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STI & %4+ RVFWSL 3§ 47 vA & RT-3DE & & % ¥ RVEF 35 4% %" B 2 48 4% 5 ; 2D-STI RVFWSL #$ 4% 5 RT-3DE
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[ ABSTRACT] Aim To investigate the clinical value of real-time three-dimensional echocardiography ( RT-3DE)
combined with autostrain right ventricle (RV) technology in evaluating right ventricular function in patients with coronary
heart disease (CHD) involving the right coronary artery stenosis. Methods A total of 132 patients with suspected
CHD were enrolled.  According to the results of coronary angiography, they were divided into control group without coro-
nary artery stenosis of 50% , CHD without involving the right coronary artery stenosis group ( simple CHD group) , CHD in-
volving the right coronary artery stenosis group. The three groups of subjects were analyzed by conventional echocardio-
graphy, autostrain RV technology and RT-3DE. Results Compared with control group, at the basal levels of the right
ventricular free wall-longitudinal strain ( Basal RVFWSL) , at the middle levels of the right ventricular free wall-longitudinal
strain ( Medial RVFWSL) , at the apical levels of the right ventricular free wall-longitudinal strain ( Apical RVFWSL) ,
right ventricular free wall-longitudinal strain (RVFWSL) , right ventricular 4 chamber longitudinal strain (RV4CSL) , right
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ventricular ejection fraction (RVEF) , right ventricular stroke volume ( RVSV) and right ventricular stroke volume index

(RVSVI) were decreased, while right ventricular end-systolic volume (RVESV) , right ventricular end-systolic volume in-

dex (RVESVI) were increased in simple CHD group and CHD involving the right coronary artery stenosis group.  The

differences were statistically significant (all P<0.05).

ROC curve analysis showed that RVFWSL of two-dimensional

speckle tracking imaging (2D-STI) and RVEF of RT-3DE had higher diagnostic efficiency, with a sensitivity of 90. 9%

and a specificity of 95.3% .

Conclusions RT-3DE combined with autostrain RV technology can improve the accuracy

of evaluating right ventricular dysfunction in patients with CHD involving the right coronary artery stenosis, which provides a

basis for early clinical treatment and has good application value.
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(coronary heart disease, CHD) , 3= 2102 K A st FEAE 1k
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O E RS BE YRR IR, 470 2= BB T
TRAEHR AR BAT B vE™ , B 4.0 % D) Bk
MR F D, S = 4k 7 .0 3 B (real-
time three-dimensional echocardiography, RT-3DE ) I
THEBE B B K (two-dimensional speckle tracking
imaging, 2D-STL) Bl & ]z i, F T M 220 %= )
RE™! (XA O = T REVEA I 40 . 2D-STI iy
£ % A BN AR E 54K (autostrain right ventricle,
Autostrain RV) NEEEI T a2 , Al HFE
AR R B0 LN AR . RT-3DE 1A A B A
DL FIIIREA B MR E, IF H 5 MRI 7E3F
RO EZS B A B RGP AR SC D . A SR 7658
i RT-3DE BX& Autostrain RV FARVEAN 76000k & I
F IR SR B A0 FE D RE, TR 2 A O
FIIReSe 7, I RIA T R AR
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1.1 RHERN
2022 F7 A—2023 ££7 A1V &L H A
SRR Y 132 Bl A, P B A 44 B, 8 &

autostrain RV technology;

right coronary artery stenosis;

W3 RE B R K IH KT 50% R 5 ROk E R &,
B AL 44 B, S KAt A TR B Bk gk
E(HEE— ARk E =50% , & &R 20 ik iR
S, R A A AR B ok E A 44 Bl (R — XA
W3Rk F =50% EL & 4 7R 3 Bk =50% ) .
FARRSEH T ARSE 2 RERXE S # K
h, BEEEAETFRIRARBE R AEZNRE
RSB R BT, IETM AN — R URTA
B2 KA T4 & f4E (fasting blood glucose,
FBG) . % fE & ® (total cholesterol, TC) . H W = B
(triglyceride, TG ) | % % /& Jig %& & 2 & B ( high
density lipoprotein cholesterol, HDLC ) X 1K % & fis &
E JE [ B (low density lipoprotein cholesterol , LDLC )
EEMFERT, AEHRTEERE, HAIRE:
B R m (8RN B s B e E ey B AT
RS HCE R RIE R 2 ER ERHAAT R4
B EREEFE W35 ~T5 B R L RH A,
HRATE R EANMNET L RERERERQ
JER 5 P2 By 0 M R R O BE AR R WO IR o Bk T #t
EFRBEAERBELEE; "ENEIR A 2%,
HERGRREREH, AHXELEEHAFE
CEREFREE R 2ME[RER T (2023) VX
%(308) 5 |, A R £ R E,

1.2 {%=§

Philips EPIQ 7C 02 , £ f S5-1 A8 %% M 45 3k DA
FX5-1 Z 425 RE K ZE 1 ~5 MHz, BT 60 ~
100 Wi/s, R EARF 2 A KR, HAE 285 #HE
R B 324, ( Autostrain (QLAB 13. 0, Philips) ,

1.3 EHERLIERE

FEECEREBHEEBRP R, XREUANE
AP ENESASER, EERES ARG A
BB B WUT>60 B/s, M EASEEWS K.
o E FL R A2 (right ventricle basal dimension
RVD1) A & % # # 4% 4& (right ventricle mid-cavity
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dimension, RVD2) . A& F K12 ( right ventricle longi-
tudinal dimension, RVD3) ., # /& £ W 4 3 fE B %0 M
A N = 2k o PR R 45 B AL A (tricuspid annular
plane systolic excursion, TAPSE) ; F| | 41 41 % & #j #%
A, ME = RIEFA A KA G R E Em & Am,
ZRWTREH SEERE, EOEGRSHM A
M & A F 4T i 2 % (left ventricular ejection
fraction, LVEF) %4 % t§ & (stroke volume,SV) ,
1.4 BEfgSH

(1) % E 1% % X\ Philips QLABI3.0 %X {4 ,2D-STI
HIWE H 3 AT A Autostrain RV 3 38 A 00 F R
KX, A ENNE, REAE S E N EE
BN B g R N R AR, AL E i AR
B JLAK B (at the basal levels of the right
ventricle free wall-longitudinal strain,Basal RVFWSL) |
N E i B A PR BOS UYL 1 R (at the middle
levels of the right ventricle free wall-longitudinal strain,
Medial RVFWSL) A 0 % Jif 8 B0 & B AL 1 B
7 (at the apical levels of the right ventricle free wall-
longitudinal strain, Apical RVFWSL) A & % Ji 5 B
16 f. % (right ventricular free wall-longitudinal strain,
RVFWSL) , & & % W B % K 4\ 1 & & (right
ventricular 4 chamber longitudinal strain, RV4CSL) ;
= R HEIFR AL (tricuspid annular displacement, TAD)
SR Z RN T N g S EA S (TL) =
R E 18] [k 4 B e AL S (T2) = R AR &
Yop B BB AL (Tm) DLRCAE & % Y 4 4
F(Tm% ), (2)FEH2ERER, & H &6 @K
Aquirel #%41, K 48 7 H&, RAFHQEREH K

AR (right ventricular end-systolic volume , RVESV) |
H G E 47 5K #] K A AR (right ventricular end-diastolic
volume, RVEDV ) | & & £ 4 # & (right ventricular
stroke volume, RVSV) % & % 4 i 4 % (right ven-
tricular ejection fraction, RVEF) , 4% Ja ¥ = 5t il 15 4%
R HF (em) EE (kg) N AKRERTRA L
THE & P3R5k @ AR (body surface area, BSA) 7%
PIAIE 3 H R A0 F 47K B R B AR #K (right
ventricular end-diastolic volume index, RVEDVI) | %&
N R 48 H R A AR 48 22 (right ventricular end-systolic
volume index, RVESVI) AN EHH M B EH K
(right ventricular stroke volume index, RVSVI) .
1.5 SitZEHHm

B 58 $0 4 K ) SPSS 26. 0 4811 3k 4 #E 4T 40 A A
A EFRAF S EADA UL xes X7, ALK
R BEE T £ 04T, A8 HF AR A LSD #;
2 ROC th &3 & 5 K DA R % 45 A7 3 2 2 7
T B A0 E ol B AR B9 BT B0RE , ROC by & T &
Xt FEA LB R B Delong 6 %5, P<0.05 Rk = 7 A

GitFE L,

2 % R

2.1 laRFER LR

AU R I — W BERE LA B A W Ak 2 48 B L
ZE TG S TR A AR A O R B
FEA AR B JDkope 7 2H 0 &7 5 Fs o X IR 41 4350 T sy
T 6.75 mmHg.5.79 mmHg, 2R ¥ A G127 5 X
(P<0.05;5% 1),

F1. ZHIERER L

Table 1. Comparison of clinical data of three groups

BH STHRZH (n=44)  BALEECRAL (n=44) i fﬁbﬁﬁ of F/y} P
FEREN IR AEH (n=44)

RS % 56.98+11.09 57.2749.25 59.59+9. 67 1.464 0.235
BH/ (%) ] 28(63.6) 29(65.9) 36(81.8) 2.093 0.127
i s/ mmHg 130.27+12. 54 129. 18+12.28 135.11+14.33 2.564 0.081
£7 3k ./ mmHg 73.55+11.73 80.30+10. 58" 79.34=13. 19" 4.16 0.018
BSA/m’ 1.85+0.20 1.83+0.18 1.87+0.16 0.513 0. 620
FBG/ (mmol/1.) 5.18+0.73 6.26+3.06 5.74+2.06 2.720 0.070
TC/ ( mmol/L) 4.19+0.77 4.32x1.51 3.72+1.51 3.088 0. 050
TG/ (mmol/L) 1.54+0.53 1.94+1.43 1.72+1.46 1.208 0.302
HDLC/ ( mmol/L) 1.16£0.22 1.220.37 1.070.33 2.506 0. 086
LDLC/ ( mmol/L) 2.05+0. 60 4.02+12.83 1.92+0.75 1.105 0.334

Hi:a h P<0.05, 535 R LA,
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2.2 EMBESHILR

5% A AR HE, A4 5 0 4 TAPSE B&AR T
1.39 mm,Em T1E 1. 46 en/s, G0 & A7 IR B bk
WeAEZH TAPSE [BAK T 3.25 mm, S'FEAK T 1. 81 em/s;

SR R AR L 60 B I A IR Bl ko
2H TAPSE F&{% T 1. 86 mm,S'FE(% T 1. 14 em/s,Em
FiE 1,69 em/s, 2RI A G222 L (P<0.05;
*®2),

R2. ZHENBESHILEK

Table 2. Comparison of conventional ultrasonic parameters in the three groups

. N R R

S SR (n=44)  HLETELHEH (n=44) Eﬂﬂt%;zf?g Zg( n=dd) F/y* P

TAPSE/mm 22.2322.76 20.84+2. 83" 18.98+3. 14" 13. 466 0.001
LVEF/% 67.63%5.56 65.6+5.74 66.23+5.72 1.433 0.243
LVSV/mL 73.47+16.65 74.26+21.76 74.98+16. 40 0.072 0.93
S/ (em/s) 13.20+1.93 12.53+1.72 11.39+3. 42" 5.857 0. 004
Em/ (cn/s) 10.94%1.75 12.40+3" 10.71+2.54" 5.841 0.004
A/ (em/s) 15.96+2.51 15.13+1.76 14.68+3.13 2.794 0.065
RVD1/mm 32.61+4.19 31.7246.94 30.77+4.35 1.289 0.279
RVD2/mm 29.93+4. 44 29.2+5.66 29.22+4.55 0.312 0.733
RVD3/mm 48.69+5.10 48.06+6.02 48.07+8.71 0.123 0. 885

F:a b P<0.05, 5% A4 FLAE ;b o8 P<0. 05, 5B gl O 4 g,

2.3 AOLEDAIETSH K TAD SR

-4 H #F (1) Basal RVFWSL , Medial RVFWSL .
Apical RVFWSL  RVFWSL K& RV4CSL L % %4
Bt L (P<0.05) . 5Xf LA L, BRalise O
2 Basal RVFWSL Medial RVFWSL  Apical RVFWSL
K RVACSL 43 B AR T 7.00% .6.44% .5.17% .
6.38% , LI G 47 IR B ke 7% 4 Basal RVF-

WSL  Medial RVFWSL . Apical RVFWSL &% RV4CSL
Iy WIFEAR T 10.93% .10.38% 8.37% ,10.22% ; 5
Bl e Cogp ZHAR LY S0 G I A R Bl ik B A 21
Basal RVFWSL | Medial RVFWSL | Apical RVFWSL
RV4CSL, RVFWSL M T2 Zr 5 &M% T 3.93% .
3.92% 3.20% 3.84% 4.61% .1.58 mm, 22 %3
HHEE X (P<0.05; £ 3 fE 1),

®3. ALECANESHE TAD SH LR

Table 3. Comparison of myocardial strain parameters and TAD parameters in the right ventricle

TR

20 SR (n=44)  BALETELIRLL (n=44) RS IRIC AL (=) F P

RV4CSL/% -30.31+5.78 -23.93+6.35" -20.09+4. 22" 38.414 0.001
RVFWSL/% -23.31%2.83 -21.1£15.98 -16.49+3.09" 5.886 0.004
Basal RVFWSL/% ~32.47+6.81 -25.47+8.82" -21.545.1% 26.944 0.001
Medial RVFWSL/% -29.91+6.21 -23.45+6. 64 -19.53+4. 65" 34.699 0.001
Apical RVFWSL/% -26.43+4.39 -21.26+6.36° -18.06+3. 89" 31.369 0.001
T1/mm 23.3243.92 22.35+3.59 22.2243.79 1.119 0.330
T2/mm 13.06+2. 58 14.213.72 12.63+2.53" 3.29 0.040
Tm/mm 18.69+7. 84 16.82+3.04 16.94+4.95 1.534 0.219
Tm/% 28.54+6.23 27.44+6.27 26.2346. 17 1.519 0.223

Hia ky P<0.05, X HELL LA ;b o P<0. 05, 5 Rpaia. o4l i,

2.4 LW=Z#BEOHESHLILE
5%} A AH LY, B4l ek 0 % 41 RVEF [AK T
9.25% , O B A bR S KB 22 41 RVEF \RVSV |

RVSVI 73 5| &A% T 20.05% .8.43 mlL.4.74 mL/m’,
RVESV .RVESVI F+ & T 6.55 mL.3.44 ml/m’; 5
gl OB AR L SO B A IR B ko As 41
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RVEF RVSVI F#X T 10.53% 2. 98 mL/m>, 2% %1
B2 L (P<0.05), 1M 4 4 84 RVEDV K

RVEDVI 27 45 112472 L (P>0.05; 3 4 FllKI 2) ,

RVFWSL: =26.7 %
RVACSL: -22.0 %

RVFWSL: =19.6 %
RVACSL: -16.0 %

1. 2D-STI Bz 4 #74k 4 Autostrain RV B & 5= 1% &
NZEBIAT ARUR R Xt HRA | B2l 500 8 AL RN e O 6 A e R sh ikople 2 2l b B R 328 S

Figure 1. 2D-STI automatic analysis software Autostrain RV imaging

R4 IR=HBEOHESHILE

Table 4. Comparison of real-time three-dimensional echocardiographic parameters

LA

24 MR (n=44)  HALiTELIRH (n=44) SRR (n=44) F P

RVEDV/mL 41.23+19.05 40.89+16.25 39.38+13.6 0.158 0. 854
RVESV/mL 15.46+9.76 18.87+10.35 22.01+8.96" 5.023 0.008
RVEF/% 62.68+10.99 53.16+20. 88" 42.63£16.28" 16.153 0.001
RVSV/mL 25.78+11.97 22.06x12. 59 17.35+10. 18" 5.816 0.004
RVEDVI/(mL/m’) 22.45+10.33 22.6749.3 21.1647. 15 0.361 0. 698
RVESVI/(mL/m?) 8.45+5.32 10.47+5.87 11.89+4.77° 4.61 0.012
RVSVI/(mL/m?) 13.99+6. 47 12.23+7.12 9.25+5.35" 6.266 0.003

Fa h P<0.05 S5XFHRALHEE ;b A P<0. 05, 584l o 4 iR

& 2. 1% RT-3DE B S5 5 G E
NZEBIAT UK Ry et BB | B2l 50 8 AL RN el O 6 A e R sh ikople s 2l b B R 328 RS

Figure 2. RT-3DE ultrasound image of coronary heart disease

2.5 ROC Bi& o h TEAR B bk Bk 78 20 5 X BR 4H A, ROC |l £k W o

AT 7R 45 41 A7 0 Z U LR ZE 2 81 Basal
RVFWSL ,Medial RVFWSL  Apical RVFWSL _RVFWSL
RV4CSL ,RVESV .RVEF , RVSV  RVESVI RVSVI %
S EAG R X 2D-STL BH0h o & 3

RVFWSL W2l Ge4L =, AUC i 0. 943, Ry
93.2% , ¥ 5 N 86. 4% ; RT-3DE ZHUH 0K &
FrA bR Bh ke A8 4 5 6 BRZH L 8¢, ROC 1l 26 iR
RVEF (32 B ¢ AE#¢ 55, AUC 2 0. 825, RELE N
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59. 1% ¥ 5 BN 100. 0% , ROC £k i /R 2D-STI
28 %) RVFWSL 5 RT-3DE 2401 RVEF 564
LW Y12 W 8% RE &L, AUC M 0.978, R HUE Hy
90.9% 5 IE N 95.3% (18 3) . If H A Fa bRk
H Wi AUC & T RVFWSL, RVEF B4 454512
i ; ROC £k F RVFWSL .RVEF LA K PN EFRIE S
WO FEAS LA AT e ih24 3 L, RVFWSL $8 45
() AUC Lt RVEF $8F5 5 0. 118, 2 R A 51243 X
(P=0.026) , i MRS 12WTHY AUC [ RVEF 45
bR 0. 153, 223 A G4 E X (P=0.001) , Fi15
FREES 2 WY AUC H RVFWSL $645 55 0. 035, 2 5%
At #E L (P=0.048)

Ro.af —— RVFWSL
— WEBRE

i —— RVEF

R 5%

0 R | ! !
0 02 04 06 08 10
1-$5RE
E 3. ROC HiZH

Figure 3. ROC curve of patients

3 9% i

SeE U S H I A e N R PE T 1Y B 3o A
F 0 A A SRR Bl o 78 S U O ol i A E
TNFEE Lo £ R FET 35100 | DR e R 3 AR 0 0
FHAOEDRE AR W LR, iR 8l kol R 2
WO R TR R B JTOpe 75 1) A pm v {H AT )
P B i A Bt I R R FHZ R 2D-STT Al
A BB WL REA I, 76 23 [A] F 18] 73 56 |
d g (B TR A AG T 32— 2 PR 45 1) BIR ) I 2% [) Bsf
BREAT Bz ), i RT-3DE f8 v ik — 4 il 1%
FR SRR, AT L2 A i B RIS RS 451 B L
iz B AL AR O, R A0 WA R D) R kA T 52 B A
TRIPAY , (H R WO A, 25 5 SOt 1R 2805 B
Stitls ), AT LSS B R A RT-3DE BE 4 Au-
tostrain RV FAR$E = 15 ol B85 470 = DI REPEAl
(VR | T AN 5 00 H Bk 76 O R A 0
ARLER 5 TR A B B I R X 5 0o R A O

BRI ST 7 3 T B
ARAFFE B A T O R A O A T A TR B
kB 25 4 A T i R HE X B 20 T g, 2 TR A I R /K P
1o 2 T AR I R ) 5 4 B AR Ak, X sl Jikos A A
Ak — 2 B A PR BAR AR T, £ 5K R 7% 5
XTI N 727 A S S 880 A 52 ), 35N T 5O
R R A O LA AR i K S A T e
O B A 1o R B T R T H LR L
K SHOH I S’ K TAPSE ] ) i 47 O 2 Wi T B,
ARHIF 5 A BRSO g A e L A IR A R B
JkBEAE 20 5 % FRZH AR FL , ' S TAPSE HJFEAR, %
SEDRCA S AT LA VO LIS 3, 7 X 43 1R M
WAL EDIRE T LA R AT A/ HERE 1, X H K
M BUEA—ERME i H S 5.0 M4 eI iR
UGN A 0 ZE DI REAH DG B AT TAPSE 7618 1.0
FIE R TR TN R A SET R, S" 5 TAPSE
AASEE RAFS e BB R i 1 B sh R
A B R = iz gy, (R R S 7 A R
OIS 1S BLF FFAS SR S BARA D IR )
REAH— B, DA 0 75 2230 0 R A2 ff B RE sl 5 e i)
2D-STI 1 RT-3DE B TFN A O FEDIEE, i ad 2D-
STI A7 H I AT A F Autostrain RV ZRIUAT 0%
WL AR S8 L AP A e 095 B A O = DR, T LA
R WD A3 BT HE 0 LR A K Bl 7 AR, LA v 5P
HE AL, R AN T 1558 2D-STI T ZF-3)
TP SZ 450 5 10 38 052 ) A 1) Sk s, i R
B H B T RMF B D RES B IE N TG IR
ROC £ 70t RVFWSL Hyi2 sk s, T2
SERUATE L3 80 1 24 ke 3 S48 I 02 4 0 = i
BIREL NI DAL 1832 3l BT DI AT O = 046 T
REIAR MT 22 B0k RVFWSL P&, Chang 45 %
LSO A A e AR Bl kBl 28 R A T A O U S
BE G i) [0 A 27 456 S Ttk sl kGl sk AR A 12 B
X, TGRS s R etk 3 ko AR R B A O g
WA . ARAFIE &I, 5 X FRALAH L, 55 00 A
I A TR B ke 28 41 i RVESV  RVESVI J} &5, 1
RVEF .RVSV  RVSVI FEA%, 540056 .00 9% 411 RVEF
REARG, 28 UA e 0o 8 35 20 10 B 1 1 B =8 B a2 ol 7
WG A OEINEA AW, FEER A LE
(R AR 254, 224 5K 2l Jokople 2 0 WL AR I, 2 7 5
A FEE R IR, A7 0 = K I S i
A0 ERERCH EN MK I HAG O = K2 R T 11
faf O BE 7 %5 55 30 17 S 200 LR 422 M 1 98 % £ 4
TR A0 ZE SRR A 0 G fep i EE S A 0
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Wi WK S R B b T, I HL R4S 1 e B 2 1
>, ESR RVEF ol A O E et e IR
Al ELE S WA O 3 W46 DR T2 38 2 D Wi 6 Fn
g [ (4 A AR AR B WA O B D RE  FE AR
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