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( percutaneous coronary intervention surgery , PCI) ) & 1.0 LA FE (acute myocardial infarction, AMI) 5 3%
102 5], %F B E A TO I GO BERE TS O LR 305 59 . BNP LG HLC i RS A AR O IR S A2 &
Il 53 %% (left ventricular ejection fraction, LVEF ) Jl 22 25 5, ¥ B2 & /0 - F- .05 = = # (early ventricular
remodeling, EVR) £ (LVEF<50% , 50 51| ) Xt FR41 ( LVEF =50% ,52 f5i]) , b5 4RG3 10 S 4 25 i A
HLO S8, RAZ I E logistic [BIH4347 EVR B9~z B0 R £ . R 3238 TAE4R1E (receiver
operating characteristic, ROC) fljZ¢ T [ FX (area under the curve, AUC) P4t Jd 37 T00M] R 25 % EVR ) 7 )
. & EVR 41090005 B S Ea MU sh it ] FEAE (electromechanical activation time divided
by the cardiac cycle length, EMATe) | 2= 2= Wit 4 i [8] E{E (left ventricular systolic time divided by the cardiac
cycle length , LVSTe) 5 PU.0 35 9 B (fourth heart sound,S4) 75 %5 N 45 1) E B2 535 %k ( systolic dysfunction
index , SDI) 4 I 2 /& X BRAL (P <0. 05)  logistic [81 )73 B 25 RARIR , 78 LR A0 HLO 1 BT S8
g1, B (OR=53.20,95%CI: 3.80~1 349.00,P=0.007) 0> EZE EMATc(OR=2.62,95%ClI .
1.77~4.30,P<0. 001) FL.0 i HE 75 72 2= 47 7 K B N 12 (left ventricular end diastolic dimension, LVEDD;
OR=1.19,95%CI:1.03~1.42,P=0. 029) #f A2 H) logistic [ A o, EMATe 7K Al £ 4 [X 53
EVR B3 (AUC=0.892,95%CI 0. 834~0. 949, P<0.001) , 41l AL f 3% B oM 11. 50 B, s vl ik 76. 0%
MR 240 LVEDD (e fEm FHH A 49. 50 mm , F5 575250 86. 5% , BA K IHEBRIZI B, &5 O
HLC B IS8 EMATe ] T R 2otk o IS 5 A0 3 JE i .
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Predictive value of acoustic cardiogram for early-stage ventricular remodeling after

acute myocardial infarction: an analysis of 102 cases
ZENG Xiaojuan, ZHANG Liang, WANG Weiwei, ZHAO Lei, LI Yangiu, SI Liangyi Department of Cardiology, the
Third Affiliated Hospital of Chongqing Medical University, Chongging, 401120, China

[ Abstract | Objective To investigate the predictive value of acoustic cardiographic parameters for
post-acute myocardial infarction (AMI) early ventricular remodeling (EVR). Methods A total of 102 AMI
patients undergoing percutaneous coronary intervention ( PCI) in our hospital during June 2021 and February
2022 were recruited in this study. Electrocardiography, cardiac Doppler ultrasound examination, and acoustic
cardiography were performed for all of them. Their biomarkers of cardiac injury and brain natriuretic peptide
(BNP) were detected and recorded. According to the value of left ventricular ejection fraction (LVEF) , they
were and divided into EVR group (<50%, n=50) and control group ( =50%, n=52). The baseline data
and acoustic cardiographic parameters were compared between the 2 groups. Multivariate logistic regression

analysis was applied to analyze the independent predictors for EVR, and the area under the curve (AUC) of
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receiver operating characteristic ( ROC) were conducted to evaluate the predictive performances of these

predictive factors. Results Among the acoustic cardiographic parameters, significantly higher
electromechanical activation time divided by the cardiac cycle length (EMATc) , left ventricular systolic time
divided by the cardiac cycle length (LVSTc), fourth heart sound (S4) strength, and systolic dysfunction
index (SDI) were observed in the EVR group than the control group (P<0.05). And in the clinical data and
acoustic cardiographic parameters, male ( OR =53.20, 95%CI. 3. 80 ~1 349. 00, P=0.007), EMATc
(OR=2.62, 95%CI. 1.77~4.30, P<0.001) and LVEDD (OR=1.19, 95%CI. 1.03~1.42, P=0.029)
finally entered in the logistic regression model in a logistic regression model predicting EVR. EMATc level
could satisfactorily distinguish those patients with EVR (AUC=0. 892, 95%CI; 0. 834~0.949, P<0.001),
and when the cut-off point was set as 11.50, the sensitivity could be up to 76.0%. LVEDD level at an optimal
cut-off value of 49. 50 mm yielded a specificity of 86. 5%, providing evidence for an exclusion diagnosis.

Conclusion  Acoustic cardiographic parameter EMATc is an independent predictor for EVR in AMI patients.
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21k .0 ILAE BE (acute myocardial infarction, AMI)
FIHAEBE R L)) 5255 (heart failure , HF ) /759K J2& 32 2 1)
ATAER B Z — 723K BN EER TR
=z —MAMI 5 ) A 0> 2% B M ( ventricular
remodeling, VR ) J&— i 7O LI 05 1 Sh 20 7, 5
TR A0 R FILC LS B8 T 2 A KU AR O o 28 ik
MR Bh k A A V8 J7 ( percutaneous coronary intervention
surgery , PCI) J& 3T 4F e e A1 Ak 9 3R 7 O ik H R R
A T — R IR HE e, anfliH B-H ER R BERH
WL E 9k &K % i B ( angiotensin  converting
enzyme , ACE ) 1] 7] |t 77 28 245 49 F ] ] VT bR 45 245 4
ZJa A 0 B R VR, R LR HEY
AMI J5 A fE 24 ~ 72 h N & A2 4000 %8 F A (early
ventricular remodeling, EVR) , FHRRE DL ZE O 38 KN 2
& HEATIRER) S8 O T R R A b= YR
O B 75 /8 = 5 UL 43 20 (left ventricular ejection
fraction, LVEF ) [ 11 J&) 38 % BE 15 3 7 45 . EVR
YR A R M) AMIL i i — 2000 JIE = 4 R JE AT T
JEMEER R, R I HF SRR Z AT, 2R N
TCHER A5 F RO D) R 58, B JCRE AR A2 00 25 00 4 D e
% f3 ( left ventricular systolic dysfunction, LVSD ),
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TG RAEAR , 28 5 N TC 1 K AP 2 Wi e 2 S 80m 1 In .
ESR B BUIKA4H 3K ( B-type natriuretic peptide , BNP ) FlI#8
7Bl O G L3R 14 (cardiac magnetic resonance
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WL # %E ( non-ST-elevation
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OFBERGAE b5 % L B R S % S B s @i
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H s QU EIF IR DI REA 42 @RI EEAA S &
FOFME . 2 5HE R R EZ AR ES.
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R AR = R fe B 2 D o T A AL (2021 AERHME
HE 33 5) . AMELFH I ML EVR 4 (LVEF <
50% ,50 14 ) Fix} BELL (LVEF =50% ,52 f4i] ) , 4341 4% I8
CRMEONUERE 5 0 % A B A L 300 .0
EEARS WA
1.2 WL 35 4R

WO AL 80— A5 5L, B TR AR 0 A5
AR (body mass index, BMI) | Il | ALAR | LBE 2L,
PAKe NT-proBNP LCIEAR AT o Cor ] L0 B O 7 R S G 2T
SRR PTG RAEARE 72 h WZE IFIC sk O MR
LVEF Jj5E Kt B3 S ECRIEIITE PCL ARG SR

O RO 5 PR T A SR T 25 L ) — TR B A, 18
T W LA TR A A s o 1) T BB 1) V3 D V4 Ao
BOAREIATED 10 s BRI BB L FEiX
AR G — BT BT 5 S A PR, [
LR E VO HEE S, IO BRI O A
oAy L s Y A G HE b o xS kT 1 R R
B L RO R R R BRI . W SO O B 2
) 35 . .0 JE F HLAK 35 30 B 8] (electro mechanical
activation time, EMAT) , Rl.0H1L B QRS It & Q I IT
HR3) 5 — 03 (first heart sound, S1) A 423k 2H il 356
3 I (] 5 ) g ML 3 I 1] HE H ( electromechanical
activation time divided by the cardiac cycle length,
EMATc) : EMAT 5.0 i R-R (1 oA, 3255 EMAT
JIT i 10 3l A I L 4], EMAT S B EMATe 1 fin42
ANIE B N REZ A s @750 FE LA I 18] (left ventricular
systolic time, LVST) , Bl.0HL.0F E Y ST 2585 .0 &
(second heart sound,S2) R 8] ; D AE 25 W & i Ta] L AE
(left ventricular systolic time divided by the cardiac cycle
length,LVSTc) : LVST 5.0 3 J& ] R-R B UAE, 3Rm
LVST I i 1.0 3 Y Ho 3], LVST SE K B} LVSTe 3
IR 7R 260 W 4 D REVGR s @ %5 =0 & (third heart
sound, S3) : HYBLTE.C & K FL B SER I 2 K,
— AN S3 Y I Hy 0 E PR S A 9 LR A O
P il S5 BE 00 % BE R ANFL K LIS AR B 5k AR 3l
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1 eI, — O S4 57 A S0 DI BU &
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ik PRBNA G, S4 R EE AL 0~ 10,84 SR EE>S HRAF
RO BEET TR REA 20 @0 E U5 455 ) BB B 1% 45 b
('systolic dysfunction index, SDI) ; & QRS 5 22 i) ] |
QR [X[a] \EMAT 1 RR AR 25, ARt
5 - e 5 B — 4> 0~ 10 [ RUEE |, SDI>S iR
LVEF<50%
1.3 wowsHFEEE T *®

BHLFFEMIARR S min 7247, SRAFIFIFAS
H 0L B CACG, T g R R | Hadk
PR LA IO Fi IR vk e T iy % B S K
FLE, Hrh V3 [ VA SIRHCE O H ] RO PR )k
St A0 & ML HUE S 2 min, {55 R4 50 BR
S IO FH o B L G A 201 B A S B, o JR
AT E A 3 RIELLIC 5%, 1155 EMAT (EMATc \LVST
LVSTc ,SDI . S3 5S4 s fF
1.4 %it3F 54

I RES (5 4. 1.2 | #5583 00 . i
S BE D s 267, I 25 4 A KR 41 B e T
o KR O 2 3 A B 119 41 18] L 3R AT Mann-Whitney
U K35 5 53 28 748 5 USSR A 40 80380, R R 5 K
B0 K G logistic [MIH 734 E AMI 5 EVR 12l
SETIN R R SRR ) G ) AT AR R R .
Ty 28 1K T ( varionce inflation factor, VIF) #;#%
o ZASIY T T P (R A 2R . 2l Sz TR
$F1E (receiver operating characteristic, ROC) {2, H#2 4%
g EVR )il £k T i 2 (area under the curve, AUC)
PARABURREE e B BRPERLAR B (LR+) FIBAPEISR 1
(LR=) PEAL TN R 5~ ) F0I &4 g . AUIIAG: 3, P<0. 05
Bl EF BEA G L

2 H#R

2.1 EVR L3R 20 69k & 4%

SEg A 102 1 55 EVR 41 50 ], % BR 4L 52 91,
WAL SRR B AL O O F E SR 1, Wl
BMI W S & &0 L% A\ LDL-C Al cInl 22 734 Jo 40
W E X, EVR HRER & T X IR4(P=0.013) , 1
15 NT-proBNP I 2 5 T-%f B2 ( P<0. 001) , .0 ZE 75K
KH] N 42 (left ventricular end diastolic dimension,
LVEDD) fil /g .0 2 &7 7k K i 25 FH (left ventricular end-
diastolic volume , LVEDV) 4,/ F- Xt Fi4H ( P<0. 001) , 3%
7~ EVR HA B 0 220 &8 RIHHEA L 3h 7177 1Y
B, FEOHOE B S E0h, 5XT A, EVR 4
L EMATe \LVSTc ,S4 .SDI 3 5 2 715 (P<0.05)
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P21 QRS Fraii ] EMAT LVST 83 % M 5112
B, fEAS— Ay ), EMATC il LVSTc & EMAT A
LVST 55 RR [ A0 HL (8, 377 10 0 L AFL, TR 22
fR S BT ) EMAT i LVST, RE A7 407 BAPI ALY
25

®1 BEEZKBRMOBOTESH [#(%) 5]

A XTHRZH (n=52) EVR 41 (n=50) PAi
PR 0.001
5 49(94.23) 35(70.00)
@ 3(5.77) 15(30.00)
RIS % 58.38214.59 64.84=11.92 0.013
BML/ (kg/m?) 24, 60+1.76 23.90+2. 27 0.176
WA 40(76.92) 33(66.00) 0.221
SBP/mmHg 137.65+23.07 138.84:23.29 0.685
DBP/mmHg 81.87+11.70 82.10£14.04 0.952
[/ (mmol /L) 9.27+4.49 8.2323.33 0.288
LDL-C/ (mmol/L) 3.160.84 3.1410. 82 0.984
NT-proBNP/ (pg/mL)  535.95+1 080.10 1 923.68+3 678.32 <0.001
Tnl/ (ng/mL) 10.53+17.33 12.08+16.43 0.401
STEMI <0.001
HiRE 7(13.46) 17(34.00)
JERE 2(3.85) 0(0.00)
e 0(0.00) 2(4.00)
FRE 23(44.23) 7(14.00)
AE 0(0.00) 1(2.00)
NSTEMI 20(38.46) 23(46.00) <0.001
03/ (Y/min) 72.12£11.27 79.04=13. 19 0.014
QRS/mm 92.38+15.82 99. 64+24.76 0.317
LVEDD/ mm 45.06+4. 02 49.08+5.79 <0.001
LVEDV/mL 101. 46 15. 44 121.06£28.78  <0.001
LVEF/% 63. 60£6. 49 50. 88+9. 20 <0.001
FERRERE R 0(0.00) 50( 100. 00) <0.001
EMAT/ms 89.75+18.73 94, 86+15. 40 0.178
EMATc/ % 9.67+1.73 13.08£2.28 <0.001
LVST/ms 309.21£27.92 298.32+30. 47 0.235
LVSTe/ % 36. 603. 80 38. 66+4. 22 0.007
S3 3.21+1.21 3.62+2.05 0.676
S4 4.49+2.00 5.17%1.76 0.012
SDI 3. 111,03 4.17+1.89 0.002

BMI: 4k it ¥ 35 % ; SBP 1 ik %5 /& ; DBP : 4 7K /& ; LDL-C . f&. %
JERE & G M2 B 8% ; NT-proBNP: &, & K 3% s A 4k Bk 37 4K
¢Tnl: s BLAL45 & & ; STEMI: ST B 45 & & JULAR 56
NSTEMI: 3F ST Bt#s & &5 Lk 58 ; LVEDD : £ % 47 5k K
W72 ;LVEDV: £ % 47 3k K 49 5 4% LVEF: £ £ 4 fe 5 35
EMAT ;<5 i W, AU 38 3 B 2] 5 EMATc : w5 i o ALK 38 3 B
8] K AH s LVST : A& 2l % it 18] ; LVSTe: A& & M 45 i i) KA ;
S3: 4 =5 5 S4: 5 va 5 SDIL M S o f I AT 35 4

2.2 % A& logistic 932 447 EVR Fum| B %

WA R EARE AN logistic [H1IARIRY , SR HT T 8] #1
Ja kAT A Bk, 9P (OR =53.20, 95%CI:
3.80~1 349.00,P=0.007) . EMAT( OR =2. 62,95%
CI:1.77~4.30,P<0.001) # LVEDD(OR=1.19,95%
CI:1.03~1,42,P=0.029) }& £ % J5 EVR [1yh
ST R (£ 2) o TR E, S8 P=
0. 087, SDI A3 B 15 f5c 28 1 [l A B R vy | 3¢ BHATS 0 =%
J& SDI {EAE EVR 2K i 5tk

#*2 EVRZZFOROEFESHNSERE logistic @3S

i3 s OR 95% CI PH
P53

ﬁ‘ - —

H 53.20 3.80~1 349.00 0. 007
g

/I_ll\‘ J— J—

2 5.48 0.74~59. 80 0. 120
EMATec 2.62 1.77~4.30 <0.001
SDI 1.51 0.97~2.57 0. 087
LVEDD 1.19 1.03~1.42 0. 029

EMATc ; 5 ik ¥, UMK 8 3h B ) L4 ; LVEDD : £ 7 477k A 4
PJ 42 ; SDL: K 45 o e B AT 345 44

2.3 M AT 5 RRE R EZ A6 EL ST

WA 2GR - (VIF) RS e st v 3 4
T PR 5 A AR R Sk . B A R EMATC,
LVEDD F1 SDI Z [a] i VIF #/hF 10.0( & 1), 375 5%
o7 5 EMATe \LVEDD 1 SDI 2 [a]#4)5 H Bl 2 8 3t
S
2.4 Tl B 5 e TR mOR

%} EMATe . LVEDD F1 SDI %432 i% & T /4 1E
(ROC) M1 £ If i1 A ih £ T i AL (AUC) . EMATc Tl
EVR ] AUC 47 0. 892( 5] 2) , 7E3% 3 /> T i |5+
#5 LVEDD 71 SDI i) AUC 435134 0.697 1 0. 682( & 2) .
2.5 s B A STRN AR L AR

T I TR 24848 FIOR i s 100 1 e A BT (L, O
VAR R 5B BAPE SR LA BH RS FE R MY
M ERE . EMATe (1) S AR AW E N 11. 50, FLAUR
H76.0% , K55 R 80. 8% , & EVR 1 e fE 1 Il X -+
(#3). 5 EMATc #itt,SDI pors EH, 4 80. 8%,
THBURFE 3R, 2 54. 0% (3% 3) . MR H I E A
49.50 mm H, LVEDD A5 %5 5 (1 FR S BE (86. 5%, 32 3)
WX HEBRIZ T B A e 1 7 S
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ASEY
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FEMKET

FERKET
®
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1% BMI  cTnl DBP
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EMATc
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EMAT Heart LDL-c LVEDDLVEDV LVST
(ms) Rate (mmolL) (mm) (m)  (ms)

LVEDD

X B

EMATC EMAT Heart LDL-c LVEDV LVSTc

(ms) Rate (mmoll) (m)  (ms)

SDI

ft
H¢

EMATc EMAT
(ms) Rate (mmoliL) (mm)  (mi)

Heart LDL-c LVEDV LVEDV LVST¢

c LVSTC BNP QRS s3
(pg/mi)

LVSTC BNP QRS s3
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t
t

5
(ms)

@ Low (<5) @ Moderate (< 10) @ High (= 10)

s4 see sol A

s« s so B

)t

e VSTCENE QRS| & a4 seR | (
(pg/mi)

A:EMATe 55 HA6 % 2 18 69 £ & 5 #7; B LVEDD 5 i
W T2 06 KT C.SDT B L K F 2 7 g K &

P AT

1 FEBEREFTHETEZ MR LE

0.8 J-ierieemeifdencninns et

o 0.6

&)

B 04+

AUC: 0.697

O_A‘. ...................................

& 2

—— EMATc
LVEDD
SDI

10 08
FiStI

06 04 02 0

T EFRZiE TR 2

x3 TNEFHRERFERNEES T

S WWrE  BURE RRE LR+ LR-
EMATc 11.50 0.760 0. 808 3.952 0.297
LVEDD  49.50 0. 480 0. 865 3.566 0. 601

SDI 3.45 0.540 0. 808 2. 808 0.570

EMATe ;s i ¥, HUARSL 50 B 18] JB4A; LVEDD : £ £ 475K R
M 42 ;SDI: M 45 o A M A 45 4

AMI J5 EVR 5.0 5 FIBE T XU I A 5, oA
Y4 R TC SRR D O A R s, A
WFEIER T 0RO 35 AR IR 51 AMI J5 EVR HE 1Y
IR AT e Z — TN (B ASHFE Y 5
BlJ&: EMATc Fl LVEDD 7 8 % Ho Aty 2% 1 ) 5 0
35 b S EVR F R % . EMATe A 2 EVR
A T PR, P AUC 53k 0. 892, 4N N
11.50, EMATe il EVR B 480K 5 R4S 5 1 o0 43 51
76.0% F1 80. 8% ., LVEDD [ # W7 (&% 7 49. 50 mm
B 5 B 0T ik 5 86. 5% , 3 A1 S — I HERR 12 i
L

TEIG RS2 P, 4 T AMI J5 LVSD ) 00 i1 % 5]
ATER S IR AR R R B I35 A A R ) Bl s
A BT AMLJE VR 532 W7 A iUs ro et . i R
I AMI EH B EWbs S 4E BNP (B2 i
A BR ELAH IR 45 A —B, AT TR, oL
FHAE A MEWISE 7 KAY I3 BNP ¥ % K TF 100 pg/mL,
A T AMI S 30 d & AE VR (] R ;O LSS
JE55 30~90 Fo54E BNP Wk B 14 2 5 4 6 AMI J5
6 MM VR A% 55— TS & B, NT-proBNP >
115 pmol/L A LARAF H Ui th R A O B Y 9K I i,
Wi AUC=0. 771 9 [A 1t BNP £ g U0 £E Hr b
S BRI 18] S B, X 5 FERTIN 250 [y 4%
18, = BNP 7KV 5 & i ] g5 1 VR A ¢ — 2, (BX F
AMI J5 B9 75 SCE R, PR, RS 137 JF R 1L 3 BNP
S 25 W I A HEA T 3 5 I ) S Y, LAE— 25 48R
BNP #5%f EVR (35 GE 77 .

FRT, 4 EVR 932 W7 76 4 T 55 38 1] P9 1% JG 1
4R v ] P O P2 B B R s Rl &
FIARAMI B# ARG T E LS & A
NT-proBNP #5 25 , £ &4 AT 47 ST2 Kot , Ko e 4 SR 5
(9 58 IS AT 40 MO JUE R A 0 M R I R AR 14
(CMRI) LAVEA 72 % W 47 S i, %5 LVEF< 50% , 32 75
AMI J5¢4 EVR, i & 2, M EWis S H T
B OB VR, ARG DL LVEF<50% 1E = 5 hRifE
(ER TSR, B AR BT T 74 0 2 P 0 2 3 i
FARIAZFU(LVESY) AR AMI H 35 WS 0 R (1 5
PEEIRETT 9 6 > H 9 LVESV 3 11> 15% , W12 Wi Ky
VR, —se L 2 it i, A AMI J5 JCSE R 19
LVSD,LVEF<50% , W2 Wi it )5 o s '™ . oty

HiH

N WNo
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NHpB 22 = G ik R AL (LVEDV) 3 in 20% Fil -+
LKL ETEIE Y CMRIE H FTANBIVE I 0%
R BEJR A7 = i i ML & LVEF () & bR, fEm P
DR oM 75 (ELC T A 5 ol D 7 o, B 4 L 28 4tk
15, LT B 25 RS  JUT A 205 K R D) B S o8, JE: I AR
Yr BN 4 5 &7 3k Dh B e g 7 Y EXEF AMI
BB S, KEY B TOIE T % MRI K2, B TH %
o BRI E  EVR 2 AR A s i 2 a)

AHIFE SR R - BT S A ST REAS S AT B, AE B2k
BE Kot S5 logistic [BIFAH1H, B HE/E R EVR
N H: OR HEK, 5 AL BAREEA B A4,
Xt HRA AN A Lotk BB B R D . R, AR T A AE 3%
L2 E] 53545 BNP 7K, JG74 i BNP Wil EVR #2141
ARG o A I 0 P53 - 18 FH 11000 Hi o0 3 T A
R AR A P PR A, R AR EVR G AT B
B2 AW IESZ EMATe #1 LVEDD %} EVR ## (1
ThS7 TR AE T, MG PR SE B R EVR B35 112 4R 1t
TR

S 30k
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