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Left ventricular remodeling assessment in patients with anterior acnte
myocardial infarction treated with successful primary percutaneous

coronary intervention: an observational study
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ABSTRACT

Objective: We aimed to analyze the left ventricular (LV) remodeling in patients treated with coronary intervention (PCI) in the acute phase of
anterior myocardial infarction (Ml) and to analyze the relationship between LV functional remodeling and residual viability in the infarct zone
detected by thallium-201 (TI-201) imaging and ecbocardiograpby
Methods: We designed an observational prospective cohort study including 30 patients (26 men, 4 women, mean age; 52±12 years old) with
acute anterior Ml, Echocardiography and TI-201 imaging were performed in all patients three days and two months after PCI and left ventricular
end-systolic volume (ESV), left ventricular end-diastolic volume (EDV), ejection fraction (EF) and summed redistribution score (SRS) were cal-
culated. Paired samples t- test or Wilcoxon rank sign test for comparing continuous variables in dependent groups, Pearson correlation for
testing relationship between continuous variables were used.
Results: Left ventricular function baseline values just after PCI and two months after PCI obtained by echocardiography and scintigrapby were
statistically significant Among patients 76.7% bad an EF >0.50 after tbe event. EDV and ESV values are significantly low when compared to
values two months before. There was not any marked change in SRS in five patients. Polar maps were correlated witb heart rate (r=0.438;
p=0.023), peak creatine kinase MB (r=0.440; p=0.015) and troponin (r=0.471; p=0.009) during acute Ml.
Conclusion: Significant recovery in EDV, ESV and SRS values, and increase in EF two months after the infarction sbows us substantial part of
tbe remodeling process is completed in two months and TI-201 imaging is extremely effective in determining of salvaged myocardium
(Anadolu Kardiyol Derg 2013; 13:675-81)
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ÖZET
Amaç: Bu çaliçmanin amaci, anteriyor miyokart enfarktüsünün (AME) akutfazmda primer koroner giri§im (PKG) ile tedavi edilen bastalarda sol
ventrikül yeniden yapilanma sürecini, enfarkt alanmda saptanan rezidüel canlilik ve sol ventrikül fonksiyonel yeniden yapilanma sureci arasmdaki
korelasyonu tballium-201 (TI-201 ) görüntülemesi ve ekokardiyografi ile ara§tirmakti.
Yöntemler: Bu çali§ma akut anteriyor miyokart enfarktüslü 30 hastanm (26 erkek, 4 kadm, ya§ ortalamasi; 52±12 yil) dabil oldugu gözlemsel pros-
pektif bir kohort çaliçmadir. PKG giri§iminden üc gün ve iki ay sonra ekokardiyografi ve TI-201 görüntülemesi yapildi. Sol ventrikül sistol sonu bacmi
(ESV), sol ventrikül diyastol sonu hacmi (EDV), ejeksiyon fraksiyonu (EF) ve tüm bastalarin toplam redistribüsyon skoru besaplandi. Sayisal veriler
bagimli guruplarda kar|ila§tirilirken Paired samples t-test veya Wilcoxon rank sign test kullanilmi§tir. Dogrusal ili§ki araftirilirken Pearson korelas-
yon analizi kullanildi. P<0,05 istatistiksel olarak anlamli kabul edildi.
Bulgular: PKG'dan hemen sonra ve iki ay sonrasi ekokardiyografi ve sintigrafi ile elde edilen degerler istatistiksel olarak anlamliydi. Giri§imden iki
ay sonra hastalann çogunda (76,7%) EF > 0,50 oldugu gözlemlendi. Çaliçmamizda EDV ve ESV degerleri iki ay öncesi degerlerle kar§ila§tinldiginda
önemli derecede dü§ük bulundu. Ancak, 5 bastanm toplam redistribüsyon skorunda anlamli bir degi§im olmadi. Polar barita AME esnasindaki kalp
hizi (r=0,438; p=0,023), pik kreatin kinaz MB (r=0,440; p=0,015) ve troponin i (r=0,471; p=0,009) degerleri ile dogrusal ili§kili bulunmu§tur.
Sonuç: PKG sonrasi yeniden yapilanma sürecinde; EDV, ESV ve toplami redistribüsyon skoru degerlerinde anlamli azalma olmasi ve bazal EF deger-
lerinin arti§ göstermesiyle yeniden yapilanma sürecinin iki ay içerisinde önemli ölcüde tamamlanmi§ oldugunu, rest-redistribisyon TI-201 görüntü-
lemenin kurtarilan canli miyokart dokusunu saptamada son derece etkin oldugunu göstermijtir. (Anadolu Kardiyol Derg 2013; 13:675-81)
Anahtar kelimeler: Akut miyokart enfaktüsü, koroner giriçim, thallium-201, ekokardiyografi, canlilik

Address for Correspondence/Yaziçma Adresi: Dr. Hatice üslu, Medeniyet Üniversitesi Tip Fakültesi, Egitim ve Ara§tirma hiastanesi, Merdivenköy \m\
Poliklinikleri, Nükleer Tip Anabilim Dali, Kadiköy, Istanbul- Türkiye Pbone: +90 532 436 39 76 Fax: +90 216 566 6614 E-mail: uslusinav@botmail.com ""

Accepted Date/Kabul Tarlhi: 31.01.2013 Available Online Date/Çevrimiçi Yayin Tarihi: 28.08.2013

©TelifHakki 2013 AVES Yayincilik Ltd. §ti. - Makale metnine www.anakarder.com web sayfasindan ula§ilabiHr.
©Copyright 2013 by AVES Yayincilik Ltd - Available on-line at www.anakarder.com

doi:10.5152/akd.2013.192



676 Uslu et aL
Ventricular remodeling and PCI

Anadolu Kardiyol Derg
2013; 13: 675-81

Introduction

Progressive damage or remodeling ofthe left ventricle (LV)
can develop during the first months after the acute myocardial
infarction (AMI) and have a negative influence on long term
prognosis. The advantage of primary PCI have been ascribed to
the achievement of early superior flow with significant larger
myocardial salvage and improved survival (1).The presence of
residual viability in the infarct area can favorably influence LV
remodeling (2). The purpose of reperfusion therapy in patients
with AMI is to achieve significant myocardial salvage and to limit
the extent of irreversible tissue damage. Salvaged myocardium
is precisely defined as the area between the initial field at risk
for infarction and the final infarct size. Rest-redistribution thalli-
um-201 (TI-201) single-photon emission computerized tomogra-
phy (SPECT) imaging after the AMI is shown to be highiy accu-
rate for detection of myocardial salvage (3-6). TI-201 imaging has
been used for the determination of infarct zone and the amount
of salvage in patients treated with PCI in the acute phase and
two months after myocardial infarction. Besides rest-redistribu-
tion TI-201 imaging, there are several nuclear medicine methods
that display myocardial viability, such as stress-rest-reinjection
TI-201, twenty-four-hour TI-201 imaging, F-18-fluorodeoxy-
glucose positron emission tomography, nitrate sestamibi imag-
ing. (7,8). Positron emission tomography has been considered as
the gold standard for assessment of myocardial viability using
metabolic tracer (7).

Similar studies examining myocardial salvage and LV func-
tional remodeling have been published previously. Most of these
studies compared one week and 6 months after PCI and used
technetium-99m sestamibi (9-12). We want to compare the early
(3 days) and late (2 months) period after PCI because we ignored
the probability of early restenosis and consider that LV remodel-
ing in 2 months post-PCI was almost near completed.

The aim of this study was to analyze the prevalence of LV
remodeling in patients treated with PCI in the acute phase of an
initial AMI and to analyze the relationship between LV func-
tional remodeling detected by echocardiography and residual
viability in the infarct zone detected by TI-201 SPECT imaging.

Methods

Study design
We designed an observational prospective cohort study to

investigate the impact of PCI on LV remodeling using echocar-
diography and rest- redistribution TI-201 SPECT imaging.

Study population
This study included 30 consecutive patients (26 men, 4

women, mean age; 52+12 years old) with first acute anterior
myocardial infarction who were admitted to our emergency
coronary care unit within 6 hours of the onset of symptoms and
referred to the catheterization laboratory for urgent primary PCI.
Late presenters were not included in this study. The diagnosis of

acute AMI was established by the presence of chest pain lasting
more than 20 min associated with electrocardiographic changes
(ST segment elevation of >2 mm in at least two contiguous leads
in the same vascular territory) and increase in serum myocar-
dial creatine kinase (lU/L) and peak troponin I (ng/mL) levels.
The exclusion criteria included cardiogenic shock, cardiac
muscle disease, significant valvular disease, hemodynamic
instability, a history of coronary bypass surgery, ones that TIMI-3
circulation could not be provided, previous myocardial infarc-
tion and presence of a coronary artery other than left anterior
descending artery more than 50% of which has already been
stenosed.

Study protocol
Coronary angiography, PCI applications, MPS, echocardiog-

raphy and biochemical investigations are methods applied to
AMI patients for diagnosis, treatment and monitoring response
to the treatment. The study protocol was approved by the local
ethical committee. In addition to, signed informative patient con-
sent form was received from all of the patients, separately for
each intervention and imaging method that will be conducted.

Echocardiography
Two-dimensional echocardiography was performed in all

patients three days and two months after PCI. Using the Ving-
med System 7 (Vivid 7, GE, Horten, Norway), two-dimensional
images were obtained and left ventricular end-systolic volume
(ESV), left ventricular end-diastolic volume (EDV) and ejection
fraction (EF) of all patients were calculated utilizing modified
Simpson method (1,10,13).

Rest-redistribution TI-201 S PECT myocardial perfusion
scintigraphy
Rest-redistribution TI-201 SPECT imaging was performed at

day 3 of the acute event and two months after PCI. SPECT
images of the study were obtained 20 min and 3 hours after the
injection of TI-201 intravenously (4, 7). SPECT was performed
using a large field of view gamma camera with a high-resolution
parallel-hole collimator (Apex SRX Cardial, Elscint, Israel) rotat-
ed 180° around the long axis of each patient. Thirty-six views, at
each 5° were obtained for 25 seconds from the 45° left posterior
oblique to the 45° right anterior oblique projection. After correc-
tion for non-uniformity and center of rotation, images were
reconstructed into long and short-axis cuts.

Analyses of radionuclide images
The SPECT images were divided into 17 segments: The short-

axis images were obtained at apical, middle and lower ventricu-
lar levels, and were divided into six segments (anteroseptal,
inferoseptal, anterior, anterolateral, inferolateral, inferior). The
apex of the left ventricle was assessed using a five-point scale
system (0; normal uptake, 1; mildly reduced uptake, 2; moder-
ately reduced uptake, 3; severely reduced uptake, and 4; no
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uptake) (9, 14, 15). If there was reduction of count in only one
segment thinking of us attenuation artifaet, the seore was
aeeepted as 0 (16).

A eommon semiquantitative analysis of SPECT images were
performed visually and provided pixel based analysis automati-
eally by gamma eamera software. Polar maps are graphie dis-
plays of sets of eireumferential profiles of the short-axis sliees.
It can provide semiquantitative analysis regarding the extent
and severity of perfusion defect. The size of the defect is
expressed as a percentage of the area without uptake in relation
to the total area ofthe projection (6,15,17).

Two independent experienced observers blindly evaluated
the reconstructed images, the polar maps and the 3D images of
rest-redistribution studies. In the ease of diseordance between
the two observers, the view of a third observer was requested
and the disagreement was resolved by consensus. Summed
redistribution scores (SRS) were obtained by adding the scores
ofthe segments of redistribution images.

Coronary angiography and coronary intervention

Conventional coronary angiography was performed in multi-
ple projections with AXIOM ArtisdFC (Siemens, Germany) equip-
ment. Immediately after diagnostic angiography, PCI was per-
formed using standard material. The Thrombolysis In Myoeardial
Infaretion (TIMI) flow in the infaret related artery before and
after eoronary angioplasty was graded visually by eonsensus of
two blinded experieneed authors. TIMI grade 3 coronary flow in
the treated vessel with a residual stenosis <20% was consid-
ered indieative of sueeessful angioplasty. These patients were
provided TIMI 3 flow in the infaret related coronary artery (18).
Patients who not achieved TIMI 3 flow were not included in this
study. On admission, all patients received clopidogrel (300 mg)
and heparin (10.000 lU). During the hospital stay and follow-up,
patients received a eonventional treatment ineluding ß-bloekers,
aspirin, elopidogrel, antihyperlipidemie and angiotensin eonvert-
ing enzyme inhibitors.

Statistical analysis
Statistieal Paekage for Soeial Seienees software (SPSS 12,

Chieago, IL, USA) was used for analysis. Normal distribution of
continuous variables were analyzed with Kolmogorow Smirnov
test and histogram graphics. Normally distributed continuous
variables were presented as mean±SD; abnormally distributed
ones were presented as median (minimum-maximum). When
comparing normally distributed continuous variables in depen-
dent groups, paired samples T test was used. Wileoxon rank
sign test was used if variables were abnormally distributed.
Pearson and Spearmen eorrelation was used for testing the
strength of linear relationship between eontinuous variables.
Categorieal variables were presented as number and pereent.
McNemar test was used when categorical variables comparing
in dependent groups. A p value less than 0.05 was considered as
significant.

Results

Baseline characteristics
In current study, there were 30 patients with the mean age of

52±12 years old. Ten (33%) patients had hypertension, 16 (53%)
had a family history of coronary artery disease, 14 (47%) were
diabetic and 23 (77%) were current smokers. Mean values of
body mass index, high-density lipoprotein, low-density lipopro-
tein, triglyeeride, and total eholesterol were 26.9±3.3 kg/m^,
39.5±5.9 mg/dL, 125.1±29.2 mg/dL, 138.4±52.2 mg/dL, and
190.4±34.4mg/dL, respectively. The median time interval between
the onset ofthe event and primary PCI was 67.5 minutes (20-180).
Mean value of heart rate was 81+12 (beat/minute); median val-
ues for peak CKMB and peak troponin I were 200 lU/L (65-532),
22.8 ng/mL (8-100), respectively (Table 1).

All patients underwent coronary angiography on admission
and PCI was a total obstruction of the proximal part of the first
diagonal branch of left anterior descending artery (TIMI-0). 25 of
30 patients performed PCI and eoronary stent plaeement, 3
patients direet stent placement, 2 patients just PCI due to long
lesion and unsuitable size of stents. However, the day after that,
stent plaeement was also done by obtaining appropriate stent. 8
of 30 patients had plaque in the left eireumflex and 9 in the right
coronary artery. During the hospital stay and follow-up of
patients, reocelusion and reinfarction were not seen.

Effects of PCI on ventricular remodeling

Left ventricular functions were improved at two months after
PCI according to baseline values that were obtained by echo-
cardiography and seintigraphy. Mean EDV values for baseline
and two months later were 116+15 and 106±12 mL (p<G.OO1);

Table 1. Cbaracteristics of tbe patients (n=30)

Age, years

Female gender, n, %

History of hypertension, n, %

Family history of CAD, n, %

History of type 2 diabetes mellitus, n, %

BMI, kg/m2

HDL, mg/dL

LDL, mg/dL

TG, mg/dL

Cholesterol, mg/dL

Duration from event to PCI, minutes

Heart rate, beat\minute

CKMB, lU/L

Troponin-I, ng/mL

52±12

4(13.3%)

10 (33%)

14 (47(%)

23 (77%)

26.9±3.3

39.5±5.9

125.1±29.2

138.4±52.2

190.4±34.4

67.5(20-180)

81±12

200 (65-532)

22.8(8-100)

Data are presented as mean±SD, median (minimum-maximum), and as proportion

(percentage)

BMI - body mass index, CAD - coronary artery disease, CKMB - creatine kinase MB

fraction, HDL • high-density lipoprotein, LDL • low-density lipoprotein, TG - triglyeeride
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mean ESV were 61±12 and 52±10 mL (p<0.001); mean EF were
48±8 and 52±7% (p<0.001); median SRS were 8.5 (0-24) and 5
(0-18) (p<0.001); median Polar maps were 69.5(0-99) and 50
(0-90)% (p<0.001) (Table 2, Fig. 1-3). The majority (76.7%) of
patients had an EF > 50% and only 23.3% experienced a criti-
cally low EF <50% two months after the event. This shows 10
(33%) patients' EFs were improved over 50% (p=0.002) (Table 2).
In our study mean EDV and ESV are improved as statistically
significant except in the 3'''' and 6̂ '̂  patients, respectively

There was not any marked change in SRS in five patients. Of
these patients, there hasn't been any change in their second
images because of elongated myocardial stunning in two of
them, and because of silent AMI dependent on diabetes in three
of them.

Polar maps were correlated with heart rate (r=0.438; p=0.023;
Fig. 4), peak CKMB (r=0.440; p=0.015; Fig. 5) and troponin-l
(r=0.471; p=0.009 Fig. 6) level during acute Ml. Peak CKMB and

Table 2. Compari:
ne (after PCI) anc

Variables

EDV, mm3

ESV, mm3

EF%

SRS

Polar maps, %

>on of left ventricular fu
after two months

Baseline after PTCA

116±15

61±12

48±8

8.5 (0-24)

69.5 (0-99)

notion values betwee

Two months later

106±12

52±10

52±7

5(0-18)

50 (0-90)

n baseli-

*P
<0.001

<0.001

<0.001

<0.001

<0.001

Data are presented as mean±SD and median (minimum-maximum)

*Paired samples T test or Wilcoxon rank sign test EDV - end-diastolic volume, EF - ejec-

tion fraction, ESV - end-systolic volume, PCI - percutaneous coronary intervention,

SRS - summed redistribution score, polar maps
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EF values at baseline (r=-0.510; p=0.004) and two months after
the event (r=-0.538; p=0.002) were also correlated.

Discussion

There was a significant recovery of LV function during the first
two months after an anterior AMI treated with PCI. Reduction in
perfusion defect of the magnitude of 1% of the LV mass may be
functionally important for LV function improvement and a marker
of positive LV remodeling in general (12). As in the other studies,
we also found that the initial size of perfusion defect was corre-
lated with both end-diastoiic volume and LV ejection fraction after
2 months (12,19,20). Observed improvement in perfusion on MPS
two months later, presided independently to the improvement in
the LV function. We claim that the amount of myocardium remod-
eling by reperfusion therapy is an important predictor of the
improvement of the LV function as well.

Byrne etal. (21) and Dogan etal. (22) have reported that peak
troponin T and creatine kinase were demonstrated to have
similar moderate correlation with scintigraphic infarct size. Our
results revealed peak troponin I and creatine kinase values
were correlated with SRS and polar maps were in agreement
with this study. Similarly, Akashi et al. (23) has been reported that
the washout rate of Tc99m-sestamibi was also significantly cor-
related with the peak creatine kinase (r=0.34, p=0.012) and
reflected the extent of myocardial damage in AMI patients. Busk
et al. (24) has studied final infarct size and myocardial salvage
early presenters (<12h) vs. late presenters (12-72 h) undergoing
primary angioplasty. They found that late presenters undergoing
primary angioplasty had a larger final infarct size and a lower
salvage index when compared with early presenters. In the
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Figure 1. Error hars with 95% confidence interval show the eftect of
remodeling on the mean ejection fraction within two months. Paired
samples t test (p<0.001)
PCI - percutaneous coronary intervention

Figure 2. Error bars with 95% confidence interval show the eftect of
remodeling on the mean LVESV within two months. Paired samples t
test(p<0.001)
LVESV - left ventricular end-systolic volume, PCI - percutaneous coronary intervention
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Figure 3. Error bars with 95% confidence interval show that effect of
remodeling on the mean LVEDV within two months. Paired samples t
test(p<0.001)
LVEDV - left ventricular end-diastolic volume, PCI - percutaneous coronary intervention
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Figure 4. Correlation hetween haart rate and polar maps. Spearman
correlation analysis: r=0.438; p=0.023

present study, we evaluated myocardial salvage early present-
ers (<6 h) undergoing primary angioplasty. Late presenters were
not included in this study.

Zellweger et al. (9) had similar findings with us. They report-
ed that improvement was most obvious in patients with a sig-
nificant stenosis in left anterior descending artery and in those
with a moderate to large extent of ischemia (sum differential
score (SDS) >5); in their patients, EDV and ESV improved signifi-
cantly after PCI, whereas these changes were smaller and not
significant in patients with a small extent of ischemia (SDS <5).
Our findings indicated that the change in SRS after primary PCI
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Figure 5. Correlation hetween peak CKMB and polar maps. Spearman
correlation analysis: r=0.440; p=0.015
CKMB- creatine kinase MB fraction
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Figure 6. Correlation hetween troponin and polar maps. Spearman cor-
relation analysis: r=0.471; p=0.009

was <4 in 20 patients, >4 in 5 patients. The reason of the multi-
plicity of the number of patients having SRS <4 is performing
primary angioplasty within 6 hours after the beginning of symp-
toms. Early primary angioplasty is an advantage in providing
more myocardial salvage extent.

There were significant changes in left ventricular volumes.
Two months after PCI, a significant decrease in ESV and EDV
was detected which points to a positive effect on left ventricular
remodeling with or without a significant change in EF
Araszkiewicz et al. (10) noted that increase in the EDV> 20%
between day 3 and 6 months was considered as a significant
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predictor of adverse LV remodeling. In our study, EDV and ESV
values have significantly decreased when compared to the val-
ues two months before, except in 3'"'' and 6*̂  patients, respec-
tively. This finding shows that most of remodeling procedure is
completed within two months. However, they reported that 30%
of patients treated with PCI after Ml had restenosis in infarct-
related artery at the time of the 6-month follow-up, which might
lead to impairment in LV performance and adverse LV remodel-
ing (10). In order to avoid occurrence of restenosis, we deter-
mined the follow-up time as two months. The majority (76.7%) of
our patients had an EE >50% and only 23.3% experienced a
critically low EF <50% two months after the event, reflecting
best medical practice, rapid hospital diagnosis, optimal revascu-
larization techniques and medical therapy.

On the other hand, tissue Doppler and strain rate echocar-
diography have been used for determining the left ventricular
contractility and vitality and its superiority to conventional echo-
cardiography methods was shown (25, 26). In the study of
Aksakal et al. (26), as in current study, it was indicated that, after
successful PCI, important left ventricular echocardiographic
parameters were recovered. We planned to conduct our study
via (with) conventional echocardiography method, since tissue
Doppler and strain echocardiography was not available in our
hospital in that period of time. Aksakal et al. (26) have reported
that strain/strain rate imaging have been used for determination
of myocardial deformation changes and parameters of viability
and compared with TI-201 imaging.

In patients treated with reperfusion therapy, infarct size was
reduced. Reperfusion not only limits infarct size, but also pre-
serves viable myocardium in the infarct zone (11). However,
there was no marked change in SRS in our five patients. Delayed
performance of angioplasty due to diabetes which may mask the
symptoms and this can be the reason for the result in three of
these patients. Eor the other two patients, prolonged stunning
effect may be the reason of no change in SRS two months after
primary angioplasty according to our opinion.

It has been reported that vascular stunning in the region of
infarction may persist for weeks to months after restoration of
blood flow by balloon angioplasty (12). This reversible impairment
of left ventricular function has been demonstrated especially in
patients with anterior infarction. Revascularization may cause a
reversal of hibernation and stunning. Gradual recuperation of the
microvascular function improves tissue reperfusion and radionu-
clide uptake; and this result in further reduction in the reperfusion
defect. Prolonged time course of the recuperation in the micro-
vascular function after acute AMI allows us to assume that at
least a part of this recuperation may occur in the weeks after
second MPS imaging in the present patients. And then, there may
be an inherent property of infarct size to shrink in the days to
weeks after acute Ml owing to edema reabsorption and phago-
cytosis of necrotic myocardial cells (early shrinkage) and colla-
gen production and contraction (late shrinkage) (12).

Study limitations

The main limitation of this study is the relatively small size of
the patient population because of the exclusion of patients due
to unsuccessful PCI. Several functional and imaging (&data) dif-
ferences in the patients with and without LV remodeling would
become statistically significant if there were larger patient
population. Another limitation is use of only conventional echo-
cardiography because not having tissue Doppler and strain
echocardiography in our hospital.

Angiography was not performed at follow-up due to ethical
concerns, so that patency in the infarct related artery was not
verified.

Since we had no follow-up data later than 2 months, it was
not possible to evaluate whether a change in LV function and
imaging results were also a change associated with remodeling
and prognosis. Future follow-up studies should be performed to
evaluate these parameters.

Conclusion

Our results showed a significant decrease in EDV, ESV and
SRS after PCI which points out a positive effect on remodeling,
and furthermore showed that most of remodeling procedure is
completed within two months. LV remodeling was also defined
as an increase in EF 2 months after infarction when compared to
baseline measurements of individual patient. Rest-redistribution
TI-201 SPECT imaging just after treatment of the acute phase of
an initial AMI and two months after the AMI is shown to he
highly accurate for detection of myocardial salvage. Improvement
in the LV function positively affects long-term survival.
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