however the lack of donors
remains an important limitation for this procedure. Furthermore, these patients do not live long enough to undergo
heart transplantation, at least partly due to delay in diagnostics.
Recent clinical studies (3, 4) suggested that bone marrow-derived autologous mononuclear cells or circulating

progenitor cells (5, 6) may be a promising therapy for
management of these patients. Since the first clinical trial
published in 2001 by Menasche et al. (7) a lot of trials have
been reported, but till the year 2012 only four reports with a
limited amount of patients were published (3, 4, 5, 6).
Mentioned trials experimented with different routes of delivery, including direct intramyocardial injection at the time
of coronary artery bypass grafting (8, 9), intra-coronary
infusion (3, 4, 5, 6) and percutaneous endocardial injection
using devices such as the NOGA catheter (10, 11, 12).

2. Materials and Methods
We have started intramyocardial stem cell transplantation
in collaboration with The Latvian Center of Cardiology,
Pauls Stradins Clinical University Hospital and Cell Transplantation Center in May, 2009. As a prerequisite in all
cases, we obtained a written informed consent from the
patient's parents and a permission from the Ethics Committee to perform the BMSC transplantation. Cell suspension
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preparation: manufacturing is performed at the Latvian
Laboratory of Cell Transplantation of Pauls Stradins Clinical University Hospital. The manufacturing procedures are
in compliance with principles of good manufacturing practices as set out in Directive 2003/94/EC (3-year experience
in processing biological medical products). A manufacturing authorization, Certificate Nr. AO-3, registration
2453/3817, includes manufacturing of bone marrow derived cell therapy products. In total, there were 17 patients
with dilated cardiomyopathy admitted to our center since
the year 2000. Six of them died, two became adults, one
underwent the Batista procedure and one demonstrated
clinical recovery. All the patients received conservative
treatment of heart failure prior to the BMSC transplantation.
The decision to perform the BMSC transplantation was
based on perspective condition of the patient and possibilities for heart transplantation. Following detailed and repeated check-ups of the first patient during one year after
the transplant, we made a decision to use the stem cell
therapy in other patients as well. Already seven patients at
the age from 4 months to 17 years and weight from 5 to 61
kilograms have undergone the transplantation of BMSC.
Three of them at the procedure were were 4 months old. We
chose patients with severely and moderately decreased
heart ejection fraction. We used 2D and 3D echocardiography to evaluate impairment of heart function. We found
LVDd more than 2SD in Z-score, decreased FS (<27 %)
and EF (<45 %). The inflammatory and autoimmune processes were excluded by laboratory investigations (WBC,
CRO, ANA at normal range). All the patients underwent
genetic tests to exclude genetically determined metabolic
disorders. Laboratory tests did not reveal the presence of
viral (RSV, adeno, parvo B19, entero, CMV, EBV, rubella,
rubeola) antibodies in all the patients. For diagnostic purposes, we performed transvenous endomyocardial biopsy
via the femoral vein in 2 patients. The histological investigation of biopsy material revealed hypertrophy of myocytes
and fibrosis. All patients received massive anti-congestive
therapy by diuretics, ACE inhibitors, carvedilol, digitalis,
and aspirin.

We excluded from the study measurements with less than 50
000 events.
2.2. Method of Stem Cell Transplantation
The material as suspension of physiologic saline was
given to patients by intramyocardial puncture in two doses,
1 ml each to minimize risks of possible periprocedural lesions. The procedure was performed under general anesthesia and echocardiographic control at the operating theatre.
We used subxiphoidal approach for transcutaneous injection of the suspension into the septum or apex of heart,
avoiding punctures of the ultra-thin right ventricular wall.
The 0,95x220 mm CHIBA needle was used for injection.
We observed no periprocedural complications.
2.3. Follow-Up
We performed repeated check-ups for all patients every
second month after the BMSC transplantation, including
physical examination, electrocardiography (ECG) and
transthoracic echocardiography. Six or our patients had a
complete one year follow-up period, analyzed in the present study. The statistical significance was determined by
t-Test (p<0.05).

2.1. Preparation of Bone Marrow Aspirate
We aspirated 5 to 30 milliliters of bone marrow from the
iliac crest to isolate 17 to 122 million bone marrow cells
(BMSC). We took samples for flow cytometry from 15 ml of
mononuclear cell fraction and prepared for transplantation.
Then we carried out preparation of the isolated cells by using
Stem-kitTM reagents (Cat. Nr. IM3630; Beckman Coulter)
that contained CD34-PE, CD45-FITCm isotype control,
7AAD (viability dye) and Stem-Count Fluorospheres, followed by FACS analysis on FC-500 (Beckman Coulter),
using CXP analysis software. Each measurement contained
at least 50 000 events. Maximum number of events was 100
000. Obtained numbers of cells/µL were calculated for the
total number of CD34+ cells within transplantation material.

Figure 1. Suggested sites for cell delivery into septum or apex of heart
under echo control.

3. Results
Within one year after BMSC transplantation, we observed increase of ejection fraction (EF). With the average
baseline EF was 33,5 %, we observed increase up to 54 %
(p=0.00154) in the 6-month period and up to 54,5 %
(p=0.00315) after one year. The difference between base-
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line data and results after 6 and 12 months was statistically
significant, but there was no significant difference between
6-month and 12-month data (CI-95%).
).
Also, there was correlation observed in ECG and echo
improvement and cardio-thoracic
thoracic ratio (CTR) decrease.
decrease
(From average 63, 2 to 55, 5;; p=0.016).

Figure 2. Increase of ejection fraction
tion after BMCS transplantation.

The left ventricular overload registered with ECG gradugra
ally decreased. The CTR in chest x-ray
ray decreased by 11 %
(from average 63,2 to 55,5; p=0.016). The clinical status of
patients improved from class III–IV
IV to I–II
I
(NYHA). The
most impressive improvements were observed in patients
with the worse baseline status
tatus and lowest ejection fraction
before the procedure. Although EF increased in all patients,
some of them failed to demonstrate a reduction of left venve
tricular diastolic dysfunction. There were observed no
periprocedural side effects or heart rhythm alterations.
alt

4. Discussion
The current gold standard for treatment of dilated carca
diomyopathy is the heart transplantation securing good
long-term
term results (13, 14). Unfortunately, the transplantatransplant
tion is limited due to the absence of suitable donors. Of
course, the ventricular assisting device is the way of bridgbrid
ing to transplantation. Both methods are expensive proceproc
dures and need lots of resources (15, 16). Other surgical
options are resynchronization therapy and Batista proceproc
dure. The resynchronization is a promising
romising method and is
considered as an alternative to delay the heart transplantatransplant
tion, as for Batista procedure, the European Society of CarCa
diology guidelines not recommended it for treatment
treatmen of
dilated cardiomyopathy (17).
Talking about endomyocardial biopsies,
iopsies, the views are
quite divergent. The analysis of some literature data shows
that endomyocardial biopsy is not suitable for diagnosis,
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therapy, and detection of early stages or prognostic evaluaevalu
tion in the dilated cardiomyopathy, whereas other investiinvest
gators suggest that endomyocardial biopsy in children rer
mains an important evaluation criteria for cardiomyopathy
(18, 19). We believe that the need for biopsy should be
carefully evaluated due to high risk of myocardial perforaperfor
tion, especially in infants.. We were trying to find another
way to help patients with no access to either ventricular
assist device (VAD) or heart transplantation. Unfortunately,
there are just a few study reports on
o the use of stem cell
transplantation
ation in children with dilated cardiomyopathy.
card
In
our study we observed the increase of cardiac function simsi
ilar to results in study reports from Rupp et al., Olguntürk
et al., Smits et al. Better results were observed in subgroups
of younger patients and those who received stem cell transtran
plantation
lantation shortly after the onset of the disease, as opposed
to patients after prolonged conservative therapy before rer
ceiving the transplant. Our own experience demonstrates
that the most impressive improvement in cardiac function
was observed in patients who particularly poor baseline
data (20, 21). All this provides the basis for future research
to establish the optimal timing for stem cell transplantation.
transplantation
In the meantime, the issue about the role of cell transtran
plantation in myocardial restoration remains
remai unresolved.
There is quite extensive research data available on potential
role of stem and progenitor cells in management of isi
chemic heart disease. Murry et al., Heil et al. suggest the
potential of bone marrow cells to promote paracrine effects
in the ischemic tissues (e.g. secretion of angiogenic factors),
and suggest that paracrine signaling, rather than cell incorinco
poration, promotes functional recovery (22, 23). Taghavi
and George conclude that progenitor cells have the capabilcapabi
ity to home myocardium in response to ischemia (24). Cell
adhesion markers, in particular integrins, play an important
role in the trafficking of stem cells to myocardium. In addiadd
tion, damaged myocardium secretes several chemokines
and growth factors that recruit these precursor cells to the
heart. Several studies have shown the role of different
growth factors involved in the homing of stem cells to isi
chemic myocardium: stem cell factor (25),
(25 vascular endothelial growth factor (26),
), neural growth factor
fac (27), granulocyte-colony stimulating factor (28),
(
insulin-like growth
factor (29),
), hepatocyte growth factor
fac
(30), fibroblast
growth factor (31).
Several experimental studies have established a role of
endothelial nitric oxide (eNOS) synthase as an essential
component for neovascularization
larization (32).
(32 Evidently, eNOS
influences recruitment of stem and progenitor cells which
may be considered contributing to impaired regeneration
processes in ischemic heart disease patients, who are charcha
acterized by a reduced systemic nitric oxide bioactivity.
bioact
Erythropoietin has also been shown to improve cardiac
function by inducing neovascularization. Investigators
suggest this neovascularization appears to be related to ini
creased mobilization and incorporation of bone marrow
derived endothelial progenitor
tor cells. Erythropoietin has
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been shown to lead to preferential homing of endothelial
progenitor cells to the ischemic border zone of myocardial
infarcts resulting in improved microvascularization of ischemic cardiac tissue (33).
It still remains to be clarified, which way of administration of stem cells is the safest and most effective. As reported by Schächinger et al., in patients after myocardial
infarction
undergoing
intracoronary
infusion
of
(111)In-oxine-labeled proangiogenic progenitor cells, a
substantial amount of radioactivity is detected for several
days in the heart, indicating homing of progenitor cells to
the myocardium (34). Yet the amount of proangiogenic
progenitor cells retained in the heart decreased progressively with time after the acute myocardial infarction. The
study data suggest that proangiogenic progenitor cells preferentially home to extensive acute myocardial infarcts
characterized by low viability and reduced coronary flow
reserve. Schots et al. report on rapidly diminishing concentration of intracoronary-injected CD133+ peripheral blood
progenitor cells in two patients, where detailed analysis
showed 6.9% to 8.0% (after 2 hours) and 2.3% to 3.2%
(after 12 hours) residual radioactivity at the heart (35). This
data may raise concerns whether intravascular injection of
stem cells secures sufficient concentration in target tissues
causing expected favorable effects. Though, it is equally
true that there is no established relationship between exposure time and documented clinical efficacy of injected stem
cells.
Another concern regarding intracoronary infusion of
stem cells regards possible risks related to the procedure.
De Rosa et al., based on their study results conclude that
intracoronary infusion of progenitor cells can be performed
with adequate safety in patients with acute myocardial infarction or chronic heart failure, though cell-based therapies
require intracoronary or intracardiac instrumentation, potentially associated with periprocedural risks such as vessel
injury in the access site and coronary complications (36).

transplantation if performed by experienced cardiac surgeons in appropriate hospital setting, provided optimal selection of time, cell types and routes of delivery. We believe
that our BMCS transplantation method as opposed to intravascular input is the method of choice, particularly in
children with IDCM because it is safe, gentle and is not
associated with risks for coronary circulation.
More clinical trials are needed though, in order to establish the role of stem cells in recovery of patients with IDCM.
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