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WE: BY T AaZ A (VVD) AR R E S G B0 bt i@ 4T (MHD ) &4 230 bk
FRPEIENGG G RAME, iR EIR201947 A—202041 A B & EAL K F G E R 1006 MHD &%, 1REHT
IR o ARG, PR G A, RHEIOLIT 4061 BE R AL, FHAR =03 &4
AR —F IR (IMT) | K AL f ik 2 (PSV) | AFTK R M7k 2 (EDV) . [AA 3 364R, VVIH
RIEIRA ML IR A 2 E(CS) . BAREEE(CSR) A BREER(AS), AKREE (PP) KRIECS,
BP CS/PP, ik &40 F A 5 A A VVIFA SRS Spearman k5T F Bk H LA F bt s VVIH AR A S w948 %
WA VIR AR A G S o Sy BegMt, £A2RE TERFE (ROC) W& VVIR AL & A
MHD & F# TR, 8 AREM, PEM, FHAMASTRAMRI, PSV, EDVAIMT )i, £ FA%it5
FX(P<0.05), IREH, F AL, FEMECS. CSR, AS, CS/PPEATIRIAK(P <0.05), F/Etifed i
# CS. CSR. AS. CS/PPEAKELAK(P <0.05); P EMFeZH A CS/PPILE, 2 FHLITFEN(P <
0.05), IMT5 CS, CSR., AS, CS/PP 2 fi#8% (r =—0.452,—0.397 . —0.464 72 —0.540, 3% P =0.000) ; PSV5
CS. CSR., AS, CS/PPEZEA% (r =0.293, 0.267, 0.384420.266, 3 P =0.000); EDV5 CS, CSR, AS, CS/PP
ZIEAEK (r, =0.334.0.342.0.390F=0.426, 3 P =0.000); R1%5 CS/PP £ fi48% (r, =—0.214,P =0.011), 12R15 CS,
CSR., ASHX (1, =—0.086.-0.156F2—0.117,P =0.311.0.065420.170), CS. CSR. AS, CS/PP5 . fr’E Eesn & 2
fiA8% (1, =—0.388.-0.529,~0.560 #2—0.397 , 3§ P <0.05) . ROCWZLER Z T, CS#ROC ¥ F @A A4 0.826
(95% CI:0.738, 0.895) , # B M 4 78.6% (95% CI: 0.683, 0.868) , 4F 51 A 81.3%(95% CI: 0.544, 0.960) ;
CSR #J ROC W1 &, T @ A2 4 0.712(95%CI:0.613,0.798) , AL M 4 48.8%(95% CI1:0.377,0.600) , 45 71 % 87.5%
(95% CI:0.617,0.984) ; AS #3 ROC w1 &, F @ A2 #4 0.743(95% CI:0.645,0.825) , # B tE 4 53.6%(95% CI:0.424,
0.645) , 48 -1 87.5%(95% CI:0.617,0.984) ; CS/PP # ROC #1 £, T @42 % 0.888(95% CI:0.810,0.943) , A B4
4 81.0%(95% CI:0.709,0.887), 4FFPE4 87.5% (95% CI: 0.617, 0.984), £51& VVIHKAEBIFH N R F
8o B B AR R AT B H BRI AL, RAKE S ey B, AR T IR RS

1R,
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Abstract: Objective To explore the clinical value of velocity vector imaging (VVI) in the evaluation of
carotid artery elasticity in maintenance hemodialysis patients with different cardiovascular risk stratification.
Methods One hundred patients with maintenance hemodialysis (MHD) were divided into low risk group,
intermediate risk group, and high risk group, according to Framingham risk score, and another 40 healthy adults
were selected as healthy control group. Carotid intima-media thickness (IMT), peak systolic velocity (PSV), end-
diastolic velocity (EDV), and resistance index (RI) were measured by conventional ultrasound. The systolic peak
circumferential strain (CS), circumferential strain rate (CSR), and vascular area change rate (AS) of common carotid
artery were obtained by VVI technique. CS was adjusted for pulse pressure (CS/PP). Statistical analysis was
performed on each parameter. Results CS, CSR, AS, and CS/PP in low risk group, intermediate risk group, and
high risk group were significantly lower than those in control group, while CS, CSR, AS, and CS/PP in intermediate
risk group and high risk group were lower than those in low risk group (P < 0.05). There was significant difference
in CS/PP between intermediate risk group and high risk group (P < 0.05). IMT and CS, CSR, AS, CS/ PP was
negatively correlated (r, = -0.452, -0.397, -0.464 and -0.540, all P = 0.000); PSV and CS, CSR, AS, CS/ PP was
positively correlated (r, = 0.293, 0.267, 0.384 and 0.266, all P = 0.000); EDV and CS, CSR, AS, CS/ PP was
positively correlated (r, = 0.334, 0.342, 0.390 and 0.426, all P = 0.000); RI was negatively correlated with CS / PP
(r,=-0.214, P = 0.011), but RI was not correlated with CS, CSR, AS (r, = -0.086, - 0.156 and -0.117, P = 0.311,
0.065 and 0.170). CS, CSR, AS, CS/PP was negatively correlated with cardiovascular risk stratification (r, = -0.388, -
0.529, -0.560 and -0.397, all P < 0.05). The diagnostic value of CS, CSR, AS, and CS/PP was evaluated with ROC
curve. The area under the ROC curve of CS was 0.826 (95% CI: 0.738, 0.895), the sensitivity was 78.6% (95% CI:
0.683, 0.868), and the specificity was 81.3% (95% CI: 0.544, 0.960); the area under the ROC curve of CSR was
0.712 (95% CI: 0.613, 0.798), the sensitivity was 48.8% (95% CI: 0.377, 0.600), and the specificity was 87.5% (95%
CI: 0.617, 0.984); the area under the ROC curve of AS was 0.743 (95% CI: 0.645, 0.825), the sensitivity was 53.6%
(95% CI: 0.424, 0.645), and the specificity was 87.5% (95% CI: 0.617, 0.984); the area under the ROC curve of
CS/PP was 0.888 (95% CI: 0.810, 0.943), the sensitivity was 81.0% (95% CI: 0.709,0.887), and the specificity was
87.5% (95% CI: 0.617, 0.984). Conclusions Velocity vector imaging can assess changes of carotid artery elasticity
in maintenance hemodialysis patients with different cardiovascular risk strata, of which parameters correlate with
cardiovascular risk stratification, providing new imaging evidence for clinical intervention.

Keywords: maintenance hemodialysis; velocity vector imaging; cardiovascular risk stratification; carotid
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mLE . FEEIEZHNRAEE T, ZRBE g
Uiy B B N BN, B AT H 28 DG
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8 TORAY 15T i Hfr i F Bk PR S 3 125 A ¥, 28 A U
500 mL/min , I3 24 220 ~ 300 mI/min . [7] 1]
T8 HUAS Bt 40 451) 41 1 R 0 DG e 1) £kt o i ik 25 A
X IRAL . o, Sk 25 ), Lot 15 i 5 AR 24 ~
70 % 1 (43 £17) B 5 9 22 K HE B e R ILAE |
BEPRIA e L L O L T e A
12 Fik

121 MES5Z % RG] T ACUSON M 12 1K
A (H5 - SC2000, FEEPETF AR ), 52K B
BM, FE 70 2 5 S0, Sk i ) 12 W (O, 7 35
BBk SUF 510 ~ 15 mm &b, T Z4EEE, V8
SR BRI, SR 4R Sk ko il 3h 25 4R RIR
A BEPGEESE, SRR 3 LEN R, JF AR, R
A MR I B SR 0nE, JF DR Rk i AR | TR
AR IZ AL — 2 R B SR A 10 sk 5l ik P — v
J&# (intima—media thickness, IMT ) Wit 4 300 04 B I 37 7
i3 (peak systolic velocity, PSV) | & 9K R B i i
(end diastolic velocity, EDV) . BH J7 #§ %X (resistanc
index, RI) .

122 VVIEG A Gl P A 2 WU
B VVI ARG 3 Hr 80 8l bk e Bl — 4e B, st
DAY JIEE 355 WA 1 U0 T, B O o A PN TR T Sl 4 30 5
SIS BE , B A SR A BE 2 Ol HIRE R SMIUEE S
HMUEE I BE J5 Y I0EE | NN EE 6 > B, VVI K
8 1A 30 B ER 43 B 45 3 8% 4 (R J8) 1 A2 (circumferential
strain, CS) | [A J& [ ZF %% (circumferential strain rate,

®1 BRERNBESBUER

CSR) M 6 17 BE €S CSR i £k, AN HF 5% % FH Y 2
FEAARNY CS L CSR K Ui 45 T A el 2% 56 (AS) B S 591 5 ik
PSR AS B R I R A FR (cross sectional
area, CSA ) 1) I KAB A d5e /IME I A 20 Lo ot 2s 5 76
7R A 58 S WA b R 2 bk i Fe 4 3 OO
BOF-Y{H 5 25 ik 22 (PP) X 351 5y Jik 1 A% 19 5%
X CS#EATRSIE , B CS/PP
1.3 Sit=FiE

BHE 4 BT R I SPSS 25.0 G it k. 3
BE LAY R+ A e 22 (x o+ 5) 5P A7 B0F0 DY 0 7 %1
M (P,,,P.)1R/R, WEMT 20k HE g, #F
— 25 W ] B A LSD—t K 5 5% Kruskal-Wallis H A5
By A EMEA BT ] Spearman ;. 21132 K H TR
fE(ROC) Tk . P<0.05 N EFH G5 X,

2 #HR

21 BAEMESSHLLE

flRfadl . e dl . i fe 2 Bk B2 Y RIL
PSV. EDV ] IMT He 8, &0 20k HEG S, 22
SAGIFEX(P<0.05); #E—HWmmir, 5
PR LR, Rfadl . PR, mfE4EDV L
IMT 34 fin (P <0.05), HfEdl . mEHRIFH&E (P<
0.05); SKAEA I, had . Sfad IMT 3
(P<0.05), mfE4l EDVIBZE (P <0.05); & fadl
PSV K T X BB 41 . K& 4l 2 p e 4 (P <0.05)
W1,

(x+s)

2157 n RI PSV(m/s, x+s) EDV/(m/s, x+s) IMT/[em, M(P,,,P,.)]
X HRZH 40 0.71 £0.08 0.63 £0.12 0.23 £0.08 0.63(0.59,0.74)
fRfad 54 0.74 £0.11 0.61 £0.16 0.16 +0.05% 0.75(0.67,0.78)%
g2 30 0.80 £0.21% 0.61£0.11 0.15 £0.04% 0.82(0.78,0.91)"2
Efad 16 0.77 = 0.07 0.50 +0.147%% 0.12 £0.0472 0.85(0.79,0.96)"2
FIHE 15.079 3.384 20312 54.586

P 0.002 0.020 0.000 0.000

I O5RHRLL AL, P<0.05; Q5G4 HHL, P<0.05; @5 G4 A, P<0.05,

2.2 HBAVVIEARSHILRK

RAGH . Fiad . mfad K xF B4 CS.
CSR. AS. CS/PPILE, & H =M, ZRA%1T
RN (P<0.05); WWHE, SxPi4 i, K
fadl . HfEdl . mE4CS, CSR. AS. CS/PP &A%

(P<0.05); S5, hfad. mfadlcs,
CSR. AS. CS/PP A% (P <0.05); a4l fins fadl
) CS. CSR. AS A, ZR LG X (P>
0.05); "FEAMEEAR) CS/PP i, 2R H 5T
N (P<0.05), W2,
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®2 FBHVWIEARSHIER (rxs)
205 n AS/% CS/% CSR/s CS/PP
X BEAL 40 12.24+3.74 4.97+1.98 0.16 + 0.04 0.10 + 0.04
ifa 54 9.07 +3.69" 3.74+1.53% 0.13 £ 0.04” 0.07 £ 0.03"
Tl 30 6.97 +3.220% 2.49 147" 0.10 + 0.03" 0.05 + 0.027?
5 fE 16 5.56+2.117% 1.63 £ 0.65"2 0.09 + 0.05"? 0.02 + 0.0172%
F1H 20.262 22.957 15.557 29.540
P 0.000 0.000 0.000 0.000
- OQ5xHRALEL, P <0.05; @5 RAL AL, P<0.05; @5 L L4k, P<0.05,
2.3 MEBKEMEESHE VVIEARSHRIHEXE 1.0 e
Spearman #1 S4BT 45 S B, BEN K A LS 50 08 | JJ/f/ﬁ
IMT 5 CS. CSR. AS. CS/PPZFAHKE (1=-0.452, 0.6 ;J
-0.397 ., -0.464 f1-0.540, #J P=0.000); PSV 5 (S, gﬂ ool & Cas
CSR., AS. CS/PP R IEMI K (r=0.293,0.267.0.384 CGep
F10.266, % P =0.000) ; EDV 5 CS.CSR.AS. CS/PP 02 1 P
HIEMSE (r=0.334, 0.342, 0.390 F110.426, ¥ P= 0.0 , , , ,
0.000) ; RI Y CS/PP 5 61  (r=0.214, P =0.011) , 00 02 04 06 08 10
{HRI 5 CS.CSR ,AS J& % (1r=-0.086 ,~0.156 Fil-0.117, 1-HisHE
P=0311. 0.065F10.170). E1 VWIERSHITNEREE MHD BEMBNPLRER
24 WIEASESNNERRSROEEM RO
HR A Spearman AH 54 AT 45 K /R, MHD &3 3 itit

CS. CSR. AS. CS/PP 5.0l % f& ks 4 )2 5 Tk ¢
(r=-0.388,-0.529 ,-0.560 F1-0.397 , ¥4 P =0.000) .
2.5 WIERSHIEN S FEE MHD £3E FshhkoE
4 B T B

1 MHD & WIEH 5 hEHE N —H, m e
AT —4. CS.CSR.AS,CS/PP i ROC [ 28 2%
75 : CS Y ROC H 2 T ALK 0.826 (95% C1:0.738,
0.895) , fUE I 4 78.6% (95% C1:0.683,0.868 ) , 4 5+
PE K 81.3% (95% CI:0.544,0.960) ; CSR f) ROC il £k
N AN 0.712 (95%CI: 0.613, 0.798) , 48 J& 1 N
48.8% (95% C1:0.377,0.600) , ¥ 1 N 87.5% (95%
CI:0.617,0.984) ; AS Y ROC fli £k F i £1 4 0.743
(95% CI:0.645,0.825) , L& M 2 53.6% (95% CI:
0.424, 0.645) , ¥F 5 £ 4 87.5% (95% CI: 0.617,
0.984) ; CS/PP 1 ROC 1 £ T FH 88.8% (95% CI -
0.810, 0.943) , # & 1 &y 81.0% (95% CI: 0.709,
0.887) , H¢ 7 P N 87.5% (95% CI1: 0.617, 0.984)
WL,

A BT HRFE AW AR =, HO il 5 AT
JEMHD B EEFE T RN 22—, JEw HiE
EE R I TR B DR 43 2 I AR o 1 55 9%
I & 95 DV 0 R0 A 1 TR, AR DT 43 nT IR0 R Ok
10 4 Az o M 8 A i LR o A A5 Sy o B
DU IF 43S MHD S8 35 & Az 0 155 = 14 1 0k 37 S
Bor 2. Bl ook AR A Ak R — A8 M AR E 1 R
R ML A ) R A R L A R O BR Y
b 531 By fik B B T 4 B R A5 oK B A Ak 1 1 L
75 R A R W . VEAN BB ik ok R R Ak 0 E
1k

TEH LA SR, IMT 2 11 R X 29 30 oo ke
BE AL DA 0 Jc s AR b, 5 30 A7 DU F 40 A
FHOCHER IMT 344 5L 2 S e 5 490 3 fik o A Al Ak 19 A
P 91N 11| == X C vl U S R N 1 e
R /R MHD & IMT 8 IE % AR B, 5
SHAKERI S5 58 45 5 — 3, JUHE A B IR N &
HY IMTTEHR e S & fad Z g2 5, Bl

e 21 -



FpIE AR ek

4324

IMT 7 H £ 41 A i 21 0 00 I 4 = 14 T A7 A —
FERRBRYE, RIL. PSV. EDV Jy M 351350 1 5 40 J&
T8 PR BH K i E AR E YRR BB R R, PSV.
EDV LA Mrp fa gl vh Jo 25 5, RIZEAR fa 4 A
XPHRA JC 22 5, 0B L% MHD A8 25 0 178 52 9
T AE A BR . {H PSV, EDV 5 AS, CS. CSR.
CS/PP IEM X, kIR S5 — g L5
VVI AR SO 850 8h ik 14 PFpr — 2

VVIHE A PE 350 8h Bk 0 B £ AR, BR A £
AT oz sh sy, 3+ 408t iags, i
TR AR R R I RURE 7 A5 R R 2 S S
A 1R KSR R T 320 IR AR AT 3k 1
S, AR B 7 1) AR K sl AR A, SORR LM
Sk, AR FIE SRR, T VVIE AR
I B JikBE 112 Bk BE . €S, CSR K Sz e #5 3 ik i e
Ak, HAASEET . JOf B . ER M. EAR
PRI S5 O a5 o X 350 B0y J s VA0 % e R D B R
WL, SR MBRZ 5 — /2 Bibr e, 10
Aok, B AN A S E NG VVI AR I % 35 8 ik
S PN RO 5T, B 30080 Ik A RE TR A8 el Y i Ak
S0, R B W $51  Jok Lk e AR BT DL T B ks
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PRl AR A |k R 2 3 8h ik N A f E Y o R
KM Gl VVIE AR IE 5 N B9 8030 kv 170
i, IRy 22 SR B ik 6 A5 B I A CS L CSR 55 VVI
FAR S HUAE 30 & iF B R0 | i 5 A 0% 1) 3 T
T B AR RARE A PG E S ALY AS,
CS.CSR . CS/PP 306 A I ; AR TG 4, th e
FIE fé 20 AS . CS . CSR . CS/PP 3 B i3 [ A% ; CS/PP 7E
T AR el 2 A 22 5, B VVIEEE R S 8he
A B AS )0 M5 S 23 1) 250 8 Jok e e i %

AW VVIHE AR 250 AS . CS . CSR . CS/PP 5
MHD F8 2 0o 48 fa B 43 )2 AH G, ROC i 4645 1 AS |
CS . CSR . CS/PP Xt it PR PFAf v A 78 MHD i & B —
SE BT, o CS/PP (AR R S 43
81.0% .87.5% , M E % o« I, VVIH AR PEN AN [FH]
O LA 6 6 43 24 1 MHD F8 35 25 8 Jok sk el A%, ml A
SRy I PR T 9000 0 A 4 B AT 0 S AR 2 R . A
MHD &, i 152wl s i i g R 2= L
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BT 0 ML SR K A . 7 MHD BB 308 bk B
o B Ak e AR | S B0 B ik B TR R A RIS T fE
WA PERE IMT 19 2028 . FAVREAU 25085 55 #F 5% 3
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BT IMT fi ] F 974 350 80 JkO% 4 2F 228, VVEEE AR
SRR AT 0D, S5 31 3k 1 S8R A B AR
HbTEAR 29050 bk T B8 (4 S I ACIR S, PRI, VVI AR BE
FUHA & 30 MHD S5 500 80 K 1 0% | A B A A
[ I A 185 0 J2 R0 3 1 S 8 ok st AR 4k

ARFFA R Z Ak - O A B 5% Bl i B ] 55 5
MHD & & 7£ 25 %) 55 A IR 9T Ja VVI R R S 808 4k
UL AT R, A R KRB U WA . QAW 5897 i)
B > A RN R REAR 2, LB B il 2 MHD J8 350
A 95 FE T 1 e 5 3R, RN 3B T R A A oy 4L
B, 0T O 5 — 25 BRI AN [R) 325 B % 19 55 1 e
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