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Abstract: A wealth of research indicate that atheroscleros development are closely with
the hemodynamic characteristics, especially Coronary arterial bifurcation . so the study
analys the real coronary artery blood flow in individual coronary artery bifurcate model .
This research through the coronary angiography image with coronary artery blood doppler,
reconstruction human individual real coronary artery disease model, using Computational
Fluid Dynamics (CFD)to method the numerical simulation analysis of individual coronary
artery disease of blood Dynamics model. Results: in a cardiac cycle, blood flow vortex flow
separation, produce, such complex flow backflow in the individual coronary artery
bifurcation lesion model lateral, and wall shear stress of these areas are low. and low
speed with the entrance of the pulse and oscillation. these features are closely related
with coronary artery geometric shape and change flow cardiac cycle.

Keywords : Coronary artery, Bifurcation Lesion. Blood dynamics, Computational fluid

dynamics

158

SR Z b U A8 8 R BN K T R 40 SIS T 1B Smm (05 BBl 774647 = 50060855, &
PR 8 10%~ 30062 171, fif 22 JE 1o L9955 1 5 — T 56 T3 1255 2200 I S0 S F 9 (ARTS 1™,
A NI S R B NIAIT AR I 2 300528 R Py SURAS LGBy 22%, 4% XU pers %



20104E CDAJ—China T EH g e

RV B G ARR A S IKSEFEAEAL R SRkt . BIFFUR W], TR A A (10 I R ) 5 A B I 3 7
MR R 2R ING, I, 1K A8 AL I R AR 3D ) 27 DR 38 7 20 Bk SR A A Ak, 9 22 1)
AR SR R A R R . Wesolowski 25 P i i sy i 2 40 B, R B A5
/NN 10 4 58 B K RERI AL & A o Pry 25BNy o 071 7 453405 1A S 0t Mk 06 R A 1)
KA E . CaroZ Y AR BT VIR 12 15 5 S IR SR LB BV i 2SR IR H A i Al Ku 4
M R ATy B 1 £ FEL A PR 35 4 L 3 3 2 N 3 45 BT, SN S IR TR
JUARTAN R A A0 ALV B 22 A A5 LV Bl g 27 PR 3R S0BI) Mhk sl R 5B A T RSOR A e ) T S PR 3R M 5%
fEo HET, AFBITHERAR ) S BT BUE R BIF IR ) 22 ) B2 T H . ARSI “ B
A7 N TR R AT 1 35 5 ) 2 Bl 7, H A 45 W S 2806 AR R AR K IR A 2 57,
PRI, T AN A g ) 05 A T ey S FR) S ER 30 Ik 70 S ABERY mT LASRA AN AN AR 55 58 4 LS iR s 4
T, T ECIEXS BN N B IS L 2# AT HERG ) o0 b, 35 B BATT S8 4 BT 5T s AR BN ik 23 SRR It
NS, B ARSI SR AR BB )y LR

AHFFUI I B2 27 AR RO = Y ML SR IR B ik 7 SO, 32 HY ek IR Bl 5 i it 22 5 S HoR
EAMEAL TR kD F 4, RT3 44k ) 2% (Computational Fluid Dynamics, CFIB)J7 k4741
BEALL, 5 B SN e R BN K 43 SO AR Ak 1) ML B g Rk B L S B B FE AL R G R . e
ARBNK I SRR GST T5 FEARME AT SE R ML B ) AR o

2 MRS TR

21 —f&wel

B, 48 %, B A ML 2 4, Ml 2 4, R OIS BIRRErER S s, L% 71
X/min, 1% 160/84mmhg AR BNk R A e ARSIk AT S (LAD) 55X A5 (Di) 75%8K %,
TSy XRAE 6

22 PUEHER

FEIERAEBAAE R, JRRBIK A IS0 0 20 Xu 2 N BRI 2 B B0 2 0T A
ARSI LS WA K. Zhao 25 N PVIFST 2 W I 55 B R I AS 52 i e (e st ok B e
V) Ai e BRI T RV SRR, KRS e iE e . WIPEILAY, IR B /R 1H
ST i 55T LA A )35 T R 8 (0 2R AA, MR8l o AN T IR A AR e 2R, ST L SR R B i
SPAR R, RS RN N-S Jyfete (65 B Ok (%, B p= 1050kg/m, 1 i 5h I 4 R A
200 ) 2 N W 5E 4> i AL B, p = 0.0035Pass

23 =4MmEER
M 25 E GE 24 5] INNOVA2100I1Q P #iCa ML 8 5 MR A P AN AN [R) £ B 1) e R sl ik s 5 P (I
1), FRHE A B A AT 2 2 18] 1R J1 o] 7% 060 B 1T 1 0 1R oy A1 = AR SR Y FH A 22 Pie



20104E CDAJ—China T EH g e

Medical Imaging (1) CAAS 5.05& RNk 5245 5 At 4 A 1 46 T 8 Sk R BN ik 23 SN = iy (&

2), 1z173HE Math Works2A 7] ] Mathlab v1.2. 254 A2 B AR ik 73 M = 4ERERL ) STL S A

¥ STL U3 AU B FOK 2414 STAR-CD AR )4 B A, 4 el R bk 43 SO AL N 11 R

AR 7R K, DMEAE MU N DAL SRAS 7805 R JE IR R 2, 5 Rl 3 AR 4 R A4 22 T 1 I
(K 3), AT % 11309261

1 Zesb IR Bk s

B 2 =4E /e iR B A Kl 3 Aol ARSI (1 AR £ A P A

24 AFFAMBUE T

AR STAR-CCMH A} 64 47 5.02.009 A, 14 5t 4 i °F -

(1) EIRBN K 73 SO N R D BN L A A, SR s 0 A g . N 6
Volcano A 7] f¥) Combomap Model 68001 it 2 3% &) A1 K Jy I &5 3R 48, ¥ el RSk 2% ) T 22 i)
BEAEREIR B 73 N MU rho O A U s B, e R B ik s ) 3 22 TECEAE TR IR B ik 20 X
1 /B4 Jls v O RS I T8 1 17, 384T H 4 Volcano A ] /) Beta Study Manageif {445 51 (N 133 J&
ek, Mg (B4 MR 3R, e,



20104E CDAJ—China T EH g e

OB I AR SRR g 2

250 60
50
E 200 } W @
E 150 | 140 E | Paorta
= 430 2 | ——ECG
(&)
§ 100 1 20 % Velocity
a >
50 <4 10
0 LU L DL L LEC L R LR L O
O H IO M IO N IO —~ I < 10 o 100 W~ 0 O WO
5 O 00 —~ I~ A © o o L H < N 1O NN © o~ - O
(e} (e} (e} (e} (e} (e} (e} (e} (e}
Time s

K 4 — sl A IR B Bk . ) 2k

(2) M EET A I IL A4, A% .
HRPE AN L 2k, PRI U = 33.7cm/s AR ARSI IIGE LR, F4% D =3.06 mm -

wg%ﬁRe:mg4G%=UJ)xWMmmm@a:47m=DJ%5,v%mﬁﬁﬁﬁE,T
Vv Vv

J ksl
CED WA, RIS A 153 g 200 25, i R) 20 ACAL = 0.005s g ffl b 15 S Sk i J4 1
PEVESTEEIR, VST DOAS RS N S sl ik B IR o R AR 22N T 10° I, UK VST

3 WHESR KD

T —AN D AN 4 AR S, 20i0e To= 0.325s T, = 0.475s T3 =0.555s T, = 0.775s%f
I 260 B AR WA I, DRSS I, DR AR AL, AR SR FSR AT IR S K 2 SO AR AR A B 3
IR Bk B LB ) 27 o

K 5-11 8 Jitom kS AN I ZIIRE FE G A = el o Nrh T LU AEAN R I Z 5 AR B ik 43 Ak 1) B 5y
ATANIR], AL w7 O TEAR T A0 Do s BP 5K I T LA o JULHSC A 5 0 ok N L T
NG, G X BRSO AR MR A e, 25 5y LT 40 /NS P 7
NI 25 50 R A S kR AL, o



20104E CDAJ—China T EH g e

Velocity (m/s)
6.3279e-005 0.23797 0.47587 0.71378

Velocity (m/s)
B Isl6%0 0.00044227 0.33047 066050 0.99053 1.3206 16506

' [ i

Bl 5 et 5 S5 e Y]l IR 3 o 7 2= K 6 el s P il e AR B G 2 ]

Velocity (m/s) Velocity (m/s)
058932 088387 1.1784 1.4730 00033142 0.70286 1.4024 2.1019 2.8015 3.5010

D

0.00021520 0.29477

Bl 7 et S A T 39T et R 20 M FE 2 1 Kl 8 JeE &y ik AR B KR 2 ]

P 9] 1.2 7 by A A I 20 1038 2 5 0 T V] o Sl s AN [ B 20 S bR 80 Pk 73 S A8 AR () 7 6 Pk 52
KA, MRS TSI AR SR B R R R R o R BTs, AEAN RIS %1 3 S 3 i
PALALA T8 73 A SRR AL, BRI LU L, ol i sy, i BE R AR . 573 SO
ARAL, R 2T A I Y OB, U AU BER A A, AE AL S S A LS 1R
gfyo AN ZE 2 ANWTRE A8 20 SOZ i I IS B S FE I 2 o3 Al SO R . BT
ARSI 73 SIS TUART AR Wi L o A, AR 6K 38 18 70 SCRIAEAE I s 3 DI 3 73 A AN, O
SR AR R A A A R 3 A A



20104E CDAJ—China T EH g e

/ /
)< 7.4175e-006 0.24476 HZGEAIAOCIW (,17717/;1?3 097681 1.2235 )( 6.3319e-005 0.32875 0\6/5?4{100#}/ 0?9(827 1.3148 1.6435
Z L EE . L U A
Vel O 5 S AU I AR 5 i P 5% T P P 10 7 M i ST ) B P 5 5 T

X Velocity (m/s) X Velocity (m/s)
000022459 029562 059141 088700 11626 14782 ; 000047339 066722 13740 20607 27475 34342

Bl AL Lo Sl 1 A i 9 TR 3 Pk 2 2 1) Bl 12 Jeoa S EF 5K e PR3 ks B O 42 1

13- 16 Pron SN 21 i ol LUR BULE TR ARSI K 73 S P (0 BE 1) e it s it 2 s [l S A
ANAZ, AR > SCAE AMUEE L2 25 i, TR, AL, W eiish B k. — AN 0sl A AR I
Z, oy SCMAE AMUBERUIL R AR LA AL, IXSCPANRE LA A U060 78452 B I TR0 ARG, i PR i
T RADR

&
P 13 0 3 S 28B4 W1 e R B0 ik i 2 1) 14 770w ARGHS i 3 et bR 2 ik o % 1



20104E CDAJ—China T EH g e

Kl 15 JeoteZ kg St ) e IR B ki £ 5] Bl 16 /b= &5k P IR Bl i e

Kl 17 20 iR A S AN ZIBE R BY V) /0 AT = o T LU BIURETHI 1) /0 AT AN 5T, AREETRTBY D) X

SR A L SRR BN K 3 O3 A 0 i 0. 8 AN BE, e BE [T B D) g DX AR TR B K43 SOR AR A, i1

ST XA AL NN BE o AR T BY Y1) 0 0 IR 20 38 S AR i K, AT Tk R /N o VA I Y

DTI) N = 118718 - 118718 == ) O W W 0 S o /ey 7 W R e 2 R A P P D12 o1

HEAC, WahBtg, HEMEN, DA, W Amakil, 89 501, K

VEFIAERET BT D) ARAR . TRI7E 20 SOBAZ AT, ML IE o A b dd e, I WP A R,
SRR, RN, R, ERITERE I 8Y ) ) K.

X Wall Shear Stress: Magnitude ( Po) X Wall Shear Stress: Magnitude (Pa)
0.012297 6.0098 12.007 18.005 4.002 30.000 0.041833 6.0335 _12.025 18.017 24.008 30.000

Il - m

Bl 17 Jey B A BRSBTSy VI A = B 18] 18 Aot S RIS I 315t AR Bl ok B i B 7] 93 A1 2 &



20104E CDAJ—China T EH g e

Y X Wall Shear Stress: Magnitude (Pa) P Wall Shear Stress: Magnitude (Pa)
sl 0.032589 6.0261 12.020 18.013 24.007 30.000 - 0.063280 6.0506 12. USIil 18.025 24.013 30.0(

Pl 19 et Z i St I 39Tt AR B) K BE T B 17) 23 A1 25 P Kl 20 Jeoto S EF KL AR Sk 1f 550 20 A 2z B

4 g

KRR TEIRBIILI M E 145250 XA ML NSS4, 18 58 S M B
TR, 43S LR P (OB 0 B 7)) e, LR SO O BT DD SIS, LI 2
PO 33 DRI LIRAE LA P R BN, L RER P 5 37 B P T e, T L5 RE T D10 g 15 L 97k
P ST, DRI — Dl T 300 A A L35 I 5 0 6 L 97 3 0 5 5 5 7)) 2 0
FIEAS 1 o 720 S A, 2 RSN KL B b B 3 S LA, K L 7
WO IR I, BRI R . ERFIRITRRS SR I R, I A
WK B0 e, AR R o [ L B T 1)1 ) 5 7 5 S 2 O 5 AT I B T 7))
X AR A 3 L B T R J ARG L B TR I g/ . I K 28 5 i 4
YA —FL

AT BUREAR S S PG BFRON 5, AT SR IR ML LT 46 3, LA 9 % 3% )
Rl HE 3 0 56 45 S0 SbAR SN KA SIS O B M LV B (8 T A P SRR P SE 0
2 1 AT AR B K 4 S 28 I L3R E 92 = e ST . S OUH SR B 53 S A8 72 2 Al
SR RN R R LR G T RR2 I D0, T EL R ER A AAT 7 sl 0 0T P A S 1 2 Ak
3.

75 23 B A T L LSRN 5 AT IR 3 M 53 SRy 3 s, 5 Sh R %
BFFE— e, AT Bk A R, A BE G R R A R, LA, 5 SRR ILAS (5 290t
AL, TR 75 SR R ML S B o A R 5 S 4 S — A5 S ol e oy o
LI PR S SEEAR B A S = A



20104E CDAJ—China T EH g e

5 S CHk

[1] Serruys PW, Lemos PA, van Hout BA. Sirolimus eluting stent implantation for patients
withmultivessel disease: rationale for the Arterial Revascularisation Therapies Study part
IT (ARTS II). Heart 2004;90:995 998.

[2] Wesolowski SA, Fries CC, Sabini AM, Sawyer PN. The Significance of turbulence in hemic

systems and in the distribution of the atherosclerotic lesion. Surgery. 1965 Jan; 57: 155-62

[3] Fry DL. Certain histological and chemical responses of the vascular interface to acutely
induced mechanical stress in the aorta of the dog. Circulation Research. 1969;24:93-108

[4] Car o CG, Pedley TJ], Schroter RC, WA Seed WA . The mechanics of the circulation.
New Yok: Oxford University Press, 1978

[5] Ku DN. Blood flow in arteries. Annual review of fluid mechanics. 1997, 29: 399-434
[6] Deplano V, Siouffi M. Experimental and numerical study of pulsatile flows through
stenosis: wall shear stress analysis. J Biomech, 1999, 32:1081-1090

[7] Nosovitsky VA, Ilegbusi 0J, Jiang J, Stone PH, Feldman CL. Effects of curvature and
stenosis—like narrowing on wall shear stress in a coronary artery model with phasic flow.
Comput Biomed Res, 1997, 30: 61-82

[8] Zhao SZ, Xu XY, Hughes AD. Blood flow and vessel mechanics in a physiologically realistic
realistic model of a human carotid arterial bifurcation. Journal of bBiomechanics.
2000. 33: 975-984.

[9] Xu XY, Collins MW, Jones CJH. Flow studies in caninc artery bifurcation using a numerical
simulation method. J Biomech Eng, 1992, 114:504-511.

[10] Rappitsch G, Pektold K. Computer simulation of convective diffusion processes in large
arteries. J Biomechanics, 1996,29(2):207-215.

[11] Yu DY, Huang JX, Xie HB, Study on theoretical models for 3D reconstruction of coronary

arterial tree. Journal of Engineering Graphics, 2003, 24 (4): 83-89.



