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Abstract

Background: Transplantation of bone marrow stem cells (BMSC) is a new method of prevention of left ventricular (LV)
remodelling in post-infarction patients. Studies published to date point to LV systolic and diastolic function improvement
following this therapy however only a few studies assessed the long-term effects of BMSC.

Aim: To assess the 2 year prognosis in patients with anterior myocardial infarction (M) treated with BMSC transplantation in
the acute phase.

Methods: The study group consisted of 60 patients with first anterior ST-segment elevation MI (STEMI), treated with primary
percutaneous angioplasty, with baseline LV ejection fraction (LVEF) < 40%, who were randomly assigned to undergo BMSC
transplantation on day 7 of the STEMI (40 patients, BMSC group) or to receive standard treatment (20 patients, control
group). In all the patients echocardiography was performed at baseline and after 1, 3, 6, 12 and 24 months. The composite
end-point (death, MI, admission for heart failure or repeat revascularisation) was assessed after 2 years of follow-up.

Results: Absolute increase of LVEF compared to baseline values was higher in the BMSC group than in the control group. The
LVEF increase in BMSC group at 1 month was 7.1% (95% Cl 3.1-11.1%), at 6 months — 9.3% (95% CI 5.3-13.3%), at
12 months — 11.0% (95% Cl 6.2—13.3%) and at 24 months — 10% (95% Cl 7.2-12.1%). In the control group, LVEF increase was
3.7% (95% Cl 2.3-9.7%) at 1 month, 4.7% (95% CI 1.2-10.6%) at 6 months, 4.8% (95% Cl 1.5-11.0%) at 12 months and
4.7% (95% Cl 1.4-10.7%) at 24 months. The composite end-point occurred significantly more frequently in the control group
(55%) than in the BMSC group (23%): OR 2.72; 95% Cl 1.06-7.02, p = 0.015.

Conclusions: Treatment with mononuclear bone marrow cells on day 7 of the first anterior Ml in patients with significant
baseline systolic dysfunction improves 2-year outcome.
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INTRODUCTION have resulted in better prognosis in a substantial proportion of
The progress in interventional cardiology that has taken place  this patient population. However, in some patients effective
in the recent years and the growing use of primary percutane-  revascularisation cannot be performed or is performed too late,
ous revascularisation in patients with myocardial infarction (MI) ~ when a significant number of contractile units is lost [1].
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This prompts the constant search for new methods of
post-infarction injury prevention, especially in patients with
extensive anterior MI. One of the promising modern methods
of adjuvant treatment after revascularisation procedures is the
transplantation of stem cells which are capable of differentia-
tion into various cell lines. It should be underlined, that the
leading international studies in the field were conducted also
in Poland [2-4].

In the recent years major interest was focused on mono-
nuclear bone marrow cells, a heterogenous cell population,
including a fraction of bone marrow stem cells (BMSC), with
positive CD34 and CD133 surface antigens [5]. The mecha-
nisms of potential beneficial effects of BMSC on myocardial
function after MI are not completely understood. According
to the classical theory after getting to the site of myocardial
injury, are capable of differentiation into mature cardiomy-
ocytes and direct regeneration of the injured myocardial tis-
sue [6]. The results of labelled CD 133+ cell colonies de-
monstrated however, that the number of stem cells rema-
ining in the target post-infarction injury zone is rather small.

With use of the SPECT technique it has been demon-
strated that < 10% of the radiolabelled stem cells remained
within the myocardium, whereas the majority migrated to the
liver and to the spleen [7]. In another investigation, only 3%
of the cells remained in the scarred area after intracoronary
injection [8]. Most recent studies demonstrated that the fun-
damental clinical significance can be due to indirect mecha-
nisms of BMSC effect [9].

It is believed that stem cells, through their paracrine acti-
vity, can promote neovascularisation, modify cytokine pro-
duction, be incorporated in the host cells and mobilise stem
cells in the bone marrow by producing favourable chemoki-
ne gradients [10, 11]. Many studies have demonstrated that
BMSC transplantation is feasible and safe, and can be an ef-
fective adjuvant therapy to conventional revascularisation [12—
—15]. Metaanalyses [16-18] have shown moderate increase
of systolic function. In a small number of studies, BMSC ef-
fects on diastolic function were investigated [19, 20]. In the
literature to date, there are only a few studies assessing long-
-term prognosis in MI patients treated with BMSC [21].

The aim of the study was to assess the 2 year outcome of
patients with anterior Ml treated with BMSC transplantation
in the acute phase.

METHODS

Study group

The study group consisted of 60 patients, who were included
in a randomised study assessing multidirectional effects of
BMSC transplantation between 2005-2007, as a part of the
Polish Ministry of Science and Higher Education research pro-
ject No. 2P05B 178 28 [22]. Consecutive patients with first
ST-elevation anterior MI and baseline left ventricular ejection
fraction (LVEF) < 40% were included in the study. The STEMI

diagnosis criteria were as follows: symptoms of ischaemia,
ST-segment elevation in ECG and significant troponin eleva-
tion, with at least one measurement exceeding 99 percentile
of the reference range. Within 12 h of the symptom onset, all
patients were successfully treated with percutaneous coro-
nary intervention (PCI) of the left anterior descending coro-
nary artery (LAD) with bare metal stent implantation and TIMI 3
flow post intervention.

Exclusion criteria were as follows: history of MI, multi-
vessel coronary disease, current infection, confirmed cancer
diagnosis or other disorders that could potentially effects pro-
gnosis or patient compliance. Patients were randomly assi-
gned to BMSC transplantation or to the control group in 2:1
proportion (40 and 20 patients, respectively). In the control
group, due to ethical reasons, bone marrow harvesting and
intracoronary delivery of BMSC were not performed.

Pharmacological treatment was in accordance with the
current guidelines for the management of STEMI, Inclusion
in the study and randomisation had no impact on further in-
hospital and long-term pharmacological management. The
study was approved by the Ethical Committee of the Medical
University of Lodz. All patients expressed their informed con-
sent to the participation in the study.

Harvesting and delivery of

mononuclear bone marrow cells

The procedure of harvesting and delivery of mononuclear
bone marrow cells was performed at days 3-11 (mean: day 7)
of STEMI. The harvesting of mononuclear bone marrow cells,
as well as the assessment of CD34 and CD133 antigen expres-
sion with flow cytometry was done in all patients in the Depart-
ment of Haematology, Medical University of Lodz. The detailed
methodology was described in an earlier publication [23].

The aspiration of bone marrow was performed in the ope-
rating room under local anaesthetic (2% lidocaine solution) and
intravenous sedation with midanium 0.1 mg/kg and fentanyl
25-50 mg IV. By puncture of both iliac crests 100 mL of bone
marrow was aspirated. Isolation procedure of the mononucle-
ar bone marrow cells was carried out in aseptic conditions in
the specially designed for that purpose and fulfilling safety cri-
teria laminar safety cabinet Safe Flow 1.2 (Bioair, USA).

Within 2 h of its preparation, the mononuclear bone
marrow cell suspension was delivered via intracoronary ro-
ute in the Catheterisation Laboratory of the Cardiology De-
partment, Medical University of Lodz. The procedure was
done via right radial artery. With use of an over the wire bal-
loon catheter (Ninja, Cordis), distally to the site of occlusion
of the LAD that had been recanalised during the acute phase
of STEMI, 20 mL of the suspension was administered in
4 portions of 5 mL over 2-min period, with 2-min break be-
tween consecutive balloon inflations. The average number of
the mononuclear bone marrow cells was 1.44 = 0.49 x 10°
(range 0.3 to 3.0 x 10%).
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Echocardiographic and clinical assessment

In our study the primary composite end point (death, MI,
repeat revascularisation, readmission for heart failure (HF)
progression) was assessed at discharge and at 1, 3, 6, 12 and
24 months after the index MI.

In all the patients echocardiography was performed with
VIVID 7 Dimension (GE Vingmed Ultrasound AS, Horten,
Norway), in standard parasternal and apical views. Left ven-
tricular end-systolic (LVESV) and end-diastolic (LVEDV) volu-
mes as well as LVEF by biplane Simpson method were calcu-
lated. Repeat echocardiography was performed after 1, 3, 6,
12 and 24 months. In the previously reported studies, deta-
iled results were published concerning broadened echocar-
diographic assessment including speckle tracking [24, 25],
Holter monitoring [26], as well as radionuclide [27] and an-
giographic [28] assessment.

Statistical analysis

Numerical variables are presented as mean values + SD. Stu-
dent t-test was used for between-group comparisons of va-
riables following normal distribution, and U Mann-Whitney
test for other variables. Survival curves were plotted accor-
ding to the Kaplan-Meier method. Small number of patients
in the study group precluded analysis of the separate elements
of the composite end-point. Hence, the analysis was confi-
ned to the composite end-point. The statistical analysis was
performed with the use of MedCalc software (Frank Schoon-
jans, version 9.6.4.0, 2008). A p value < 0.05 was conside-
red statistically significant.

RESULTS
Baseline clinical characteristics and basic echocardiographic
parameters are presented in Table 1. Chamber dimensions,
LVESV and LVEDV at baseline were similar in both groups
and reflected the significant LV systolic dysfunction. The LVEF
also did not differ significantly between the groups.

Pharmacological treatment in the BMSC and control gro-
ups was similar. Beta-adrenergic receptor blockers were used
by 92% and 90% of patients, respectively. Angiotensin co-
nverting enzyme inhibitors — 92% and 85% patients, respec-
tively, whereas statins, clopidogrel (up to 12 months) and aspi-
rin were prescribed to all patients.

On standard echocardiography at follow-up after 1, 6,
12 and 24 months LVEF improvement was demonstrated in
the BMSC as well as in the control group. Net LVEF gain rela-
tive to baseline values was higher in BMSC than in the con-
trol group. The LVEF increase at T month in BMSC group was
7.1% (95% Cl 3.1-11.1%), at 6 months — 9.3% (95% CI 5.3—
—13.3%), at 12 months — 11.0% (95% Cl 6.2-13.3%) and at
24 months — 10% (95% Cl 7.2-12.1%). On the other hand,
LVEF increase in the control group was 3.7% (95% Cl 2.3—-
-9.7%) at 1 month, 4.7% (95% Cl 1.2-10.6%) at 6 months,
4.8% (95% Cl 1.5-11.0%) at 6 months, and 4.7% (95% ClI
1.4-10.7%) at 24 months.

Table 1. Baseline characteristics of the study groups

Parameter BMSC groups Control group
(n = 40) (n = 20)

Age [years] 56 = 9 56+ 9 NS
Women 13 (33%) 5(25%) NS
Body mass [kg] 776 =132 799+ 118 NS
Hypertension 17 (42%) 8 (40%) NS
Hypercholesterolaemia 17 (42%) 7 (35%) NS
Diabetes 4(10%) 2 (10%) NS
Smoking 22 (55%) 10 (50%) NS
LVEDV [mL] 149 = 48 151 = 65 NS
LVESV [mL] 95 =+ 39 99 + 49 NS
LVEF [%] 35+6 33+7 NS

LVEF — left ventricular ejection fraction; LVEDV — left ventricular
end-diastolic volume; LVESD — left ventricular end-systolic volume

Table 2. Cardiac events during 2-year follow-up

End-point BMSC Controls
Death 2 (5%) 2 (10%)
Myocardial infarction 1 (3%) 1 (5%)
Revascularisation 5(13%) 3(15%)
Admission for heart failure 1 (3%) 5(15%)
Composite end-point 9(23%) 11 (55%)

During 24 months of follow-up 2 patients from BMSC
group died (one sudden cardiac death within the first month,
1 death due to repeat infarction at 3 months). In the control
group, two sudden cardiac deaths occurred within the first
months. In Table 2, the remaining cardiac events recorded at
follow-up are presented. Patients from the control group more
frequently required repeat hospitalisation for HF than patients
after BMSC transplantation. The majority of admissions oc-
curred late (6-24 months). The composite end-point was si-
gnificantly more frequent in the control group than in the
BMSC group (odds ratio 2.72; 95% Cl 1.06-7.02, p = 0.015).
The event-free Kaplan Meier survival plots in both groups are
presented in Figure 1.

DISCUSSION

In the present study we demonstrated a significant reduction
in the composite — end-point in patients treated with BMSC
transplantation compared with the control group after
24-months of follow-up.

A small sample size precluded the statistical analysis of
mortality difference, although mortality rate in the BMSC group
was halved in comparison with the control group (5% vs 10%).
The composite end-point difference was primarily driven by
decreased hospitalisations for HF, predominantly between
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Figure 1. Event-free Kaplan-Meier survival curves (composite
end-point — MACE) in 2 year follow-up

12 and 24 months. This corresponds well with the improve-
ment of LV systolic function, as the difference between BMSC
and control groups persisted through 12 to 24 months. Bet-
ter outcome after transplantation could also be related to bet-
ter diastolic function in this patient group, which was descri-
bed earlier [19].

The increase of LVEF and long-term clinical effects in our
study were more pronounced than in the previously publi-
shed meta-analysis of Lipinski et al. [17], where LVEF change
was 3%. The difference can be due to greater systolic dys-
function at baseline in our study, as the meta-analysis inclu-
ded studies in which baseline LV function was relatively pre-
served. In the REPAIR-AMI [29] and REGENT [30] studies gre-
ater benefit was demonstrated in patients with significantly
impaired LVEF.

In a metaanalysis by Martin-Rendon et al. [18] potential
causes of discrepant clinical effects of BMSC transplantation
were investigated. It was found that the effects of BMSC ad-
ministration at 4—7 days post M| were better than if such tre-
atment was implemented at earlier stages — i.e. within 24 h.
Significant improvement of LV function (LVEF increase of
4.6%, p = 0.01) was associated with the composite end-po-
int reduction (death, MI, infarct-related artery restenosis, life-
threatening ventricular arrhythmia) in comparison to the con-
trol group. In the studies in which BMSC were administered
within 24 h, significant benefits were not observed. The au-
thors explained these results of plasma cytokines such as VEGF,
HGF, or G-CSF during the first week after MI. In our study, stem
cells were administered at day 7 on average, between day 6 and
day 8 in 60% of patients, which represents optimal time point
for the procedure according to recently published data.

It was also found that the number of stem cells that al-
lows for LV function improvement equals 10% The number of

mononuclear bone marrow cells administered in our study
was greater (1.44 = 0.49 x 109 than in the ASTAMI study
subanalysis [31], in which no significant improvement of the
LV function was noted in comparison to the control group. It
should be also mentioned that in the REGENT study [30], no
advantage of intracoronary delivery of isolated CD34*CXCR4*
cells was demonstrated in comparison to non-selected su-
spension of mononuclear bone marrow cells.

In one of the earlier studies of stem cell transplantation
in MI patients, the REPAIR-AMI [21] study, the effects of the
therapy on 2-year prognosis was investigated. The composite
end-point (death, MI, need for revascularisation) occurred si-
gnificantly less frequently in the BMSC-treated group (hazard
ratio 0.58, 95% Cl1 0.36-0.94, p = 0.025). Similar to our stu-
dy, a reduction of the composite end-point related to pro-
gression of HF (death, admission for HF progression) was no-
ted (hazard ratio 0.26; 95% Cl 0.085-0.77, p = 0.015). In
multivariable analysis BMSC treatment was independently
related to improved prognosis.

The results of the longest, 5-year follow-up of 62 patients
after BMSC therapy were published by the BALANCE study
investigators [32]. Echocardiography performed at 3 months
showed a significant improvement of LVEF and cardiac out-
put. The infarct area decreased by 8%. On subsequent exa-
minations, 12 and 60 months after treatment, these benefits
were sustained, compared to the control group. Moreover,
exercise capacity was improved and, most importantly, mor-
tality reduction was demonstrated in comparison with the
control group.

In a study by Grajek et al. [33] despite the lack of signifi-
cant difference between BMSC and control groups with re-
gard to LVEF, there was improvement of myocardial perfu-
sion on Tc-99 MIBI SPECT with dipiridamole and better pro-
gnosis in the BMSC treated group (p = 0.0027). The authors
suggested that this can be related to favourable effects of BMSC
on coronary microcirculation.

In the FINCELL [34] study however, no differences in car-
diac event rates were found between the BMSC and control
groups at 6 months. It should be kept in mind, that in that
study patients with preserved baseline LVEF were included
(mean LVEF 59% = 11% in BMSC group). Similarly, in a multi-
centre study HEBE [35], no clinical benefits were demonstra-
ted in patients with first Ml treated with mononuclear cells
harvested from bone marrow or from circulating blood.

Currently, several new multi-centre studies are being car-
ried out, such as SWISS-AMI [36], COMPARE-AMI [37] or
MYSTAR [38]. Their results will allow for assessment of cell
therapy effectiveness in Ml patients.

Limitations of the study

The major limitation of our study is the small sample size.
Additionally, no bone marrow harvesting or intracoronary
delivery of placebo were performed in the control group.
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CONCLUSIONS

Treatment with mononuclear bone marrow cell transplanta-
tion on day 7 of the first anterior MI in patients with signi-
ficant baseline systolic dysfunction, improves prognosis at
2 years.

The work was partially funded by Polish Ministry of Science
Grant No. 2PO5B 178 28.
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Wplyw dowiencowego podania komorek
jednojadrzastych szpiku kostnego

u chorych z zawatem serca na rokowanie
w 2-letniej obserwacji
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Streszczenie

Wstep: Przeszczep komérek macierzystych szpiku kostnego (BMSC) jest nowa metoda zapobiegania pozawatowej przebu-
dowie lewej komory (LV) u pacjentéw po zawale serca (MI). Dotychczas opublikowane prace wskazuja na poprawe funkgji
skurczowej i rozkurczowej LV, w pojedynczych badaniach oceniano wptyw BMSC na rokowanie w obserwacji odlegfej.

Cel: Celem pracy byfa ocena rokowania w 2-letniej obserwacji u pacjentéw z Ml poddanych transplantacji BMSC w ostrej
fazie MI Sciany przedniej.

Metody: Crupe badang stanowito 60 chorych z pierwszym Ml Sciany przedniej z uniesieniem odcinka ST (STEMI), leczonych
pierwotna przezskorna angioplastyka, z wyjsciowa frakcja wyrzutowa lewej komory (LVEF) < 40%, zrandomizowanych do
transplantacji BMSC w 7. dobie STEMI (40 chorych, grupa BMSC) lub leczenia standardowego (20 chorych, grupa kontrolna).
U wszystkich wykonywano badanie echokardiograficzne wyjsciowe i kontrolne po 1, 3, 6, 12 i 24 miesiagcach oraz oceniano
wystapienie zfozonego punktu koricowego (zgon, M, hospitalizacja z powodu niewydolnosci serca, ponowna rewaskulary-
zacja wieficowa) w obserwacji 2-letniej.

Wyniki: Bezwzgledny wzrost LVEF w odniesieniu do badania wyjsciowego byt wiekszy w grupie BMSC niz w grupie kontro-
Inej. W grupie badanej po miesiacu wzrost LVEF wynosit 7,1% (95% Cl 3,1-11,1%), po 6 miesiacach 9,3% (95% Cl 5,3—
-13,3%), po 12 miesigcach 11,0% (95% Cl 6,2-13,3%), a po 24 miesiacach 10% (95% CI 7,2-12,1%). W grupie kontrolnej
wzrost LVEF wynosit odpowiednio: po miesigcu 3,7% (95% Cl 2,3-9,7%), po 6 miesiacach 4,7% (95% CI 1,2-10,6%), po 12 miesia-
cach 4,8% (95% Cl 1,5-11,0%), a po 24 miesigcach 4,7% (95% CI 1,4-10,7%). Ztozony punkt koficowy wystapit istotnie czesciej
w grupie kontrolnej (55%) niz leczonej za pomocg transplantacji BMSC (23%): OR 2,72; 95% CI 1,06-7,02; p = 0,015.

Whioski: Leczenie za pomoca transplantacji komérek jednojadrzastych szpiku kostnego w 7. dobie u chorych z pierwszym
MI Sciany przedniej, z istotng wyjsciowa dysfunkcja skurczowa LV, poprawia rokowanie w obserwacji 2-letniej.

Stowa kluczowe: komorki jednojadrzaste szpiku kostnego, komérki macierzyste, zawat serca z uniesieniem odcinka ST,
funkcja lewej komory, prognoza
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