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Abstract

Cell replacement therapy has been intensively investigated as a new tool in patients with ischaemic heart
disease (IHD) and in particular in those treated by reperfusion therapy in the acute of phase of myocardial
infarction (MI). Cardiac cell transfer and cytokine mobilisation have been originally proposed with the goal
of myocardial regeneration and the emphasis has been focused on anti- remodelling effect of this thera-
peutic approach. Initial phase 1 studies have indicated feasibility, safety and improved functional left ven-
tricular (LV) recovery after stem cell transplantation in patients treated by reperfusion therapy in the acute
phase. More recently, results of several prospective, placebo controlled trials have been published with dis-
crepant findings.

Several approaches have been proposed for the early detection of patients at risk for post-MI LV remodel-
ling. We discuss in this article the possibilities of screening of post-MI patients for cell therapy for cardiac
repair as well as problems with the choice of parameters to be analysed for the assessment of the effica-
cy of cell therapy in this subset of patients.
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Introduction

Heart failure has become a very important problem in western
countries with the number of patients presenting with its symptoms
increasing exponentially. The large majority of patients with heart
failure have the ischaemic heart disease as the underlying pathology!.
The occurrence of Ml is associated with 10-fold greater risk of
developing heart failure compared with a normal population?. In
patients surviving an acute MI, the development of clinical signs of
heart failure is frequently preceded by an asymptomatic period of
left ventricular enlargement. This dynamic process, called left ven-
tricular remodelling, is observed in relatively important proportion of
patients despite state-of-the-art therapy including early reperfusion,
angiotensin-converting enzyme-inhibitors (ACE-I) or angiotensin
receptors blockers, beta-blockers and statins34.

Transfer of autologous bone marrow-derived or circulating progeni-
tor cells might reinforce LV function recovery. More than truly regen-
erative potential, the possible anti-remodelling effect of this thera-
peutic approach has been recently brought up®. Potential positive
effects on left ventricular remodelling include paracrine anti-apop-
totic effects of transferred cells, enhanced neo-angiogenesis, and
survival of hibernating myocardium with limitation of infarct expan-
sion. Phase 1 studies have indicated improvement in global and
regional left ventricular function®8. More recently, results of several
prospective, placebo controlled trials have been published with dis-
crepant findings®13.

There are several questions concerning the number and phenotype
of infused cells, their homing capacity in the myocardium and
repair potential depending on the age of patients and on the time of
cells transfer. There are also important issues concerning the selection
of patients which could be the best candidates for cell replacement
therapy and parameters of left ventricular function to be analysed
for the assessment of its efficacy. We discuss in this article the last
two of these problems.

Left ventricular function evolution after
myocardial infarction

There is a great heterogeneity in left ventricular function evolution in
patients recovering from acute MI. The natural clinical outcome of
acute myocardial infarction depends upon a number of important
factors including initial infarct size, its degree of transmurality,
infarct location, pre-existence of collateral circulation to jeopardised
area and number of significantly stenosed coronary arteries. During
coronary occlusion most, if not all, of the infarct related territory
becomes dysfunctional. After spontaneous, or more frequently ther-
apeutic reperfusion, this functional impairment can recover com-
pletely or partially, or progress over time. A complete recovery of
contractile regional dysfunction was observed in 22% of patients
followed serially by echocardiography in the HEART study!®. In the
same study, partial recovery occurred in almost 40% of patients.
This regional evolution was associated with a variable evolution of
global ejection fraction. Any improvement of global LV ejection frac-
tion was observed at 3 months in 66% of patients with mean
change in the whole population of 4.5+9.8%. The recovery of LV
ejection fraction is associated not only with the recovery of initially
dysfunctional myocardium, but also with compensatory dilation
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of LV chamber, observed in the study of Solomon et al** in 32%
of patients. Whether patients who experience remodelling despite
improvement in ventricular function are at increased long-term risk
remains to be determined.

The LV dilation can be observed in the very early phase of evolution
after Ml, as well as in the late phase. Early remodelling occurs mainly
in the infarct and peri-infarct zone and is called infarct expansion!®.
Late enlargement is related to the changes in non-infarcted regions
and global progressive changes in LV size, shape, muscle mass,
and function.

Early remodelling that occurs during the hospital phase is not
necessarily progressive, and is not necessarily associated with pro-
gressive ventricular dysfunction. In the GISSI-3 echo substudy!®
early LV dilation was observed in 41% of patients; the majority
of them experienced moderate enlargement (5%-20% increase
of end diastolic volume). Importantly 92% of 115 patients with
severe early dilation (>20%) did not show further progression of LV
enlargement between hospital discharge and the 6 month follow-up.
The global ejection fraction decreased slightly in this subgroup
during the hospital stay from 47+7% to 43+8% and remained
stable afterwards. In contrast, late remodelling is associated with
progressive deterioration of global ventricular function over time.
In the same study, moderate LV enlargement was observed in 28%
and severe dilation in 16% of patients. Smaller pre-discharge end
diastolic volume, greater regional wall motion abnormality, and the
presence of mitral regurgitation were the independent predictors
of severe late LV dilation in multivariate analysis.

A 20% increase in end diastolic LV volume was proposed by
Bolognese et al as a cut-off value of remodelling based on the upper
95% Cl of the intra-observer variability of echocardiographic meas-
urements!’. The prevalence of end diastolic volume enlargement
>20% in patients with reperfused Ml is estimated at 20%-40%16:18-22,
This degree of change is associated with the worsening of long-term
outcomes. In this study, patients with LV remodelling had a higher
5 year mortality rate (14% vs 5%, p=0.005) and cumulative 5 year
combined event-rate (18% vs 10%, p=0.025) than those without it.
Mengozzi et al'® have reported, using the same cut off value, that
32% of patients with LV remodelling suffered from congestive heart
failure during the 6 months follow-up as compared to 0% in the
patients without this condition (p=0.0001). The end systolic volume
enlargement is also considered as an important prognostic indicator
in patients with chronic ischaemic heart disease®®. End systolic
volume dilation seems be delayed comparing to the end diastolic
volume dilation, at least in patients treated by reperfusion therapy in
the acute phase, followed by a modern “anti-remodelling” treat-
ment, as found in the study of Savoye et al'®. Simultaneous end sys-
tolic and end diastolic volume enlargement occurring in the first
6 months after an acute event is associated with the worsening of
EF and lack of recovery of RWMA. This phenomenon concerned
33% in a group of 75 patients treated by primary angioplasty in our
institution2*. Currently, the reproducibility of measurement of the LV
volumes and function using echocardiography or magnetic reso-
nance imaging is much higher'®2>. Whether a lesser degree of LV
enlargement is associated with the worsening of outcome remains
to be assessed.
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Detection of patients at risk for post-MI LV
remodelling

The extent of remodelling is proportional to the mass of infarcted
myocardium, the patency of the infarct-related artery, the quality of
microcirculation in the infarct area, and ventricular loading conditions.
Because the initially dysfunctional myocardium consists of a mix-
ture of necrosed, stunned, and eventually hibernating muscle, the
initial assessments of the infarct size often overestimate the true
infarct region. The evolution toward LV remodelling cannot be pre-
dicted using simple clinical variables. In patients with initially pre-
served LV function included in Stent-PAMI study, Mattichak et al®®
was unable to predict LV systolic deterioration (defined as a decrease
of >15% of global ejection fraction) using baseline clinical and
angiographic and outcome variables. Quantitative echocardiogra-
phy, creatine phosphokinase, haemodynamic status, infarction
location, patients’ history and other factors can be combined to
improve the prediction post MI remodelling. An algorithm has been
proposed by de Kam et al?” which can predict, with 80% accuracy,
whether an infarction will evolve towards remodelling.

With this model they could predict correctly the 6 month LV dilatation
risk for 81% of the 7,842 GISSI-3 patients in whom a pre-discharge
echo was available.

There is strong evidence that the evolution towards LV remodelling
is at least in part related to the impaired tissue reperfusion. This
parameter can be evaluated by assessment of ST-segment elevation
resolution, myocardial blush on contrast coronary angiography,
contrast echocardiography, and magnetic resonance imaging.

ST segment resolution has been initially used for the evaluation
of infarct related patency. When the sensitivity analyses are per-
formed, it appears that the resolution of ST elevation by >70% is the
optimal threshold for patients with inferior MI, whereas resolution by
>50% may be optimal for anterior MI. Subsequently, it has been
demonstrated that the resolution of ST elevation is a reliable predic-
tor of the risk of death and development of congestive heart failure
after AMI28. With thresholds of >70% reduction for complete, 30%-
70% for incomplete and <30% for absence of ST resolution, the
probability of congestive heart failure decreases in a stepwise fashion
(7.1%, 13.8% and 17.2% respectively). In a study by Nicolau et al®®
the presence of ST segment resolution precluded more favourable
LV remodelling at 6 month follow-up.

An impaired myocardial blush assessed on the contrast coronary
angiography at the end of primary angioplasty is predictive for LV
remodelling in the study of Araszkiewicz et al?°. Among 145 patients
with anterior Ml treated by angioplasty, the impaired myocardial
blush (grade O-1) was observed in 41%. The LV remodelling was
observed in 32% of these patients, whereas it occurred in 14% of
the patients with adequate tissue reperfusion (grade 2-3, p=0.014).
A promising tool for the early detection of LV remodelling is the
myocardial contrast echocardiography (MCE). This technique
allows the appreciation of microvascular dysfunction in dyssynergic
segments. Intravenous MCE was performed in 63 patients five days
after an uncomplicated first AMI in study published by Mengozzi
et al'®. Patients were considered to have microvascular impairment
if <50% of segments within the infarct-related area showed abnormal
contrast effect. With this criterion, the LV remodelling was predicted
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by MCE with a very high sensitivity (94.7%) and specificity (90.9%).
In this study, 35% of acutely revascularised patients were not
adequately reperfused at MCE despite TIMI grade 3 flows, which
is close to the 30% of rate of LV remodelling. In contrast in a study
of Ujino et al®, the intravenous MCE was less accurate for the
prediction of LV remodelling in 47 patients treated by reperfusion
therapy in the acute phase of MI. Although the specificity remains
also high (patients with normal contrast opacification have the risk
of remodelling <5%), the sensitivity is less satisfactory (in case
of abnormal opacification, the risk of remodelling is of 35%). The
difference in results between these two studies is perhaps due
to the different timing of follow-up studies (6 months for Mengozzi
and 2 months for Ujino). In a study published by Bolognese et al’!,
124 patients treated by angioplasty in the acute phase of MI, under-
went intracoronary MCE. Microvascular dysfunction was observed
in 19% of them. The prevalence of LV remodelling was significantly
greater among patients with microvascular dysfunction that among
those without (63% vs 11%, p<0.0001).

LV remodelling can also be predicted by analysis of mitral deceler-
ation time on Doppler echocardiography. With the cut-of value
of <136 ms, Cerisano et al®® were able to predict 6 month LV
remodelling with sensitivity of 75%, specificity of 97% and accuracy
of 81%. Of interest, in this study, mitral deceleration time predicted
remodelling with higher accuracy than the dosage of BNP.
Mannaerts et al®3 analysed by 3D echo in 33 patients 6.4 days after
an AMI. Clinical, electrocardiographic and echocardiographic vari-
ables were analysed for the early identification of LV remodelling.
The baseline 3D sphericity index was, by far, the most predictive
variable with a sensitivity, specificity and positive and negative pre-
dictive value for a cut-off >0.25 of 100%, 90%, 87% and 100%
respectively.

High accuracy in the prediction of LV remodelling was also obtained
by Hombach et al** using the magnetic resonance imaging tech-
nique 6 days after AMI in 110 patients, 58% of whom presented ST
elevation MI. The combination of three MRI parameters (infarct
size, persistent microvascular impairment and transmural extent
of necrosis) predicted LV remodelling with the sensitivity of 80% and
specificity of 84.6%. An important study assessing the importance
of transmurality of infarction and microvascular obstruction on left
ventricular remodelling was recently published by Tarantini et al°l.
The infarct size and transmurality as well as microvascular obstruction
were assessed by contrast-enhanced magnetic resonance imaging,
whereas the volumes evolution was evaluated by echocardiography
in a group of 76 patients treated by angioplasty in the acute phase
of MI. It was seen that 71% of patients had MRI evidence of trans-
mural necrosis in >1 LV segment, whereas 36% showed severe
microvascular obstruction. This latter phenomenon was exclusively
observed in segments with transmural (>75% of LV wall thickness)
extent of delayed enhancement. LV end diastolic volume enlargement
>20% was observed in 37% of patients. Using receiver-operating
characteristic curve analysis, 4 LV segments (in the 17-segment
model) with transmural necrosis at MRI showed the best sensitivity
(70%) and specificity (82%) for major adverse remodelling
(AUC 0.80, 95% CI [0.70 to 0.92]). Severe microvascular obstruction
did not remain an independent predictor of remodelling when trans-



mural necrosis was included in the model of multivariate analysis.
It seems to occur later than transmural necrosis, suggesting that,
from pathophysiologic point of view, severe microvascular obstruc-
tion lags behind transmural necrosis. These findings are important
in view of data published recently by Janssens et al°. In this double-
blind, randomised trial of intracoronary infusion of autologous bone
marrow-derived stem cells (BMS), the presence of microvascular
obstruction precluded LV function recovery. In contrast, improved
function in the BMS group was observed in segments with the most
severe transmural extension of MI (51%-75% and >75%) without
microvascular obstruction.

Although scintigraphic imaging techniques are unable to assess the
intermediate degrees of transmurality of MI, we have recently found
good correlations between Tc-99m-mibi uptake on SPECT imaging
and the most severe transmural extension (>75%) of late enhance-
ment on magnetic resonance imaging as well in the territory of the
left anterior descending as in that of right coronary artery®. The
predictive value of these findings for LV remodelling is under way.
We have also studied a group of twenty nine patients with acute Ml
and early PTCA by rest Tc-99m-sestamibi ECG-gated SPECT was
performed 21+5 days after PTCA!S. Myocardial perfusion was
quantified using a semi-automatic sectorial analysis. The patients
were separated in two groups according to the absence (group I,
n=21 patients) or presence (group I, n=8 patients) of LV remodel-
ling. The perfusion index in the infarct sectors was —2.29+2.9 SD in
group | and —6.40-2.85 SD in group Il (p<0.01). With a perfusion
cut-off value of —2.46 SD, the sensitivity and specificity of Tc-99m-
sestamibi SPECT for the prediction of end systolic volume enlarge-
ment was 100% and 62%, respectively. When the functional data
from ECG-gated acquisitions was added, sensitivity and specificity
were 87% and 86%, respectively. The possibility of prediction of LV
remodelling earlier after the AMI with low dose dobutamine by rest
Tc-99m-sestamibi ECG-gated SPECT is currently being investigated
in our centre.

Taking all this data together, it appears at present time that it is pos-
sible to predict adverse left ventricular remodelling after AMI with
relatively high accuracy. Patients who are at low risk for remodelling
have a good long-term prognosis, and probably will not benefit from
cell replacement therapy. The question remains open for patients at
high risk of remodelling who present with severe microvascular
obstruction. The efficacy of intracoronary delivery of stem cells
could be impaired in these cases and other methods of cell delivery
might prove to be more useful in these situations.

Which parameter of LV function should be
measured for assessment of cell therapy

in post-MI patients?

Recently published controlled trials assessing the efficacy of BMC
in acute MI have used changes in global LV ejection fraction
as a primary endpoint®!!. The use of this parameter as a surrogate
endpoint of thrombolytic therapy in comparative trials was criticised
already several years ago by Califf et al®’. Lack of correlation
between ejection fraction and survival, little change over 6 months,
better correlations between volumes evolution and survival, and the
effects of compensatory hyperkinaesia of non-infarcted regions
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on global ejection fractions were the arguments posited against the
use of ejection fraction as an endpoint. It is entirely probable that
these arguments are still valuable in 2007. Instead, the use of global
LV ejection fraction, the analysis of LV volumes, regional wall motion
and thickening, as well as infarct size and transmurality could be
used as surrogate endpoints for the efficient assessment of the use
of cell stem therapy. If the “anti-remodelling” effect of stem cell
therapy is further researched, demonstration of a significant reduc-
tion of the proportion of patients with severe end diastolic volume
dilation would certainly become an important argument in favour
of this approach as well.

Conclusions

A task force of the European Society of Cardiology has recently pub-
lished a consensus paper concerning the clinical investigation
of the use of autologous adult stem cells for us in the repairing the
heart®8. The use of cell therapy has not been currently recommended
for use in routine clinical practice. Several problems in stem cells
therapy have been identified, among them being how to measure
outcomes. The necessity to find appropriate surrogate endpoints for
the assessment of the efficacy of this treatment has been under-
scored. The selection of patients at risk for the development of left
ventricular remodelling, and the use of pertinent surrogate end-
points, would be of great interest for further assessing the place
of this therapeutic modality in clinical practice.

References

1. Bax JJ. Assessment of myocardial viability in ischemic cardiomy-
opathy. Heart Lung and Circulation, 2005;14S:S8-S13.

2. Glasser SP. The time course of left ventricular remodeling after
acute myocardial infarction. Am J Cardiol, 1997;80:506-7.

3. Cohn JN, Ferrari R, Sharpe N. Cardiac remodeling — concepts and
clinical implications: a consensus paper from an international forum on
cardiac remodeling. J Am Coll Cardiol, 2000;35:569-582.

4. Opie LH, Commerford PJ, Gersh B, Pfeffer MA. Controversies in
ventricular remodelling. Lancet, 2006;367:356-367.

5. Hill JM, Bartunek J. The end of Granulocyte Colony-Stimulating
Factor in acute myocardial infarction? Reaping the benefits beyond
cytokine mobilization. Circulation, 2006;113:1926-1928.

6. Strauer BE, Brehm M, Zeus T, Kostering M, Hernandez A, Sorg RV,
Kogler G, Wernet P. Repair of infracted myocardium by autologous intra-
coronary mononuclear bone marrow cell transplantation in humans.
Circulation, 2002;106:1913-1918.

7. Assmus B, Schéchinger V, Teupe C, Britten M, Lehman R,
Dobert N, Grunwald F, Aicher A, Urbich C, Martin H, Hoelzer D,
Dimmeler S, Zeiher A. Transplantation of Progenotor cells and regenera-
tion enhancement in acute myocardial infarction (TOPCARE-AMI).
Circulation, 2002;106:3009-3017.

8. Britten MB, Abolmaali ND, Assmus B, Lehmann R, Honold J,
Shmitt J, Vogl TJ, Martin H, Schchinger V, Dimmeler S, Zeiher AM. Infarct
remodeling after intracoronary progenitor cell treatment in patients with
acute myocardial infarction (TOPCARE-AMI): mechanistic insights from
serial contrast-enhanced magnetic resonance imaging. Circulation,
2003;108:2212-2218.

9. Janssens S, Dubois C, Koen JB, Deroose C, Desmet W, Kalantzi M,
Herbots L, Sinnaeve P, Dens J, Maertens F, Rademaker F, Dymarkowski S,

- B63 -



Selection of post-MI patients for cell replacement therapy

Gheysens O, Cleemput JV, Bormans G, Nuyts J, Belmans A, Mortelmans M,
Boogaerts M, Van der Werf F. Autologous bone marrow-derived stem-cell
transfer in patients with ST-elevation myocardial infarction: double-blind,
randomised controlled trial. Lancet, 2006;367:113-121.

10. Schéachinger V, Erbs S, Elsdsser A, Haberbosch W, Hambrecht R,
Hoélschermann H, Yu J, Corti R, Mathey DG, Hamm CW, Suselbeck T,
Assmus B, Tonn T, Dimmeler S, Zeiher AM. Intracoronary bone marrow-
derived progenitor cells in acute myocardial infarction. N Engl J Med,
2006;355:1210-21.

11. Lunde K, Solheim S, Aakhus S, Arnesen H, Abdelnoor M, Egeland T,
Endresen K, Hebekk A, Mangschau A, Fjeld JG, Smith HJ, Taraidsrud E,
Grogaard HK, Bjorneheim R, Brekke M, Muller C, Hopp E, Ragnarsson A,
Brinchmann JE, Forfang K. Intracoronary injection of mononuclear bone
marrow cells in acute myocardial infarction. N Engl J Med,
2006;355:1199-209.

12. Ripa RS, Jorgensen E, Wang Y, Thune JJ, Nilsson JC, Sondergaard L,
Johnsen HE, Kober L, Grande P, Kastrup J. Stem cell mobilization induced
by subcutaneous granulocyte-colony stimulating factor to improve cardiac
regeneration after acute ST-elevation myocardial infarction. Results of the
duble-blind, randomized, placebo-controlled stem cells in myocardial
infarction (STEMMI) trial. Circulation, 2006;113:1983-1992.

13. Ince H, Petzsch M, Kleine HD, Eckard H, Rehders T, Burska D,
Kische S, Freund M, Nienaber CA. Prevention of left ventricular remodel-
ing with granulocyte colony-stimulating factor after acute myocardial
infarction: final 1-year results of the Front-Integrated Revascularization
and Stem Cell Liberation in Evolving Acute Myocardial Infarction by
Granulocyte Colony6stimulating Factor (FIRSTLINE-AMI) trial. Circulation,
2005; 112(suppl 1):1-73-1-80.

14. Solomon SD, Glynn RJ, Greaves S, Ajani U, Rouleau J-L,
Menapace F, Arnold JMO, Hennekens C, Pfeffer MA. Recovery of ventric-
ular function after myocardial infarction in the reperfusion era: the healing
and early afterload reducing therapy study. Ann Intern Med,
2001;134:451-458.

15. Tiyyagura SR, Pinney SP. Left ventricular remodeling after myocar-
dial infarction: past, present, and future. The Mount Sinai Journal of
Medicine, 2006;73-840-851.

16. Giannuzzzi P, Temporelli PL, Bosimini E, Gentile F, Lucci D,
Maggioni AP, Tavazzi L, Badano L, Stoian |, Piazza R, Heyman |,
Levantesi G, Cervesato E, Geraci E, Nicolosi GL. Heterogeneity of left ven-
tricular remodeling after acute myocardial infarction: results of the Gruppo
Italiano per lo Studio dela Soprawvivenza nell'infarto Miocardico-3 echo
sustudy. Am Heart J, 2001;141:131-8.

17. Bolognese L, Cerisano G, Buonamici P, Santini A, Santoro GM,
Antonucci D, Fazzini PF. Influence of infarct-zone viability on left ventric-
ular remodeling after acute myocardial infarction. Circulation,
1997;96:3353-3359.

18. Mengozzi G, Rossini R, Palagi C, Musumeci G, Petronio AS,
Limbruno U, Caravelli P, Di Bello V, Mariani M. Usefulness of intravenous
myocardial contrast echocardiography in the early left ventricular remod-
eling in acute myocardial infarction. Am J Cardiol, 2002;90:713-719.

19. Savoye C, Equine O, Tricot O, Nugue O, Segrestin B, Sautiére K,
Elkohen M, Pretorian EM, Taghipour K, Philias A, Aumégeat V, Decoulx E,
Ennezat PV, Bauters C. Left ventricular remodeling after anterior wall
acute myocardial infarction in modern clinical practice (from the
REmodelage VEntriculaire [REVE] study group). Am J Cardiol,
2006;98:1144-1149.

20. Araszkiewicz A, Grajek S, Lesiak M, Prech M, Pyda M, Janus M,
Cieslinski A. Effect of impaired myocardial reperfusion on left ventricular

- B64 -

EURO

PCR

remodeling in patients with anterior wall acute myocardial infarction
treated with primary coronary intervention. Am J Cardiol, 2006;98:
725-728.

21. Tarantini G, Razzolini R, Cacciavillani L, Bilato C, Sarais C, Corbetti F,
Perazzolo Marra M, Napodano M, Ramondo A, lliceto S. Influence of
transmurality, infarct size and severe microvascular obstruction on left
ventricular remodeling and function after primary coronary angioplasty.
Am J Cardiol, 2006;98:1033-1040.

22. Husic M, Norager B, Egstrup K, Moller JE. Usefulness of left ven-
tricular diastolic wall motion abnormality as an early predictor of left ven-
tricular dilation after a first acute myocardial infarction. Am J Cardiol,
2005;96:1186-1189.

23. White HD, Norris RM, Brown MA, Brandt PWT, Whitlock RML, Wild CJ.
Left ventricular end systolic volume as the major determinant of survival
after recovery from myocardial infarction. Circulation, 1987,76:44-51.

24. Lipiecki J, Durel N, de Tauriac O, Boulet V, Philippot F, Ponsonnaille J.
Isolated end diastolic volume enlargement is not synonymous with left
ventricular remodeling in patients treated by angioplasty in the acute
phase of myocardial infarction. Eur J Heart Failure, 2005;4:65 (abstract).

25. Lipiecki J, Decalf V, Chabrot P, Ughetto S, Bailly A, Durel N, Boyer L,
Ponsonnaille J. The reproducibility of measurements of left ventricular vol-
umes and ejection fraction obtained by magnetic resonance imaging &
second harmonic echocardiography in patients with ischemic heart dis-
ease. Eur J Echocardiography, 2005;6(1):105 (abstract).

26. Mattichak SJ, Harjai KJ, Dutcher JR, Boura JA, Stone G, Cox D,
Brodie BR, O'Neill WO, Grines CL. Left ventricular remodeling and systolic
deterioration in acute myocardial infarction: findings from the Stent-PAMI
study. J Interv Cardiol, 2005;18:255-260.

27. De Kam PJ, Nicolosi GL, Voors AA, van den Berg MP, Brouver J,
van Veldhuisen DJ, Barlera S, Maggioni AP, Gianuzzi P, Temorelli PL,
Latini R, van Gilst WH. Prediction of 6 months left ventricular dilatation
after myocardial infarction in relation to cardiac morbidity and mortality.
Eur Heart J, 2002;23:536-542.

28. De Lemos JA, Braunwald E. ST segment resolution as a tool for
assessing the efficacy of reperfusion therapy. J Am Coll Cardiol,
2001;38:1283-94.

29. Nicolau JC, Maia LN, Vitola J, Vaz VD, Machado MN, Godoy MF,
Giraldez RR, Ramirez JA. St-segment resolution and late (6-month) left
ventricular remodeling after acute myocardial infarction. Am J Cardiol,
2003;91:451-453.

30. Ujino K, Hillis GS, Mulvagh SL, Hagen ME, Oh JK. Usefulness of
real-time intravenous myocardial contrast echocardiography in predicting
left ventricular dilatation after successfully reperfused acute myocardial
infarction. Am J Cardiol, 2005;96:17-21.

31. Bolognese L, Carraba N, Parodi G, Santoro GM, Bounamici P,
Cerisano G, Antoniucci D. Impact of microvascular dysfunction on left
ventricular remodeling and long-term clinical outcome after primary coro-
nary angioplasty for acute myocardial infarction. Circulation,
2004;109:1121-1126.

32. Cerisano G, Domenico P, Valenti R, Boddi V, Migliorini A, Tommasi MS,
Raspanti S, Parodi G, Antoniucci D. comparison of the usefulness of
Doppler-derived deceleration time versus plasma brain natriuretic peptide
to predict left ventricular remodeling after mechanical revascularization in
patients with ST-elevation acute myocardial infarction and left ventricular
systolic dysfunction. Am J Cardiol, 2005;95:930-934.

33. Mannaerts HFJ, van der Heide JA, Kamp O, Stoel MG, Twisk J,
Visser CA. Early identification of left ventricular remodelling after myocar-



dial infarction, assessed by transthoracic 3D echocardiography. Eur
Heart J, 2004;25:680-687.

34. Hombach V, Grebe O, Merkle N, Waldenmaier S, Hoher M, Kochs M,
Wohrle, Kestler HA. Sequelae of acute myocardial infarction regarding
cardiac structure and function and their prognostic significance as
assessed by magnetic resonance imaging. Eur Heart J, 2005;26:549-557.

35. Lipiecki J, Cachin F, Chabrot P, Ernande L, Durel N, Boyer L,
Ponsonnaille J, Maublant J. Sectorial analysis of Tc-99m-mibi uptake on rest
SPECT and transmural extent of late enhancement on MR imaging in patients
treated by angioplasty in the acute phase of myocardial infarction (in press).

36. Lipiecki J, Cachin F, Durel N, de Tauriac O, Ponsonnaille J,
Maublant J. Influence of infarct-zone viability detected by rest Tc-99m

EURO

Clinical status and controversies

sestamibi gated SPECT on left ventricular remodeling after acute myocar-
dial infarction treated by percutaneous transluminal coronary angioplasty
in the acute phase. J Nucl Cardiol, 2004;11:673-81.

37. Califf RM, Harrelson-Woodlief L, Topol E. Left ventricular ejection
fraction may not be useful as an end point of thrombolytic therapy com-
parative trials. Circulation, 1990;82:1847-1853.

38. Bartunek J, Dimmeler S, Drexler H, Fernandez-Avilés F, Galinanes M,
Janssens S, Martin J, Mathur A, Menasché P, Priori S, Strauer B,
Tendera M, Wijns W, Zeiher A. The consensus of the task force of the
European Society of Cardiology concerning the clinical investigation of the
use of autologous adult stem cells for repair of the heart. Eur Heart J,
2006;27:1338-1340.

- B65 -





