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Intracoronary administration of stem cells in patients with
acute myocardial infarction — angiographic follow-up
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Abstract

Background: Even up-to-date reperfusion therapy using primary percutaneous intervention (PCl) in acute myocardial infarction
does not result in improvement of the left ventricular (LV) function in all patients. Cellular myoblasty, a novel method using mononuclear
bone marrow cells (BMC), can be applied in the infarcted myocardium area to stimulate regeneration and to limit the organ damage.
However, the impact of intracoronary BMC administration on the effect of PCl is not clear.

Aim: To assess angiographic outcomes in patients with anterior myocardial infarction and LV dysfunction, undergoing intracoronary
BMC administration after a successful primary PCI.

Methods: The study group consisted of 40 patients (mean age 56.2 years) with LV ejection fraction below 40%, in whom 20 ml
of BMC were administered to the infarct-related artery (IRA) distally to the occlusion. The control group comprised 25 age- and
sex-matched patients with similar values of LV ejection fraction undergoing bare metal stenting of IRA without BMC administration.
Quantitative coronary angiography was performed 6 months later to assess IRA patency.

Results: The reference diameter of the stented artery decreased in the study group from 3.22 + 0.28 mm to 3.16 + 0.18 mm
(p < 0.05) and in the control group from 3.22 + 0.31 mm to 3.15 + 0.28 mm (p < 0.082); also in the area of the implanted stent
the diameter decreased from 3.57 £ 0.21 mm to 2.96 + 0.79 mm in the study group vs. 3.48 + 0.22 mm to 3.01 + 0.35 mm in the control
group. For lumen diameter measured 10 mm distally to the stent, the diameter loss was similar in both groups. In 6 patients from
the BMC treated group and in 3 patients from the control group there was asymptomatic lumen reduction > 70% (NS).

Conclusion: The results of our study show that BMC administration into IRA is safe. The degree of lumen loss in the stent area was
larger in the BMC group than in the control group. There was no significant difference in the lumen change distally to the stent; the artery
diameter loss in both groups was similar, and the improvement in LV ejection fraction was greater in the BMC-treated group.
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well as obtaining tissue perfusion [1]. It has been estimated
that in 25% to 50% of patients, despite restoration
of optimal patency of the epicardial artery and
implementation of complete pharmacological treatment,
inadequate tissue perfusion and even temporal no reflow
phenomenon are observed [2]. Inadequate tissue perfusion
is caused by damage of coronary capillaries and may be
one of the causes of myocardial necrosis despite

Introduction

Up-to-date treatment of ST elevation myocardial
infarction (STEMI) involves early and effective restoration
of patency of the infarct-related artery (IRA), which in turn
improves tissue perfusion and reduces postinfarction
myocardial damage. Despite effective reperfusion therapy,
not all patients experience improvement of the left

ventricular (LV) systolic function. Factors that may influence
prognosis in patients undergoing mechanical reperfusion
therapy include infarction size and location, duration
of vessel occlusion and size of revascularised vessel, as

restoration of epicardial artery patency.

In the necrotic area, the injured myocardium undergoes
remodelling, which leads to LV failure and adverse
long-term prognosis. Medical treatment may limit this
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process, however, a large number of patients experience LV
dilation and subsequently heart failure.

Administration of bone marrow cells (BMC) through an
IRA in the injured myocardial zone may, in addition to
routine medical therapy, stimulate regeneration and limit
the damaged area [3]. Experimental studies suggest that
administration of progenitor cells, despite its beneficial
influence on LV systolic function and inhibition
of remodelling, may promote narrowing and closure
of the inserted stent lumen as well as progression
of arterial atherosclerosis due to, among other things,
activation of factors accelerating restenotic activity
following percutaneous coronary intervention (PCl) [4, 5].

This study aimed to assess safety and effectiveness
of BMC intracoronary injection in patients with anterior Ml
and LV dysfunction treated with primary PCI.

Methods

Study group

The study group comprised 40 patients with acute Ml
treated with PCl from December 2005 to September 2007.
The study was approved by the Ethics Committee
of the Medical University in todz.

The inclusion criteria were: 1) anterior STEMI and
occlusion of the left anterior descending coronary artery
treated with primary PCl with stent insertion, 2) no
haemodynamically significant lesions in the other coronary
arteries, and 3) LV ejection fraction (EF) < 40%. The exclusion
criteria included haemodynamically unstable patients,
cardiogenic shock on the first day of hospitalisation, and
coexisting systemic disease that may influence the prognosis.

The control group consisted of 25 STEMI patients treated
with primary PCl meeting similar clinical, echocardiographic
and angiographic criteria, not receiving BMC.

Primary percutaneous coronary intervention

(PCI)

Coronary angioplasty was performed following
clopidogrel 300 mg and acetylsalicylic acid 300-500 mg
administration prior to the procedure. Intraprocedural use
of GPIIb/Illa blockers was sporadic and was left to
the discretion of the operator.

All patients had bare metal stents inserted. After
the procedure patients continued therapy with two
antiplatelet agents: clopidogrel at 75 mg/day for 12 months
and acetylsalicylic acid at 75 mg/day lifelong.

The index echocardiography was performed within
the first 2 days after PCl and included evaluation of LVEF,
disturbances of contractility and diastolic LV function.

BMC administration

Stem cells were administered 5-11 days (mean 7th day)
after primary PCl according to the methodology described
previously [6]. On the procedure day, about 50 ml of bone
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marrow were drawn from the posterior iliac spines, which
after processing aimed at isolation of precursor
CD34/CD45+ and CD133+ mononuclear cells were
suspended in 5% heparinised human albumin solution.
Such prepared sterile material (20 ml) was administered
intracoronary through an over-the-wire angiographic
catheter. The balloon catheter was inserted in
the previously deployed stent and dilated up to 6 atm
pressure, occluding the blood flow and preventing
retrograde flow of the injected suspension. The procedure
was repeated at least three times with 3-5 min intervals
to decrease ischaemic symptoms due to prolonged
occlusion of the coronary artery.

On average, on the second day following BMC
administration the patient was discharged home and
followed in the outpatient cardiology clinic. Patients from
the control group did not undergo another catheterisation
and injection of BMC following effective primary PCl.

Follow-up tests at 6 months

After 6 months each study and control patient was
readmitted for clinical evaluation, non-invasive tests and
follow-up coronary angiography.

The following tests were carried out: physical
examination, basic laboratory tests, resting ECG and
24-hour ECG monitoring, echocardiography with coronary
reserve evaluation and an invasive procedure.

Angiographic examinations

Coronary angiography was performed using General
Electric INOVA 2000 equipment. Angiographic evaluation was
carried out with quantitative coronary angiography (QCA).
Of the collected QCA geometric parameters, further analysis
used the following: estimated reference arterial diameter
proximally to the lesion, the most significant stenosis or total
occlusion prior to the procedure, arterial lumen diameter
immediately after deployment of stent measured in the mid
part of the stent, and arterial diameter distally to the stent
measured 10 mm from the end of the deployed stent
(Figures 1-4). All measurements were preceded with
intracoronary infusion of 0.1 mg nitroglycerine. During
the final coronary angiography performed 6 months after
infusion of BMC the analogous diameters were measured
using the same views; based on these measurements
the degree of vessel diameter reduction was assessed.
Haemodynamically significant restenosis was defined as
arterial lumen reduction by at least 50%.

Statistical analysis

Statistical analyses were performed using MEDCALC
software. Continuous parameters of normal distribution are
presented as mean + standard deviation. Significance
of differences was tested with Student’s t-test, and
Spearman’s rank correlation. Distributions of categorical
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Figure 1. Coronary angiography of the left coronary
artery — occlusion of the left anterior descending

coronary branch
A —vessel occlusion site

Figure 3. Corona angiography of the left coronary
artery — follow-up examination of the left anterior
descending coronary branch

variables were compared using 2 or Fisher tests. A p value
< 0.05 was considered significant.

Results

Baseline analysis showed no significant differences
between the study and control groups (Table 1). Both
groups comprised predominantly males, and had
comparable mean age and incidence of risk factors. Left

Figure 2. Coronary angiography of the left coronary
artery — the left anterior descending coronary
branch immediately after restoration of its patency
and insertion of stent by QCA

Figure 4. Coronary angiography of the left coronary
artery — follow-up examination of the left anterior
descending coronary branch at month 6 with QCA
measurement sites marked

ventricular EF in the study group was similar to the one in
controls. Also TIMI blood flow in the IRA and QCA
parameters were similar in both groups (Table I1).

None of the patients experienced arrhythmias or other
side effects during intracoronary administration of BMCs
and the periprocedural period.

During 6-month follow-up patients were treated
consistently with current guidelines. All subjects were on
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Table I. Demographic data and risk factors

Parameter Study group Controlgroup p
Number of patients 40 25

Age [years] 56 (34-69) 55 (38-67) NS
Males, n (%) 28 (70) 18 (72) NS
Hypertension, n (%) 16 (40) 9 (364) NS
Hypercholesterolemia, n (%) 14 (35) 8(32) NS
Smoking, n (%) 22 (55) 11 (44) NS
Diabetes mellitus type 2, n (%) 8 (20) 4 (16) NS

Table Il. Baseline and post-primary PCl angio-

graphic data

Study Control p
group group
Ejection fraction [%] 36 (28-39) 34(22-40) NS
TIMI blood flow prior to PCI
in IRA[n (%)]
0 35 (87.5) 20 (80) 0.063
[ 4(10) 4(16) 0.12
[ 1(2.5) 1(4) 0.072
] 0 0 NS
Pre-PCl artery reference 332+028 322+031 0.838
diameter [mm]
Stenosis [%] 87 +13 84 +16 NS
Post-PCl arterial diameter —in-stent  3.57 +0.21 3.48+0.22 0.612
[mm]
Arterial diameter distally to stent 317+034 3.09+0.12 0.357
[mm]
TIMI blood flow after the procedure
[n (%)]
0 0 0 NS
I 1(2.5) 1(4) NS
I 4 (10) 2(8) NS
i 35 (87.5) 22 (898) NS
Table lll. Treatment administered during 6-month
follow-up
Study group ~ Control group
n (%) n (%) p
Acetylosalicylic acid 40 (100) 25 (100) NS
Clopidogrel 40 (100) 25 (100) NS
ACE inhibitors 36 (90) 24 (96) NS
Sartans 4 (10) 2 (8) NS
Beta-blockers 35 (87.5) 23 (92) NS
Statins 40 (100) 25 (100) NS
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dual antiplatelet therapy and statins, and the majority
were given ACE inhibitors and beta-blockers (Table Il1).
One patient died in the study group. It was a sudden
cardiac death most likely due to coronary causes; all
patients survived in the control group.

At six-month coronary angiography, a decrease in
reference lumen diameter was observed in both groups.
A significant reduction of in-stent lumen diameter was
also found (Tables IV and V). Larger in-stent re-stenosis
was observed in the study group, and the differences were
higher than in the reference segment. The vessel diameter
distally to the inserted stent decreased in both groups.
Luminal narrowing defined as haemodynamically
significant instent restenosis, requiring reintervention,
was found in 6 patients in the study group and in
3 patients in the control group. In the study group,
4 subjects received drug-eluting stents, and in 2 patients
balloon angioplasty was performed. In the control group,
re-stenosis required insertion of 2 drug-eluting stents
and 1 patient was referred for surgical treatment.

Patients who received BMC, had significantly higher
LVEF (Table V) than controls. One patient from the study
group had progression of lesions in the other than IRA
coronary artery; effective coronary angioplasty with
insertion of stent was performed.

Discussion

The use of BMC for regeneration of damaged
myocardium due to Ml is of growing interest [7-9]. This
method seems to be safe, and its use as an adjuvant
therapy to medical or invasive treatment in patients with
significant LV dysfunction is supported by an increase
of LVEF, and improved viability and contractility observed
in the vast majority of studies [10, 11].

During and immediately after administration of BMC
in our patients no complications were observed, including
life-threatening arrhythmias and side effects, while
significant improvement of LVEF was documented. The
beneficial effects of BMC on the myocardium reported in
the literature may depend on a number of factors,
including, but not limited to, direct differentiation of bone
marrow cells into cardiomyocytes, stimulation by released
cytokines of repair processes of damaged myocytes in
the peri-infarction zone [12, 13], and stimulation
of mobilisation of endogenous stem cells [14, 15].

Published studies focused mainly on the evaluation
of implanted cells on systolic function and myocardial
viability. However, a relatively small number of publications
address reactions of the target vessel [16]. It seems that
more detailed analysis of this problem is necessary, taking
into account the variability of opinions on this issue [5, 13].

A number of experimental studies have shown that
stem cells have the ability to regenerate tissues and
induce angiogenesis. There are ongoing trials on the use
of epithelial precursors for therapy of diseases caused by
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Table IV. Post primary PCI 6-month follow-up data in the study and control groups

Study group Control group
baseline at month 6 p baseline at month 6 p

TIMI I flow [%] 87.5 95 < 0,05 88 96 < 0.05
Reference diameter 3.32+0.28 3.16 £+ 0.18 <0.05 3.22+0.31 3.15+0.28 0.082
[mm]

Stent diameter 3.57+0.21 2.96 +0.79 < 0.05 3.48 +0.22 3.01+0.35 < 0.05
[mm]

Post-stent diameter 3.17+0.36 2.78 +0.51 <0.05 3.09 +0.17 3.01+0.09 0.26

[mm]

their disturbed function. The use of BMC in the treatment
of lower limb obliterative atherosclerosis has been shown
to cause clinical improvement and development
of collateral circulation. According to the authors, such
a therapeutic effect is highly dependent on mobilisation
of pro-angiogenic growth factors [17].

Stem cells also have diverse proliferative potential
which is useful in angiogenesis, but may also add to
unfavourable remodelling of the injured vessel, by
promoting neointimal growth, hypertrophy of the media,
and collagen deposition, resulting in restenosis [4, 18].
Some of the investigators have found higher incidence
of restenosis and decrease of arterial lumen diameter in
patients treated with BMC [4, 5, 9, 19].

In our study restenosis was observed in both groups,
being slightly more enhanced in the study group. However,
significant restenosis above 70% requiring reintervention
was seen in a small percentage of patients in both
the study and control groups (15.4 vs. 12%). It should be
mentioned that none of those patients had clinical signs
of restenosis. In the remaining patients evaluation for
in-stent restenosis showed a significantly greater in-stent
diameter reduction in the BMC than the control group.

A similar trend was noted when evaluating arterial
diameter distally to the inserted stent, so in the area
potentially penetrating the suspended stem cells. The
established 10 mm distance from the end of the stent does
not include the adjacent vessel zone, which may be affected
during implantation, being more prone to the reparation
processes. There were small and insignificant differences
regarding this measurement between the study and control
groups (0.34 vs. 0.28 mm, respectively) and reduction
of luminal diameter in both groups was minor. It should also
be highlighted that greater reduction of the lumen in
patients undergoing BMC injection was not associated with
clinical worsening and had no unfavourable implications for
LVEF, of which the increase was significantly higher in
the study group than in controls.

A number of investigators have reported results similar
to our findings. Kang et al. showed that 4 months after
administration of granulocyte-colony stimulating factor
(G-CSF) 7 of 19 subjects experienced restenosis in the target

Table V. Results for the study and control groups

at month 6
Study group Control group p
(n=39) (n=25)

Ejection fraction 49 + 12 43.2+9 0.04
[%]
Reference diameter 3.16 + 0.18 3.15+0.28 0.27
[mm]
In-stent diameter 2.96 £ 0.79 3.01+0.35 0.012
[mm]
Over 70% in-stent 6 (15.4) 3(12) 0.32
restenosis [%)]
Arterial diameter 2.78 + 0.51 3.01+0.7 0.051
distally to stent
[mm]
Mean post-stent 0.34 0.28 0.08
vessel diameter
reduction [mm)]
Mean in-stent 0.63 £ 0.39 0.22 +0.23 0.008
diameter reduction (17.6) (6.3)

[mm] (%)

vessels, which was significantly more often present in thae
study group compared to the controls [5]. In later papers
of those authors, being part of the MAGIC Cell-3-DES clinical
trial, implantation of drug-eluting stents in patients
undergoing G-CSF therapy did not cause reduction of in-stent
luminal diameter but in the distal segment — as in our study
— it was higher than in the control group [20]. Similar
conclusions were reported by Mansour et al., who found
higher incidence of restenosis in the BMC treated patients
[9]. In the REPAIR AMI trial pre- and post-stem cell
implantation angiographic data were analysed for in-stent
restenosis. There were no significant changes regarding
the percentage of early restenoses and occlusions in the group
receiving stem cells and the control group; however, during
12-month follow-up only echocardiographic assessment was
performed without coronary angiography [21].

As opposed to the above-mentioned authors,
Schachinger et al. and Engelman et al. reported no
differences regarding stenoses in patients receiving BMC
compared to the placebo group [12, 15]. Also, Valgimitli
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et al. observed in a group of 20 subjects receiving G-CSF
a trend towards lower restenosis rate than in controls [14].

The mechanism of restenosis in patients treated with
stem cells is complex and not fully clear. It most likely
depends on a variety of factors. Only the influence
of the cellular implantation procedure and related
additional mechanical damage of the endothelium may
encourage the vascular reparative reaction. The effect
of cells and their mediators may have some effect as well.

It seems that most likely it is a consequence
of mechanical injury due to in-stent dilation of a balloon
catheter. This interpretation is also supported by less
severe stenosis distally to the stent than in-stent restenosis
found in our study. The mode of administration of stem
cells used in our patients — prolonged balloon inflation at
low pressure with its in-stent placement —prevented
retrograde flow of the injected material; however, it was
a mechanical factor irritating and injuring the arterial wall
itself. It is known that in the first 2 weeks after the primary
PCl the vascular wall undergoes reparative procedures,
and several, although low pressure, inflations may
additionally promote more potent and long-lasting
neointimal proliferation [22]. In addition, influence of other
factors related to re-catheterisation of IRA is possible
—injury caused by a guide wire, contrast agent effect and
influence of the medium for stem cells and stem cells
themselves. The in vitro experimental studies confirmed
superficial expression of VEGFR 2 responsible for reparative
processes and stimulation of angiogenesis [17]. The
deployed stent is inserted into the injured vessel at
the unstable atherosclerotic plaque and covers the arterial
segment with pathology responsible for its initial occlusion.
The stabilising stent due to its openwork structure does
not cover continuously the entire wall, and areas between
stent components may be susceptible to mediators
stimulating the extensive proliferation of neointima. This
confirms the stent ingrowth process, which in 10-12%
of patients leads to haemodynamically significant
restenosis within the first month [19].

Also it cannot be excluded that the procedure
of injection of stem cells itself performed only in the study
group may contribute to development of restenosis. The
control subjects have not been treated with inactivated
stem cells due to ethical reasons; therefore it makes
the differentiation of cellular and non-cellular effects
of regenerative therapy impossible.

Study limitations

The relatively small size of the study group is some
limitation; however, the study protocol assumed enrolment
of 40 subjects and rigorous inclusion criteria were
established in order to make a group as homogeneous as
possible. It should be noted that the sample size did not
differ from the majority of previous publications from
a single site.
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Another limitation is selection of the control group, and
predominantly lack of simulated injection of deactivated
cells (‘sham procedure’), which was not justified by ethical
reasons. It should be stressed that the standards of control
group selection have not been established yet and similar
criteria are used in most studies comparable to ours.

Conclusion

Administration of BMC in patients with anterior STEMI,
LV dysfunction and stenosis of the left anterior descending
coronary artery treated with primary PCl is safe, however,
it may increase the severity of in-stent restenosis.
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Dowiencowe podanie komérek macierzystych chorym
z zawalem serca — obserwacja angiograficzna
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Maria Krzeminhska-Pakuta’
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Streszczenie

Wstep: Nowoczesne i skuteczne leczenie reperfuzyjne ostrego zawatu serca nie u wszystkich chorych pozwala uzyskaé poprawe
funkcji skurczowej. Wydaje sie, ze podanie szpikowych komérek macierzystych (BMC) w strefe uszkodzonego miokardium wraz
z rutynowga farmakoterapiag moze stymulowac procesy regeneracji i ogranicza¢ uszkodzenie.

Cel: Ocena angiograficzna i kliniczna chorych z zawatem serca Sciany przedniej i dysfunkcjg lewej komory, ktérym po skutecznym
zabiegu pierwotnej przezskérnej interwencji wieficowej (PCl) podano bezposrednio dowieficowo BMC.

Metody: Grupe badang stanowito 40 chorych (Srednia wieku 56,2 roku) z wyjsciowa frakcja wyrzutowa lewej komory ponizej 40%,
ktérym dowieficowo podano zawiesing 20 ml BMC. Grupe kontrolng stanowito 25 chorych z podobnymi wartosciami frakcji wyrzutowe;.
Po 6 miesigcach wszystkich chorych z obydwu grup ponownie hospitalizowano w celu oceny klinicznej. Wykonywano badania
nieinwazyjne oraz kontrolng koronarografie, w ktérej badano naczynie dozawatowe, wyliczajac érednice referencyjna naczynia,
Srednice w implantowanym stencie oraz w odcinku za stentem.

Wyniki: Stwierdzono zmniejszenie Srednicy referencyjnej naczynia w grupie badanej z 3,32 + 0,28 do 3,16 + 0,18 mm (p < 0,05),
a w grupie kontrolnej z 3,22 + 0,31 do 3,15 + 0,28 mm (p = 0,082). W implantowanych stentach odnotowano zmniejszenie srednicy
73,57 £0,21do 2,96 + 0,79 mm w grupie badanej vs 3,48 + 0,22 do 3,01 + 0,35 mm w kontrolnej, natomiast w odlegtosci 10 mm
za stentem stopien utraty Swiatta byt podobny w obydwu grupach. Bezobjawowy nawrét zwezenia powyzej 70% wymagajacy
ponownego zabiegu rewaskularyzacji rozpoznano u 6 chorych w grupie badanej vs 3 w kontrolnej.

Whioski: Wyniki naszych badan wskazuja, ze podanie BMC jest procedurg bezpieczng. Utrata Swiatta w stencie byta istotnie
wieksza w grupie badanej niz w kontrolnej, a w odcinku za stentem utrata swiatta w obydwu grupach po 6 miesigcach byta podobna.
Nalezy podkresli¢, ze w obydwu grupach utrata Swiatta naczynia byta niewielka i nie miata niekorzystnego wptywu na wielkos¢ frakcji
wyrzutowe;.

Stowa kluczowe: zawat serca, komérki macierzyste, angiografia
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