EREMANE F35E FSH 20205£10A
Journal of Medical Biomechanics, Vol. 35 No.5, Oct. 2020 421

SE RS 11004-7220(2020) 05-0421-09

K= EhE & BTN kP HEE SR ERED
EHEH®EmWESE

REH, RRXA
(MA@ HF WA VE S 5 TR 2A0E , 1 200240)

MEBr W NRE A (low-density lipoproteins , LDL) 7£ 8} bk H i iy iz FEE i T UL, 20 A H5 1 3 3
F12% JERESEN LB, 3T LDL BE T JURURRAF K B PR 22 04 200 ol ok ot R Rt A JRUBG: 0 B JR% oy o 4t 4t
WE%, Fit HETEZEUGRT 6 2 @8RG EH 13 ke g~ M A BB LDL 76 Sk 3l 4440~ iz
FOAE A RE A DR AR, OB Ab 40 BT LDL BE T IOAR M B v A A DX 8l 1A R 45 5 100 978 3 B8 RN BB OB 25 24 S 8K
BYSCBCME, 55  LDL UURUVHE H BU7E 55 3T 2005 30 Jik e ity ) 200 sl Jok 552 30 , LT RURE 88 43 A R AiF A7 7 B 8 ) A e 22
St UUBUVREEE B2t P s g, B /N, LD B T T AFURE B 70 v, AP 07 (14 e 3 A A X3 o R R 5 T R 19 25 (1)
O3 B JUA I 285 R 1 02 43 XA A0 6 10 52 W, A 3 SUAR O 258 1T 22 BABR - A A0S0 43 A 7 A B R 9 T =
% TSk B AR RS AT 2 B P LDL UURRRR BE Ao Aa FRAF A4 R R 28, o b A7~ P AL i A5 Bl
TN ST B kR AR RE AR, i XUBS A R B 2 R DX 3k

KGR AVE AR BBk, g ; DU BUERT; ShikiREREfL

fE4S#ES: R 318.01 XERPRERAD: A

DOI; 10. 16156/}.1004-7220. 2020. 05. 006

Numerical Study on Low-Density Lipoprotein Transport and
Deposition in Carotid Arteries and the Associated Factors
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Abstract: Objective To investigate the transport and deposition behaviors of low-density lipoproteins (LDL) in the
carotid artery and explore their associations with hemodynamic and morphological factors, so as to provide
theoretical references for assessing the risk and predisposing regions of atherosclerosis based on the
characteristics and associated factors of LDL deposition at the carotid artery wall. Methods Subject-specific
computational models of the carotid artery based on medical images from six healthy volunteers were built, and
the transport and wall deposition of LDL under pulsatile flow conditions were simulated, and finally the correlations
of wall LDL concentration and total area of regions with LDL concentration polarization with flow velocity and
morphological parameters of the carotid artery were quantitatively analyzed. Results Regions with significant LDL
deposition often appeared in carotid sinus near distal end of the common carotid artery, with the degree and
spatial distribution of deposition differing considerably among subjects. The degree of LDL deposition was
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determined mainly by flow velocity, i.e., the lower the flow velocity was, the higher the degree of LDL deposition

and accordingly the larger the area of wall regions with LDL concentration polarization was; whereas the spatial

distribution of LDL deposition was significantly affected by morphological characteristics ( especially bifurcation

eccentricity ratio) of the carotid artery, for example, the distribution patterns could be divided into two typical types

(i.e., circular distribution, unilateral distribution) according to bifurcation eccentricity ratio. Conclusions Flow

velocity and morphological characteristics of the carotid artery are major factors determining respectively the degree

and spatial distribution of LDL deposition, and therefore subject-specifically measuring these parameters will provide

useful information for screening individuals at high risk of atherosclerosis or identifying atheroprone regions.
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Fig.1 MRA image-based geometric model reconstruction, mesh generation and boundary condition setting
(a) Carotid artery model reconstructed from MRA images, (b) Geometric model after trimming and smoothing treatments

(c¢) Mesh model, (d) Flow velocity waveform at the inlet
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Fig.2 Blood flow velocity waveforms in CCAs of six subjects
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Fig.3 Morphological analysis of the carotid artery (a) External ICA and bifurcation angels, (b) Internal ICA

and bifurcation angles, (c¢) Bifurcation eccentricity ratio and cross-sectional area of CCA
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Tab.1 Mean flow velocity in CCA, morphological parameters, LDL parameters and their statistics

G Wi R

1 Wi/ CCABEHL SMICA fa/ SMr XM/ WICA fi/ WA/ h X , i ) i ,

(em's™)  @iBVem®  (°) ) ) () ek ov 0 Swlem Swsem
1L 22.1 0.25 155. 4 16.3 30.0 43.1 0.03 1.10 0.34 0.11
IR 21.6 0.38 158.9 27.6 22.5 41.6 0.10 1.10 0.29 0.10
2L, 22.7 0.22 152.6 17.2 18.9 33.2 0.79 1.10 0.37 0.19
2R 21.0 0.29 155.3 17.9 10. 8 27.2 0.62 1.11 0. 70 0.34
3L 15.2 0.32 131.5 41.3 22.3 50.3 0.39 1.16 1.32 0.26
3R 11.9 0.37 144.9 23.9 30.3 43,1 0. 09 1.14 1. 90 0.76
41, 20. 8 0.33 154.6 28.0 28.5 52.4 0.15 1.11 0. 20 0.07
4R 15.4 0.35 169.0 17.8 19.0 28.8 0.05 1.14 1.33 0.25
5L 24.6 0.37 151.3 30.9 39.7 57.0 0.07 1.10 0.38 0.10
5R 20.0 0.37 153.7 28.1 23.9 42.4 0.22 1.12 1.34 0.33
6L 12.4 0.32 126.5 45.9 39.8 56.6 0.53 1.13 1.14 0.43
6R 18.6 0.35 138. 1 21.5 16.0 38.6 0. 68 1.11 0.48 0.13
¥l 18.9 0.33 149.3 26.4 25.1 42.9 0.31 1.12 0. 81 0.25
Frifizz 4.2 0.05 12.0 9.5 8.9 10.0 0.28 0.02 0.56 0. 20
A5 5 R AU 0.22 0.15 0.08 0.36 0.35 0.23 0. 89 0.02 0. 69 0.77




EREMHE $£35% F£S5H 2020510 A
426 Journal of Medical Biomechanics, Vol. 35 No.5, Oct. 2020

LDL 7 45 590 sl kA U BE 17 A0 3k 13 A Ak 1X 38
AN 4 FT7R . LDL e B A Ak 35 2 i B3 7 30 s
Jik 53 SCHSSE I CCA ), JF 3 i 16 % ( BE 1H 57T LDL
VR TR 1% B8 3% ) 52 a4 A DX 388 174 T AR (B (S
(AT AT o NI 5 7 NIV o (VA W 1
ABEARY [ P L RN A P AT RN B LDL ¥ R A Ak
DX 3 43 A RBORT LAy R BRS04 (an 1L A )
ICA FYBAMI oA (40 2L) BiFE R, dE—2 0 &
IR, LDL ¥ B2 A Ak DX 3R 43 A 7 2R B0 45 S

.,,_.M\,,“ " ‘T L’J—Iﬂm

DO DL DD —mam

1L IR 2L 2R 3L 3R
0.03)  (0.10)  (0.79) (0.62) (0.39)  (0.09) ~— (43 X AR > Foe)

|

vy ) y {’ k“\‘_' f o LDLEC
j I 1.29(1%)

Lﬁ D m' Q‘ fﬁ, l 1.24(3%)

4L 4R 5L 5R 6L 6R

(0.15)  (0.05) (0.07) (0.22) (0.53) (0.68)

& 4 LDL iR ERK XI5

Fig.4 Distributions of LDL concentration polarization

\ ! o
‘/ 'j M T/ (cm's 1)
LDLE “JL""'\J“ m >30.0
(it
l 1.29(1%) 17»’ | 20.0
1243%) | “ 10.0
| Nl\ . 00

<&

AR 5 i
(a) ILBER (e=0.03)

B 5 LDLREMRUSHRESRA

D e XL, #74E 0 AR LR e I R/NIEFT 7341,
fioCo 3/ BN KA (40 1L 1R (3R (4L 4R Al
5L,e<0.2) 2HIRIR A0 1) LDL ¥ FE AL XK ; &
P O 2R Y (G0 2L 2R (6L Fl 6R, e>0. 5) 4 I 4 [71]
ICA BN 53415 5 AR Lo F8 AT P 2 ] AU (n
3L £ 5R,0. 2<e<0. 5) H: LDL ¢ 5 # Ak IX 38 11 43 A
A TFRIPIFN 3 A T 2 ]

J T FERE S SR O FE 5 ) LDL R JEE A Ak X 5k
S A TE R B S 43 B RL LR SR 0 ) Fl
6R (1143 XA L) R ], 7R LDL ¥R B 73 4 5 3
Y Z MBS R OC FR o 7% B Ik 2 Bl L 3k bk 0 i A2 1k
5 IR ZARME 1 A0 3l R R34 5 i R
A E] RS XL 2R 30 30 bk Y 4 SR AT AL
IR R TIR T X, 5 LDL 78 i X R g AR
TURR G Ve AR AT 0 5 T 15 3 S A o 238 550 3y Jok D 7
ICA FEHIE HUR AR IR FL X, 5 LDL 7E e S X
BT S W B AR XTI PRI, 43 SO O 6 2 2
3 2 5 M 20 5 ik oA AR iR 9L XA I B A Sk R
M) LDL ¥ BEAR Ak 1% 23 A1 7 =K

& 6 #— R T LDL M5 TAWSS ¥ 25
B 53 A R AF B 3 1) o | 56 &R (LA SIS Bk 6R
), EAR LDL ¥R 5 TAWSS (85 (B BE i
BT R €T O R A R T FIN I E N /iR S ()
AN ELAT B AR BTN G 2R | [ B 1 5 [

e
Y — N s
=
‘ i 1.29(1%) ”' J 200
1.24(3%) “glﬁfg‘ f" N 100
/\ L Y
A oy A

(b) 6RAEEL(e=0.68)

Fig.5 Comparison of the distribution of LDL concentration polarization and flow field
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