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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 ¢Tnl), 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, LVESYV, 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

Longitudinal strain %
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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

Tab.2 Baseline imaging characteristics of LVR and non LVR ( xzs)

Non-
. .. Indicator LVR(n=18) _ t P
2.1 Baseline characteristic —— LVR@»=59)
. . . . TTE-LVEF(%) 443+6.8 49.7+6.5 3.031 0.003
~ Atotal of 101 patients met the inclusion criteria TTE-LVEDV(mL) 120.6£16.9 116.8+17.8 0804 0424
initially, with 10 patients excluded post-inclusion due to TTE-LVESV (mL) 67.3+13.6 59.7413.1 2.144 0.035
inadequate myocardial tracking (>2 non-visualized 3D-STE
) . . : GLS(%) -6.942.6 9.742.8 3776 <0.001
segments), 9 lost to fgllow up, 1 patient died during GCS(%) 106419 T 1a08 5093 0,040
follow-up, and 4 patients unable to tolerate CMR GAS(%) 15.944.5 20.845.6 3.325 0.001
examination, resulting in a final study population of 77 GRS(%) 23.9+4.8 27.6+74 2.002 0.047
. MW
patients. _ GWI(mmHg%) 979.6+368.8 1527346681 3317  0.001
According to the LVR gold standard, patients were GCW(mmHg%) 1331744493 1597.9+496.7  2.033  0.046
divided into LVR group (18 cases, 23.4%) and non-LVR GWW(mmHg%) 367.24259.7 247.24199 2.081 0.041
. . 0,
group (59 cases, 76.6%). There were no statistically Cl\fR‘iVLE;(;;ang %) 82.9+5.9 86.4x6 2180 0.032
significant differences in clinical characteristics such as 1S(%) 30.248.9 19.3£10 4.164  <0.001
gender, age, and coronary artery risk factors between the CMR-LVEDV(mL) 148.3+29.4 139.0+£29.1 1179 0.242
. CMR-LVESV(mL) 83.8+15.2 75.1425.6 1.784 0.081
>
two grogps (P > 0.05). In the LVR group, the le;ft anterior CMR.LVEF(%) 209266 26,629 6 5853 0.007
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 Tab.3 Echocardiographic characteristics of LVR and non LVR
i < - - g —
in the LVR group (P (.).05.). Peak NT proBNP, hs-cTnl, after operation 3 months ( xts)
and CRP levels did not significantly differ between the two Tudicator Non-
groups (P > 0.05). See Tab.1. LVR(n=18) LVR(n=59) !velue  Pvalue
Tab.1 Clinical characteristics of LVR and non LVR ( xs) TTE
Indicator LVR(n=18) Non-LVR(#=59) /52 P TTE-LVEF(%) 47.3+6.6 51.9+6.1 2.698 0.009
Age 6011 61+8 0336 0.673 TTE-LVEDV(mL) 168.1£19 1324239 5848  <0.001
a 18(100 50(84.8 3109 0.106 TTE-LVESV(mL)
male (100) (84.8) 89.3£19.7 64.2+15 5785  <0.001
Hypertension ® 6(33.3) 22(37.3) 0.093 0760  3p.STE
: a 7(38.9 27(45.8 0.264  0.607
Diabetes (38.9) G GLS(%) -10.243.1 -12.242.1 2514 0.020
Hyperlipidemia 8(44.4) 32(54.2) 0.530  0.467 GCS(%) -12.143.1 -12.942.6 1.125 0.264
LAD for IRA @ 1(72.2) 27(45.8) 3.868  0.049 GAS(%) 21.9+4.8 215432 0.331 0.744
Peak NT-proBNP (pg/mL) 1 358.741 784.9 967.7+1078 0882 0338 GRS(%) 27.246.9 30.3+4.9 21770033
Peak hs-cTnl (pg/mL) 24390.843 127.6 23 527.9+5933.6 0591 0.557 MW .
Peak CK(U/L) 3408.6+1810.1  2484.9+1562.6 2115  0.038 GWI(mmHg?%) 1330.1£358.2  1620.8+392.2  2.806  0.006
~ - GCW(mmHg%) 1 471.4+404 1841.044902  2.907 0.005
Note:  represented as case (%). GWW(mmHg%) 229.7+136.2 223.1£139.8  0.178 0.859
GWE (mmHg%) 83.6+8.8 89.547.1 2.919 0.005

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.

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-LVEEF, 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

Univariate analysis

Multivariate analysis

Indicator OR(95%CT) 2 OR(95%CI) P
CK 1.000(1.000-1.001) _ 0.047
GCS 1252(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(1.085-137)  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.
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Fig.3 ROC curve of LVR predicted by each parameter

Tab.5 ROC curve analysis of LVR predicted by various

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

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 1602 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,

independent predictor of LVR with sensitivity and
specificity of 889% 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



F R WL Faft %

Chin J Clin Res, June 2024, Vol.37, No.6

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 p-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 GWTI 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.
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WE:BH I 4GB R0 80 B (3D-STE) O L) (MW) B0 Il G 3L 4% ( CMR ) W A £L 34 5% (LGE)
Xf 2tk ST Bedh e B0 JLEESE (STEMI) J5 A2 2 A (LVR) BN, ik IR 2022 4F 8 H % 2023 4= 8 H
FifE s TR — A REBAE R 77 BT 2124 BRIk ATRYT (PPCI) [ 2 STEMI (835, ARG 24 h Y
T AN EE L oE (TTE) (3D-STE MW 62, I 2 A2 28 38 (AR 1m) 4% ) L [ & L T AR 28 ( GLS \GRS . GCS
GAS) BAEMMMIIHE L (GWI) HERA %) (GCW) IR TER T (GWW) AERIGIIAE (GWE) , RJ5 7d W5t
CMR-LGE 4, JF TAJG 3 1~ H B4 TTE 3D-STE J¢ MW, & L 72 % &F sk RN FL(LVEDV ) 3§ fin = 20% 2 .0 L
FEFEIG LVR, Zpbrasabrnt STEMI 5 LVR BTUME ., &R %88 LVR &brifisrdl, LVR 4 18 £(23.4%) ,
3k LVR 41 59 #4i] (76.6%) , LVR 4| TTE-7& % 4} ifit 43 %4 (LVEF) .GWI,GCW ,GWE ,GLS GRS, GCS, GAS it Tk
LVR 41 ( P<0.05) ,TTE-LVESV .GWW 75 F-JE LVR 41 (P<0.05) , CMR-LGE 1 LVR 4 FL(1S) #:3E LVR 4
K (P<0.05) ,CMR-LVEF #4E LVR 41X (P<0.05) . KRJ5 3 ™~ HFfE1i, LVR 41 GWI ,GCW ,GWE ,GLS GRS | TTE-
LVEF % T3 LVR 41 ( P<0.05) ; Z X & logistic [ JF71 RDC 4341 @75 , CMR-IS .GWI ., GLS ,GAS Jy LVR it 57 7
454K (P<0.01) , H AUC {43 51250.815.0.806.,0.775 1 0.734, £5i¢ 3D-STI Jz MW 47 B T il STEMI & %
PPCI RJ& LVR, o GLS . GWI, HAMEM L, HA % F CMR-IS,
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Multimodal imaging in predicting left ventricular remodeling after PPCI in

patients with acute ST-segment elevation myocardial infarction
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* Postgraduate Training Base of First People’s Hospital of Lianyungang, Jinzhou Medical University, Liangyungang, Jiangsu 222000, China
Corresponding author: LIU Kun, E-mail; liukun2023@ sina. com
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 primary 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, and MW within 24 hours after surgery. The left ventricular parameters including global longitudinal
strain (GLS), global radial strain (GRS) , global circumferential strain ( GCS) , global area strain ( GAS) , global work
index (GWTI) , 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. The increase left ventricular end-diastolic volume (LVEDV) =20% was defined as LVR after myocardial
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infarction. The predictive value of each index for LVR after myocardial infraction ( MI) was analyzed. Results

According to the LVR gold standard, there were 18 cases in the LVR group (23.4%) and 59 cases in the non-LVR
group (76.6%). Compared with the non-LVR group, TTE-LVEF, GWI, GCW, GWE, GLS, GRS, GCS, GAS
decreased, TTE-LVESV and GWW increased, infarct size (IS) increased and CMR-LVEF decreased in the LVR group.
At 3 months follow up after PPCI, the LVR group had lower GWI, GCW, GWE, GLS, GRS, TTE-LVEF than the non-
LVR group (P<0.05). Multivariate logistic regression and ROC analysis showed that CMR-IS, GWI, GLS and GAS
were independent predictors of LVR (P<0.01), and their AUC were 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.

Keywords: Acute ST-segment elevation myocardial infarction; Left ventricular remodeling; Three-dimensional speckle

tracking echocardiography; Myocardial work ; Cardiac magnetic resonance; Late gadolinium enhancement

Fund program: Lianyungang Health Science and Technology Project (202009)

2 ST BeR = B0 U BE ( ST-segment elevation
myocardial infarction, STEMI) I FR & W, N 212 4 %
SR B KA A (primary percutaneous coronary interven-
tion, PPCI)GI7 Y VZ 0 1, (B AR Be st T3 i 3
IR o AR B AT T I A A 22 5 T (lefit
ventricular remodeling, LVR) J3 & .0 1 32l (O )
BT A , 7 T S0 A 3 . H R STEMI 4%
PRI R LVR VR iR 77 1Y 5280 a1, By DA RA 0 % 31
O WU FE ( myocardial infaction, MI) j5 LVR Ji k&
e, DIMBE DAL FE R 432 RSt A AR

O R % ( cardiac magnetic resonance, CMR)
B ARV IESS R AT RE A T2y vk, Horpge )
£ 3455 (late gadolinium enhancement, LGE ) GBS IHAY
WAL LVR ™ SR CMR [H 9% i B 5t Ay
G B A AR I PRI T 32 2 RR . % T CMR,
PO BN B2 AEHE AR AT AR IR Z
Mo =4 BE B B 7S 0 3 ] ((three-dimensional
speckle tracking echocardiography, 3D-STE) J& ¢ SZH}
=Y L 3h K A T4 STE (2D-STE) J& i | % i
R P HA , T 4 v I ) S ) 2 R oA
it 7 2 0 i S e P 7E R I A O LR
3D-STE | & A 72 25 B AR YA 7] )i 2% ( global longitudinal
strain, GLS) ELHIE W& Hii STEMI J7 3 4~ H Fl 6 4
JLVR 94 I T H, Jf H 3D-GLS {£F 2D-GLS X
R OB SR AR, GLS 32 4 fif 4k 1 Y
SR v S5 T 2 S 22 % GLS [IillE . O
LT ( myocardial work, MW ) i i3 455 /2% GLS F
Te 4B Sl i A IR A, T LA O L
REPPARIRMERR 4, B dr b T STEMIJF LVR'' . A
WF5E B H S % e 3D-STE & MW , CMR-LGE i il
STEMI J5 LVR ## {8 .

1 M&5F%

1.1 #riests $eHC 2022 4= 8 H & 2023 4F 8 A T i
W T — NREEBEAF B STEML 35 . A AbRHE:
(1) 4F#>18 2 H<T5 %/ (2) My atk STEMI
G BRI, MR IS 12 h PRI Bl
ik (infarct-related artery, IRA) A% PPCI J&97 , 0> AT AL
BREIEYT (thrombolysis in myocardial in farction, TIMI)
MR 3 G HRERbRE: (1) BREAA7E MI R
oL AR R0 e A7 PCT BRI 3l Ik 55 16 B Al R
(2) fEPPCIBATHARIAYT s (3) ™ H AR D RE R 5|
NEJEALC IV | Se RO IR 0 B3 BRES) PR O R
WD IRHER SE SO R SR ER ; (4) AL BE
W52 K CMR S Sk, Ay B Je i Mt s i
FIBF MG ED AR A E ST — NRE
Befe B2z Dt 2ttt (HE14-5:2016029) .
1.2 #rier ik B ARG, 0 sl R B , f 45
(1) AFU ) oo L B RS R AR LA 5 (2) S5
By AT b SIS BUUES S T Chyper-
sensitive serum cardiac troponic [ , hs-cTnl ) WE{E @
TR LR 18 it ( crealine kinase, CK) . g B2 1E PPCI
ARJG 24 h (NATH FLZ a8 75 .0 3l €] (TTE) 1 3D-STE
Lo MW Kz, 2 7 28 Wi 1038 e GLS & 1A% 1] i
7% (global radial strain, GRS) . #& {4 [&] J& 1 2% ( global
circumferential strain, GCS) | ¥ {# [fij F Jif 7% ( global
area strain, GAS) M # R IFE5 (global work index,
GWI) B kA %2 (global constructive work, GCW) |
HEMRTCRL) (global wasted work, GWW) (B %
# (global work efficiency, GWE) , K5 7 KNEE
CMR-LGE #-# , Il & A 3E i FR (infarction size, IS) |
CMR £ 2 8t 1Ml 43 %% (left ventricular ejection fraction,
LVEF) .CMR /& .0 % 47 5K K W 5 T2 (left ventricular
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end-diastolic volume, LVEDV) .CMR 7 & I 45 KN %
FH (left ventricular end systolic volume, LVESV) , 7:-7E
AJG 34 H &A% M TTE 3D-STE J¢ MW, LVR &
A TTE- LVEDV 341 =20% , LA AR #4347 LVR
41 Ak LVR 41,

1.2.1 MW } 3D-STE #E.0sh B & N
GE Vivid E 95 F {4 223 iyl 75 12 Wi, MSS #3k 4%
R A 0 Sl PR T 4V e ZRIBC= 4 50
SR, B3 1.5~4.5 MHz; ${#% i EchoPAC 203
TAEus A7 A o347 o 72 PPCLARJS 24 h NAT B O
Sk A, B B M RMAZ , ) 20 i .0 L TR s
SRR, A T IR E IR AOR B, TR
AT, AT M - 55 1K Jalr e ot 0 2 I R TR
T 222 TR LS B0, R T 56 0 75 0 3 1] 2 o e
FERI P B XCE T Simpson 2l LVEDV LVESV &
LVEF, [R]I 2R A200 SR DU ROy L = J 0o AR i 0 U THD
B A RENR ISR 3 L o sl Al T
2D-STE #& X T, gk £5.0 L A 3 2 8 1 4% (autofluo-
rescence imaging, AFT) 73 #8522, 84K A 3R )
OB R OAMNEIE B ER.O s S, O LB 3h 3k
A i 22 00 >R 3 3l 9 B, 58 RGE B3 S B E T 30 Bk
IR P I (] 7 0 4R = 50 VTR 58 IGE B3 ) 40 A O 4
KT B0 KO O A R [, AR YR 5 m HE A YD T 4
Br, e 2 A s A 17 7 BeA- IR BRI GLS, AR5 ik 4%
Myocardiac Work s A=, S A MRS, REEH
SN A 200 % - AR R AL 2D GLS 2RI
O U bR (245 GWI.GCW .GWW .GWE) , 1E
3D AR, B AR PO JE LB AR A I A7 i LA 4 2 6
A ESLOBN I A0 B 2 R . WU R S
F 30 Mi/s, $R)5 A EchoPAC 203 (1“4D Hzh LVQ”
AR B AT 0 M o AR D T
ORI AL b [ 2R 0 220 %0 S BEALG
SN G, Z )5 RIS RS0 JIUBE [ SO R X I
(region of interest, ROI) . i@ ROI PN I EOREER 550
BroWUVEIE . B, A0 0% =4 GLS (GCS GAS
FIGRS. AnlEl 1o DA b A A8 w44 FAT 2 6 I R
o0 AR BE AL ) 58 B, B AT 48 bR Xy B I 3 Tk
S SOl

1.2.2 CMR-LGE 7/ #H PPCI R)5 7d N5Exk
CMR-LGE #i4r . Fr HI AL 2 3.0T 2 24 4546 A
('Achieva, Philips Medical Systems, faf %) , £ B
FMOZ 0 L R B B T S A T I K, W A I OR
F AR RAR MR, 1 o PR b B [T 3 51 AT
fliZe >3 YIRE, BES 0.2 mmol/ kg LW R — 7 Jfic (1%

FEl HR ) Bk 4, 10 min Ji5, SOEE RS A 19 T1 i
SR JBE [ e ok v P 47) 5 A (0 U AR A5 1, LLVFA
LGE, 75 GRS i e v A7 0 L Ak e AR o ]
LB (B JE RO ME L) AT 3BT, IR A £
AR A s 1] v i 22 o IR, R R TSGR
FE B 25 ST Y 17 5 BRI T O IR
SN IPEAS B0 L AL, LGE % X HiE 3R i
B SRR A — B s 5 (5 59 R T
EFOIUES 3 MR E) o R NLE 7 1
SE SR SR BIIRFE O LT 5 700 28 B R B 1 |
5, M4 2545 1 CMR IS TR 5
LRI, DLIAL 2,

A B C g L

1A HORI A

Fig. 1 Ultrasonic technology measurement

T 55 KOIRFEL L,
B 2 CMR-LGE &%
Fig. 2 CMR-LGE image

1.2.3 TTE J 3D-STE MW Ffiyyj PPCI RJ5 3 H
HEATBEDT, 58 3% TTE & 3D-STE MW #& #F ( J7 i [
B IR R R A BRI T 43 il sk, TTE-
LVEDV 34111 =20% # LVR #5#E.,

13 %t WA SPSS 27.0 B pEIEFF 412
O30T e MR TEZS A1 i i 2278 B R H w45 Ko, R H]
ThSTREAS ¢ K55 43 2AF HER HIB (%) Fom , R X
K, BRI e Z2 3R 032K logistic [a]14 434y B 4
T LVR Sz R ZR o bl sy PR SR 32 1A
FAIE (receiver operating characteristics, ROC) k1t
FAAZS RN LVR SURE K ke 5 B, Dhth 487 i A1
(area under curve, AUC) TFfL 5 K3k e, 6 AN
FH 2% 2254 (intraclass correlation coefficient, ICC) X} i
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BLEE AT WL 0] RO N 22 590l . P<0.05
ERAGI R

2 7 R

2.1 ARZ&GTH 101 BB E RS AHRE , 0 A BT
gEJE 10 ] 3 L0 LER B AN /2 (R X R>2 ASHERT
AR B ) g HEBR L 9 1 i 2R U, 1 91 A8 3 A Bl
Vi BeT, 4 B8 F RURHEN 32 CMR R A HERR . &
LB ANBEALHE 77 ) 83 H B LVR S A5 4
4H,4% R LVR 20 (18 ,23.4%) ,4E LVR 20 (59 f4]
76.6%) o PHLH R A8 TN AR 20 K e e PR 2R
S ys DG X (P>0.05) ,LVR 41 IRA R /&
R % % (left anterior descending coronary, LAD) 13
B, 5 72.2% , &5 F3E LVR 41, 3 H CK 7K F & &5
(P<0.05) . PHLWEAE I hs-cTnl 22 RG]
HX(P>0.05), Wik 1,

2.2 RAZ¥EFAH LVR 4109 TTE-LVEF {£ T4E
LVR 41, TTE-LVESV &F3E LVR 41( P<0.05) , TTE-
LVEDV W4 ] 2 5 L4t 2# 2 X (P>0.05), 3D-
STE 7,LVR 41 /#% GLS .GAS . GRS .GCS #:3kE LVR 4
fli(P<0.05) ., #£ MW "1, 5 LVR 4 [b4:, 4 LVR 44
GWI.GCW .GWE % &, 1ii GWW {I£ (P <0.05), 7F
CMR-LGE 1, LVR 41X [t 4E LVR 41 1S %K, LVEF
AR (P<0.05) , i LVESV \LVEDV 2% % T4 i12% %
X(P>0.05), WLF&k2,

23 3AMAEmAR B HEARNE 3 HJE LVR 41
i) TTE-LVEF %3k LVR 24X, H A3 % 5 K4 TTE-
LVEDV TTE-LVESV (P<0.01) ; 40 GAS GCS 7T
it X (P>0.05) ,1fif GLS GRS {34k LVR 4%
(P<0.05) ,LVR £ GWI .GWE .GCW [3E LVR ZH{%( P<
0.01) ,GWW 22 R TGe 1T L (P>0.05) , I3 3,

24 ¥wm LVR &9 A Z HEHE MBIk 3D-STE,
MW .CMR-LGE [ZHEH A SRR K logistic [B1H 507
Ja it — 2 AT £ I & logistic [0 19 43 #r, 45 5 W R
GLS \GAS .GWL IS SN fitiil] LVR (¥ 2k 57 Fi $8 b (P <
0.05), WL 4,

2.5 ROC # % 4 # Fml LVR ¢4 444 1S, GWI,
GLS .GAS Fiijill LVR [ AUC {H4>51#4 0.815.0.806
0.775.0.734,AUC Lk GWT 455 5 U L) 1S .GWI 4%
LR L) GLS B, LRI 3 K5,

26 FHMAEE b TIFAEEE M, 10 6 8 E b
BEMLIEEPE,3D-STE MW ,CMR-LGE 2%k h W4 44 7l 37,
WL ZE 3 H A e (B TR 22 5% ), TR I 22 57
DU E ] — 44 W Z2 2 1) B 2 ) s D, 45 St 7 I 8¢

HH S WEH AXH S BN EE R, W
* 6,

F1 LVR A Y59E LVR HMIGKREFE  (x4s)
Tab. 1 Clinical characteristics of LVR and non LVR  (x+s)

A LVR (n=18)  3ELVR(n=59) X% fi Pl
A 6011 61+8 0.336 0.673
B %) ) 18(100) 50(84.8) 3.109  0.106
B (%) ] 6(33.3) 22(37.3) 0.093  0.760
s %) ] 7(38.9) 27(45.8) 0.264 0.607
e i [ (%) ] 8(44.4) 32(54.2) 0.530 0.467
LAD 3 IRA[ (%) ] 13(72.2) 27(45.8) 3.868  0.049
WEff hs-cTn [ (pg/mL) 24 390.8+3 127.6 23 527.9+5933.6 0.591 0.557
W CK(w/L) 3408.6x1810.1 2484.9+1562.6 2.115 0.038

R 2 LVRA5HE LVR L AR BRI (xts)
Tab. 2 Baseline imaging characteristics of
LVR and non LVR  (x+s)

AR g LVR(n=18) dF LVR(n=59) i PiE
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%)
GCW (mmHg% )

979.6+368.8 1 527.3+668.1 3.317  0.001
1331.7£449.3 1597.9+496.7 2.033 0.046

GWW (mmHg% ) 367.2+259.7 247.2£199.0  2.081 0.041

GWE (mmHg%) 82.9+5.9 86.4+6.0 2.180  0.032
CMR-LGE

IS (%) 30.2+8.9 19.3+10.0 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

®3 AJFE3AH LVRHY5HE LVR 4
M D FIERIE  (ws)
Tab. 3 Echocardiographic characteristics of LVR and
non LVR at 3 months after operation  (x+s)

AR

LVR(n=18) 4 LVR(n=59) (fi P14

R

A
TTE
TTE-LVEF (%) 47.3+£6.6 51.9+6.1 2.698  0.009
TTE-LVEDV(mL)  168.1+19.0 132.0+23.9 5.848 <0.001
TTE-LVESV (mL) 89.3+19.7  64.2x15.0 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% ) 1330.1£358.2 1 620.8+392.2 2.806  0.006
GCW(mmHg%) 1471.4+404.0 1 841.0£490.2 2.907  0.005
GWW (mmHg% ) 229.7+136.2  223.1x139.8 0.178  0.859
GWE(mmHg% ) 83.6+8.8 89.5+7.1 2.919  0.005
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x4 RHRERZHESPZM LVR R ER

Tab. 4 Univariate and muitivariate analysis of factors affecting LVR

o AT SHEI
~ OR(95%CI) P OR(95%CI) Py
CK 1.000( 1.000~1.001) 0.047
GCS 1.252(1.005~1.560) 0.045
GWE 0.908(0.830~0.995) 0.038
1S 1.107(1.043~1.174) <0.001  1.139(1.008~1.288) 0.037
GAS 1.208(1.085~1.370)  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
1.0 —
0.8F
i 0.6
Ky
04}
IS
3D GAS
02 3D GLS
GWI
0 1 1 1 1 I}
0.2 0.4 0.6 0.8 1.0

155
B3 S LVR 4 ROC £k
Fig. 3 ROC curve of LVR predicted by each parameter

x5 £SHIM LVR [ ROC st
Tab. 5 ROC curve analysis of LVR

predicted by various parameters

28 AUC  #bifE U fiRE PHE 95%CI

IS 0.815 225% 0.889  0.695 <0.001 0.716~0.915
GWI 0.806 1602 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

R 6 4 SHONGH I RWEH N TP
Tab. 6 Repeatability test of each parameter between

observers and within observer

o TN Zik K I

s 1CC 95%CI 1CC 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
1S 0.909 0.767~0.964 0.872 0.710~0.947
3 #

3.1 LVR &9 2 LB& M4 STEMI 5 LVR 235 &
FHFE X FNAEARAE X 0 28 S5 R A8, S8l 2e 25 e 4
PR A BUB W R AN P RO LR LG B AR

A4k, W LL3E i 8 75 0 8 K] 3D-STE MW [ CMR #E47
B P (BN e B A B R W v O N = A N
%} L. 3D-STE MW .CMR-LGE %} STEMI 5 LVR [ i
WAE , I % B 3D-STE MW Hijll LVR /A4 F CMR-
LGE, Z&WF5Er LVR &A% (23.4%) 5 AR 45
M1 BEAERFST R B LAD Jy IRA 47408519 LVR
S A S % B LAD FSE LVR 2R3k 72%,
AT REZ T ATRE MI 2 B 1.0 AR FR = BE W, B2 5
PR IARSE XY B O ok S R, A X
A WUAESE AR . ABFFTH LVR 4109 CK 4
&, FE W LVR e R 2 —, XS LVR
A R E AR BE T AR A, YRAEC LA R i o £ 0 LB
%, X5 REERF T —3
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STEMI 3% PPCI RJ LVR PEAL A H B 4645

3.3 TTE 4= LVR #7.0sh E S 50K W LR g1
W 22 = W 4E e . ABFSEH LVR 41/ LVEF 45
XA LVESV #¢5, 1fii LVEDV 54E LVR 4l B2 5%, X
Alfig5 STEMI J5 2225 LVESV [ LS 45 ¢, HiE
P T O LA 4E Ry 4 %, 1 LVEDV e T 450 % #0 8
JE 1 R % A W A kY, S B AR e — B
3.4 3D-STE 5 LVR 2% BEC JULET 48 NN B S0
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WL I IR 2345 R, 0 RS £ 4
i P32 B 0L BHL VT K P E R T AR a5 iR o BE AR X
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e o, 5 S G R L RE S ALY e T M R
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B 390 18] 26 00 28 25 U AR08 e — B 280
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GAS fiEfis il LVR, GAS Uil #h {7 5 T GLS™ .
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FH—3,

Dannenberg 2t [ 28] e % o , STEMI & % v GLS
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