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Abstract

Background: Benefits of stem cell therapy on remodelling and cardiac function have been described in adults with dilated car-
diomyopathy and acute myocardial infarction.

Objectives: We investigated the effect of this treatment modality amongst children with severe dilated cardiomyopathy.
Methods: Intracoronary injection of autologous bone marrow mononuclear stem cells was performed in our centers for 8 severely
ill children during 2015-2016. The mean age of the patients was 10.1years (5 girls, 3 boys). They were followed by longitudinal speckle
tracking echocardiography (STE) and conventional echocardiography for 6 months.

Results: Heart functional class improved in 62% of patients. M-mode echocardiography showed significant improvement in ejec-
tion fraction (mean 24.8 = 8.3 vs. 37.4 £10.5) and in STE, the mean global longitudinal strain improved (GLS:-2.8 £ 1.9 vs.-5.2 & 3.9).
None of the patients had serious complications.

Conclusions: Intracoronary injection of autologous mononuclear stem cells might improve the ventricular function and cardiac

remodelling in pediatric patients with dilated cardiomyopathy and could be considered in critically ill patients.
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1. Background

Dilated cardiomyopathy results in considerable mor-
bidity and mortality. About 30% of the pediatric patients
die within the first year after diagnosis in spite of full med-
ical anticongestive treatment or implantation of assist de-
vices, unless they undergo heart transplantation (1, 2).

Paucity of the proper donors and modest outcome of
cardiac transplantation has encouraged the researchers
to further investigate for alternative treatments including
stem cell injection (3, 4). Cell-based strategies, mononu-
clear fraction, offer potential solutions for biological re-
pair or regeneration of degenerated tissues. These cells
contain hematopoietic stem cells, endothelial precursors,
and mesenchymal stem cell progenitors (2, 5).

Some studies have shown some positive effects of in-
tracoronary stem cell injection on cardiac function and
remodelling in adult patients (5). More importantly,

mononuclear stem cells are a major source of trophic fac-
tors, which can be harvested in a one-step procedure with-
out the need for extensive culture procedures (6).
Although a series of studies have shown various
amounts of improvement in cardiac function among adult
patients (7, 8), few articles on intracoronary stem cell injec-
tion in children have been published (9). Nonetheless, less
information is available on the assessment of this treat-
ment with respect to speckle tracking echocardiography.

2. Objectives

The main objective of our trial was to assess midterm
follow-up of cardiac function and remodelling after intra-
coronary injection of autologous mononuclear stem cells
in severely ill pediatric patients with dilated cardiomyopa-
thy.
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3. Methods

Between October 2016 and May 2017, we performed
intracoronary injection of autologous mononuclear stem
cells at two hospitals affiliated to Shiraz University of Med-
ical Sciences, Shiraz, Iran. The authors assert that all pro-
cedures contributing to this work comply with the ethi-
cal standards of the relevant national guidelines on hu-
man experimentation of institutional and ethics commit-
tee and in accordance with the Helsinki Declaration of
1975, as revised in 2008, also, the study has been approved
by the Institutional Committees of Shiraz University of
Medical Sciences and registered on www.irct.ir (number
IR.SUMS.REC.1395.81). All parents or guardians filled out a
written informed consent form.

The inclusion criteria were diagnosis of dilated car-
diomyopathy, left ventricular ejection fraction < 40%, per-
sistence signs and symptoms of cardiac failure at least 6
months after optimal medical therapy. All patients had a
history of several hospital admissions within the past few
months with intravenous inotropic medications and mul-
tiple PO or IV anti-failure drugs; However their NYHA func-
tional class was 4 despite full treatment. The exclusion cri-
teria were other severe organ dysfunction and malignant
arrhythmia.

Echocardiographic studies were performed just before
cell therapy and 6 months after the procedure. The data
were analyzed statistically through SPSS version 19 using
Wilcoxon test and paired t-test to compare the samples. P
value < 0.05 was considered as statistically significant.

3.1. Echocardiography

Transthoracic M-mode, two dimensional and longitu-
dinal speckle tracking echocardiography by ultrasound
systems (Vivid 3 General Electric and MyLab Esaote, Italy)
were performed before and after 6 months of procedure.

Longitudinal strain and strain rate were calculated
in 4 chamber speckle tracking echocardiography (MyLab
Esaote, Italy) of the left ventricle at about 40 framesfs,
while the left ventricular endocardial borders were man-
ually traced, and then speckles tracking process was done
automatically (10).

3.2. Bone Marrow Aspiration and Processing

Of each patient, 1- 2 millilitres per kilogram and maxi-
mum of 40 millilitres bone marrow was aspirated from the
iliac crest 3 hours before cell injection under conscious se-
dation and local anaesthesia under sterile conditions (11).
The samples were then transferred to clean room (EU GMP
grade B clean room) for cell isolation.

Each sample was diluted 1:1 with phosphate buffer
saline (PBS, Clinimax, Germany), and then loaded onto

Lymphodex (Inno-Train, Germany) and centrifuged.
Mononuclear cells were gently collected and washed
three times with phosphate buffer saline, and prepared
for intravenous injection. Cell viability was determined
using the Trypan blue exclusion assay, and counted before
injection. In all samples, cell viability was more than 85%
and the purified cell count was 21 to 73 million cells. These
consisted of mainly mononuclear hematopoietic stem
cells. Finally, the purified cells were suspended in 10 mL
saline solution and transferred to the cardiac catheteriza-
tion laboratory in cold box with aseptic technique, as soon
as possible after cell preparing (12, 13).

3.3. Autologus Bone Marrow Derived Mononuclear Stem Cell In-
jection

We divided the 10 mL solution of purified cell in three
parts (each one 3-4 mL) for intracoronary injection in LAD,
LCX and RCA. The procedures were done under conscious
sedation, and stop-flow method was used, 3 main coronary
arteries were accessed and infused by cell containing so-
lution. We used over-the-wire coronary balloon catheters
and 0.014 inch guide wire to steer the balloon into the se-
lected coronary arteries and then infused cells through the
central port of the balloon into the coronaries (9, 11).

To allow penetration and homing of the mononuclear
stem cells through the endothelium, the balloon catheter
was inflated about 2 atmospheres to completely stop the
blood flow into the coronary artery for 2 - 3 minutes, with
ECG monitoring. If significant ST elevation was observed,
cell infusion was stopped and the balloon was deflated to
reverse all the ECG changes. Then, cell infusion resumed af-
ter some minutes till total 3 - 4 mL of solution was infused
in each of LAD, LCX and RCA. After the procedure, coronary
angiography was done to determine the patency of the ves-
sels.

4. Results

We enrolled 8 symptomatic patients including 5 girls
and 3 boys. Demographic data are shown in Table 1.

During the time of stop-flow circulation, transient
non-significant ST-segment elevations were observed in all
patients. But in one case LAD infusion was performed in
two steps due to significant ST elevation (referee to method
material). No other important adverse events such as ar-
rhythmia, persistent ST elevation, bleeding or cardiogenic
arrest or shock occurred during the procedure. Also, the
coronary vessels had no stenosis or obstruction before or
after the procedure.

After the procedure, in two inotrope dependent cases
we could taper IVinotrope and discharge the patients with
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Table 1. The Patients’ Demographic Data

Patients Age,y Gender  NYHAFunctionalClass  Antifailure Medications = Catecholamine and Milrinone Hospitalization Times in
Just Before Injection Previous 6 Months

1 4 Female 4 Yes No 4

2 8 Female 4 Yes No 3

3 10 Male 4 Yes Yes 2

4 3 Female 4 Yes Yes 3

5 14 Female 4 Yes Yes IV inotrope dependent-more than
1 month hospitalization before
procedure

6 9 Female 4 Yes No 3

7 15 Male 4 Yes No 4

8 8 Male 4 Yes Yes IVinotrope dependent-more than
1month hospitalization before
procedure

PO medication after 8 and 10 days. Heart failure func-
tional class improved in 5 out of 8 patients (62%) about one
month after injection (change NYHA functional class to 2
or3). Only one patient needed rehospitalisation during the
6 months of follow up. Duration of this hospitalization was
also short (3 days). In 3 patients with persistent symptom
in rest (NYHA functional class 4) we continued a high dose
of anti-failure therapy. In addition to lack of improvement
in functional class, none of them needed to be rehospital-
ized during 6 months.

In one patient without ejection fraction (EF) change,
longitudinal strain and strain rate revealed improvement
(Figures1and 2).

M-mode echocardiography findings of the patients are
presented in Table 2. This modality showed statistically sig-
nificantimprovement of ejection fraction (mean 24.8 £ 8.3
vs. 37.4 +10.5, P value = 0.028) and shortening fraction 12.1
+3.9vs.18.6 £ 5.7, Pvalue = 0.026, respectively) and reduc-
tion of the LVID in systole (P value = 0.018) (Table 2).

Global longitudinal strain (GLS) and strain rate of the
left ventricle of all patients (Figures 1 and 2) showed im-
provement of indices in all patients. Before the procedure
and after 6 months of follow up, the mean GLS (-2.8 1.9 vs.
-5.2 & 3.9; P value = 0.017) and GLS rate (-0.3 &= 0.1vs.-0.5
0.4; Pvalue = 0.02) showed a significant improvement.

Table 3 show the details of speckle tracking results in
6 regions. In spite of the improvement in the strain and
strain rate after treatment in all regions, paired t-test anal-
ysis did not show a statistically significant difference be-
tween them.

5. Discussion

In the recent years, stem cells therapy as a bridging
treatment in idiopathic DCM or in some cases as a rescue
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treatment has attracted the attention of many researchers
and clinicians. In adult population, different methods and
results of this solution that generally indicate the feasi-
bility and effectiveness of this treatment have been de-
scribed, but controversies persist (14, 15). For the pediatric
age group controversies are more, and few clinical experi-
ences, usually in limited case groups, have been reported.
Most of these clinical experiences indicate positive results
with regard to clinical and in some cases para-clinical find-
ing (2, 4, 14, 16-18). This study showed that 62% of the pa-
tients have improvement of clinical condition even in in-
otrope dependent cases. The later finding (improvement
in critically ill patients) was seen in early phase of stem
cellsinjection, before the required time for stem cell regen-
eration and differentiation to cardiac cell. It indicates that
bone marrow mononuclear cell (BMMNCs) infusion may
improve the cardiac function by cytokine or other biolog-
ical products in the bone marrow and not directly related
to stem cell differentiation or new cardio-myocyte genera-
tion (19). Animal studies and some adult population stud-
iesinthisareaalso propose indirect reparative mechanism
by paracrine effects (19-22). Intracoronary infusion of un-
selected BMMNC has low retention rates of stem cells in
comparison to other techniques such as selected CD34+
or mesenchymal stem cells infusion. This factor decreases
the chance of cardiomyogenic differentiation in this tech-
nique, as well (23). Thus, it may be considered in critically
ill patients, to benefit from reparative effect of BMMNCs in-
jection as a rescue treatment, as in two of inotrope depen-
dent patients in this study. We recommend further investi-
gation of this finding in a larger randomized clinical trial.

In this study, clinical response was more obvious than
echocardiographic changes; this finding has been con-
firmed in multiple similar studies in adult and pediatric
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Figure 1. GLS of the patients, before and 6 months after the injection

Table 2. M-Mode Data of the Patients Before and 6 Months After Injection

Case No. LVIDD LVIDS EF S

Before After Before After Before After Before After
1 3.85 4.03 3.52 339 19 34 9 16
2 6.61 6.6 5.78 5.46 25 33 12 16
3 4.22 3.75 3.57 1.05 33 40 16 20
4 6.6 714 5.96 5.14 23 37 1 18
5 71 6.1 6.2 5.5 12 40 7 22
6 5.7 5.75 4.77 4.6 30 39 15 19
7 7.07 6.73 6.44 6.27 19 19 9 9
8 512 4.43 4.2 3.16 37 57 18 29
Total, mean =+ SD 58+13 5.6 1+13 51+12 43+17 24.8 +83 37.4+105 121139 18.6 = 5.7
P value before vs. after 0.07 0.018 0.028 0.026

Abbreviations: EF, ejection fraction; LVIDD, left ventricular internal diameter in diastole; LVIDS, left ventricular internal diameter in systole; SF, shortening fraction.

age groups (2, 6,7, 9,17, 24). All patients had shorter hospi-  ally, randomized clinical trials report fewer changes and
talization with improvement of NYHA functional class in more changes is reported by case series or pediatric age
62% of patients. About 13% increase in EF, was more than group studies (8, 14, 24, 25). Other M-mode indices had
that in other similar studies; EF changes have had a wide =~ more subtle changes and especially LVEDD had minimum
variation in different reports, ranging from 0% to21%.Usu-  changes in different studies, similar to the non-significant
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Figure 2. GLS rate of the patients, before and 6 months after the injection
Table 3. Details of Speckle Tracking Results in 6 Regions Before the Procedure and After 6 Months of Follow Up
Region Strain PValue Strain Rate PValue
Before Treatment Follow Up Before Treatment Follow Up
Basal septal 28422 5.6£3.9 0.153 -035 % 0.19 -0.75 1 0.64 0.074
Middle septal 27+24 5138 0.157 -024+02 -0.61 & 0.67 0.083
Apical septal 32+2 54+49 0.193 -0.29 £ 0.30 -0.6 £0.54 0.081
Basal lateral 31118 6.2+ 4.9 0.078 -038 £ 012 -0.56 1 0.46 0.351
Middle lateral 25+24 5.4+E45 0.055 -0.27+0.23 -0.45 £ 031 0.138
Apical lateral 23+£2 4914 0.114 -0.22+ 015 -0.38 £ 0.40 0.185

decrease in this study (8, 14, 24).

GLS showed improvement of strain and strain rate re-
sults. Segmental analysis showed most changes in the
basal lateral region, but none of the 6 regions in the 4
chamber view had significant statistical changes. To the
best of our knowledge, there is no report on pediatric car-
diomyopathies that can be compared with our study. How-
ever, subtle changes in different regions which are globally
increased in all regions may indicate non-dependent coro-
nary territory effect of this treatment. As we mentioned
in the results, one of the patients with clinically improved
heart failure did not show increased ejection fraction and
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shortening fraction, while an increase in the global strain
and strain rate was seen. It indicated that speckle tracking
of these patients may result in more precise para-clinical
findings that explain the clinical improvement of these
patients. We recommend these patients be followed by
speckle tracking echocardiography, and not only by 2D
echocardiography.

There are controversies on the method of mononu-
clear stem cells injection, and some authors believe that
trans-endocardial stem cell injection has a higher myocar-
dial cell retention rate with higher success rate in compar-
ison with trans-coronary injection (2, 25). Although our
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findings with intracoronary injection method were simi-
lar to their results, trans-endocardial injection seems ap-
propriate for local myocardial dysfunction, especially in is-
chemic dilated cardiomyopathy in which hibernating my-
ocardium (viable but dysfunctional myocardium) is pre-
sented and injection can be performed in these areas, pre-
cisely after cardiac mapping. In addition, selected BMM-
NCs, mesenchymal stem cell or cardiac stem cell are more
prone to differentiation to the cardiomyogenic cell rather
than unselected BMMNC:s in different method of injection
(22,26).

Similar to many other studies, there was no serious
complication during the procedure in our study, and this
is not a new finding in pediatric or adult age groups (2, 8,
19). Even critically ill patient in this study could tolerate
the procedure. We need more investigation in this area,
but based on many other studies in adult and case series in
pediatric cases, the risk of these procedures is acceptable
for most of the patients and could be considered as rescue
treatment in critically ill patients (2, 9, 11, 26).

5.1. Limitations of the Study

The number of patients in our centers was limited (but
acceptable for a pilot study) and larger studies can result
in more precise findings. Larger clinical trials are needed
to compare the efficacy of non-selected mononuclear stem
cells injection with selected CD 34+ cells injection or other
sources of stem cell.

5.2. Conclusions

This trial investigated the effect of mononuclear stem
cells therapy in patients with dilated cardiomyopathy. We
observed improvement in myocardial function in pedi-
atric patients with dilated cardiomyopathy after intra-
coronary cell-therapy. The efficacy and safety of this
method seems to be acceptable, and the results are promis-
ing. Speckle tracking echocardiography is a more precise
method to follow the changes in these patients.

Hence, we suggest that mononuclear stem cells injec-
tion can be used for stabilization of some patients to defer
heart transplantation, especially in inotrope-dependent or
end-stage DCM patients.
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