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Abstract: Objective To investigate the predictive value of three-dimensional speckle tracking echocardiography (3D-STE), 

myocardial work (MW), and late gadolinium enhancement cardiac magnetic resonance (CMR-LGE) in left ventricular 

remodeling (LVR) after acute ST-segment elevation myocardial infarction (STEMI). Methods A total of 77 patients with STEMI 

who underwent emergency percutaneous coronary intervention (PPCI) from August 2022 to August 2023 in Lianyungang First 

People's Hospital were enrolled. All patients underwent routine transthoracic echocardiography (TTE), 3D-STE, MW, and 

CMR-LGE within 24 hours after surgery. The left ventricular global longitudinal strain (GLS), global radial strain (GRS), global 

circumferential strain (GCS), global area strain (GAS), global work index (GWI), global effective work (GCW), global wasted 

work (GWW), and global work efficiency (GWE) were measured. CMR-LGE was performed within 7 days after surgery, and TTE, 

3D-STE, and MW were repeated at 3 months after surgery. Left ventricular end-diastolic volume (LVEDV) increase ≥20% was 

defined as LVR. The predictive value of each index for LVR was analyzed and compared. Results According to the LVR gold 

standard, there were 18 cases in the LVR group (23.4%) and 59 cases (76.6%). Compared with the non-LVR group, LVR group 

had lower TTE-LVEF, GWI, GCW, GWE, GLS, GRS, GCS and GAS (P<0.05), and higher TTE-LVESV, GWW (P<0.05). The LVR 

group had higher infract size (IS) and lower CMR-LVEF than those in the non-LVR group (P<0.05). At 3 months after surgery, 

the LVR group had lower GWI, GCW, GWE, GLS, GRS, TTE-LVEF than those the non-LVR group (P<0.05). Multivariate logistic 

regression analysis showed that CMR-IS, GWI, GLS and GAS were independent predictors of LVR, and the area under the 

receiver operating characteristic curve (AUC) was 0.815, 0.806, 0.775, 0.734 respectively. Conclusion 3D-STE and MW are 

helpful in predicting LVR after PPCI in STEMI patients, especially GLS and GWI, which are similar in value and not inferior to 

CMR-IS. 
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Acute ST-segment elevation myocardial infarction 
(STEMI) is clinically common. Due to the widespread use 
of primary percutaneous coronary intervention (PPCI), the 
in-hospital mortality of patients has significantly decreased 
[1]. However, a large number of patients still face the risk 
of left ventricular remodeling (LVR) post-infarction, 
leading to heart failure and increased mortality, severely 
impacting quality of life [2]. Currently, STEMI 
management guidelines prioritize LVR as a major 
therapeutic target. Hence, early detection of LVR after 
myocardial infarction is crucial for optimizing risk 
stratification and implementing individualized treatment 
strategies [3]. 

Cardiac magnetic resonance imaging (cardiac MRI, 
CMR) is considered an important method for evaluating 
cardiac structure and function. Late gadolinium 
enhancement (LGE) on CMR is particularly effective in 
predicting post-infarction LVR [4-6]. However, CMR is 
limited in clinical application due to its cost and issues like 
metallic implants. In contrast, echocardiography is widely 
used in clinical practice for the advantages such as 
affordability, convenience, and bedside applicability [7]. 

Three-dimensional speckle tracking echocardiography 
(3D-STE) has emerged as a novel ultrasound technology 
based on real-time three-dimensional echocardiography 
and two-dimensional speckle tracking echocardiography 
(2D-STE), improving temporal and spatial resolution, and 
can better reflects intrinsic and subclinical myocardial 
injury than traditional ultrasound parameters. Global 
longitudinal strain (GLS) measured by 3D-STE has been 
shown to be a useful tool in predicting LVR at 3 and 6 
months post-STEMI, superior to 2D-GLS and 
conventional echocardiographic parameters [8-9]. 
However, GLS is influenced by loading conditions, 
especially high afterload, which can affect left ventricular 
GLS measurements and may not truly reflect left 
ventricular contractility. Myocardial work (MW), by 
integrating left ventricular GLS with non-invasive arterial 
blood pressure, considers load conditions and improves the 
accuracy of myocardial function assessment, better 
predicting post-STEMI LVR [10]. This study aims to 
compare the predictive value of 3D-STE and MW with 
CMR-LGE for post-STEMI LVR. 
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1 Material and methods 
 
1.1 Study subjects  
 

STEMI patients hospitalized at The First People's 
Hospital of Lianyungang from August 2022 to August 
2023 were selected. Inclusion criteria: (1) age >18 years 
and <75 years; (2) meeting the latest acute STEMI 
guideline definition criteria [3], undergoing emergency 
PCI of the infarct-related artery (IRA) within 12 hours after 
the onset of chest pain; (3) TIMI grade 3. Exclusion 
criteria: (1) with history of MI, undergoing PCI or 
coronary artery bypass grafting for coronary heart disease; 
(2) thrombolytic therapy before emergency PCI; (3) severe 
valve dysfunction, hypertrophic cardiomyopathy, 
congenital heart disease, atrial fibrillation, malignant 
arrhythmias, cardiogenic shock, or other chronic systemic 
diseases; (4) poor echocardiographic window or 
contraindications for CMR. All patients were informed of 
the study details and signed informed consent forms 
approved by the Ethics Committee of The First People's 
Hospital of Lianyungang (2016029). 

 
1.2 Study methods 
 

Upon admission, the clinical data of patients were 
collected, including (1) age, gender, hypertension, diabetes, 
and hyperlipidemia; (2) laboratory indicators [peak 
hypersensitive serum cardiac troponin I (hs cTnI), peak N-
terminal pro-brain natriuretic peptide (NT proBNP), peak 
creatine kinase (CK), C-reactive protein (CRP) in the acute 
phase]. 

 Within 24 hours post-PPCI, all patients underwent 
routine transthoracic echocardiography (TTE), 3D-STE, 
and MW examinations to measure peak systolic GLS, 
global radial strain (GRS), global circumferential strain 
(GCS), global area strain (GAS), global work index (GWI), 
global constructive work (GCW), global wasted work 
(GWW), and global work efficiency (GWE).  

CMR-LGE examination was completed within 7 days 
postoperatively to measure infarction size (IS), left 
ventricular ejection fraction (LVEF), CMR left ventricular 
end-diastolic volume (LVEDV), CMR left ventricular end 
systolic volume (LVESV). Routine TTE, 3D-STE, and 
MW were conducted at 3 months after surgery. LVR is 
defined as a TTE-LVEDV increase of ≥  20%, and 
patients were divided into LVR group and non LVR group 
based on this standard. 
 
1.2.1 MW and 3D-STE 
 

All echocardiographic examinations were performed 
using the GE Vivid E95 color Doppler ultrasound 
diagnostic system. The M5S probe was used to acquire 
two-dimensional echocardiographic data, and the 4Vc 
probe was used for acquiring three-dimensional 
echocardiographic data, operating at a frequency range of 
1.5 to 4.5 MHz. Data were stored and analyzed by the 
EchoPAC 203 workstation. 

Within 24 hours post-PCI, echocardiographic 
examinations were conducted with patients in the left 
lateral position, synchronized with electrocardiography. 
Patients were instructed to breathe calmly, and those with 
lung interference were instructed to perform end-
expiratory breath-holding. In the two-dimensional imaging 
mode, morphological and conventional parameters of the 
parasternal long-axis, short-axis, and apical four-chamber 
views were obtained. LVEDV, LVESV, and LVEF were 
measured using the modified biplane Simpson's method 
recommended by the American Society of 
Echocardiography. 

Simultaneously, full-volume images of the apical 
four-chamber, three-chamber, and two-chamber views 
were acquired and stored for three or more cardiac cycles, 
then transferred to a hard disk for offline processing and 
analysis. In 2D-STE mode, automated functional imaging 
(AFI) analysis mode was selected. The software 
automatically identified the endocardium and epicardium 
and tracked myocardial motion. Manual adjustments were 
made if there were deviations in myocardial motion 
trajectories. After tracking completion, aortic valve closure 
time was analyzed and confirmed in the apical three-
chamber view, followed by analysis in other views, 
ultimately generating 17-segment bull's-eye maps and 
GLS. 

Subsequently, Myocardial Work analysis mode was 
selected. After inputting patient blood pressure, the system 
automatically analyzed global myocardial work indices 
using LV-PSL and 2D GLS, including GWI, GCW, GWW, 
and GWE. In 3D mode, full-volume data sets of the left 
ventricle with 4 to 6 consecutive cardiac cycles were 
obtained from the apical four-chamber view. Frame rates 
exceeded 30 frames per second. The "4D AutoLVQ" 
software of EchoPAC 203 was then used to analyze the 
dataset. The software automatically identified the 
endocardial and epicardial boundaries in the four-chamber, 
two-chamber, three-chamber apical views, and short-axis 
views. Subsequently, a region of interest (ROI) 
encompassing the entire myocardial wall was created. 
Deformation of the myocardium was analyzed using 
speckle tracking within the ROI. Left ventricular 3D GLS, 
GCS, GAS, and GRS were then calculated. See Fig.1. 

All examinations were independently performed by 
two experienced ultrasound physicians, with all indices 
measured three times and the average taken. 
 
1.2.2 CMR-LGE 

 
In this study, CMR-LGE examinations were 

performed within 7 days post-PPCI in patients. The 
imaging was conducted using a 3.0T magnetic resonance 
scanner (Achieva, Philips Medical Systems, Netherlands). 
Patients were positioned supine with cardiac coils placed 
on the anterior and posterior chest. Imaging was acquired 
at end-expiration and breath-hold upon instructions. The 
evaluation began with a fast gradient echo sequence for left 
ventricular function assessment, followed by injection of 
0.2 mmol/kg gadopentetate dimeglumine (Germany, Jena) 
intravenously. After 10 minutes, T1-weighted gradient 
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echo pulse sequences with inversion recovery preparation 
and phase-sensitive reconstruction were performed to 
assess LGE, with cardiac triggering and breath-hold during 
image acquisition. All CMR image analyses were 
conducted using specialized software (Munich Heart 
Center), which allows quantitative assessment in polar 
plots using the 17-segment model established by the 
American Heart Association [9]. Endocardial and 
epicardial borders were manually traced to assess total 
myocardial area. Analysis was performed by two 
experienced CMR physicians blinded to patient outcomes. 
See Fig. 2 for CMR-LGE image. 

LGE was defined as areas of high signal intensity 
consistent with the distribution of infarcted myocardium 
on delayed imaging (signal intensity greater than 3 
standard deviations above normal myocardium). The 
percentage of necrotic myocardium was defined as the 
ratio of total necrotic myocardial mass to left ventricular 
mass [5]. 

 
1.2.3 TTE, 3D-STE, and MW Follow-up 
 

Follow-up examinations including TTE, 3D-STE, and 

MW were completed at 3 months post-PCI (using methods 
as described above). Analysis was conducted by two 
experienced ultrasound physicians. LVR was defined as an 
increase ≥20% in TTE-LVEDV. 
 
1.3 Statistical analysis 
 

Statistical analysis was performed using SPSS 27.0 
software. Continuous variables following a normal 
distribution were presented as x ± s, while categorical 
variables were presented as case (%). Independent sample 
t-tests were used for comparison of normally distributed 
continuous variables, and chi-square tests were used for 
comparison of categorical variables. Univariate and 
multivariate binary logistic regression analyses were 
performed to identify independent predictors of LVR. 
Receiver operating characteristic (ROC) curves were used 
to evaluate the sensitivity and specificity of identified 
predictors, with the area under the curve (AUC) used to 
assess test performance. Intraclass correlation coefficients 
(ICC) were used to evaluate inter-observer and intra-
observer differences in randomly selected patients, with 
P<0.05 considered statistically significant. 

 

 
Note: A was routine echocardiography parameters; B was three-dimensional strain parameters; C was the myocardial work parameters. 
Fig.1 Conventional echocardiographic parameters, three-dimensional strain and myocardial work parameters measured by ultrasonic 

technology 
 

 
Note: High signal areas were necrotic myocardium. 

  Fig.2 CMR-LGE image 
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2 Results  
 
2.1 Baseline characteristic 

 
A total of 101 patients met the inclusion criteria 

initially, with 10 patients excluded post-inclusion due to 
inadequate myocardial tracking (>2 non-visualized 
segments), 9 lost to follow-up, 1 patient died during 
follow-up, and 4 patients unable to tolerate CMR 
examination, resulting in a final study population of 77 
patients.  

According to the LVR gold standard, patients were 
divided into LVR group (18 cases, 23.4%) and non-LVR 
group (59 cases, 76.6%). There were no statistically 
significant differences in clinical characteristics such as 
gender, age, and coronary artery risk factors between the 
two groups (P > 0.05). In the LVR group, the left anterior 
descending coronary artery (LAD) was the IRA in 13 cases, 
accounting for 72.2%, which was higher than in the non-
LVR group (P<0.05). Additionally, CK levels were higher 
in the LVR group (P<0.05). Peak NT-proBNP, hs-cTnI, 
and CRP levels did not significantly differ between the two 
groups (P > 0.05). See Tab.1. 

Tab.1 Clinical characteristics of LVR and non LVR (x±s) 

Indicator LVR(n=18) Non-LVR(n=59) t/χ2 P  
Age 60±11 61±8 0.336 0.673 

male a 18(100) 50(84.8) 3.109 0.106 

Hypertension a 6(33.3) 22(37.3) 0.093 0.760 

Diabetes a 7(38.9) 27(45.8) 0.264 0.607 

Hyperlipidemia a  8(44.4) 32(54.2) 0.530 0.467 

LAD for IRA a  1 (72.2) 27(45.8) 3.868 0.049 

Peak NT-proBNP (pg/mL) 1 358.7±1 784.9 967.7±1078 0.882 0.338 
Peak hs-cTnI (pg/mL) 24 390.8±3 127.6 23 527.9±5 933.6 0.591 0.557 
Peak CK(U/L) 3 408.6±1 810.1 2 484.9±1 562.6 2.115 0.038 

Note: a represented as case (%). 

 
2.2 Baseline imaging parameters 

 
In comparison with the non-LVR group, TTE-LVEF 

was lower and TTE-LVESV was higher in the LVR group 
(P<0.05). In 3D-STE, GLS, GAS, GRS, and GCS were 
lower in the LVR group (P<0.05). In MW, GWI, GCW, 
and GWE were higher, while GWW was lower in the non-
LVR group (P<0.05). In CMR, the LVR group exhibited 
higher IS and lower LVEF compared to the non-LVR group 
(P<0.05), with no significant differences in LVESV and 
LVEDV (P > 0.05). See Tab.2. 
 
2.3 Echocardiographic features at 3 month follow-up 
 

At the 3-month follow-up, TTE-LVEF remained lower 
and TTE-LVEDV, TTE-LVESV were significantly larger 
in the LVR group compared to the non-LVR group 
(P<0.05). GAS and GCS did not differ significantly 
between the two groups (P > 0.05), while GLS and GRS 
remained lower in the LVR group (P<0.05). GWI, GWE, 
and GCW were lower in the LVR group compared to the 
non-LVR group (P<0.05), with no significant difference in 
GWW (P > 0.05). See Tab.3. 
 

Tab.2 Baseline imaging characteristics of LVR and non LVR (x±s) 

Indicator LVR(n=18) 
Non-

LVR(n=59) 
t P 

TTE     
TTE-LVEF(%) 44.3±6.8 49.7±6.5 3.031 0.003 
TTE-LVEDV(mL) 120.6±16.9 116.8±17.8 0.804 0.424 
TTE-LVESV (mL) 67.3±13.6 59.7±13.1 2.144 0.035 

3D-STE     
GLS(%) -6.9±2.6 -9.7±2.8 3.776 <0.001 
GCS(%) -10.6±1.9 -12.1±2.8 2.093 0.040 
GAS(%) -15.9±4.5 -20.8±5.6 3.325 0.001 
GRS(%) 23.9±4.8 27.6±7.4 2.002 0.047 

MW     
GWI(mmHg%) 979.6±368.8 1 527.3±668.1 3.317 0.001 
GCW(mmHg%) 1 331.7±449.3 1 597.9±496.7 2.033 0.046 
GWW(mmHg%) 367.2±259.7 247.2±199 2.081 0.041 
GWE(mmHg%) 82.9±5.9 86.4±6 2.180 0.032 

CMR-LGE     
IS(%) 30.2±8.9 19.3±10 4.164 <0.001 
CMR-LVEDV(mL) 148.3±29.4 139.0±29.1 1.179 0.242 
CMR-LVESV(mL) 83.8±15.2 75.1±25.6 1.784 0.081 
CMR-LVEF(%) 40.2±6.6 46.6±9.6 2.853 0.007 

 

Tab.3 Echocardiographic characteristics of LVR and non LVR 

after operation 3 months (x±s) 
Indicator 

LVR(n=18) 
Non-

LVR(n=59) 
t value P value 

TTE     

TTE-LVEF(%) 47.3±6.6 51.9±6.1 2.698 0.009 
TTE-LVEDV(mL) 168.1±19 132±23.9 5.848 <0.001 
TTE-LVESV(mL) 89.3±19.7 64.2±15 5.785 <0.001 

3D-STE     

GLS(%)  -10.2±3.1 -12.2±2.1 2.514 0.020 
GCS(%) -12.1±3.1 -12.9±2.6 1.125 0.264 
GAS(%) -21.9±4.8 -21.5±3.2 0.331 0.744 
GRS(%) 27.2±6.9 30.3±4.9 2.177 0.033 

MW     
GWI(mmHg%) 1 330.1±358.2 1 620.8±392.2 2.806 0.006 
GCW(mmHg%) 1 471.4±404 1 841.0±490.2 2.907 0.005 
GWW(mmHg%) 229.7±136.2 223.1±139.8 0.178 0.859 
GWE(mmHg%) 83.6±8.8 89.5±7.1 2.919 0.005 

 
2.4 Univariate and multivariate analysis of factors 
influencing LVR 
 

Incorporating patient demographics, 3D-STE, MW, 
and CMR-LGE parameters into univariate regression 
analysis revealed that CK, GLS, GCS, GAS, GWE, GWI, 
IS, TTE-LVEF, CMR-LVEF, and LVESV could LVR at 3 
months post-PCI. Further multivariate regression analysis 
identified GLS, GAS, GWI, and IS as independent 
predictors of left ventricular remodeling (P<0.05). See 
Table 4. 

Tab.4 Univariate and muitivariate analysis of factors affecting LVR 

Indicator 
Univariate analysis Multivariate analysis 
OR(95%CI) P  OR(95%CI) P 

CK 1.000(1.000-1.001) 0.047   

GCS 1.252(1.005-1.56) 0.045   
GWE 0.908(0.83-0.995) 0.038   
IS 1.107(1.043-1.174) <0.001 1.139(1.008-1.288) 0.037 
GAS 1.208(1.085-1.37) 0.003 1.478(1.076-2.031) 0.016 
GWI 0.997(0.995-0.999) 0.003 0.997(0.995-0.999) 0.016 
GLS 1.566(1.187-2.065) 0.001 2.629(1.232-5.609) 0.012 
TTE-LVEF 0.883(0.811-0.962) 0.005   
LVESV 1.042(1.002-1.085) 0.040   
CMR-LVEF 0.934(0.879-0.993) 0.028       
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2.5 ROC curve analysis the prediction of LVR 
 

The AUC values for predicting LVR using IS, GWI, 
GLS, and GAS were 0.815, 0.806, 0.775, and 0.734, 
respectively, with GWI having the highest AUC. 
Sensitivity was highest for IS and GWI, while specificity 
was highest for GLS. See Figure 3 and Table 5. 

Fig.3 ROC curve of LVR predicted by each parameter 

 
Tab.5 ROC curve analysis of LVR predicted by various 

parameters 
Indicator AUC Cut-off Sensitivity Specificity P 95%CI 
IS 0.815 22.5% 0.889 0.695 <0.001 0.716-0.915 
GWI 0.806 1 602 0.889 0.678 0.003 0.680-0.933 
GLS 0.775 -7.5% 0.722 0.831 <0.001 0.647-0.903 
GAS 0.734 -20.5% 0.833 0.508 <0.001 0.608-0.861 

2.6 Reproducibility test 
 

To assess reproducibility, 10 patients were randomly 
selected. 3D-STE, MW, and CMR-LGE parameters were 
measured independently by two observers (inter-observer 
differences), and by the same observer with a 2-week 
interval (intra-observer differences). Results indicated 
good reproducibility for all parameters. See Table 6. 
Tab.6 Repeatability test of each parameter between and within 

observers 

Indicator  
Within Observers Between Observers 
ICC 95%CI  ICC 95%CI  

GLS 0.767 0.498-0.901  0.770 0.454-0.907  
GCS 0.758 0.493-0.896  0.699 0.376-0.869  
GAS 0.719 0.416-0.878  0.844 0.639-0.936  
GRS 0.863 0.689-0.943  0.623 0.271-0.830  
GWI 0.845 0.647-0.936  0.830 0.621-0.929  
IS 0.909 0.767-0.964  0.872 0.710-0.947  

 
3 Disscison 
 
3.1 Definition and value of LVR 
 

Post-STEMI LVR refers to structural changes in the 
ventricle involving infarcted and non-infarcted areas, 
leading to gradual increases in left ventricular systolic and 
diastolic volumes [12]. Changes in myocardial mass and 
ventricular volume can be assessed using 3D-STE, MW, 

and CMR. However, there is limited comparative research 
using these methods. This study compared the predictive 
value of 3D-STE, MW, and CMR-LGE for post-STEMI 
LVR and found that 3D-STE and MW are not inferior to 
CMR-LGE. 

The incidence rate of LVR found in this study (23.4%) 
is comparable to previous findings [10]. Past studies have 
shown a higher LVR frequency in LAD as the IRA [13]. 
We found a LVR rate of 72% in LAD infarctions, likely 
due to more significant LVR in anterior wall myocardial 
infarctions affecting the thin apical ventricular wall, 
leading to early infarct expansion, late ventricular dilation, 
and wall aneurysms. This correlates with increased 
myocardial infarction area [13]. 

In this study, patients in the LVR group had higher 
peak CK levels, which were identified as one of the risk 
factors for predicting LVR. This may be because patients 
in the LVR group had larger infarction areas, leading to 
more release of myocardial enzymes, consistent with 
previous studies [14]. 
 
3.2 IS for Predicting LVR 
 

IS, inflammatory response, and microvascular 
obstruction play crucial roles in the pathophysiology of 
LVR post-myocardial infarction [15-16]. Previous studies 
have identified IS as a major determinant of LVR and 
functional impairment post-myocardial infarction, as well 
as a strong predictor of prognosis [4,17]. Recent research 
on predicting LVR post-anterior wall myocardial 
infarction found IS to be the best predictor of left 
ventricular remodeling [17]. Our study showed IS as an 
independent predictor of LVR with sensitivity and 
specificity of 88.9% and 69.5%, respectively 
(AUC=0.815). Thus, CMR IS is an important indicator for 
assessing LVR post-PPCI in STEMI patients. 

 
3.3 TTE and LVR 
 

Traditional echocardiographic parameters have long 
been used to predict left ventricular systolic function. In 
this study, the LVR group had significantly lower LVEF 
and higher LVESV, with no difference in LVEDV. This 
may be related to early impacts of LVESV post-STEMI, 
dependent on myocardial fiber shortening, whereas 
LVEDV depends on left ventricular filling pressure and 
subsequent structural remodeling, consistent with previous 
research [14]. 
 
3.4 3D-STE and LVR 
 

The left ventricular myocardial fibers are divided into 
three layers of double helix structure from endocardium to 
epicardium, with coronary artery branches penetrating 
normal myocardium perpendicularly to form the 
subendocardial distribution [19]. Therefore, 
subendocardial fibers are most benefited and latest to 
recover from flow obstruction and reperfusion treatment. 
Previous 3D-STE analyses have shown that mid-
myocardial and subepicardial fibers contribute to wall 
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thickening and circumferential and radial movements, with 
subendocardial fibers contributing significantly to 
longitudinal movements [20]. GLS reflects the function of 
subendocardial longitudinal myocardial fibers, accurately 
detecting early myocardial dysfunction caused by ischemia 
[21]. In various studies, GLS consistently detects changes 
in left ventricular volume during follow-up [23]. GAS, a 
newer parameter reflecting changes in myocardial area, is 
considered a sensitive marker for early and subtle left 
ventricular systolic dysfunction. However, its predictive 
value for left ventricular remodeling is inferior to GLS, 
primarily because GAS combines components of GCS, 
which may reduce its sensitivity to myocardial infarction . 
Previous studies have shown that GLS and GAS can 
predict left ventricular remodeling post-STEMI, with GAS 
having slightly lower predictive value than GLS [9]. In our 
study, patients in the LVR group had lower GLS and GAS 
values than those in the non-LVR group. Multivariate 
regression analysis identified GLS and GAS as 
independent predictors of left ventricular remodeling, 
which indicated a similar diagnostic performance. 
 
3.5 MW and LVR 
 

MW and LVR MW is a new method that combines 
myocardial strain with non-invasive left ventricular 
pressure curves. It quantifies myocardial work by 
multiplying the rate of strain computed area shortening by 
instantaneous pressure, including parameters such as GWI 
[23]. In STEMI patients, acute coronary artery plaque 
leads to a sharp reduction or interruption in blood supply, 
impairing fatty acid β-oxidation in myocardial cell 
mitochondria, reducing adenosine triphosphate (ATP) 
production, and thus decreasing myocardial contractility 
and work [24]. In this study, there were differences in 
baseline GWI, GCW, GWE, and GWW between the two 
groups. Follow-up showed increases in GCW, GWI, and 
GWE from baseline, with no difference in GWW, 
consistent with previous studies [24]. The reason is that 
revascularization saves dying myocardial cells, while the 
continued presence of GWW may reflect permanent 
myocardial damage and scar tissue. In retrospective studies 
of previous STEMI cases, GWI in culprit vessel areas was 
independently associated with early adverse LVR, aiding 
in the early identification of ventricular remodeling [10]. 
In another study involving 197 STEMI patients treated 
with PCI and LVEF≤40%, higher GWI values were 
associated with higher LVEF, whereas lower GWI values 
were significantly associated with increased all-cause 
mortality after long-term treatment [28]. Yang et al. [27] 
found that GWI could serve as a prognostic indicator for 
STEMI outcomes. Our study found that GWI is an 
independent predictor of LVR, with high predictive value 
(AUC 0.806), consistent with previous research. 

Dannenberg et al [28] found a significant association 
between GLS strain parameters and CMR-IS in 70 STEMI 
patients. Joseph et al. [29] proposed that in acute STEMI 
patients with preserved LVEF, acute GLS is closely related 
to IS, which proved that segmental WI was negatively 
correlated with infarct size and transmurality [32]. Our 

research found that 3D-STE GLS and MW GWI predict 
acute LVR in STEMI patients as effectively as CMR-IS, 
with similar efficacy, consistent with previous studies. 

This study had a small sample size with limitations in 
case selection. The quality of 3D-STE, MW, and CMR-
LGE imaging was affected by factors such as obesity, 
arrhythmias, and subjectivity of examiners. The short 
follow-up period (3 months) in this study may have 
influenced the results. LV thinning in STEMI patients 
posed challenges for 3D-STE and MW measurements. 
MW calculates myocardial work through the pressure-
strain loop and estimates left ventricular pressure using 
non-invasive cuff blood pressure measurement, which has 
certain limitations. There is a lack of unified evidence-
based cutoff values for three-dimensional strain 
parameters, necessitating future studies with larger sample 
sizes and multicenter prospective designs to provide more 
reliable reference values for evaluating left ventricular 
function and remodeling in STEMI patients. Additionally, 
changes in IS from 1 week to 1 month after PPCI in STEMI 
patients vary significantly. We only measured CMR-IS 
during the peak period of myocardial edema one week after 
infarction, which limits accuracy. Future research should 
include multiple time points to further clarify the 
predictive value of IS for LVR. 

In conclusion, this study finds that: (1) 3D-STE, MW, 
and CMR-LGE can effectively predict LVR after acute 
myocardial infarction in STEMI patients; (2) IS in CMR-
LGE, GLS and GAS in 3D-STE, and GWI in MW are 
independent indicators for predicting LVR in STEMI 
patients; (3) GLS in 3D-STE and GWI in MW predict LVR 
after infarction with similar efficacy, not inferior to IS in 
CMR-LGE. 
 
The authors report no conflict of interest 
 
References 
 
[1] Shah RU, Henry TD, Rutten-Ramos S, et al. Increasing percutaneous coronary 

interventions for ST-segment elevation myocardial infarction in the United 
States[J]. JACC Cardiovasc Interv, 2015, 8(1): 139-146. 

[2] Carrick D, Haig C, Rauhalammi S, et al. Pathophysiology of LV remodeling 
inSurvivors of STEMI[J]. JACC Cardiovasc Imaging, 2015, 8(7): 779-789. 

[3] Borja I, Stefan J, Stefan A, et al. 2017 ESC Guidelines for the management of acute 
myocardial infarction in patients presenting with ST-segment elevation.[J]. 
Kardiologia Polska, 2018, 76(2): 229-313. 

[4] Altiok E, Tiemann S, Becker M, et al. Myocardial deformation imaging by two-
dimensional speckle-tracking echocardiography for prediction of global and 
segmental functional changes after acute myocardial infarction: a comparison 
with late gadolinium enhancement cardiac magnetic resonance[J]. J Am Soc 
Echocardiogr, 2014, 27(3): 249-257. 

[5] Liu XC, Liu EX, Li JJ. Value of cardiac magnetic resonance to the prediction of 
early recurrence of atrial fibrillation after radiofrequency ablation[J]. J Chin Pract 
Diagn Ther, 2022, 36(1): 83-87. [In Chinese] 

[6] Liu P, Yan FH, Qin L, et al. Study on correlation of cardiac magnetic resonance 
strain rate parameters of left ventricular diastolic function with risk of sudden 
death in hypertrophic cardiomyopathy[J]. J Diagn Concepts Pract, 2022, 21(3): 
317-325. [In Chinese] 

[7] Han R, Mei YC, Zheng M, et al. Evaluation of left heart structure and function in 
patients with atrial fibrillation by real-time three-dimensional echocardiography 
combined with two-dimensional speckle tracking echocardiography[J]. China 
Med Her, 2022, 19(4): 14-17, 27. [In Chinese] 

[8] Iwahashi N, Kirigaya J, Abe T, et al. Impact of three-dimensional global 



                                           Chin J Clin Res, June 2024, Vol.37, No.6 
longitudinal strain for patients with acute myocardial infarction[J]. Eur Heart J 
Cardiovasc Imaging, 2020: jeaa241. 

[9] Xu L, Huang XM, Ma J, et al. Value of three-dimensional strain parameters for 
predicting left ventricular remodeling after ST-elevation myocardial infarction[J]. 
Int J Cardiovasc Imaging, 2017, 33(5): 663-673. 

[10] Lustosa Rodolfo P, Federico F, der Bijl Pieter V, et al. Left ventricular myocardial 
work in the culprit vessel territory and impact on left ventricular remodelling in 
patients with ST-segment elevation myocardial infarction after primary 
percutaneous coronary intervention[J]. Eur Heart J Cardiovasc Imaging, 2020, 
22(3): 339-347. 

[11] Kim HW, Farzaneh-Far A, Kim RJ. Cardiovascular magnetic resonance in 
patients with myocardial infarction[J]. J Am Coll Cardiol, 2009, 55(1): 1-16. 

[12] Bhatt AS, Ambrosy AP, Velazquez EJ. Adverse remodeling and reverse 
remodeling after myocardial infarction[J]. Curr Cardiol Rep, 2017, 19(8): 71. 

[13] Reindl M, Holzknecht M, Tiller C, et al. Impact of infarct location and size on 
clinical outcome after ST-elevation myocardial infarction treated by primary 
percutaneous coronary intervention[J]. Int J Cardiol, 2020, 301: 14-20. 

[14] Bastawy I, Ismail M, Hanna HF, et al. Speckle tracking imaging as a predictor of 
left ventricular remodeling 6 months after first anterior ST elevation myocardial 
infarction in patients managed by primary percutaneous coronary intervention[J]. 
Egypt Heart J, 2018, 70(4): 343-352. 

[15] Westman PC, Lipinski MJ, Luger D, et al. Inflammation as a driver of adverse 
LeftVentricular remodeling after acute myocardial infarction[J]. J Am Coll 
Cardiol, 2016, 67(17): 2050-2060. 

[16] Lombardo A, Niccoli G, Natale L, et al. Impact of microvascular obstruction and 
infarct size on left ventricular remodeling in reperfused myocardial infarction: a 
contrast-enhanced cardiac magnetic resonance imaging study[J]. Int J Cardiovasc 
Imaging, 2012, 28(4): 835-842. 

[17] Zhang BS, Zhang HJ, Chen HX, et al. Prognostic value of cardiac magnetic 
resonance imaging on evaluation of myocardial infarct size in ST elevation 
myocardial infarction patients with emergent percutaneous coronary 
intervention[J]. Chin J Cardiovasc Med, 2022, 27(6): 531-536. [In Chinese] 

[18] Pezel T, Besseyre des Horts T, Schaaf M, et al. Predictive value of early cardiac 
magnetic resonance imaging functional and geometric indexes for adverse left 
ventricular remodelling in patients with anterior ST-segment elevation 
myocardial infarction: a report from the CIRCUS study[J]. Arch Cardiovasc Dis, 
2020, 113(11): 710-720. 

[19] Kocica MJ, Corno AF, Carreras-Costa F, et al. The helical ventricular myocardial 
band: global, three-dimensional, functional architecture of the ventricular 

myocardium[J]. Eur J Cardiothorac Surg, 2006, 29(Supplement_1): S21-S40. 
[20] Takeuchi M, Nishikage T, Nakai H, et al. The assessment of left ventricular twist 

in anterior wall myocardial infarction using two-dimensional speckle tracking 
imaging[J]. J Am Soc Echocardiogr, 2007, 20(1): 36-44. 

[21] Bière L, Donal E, Terrien G, et al. Longitudinal strain is a marker of microvascular 
obstruction and infarct size in patients with acute ST-segment elevation 
myocardial infarction[J]. PLoS One, 2014, 9(1): e86959. 

[22] Huttin O, Coiro S, Selton-Suty C, et al. Prediction of left ventricular remodeling 
after a myocardial infarction: role of myocardial deformation: a systematic review 
and meta-analysis[J]. PLoS One, 2016, 11(12): e0168349. 

[23] Boe E, Skulstad H, Smiseth OA. Myocardial work by echocardiography: a novel 
method ready for clinical testing[J]. Eur Heart J Cardiovasc Imaging, 2019, 20(1): 
18-20. 

[24] Edwards NFA, Scalia GM, Shiino K, et al. Global myocardial work is superior to 
global longitudinal strain to predict significant coronary artery disease in patients 
with normal left ventricular function and wall motion[J]. J Am Soc Echocardiogr, 
2019, 32(8): 947-957. 

[25] Zhang PY, Xue T, Chen YA, et al. Quantitative assessment of myocardial work 
in patients undergoing percutaneous coronary intervention by non-invasive left 
ventricular pressure-strain loop[J]. J Clin Ultrasound Med, 2021, 23(5): 337-341. 
[In Chinese] 

[26] Butcher Steele C, Lustosa Rodolfo P, Rachid A, et al. Prognostic implications of 
left ventricular myocardial work index in patients with ST-segment elevation 
myocardial infarction and reduced left ventricular ejection fraction[J]. Eur Heart 
J Cardiovasc Imaging, 2021, 23(5): 699-707. 

[27] Yang P, Li XK, Wang LJ, et al. Effects of sacubitril/valsartan on cardiac reverse 
remodeling and cardiac resynchronization in patients with acute myocardial 
infarction[J]. Front Cardiovasc Med, 2023, 9: 1059420. 

[28] Dannenberg V, Christiansen F, Schneider M, et al. Exploratory 
echocardiographic strain parameters for the estimation of myocardial infarct size 
in ST‐elevation myocardial infarction[J]. Clin Cardiol, 2021,44(7): 925-931. 

[29] Joseph G, Zaremba T, Johansen MB, et al. Echocardiographic global longitudinal 
strain is associated with infarct size assessed by cardiac magnetic resonance in 
acute myocardial infarction[J].Echo Res Pract, 2019, 6(4): 81-89. 

 
Submission received:2023-09-14 / Revised: 2023-12-10  
 

 



!"#$%&'$()*+,-./0&(.-$*11 11

!"#! $%&$'()*+,&-./0&-,-1&)%)(&%2&%%A

efgh

!

Ç ÂP©I?¯\f

%)%)%%*&

!"#$

!

¡Ã

" 345607! 70T/T.)%)'<[0.6&-95

%&'(

! )%)(

=

%2

=

)%

#

�

>

{

#

à[Aîn$¯%|Òj

CK

+Ä®å<���âã

FD#

%¤(OJ»/[5gh

¸�

$

">

¸��

)

">

z�

)

">

.�

'

">

���

(

">

ù�

(

$?

Å°6?$Ç ÂP@>:;6701IÆ¹ÃZ

"

¯° Ç Â

)))%%%$ )?

Ç ÂP@>:;67��?

"

¯° Ç Â

)))%%%$

'?

Ç ÂP@>:;67în?

"

¯° Ç Â

)))%%%$ (?

Ç ÂP@>:;67<=?

"

¯° Ç Â

)))%%%

)*

!

h=

>

´nÉÓÚt¬��<Q�

%'!4CK3&(

<�xs

%MQ&

�<X_\`

%DML&

2³o�l

%OR3&

|Òj

CK

+Ä®å<���

%CK3M#&

¤(OJ»

%OJL&

/[5gh

'

��

>

õ°

)%))

©

A

±É

)%)'

©

A

±

hÇ ÂP@>:;67x7/

@@

�rÒk�G��Q�Û���

%FFD#&

/Òj

CK3M#

âã

"

h%¤

)( V

=

rRl�U��<Q�

%KK3&('!4CK3(MQ

¹©

"

5H(O[3çÅ

(

¿Å

(

Ç`

(

ýf\U

%ROC(RLC(RDC(

RGC&

�[3xs�¸

%RQ#&(

[3«cs

%RDQ&(

[3mcs

%RQQ&(

[3xsc§

%RQ3&"

%¤

@ 8

=qw

DML4OR3

¹©

"

fh%¤

'

b±Í©

KK3('!4CK3

�

MQ"

H�(OaÖ�³^f

%OJ3!J&

��"

)%d

á<�

��¤

OJL'

£��o|

CK3M#

¤

OJL

/[5gh

'

��

>

C«

OJL

mop£Â

"OJL

Â

$A

�

%)'?(d&"

é

OJL

Â

B*

�

%@2?2d&' OJL

Â

KK34

(Odº£¸

%OJ3g&(RQ#(RDQ(RQ3(ROC(RLC(RDC(RGC

ehé

OJL

Â

%Pt%?%B&"KK34OJ3CJ(RQQ

®hé

OJL

Â

%Pt%?%B&' DML4OR3

¯

OJL

Â��ýf

%#C&

Sé

OJL

Â



%Pt%?%B&"DML4OJ3g

Sé

OJL

Âe

%Pt%?%B&'

%¤

'

b±}~

"OJL

Â

RQ#(RDQ(RQ3(ROC(RLC(KK34

OJ3g

ehé

OJL

Â

%Pt%?%B&$

àM�

79;0[Y0-

¬ç

L!D

£�2

"DML4#C(RQ#(ROC(RGC

á

OJL

/��[

5�o

%Pt%?%$&"

¦

GSD

h£Êá

%?A$B(%?A%2(%?@@B

ç

%?@'('

�v

>'!4CK#

�

MQ

«õh[5

CK3M#

âã

FFD#

%¤

OJL"

Ð¦

ROC

�

RQ#"

¦gh)-

"

8aÈh

DML4#C'

+,-

!

Òj

CK

+Ä®å<���

$

(OJ»

$

ÉÓÚt¬��<Q�

$

<�xs

$

<X_\`

$

2³o�lÈn

./012

! LB('?'>L((B>

34567

! G>

3892

! $2@(

=

A$A)%)%)(&%2

=

%AB(

=

%@

S6,4-J$%2,-J2+-*+ -*3(&%-#4-*+ ,&'40&*4(-#6,2((&J$%&,-*+ 2'4&(EEFR-*

324-&*4.;-4/2#64&GXQ.&+J&*4&,&024-$*J:$#2(%-2,-*'2(#4-$*

DH3NC0

!

" DH3NlT.a6." UHGNRE0W" UH"Sl0.;" O#M0.;bVT" O#SiT.

!

P;0%=$#'>#%"V$#)&)&= W#0";LO)$0%P";<-"+0!;0<)%#-;L])#&1>&=#&=" C)&S3;> ("'),#-.&)/"$0)%1" ])#&=1>&=#&=" C)#&=0> UUU777" :3)&#

:;$$"0<;&')&= #>%3;$! ]M.Q>&" EFG#)-! -)>D>&U7UJI0)&#K,;G

85.4(2#4! U5V&#4-0&>K90._W[Y0;6YWYVW\1W80-Y0_W_67TW9XYV1WW4805W.[09.67[\W-/7WY16-/0.;W-V9-61809;16\V %̀'!4

CK3&" 5̀9-618067:91/ %MQ&" 6.8 76YW;68970.0T5W.V6.-W5W.Y-61806-56;.WY0-1W[9.6.-W%DML4OR3& 0. 7WXY

_W.Y10-T7611W598W70.;%OJL& 6XYW16-TYWCK4[W;5W.YW7W_6Y09. 5̀9-6180670.X61-Y09. %CK3M#&?S&4/$%.>GY9Y679X

@@ \6Y0W.Y[:0YV CK3M#:V9T.8W1:W.Y\10561̀\W1-TY6.W9T[-919.61̀0.YW1_W.Y09. %FFD#& X195GT;T[Y)%)) Y9GT;T[Y

)%)' 0. O06. T̀.;6.;g01[YFW9\7Wa[H9[\0Y67:W1WW.1977W8?G77\6Y0W.Y[T.8W1:W.Y19TY0.WY16.[YV916-0-W-V9-61809;16\V`

%KK3&" '!4CK3" 6.8 MQ :0YV0. )( V9T1[6XYW1[T1;W1̀?KVW7WXY_W.Y10-T761\6165WYW1[0.-7T80.;;79Z6779.;0YT80.67

[Y160. %ROC&" ;79Z67168067[Y160. %RLC&" ;79Z67-01-T5XW1W.Y067[Y160. %RDC&" ;79Z6761W6[Y160. %RGC&" ;79Z67:91/

0.8W]%RQ#&" ;79Z67WXXW-Y0_W:91/ %RDQ&" ;79Z67:6[YW8 :91/ %RQQ&" 6.8 ;79Z67:91/ WXX0-0W.-̀ %RQ3& :W1W

5W6[T1W8?DML4OR3:6[\W1X915W8 :0YV0. @ 86̀[6XYW1[T1;W1̀" 6.8 KK3" '!4CK3" 6.8 MQ:W1W1W\W6YW8 6Y' 59.YV[

6XYW1[T1;W1̀?KVW0.-1W6[W7WXY_W.Y10-T761W.84806[Y970-_97T5W%OJ3!J&

"

)%d:6[8WX0.W8 6[OJL6XYW15̀9-618067

#(BA# >

¯°��01

>)%)(

©

2

±@

'@

²@

2

³

>DV0. ED70. LW["ET.W)%)(" J97?'@" N9?2>



0.X61-Y09.?KVW\1W80-Y0_W_67TW9XW6-V 0.8W]X91OJL6XYW15̀9-6180670.X16-Y09. %M#& :6[6.67̀bW8?"&.6,4.>

G--9180.;Y9YVWOJL;978 [Y6.8618" YVW1W:W1W$A -6[W[0. YVWOJL;19T\ %)'?(d& 6.8 B* -6[W[0. YVW.9.4OJL

;19T\ % @2?2d&?D95\61W8 :0YV YVW.9.4OJL;19T\" KK34OJ3g" RQ#" RDQ" RQ3" ROC" RLC" RDC" RGC

8W-1W6[W8" KK34OJ3CJ6.8 RQQ0.-1W6[W8" 0.X61-Y[0bW%#C& 0.-1W6[W8 6.8 DML4OJ3g8W-1W6[W8 0. YVWOJL;19T\?

GY' 59.YV[X9779:T\ 6XYW1FFD#" YVWOJL;19T\ V68 79:W1RQ#" RDQ" RQ3" ROC" RLC" KK34OJ3gYV6. YVW.9.4

OJL;19T\ %Pt%?%B&?MT7Y0_6106YW79;0[Y0-1W;1W[[09. 6.8 L"D6.67̀[0[[V9:W8 YV6YDML4#C" RQ#" ROC 6.8 RGC

:W1W0.8W\W.8W.Y\1W80-Y91[9XOJL%Pt%?%$&" 6.8 YVW01GSD:W1W%?A$B" %?A%2" %?@@B" %?@'(" 1W[\W-Y0_W7̀?

F$*#,6.-$*>'!4CK36.8 MQ61WVW7\XT70. \1W80-Y0.;OJL6XYW1FFD#0. CK3M#\6Y0W.Y[" W[\W-0677̀ROC 6.8 RQ#"

:V0-V 61W[0507610. _67TW6.8 .9Y0.XW1091Y9DML4#C?

9&:;$(%.! G-TYWCK4[W;5W.YW7W_6Y09. 5̀9-6180670.X61-Y09.$ OWXY_W.Y10-T7611W598W70.;$ KV1WW4805W.[09.67[\W-/7W

Y16-/0.;W-V9-61809;16\V $̀ M̀9-618067:91/$ D61806-56;.WY0-1W[9.6.-W$ O6YW;68970.0T5W.V6.-W5W.Y

I6*%3($+(2J! O06. T̀.;6.;HW67YV C-0W.-W6.8 KW-V.979;̀F19,W-Y%)%)%%*&

>>

Òj

CK

+Ä®å<���

%CK4[W;5W.YW7W_6Y09.

5̀9-6180670.X61-Y09." CK3M#&

��Ru

"

MÒk�G

��Q�Û�

%\10561̀\W1-TY6.W9T[-919.61̀0.YW1_W.4

Y09." FFD#&

��/yã\÷

"

âã/x7��§�{

Áì

)$*

'

VDwâã6ý���¤(OJ»

%7WXY

_W.Y10-T7611W598W70.;" OJL&

ÈÉ<EFG

%

<F

&(

��/ �

"

^JîïI3Ðw

))*

'

f&

CK3M#

Ù

Ä�¦H

OJL

pá��/ K¦t

"

�ýQ³H�

<���

% 5̀9-6180670.X6-Y09." M#&

¤

OJL

Ðág

_

"

ýêp���£!�ûfb3���

)'*

'

<X_\`

%-61806-56;.WY0-1W[9.6.-W" DML&

ùúáDÚg<X·»çsE/JK�9

"

¦¯2³

o�l

%76YW;68970.0T5W.V6.-W5W.Y" OR3&

ESY/

[5��¤

OJL

)(

=

2*

'

òó

DML

M¬÷ÉÊ

(

3=

mC��ë�M

"

��\÷Ü.@;

'

|�h

DML"

��<Q��,

(

ê¤

(

D�Ë2rëp`

"

��yã

\÷

'

ÉÓÚt¬��<Q�

%YV1WW4805W.[09.67

[\W-/7WY16-/0.;W-V9-61809;16\V "̀ '!4CK3&

DìûN

ÉÓ��<Q�çAÓ

CK3%)!4CK3&

ÃY1H3W

5/òH��¯%

"

D]®N�çÞ�£+§

"

�+

n��O¸èE*¶=ìçä��<�ÝÞ

)@*

'

'!4CK3

5w/(O[3çÅ\U

%;79Z6779.;0YT80.67

[Y160." ROC&

·ùl�D[5

CK3M#

¤

'

b±ç

2

b

±

OJL

/«÷�,

'

f8

'!4ROC

ph

)!4ROC

�

Rl��<Q�O¸

)A

=

**

'

òó

"ROC

Ü²"ÌØ/

îï

"

sÊD®¤²"ÿîï(O

ROC

/5H

'

<

�xs

%5̀9-618067:91/" MQ&

:;·e(O

ROC

ç

mÙr0Q�ºÑ5óô²"ÌØ

"

Dý]®<�s

EÚÍ/pGj

"

SYZ[5

CK3M#

¤

OJL

)$%*

'

x

01/f/D|�

'!4CK3

�

MQ(DML4OR3

[5

CK3M#

¤

OJL

/gh

'

<1

��~��

$?$>

GH��

>

õ°

)%))

©

A

±É

)%)'

©

A

±hÇ

 ÂP@>:;67x7/

CK3M#

âã

'

Û�op

!

%$&

©ª

I$A

�8

t@B

�

$%)&

CDdò/Òj

CK3M#

�¦

)'*

H�op

"

U8Hp¤

$) V

=ÈÜ��)gQ

�

%0.X61-Y41W76YW8 61YW1̀" #LG&

/

FFD#

��

"

<���

ÁÜ��

%YV195Z97̀[0[0. 5̀9-6180670. X61-Y09." K#M#&

ºq£ò

'

òâã

'

sÞop

!%$&

��Oì

M#

L

^

"

��M�<Lr

FD#

���Q��jM�%

$

%)&

ì

FFD#

&rÁÜ��

$%'&

^JÚ×sE>?

(

ÜÝå<�L

(

ßàj<XL

(

<¶aQ

(

äj<#o

R

(

<Àj�}�¦ô<nÔj�L

$%(&

��<Q�

�î��

DML

/yzl

'

�«âã]&¤g01=

^ftug:b�v

"

x01�Ç ÂP@>:;6

7ÛÄªøÿ(p

%

(Ø@

!)%$2%)*&'

$?)>

GH¾6

>

âã�7¤

"

vÎ��¸D

"

��

%$&

©ª

(

jÊ

(

®ºÑL

(

îïL

(

®Ïº�

$%)&

û

�OÚÍ�o

!

Òj³Qh®o�ûÉÊ!

%V \̀W14

[W.[0Y0_W[W1T5-61806-Y19\9.0-

!

" V[4-K.

!

&(

QhÍ

ü�üP¾

%-1W670.W/0.6[W" Di&'

�«âãì

FFD#

%¤

)( V

=rRl�U��<Q�

%KK3&

ç

'!4CK3

�

MQ

¹©

"

5H(OYZ³½Q

ROC(

[3¿Å\

U

%;79Z67168067[Y160." RLC&(

[3Ç`\U

%;79Z67

-01-T5XW1W.Y067[Y160." RDC&(

[3ýf\U

%;79Z67

61W6[Y160." RGC&

�[3xs�¸

%;79Z67:91/ 0.8W]"

RQ#&(

[3«cs

%;79Z67-9.[Y1T-Y0_W:91/" RDQ&(

[3mcs

%;79Z67:6[YW8 :91/" RQQ&(

[3xsc

§

%;79Z67:91/ WXX0-0W.-̀" RQ3&"

%¤

@

à=qw

DML4OR3

¹©

"

5w��ýf

%0.X61-Y09. [0bW" #C&(

DML

(Odº£¸

%7WXY_W.Y10-T761W,W-Y09. X16-Y09."

OJ3g&(DML

(<OaÖ�³^f

%7WXY_W.Y10-T761

#BBA#>

¯°��01

>)%)(

©

2

±@

'@

²@

2

³

>DV0. ED70. LW["ET.W)%)(" J97?'@" N9?2>



W.84806[Y970-_97T5W" OJ3!J&(DML

(OYZ�³^

f

%7WXY_W.Y10-T761W.8 [̀[Y970-_97T5W" OJ3CJ&"

fì

%¤

'

b±Í©Rl

KK3('!4CK3

�

MQ' OJL

H

�á

KK34OJ3!J

��"

)%d"

ý,op£á

OJL

Â�é

OJL

Â

'

$?)?$>MQ

�

'!4CK3>

��<Q�¹©Us÷

R3J0_08 3*B

ýôà�í��kl§

"MBC

´�'

°AÓ��<Q�¸D

"

s÷

(J-

'°ÉÓ��<

Q�IJ

"

F§

$?Bc(?B MHb$

¸D�

3-V9FGD)%'

�p�ÎOç£

'

ì

FFD#

%¤

)( V

=r��<

Q�¹©

"

âã°(æÞØ

"

÷bcÇÈ<^�

"

Ï

TyÆó

"

«îø¡zãÏÆø�Ðø

'

ìAÓ�

n[\Á

"

'kUK�»b

(

Vbç<Æé4í�

/ÌA$çRlO¸

"

�÷þ°��<Q�$ÿq

r/TÖ¥Tý

C05\[9.

95w

OJ3!J(OJ3CJ

�

OJ3g'

bN�D<Æé4<

(

É4<çU4<Ký

/r^f�n

"

vÎfOÎ

'

bý1<Q`³

'

h

)!4CK3

[\Á

"

õö<�LQsEÈn

%6TY9X7T94

1W[-W.-W056;0.;" Gg#&

£[\

"

úØzLQÊÊ

<=×�<X×f¬<�uQ

"

<�uQÑLg

«c�X�÷¿Q¨[

"

qÈ¬¤GH Q�Ú

gÄN�ì<ÆÉ4<KýqÈ¬¤£fG

ú Q�ÚgÄN�

"

�AïqÈ¦ôKý/£



"

deLQIÈ

$@

"+Ò;�ç

ROC'

ò¤õö

M̀9-61806-Q91/

£[\

"

Ö�âãºÑ¤

"

<nL

Q£f:;(<OÑE \U3ç

)!ROC

'°[

3<�xs�o

%

��

RQ#(RDQ(RQQ(RQ3&'

ì

'!

[\Á

"

-<Æé4í�'kfOÎ,«

(

É

2

bÇº<Q`³/(<Or3f¸DD

'

Ó@§®

h

'%

Ó

+['

ò¤÷

3-V9FGD)%'

/

+(!

LQ

OJe,

úØ|¸DD2r£

'

çúØìé4

(

A4

(

É4

<Æí�çVbí�¯LQÊÊ(<O<=×ç<

X×ËË

'

4¤

"

Ùª��[b<�1/ÅHÔùú

%1W;09. 9X0.YW1W[Y" L"#&'

:;

L"#

=/ÕÚÖ£

<�UÌ

'

}¤

"

]Ï(<OÉÓ

ROC(RDC(RGC

ç

RLC'

(�

$'

ý1¹©U�Uë,«����

��/��6F\bqÈ

"

�«�oUJÍ5w

'

ï

°TUh

'

$?)?)>DML4OR3>

ìâã

FFD#

%¤

@ 8

=qw

DML4OR3

¹©

'

�÷/§Ïá

'?%K

_\`×ð§

%G-V0W_6" FV070\[MW80-67C [̀YW5["

"�

&'

âã°Ø

ÞØ

"

<^�ÙÙhâã&U�¤T

"

ÏâãÆø�

Ðø¤�D�n

"

îßDE@Ú¼¬$ÛÌS®ýÚ

Í(<OsE

"

}¤

%?) 5597+/;

oÜüA�B

%

�

°ÝÞ

&

y�Td

"$% 50.

¤

"

*Í}ÍpM/

K$

�

ßÚ¼¬$�IS®¨)ØoÅJª)·e

"

ýÚÍ

OR3"

ì�n�D;b¯2r<^�HçÐø

'

s÷

G÷úØ�

%

àáâ<X¯<

&

2r£

"

çúØ�

DìG�o�¯ð°Hwã°w

"

¦¯\÷ñþ°<

X!ÿª�/

$@

"+[å

)$$*

"

:�¬<=×ç<

X×ËË

"

ýÚÍÕ<�ýf

' OR3

H�á���

n1¨äåºÙ££>]/®?@

%

?@l¼h

?R<�?@

'

bop�ý1

&'

<�<�Î£�

H�áÕ3/<�<�ÐwÑ(<OÕ3Ðw/�

h

)B*

'

�Uë����/

DML

6F]hâãëî

·ü2r£

'

u�

)'

>>>

T

!G

áRl��<Q�O¸

$P

áÉÓ\UO¸

$D

á<�x

sO¸

'

/

<1

��¯%5w

I-+W<1S7Y16[9.0-YW-V.979;̀5W6[T1W5W.Y

>>

T

!

®?@ùá<�<�

'

/

=1DML4OR3

�n

I-+W=1DML4OR3056;W

$?)?'>KK3

�

'!4CK3(MQ

}~

>FFD#

%¤

'

b±

2r}~

"

qw

KK3

�

'!4CK3(MQ

¹©

%

�9b

1

&"

Uë����/��6F2r£vÎ

"KK34

OJ3!J

��"

)%d

á

OJL

op

'

$?'>

;�B¾6

>

\÷

CFCC )@?%

úØ2rn]$

£

'

¶-?A££/ÇºUw�÷

$

4f0

�2

"

�÷

��åx

%

¹�

$

£/Uw�÷�

%d&

�2

"

�÷

"

)

¹�

'

(M��àM�A£/

79;0[Y0-

¬£�G

[5

OJL

/��M�

'

|��M��÷Ü-ã�p

s�

%1W-W0_W19\W16Y0.;-V616-YW10[Y0-[" L"D&

��]

Ï�O¸[5

OJL

oÅ¼�sê¼

"

ý��Áýf

%61W6T.8W1-T1_W" GSD&

ÚÍ¹�cE

'

s÷Â=

)g<¸

%0.Y16-76[[-911W76Y09. -9WXX0-0W.Y" #DD&

|}

#2BA# >

¯°��01

>)%)(

©

2

±@

'@

²@

2

³

>DV0. ED70. LW["ET.W)%)(" J97?'@" N9?2>



_âãrcdã��cdã=�êÚÍ

' Pt%?%B

á

�ê«n]$��

'

=1

�

1

�

)?$>

øni3

>$%$

�âãÆe�sop

"

Û�0

1¤

$%

�âãM<�Öa¤

%

H�á

I)

béD

í�"+

&

óùsÞ

"*

�âão~

"$

�âãì}

~¯��

"(

�âãMaEvÜ

DML

¹©sÞ

'

d

e/01:|��

@@

�âã

"

C«

OJL

mop£

Â

"

£á

OJL

Â

%$A

�

")'?(d&"

é

OJL

Â

%B*

�

"

@2?2d&'

UÂâãjÊ

(

©ªç��Q���M�

ë�êmn]$��

%PI%?%B&"OJL

Â

#LG

á(

&ì*

%7WXY6.YW10918W[-W.80.;-919.61̀" OG!& $'

�

"

Ñ

@)?)d"

®hé

OJL

Â

"

f8

Di

¬Tè®

%Pt%?%B&'

UÂQhQh

V[4-K.

!�êmn]$

��

%PI%?%B&'

u�

$'

)?)>

øn��B�7

>OJL

Â/

KK34OJ3g

ehé

OJL

Â

"KK34OJ3CJ

®hé

OJL

Â

%Pt%?%B&"KK34

OJ3!J

UÂ��êmn]$��

%PI%?%B&' '!4

CK3

¯

"OJL

Â/

ROC(RGC(RLC(RDC

Sé

OJL

Â

e

%Pt%?%B&'

ì

MQ

¯

"

¨

OJL

Â�S

"

é

OJL

Â

RQ#(RDQ(RQ3

S®

"

ó

RQQ

e

%Pt%?%B&'

ì

DML4OR3

¯

"OJL

Â|�é

OJL

Â

#C

S

"OJ3g

Se

%Pt%?%B&"

ó

OJ3CJ(OJ3!J

�êmn]$�

�

%PI%?%B&'

u�

)'

)?'>'

��Rlm!"7wÿ®�

>'

b±¤

OJL

Â

¯/

KK34OJ3g

Sé

OJL

Âe

"

8«{è/

KK34

OJ3!J(KK34OJ3CJ%Pt%?%$&$

UÂ

RGC(RDC

�êm

n]$��

%PI%?%B&"

ó

ROC(RLC

6Sé

OJL

Âe

%Pt%?%B&"OJL

Â

RQ#(RQ3(RDQ

�é

OJL

Âe

%Pt

%?%$&"RQQ

�êmn]$��

%PI%?%B&'

u�

''

)?(>

��

OJL

¥��

>

zâã>×IJ

('!4CK3(

MQ(DML4OR3

/O¸Û�.(M�

79;0[Y0-

¬£

¤2>c2ràM�

79;0[Y0-

¬£

"

·ü�2

ROC(RGC(RQ#(#C

á[5

OJL

/��[5�o

%Pt

%?%B&'

u�

('

)?B>L"D

�nQEÒC

OJL

¥��

>#C(RQ#(

ROC(RGC

[5

OJL

/

GSD

h£Êá

%?A$B(%?A%2(

%?@@B(%?@'("GSD

ý

RQ#

S®

$

oÅ¼ý

#C(RQ#

S

®

"

sê¼ý

ROC

S®

'

u�

'(

�

B'

)?2>

j�ª&M

>

áñÚÍJÍj

"$%

�âãù

}_õö

"'!4CK3(MQ(DML4OR3

O¸�Uë��

cdãJÍ5H

%

cdã��ê

&"

ócdã=�ê

X�b>ëcdã��

)

`¤5H

"

·ü�2cd

ã�¨cdã=|�O¸/ÚÍJÍjÖY

'

u

�

2'

D

<1OJL

Â¨é

OJL

Â/��s�

>%

$

4f0&

X25W<1D70.0-67-V616-YW10[Y0-[9XOJL6.8 .9. OJL>%

$

4f0&

Uw

OJL%&

y

$A&

é

OJL%&

y

B*&

%+

"

)

h

P

h

©ª

2%f$$ 2$fA %?''2 %?2@'

`j

)

�

%d&* $A%$%%& B%%A(?A& '?$%* %?$%2

®ºÑ

)

�

%d&* 2%''?'& ))%'@?'& %?%*' %?@2%

îïL

)

�

%d&* @%'A?*& )@%(B?A& %?)2( %?2%@

®Ïº�

)

�

%d&*> A%((?(& ')%B(?)& %?B'% %?(2@

OG!

á

#LG)

�

%d&* $'%@)?)& )@%(B?A& '?A2A %?%(*

Qh

V[4-K.

!

%\;+5O& )( '*%?Af' $)@?2 )' B)@?*fB *''?2 %?B*$ %?BB@

Qh

Di%T+O& ' (%A?2f$ A$%?$ ) (A(?*f$ B2)?2 )?$$B %?%'A

D

=1OJL

Â¨é

OJL

Â/Ã�în$s�

>%

$

4f0&

X25W=1P6[W70.W056;0.;-V616-YW10[Y0-[9X

OJL6.8 .9. OJL>%

$

4f0&

Uw

OJL%&

y

$A&

é

OJL%&

y

B*& %

h

P

h

KK3

>KK34OJ3g%d& ((?'f2?A (*?@f2?B '?%'$ %?%%'

>KK34OJ3!J%5O& $)%?2f$2?* $$2?Af$@?A %?A%( %?()(

>KK34OJ3CJ%5O& 2@?'f$'?2 B*?@f$'?$ )?$(( %?%'B

'!4CK3

>ROC %d&

=

2?*f)?2

=

*?@f)?A '?@@2 t%?%%$

>RDC %d&

=

$%?2f$?*>

=

$)?$f)?A> )?%*' %?%(%

>RGC %d&

=

$B?*f(?B>

=

)%?AfB?2> '?')B %?%%$

>RLC %d& )'?*f(?A )@?2f@?( )?%%) %?%(@

MQ

>RQ#%55H;d& *@*?2f'2A?A $ B)@?'f22A?$ '?'$@ %?%%$

>RDQ %55H;d& $ ''$?@f((*?'>$ B*@?*f(*2?@ )?%'' %?%(2

>RQQ %55H;d& '2@?)f)B*?@ )(@?)f$**?% )?%A$ %?%($

>RQ3%55H;d& A)?*fB?* A2?(f2?% )?$A% %?%')

DML4OR3

>#C %d& '%?)fA?* $*?'f$%?% (?$2( t%?%%$

>DML4OJ3!J%5O& $(A?'f)*?( >$'*?%f)*?$ $?$@* %?)()

>DML4OJ3CJ%5O& A'?Af$B?) >@B?$f)B?2 $?@A( %?%A$

>DML4OJ3g%d& (%?)f2?2 (2?2f*?2 )?AB' %?%%@

D

@1

%¤

'

b±

OJL

Â¨é

OJL

Â

/��<Q�s�

>%

$

4f0&

X25W@13-V9-61809;16\V0--V616-YW10[Y0-[9XOJL6.8

.9. OJL6Y' 59.YV[6XYW19\W16Y09.>%

$

4f0&

Uw

OJL%&

y

$A&

é

OJL%&

y

B*& %

h

P

h

KK3

>KK34OJ3g%d& (@?'f2?2 B$?*f2?$ )?2*A %?%%*

>KK34OJ3!J%5O& $2A?$f$*?% $')?%f)'?* B?A(A t%?%%$

>KK34OJ3CJ%5O& A*?'f$*?@ 2(?)f$B?% B?@AB t%?%%$

'!4CK3

>ROC%d&

=

$%?)f'?$

=

$)?)f)?$ )?B$( %?%)%

>RDC%d&

=

$)?$f'?$

=

$)?*f)?2 $?$)B %?)2(

>RGC%d&

=

)$?*f(?A

=

)$?Bf'?) %?''$ %?@((

>RLC%d& )@?)f2?* '%?'f(?* )?$@@ %?%''

MQ

>RQ#%55H;d& $ ''%?$f'BA?) $ 2)%?Af'*)?) )?A%2 %?%%2

>RDQ%55H;d& $ (@$?(f(%(?%>$ A($?%f(*%?) )?*%@ %?%%B

>RQQ%55H;d& ))*?@f$'2?) ))'?$f$'*?A %?$@A %?AB*

>RQ3%55H;d& A'?2fA?A A*?Bf@?$ )?*$* %?%%B

#@BA#>

¯°��01

>)%)(

©

2

±@

'@

²@

2

³

>DV0. ED70. LW["ET.W)%)(" J97?'@" N9?2>



D

A1

(M��àM�£îï

OJL

/M�

X25WA1S.0_6106YW6.8 5T0Y0_6106YW6.67̀[0[9XX6-Y91[6XXW-Y0.;OJL

Uw

(M�£ àM�£

\[%*Bd:M& P

h

\[%*Bd:M& P

h

Di $?%%%%$?%%%c$?%%$& %?%(@

RDC $?)B)%$?%%Bc$?B2%&>%?%(B

RQ3 %?*%A%%?A'%c%?**B&>%?%'A

#C $?$%@%$?%('c$?$@(& t%?%%$ $?$'*%$?%%Ac$?)AA& %?%'@

RGC $?)%A%$?%ABc$?'@%&>%?%%' $?(@A%$?%@2c)?%'$& %?%$2

RQ# %?**@%%?**Bc%?***& %?%%' %?**@%%?**Bc%?***& %?%$2

ROC $?B22%$?$A@c)?%2B& %?%%$ )?2)*%$?)')cB?2%*& %?%$)

KK34OJ3g %?AA'%%?A$$c%?*2)& %?%%B

OJ3CJ $?%()%$?%%)c$?%AB& %?%(%

DML4OJ3g %?*'(%%?A@*c%?**'& %?%)A

/

@1

�O¸[5

OJL

/

L"D

��

I-+W@1L"D-T1_W9XOJL\1W80-YW8 Z Ẁ6-V \6165WYW1

D

B1

�O¸[5

OJL

/

L"D

��£

X25WB1L"D-T1_W6.67̀[0[9XOJL

\1W80-YW8 Z _̀6109T[\6165WYW1[

O¸

GSD

�lh oÅ¼ sê¼

P

h

*Bd:M

#C %?A$B ))?Bd %?AA* %?2*B t%?%%$ %?@$2c%?*$B

RQ# %?A%2 $ 2%) %?AA* %?2@A %?%%' %?2A%c%?*''

ROC %?@@B

=

@?Bd %?@)) %?A'$ t%?%%$ %?2(@c%?*%'

RGC %?@'(

=

)%?Bd %?A'' %?B%A t%?%%$ %?2%Ac%?A2$

D

C1

�O¸cdã��cdã=JÍj¹�
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