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Abstract

Introduction: Infarct size (IS) is a fundamental determinant of left-ventricular (LV) remodelling (end-systolic and end-diastolic
volume change, AESV, AEDV) and adverse clinical outcomes after myocardial infarction (MI). Our prior work found that myocardial
uptake of transcoronary-delivered progenitor cells is governed by IS.

Aim: To evaluate the relationship between IS, stem cell uptake, and the magnitude of LV remodelling in patients receiving
transcoronary administration of progenitor cells shortly after MI.

Material and methods: Thirty-one subjects (age 36-69 years) with primary percutaneous coronary intervention (pPCl)-treat-
ed anterior ST-elevation Ml (peak CK-MB 584 [181-962] U/|, median [range]) and sustained left ventricle ejection fraction (LVEF)
< 45% were studied. On day 10 (median) 4.3 x 10° (median) autologous CD34+ cells (50% labelled with ®mTc-extametazime) were
administered via the infarct-related artery (left anterior descending). AESV, AEDV, and mid circumferential myocardial strain (mCS)
were evaluated at 24 months.

Results: Infarct mass (cMRI) was 57 [11-112] g. Cell label myocardial uptake (whole-body y-scans) was proportional to IS (r =
0.62), with a median 2.9% uptake in IS 1% tercile (< 45 g), 5.2% in 2" (46—76 g), and 6.7% in 3™ (> 76 g) (p = 0.0006). Cell uptake in
proportion to IS attenuated the IS-AESV (p = 0.41) and IS-AEDV (p = 0.09) relationship. At 24 months, mCS improved in IS 2™ tercile
(p = 0.028) while it showed no significant change in smaller (p = 0.87) or larger infarcts (p = 0.58).

Conclusions: This largest human study with labelled CD34+ cell transplantation shortly after MI suggests that cell uptake (pro-
portional to IS) may attenuate the effect of IS on LV adverse remodelling. To boost this effect, further strategies should involve cell
types and delivery techniques to maximize myocardial uptake.
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Summary

Infarct size (IS) governs left-ventricular end-systolic and end-diastolic volume changes after acute myocardial infarction,
and it is a strong predictor of adverse long-term prognosis. Therefore, it would be clinically desirable to inhibit the effect of
infarct size on left-ventricular remodelling. An important role might be played by cell-based therapies that have the potential
to enhance cardiac repair. However, very few studies have used labelled cells, and cohorts have been very small; thus, the
impact of progenitor cell myocardial uptake on the relationship between infarct size and left ventricular remodelling has not
been explored. In the largest study to date with labelled stem cells in ST-segment elevation myocardial infarction, we found
that cell uptake (occurring in proportion to IS) attenuated the effect of infarct size on AESV and AEDV at 2 years. Further-
more, we found a significant improvement in left ventricle systolic function expressed by circumferential strain on cardiac
magnetic resonance imaging, which was particularly relevant in the medium tercile of large-size infarcts. To boost the effect
that we identified, further cell-based strategies to stimulate cardiac repair in acute myocardial infarction should involve cell
types and delivery techniques to maximize myocardial uptake.
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Introduction

Despite progress in medical and device therapies,
post-myocardial infarction (MI) heart failure continues to
be associated with reduced quality of life and poor progno-
sis [1]. The number of patients with ischaemic heart failure
is prognosed to significantly grow in the next decades [2,
3], prompting development of novel therapeutic strategies
[3]- Cell-based approaches receive increasing attention [4,
5] and attract significant research efforts [6—14].

There is ample evidence that infarct size (IS) is a fun-
damental determinant of left-ventricular (LV) adverse re-
modelling (i.e. adverse change in LV geometry after M)
[15-18]. LV adverse remodelling is typically expressed
as an increase in end-systolic and end-diastolic volumes
over time [19]. Another important index of the degree of
ischaemic myocardial damage and reduced function over
time is circumferential myocardial fibre shortening/defor-
mation (strain) [20, 21]. Recent evidence shows that cir-
cumferential strain (CS) may add an important diagnostic
and prognostic value over that of conventional (i.e. LV vol-
ume-dependent) parameters of LV remodelling [22, 23].

Aim

Our prior work demonstrated that IS determines the
magnitude of myocardial uptake of transcoronary-deliv-
ered progenitor cells [24] consistent with biologically rele-
vant mechanism(s) governing the relationship between IS
and cell uptake [24]. Presently, we have evaluated the rela-
tionship between IS, progenitor cell uptake, and the mag-
nitude of LV remodelling in patients receiving transcoro-
nary administration of progenitor cells shortly after M.

Material and methods

The study involved consecutive patients with ST-seg-
ment elevation myocardial infarction (STEMI) (anterior
location, left anterior descending artery, LAD, as the in-
farct-related artery), treated with primary percutaneous
coronary intervention (pPCl) and with persistent left
ventricle ejection fraction (LVEF) < 45% by echocardiog-
raphy (Simpson method) and cardiac necrosis biomark-
er level consistent with major myocardial loss (peak
troponin | (Tnl) level > 50 ng/ml and/or peak creatine
kinase-myoglobin binding (CK-MB) > 150 U/l with no
contraindication to cardiac magnetic resonance imaging
(cMRI). Patients were recruited to meet the volume goal
of at least 30 subjects [24]. Bone marrow (BM) aspiration
was performed 7 to 12 days (median 10 days) after pPCl.
On the morning of the day of cell administration, BM
(80-120 ml) was harvested from iliac crest. Mononuclear
cells were separated with Ficoll [10, 25]. Total amount of
0.7-9.9 (median 4.3 x 10° autologous CD34* cells (50%
mTc-extametazime-labeled), including 0.3-6.8 (median
2.1 x 10°%) CD34*CXCR4* cells, were administered intra-
coronarily (non-occlusive technique) via the infarct-re-
lated artery (LAD). Myocardial perfusion was evaluated
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by single-photon emission computerized tomography
(SPECT) 36 to 48 h before cell delivery. Myocardial uptake
of the labelled CD34*CXCR4* cells was assessed 1 h af-
ter transcoronary cell implantation by whole-body planar
y-camera scan. Cell uptake was quantified by the number
of counts in the cardiac region of interest in relation to
total counts on whole-body images [24, 26].

Gadolinium-enhanced cMRI (Siemens Magnetom
Sonata 1.5 T) with image acquisition < 24 h before cell
transfer was used as the reference technique for the
detection and assessment of Ml size and parameters of
remodelling (LV end-diastolic volume (EDV), LV end-sys-
tolic volume (ESV)). CMR parameters were analysed with
dedicated software (QMass MR 7.5; Medis, Leiden, the
Netherlands) by agreement of 2 observers with at least
5 years of experience in core lab cMRI analysis. Late gad-
olinium-enhanced (LGE) images were obtained 10 to
15 min after a peripheral bolus injection of 0.2 mmol/kg
Gd-DTPA [24]. Gadolinium late-enhanced total infarct
mass/size (IS, cMRI) included both the core zone (defined
as signal intensity (SI) > 50% of the maximal myocardial
SI) and the infarct border zone (defined as the myocar-
dium with SI greater than the peak Sl in remote normal
myocardium but < 50% of maximal S| of the high SI myo-
cardium outward to the LGE zone). As a result, total IS
was defined as total myocardium with signal intensity
greater than S| peak in remote normal myocardium [24].

Furthermore, mid CS (mCS) analysis was conducted
as previously described [21, 27]. In brief, using Diogenes
CMR-FT software (TomTec Imaging Systems, Munich, Ger-
many), peak systolic circumferential strain at infarct zone
(LV mid zone) was measured in LV short axis views at mid
for baseline and follow-up. Segmental strain analysis was
not performed for apical segments due to low reproduc-
ibility, and not for basal segments due to the absence
of infarct tissue. CS was measured in mid anteroseptal,
anterior, and anterolateral segments if there were LGE
present (defined as in core or border infarct zone above).
The MRI measurements were taken by a consensus of
2 independent, experienced cMRI analysts blinded to the
SPECT and clinical data. cMRI imaging, with measure-
ments of EDV, ESV, and mCS, was repeated at 24 months.
Change in EDV (AEDV) and ESV (AESV) was calculated
along with a comparison of mCS at baseline and at
24 months. To evaluate the relationship between IS, pro-
genitor cell uptake, and the magnitude of LV remodel-
ling, IS was categorized into terciles (g). The values of
median cell uptake along with AESV, AEDV, and the mCS
data were calculated in each IS tercile. The study was
approved by the Local Ethics Committee, and all partici-
pants provided informed written consent.

Statistical analysis

Variables were presented as numbers and percentages,
mean + standard deviation (SD), or median and interquar-
tile range, as appropriate. Data distribution was assessed
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via the Shapiro-Wilk test. Categorical variables were com-
pared using Pearson’s x? test or Fisher’s exact test. Com-
parison of variables between terciles was performed using
ANOVA. Differences between 2 groups (baseline versus
24-months follow-up) were compared using the Wilcox-
on test. Spearman’s correlation coefficients were used to
determine trends. A p-value < 0.05 was considered statis-
tically significant. All statistical analyses were performed
with JMP 15.2 (SAS Institute Inc., Cary, NC, USA, 2020).

Results

Clinical and laboratory characteristics of the study
group are shown in Table I. Median peak Tnl level was
137 ng/ml (58.3-356 ng/ml), and median peak CK-MB
was 584 1U/1 (181-962 1U/1). Median values of LVEF were
37% (23-44%) by echocardiography, 34% (17-48%) by
gated SPECT (G-SPECT), and 38% (21-48%) by cMRI. One
hour after transcoronary cell delivery, myocardial activity
uptake was 1.7% to 9.9% (median 5.2%). Total infarct
mass (cMRI) was 57 [11-112] g.

Cell label myocardial uptake (whole-body y-scans)
was proportional to IS (r = 0.62), with a median 2.9%
uptake in IS 1+ tercile (< 45 g), 5.2% in 2™ (46-76 g),
and 6.7% in 3 (> 76 g) (p = 0.0006). At 24 months EDV
increased by a median 7.7 ml whereas ESV decreased by
a median 6.0 ml. AESV and AEDV in each IS tercile are
depicted in Figure 1. There was no statistically significant
relationship between IS and AESV (p = 0.41) or between
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Table I. Clinical characteristics of studied patients

Variable Value median,
(range)
or proportion
Number of patients, n 31
Age [years] 58 (36-69)
Time from the onset of symptoms to pPCl [h] 6 (3-13)
Infarct-related artery = proximal LAD, n (%) 31 (100)

Peak CK-MB [1U/]
Peak troponin | [ng/ml]

584 (181-962)
137 (58.3-356)

Hypertension, n (%) 14 (45.2)
Diabetes mellitus, n (%) 7 (22.6)
Hyperlipidaemia, n (%) 26 (83.9)
Smoking (history or current), n (%) 16 (51.6)
BMI > 30 kg/m?, n (%) 2 (6.4)
eGFR < 90 ml/min/m? 8 (25.8)
pPCl to cell transfer [days] 10 (7-12)
LVEF by echocardiography* (%) 37 (23-44)

LVEF by G-SPECT* (%) 34 (17-48)
LVEF by cMRI* (%) 38 (21-48)
Myocardial uptake of cell label* (%) 5.2 (1.7-9.9)

*Qualifying values 24-48 h prior to cell delivery. 60 min after cell administra-
tion. pPCl — primary percutaneous coronary intervention, LAD — left anterior
descending artery, CK-MB — creatine kinase-myocardial band, BMI — body mass
index, eGFR — estimated glomerular filtration rate, LVEF — left ventricular ejec-
tion fraction, G-SPECT — gated single-photon emission computerized tomogra-
phy, cMRI — cardiac magnetic resonance imaging.
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Figure 1. Relationship between infarct mass at baseline, cell uptake, and long-term LV adverse remodelling.
Infarct size (IS) is categorized by terciles of infarct mass; < 45 g (1 tercile), 46-76 g (2™ tercile), and > 76 g
(3¢ tercile); median cell label myocardial uptake by respective IS terciles is provided in parenthesis in the bot-
tom line. Left panel shows AESV at 24 months by the IS and cell uptake whereas AEDV at 24 months by the
IS and cell uptake is demonstrated in the right panel. Note lack of a statistically significant increase in AESV
and AEDV at 24 months in relation to IS. As IS is a fundamental determinant of AESV and AEDV [15-18, 28],
this finding suggests that progenitor cells, attracted to the infarct zone in relation to the IS, may attenuate the

adverse effect of IS on LV remodeling

ESV —end-systolic volume, EDV — end-diastolic volume, A — change, MRI — cardiac magnetic resonance imaging, SPECT — single photon emission computed

tomography.
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Figure 2. Relationship between infarct mass at baseline, cell uptake, and peak systolic circumferential strain
at baseline (A) and 24-month follow-up (B). Infarct size (IS) is categorized by terciles of infarct mass; < 45 g
(1 tercile), 46-76 g (2™ tercile), and > 76 g (3 tercile). Median cell label myocardial uptake by respective IS
terciles is provided in parentheses in the bottom line. Figure 2 A shows peak systolic circumferential strain
at baseline (< 24 h before cell administration) in mid segments (infarct zone). Note a statistically important
difference in peak systolic circumferential strain between the terciles (p = 0.04); consistent with a relationship
between infarct size and circumferential strain (i.e. the larger the infarct, the worse the myocardial strain). Fig-
ure 2 B shows peak systolic circumferential strain at 24 months (< 24 h before cell administration), in mid seg-
ments, inside the infarct zone. Note the lack of a statistically significant difference between the peak systolic
circumferential strain terciles (p = 0.14), suggesting attenuation of the effect of IS on contractility deterioration

as expressed by the strain

MRI - cardiac magnetic resonance imaging, SPECT — single photon emission computed tomography.
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Figure 3. Relationship between the baseline and
24-month follow-up peak systolic circumferential
strains in mid segments (infarct zone). Infarct
size (IS) is categorized by terciles of infarct mass;
<45 g (1 tercile), 46-76 g (2" tercile), and > 76 g
(3¢ tercile). Note a significant improvement of
strain in 2" tercile of IS (p = 0.028), which may
suggest a beneficial impact of progenitor cell ad-
ministration, which is particularly relevant in this
subgroup

MRI — cardiac magnetic resonance imaging, SPECT — single photon
emission computed tomography.
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IS and AEDV (p = 0.09), suggesting that the cell uptake
in proportion to IS may have abolished the effect of IS on
AESV and attenuated the effect of IS on AEDV.

At baseline, median mCS was —12.1% in IS 1* tercile;
—7.4% in 2" tercile, and —8.3% in 3" tercile (p = 0.04,
more severe contractility impairment in the 2" and 3 IS
tercile than in the 1 IS tercile, Figure 2 A). cMRI follow-up
at 24 months showed mCS medians of, respectively,
—-15.45%;-13.3% and -9.55% (p = 0.14, indicating atten-
uation of the effect of IS, Figure 2 B). At 24 months, mCS
improved in IS 2" tercile (p = 0.028) while it revealed no
significant change in smaller (p = 0.87) or larger infarcts
(p = 0.58) (Figure 3).

Discussion

The principal findings from this largest study to date
evaluating the relationship between IS, progenitor cell
uptake, and the magnitude of LV remodelling in patients
receiving transcoronary administration of progenitor
cells shortly after MI, suggest the following: (1) stem cell
uptake, proportional to IS, may attenuate the established
effect of IS on AESV [16, 28] and may inhibit the estab-
lished effect of IS on AEDV [15, 17, 18, 28] (Figure 1), and
(2) cell therapy with autologous CD34+*/CD34* CXCR4*
cells may improve LV systolic function (expressed by mCS
strain on cMRI), in particular the medium tercile of large
infarcts (Figure 3).
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IS, measured preferably by cMRI, is a well-established
determinant of adverse LV remodelling after myocardial
infarction [15-18, 29]. Marked LV remodelling, despite its
role in maintaining overall stroke volume, leads to clini-
cal heart failure presentation in a large proportion of pa-
tients. IS is also prognostic of adverse clinical outcomes,
an effect significant also in multivariate analysis [16, 29],
and it is a predictor of follow-up LVEF [16]. On the other
hand, it is important to realize that IS, as derived from
cMRI late gadolinium enhancement (LGE), does not nec-
essarily equate with irreversible injury because it recedes
over time [30]. Some parameters other than the base-
line infarct size by cMRI-LGE may add an incremental
prognostic value [23]. Recently, increasing evidence has
emerged on the role of myocardial deformation parame-
ters such as strain, which is reflective of myocardial fibre
shortening [23]. Strain can be evaluated on echocardiog-
raphy or, more reproducibly, on cMRI [20]. Circumferential
strain (CS) measured by feature tracking technique is an
important modern parameter of LV systolic function [20].
CSis at least equal (and it may be superior) to traditional
cMRI measures in the assessment of cardiac regenerative
therapy [22] because it may help to evaluate segmental
improvement [31] and late myocardial remodelling [32].
Some [33] (though not all [34]) authors argue that CS
may provide an additional long-term prognostic value in
STEMI patients and improve risk reclassification beyond
traditional cMRI indexes. One advantage of this method
is the absence of the need for administration of contrast
agent [35]. Our findings (Figure 2) suggest that stem cell
therapy may improve LV systolic function (as measured
by mCS) particularly in medium-size infarctions. To-date,
data on cMRI strain analysis in cell therapy trials are lim-
ited [21]; thus, our study adds significantly to the existing
body of evidence.

The therapeutic effect of stem cells is based on myo-
cardial uptake as a primary requirement for any thera-
peutic action [6, 11, 13, 14, 36, 37]. Dill et al. [38] indi-
cated that autologous bone marrow cell administration
shortly after STEMI improved LVEF, reduced EDV, and
abrogated ESV increase after 12 months, particularly
in patients with lower LVEF values (larger infarcts). In
a recent meta-analysis, transcoronary transplantation
of bone marrow progenitor cells was safe and induced
a significant increase in LVEF with a trend towards ESV
reduction and fewer cardiac adverse events [39]. Never-
theless, myocardial uptake of bone marrow cells appears
to be, overall, rather low (median of 5.2% in our study,
ranging from ~2.1% to 9.2% in other studies) [40, 41]. It
is therefore important, as a future research direction, to
evaluate therapeutic potential of other cell types, partic-
ularly those that exhibit retention in the ischaemic injury
zone [42, 43] greater than bone marrow cells [4].

There is ample evidence on the relationship between
baseline infarct size and follow-up ejection fraction [28,
44] and adverse remodelling [18, 28], especially in pa-
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tients with larger infarcts [17, 29]. Infarct size, in the
absence of cell therapy, is also a stronger predictor of
all-cause mortality than LVEF and LV volumes [45]. Our
present study indicates that with stem cell uptake in
proportion to IS, IS may no longer be a determinant of
the magnitude of LV adverse remodelling after infarction,
consistent with a potential role of stem cells in enhanc-
ing myocardial repair in recent STEMI.

Despite being the largest to-date study with labelled
progenitor cell transplantation shortly after STEMI in
humans, our overall patient volume may be considered
moderate. Thus, larger studies are required to corroborate
our present findings. Furthermore, while there is no doubt
that a parallel sham/placebo comparative cohort would
be desirable [8, 46], the sample size in our study of la-
belled cells did not justify a control sham/placebo group.

Conclusions

This largest human study with labelled CD34* cell
transplantation shortly after MI suggests that the cell
uptake, occurring in relation to IS, may attenuate the ef-
fect of IS on LV adverse remodelling. To boost this effect,
further strategies should involve cell types and delivery
techniques maximizing myocardial uptake.

Conflict of interest
The authors declare no conflict of interest.

References

1. Jen¢a D, Melenovsky V, Stehlik J, et al. Heart failure after myo-
cardial infarction: incidence and predictors. ESC Heart Fail 2021;
8:222-37.

2. Pearson J, Sipido KR, Musialek B et al. The Cardiovascular Re-
search community calls for action to address the growing bur-
den of cardiovascular disease. Cardiovasc Res 2019; 115: €96-8.

3. Bloemkolk D, Dimopoulou C, Forbes D, et al. Challenges and Op-
portunities for Cardiovascular Disease Research: Strategic Re-
search Agenda for Cardiovascular Diseases (SRA-CVD) — a doc-
ument for the European Commission. https://www.era-cvd.eu/
media/content/ERA-CVD_SRA_05-2019-1.pdf. Accessed: 30 Sep-
tember 2022.

4. Braunwald E. Cell-based therapy in cardiac regeneration: an
overview. Circ Res 2018; 123: 132-7.

5. Hassanpour M, Aghamohamadzade N, Cheraghi O, et al. Current
status of cardiac regenerative medicine; an update on point of
view to cell therapy application. J Cardiovasc Thorac Res 2020;
12: 256-68.

6. Kooreman NG, Ransohoff JD, Wu JC. Tracking gene and cell fate
for therapeutic gain. Nature Mater 2014; 13: 106-9.

7. Bartunek J, Terzic A, Davison BA, et al.; CHART Program. Cardi-
opoietic cell therapy for advanced ischaemic heart failure: re-
sults at 39 weeks of the prospective, randomized, double blind,
sham-controlled CHART-1 clinical trial. Eur Heart J 2017; 38:
648-60.

8. Musiatek P. The Krakow Myocardial Regeneration Team impact
on the global progress in the field of pre-clinical and clinical pro-
genitor cell therapy: inventions and innovations in 2002-2015.

469



tukasz Czyz et al. Infarct size and long-term left ventricular remodelling in acute myocardial infarction patients subjected
to transcoronary delivery of progenitor cells

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

In: Figiel H, Undas A, Gajos G (eds.). Innovative technologies in
biomedicine. Medycyna Praktyczna 2015, 115-38.

. Musialek B Mazurek A, Jarocha D, et al. Myocardial regenera-

tion strategy using Wharton’s jelly mesenchymal stem cells as
an off-the-shelf ‘unlimited’ therapeutic agent: results from the
Acute myocardial infarction first-in-man study. Adv Interv Cardi-
ol 2015; 11: 100-7.

Tendera M, Wojakowski W, Ruzytto W, et al.; REGENT Investi-
gators. Intracoronary infusion of bone marrow-derived select-
ed CD34+CXCR4+ cells and non-selected mononuclear cells in
patients with acute STEMI and reduced left ventricular ejec-
tion fraction: results of randomized, multicentre Myocardial
Regeneration by Intracoronary Infusion of Selected Population
of Stem Cells in Acute Myocardial Infarction (REGENT) Trial. Eur
Heart ) 2009; 30: 1313-21.

Musialek P Tekieli L, Kostkiewicz M, et al. Randomized transcor-
onary delivery of CD34(+) cells with perfusion versus stop-flow
method in patients with recent myocardial infarction: early car-
diac retention of 99(m)Tc-labeled cells activity. J Nucl Cardiol
2011; 18: 104-16.

Broughton KM, Wang B, Firouzi F, et al. Mechanisms of cardiac
repair and regeneration. Circ Res 2018; 122: 1151-63.
Menasché P. Cell therapy trials for heart regeneration — lessons
learned and future directions. Nat Rev Cardiol 2018; 15: 659-71.
Bolli R, Solankhi M, Tang XL, et al. Cell therapy in patients with
heart failure: a comprehensive review and emerging concepts.
Cardiovasc Res 2022; 118: 951-76.

Tarantini G, Razzolini R, Cacciavillani L, et al. Influence of trans-
murality, infarct size, and severe microvascular obstruction on
left ventricular remodelling and function after primary coronary
angioplasty. Am J Cardiol 2006; 98: 1033-40.

Masci PG, Ganame J, Francone M, et al. Relationship between
location and size of myocardial infarction and their reciprocal
influences on post-infarction left ventricular remodelling. Eur
Heart ) 2011; 32: 1640-8.

Lund GK, Stork A, Muellerleile K, et al. Prediction of left ventricu-
lar remodelling and analysis of infarct resorption in patients
with reperfused myocardial infarcts by using contrast-enhanced
MR imaging. Radiology 2007; 245: 95-102.

Ma W, Li X, Gao C, et al. Predictive value of cardiac magnetic
resonance for left ventricular remodeling of patients with acute
anterior myocardial infarction. Diagnostics 2022; 12: 2780.
Patten RD, Udelson JE, Konstam MA. Ventricular remodeling and
its prevention in the treatment of heart failure. Curr Opin Cardi-
ol 1998; 13: 162-7.

Eitel I, Stiermaier T, Lange T, et al. Cardiac magnetic resonance
myocardial feature tracking for optimized prediction of cardio-
vascular events following myocardial infarction. JACC Cardiovasc
Imaging 2018; 11: 1433-44.

Bhatti S, Al-Khalidi H, Hor K, et al. Assessment of myocardial
contractile function using global and segmental circumferential
strain following intracoronary stem cell infusion after myocardi-
al infarction: MRI Feature Tracking Feasibility Study. ISRN Radiol
2012; 2013: 371028.

van Klarenbosch BR, Chamuleau SAJ, Teske AJ. Deformation im-
aging to assess global and regional effects of cardiac regener-
ative therapy in ischaemic heart disease: a systematic review.
J Tissue Eng Regen Med 2019; 13: 1872-82.

de Waha S, Eitel I, Desch S, et al. Prognosis after ST-elevation
myocardial infarction: a study on cardiac magnetic resonance
imaging versus clinical routine. Trials 2014; 15: 249.

470

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Musialek P Tekieli L, Kostkiewicz M, et al. Infarct size determines
myocardial uptake of CD34+ cells in the peri-infarct zone: results
from a study of #"Tc-extametazime-labeled cell visualization in-
tegrated with cardiac magnetic resonanlce infarct imaging. Circ
Cardiovasc Imaging 2013; 6: 320-8.

Schéchinger V, Erbs S, Elsdsser A, et al; REPAIR-AMI Investi-
gators. Intracoronary bone marrow-derived progenitor cells in
acute myocardial infarction. N Engl ) Med 2006; 355: 1210-21.
Tekieli t, Szot W, Kwiecien E, et al. Single-photon emission com-
puted tomography as a fundamental tool in evaluation of myo-
cardial reparation and regeneration therapies. Adv Interv Cardiol
2022; 18: 326-39.

Podlesnikar T, Pizarro G, Fernandez-Jiménez R, et al. Left ven-
tricular functional recovery of infarcted and remote myocardi-
um after ST-segment elevation myocardial infarction (METO-
CARD-CNIC randomized clinical trial substudy). J Cardiovasc
Magn Reson 2020; 22: 44.

Chareonthaitawee P Christian TF, Hirose K, et al. Relation of in-
itial infarct size to extent of left ventricular remodeling in the
year after acute myocardial infarction. J Am Coll Cardiol 1995;
25:567-73.

Wu E, Ortiz JT, Tejedor P et al. Infarct size by contrast enhanced
cardiac magnetic resonance is a stronger predictor of outcomes
than left ventricular ejection fraction or end-systolic volume in-
dex: prospective cohort study. Heart 2008; 94: 730-6.
Dall’Armellina E, Karia N, Lindsay AC, et al. Dynamic changes of
edema and late gadolinium enhancement after acute myocar-
dial infarction and their relationship to functional recovery and
salvage index. Circ Cardiovasc Imaging 2011; 4: 228-36.
Mangion K, Carrick D, Clerfond G, et al. Predictors of segmental
myocardial functional recovery in patients after an acute ST-ele-
vation myocardial infarction. Eur J Radiol 2019; 112: 121-9.
Holmes AA, Romero J, Levsky JM, et al. Circumferential strain
acquired by CMR early after acute myocardial infarction adds
incremental predictive value to late gadolinium enhancement
imaging to predict late myocardial remodeling and subsequent
risk of sudden cardiac death. J Interv Card Electrophysiol 2017;
50:211-8.

Nucifora G, Muser D, Tioni C, et al. Prognostic value of myocar-
dial deformation imaging by cardiac magnetic resonance fea-
ture-tracking in patients with a first ST-segment elevation myo-
cardial infarction. Int ) Cardiol 2018; 271: 387-91.

Gavara J, Rodriguez-Palomares JF, Valente F, et al. Prognostic val-
ue of strain by tissue tracking cardiac magnetic resonance after
ST-segment elevation myocardial infarction. JACC Cardiovasc
Imaging 2018; 11: 1448-57.

Buss SJ, Krautz B, Hofmann N, et al. Prediction of functional re-
covery by cardiac magnetic resonance feature tracking imaging
in first time ST-elevation myocardial infarction. Comparison to
infarct size and transmurality by late gadolinium enhancement.
Int J Cardiol 2015; 183: 162-70.

Bengel FM, Schachinger V, Dimmeler S. Cell-based therapies
and imaging in cardiology. Eur J Nucl Med Mol Imaging 2005;
32 Suppl 2: S404-16.

Chavakis E, Urbich C, Dimmeler S. Homing and engraftment of
progenitor cells: a prerequisite for cell therapy. ] Mol Cell Cardiol
2008; 45: 514-22.

Dill T, Schachinger V, Rolf A, et al. Intracoronary administration
of bone marrow-derived progenitor cells improves left ventricu-
lar function in patients at risk for adverse remodeling after
acute ST-segment elevation myocardial infarction: results of the

Advances in Interventional Cardiology 2022; 18, 4 (70)



39.

40.

41

42.

43.

44,

45.

46.

tukasz Czyz et al. Infarct size and long-term left ventricular remodelling in acute myocardial infarction patients subjected

Reinfusion of Enriched Progenitor cells And Infarct Remodeling
in Acute Myocardial Infarction study (REPAIR-AMI) cardiac mag-
netic resonance imaging substudy. Am Heart ) 2009; 157: 541-7.
Liu B, Duan CY, Luo CF, et al. Effectiveness and safety of selected
bone marrow stem cells on left ventricular function in patients
with acute myocardial infarction: a meta-analysis of randomized
controlled trials. Int J Cardiol 2014; 177: 764-70.

Penicka M, Lang O, Widimsky B et al. One-day kinetics of myo-
cardial engraftment after intracoronary injection of bone mar-
row mononuclear cells in patients with acute and chronic myo-
cardial infarction. Heart 2007; 93: 837-41.

. Goussetis E, Manginas A, Koutelou M, et al. Intracoronary in-

fusion of CD133+ and CD133-CD34+ selected autologous bone
marrow progenitor cells in patients with chronic ischemic cardi-
omyopathy: cell isolation, adherence to the infarcted area, and
body distribution. Stem Cells 2006; 24: 2279-83.

Hosseinpour A, Kheshti F Kazemi A, et al. Comparing the effect
of bone marrow mono-nuclear cells with mesenchymal stem
cells after acute myocardial infarction on improvement of left
ventricular function: a meta-analysis of clinical trials. Stem Cell
Res Ther 2022; 13: 203.

Seeger FH, Zeiher AM, Dimmeler S. Cell-enhancement strategies
for the treatment of ischemic heart disease. Nat Clin Pract Car-
diovasc Med 2007; 4 Suppl 1: S110-3.

Ingkanisorn WP Rhoads KL, Aletras AH, et al. Gadolinium de-
layed enhancement cardiovascular magnetic resonance corre-
lates with clinical measures of myocardial infarction. J Am Coll
Cardiol 2004; 43: 2253-9.

Roes SD, Kelle S, Kaandorp TA, et al. Comparison of myocardi-
al infarct size assessed with contrast-enhanced magnetic res-
onance imaging and left ventricular function and volumes to
predict mortality in patients with healed myocardial infarction.
Am J Cardiol 2007; 100: 930-6.

Drabik L, Mazurek A, Dzieciuch-Rojek M, et al. Trans-endocardial
delivery of progenitor cells to compromised myocardium using
the “needle technique”and risk of myocardial injury. Adv Interv
Cardiol 2022; 18: 423-30.

Advances in Interventional Cardiology 2022; 18, 4 (70)

to transcoronary delivery of progenitor cells

471



