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Speckle tracking imaging combined with real time three—dimensional
echocardiography in evaluating left ventricular function and
synchronization after percutaneous coronary intervention

REN Shan, LIU Huachang, FENG Yan, YANG Wensheng
Department of Ultrasound , Langfang People’s Hospital , Hebei 065000, China

ABSTRACT Objective To investigate the value of two—dimensional speckle tracking imaging (2D-STI) combined
with real time three—dimensional echocardiography (RT-3DE) in evaluating left ventricular function after percutaneous coronary
intervention (PCI) in patients with acute myocardial infarction. Methods A retrospective analysis of 30 patients with acute
myocardial infarction underwent PCI was performed. Left ventricular function and synchrony were evaluated by 2D-STI and
RT-3DE before treatment, 1 week and 1 month after operation. The 2D-STI left ventricular function indexes included the
longitudinal strain (LS) of the left ventricular basal, apical,, and middle segments, the left ventricular global longitudinal strain

(GLS) , and the synchronization indexes included the maximum-minimum difference of the peak time of the 18 segments
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(Tp—diff) and standard deviation (Tp—SD).RT-3DE left ventricular function indexes included basal segment, middle segment,
apical segment ejection fraction (EFbase, EFmiddle, EFapex) and left ventricular ejection fraction(LVEF) , and the synchronicity
indexes included the time at which 16 segments reach the minimum systolic volume maximum-minimum difference ( Tmsv—
16—diff) and standard deviation (Tmsv—16-SD) , and the percentage of the two cardiac cycles after correction by RR interval
(Tmsv—16-diff% , Tmsv—16 —SD% ).ROC curve was drawn to analyze the diagnostic efficiency of 2D-STI, RT-3DE and their
combination in left ventricular asynchromy. Results The results of 2D-STI showed that the GLS, basal segment LS, apical
segment LS and middle segment LS were gradually increased, and the difference between 1 month and 1 week after operation
were statistically significant (all P<0.05).The Tp—diff and Tp—-SD were decreased,and the differences were statistically
significant between 1 week after operation and before operation, and between 1 month and 1 week after operation (both P<0.05).
The results of RT-3DE showed that the LVEF, EFbase, EFmiddle and EFapex were gradually increased, and the difference
between 1 month and 1 week after operation were statistically significant (all £<0.05).The Tmsv—16—diff, Tmsv—16—SD, Tmsv—
16-diff% and Tmsv—16-SD% were gradually decreased, the differences of Tmsv—16-diff, Tmsv-16-diff% were statistically
significant between 1 week after operation and before operation, and between 1 month and 1 week after operation (both P<0.05).
The differences of Tmsv—16-SD , Tmsv—16-SD% were statistically significant between 1 month and 1 week after operation (both
P<0.05).ROC curve analysis showed that the area under the curve of 2D-STI and RT-3DE in diagnosis of left ventricular
synchronization were 0.869 and 0.878, the sensitivity were 91.35% and 92.24%, and the specificity were 79.23% and 76.67%,
respectively.The sensitivity and specificity of the combined application were 96.88% and 81.35%, the area under the curve was
0.968, which was higher than that of 2D-STI and RT-3DE (Z=4.945, P<0.05).Conclusion 2D-STI combined with RT-3DE
can assess left ventricular systolic and synchrony in patients with acute myocardial infarction, and plays an important guiding
role in clinical treatment.

KEY WORDS Speckle tracking imaging, two—dimensional ; Echocardiography, three—=dimensional, real time; Coronary

intervention, percutaneous ; Left ventricular function, synchronization

WFoE R, 2O U B8 B 5 AT 48 Bt AR B ik
I AIRIT (PCO ARG, 0 Uk Jry 38 Xy i R0 ) 2614 24 g 15
B k3  (H AR ZAE B2 Z R R g . R
AT BTAl PCUA S5 (85 1Y =35 D) RE F1 [m] 25 ¢, X
W FARIFRAE R — PR AEEE . =
Ak B 538 5 A% (2D - ST FlSE i) = 4 75 .0 30 &
(RT-3DE) /2 P JIE Wi 4 Dy e Fn (] 20 Pk 1 22
B, HE4 68 X0 JIE (4 JR) 355 F1 A& 44 1) Be HF 17 oE 0 1T
=, T I, AW SIS L B AP 5 A O IR
TR T RE , B0 G PRI FH A

BRE5TE

— WS

PEHL 2017 4F 6 A 22019 4 1 A 3 Bedlin iy 2k
WU SEAUAT PCLA 1Y) £8 5 304911, 55 19 3, L 11 441,
RS 62~79 %, V-1 (70.68+5.19) % . W AARHE: DY
56 (R ST Brdt & B0 ILBEFE 12 B MR T 46 e )
H IS W bR o s @6 I PCTEEAE , POkl 58 54 ; @ M0
5 @R RE A/l i B BECUESE . HEBR bR - OREFE
A PCI 1 /B3 s @A ™ 5 AW 1) 1) £ 3 BBy
B @8 PO T RE N 4 AR TH PR O LA BE 235

ORI O AL 5 At O JIE 995 8 s © & IF A
SZNA PCUIR YT ROR MBS0 (R . AR 2T =
FARTRZE Lo UE, A R A B S R

= A Sk

1A% i FH Philips iE 33 B0 258 12 WL,
S5-1 R AN X3-1 KBRS M %6 1~3 MHz; Bil#$ QLAB
8.1 2 oM kA -

2. kA R UMM, 780 i A S
S5-1 K RAE B F L 30 Bl JEHH A oA PR I L
I =W 0 2 DY s W Ak K B sh S AR 5 SR I o
X3-1 8k i A R BARRE, RE B EEL 30
S RS FREE . AR RIS, I FH R St 3 Hr st
BLAT T AT SE A G 2 R 0 A 350 i ) — i 75 =
Uy W & B N 1 ol N T N = D8 B = IS

3.2D-STUAG I S5 W A 53 BT kA 18 415 Be
O AL &5 8 A ) U (1 A%, BB 252 340 Bl JR) T ) °F
PE I3 184 BV M, M 20 28 B ARG [ iy A2
(GLS) 5 TR 22 B B B 04 B v ] B (R 9 1w o7 AR
(LS) MENZEZ WA REVEM P b5 . ELEI i 1847
By QRS i 1 3 WS A 100 0 {1 72 s [) 33507 244
VB 184717 Be iy ak bt [i] , 44 A sl 438 18 41 Bik




Il R AR 5 BE2f 275 2020 4F 7 H 25 22 855 78] ] Clin Ultrasound in Med, July 2020, Vol.22,No.7 « 507 -

WG ] f1 B K —die /DM 22 (Tp—difff) FIFRfE 22 (Tp—-SD)
ViR ZEZ AR TE FE b

4.RT-3DE K 2 55 . W H 34 53 B 4R 45 72 = i
] - 25 P 2R IR, A4 26 % 16 799 Bolle 4 K W A A&7
5K A 2 A, AR 2 20 T B S I o Bk = (T BEAT ik R
25 B - Bl R I 25 B BT Bk OR 1 A
x100% . FEJFEBE A A BE 04 Bt I 43 %X (EFbase |
EFmiddle . EFapex) >4 £ H 75 Bt 45 1L 53 500 -2 1E , 5k
5 A shit B34 22 = 41 i 20 (LVEF) ; i LVEF
EFbase . EFmiddle . EFapex 1§ & 22 % Y& 45 T fig () PF- 41
FEbR o AP ZEEE 16717 Bk iy s AR a] (1) 5
K—1/ME 2 (Tmsv—16-diff) FIFRHEZ (Tmsv—16-SD) ,
THE S RR R IS 0 30 B3 A H 43 HeqE
(Tmsv—16-diff%  Tmsv—16-SD% ) ; fifi J} Tmsv—16~diff |
Tmsv—16=SD . Tmsv—16—diff% ; Tmsv—16-SD%AE "} /&
Z R TER FE bR

5. HZ 28 (TDD) K 245« 1 FH #3545 TDI
PR -] 2R, TR AR S 12 N B QRS P 4R )
A (P LA 4 3 B ) B 8] (s ), A R 2 Wi 22 5 R TR A5 (1)
F5H5

6. £ E N AR 212 Wikr e - OTDI 2 Wik . /2
2B Ts AE7E 2050 24 DA E 57 B ) A e e [i]
2>100 ms. QWEA2Hr : Tp—diff Fl Tmsv—16-diff P&
B K FH Logistic 1713353 PN AR A HE R (E

= Giit gk

i SPSS 23.0 e it i Bk DL xes o, P
A [A) L ARAT ¢ K56, 22 20 1) LA R SR R R O 25250 # o
224 5233 B TAEHRFAE (ROC) Bk 43 #7 2D-STT 55 RT-
3DE S A A X 22 2 R [R5 2 B s g L 1
FMZ T EAL(AUC) AT Z K0 . P<0.05 M2 A 5t
IES-3'&

& =R

— 2D-STIKG A/

L2 WA DI fE : 2P0 AL 35 RS GLS A
JEBE LS O AR B LS M) B LS #4 22 ir b Fh#a i, R
E1ESRATEZR Y LGB, RE1 1A
ARG VR E, &SR, 2R A5 2EE X
(¥3P<0.05). W1,

2. 22 F FIDE 2RO WIS 8 5 R 5 Tp—diff #1
Tp-SD B M T B, RS 1R S ARATRARE 14
A 2 7 3 it 2 3 L (34 P<0.05) . L3 2
A 1.

Fz 1 2D-STURI Z AL AESE B PCIARRT AT

LW BE RS Ak (Rxs) %

I ] GLS FRE LS DARBLLS B LS

PNl ~12.92+4.61 -12.232431 -12.69+4.86 —12.08+3.74

ARIG1E  -13.133426 -13.5724.28 13943472  -12.3424.02

RIFIANH -17.67#4.18° -16.96+5.21° —17.74+5.28" -17.59+4.31"
FAH 20.24 21.14 10.03 16.25
P{H 0.00 0.00 0.00 0.00

SARJE VR HE, P<0.05, GLS: 222 FEARYN a1 AL 5 1S« P ] )i A
R2  2D-STIAI AL UAESE & PCIARAT AJF

2eZE A PERE AR S AL (xs) ms
P[] Tp—diff Tp-SD
ARH 42.56+13.38 119.84£25.79
ENERY: 35.62+10.15" 93.42422.71°
RIFE14H 23.19+6.35" 68.92+14.16*
FIE 21.97 59.11
PAH 0.00 0.00

HARHIHE,"P<0.05, §AJG 1JH EL,#P<0.05, Tp-diff: ik W}
5] B 5 R —Fre /M 22 5 Tp—SD « IR W ] A v 22

& €xpes o

0

uuuuuu

A PCIARHT, HZHEFI AL AL, 2% 15 Belfe 4 I 1] 107 A8 3K W I 0] 45 5K 28

5B PCIARJE 1A H | IZRHETA 17, 415 Bl N 1) 1o 2 15 e i i)
BN
Bl [t o VAL & PCIARHT ARG 2D-STI &

. .RT-3DE ¥ A i

L 2B fg . VO WUEEFE B35 R J5 LVEF .
EFbase . EFmiddleey ) EFapex ¥ 2 &1 [ FHi@a#. 5
ARG HHE, EFmiddle R J5 1A A4S H 5 83 EFH(Y
P<0.05) , LVEF .EFbase }z Efapex R J5 1 J&] 3 JC B i A8



- 508 - i A A 74

BE2E 25 2020 4E 7 H 55 22 455 73] J Clin Ultrasound in Med, July 2020, Vol.22,No.7

e, ZEF IS RSO 1A ETHEP<0.05) .
W3,
3 RT-3DEMIN ML IUESLEE PCIARHT A

e UV E A A=) %
Hif 1] LVEF EFbase EFmiddle EFapex
AT 43324793  47.31+6.84 48.09+5.61  46.28+6.31
AJF 1A 46.34+8.26  49.67+5.96 51.25+6.37"  48.74%5.92
AIF1MH  56.78+6.65"  54.82+6.28% 55.33+5.88™ 54.07+5.62¢
F{E 22.07 5.55 6.03 17.77
P{E 0.00 0.01 0.00 0.00

LR FTHL#E L *P<0.05, S5 ARG 1H L 4E ,#P<0.05. LVEF: 22 % S i
I35 EFbase : JE G BT 14388 ; EFmiddle : o] BESS 11153550 ; EFapex: O
B I 438

2. A A A O U BE 4 R JS Tmsv—16-
diff . Tmsv—16-SD . Tmsv—16~diff% /% Tmsv—16-SD% ]
BN BB 5 ORI, Tmsv—-16-diff 1
Tmsv—16-diff%A 5 1JEA 1~ H B8 E K (35 P<0.05),
Tmsv—16-SD Fl Tmsv—16-SD% A J5 1 J& 4 Jc W i [
K, 25 IgEITFE L ARG 1A R E TR
P<0.05). WLE4FE 2,

F4  RT-3DE RISk UESE B PCLRTRT RS

ZEZ AR A (s )
Tmsv-16-diff Tmsv-16-SD Tmsv-16-diff% Tmsv-16-SD%

i ]

(ms) (ms) (%) (%)
AR 68.37+10.46  16.74+3.61 10.97+2.58 4.85+1.31
AJa 1 52.18+7.59"  15.42+2.89 9.26+2.03" 4.68+1.28
RFE1IAMA 4351£6.427%  13.02+2.35™ 6.84+2.11% 4.07£1.04™
Fid 68.45 34.60 25.34 3.58
PH 0.00 0.00 0.00 0.00

ERHETILE " P<0.05, 5T 1A L, #P<0.05, Tmsv—-16-diff: 72
51617 B S/ N 391 7 B 5] ) 55K — e /IME 22 5 Tmsv—16-SD: /2
2516 79 BUIA fee/ NS W1 4 BRI 6] B4R HE 22 3 Tmsv—16~diff% : Tmsv—16~
diff 28 RR [ 3R TR I ot 0 3 TR 9 7 20 HUAE  Tmsv—16-SD% : Tmsv—
16-SD & RR [ AR 1E S5 o 0 sl JET A 09 B 43 L (E

= .ROC Hh&53#r

ROC i £ 43 71 715, LA Tp—diff 35.48 ms Tmsv—
16—-diff 55.18 ms k8 Wi {E , H 12 Wi S0t 0 WLAT BE
BE SN AT B AUC 5 9] 4 0.869 (95%CI -
0.740~0.985) 1 0.878 (95%CI : 0.753~0.993 ) , ff &% 11:
I3 9 M 91.35% Fi1 92.24% , 5 5% 43 5 Ky 79.23% FiI
76.67% . Tp-—diff il Tmsv—16-diff Bk & I FH 1) AUC
9 0.968 (95%CI : 0.916~1.000) , B i & T Tp—diff il
Tmsv—16-diff B2 Wi ( Z=4.945 , P<0.05 ) ; HE (8 5
FE BT (B 0.753, LS 96.88% , 5 5 1 81.35% .
L3,

A:PCIARR, R HEFIZEAL , 16 717 Beak i A f/ N B 4 st 1] 47 FH ik
225t B PCIARJG 1A H L iR HBIA T, 16 1 Brak s A e/ 75
PR B ] 2 31148 /N

2 [H—2 PO NS R PCIARAT ARG RT-3DE [

10 7 gk
— Tp—diff
0.8 — Tmsv—-16-diff
) —Tpfdil"‘fﬁééﬁrrmsvflediff
0.6 '
# 04
0.2

0.0k
00 02 04 06 08 1.0
151
3 Tp-diff Al Tmsv—16-diff HAl K& K 512 Wi A2 % N AS TR 25 1 ROC
i £ 18]

i

2D-STIE N —F i S H A BB X H bk X 35
HEAT O 38 R W B, I ] Ak 0 Iliz s S50, e T
W 22 D RE Dy T LA IR IR B X A SE TN
2D—STI X e bR 2 ik ok B A A o FUES AT R R o
9 ) RBCE SI ILC AL I N AR TS RN G EA T RIS, 445
73 RO 5 BB A BRI O UL BE AR 1) A (B A
ST B4 08 AR IOE A8 S LYY B A L% o 13 28 45 10 0 UL
FEAG , 22 39 Ge it 242 (¥ P<0.05) , W 2D-STI
REAETEAr Bl O LAY Sy 3R T BE

RT-3DE 1 J5 32 ) 2 — A e 1 42 = 4



I AR5 BE 2 275 2020 4F 7 J 522555 781 J Clin Ultrasound in Med, July 2020, Vol.22,No.7 - 509 -

L B2 1643 BOE 1 = 4 R AT, d B GE ik
4 RS B 41 BEAY A B e i 2R, i WL A
ERBUEEA ORI ES AR, SR N
] AR ] SO PO 255 00, o WA 22 25 0T A 1 B 1)
BRI SN E T O O L R
5 FEE RT-3DE ki 8 b5 , 45 5 s 7 O F B 19
2 2 SRy R T e A A R [R) 25 1 6 b 340 A e 2 A1, 22
S Gt X (H P<0.05) , H 06 B3 PCILAR
J& Tmsv— 16 —diff, Tmsv—16-SD . Tmsv — 16 — diff% ;&
Tmsv—16-SD% I FEAK , LVEF Al 4= 25 Fii BE | i) 2 7] bg 5k
i =N R 1 D= T TR s 1 4 S o = S 7 N
Fis 22 A Gitaf i L (¥ P<0.05) . W RT-3DE
Ry —Ffr 0 DI BE K [R]85 P B4 e K 2, RERE A 2%
PEAR Bl 0 WLTE PCIAR S IR S A5 L

AWFFRUEE T 200 WU 2 PCIARHT RS
2D—STI F1 RT-3DE £ £ 35 #5149 28 (L% B0 , 45 SR WoR
PCIAR J& 2D—-STI 1 Jry &R LI fig 6 A5 GLS LI B LS (.0
RELLS Hra] B LS BT BTt [F20 M 48 bR Tp-diff
I Tp-SD #1324 T 1%, AR AR I7E ARG 1 H AR
HI 20 2 2% 5 (1 P<0.05) . RT-3DE s oh fig

g45r LVEF \EFbase . EFmiddle }2 EFapex Y% A Jij % i

EFE, [ 4E AR Tmsv—16—diff . Tmsv—16-SD . Tmsv—
16—diff% % Tmsv—16-SD% Y45 #i AR , 25 F8 FRIFTEAR
Ja VA A 3R w2 301 1 8 25 5 (¥ P<0.05) , 5 #F
FEEE IR B (HAR R E  EFmiddle . Tmsv—16-diff
K Tmsv—16-diffXI7EAR J5 1 B T B 22 57, 5k
ARG R B B R ] RE S 2D-STIY
SR AE B A9 LA bR vfE VI T E AT 2007, T RT-3DE e
EAT SRR = 2 S5 40 F A, ] o v A b S S A i)
YT ey A

A B 5T 346 X5F Tp—diff Fl Tmsv—16—diff B0 K 3 4
LW e Z WARFERE VT T ROC HIZR M, 45 51 s LA
Tp—diff 35.48 ms 1 Tmsv—16—diff 55.18 ms A #EW{H , H
ZWIZEZE MR AUC /358 0.869 F10.878, ffakdk:
IR 91.35% .92.24% ; I E A2 W AUC 15 0.968,
RO X 96.88% , ti 3 = TN H (3 P<0.05) , 5
Huang 55" F 58 45 1 — 2, 2 BB & R FH 2D-STI Al
RT-3DE A B T4 e A a0 IURESE H 3 PCT
AR5 7 2 Ry b D Re AN R A6 M A A8 4L , IR &2 Wi
HIEE NSRS KA, R BB IR R T RO
A ERIGRE L,

ZE BRTHR, 2D U SE S PCILAR S I 2% R
FRINRE RN [E] A0 e Y W 3% , 2D-STT I RT-3DE ¥ fE
HROTAR I , BEA R PR A2y vk T i — 2

KA BMERR P , Xl PRIG YT BA 2R A

(1] 25l RIEE R, 25 NS BB I B FX] PCTAR R B0
TIRe AR B 5o [T 4 S G T , 2017, 14(24) : 152-154.

[2] Hong Z, Yuming M, Chunmei W, et al. The value of myocardial
torsion and aneurysm volume for evaluating cardiac function in
rabbit with left ventricular aneurysm [J].PloS One, 2015, 10(4) :
1876-1885.

(3] HBE, EAl, FHCER 55 . S2IF = 28 K — AR BE n8 BR BRI
I B R TR A RS S PR [ ] KR 24, 2014,42(12) :
1229-1233.

[4] AR O MBS 2, T ARD MR A ER R 2 2
ST Bty BLO IURSCS W RIG Y P R [ ). e B A48
2015,43(5):380-393.

[5] Sengupta SP, Bansal M, Hofstra L, et al. Gestational changes in left
ventricular myocardial contractile function: new insights from two—
dimensional speckle tracking echocardiography [J].Int J Cardiovas
Imaging,2017 ,33(1):69-82.

(6] MMM, Frmabk, sk, 45 7S AEBE RU8 BR AR HOR RO
BH L IRERIIERAE ML) L AR E25,2017,57(1) :49-51.

(7] R, deLrty, B ALKE , 55 . 2B SGR B E AR AN 56 O
e L C WU R R AL OISR LT ). rp [ 7 PR A, 2014,
30(7):609-613.

(8]  WBrlfe, SRR 2L AR, S5 SEIN =2 750 B AN RO
JEG Bl IR A J A 22 B T RERIWEFE (U ). LK PR 24, 2016,
45(11):1499-1501.

[9] Buck T, Bosche L, Plicht B. Real-time 3D echocardiography for
estimation of severity in valvular heart disease: impact on current
guidelines[ﬂ Herz,2017,42(3) :241-254.

[10] Jin CN, Salgo IS, Schneider RJ, et al.Using anatomic intelligence to
localize mitral valve prolapse on three—dimensional echocardiography
[J].J Am Soc Echocardiogr,2016,29(10) :938-945.

(11] OGHy, TRRE, XIS, 45 . Spd =2 750 sl PPN 5 0o 1 8 28
TR EKA ARG 2% D ae KM [ AP LT ] v 1 B2 27505 4L
A ,2014,30(9) : 1358-1362.

[12] Wh%2 308, RN, 55 . YR 08 B R 5 St = 4.0 8)
VDA AN [ 3807 72 47 AR 70 F Wi D g 5 [l B R [T
o R 24 AR 2420, 2017,25(11) : 831-835.

[13] Badano LP, Kolias TJ, Muraru D, et al.Standardization of left atrial,
right ventricular, and right atrial deformation imaging using two—
dimensional speckle tracking echocardiography: a consensus
document of the EACVI/ASE/Industry Task Force to standardize
deformation imaging[]].Eur Heart J Cardiovas Imaging, 2018, 19(6):
591-600.

[14] Huang X, Yue Y, Wang Y, et al. Assessment of left ventricular
systolic and diastolic abnormalities in patients with hypertrophic
cardiomyopathy using real-time three—dimensional echocardiography
and two—dimensional speckle tracking imaging [J]. Cardiovasc
Ultrasound, 2018, 16(1) :23-29.

(ki F 11:2019-12-29)



