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[ ZE] B 5T =45 B B 031 B (three-dimensional speckle tracking echocardiography , 3D-STE) « Lo L 2 Cmyo-
cardial work, MW) X 214 ST Bt 4 51 2400 LA BE ( ST-segment elevation myocardial infarction, STEMI) BEHRLE IR KA A
1697 (primary percutaneous coronary intervention, PPCD AR J&G FZEA B0 ML F 4 (major adverse cardiovascular event, MACE) &
ERTINE . F53%: AN 90 HIAT PPCLIFE YK STEMI & , ARJ5 24 h AT 3D-STE MW £ 25, ARJ5 7 d P 58 35 0o MIE R S IR 539
L3558 %1% (cardiac magnetic resonance late gadolinium enhancement imaging, CMR-LGE) K& 2%, B 17 12 4~ H MACE CRE R 0480
SRR KSR A HEAT 3 B SO R AR O IRIE A B R ARG DL . 85 5R: 2001 (22.2%) BB K A MACE, IR %
7 Cox [ 73 1 B/ LT AR CGinfarction size, 1S) A& [7] B 4F (global longitudinal strain, GLS) « B 44 T i3 2 (global work
index, GWD AT MACE & 2E [\ A7 248, 52 TAEFEE (receiver operating characteristic, ROC) 1 £ &7~ IR F8 4% (1) M £&
T iR Carea under the curve, AUC) 4351179 0.886.0.846. 0.830, Delong 25 15 4 L4 f7s AUCE 2 R L4 i 2 X (P19>0.05) .
W& GLS M GWIHUIN MACE & A4 1) AUC A1 0.939, 2 AL GLS K GWI . —Z ¥ (P )<0.05), H5 IS (P > 0.05),
Kaplan-Meier il 2 2 ] GLS< ~10.5% GWI>1 298.5 mmHg% - 18<26.05% [} & & 1 ¥ = A F R (P < 0.05) . #5i8: 3D-STE [
MW BEH A H T STEMI 3% PPCIARJG MACE R 2E, Horh GLS 2 GWIZ Wi EARDL, —# BRG R T — 4R b5, H51S12 M
RREAH 2

(k823A] Sk STBAAR LIRS 3= BA RO MU S = 4EBE pTB EHE R O3 B O U O T RS E R I AL I 5 i 15
[(FEISES] R542.22 [ZRktRER] A [XEHS] 1007-4368(2024)11-1525-10
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The predictvalue of multimodal imaging for MACE in STEMI patients after primary PCI
CHEN Si"?, CHEN Yun’an’, ZHANG Jie', ZHOU Ying', LI Mingzhu®, GONG Xiaoxuan®, LIU Kun®

"First People’ s Hospital of Lianyungang Graduate Training Base of Jinzhou Medical University, Lianyungang
222000; *Department of Cardiology,’Department of Ultrasound, ‘Department of Imaging, the First People’ s Hospital
of Lianyungang, Lianyungang 222000; *Department of Cardiology, the First Affiliated Hospital of Nanjing Medical
University, Nanjing 210029, China

[Abstract] Objective: To investigate the predictive value of three-dimensional speckle tracking echocardiography (3D-STE) and
myocardial work (MW) on major adverse cardiovascular events (MACE) in patients with acute ST - segment elevation myocardial
infarction (STEMIDwho underwent primary percutaneous coronary intervention (PPCI). Methods: Ninety patients with first concurrence
of STEMI and treated with PPCI were enrolled. 3D-STE, MW assessments were performed within 24 hours following PPCI; and cardiac
magnetic resonance late gadolinium enhancement imaging (CMR-LGE) was completed within 7 days post-procedure. The patients were
followed up for 12 months after PPCI to track the occurrence of MACE, which inclueded recurrent angina pectoris, revascularization
due to acute coronary syndrome, acute heart failure attack, and sudden cardiac death. Results: Twenty patients (22.2% ) experienced
MACE. Univariate and multivariate COX regression analysis showed infarction size (IS), global longitudinal strain (GLS) , and global
work index (GWD) as independent predictors of MACEs. The area under the curve (AUC) values for these indicators from the receiver

operating characteristic (ROC) curves were 0.886, 0.846 and 0.830, respectively, and pairwise comparison by Delong method showed

(BEEWBE] LI DAEMRREZEZRIH (M2022025); 7 5 R — 8 IR bt E 5885 5 11k (PY2022009)
JE{E1E# (Corresponding author) , E-mail: xiaoxuangong@sina.com; liukun2023@sina.com



* 1526 Mo BE R K % 2 kR

A4 B 111
2024411 H

no statistically significant difference in AUC values (all P > 0.05). The AUC value of the combined GLS and GWI in predicting MACE

was 0.939, which was significantly better than either parameter alone (P < 0.05), and comparable to IS(P > 0.05). Kaplan-Meier curve
showed that patients with GLS< —10.5%, GWI > 1 298.5 mmHg% and IS < 26.05% had higher survival rate (P < 0.05). Conclusion:
3D-STE and MW can better predict MACE after PPCI in STEMI patients.GLS and GWT have similar diagnostic value,and their combination

provides superior predictive power compared to either parameter alone, and is comparable to IS in terms of diagnostic efficiency.

[Key words |

acute ST-segment elevation myocardial infarction; major adverse cardiovascular events; three - dimensional speckle

tracking echocardiography (3D-STE) ; myocardial work ; cardiac magnetic resonance late gadolinium enhancement imaging (CMR-LGE)

SV ST Brdh & 40 LA BE (ST-segment eleva-
tion myocardial infarction, STEMD IIfi K& ., 224
JZ AR B KA N6 F7 (primary percutaneous coronary
intervention, PPCI) fi¢ 5 K PR B 4 R ot 0 WL, PR AR
i B0 T o TS, {H STEMI Z8 35 475 T s 7 =8 =
#J (left ventricular remodeling, LVR) 22 3E T ff] X
K5, o7 ) A2 32 A RO 1L S5 (major adverse car-
diovascular event, MACE) [ & A= , /™ B g ) 78 35 1)
A i B AR TR, ORI VR4 MACE K A% FilUE
FIWT ST I PR L

o fE W AL R (cardiac magnetic resonance, CMR)
WA N 2 VP o0 JI 45 A8 R Ty i 11 = 7 %, L e
HA%L 3% 5% (late gadolinium enhancement, LGE) {4 7]
VA v K JE ik A0 Ak O ILAE S5 05, BIE R 3R 0T
CMR ] 4% 3E [fll # (infarction size, IS) 55 STEMI Ji
MACE 9% A2 7 AR 5. X CMR 2% F & 5, 74k A
B RN S SR s PR S H 52 21 R 1, 1T B A 0 31
B R 2 0F 5 TR I BRS04 I R R )
2o L YEBE AT IE BRI 7 0 3l B (two - dimensional
speckle tracking echocardiography, 2D-STE) EL#7 iiE B
T gt i 0ah K, AR AL 2 15 (5 B AT XS 7
JEH . SR 2208 [ % 77 1M 18 )5, 2D-STE K
32 B PR &) . = 4EBE U8 B 75 0 3l B (three-di-
mensional speckle tracking echocardiography, 3D-STE)
FETE = 488 75 0 3l [ F 2D-STE J:fili bR R R 11
P T BOR, EAIE SEAE H B 22 AR 5 R A D
fE & EIFA O LT RETT AR AE B R B BEAE
B 5 2% B, A L 2D-STE, 3D-STE il STEMI & 2
LVR J VAR5 BoAT B4 R AE . SR, B
s B R P B B 32 BT A e A, B e LT
REVPAL R AHERA I . O L D) (myocardial work, MW)
g5 e AR RTG B 4 5 F) ik i, BT BASE e UL
DUREVT il K HE A 1T, {5 H AT MW X% STEMI & 2
PPCI AR J& K MACE 1 B0 A (6 A B, Hok b 5
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3D-STE J2 CMR %F STEMI H 3 7 J T ity 5ot EL A 72 o
AW B B 5 b AT MW 5 3D-STE.
CMR-LGE *f STEMI % PPCI R J& %& 4= MACE [t ¥
AN AE, B ETFE T &5 B S A TS
PLXT STEMI 347 F GRS 70 /2 M 48 69T -

1 MRMFTE

L1 %

AWFTEANN 2022 48 H—2023 43 AL = #
55— N BB e A3 B B9 i R A STEMI &% . 44
AFRitE: OFE>18 & H<75 % : QFF & i ¥ fh v
SCSTEMIZ Wik ™ s OB & AF J& 12 h %52 1
HEAH K Bl K CGinfarct-related artery, IRA) [] PPCI, R
JEVKE TIMI 3 R MLt . FEBR bzt : OBEAAEAE L
FEZEA s, BEAEAT PPCI B IR 2 ik 55 26 7 1 R
Q)& I T S A BOG P AS 4 JE JEE B UL
e KA O I 0o 5 B AN TR O3 R L O TR AR
0, S HAl R 08 50 s @PPCL AR BT AT VA AR IR T
@ i A A7 A 2, A7 AR s @R o L LA I R B
To B it @it 750 3 B B R 5 & 22 s (DAFAE CMR 1)
BRIUE. AFAZEZBTE — NRERCHEZE
A (135 : 2016029) , T A 3 %5 & Jth
[ =15
1.2 Fik
1.2.1 s RS H

0 SR BE NBE S I R Bk, B4 . DR
0 v AL S 7 W PR e R ILE R S IR 2451 O
QIR = Febr: mBUIES S A 1 Chypersensitive serum
cardiac troponin 1 , hs-c¢Tnl) % 1 R L B2 ¥ % ( cre-
atine kinase, CK) U&1H \ C- < I 2 [ (C-reeactive pro-
tein, CRP) « N i i £} JIK Hij /48 (N-terminal pro-brainna-
triuretic peptide, NT-proBNP) . 5¢ 3% 7 fik i 5 , PPCI
A 10 s FR SO L AR AR R R L TR SR KR L R AT
L& 5E AL, 7211 F% 52 (left anterior descending branch,
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LAD) 72 15 NAHE FEAH 5 3l ik Ginfarction related artery,
IRA), JEVPAR & 4 BR GV e R S Bk AW 7
(GRACE P41, il fu gl (>140 7)1
1.2.2 244 % 3) B (trans-thoracic echocardiog-
raphy, TTE).3D-STE Z MW

It 3 1E PPCIA 5 24 h 94T TTE3D-STE &
MW & 25, U 5 2 % 4 1 73 24 (eft ventricular ejec-
tion fraction, LVEF) . 7. %5 &7 5k K A 25 A (left ventric-
ular end diastolic volume, LVEDV) . /£ % I 4 K 1 7%
# (left ventricular end systolic volume, LVESV) .\ /£ %
W 4 BRI HE RGN 7] R AE (global longitudinal strain,
GLS) EEAARAZ 7] B 4F (global radial strain, GRS) B 4&
[53 J& 4% (global circumferential strain, GCS) « B A4 ]
R B AF (global area strain, GAS) J & {4 fif Tf 5 44
(global work index, GWI) « ¥ {& 5 24 I)j (global con-
structive work, GCW) « ¥ {4 J& 24 ) (global wasted
work, GWW)  BEAK Al ) % % (global work efficiency,
GWE).

KR 28 Sl 7 2 B (L5 : GE Vivid E
95, M5S£k, VA 1R 3k, Jil % 1.5~4.5 MH2) #EAT &
KL, K Echo PAC 203 T4 3 it 47 1 43 b7 K4t
HARTTEIN T O REAEEUZ  WUE M BN, [7)25 15 5
O P o R S R 7 0 B TR o 2 HE A R S R XL
“FTH Simpson 74 Ml & LVEDV. LVESV J LVEF",
MS5S R FAE i 55 S0 AE, 10 sk HAE M DR
VU s« g s L 22 s A DT A K P L LSk ALK
- R U SR e 5 R el U T ) 4 7 PR ity

Longitudinal strain %

50~70 Mi/so V4R SLFTE 0o I, FRELCr A DY iz 5
1 s ) ThD B AR MG S B AR R IE SRR 4N 0
AP EG G, B A O0E =B HE
B @ G il I ORAF BUR B RL, B A& &I
B TAEu AT AL . B 2D-STE 43 #r Zhfig
Bl)/A) LA AE B ALK AR DY i KA 1 s VI T A
O Z 0 W, B B B A U R [X (region of inter-
est, ROD ¥ [l , 1% ROL 58 %, T AF H 3& i 18 B
ROI WO WLIZ B, SREX LS. 3R HUCa 235000 P B 5
TR IR IEL ST 24N 1, SR A 3D-STE B4 43 #r
At B 3l /A) A E AT 5 R A USRI A = O R
Fob AN S, B ER RIFIS, BB AR 1T B
AR, 3R B/ % GLS. GRS, GAS. GCS. 4R G ik #%
Myocardiac Work 73 #7850, i N & LK 5, R S8
H 2 73 H 9 8 0d Ae % K 3 B AR 2R (LV-PSL) #1 2D
GLS 3K HC#& 4 0 LA Th 48 B (GWIL GCW L GWW
GWE). VL B2 % BAFEIRKELR 1
FE Rk AL 6] 56 1%, BT A i b 250 2 0 3 O
PHEE 1D,
123 CMR-LGE

BF PPCIARJG 7 d N RH 1.5T #439R (Magne-
tom AVANTO, P[] &, #8[E) 583 CMR-LGE &
VPl 20 0 Z B KNI T RS, 458 BE S < TR0 0
Ha, B i 1) FISP B IR 7 91 3R A5 40 il (10~12 J)
HL 52 BEAR, 156 F A v 31 CARGUS, 78 111 A & , 1
EDHEAT BUER 4

I 7E AT 5k R B AU 4 AR B B il

Circumferential strain %

{p\ﬁi’u

=
2y

Radial strain (VoIC) %

A: The software tracks the entire myocardium in the four, two and threechamber of the apex of the heart, and in the middle and base segments of the

parasternal short axis by tracking the spots. B: The strain parameters are calculated by the software and presented in the form of 17-segements “bull” s

eye diagram”. C: LV-PSL measurement diagram.

1 EMTTESH(A).3D-STESH(B).MWSH(C)
Figure 1 Parameters of TTE(A),3D-STE(B) and MW(C)
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JEFNC A B T RC B, - H Bh € oD AR,
B J5 0.2 mmol/kg 25 R — %81 ik (CHR 2 A =], 4 [ %
iR I U RS DS B A R DA O R o)
(PSIR) 91K 4 LGE &, F b ) v 78 7 B> Fe 0
Fo AT A (MPAX, Agfa HealthCare, 12 [#)
PEAG I B2 38 5 G SO R 0 LS 5 38 B DL 386
SAFRAEZE I REDFEE . RIEDILE 43 HL GE LR
RBE O WL R B 5 A 0 30 LS 2 () LR £ 2
HEKFE I CMR RN B8 G 4 RiATE
AT (E2) . CMR H1IS KT 20%5E X KA AL
RZE,

B2 DRER AR HSLIE SR B 1R (CMR-LGE) 2 7RI 3L
MEESXO
Figure 2 Necrotic myocardium (high-signal zone) showed
in CMR-LGE

124 FF

1440 IE B RHE AN B B ik
PPCI AR5 1 4F #9 MACE CELIE FE A0 500 I 2k
JEE KSR A AIEAT 32 B L 2O 3 A RO U I A5
FEDBEV . X TR AR IR AR T
B M P AT 5 — IR R Gt A
1.3 “itFiE

JS2FH SPSS 27.0 R AFREAT Ge vt o0 A, Bl A 4%
A5 5K Y B AR A 2 o+ o) B AL (DY 4 7
HOLM(Pasy Pr) 13278, P RR BRI ER ()RR H
[F] ELIE, IR AN TEZS 73 A FR) 32 238 SR AL REAS ¢ At
5, AR IEZS 7341 242728 5K H Mann-Whitney U
K, r AL HECR R TR . AT S 3R
Z K2 Cox [A] 1343 1 (Enter i) B i MACE & 4 1)
MSZ I R 3R o 0 S7 R R R 32 R TARRRE
(receiver operating characteristic, ROC) i £& i1 & %
ZHTRI MACE B RS s 5 2, KA il 48 1 T
F1 Carea under the curve, AUC) V¥t 46 36 4 gE , 15 H
DeLong 77 % ELEL AUC, 833 ROC i 2 X A5 8k 57 K 3
BWE, 30 e RPN, RG5O 2
Kaplan-Meier 42 7 1 28 , Log-rank A& %6 9 28 22 5%, i
FH 20 9 #H 5¢ R 28 (intra-class correlation coefficient
ICCO VP LS 3 18] L5 E W 2 57, P < 0.05 4 2%

A G EE
2 % B

LN 1349 B 3, Horb 15 Bk S O sl B B4R
A8 GE X2 AE TG B, 10 9] 38 AN RERC &
CMR K #5, 1849 217, 1 491 BB 3 R A AR R A BE T
AN 90 B35 . MR PPCI AR5 14F N2 15 K
"4 MACE, 43 A MACE 41 (20 91, 22.2%) 55 4E MACE
H70%1,77.8%) . HH, MACE 241+ 5 1 7 K00 48
I8, 8 9 PR O B R AR BB YR T, 2 1 Rl 2 ek
Jik 7 A AE B IRAT PPCIA, 2 491 DR 2 et ik 27 A fiE AT
56 ik #5 M (coronary artery bypass grafting, CABG) j&
7, 3B R A OIEHEAET
2.1 AR FR AR

R 2H B 3 PR RS L B IR 2 1 T TR
T I Bk A2 R E B K E L GRACE V7 4) I 1
hs-cTnl #5225 o4t vh % & L (P > 0.05) , MACE 4
LAD 4 TRA J& K TH AR O URE BE L A3 0 {E CK NT -
proBNP.CRP¥J 2 & m THEMACE41(P < 0.05,% 1 ).
22 BREFHHLK

MACE 4. /) TTE-LVEF & 1K T 9F MACE 41,
TTE-LVEDV & 2 & T 3E MACE 41 (P < 0.05, TTE-
LVESV Z % L4 it % & X (P> 0.05). 3D-STE #,
MACE #41f] GLS.GAS.GRS.GCS & # % T 4k MACE
H(P<0.05,%2).

MW ¥, MACE 41 GWI.GCW.GWE & Z ik
TFAEMACE 41, 1 GWW 2 2 = T JE MACE 41 (P <
0.05). LGE-CMR Z#{(, MACE 41 1S & % = T3k
MACE 41, ifi CMR-LVEF & Z X T JE MACE 41 (P <
0.05), CMR-LVESV.CMR-LVEDV P 41 % = 1. 4t it
2R (P >0.05,%2).

23 ¥REAZRF Cox FIEHAT

W B s R % OB 3D-STE MW . CMR-LGE &
gy N LR R Cox [21 949 #7 5 &5 5 2 7% GRACE
7% VWAl CK. CRP. NT-proBNP. LAD /& IRA. TTE -
LVEF. GLS. GCS. GAS. GRS, GWI. GCW. GWW .
GWE.IS.CMR-LVEF.TTE-LVEDV A #ilill MACE %
AREZEWP <005, FRSEPINZIHZE Cox 7
V73 #1227~ » GLS. GWIL IS A Tl ill MACE & & f 4t
SR R (P < 0.05, % 3).,

2.4 ROC ¥ & 547

22l ROC 1 28 73 #T {27, IS\ GLS. GWI [ AUC
18 3511 79 0.886.0.846.0.830, IS I R H1% 79 90%, %
5% 78.6%; GLS RIBUE N 95%, 15 73 % 77.1%; GW1
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Table 1 Comparison of clinical characteristics between the two groups of patients
Demographics MACE(+) (n=20) MACE(-)(n=70) P
Age(years,x +s) 62.0+9.2 57.1 £10.6 0.063
Male[n(%) ] 17(85.0) 55(78.6) 0.751
Hypertension[n(%) ] 9(45.0) 35(50.00 0.693
Diabetes[n(%) ] 7(35.0) 28(40.0) 0.686
Hyperlipidemial n(%) ] 9(45.0) 320457 0.955
LAD is IRA[n(%)] 15(75.0) 29(41.4) 0.008
Degree of stenosisof the IRA(%,x + 5) 929 +6.1 90.6 + 6.0 0.138
Lengths of thestent(mm,x + 5) 48.0 £ 13.3 415+ 143 0.077
GRACE score>140[n(%) ] 17(85.0) 41(58.6) 0.056
Extensive myocardial infarction[n(%) ] 19(95.0) 44(62.9) 0.013
Peak hs-cTnl(pg/mL,x + 5) 23418.8 +7648.0 21 818.3 +7052.1 0.382
Peak NT-proBNP (pg/mL,x + s) 1296.9 +230.5 1058.3 +450.4 0.002
Peak CRP(mg/L,x + 5) 235119 14.7+5.0 0.004
Peak CK(U/L,x £s) 3193.5+2296.0 2126.3 +1528.5 0.017
Aspirin[n(%) ] 20(100.0) 66(94.3) 0.572
Ticagrelor[n(%) ] 19(95.0) 69(98.6) 0.924
Statins[n(%) ] 19(95.0) 69(98.6) 0.924
B-receptor blocker[n(%) ] 20(100.0) 58(82.9) 0.061
ARNI[n(%) ] 17(85.0) 57(81.4) 0.971

LAD: left anterior descending branch; IRA: infarction related artery; hs-cTnl: high sensitivity troponinl; CK: creatine kinase; ARNI: inhibitors of

angiotensin receptor enkephalinase; MACE: major adverse cardiovascular events.

x2 MEBREELTZBFSHLR
Table 2 Comparison of baselineimaging parameters betweenthe two groups ofpatients xxs)
MACE(+) MACE(-) MACE(+) MACE(-)
Variable (n=20) (n=70) P Variable (n=20) (n=70) P
TTE MW (mmHg%)
TTE-LVEF (%) 44.1+£5.6 502+6.3  <0.001 GWI 11133+£99.2 1322.5+186.6 <0.001
TTE-LVEDV (mL) 130.6 +15.0 123.4+13.3  0.049 GCW 1332.7+600.3 1 699.8 +447.6 0.004
TTE-LVESV (mL)  67.8+11.8 61.8+123  0.057 GWW 3304 £362.0 1742+974  0.002
3D-STE(%) GWE 80.8 +10.3 87.9+6.1 <0.001
GLS -9.8+£0.7 -11.6 1.6  <0.001 LGE-CMR
GCS -94+2.1 -11.5+2.6 0.001 1S(%) 304 +53 219+49  <0.001
GAS -149+28 -20.2+49  <0.001 CMR-LVEDV(mL) 150.9 £9.0 149.9 £9.7 0.702
GRS 203 +4.6 26.5+7.0 <0.001 CMR-LVESV(mL) 82.2+9.2 77.6 £9.5 0.063
CMR-LVEF (%) 453 £3.7 482438 0.015

GLS: global longitudinal strain; GCS: global circumferential strain; GAS: global area strain; GRS: global radial strain; MW : myocardial work; GWI:

global work index; GCW: global constructive work; GWW: global wasted work; GWE: global work efficiency; LGE-CMR: late gadolinium enhancement
imaging - cardiac magnetic resonance; IS: infarctionsize; LVEDV: left ventricular end diastolic volume; LVESV: left ventricular end systolic volume;

LVEF: left ventricular ejection fraction.

RAE N 100% , 5 5 FF 58.6%, GLS Fl GWT k4 Tl
MIMACE /&£ 1) AUCAEIX 0.939, RIEE N 85%, Fis
FE990% (183, % 4) . f§iF DeLong /72l AUCH
T # % 5 (GLS 0.846 vs. IS 0.886; GLS 0.846 vs.

GWI 0.830; GWI 0.830 vs. IS 0.886, GLS+GWI 0.939
vs. 1S 0.886, P ¥3>0.05) . 1 GLS+GWI It A T
MACE & 4 B {8 25 A8 T GLS 1 GWI F— 5 45
(P#<0.05) . GLS.GWI.IS Fiilll MACE ] ROC Hh £
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Table 3 Univariate and multivariate Cox regression analyses

Univariate analysis

Multivariate analysis

Variable HR(95%CI) P HR(95%CI) P
GRACE score 3.459(1.013-11.808) 0.048 6.718(0.924-48.822) 0.060
Peak CK 1.000(1.000-1.000) 0.012 1.000€0.999-1.000) 0.809
Peak CRP 1.087(1.049-1.126) <0.001 1.074(0.995-1.159) 0.067
PeakNT-proBNP 1.001(1.000-1.002) 0.043 1.005(0.999-1.011) 0.100
LAD is IRA 0.288(0.105-0.792) 0.016 0.270(0.025-2.963) 0.284
TTE-LVEF 0.865(0.794-0.942) <0.001 0.954(0.832-1.095) 0.505
GLS 2.042(1.461-2.855) <0.001 2.218(1.029-4.782) 0.042
GCS 1.304(1.092-1.558) 0.003 0.609(0.281-1.321) 0.209
GAS 1.242(1.117-1.381) <0.001 1.178(0.796-1.743) 0.414
GRS 0.877(0.814-0.945) <0.001 1.322(0.842-2.057) 0.225
GWI 0.992(0.988-0.996) <0.001 0.985(0.971-0.999) 0.036
GCW 0.998(0.997-0.999) 0.004 1.001(0.999-1.002) 0.319
CWW 1.002(1.001-1.003) 0.002 0.999(0.996-1.003) 0.739
GWE 0.948(0.919-0.978) <0.001 1.004(0.912-1.105) 0.937
IS 1.235(1.139-1340) <0.001 1.136(1.003-1.286) 0.045
CMR-LVEF 0.893(0.815-0.980) 0.016 0.773(0.585-1.022) 0.071
LVEDV 1.035(1.001-1.071) 0.044 1.039(0.987-1.094) 0.141

CK: creatine kinase; LAD: left anterior descending branch; IRA: infarct-related artery; TTE: trans-thoracic echocardiography; LVEF: left ventricu-

lar ejection fraction; GLS: global longitudinal strain; GCS: global circumferential strain; GAS: global area strain; GRS: global radial strain; MW : myocar-

dial work; GWI: global work index; GCW: global constructive work: GWW: global wasted work; GWE: global work efficiency; LGE-CMR: late gadolini-

um enhancement imaging-cardiac magnetic resonance; IS: infarction size; LVEDV: left ventricular end diastolic volume; LVESV: left ventricular end

systolic volume.
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B3 £SHMNMACE %4 K ROC #i%
Figure 3 ROC curves of each parameter in predicting
MACE

K 73 78 -10.5%+ 1 298.5 mmHg+26.05%
2.5 Kaplan-Meier & % % #7

M5 GLS. GWIL IS il il MACE ) 4% Wb 8 73 4
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Table 4 ROC curve analysis of each parameter to predict MACE
Variable AUC Cutoff value Sensitivity Specificity P 95%C1
IS 0.886 26.05 0.90 0.786 <0.001 0.794-0.978
GLS 0.846 -10.5 0.95 0.771 <0.001 0.768-0.925
GWI 0.830 1298.5 1.00 0.586 <0.001 0.746-0.914
GLS+GWI 0.939 - 0.85 0.90 <0.001 0.889-0.988
IS: infarction size; GLS: global longitudinal strain; GW1: global work index.
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Figure 4 MACE-free Kaplan-Meier survival curves for patients with high and low GLS, GWI, and IS
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Table 5 Inter-observer and intra-observer repeatability

test for each parameter

Intra-observer Inter-observer

Variable

ICC 95%Cl ICC 95%Cl
GLS 0.725 0.431-0.881 0.759 0.487-0.897
GWI 0.762  0.491-0.898 0.722  0.416-0.880
CMR-LVEF  0.714 0.406-0.876  0.792  0.543-0.912
IN] 0.777  0.519-0.905 0.828 0.617-0.928

GLS: global longitudinal strain; GWI: global work index; IS: infarc-
tion size; CMR-LVEF: cardiac magnetic resonance-left ventricular ejec-

tion fraction.

FAfr
3.1

{8

IRA.IS 5 MACE

BEATHIF 40 45 H AT B2 STEMI B2 & £E MACE R,
SRR . AR R LAD N IRA [ MACE & &
HRNT5.0%, 5B — 3. Reindl 5" 5T
A A5 BE 7™ HE A FE 5 MACE JXUBS 34 ok 37 4 22, i A
BT 75 IE S 7E KT A0 U BE 2, MACE [ R
A F 5 (30.2%) , H.MACE 41 #) CMR-LVEF 1%, 1fij
LVEDV %/, 2% F& 5 STEMI J& /U =5 IS 4 T BE 32

1, LVEF T [, #e0 A R FFE 2, A 0=

MACE & A2 5% A 55
3.2 CMR 5 MACE

CMR-LGE F4 1T DA b 2 b ik F0 & 44 0 UL
A, BN AL TR 1S %5 B 52 R T L T Y 2R AR
TR, I HAR T 5ot 7 RS EHLE 8.
IS 2O JUUBEZE f5 LVR A1 T e f i ) 3 2 gue R &
[F] I 5 MACE 7 42 % Y) A <121, 1S 4 9 STEMI &
& TS VAL A, A BE NS HEME . AR
W 527~ PPCI AR J5 7 d N CMR-1S>26.5% & STEMI
HBE ARG 14E R AE MACE [0 S7 T30 B 25, R 480
AR 7 B ik 90.09% A1 78.6% (AUC=0.886) , I H. 1S>
26.5% ZMAMACE KA 5 WG 2, F & NBEAE 5
T A8 X 33 LD e 2%, EAEFE X0 LA 47 fp i
3010 B0 IUAE K % 247 4k Ak, FF BE FE AL B
gk IR R 3 305 =97k, MACE KA,
3.3 3D-STE 5 MACE

3D-STE e iz~ T A4 8t , £ vy I 18] 5 2 (7] 43 %
R, YN AR T 2D-STE {4l STEMI JG A7 15 0o L&
TG EZ TR, A0 50K, 3D-STE H' [ 3D-GLS
& STEMI Ji5 LVR & 145 J i S7. Tt #8 4 » [R] Bf
10 4B 17 R B 3D-GLS 473 42 i PP 10 4 5 Tl



*+1532- Mo BE R K % 2 kR

A4 B 111
2024411 H

1), Ravnkide 2527 X 235 5] S et ik 25
EBRFERIBE VT h RILGLS M a7y = A EE &
o J BR N e R B ik 43 52 T BT 0 IE SR T 2 0 OE
LWL, TR RN 43 AR BRIk, O IR 2F
o fi S R A R BRI, S Bl 2 RO AR 0 UL
O PR B0 LA 24 %65 K il 7 10138 2 1) B ik e A
BE . 1M GLS B T 0 PR R YA ] 0 LT 4 1 T
RE, B kA RO SRR L 5| 2 Y O LT e 3L
AT FT R B, GLS A& 1Al STEMI 35 PPCI A Ji5 1 4F
MACE & A5 {8057 5000 X5, A2 77 il 46 92 7 GLS=
-10.5% () e 2RI MACE R4 25 5, 1R UG
e
3.4 MW 5MACE

3D-STE H' [ 3D-GLS X} 2 STEMI & % FilJ5
BTN E, HOL T M A S8 LVEF. A
M5 LVEF #H4LL, GLS U348 B A B 8 14 )5 67 17 4t
PEo MW & —F /20 = GLS 5B 61 &£ = K 71 i
LR gt G, I AR TR ) DX S 46 R 2R TR B I IR )
K2 AL WU Th 0058 77 5 v i GLS 1 67 47 4K
FER AR NI FR AR, GWIARER /e % % /-
3 IR B PN T AR, B B A T Hb Al O A2 = R,
Butcher 2 /7 239 5| 4 PCI 15 97 ) £F LVEF &%
(<40%) (1) STEMI & &K I, B i /e % GWIHE
56/ HBEVIR LVEF % UIAHE . Ak, 7K HIRE s
o BRI GWIHE S A BB T 2 I 3 i 25 V) H
%o Timoteo ZEP7 A UL 5T T 200 %1 STEMI & %,
KILGWI F 5 MACE T+ E & D) kBt . ALK
I GWI & Tl MACE & A= i 4 ST f& [ R &%, 9
GWI<1 298.5 mmHg% ] £ 3& 1 & ) MACE 2K
3.5 3D-STE.MW 5 CMR *f kb

3D-STE.MW HI£8 35 A 250 vF Al Co JIE D e A2 il
Jei » A SRAE G IR B4 V2 FF e . Dannenbery
SEBURE SR I, 7E 70 451 STEMI 3% rh GLS 3738 2 %)
L5 CMR-IS Z [ 47 15 &2 35 JC K, Joseph 587242 Hh £
STEMI H# & S 1 GLS 5 IS % V) AH 5%, 57 — At
FLMW 5 STEMI 5 Co LI 14 B 8IF 5 rh R 30 S 3 4 B
(19 MW 5.0 JULAS BE 11 0 el A0 325 B M 2 6AH D6
AWK B 3D-STE (GLS) 5 MW (GWD) 5 1] 75 i
STEMI i # MACE K4 B4 5 5 CMR-1S H 4
(AUC P> 0.05), H GLS Al GWI Bt & g bnfl T 80—
fabs (P < 0.05, AR b 5B G 2% R PP Al
STEMI &2 fil o 4 L 75 By o

A FAFAE L R AL : QF LG NFEART AL,

I B EAFAAE— € IR M ; @3D-STE MW 258214
Ji B 52 AR O R SR DR R RS W, X 4 R T g
1E T ; BSTEMI &3 2 = O AR, 45 3D-STE K&
MW 0 5 45 ok — 52 PR M 5 J8 i s - 9 A% [m] 8% 1 5
MW , {55 FH I 6 Ah 5 10 e -0 8 (] e VP4 A2 =5 6
Al REAFAE — B iR % WSTEMI % PPCI AR J5 1 &
AN A IS AR 3K, AT FE A 2 O LA BE J5 1 )&
PO LK i 5 7 B I FY) CMIR-IS,, A74E — 58 J= PR 1k 5
OF AR TR D, AW FEARATHESEHAR A [F] TIRA
AR 53T A E— 5 43 B e 1L~ PR A ) 45 BT 25 %)
T ()50

3D-STE J& MW 345 Bl T~ 1itdl] STEMI 2 2 PPCI
ARJG MACE &4, JUHJE GLS & GWI, Hiz Wi i
Y, Ho#HBAGR TR —24, e Whaae 5
CMR-IS A BL, A F- VAl STEMI & 2 Tl J5 42 &
OF A R v, DVE R T Ak B E
BT
(&% 3]
[1] SHAH R U, HENRY T D, RUTTEN-RAMOS S, et al. In-

creasing percutaneous coronary interventions for ST-seg-
ment elevation myocardial infarction in the United States:
progress and opportunity [J]. JACC Cardiovas Interv,
2015, 8(1, Part B): 139-146

[2] SAVIC L, MRDOVIC I, ASANIN M, et al. Using the RISK
-PCI score in the long-term prediction of major adverse
cardiovascular events and mortality after primary percuta-
neous coronary intervention[J]. J Interv Cardiol, 2019,
2019:2679791

[3] TILLER C, REINDL M, HOLZKNECHT M, et al. Associ-
ation of plasma interleukin-6 with infarct size, reperfu-
sion injury, and adverse remodelling after ST - elevation
myocardial infarction [J]. Eur Heart J Acute Cardiovasc
Care, 2022, 11(2):113-123

[4] PRASTARO M, PIROZZI E, GAIBAZZI N, et al. Expert
review on the prognostic role of echocardiography after
acute myocardial infarction[J]. J Am Soc Echocardiogr,
2017,30(5):431-443

[5] LUOY,LIUY,GUAN X, et al. Value of three dimensional
-speckle tracking imaging for predicting left ventricular
function after non-ST-segment elevation myocardial infarc-
tion with percutaneous coronary intervention [J]. J Xray
Sci Technol, 2018,26(2):331-339

[6] IWAHASHI N, KIRIGAYA J, ABE T, et al. Impact of
three - dimensional global longitudinal strain for patients
with acute myocardial infarction[ J/OL]. Eur Heart J Car-
diovasce Imaging, 2020, DOI: 10.1093/ehjci/jeaa241

[7] EDWARDS N, SCALIA G M, SHIINO K, et al. Global



FA4 B 11 5
2024411 H

B, Brfe, 5k

W, . B RGN STEMI 3% &2 PCLAR J5 MACE O 5 [ ].
B R RS SAR CERRLARRD , 2024, 44(11) : 1525-1533, 1549

= 1533-

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

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

LUSTOSA R P, FORTUNI F, VAN DER BIJL P, et al.
Left ventricular myocardial work in the culprit vessel terri-
tory and impact on left ventricular remodelling in patients
with ST-segment elevation myocardial infarction after pri-
mary percutaneous coronary intervention[J]. Eur Heart J
Cardiovasc Imaging, 2021, 22(3):339-347

IBANEZ B, JAMES S, AGEWALL S, et al. 2017 ESC
Guidelines for the management of acute myocardial infarc-
tion in patients presenting with ST-segment elevation[]].
Rev Esp Cardiol, 2017,70(12): 1082

XU X, CAI L, CHEN T, et al. Predictive value of inflam-
mation-based Glasgow prognostic score, platelet-lympho-
cyte ratio, and global registry of acute coronary events
score for major cardiovascular and cerebrovascular
events during hospitalization in patients with acute myo-
cardial infarction[J]. Aging(Albany NY),2021,13(14):
18274-18286

TRMGEE, B 0%, BR A, L I R - RSN E
PG BOERBIKA NIG T B3 AT By 1.
I AR 75 2 2% 5, 2021, 23(5): 337-341

OLIVETTI G, QUAINI F, LAGRASTA C, et al. Cellular
basis of ventricular remodeling after myocardial infarction
in rats[J]. Cardioscience; 1995,6(2): 101-106
IWAHASHI N, KIRIGAYA J, GOHBARA M, et al. Glob-
al strain measured by three-dimensional speckle tracking
echocardiography is a useful predictor for 10-year progno-
sis after a first ST-elevation acute myocardial infarction[J].
Circ J,2021,85(10): 1735-1743

PEDERSEN F, BUTRYMOVICH V, KELBAEK H, et al.
Short- and long-term cause of death in patients treated
with primary PCI for STEMI[J]. J Am Coll Cardiol,
2014,64(20):2101-2108

GU L, JIANG W, QIAN H, et al. Elevated serum FGF21
predicts the major adverse cardiovascular events in STE-
MI patients after emergency percutaneous coronary inter-
vention[J]. Peer J,2021,9: 12235

STONE G W, MAEHARA A, LANSKY A J, et al. A pro-
spective natural-history study of coronary atherosclero-
sis [J]. N Engl J Med,2011,364(3):226-235

STONE P H, RAABE D S, JAFFE A S, et al. Prognostic
significance of location and type of myocardial infarction:
independent adverse outcome associated with anterior lo-
cation[J]. J Am Coll Cardiol, 1988, 11(3):453-463
REINDL M, HOLZKNECHT M, TILLER C, et al. Impact

of infarct location and size on clinical outcome after ST-el-

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

evation myocardial infarction treated by primary percuta-
neous coronary intervention[ J]. Int J Cardiol, 2020, 301:
14-20
EL-NAGGAR H M, OSMAN A S, AHMED M A, et al.
Three - dimensional echocardiographic assessment of left
ventricular geometric changes following acute myocardial
infarction [J]. Int J Cardiovasc Imaging, 2023, 39 (3) :
607-620
RUBENSTEIN J C, LEE D C, WU E, et al. A comparison
of cardiac magnetic resonance imaging peri-infarct border
zone quantification strategies for the prediction of ventric-
ular tachyarrhythmia inducibility [J]. Cardiol J, 2013, 20
(1):68-77
WU E, ORTIZ J T, TEJEDOR P, et al. Infarct size by con-
trast enhanced cardiac magnetic resonance is a stronger
predictor of outcomes than left ventricular ejection frac-
tion or end - systolic volume index: prospective cohort
study[J]. Heart, 2008, 94(6): 730-736
BOCHATON T, CLAEYS M J, GARCIA-DORADO D, et
al. Importance of infarct size versus other variables for
clinical outcomes after PPCI in STEMI patients [J]. Basic
Res Cardiol, 2020, 115(1): 4
RAVNKILDE K, SKAARUP K G, GROVE G L, et al.
Change in global longitudinal strain following acute coro-
nary syndrome and subsequent risk of heart failure [J].
Int J Cardiovasc Imaging, 2021,37(11):3193-3202
KOCICA M J, CORNO A F, CARRERAS-COSTA F, et al.
The helical ventricular myocardial band: global, three-di-
mensional, functional architecture of the ventricular myo-
cardium[ J]. Eur J CardiothoracSurg, 2006, 29: S21-S40
BIERE 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 myocar-
dial infarction[J]. PLoS One,2014,9(1): 86959
WANG C, CHAN Y, WU V C, et al. Incremental prognos-
tic value of global myocardial work over ejection fraction
and global longitudinal strain in patients with heart fail-
ure and reduced ejection fraction[ J]. Eur Heart J Cardio-
vasc Imaging, 2021, 22(3):348-356
TIMOTEO A T, BRANCO L M, GALRINHO A, et al.
Global left ventricular myocardial work index and medium
-term adverse cardiovascular events after ST - elevation
myocardial infarction [J]. Int J Cardiol, 2024, 399:
131781
BOE E, SKULSTAD H, SMISETH O A. Myocardial work
by echocardiography: a novel method ready for clinical
testing[ J ]. Eur Heart J Cardiovasc Imaging, 2019, 20(1):
18-20

(F# % 1549 W)



FA4 B 11
2024411 H

TR, XU RS R , T IR, &5, 1098 i Bk 23R8 25 5 Jim i T[] 344 22 i 0L % 7 40 S5 DR U I PR
RIS ], S BERE R 22 A (A AR BLERRD 5 2024, 44(11) : 1541-1549

*1549-

[22]

[23]

individual variability of aldosterone concentrations in
primary aldosteronism: implications for case detection[J].
Hypertension,2021,77(3):891-899

GOLDSTEIN B J, SCALIA R.Adiponectin: a novel adipo-
kine linking adipocytes and vascular function[J]. J Clin
Endocrinol Metab, 2004, 89(6): 2563-2568

VETTOR R, MILAN G, ROSSATO M, et al. Review arti-
cle: adipocytokines and insulin resistance [J]. Aliment

Pharmacol Ther, 2005, 22(Suppl 2):3-10

[24]

[25]

GIACCHETTI G, FALOIA E, MARINIELLO B, et al.
Overexpression of the renin-angiotensin system in human
visceral adipose tissue in normal and overweight subjects[J].
Am J Hypertens, 2002, 15(5):381-3838
SAM F, DUHANEY T A, SATO K, et al. Adiponectin
deficiency, diastolic dysfunction, and diastolic heart fai-
lure[J]. Endocrinology,2010, 151(1):322-331
[k HHEA]  2024-06-07
(KR HEE: % F1)

B S S S B e e e S S e e s L St S S e e e B e S e e S B e s =

(E#% 1533 1)

[29]

[30]

[31]

BUTCHER S C, LUSTOSA R P, ABOU R, et al. Prognos-
tic implications of left ventricular myocardial work index
in patients with ST-segment elevation myocardial infarc-
tion and reduced left ventricular ejection fraction[J]. Eur
Heart J Cardiovasc Imaging, 2022, 23(5): 699-707
ZHONG J, LIU P, LL S, et al. A comparison of three - di-
mensional speckle tracking echocardiography parameters
in predicting left ventricular remodeling [J]. ] Healthc
Eng,2020,2020: 1-9

DANNENBERG V, CHRISTIANSEN F, SCHNEIDER M,
et al. Exploratory echocardiographic strain parameters for

the estimation of myocardial infarct size in ST -elevation

[32]

[33]

myocardial infarction[J]. Clin Cardiol,2021,44(7):925-
931
JOSEPH G, ZAREMBA T, JOHANSEN M B, et al. Echo-
cardiographic 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
MAHDIUI M E, VAN DER BIJL P, ABOU R, et al. Myo-
cardial work, an echocardiographic measure of post myo-
cardial infarct scar on contrast-enhanced cardiac magnet-
ic resonance[J]. Am J Cardiol,2021,151:1-9
[WHsBHA]  2024-05-13
(RXiE: [

=9



