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[ ABSTRACT ] Aim  Using multiple tracking techniques (MTT) to analyze and evaluate the changes of atherosclero-
sis plaque biomechanics patients with metabolic syndrome ( MS). Methods 126 patients with metabolic syndrome ac-
cording to the diagnostic standard of International Diabetes Federation (IDF) and 60 normal subjects were examined using
multiple tracking techniques, which dynamic imaging was acquired from all subjects and all above images were stored for
off-line analysis with dedicated MTT workstation and all mechanical parameters were collected, including the peak velocity,
strain and strain rate of plaque and without plaque, the cap and shoulder of plaque, intima media thickness. The above
parameters at different points of carotid intima were compared and studied. Results The level of intimal-media thick-
ness (IMT) in MS patients was higher than that in normal control contract (P <0.05). The systolic maximum velocity
and strain of carotid with normal control were significantly higher than that of carotid without plaque with MS (P <0.05).
The systolic maximum velocity and strain rate of soft plaque were increased significantly than those of hard plaques. The
systolic maximum velocity and strain rate of fabric cowl in the plaque were significantly lower than the shoulder of the
plaques (P <0.05). Conclusion The MTT could detect the elasticity of blood vessel wall, sclerosis and the mecha-
nism asynchrony of the carotid artery, and then could be used as the predictive parameter and quantization for atherosclero-

sis and vulnerable plaque instability.
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fRIZEE1E ( metabolic syndrome , MS) J2 Il PR &
DLRSE fge e, SR BT (U2 RS ) |
B 1 2 A k2 OB PR | e i IR ZR L L JBR
FARPU I B R R R R I A 5 1R
Z A5 (BE iR B ) A5 O S A PR
AR AR & Bl ik ok FE A AL (atherosclerosis, As)
RS BRSO I LA 5 1) R A R K TR B MS
S O LA S PR Y L P S i L AR 2 Bl ik
SREREAL B T W, ABTIE B AR 2 1E 7R B
AR (multiple tracking techniques, MTT) , 3 i % &
BERH LU S IR B PR 5 IR R 380 ik
BESL ) 0 2 e v, 0092 W sl kot R R AL IX
I3 BRI TR E BB, ERR DFA BEH A P BT, DA
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1 W&REFE

L1 HRMK

AR A B R #E & 5 BX ¥ (International Diabetes
Federation, IDF ) T 2005 4 4 A7 B9 4% % 48 & 1F 4%
B BB 26 IRMEAMEEF(MS 4), 4 5
70 1], % 56 4, 445 59.7 9.2 ¥ . FrH BAHH N
FHOE NYHA 2200 ghde 1~ M%, 34 B 4 60
1, % 32 ¥, % 28 |, 4F 1% 58.2 £7.9 ¥,
1.2 —MRiIERE RIS

WRWAMR F8 W E o JEE R
B, FREE, FRENE NEKE E45, KRER
HWE 0.1 kg, HEHEHE 0.1 em, T E KT 4 EE
TIEFEARME, ol K EF#E 0.1 em,
1.3 WL ZEiEiRaA N

WHAZER 12 h 5, 7% R 2 E Bk, A 2
Bl 3 A 4GS AT BU R o A L4 i R IR R
(total cholesterol, TC) | H i = &g ( triglyceride, TG) |
1% %5 fg & & B [ B (low density lipoprotein choles-
terol ,LDLC) #1 & % /& g & & B2 [E B (high density
lipoprotein cholesterol, HDLC ) , [ B | & 25 f§ i 4%
(fasting plasma glucose, FPG)
1.4 FzhBk A BE R R B FBEER A4
1.4.1 MTT Ak 4E % ACUSO Sequoia 512
¥ %L 8= L B AL, 1508w-s & MR kA X
4 8 MHz, I B & & TUF AL = o e s, MTT TAE 36
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YA E AR IR S kTR B Bk AL B
Wl kAR S A o0 ik, WE g WREE L, & A E
# B B & (intimal-media thickness, IMT) , i & % &
HRBEHR R A AMAEE, N ERIKE R
RKARE,
1.4.2 MTT B4 B 4 U 5030 ik 9 i
BB o S AE A sk Bk IMT 8y -F 3 {5, IMT =
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Mk H PR A E ISR Ko H . HFE
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WERF, IS bkl AR IR T
SIS E R ME Y E NETAAEL,
1.5 BERAEY SN F S A
L.5.1 ZHAE AR ER ok MS 3
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N B E B M A E (velocity, V) N & (strain,
S) M 7 % (strain rate ,SR) ik 1%, — R EHE =K S
BE o ENEA, TN E R EERA,
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MBI TR (P >0.05; 3% 1) ,MS 41l JE AR Fif5
BRI ] 2 TR IRZH (P <0.05; % 1) . MS 41134
SR E RS H =R \LDLC ¥4 T X #4H {3 HDLC
B AR, PR W) 22 R ¥ A it 2= 5 L (P <.
05;3%2) s MS 41 %5 i s L X RE AL 5y, 22 A Ge it
N (P<0.05;%2),

1. A BIERERILE (v +5)
Table 1. Comparison of general clinical data between MS

group and control group(x +s)

B WA (n=60) MSZH(n=126)
IR (%) 58.2+7.9 59.7 £9.2
B 32/28 70/56

Wz R 5 (i) 18(30.0% ) 49(30.7% )
JEF (cm) 72.6+8. 1 91.2+9.5°
TRITHR AL (kg/m’) 21.5+1.6 26.1 £2.3"
W45 & (mmHg ) 127.0+15.0 148.0 £10.1°
#F5K % (mmHg) 76.0 +10. 2 89.0 £7.1°

a i P<0.05, 5% A i,

x2. WHEEYUFEIRIER (2 £5)
Table 2. Comparison of biochemical index between MS

group and control group (x +s)

moH YR (n=60) MSZ(n=126)
TC( mmol/L) 4.92 +0.31 5.74 +0.23"
TG( mmol/L) 1.35+0. 13 2.10 +0. 32*
HDLC ( mmol/L) 1.29 +0. 15 1.05 +0.25
LDLC( mmol/L) 2.97+1.21 3.90 +0. 18"
FPG( mmol/L) 5.56 +0. 69 7.10 +0. 87"

a A P<0.05, 5% B4 HL#

2.2 MTT #&MIEFRAY L 57

Z A KA, MS 21 126 1] 55 A H 30 8 ik B Bk
128 4>, Horp 3B 76 4~ B BEH 52 4, X HE4H &
jeitd o S ER S W e N DI A v =g iR A iR 7 &
WAL, FL AR R T —8GMS &

R 3. WERAMZPKS MS HITHHREPAMEFEAREE B (% )

AR AR | N AR R SRR R A B Ak B
B it A8 PRI 0 IR A 1) TR R AR — R4y X
TR Bz 3R 92 | B AR E S A e (&L 1]
2).

RLE AR IMT K FXFIAL (P <0.05; %
3) o K HEZE S AN ks 4 ) e RAR 1) TR 2 T MS 40
TCBEHER A 14 250 0 Bk 4 0 B R AR el 22 7
Gt PR (P <0.05;3 3) . BBEHa i i R A
) S RE A K AR 4l e TR SR, 22 R B A 5
THERE (P <0.05) , FREBEH 45 B 5 K N AR 5 b
BEH U 8 B R AR FLAS oS 1124 25 5 (P > 0. 05
F4), HSh KoK BT IS TS e ] KA )
e KN 78 43 ] 2 T BE AT 4k g TS, 22 5% B 48
B (P<0.05;%5),

Bl MRENETE=4E
Figure 1. Three-dimensional map of strain rate in control group

2. BERERI A TR = 4

Figure 2. Three-dimensional map of strain rate at plaque site

Table 3. Comparison of values measured between control group carotid artery and MS no plaque part(x +s)

4y MAEE(H) IMT( mm) Vsm(cm/s) Ssm SRsm(1/s)
X 2 92 0.68 £0. 12 -0.29 +0. 15 3.72% +1.23% 0.52 +0.27
MS 2H 176 0.87 £0. 15° -0.23 £0. 12° 3.40% +1.05%* 0.33 £0. 18°

Ve ; WA IR ; Sem - W45 WAL 22 ;. SRsm : ORI E N AR, a 09 P <0. 05, 15X L [E 4K
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R4, RREREGTEHILRNEIEIRELEL (7 +5)

Table 4. Comparison of measurement between soft plaque
and hard plaque (x +s)

BEHURC
()
BEBERA 52
HPEHRA 76

il Vsm(em/s) Ssm SRsm(1/s)

-0.13£0.08 2.85% +1.17% 0.32 +0.16

-0.28 £0. 17* 3.37% =1.25% 0.51 £0.25*

a A P<0.05, 5B L,

F5. WERBEBS T YEETRNABN EIEARELEL (v £5)
Table 5. Comparison of measurement index between plaque

shoulder and fiber crown (x £s)

BEHLEL

4 ) Vsm(em/s) Ssm SRsm(1/s)
214
T 169 -0.15+0.09 2.58% +1.01% 0.35+0.21

JR TR 162 -0.38 £0.12% 3.19% +1.25% 0.58 +0.26*

a A P <0.05, 54 405 T4l teie,

RIBLEAAELLZ Fh B R R 19 A N RRE, {2
KRR AL, e 2 T B0AS Rl B UL 45 5 0 B &
AR R Mottillo 25X MS FILO L4 XU 15T R 46
[B1JE A Meta 4347 % BH . MS 7] .00 LR IET - 0
JULAE BE A Hp X A R B 2 A5 R, R 30 T
W A8 7~ MS B35 3l K ok 1 B B A ) ) 24 Rt 9 &
Fp L ) TR A A I PR L, MTT 2 A1l R
KL/ R B AU E 8, X R E 125
Y ATEL SN I E R A1 2142 3, BN 52 M A5
M), SIZER R B2 AN ] ot 1] [) — 37 8 1 41 252 sl ik,
B B S iz B U S e D) ARk, A BE
TN ERR T 15 % Sish bk AQ 25 & 1F i 8
[k G BEH A BB o S BE N AR AR SR A AR Ak
A
3.1 XtEHAS MS AFzhAk LB ERAL A LR

ATIFFT 45 S 4 s XoF HE 20 290 50 ik i 4 9 e K A%
] SRS e A AR 253 i T MS 41, RSB ik T
BREHRFA P 5 r 2 JE B85 O B J 1 S ), MTT 358 BB A
D MS 20 2 ik JCBEHe if 8 A= 4 1 24 1 22 5%, Rl
AR P AR AT A A B A, R o %) SR Al ARl PR
W52 (L5030 As TGRS PRI AR E o il
FE BR85S 0 4 AR R IMT 30
Bk A R v )2 JEE B R T 0992 W Bl ok ok A A Ak 1Y %
WG BR , AF 5% 22 B0 MTT 551711 3 ik ke e i Ak e
PN S PP )2 JEL EE R A B R I DA 3 B 2 7R 40

SIKHREREAL Y S AL, IR 5 B, MS SR
L ML ZE AL B R AR BT 2R i (OB I L
FA ) AR e DAy S S s R A RO £ 22 3l Bk
SAEAE AL Z T fE B0 X 3R ) SR AR | i S PR SR Bp ] A
RSP A AL RE T, B R0 N B 20, i il 8l
JURBE D T e e K 2R ILAE B4 RS ik P B SF
TR SULAR L ) 9 B A% 40 1 PN i B AR, £ ik Bl
Jokoks B 88 AL JE A7, Sutherland %5 B 5¢ 45 SR 3 W]
MS 518 M 4R 0 O R AR BRI AT 4
UL 5 AE B T BEH M A IMT R 3 J5 34
AL KAz IS EE R A ) ) 2 B R 3 Sy 1 3 9
B B9 0 S DR B AL S Ak T AR
3.2 TREBREIEEER

AROE NS A 1) die AR ) S JBE 728 8 g T s
B, A 05 B SR e T 4 A K R BE A [ 5 e
T RPN IR ANR, 4% B 7E [F] — 51 3 F AR R
B BB P 32 B AR A1 ] A R R 2 TR
AT ., AW TE M A W) 3 27 A fifp 8 s BE B
ATy L RS 5y W S o, 48 R BEH 1 R E
SAREREY 158, MS FATE N B T RESZ
T g A SRR, 3% 5 BRI AR E P B
KFRY, Caramori % BEFTHE/R , MAR UM ZEAL S
A LRI & A A 5, LDL ki /N, 5 52 0k 26y
28 RIS A BRI ) AE 4, 75 5 i i 1 A8 A B 4
WA TE] BT E A PRI A LA 200 0 0 1% ST B R I
ERENI Z R ALY T AL SR E R A
VERIT %% 72 O S8 Ak R AR % % IR 25 1 (oxidized low
density lipoprotein ,ox-LDL) , 75 TG0 19 FAA% 14 FZ 41
JHL A PN B 1A BB R A, i A TR T R
ARG G R A ox-LDL MR UL, i B 70 HE
S IR A, LLBOR USSR £
SRR R A K, R SRR & /NI
#L 3 % LDL ( small dense low density lipoprotein,
sLDL) $8 5 , sLDL HA7 R 5 1) 30 3h bk o4 4 B 1k 112
MBS i BE e, MTT A=) 152 M s T
MS BEH 5 i B A
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TRIFAL T, JE I Z NI K, % KRR
KA T RE IS o A B A RE BRIt R A, B IE
AT RAIACH ; E PR T I [ S D e Y- T LA
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LR b, HoAb AR 0 64 JZ CT I 48 iR
( computed tomography angiography, CTA ) H &g i 7~
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SIKBEHIE 25 R AR, T 50 BE SR W) ) o
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DESRR AR W) ) 2 e A, 7T 538112 Wi gl Tk ok R BB Ak
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