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The Influence of Left Coronary Artery Curvature and Left Anterior
Descending Branch Stenosis on Local Hemodynamics

DUAN Wenjie, SANG Jianbing, QI Dexuan, SHI Zhengjia, LI Fengtao, YANG Peng
(/School of Mechanical Engineering, Hebei University of Technology, Tianjin 300401, China)

Abstract: Objective To investigate the effects of different degrees of left anterior descending (LAD) stenosis
and bifurcation vessel curvature on hemodynamics. Methods An ideal model with different bifurcation radii of
curvature and stenosis rates of LAD branches was developed. The effects from different radii of curvature and
different stenosis rates on blood flow and wall shear stress (WSS) -related parameters were evaluated using the
fluid-structure interaction ( FSI) method. Results After stenosis occurred at the LAD, the regions of high
oscillatory shear index (OSI) and high relative residence time ( RRT) were mainly distributed on contralateral
sides of the LAD bifurcation ridge, proximal downstream of the stenosis location at lateral sides of the bend, and
distal downstream at medial sides of the bend. With the increase of stenosis degree, such areas and degrees
would be expanded. As the radius of curvature decreased, high OSI| and RRT in medial side of the bend were
distributed distally at downstream of the LAD, and the average decrease of high RRT area relative to the whole
vascular area could reach 35. 68% . Conclusions The presence of LAD stenosis increases the risks of secondary
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stenosis at downstream of the stenosis location and contralateral side of the LAD bifurcation ridge. The decrease

in curvature promotes the formation and development of plaque at medial side of the bend. Still, it will decrease

the probability of plaque formation for the entire vessel. The results can provide the theoretical reference for

protocol design and optimization for treating LAD lesions and preventing secondary stenosis.

Key words: coronary artery; left anterior descending ( LAD) branch; stenosis; curvature; fluid-structure

interaction (FSI)
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Fig.1 Bifurcation vessel model and setting of curvature parameters
and stenosis parameters (a) Setting for geometric parameters

and stenosis rate, (b) Setting for radius of curvature
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Fig. 2 Mesh irrelevance analysis of arterial and boundary

conditions for blood flow inlet and outlet (a) Mesh
irrelevance analysis of arterial model, ( b) Boundary

conditions for blood flow inlet and outlet

1.2 IMiRMEEFBRIIEEFE
AN SC MG AT EE S DL N At B A ok 1fi 4 A B
B 3, kR Sk e ) O R A Bl R A A

0,
a—€+ Ve(p-v)=0 (3)

Fy Vv) =pg - Vp +u Vv (4)

b p WEBEN TR « HIHE] ;v 8 R
iy p NWARIE T ;g A E IR s w Riat A S g
Bt R

A [ AR ) - A 5 R
I
ar’
A p, WEHRERE; p, WL KRG o, R
R A] PY JO72
1.3 Mm&NzNEkMEES L

P LAFE B 5E & B, Carreau , Casson 1 Quemada
A A5 7R T 5E A ol O (A AR AL R
Carreau A BUFEATREAAL) O RN

n=n, +(n-n.) 1+ )’ (6
A, WEBEUIERTHEE ,», =3.5 mPa-s;
N IRBUIHCR N ZEEE, n,= 0. 0565 A SHHT[H]H
£, A =3.131 s;n ARHIEE,n=0.356 8, L%
JE 1050 kg/m’

Sk IS BE B RS 5 2 %L Mooney-Rivlin i
5L AR R O e R B DK LA 1Y) T 2R R, B R
1060 kg/m*, A FFFEUT ;
W=Co(I, =3) +Cy(I, =3) +,,(I, =3)* +
Cll(ll - 3)([2 - 3) + C02<Iz - 3>2 +
(J-1)/d (7)

K. W NS RE BE PR A 1, RN L, A o 1R
552 AR B d WA RGE S H ) o R
tb, H,C,,=-4.02 MPa, C,, =4.321 MPa,C,, =
-51.856 MPa,C,, = 18.401 MPa,C, =39. 105 MPa,
d=2.434 MPa '™
1.4 BREHE

AT E A FRUE ) i DR R R 2, 3T
R L R B O R L AR W 2(b) T X
T RER AR EA FARFTHS AR
S HA U AR St Ty 1) A AT

(av
pl—+v-

p. =V, o, (5)



EREYHE $£38% F5H 2023F10A
956 Journal of Medical Biomechanics, Vol.38 No. 5, Oct. 2023

1.5 MRz hFESH

ARCFEEIAE S WSS A K948 5 TAWSS, 0SI
FRRT, Ht RRT J&HRZRIR MR AE N Kz B Y
Tir BB 1) ) 28, BAR K 9 TAWSS ( TAWSS <
0.4 Pa) . & OSI(O0SI>0.2) 1 RRT ( RRT > 4. 17
Pa™') U S B S BB B RERE AL Y PR A S
Ji&, TAWSS OSI 1 RRT A& AT .

1 T
TAWSSz—j | WSS | dt (8)
T/Vo
T
jWSSdt‘
0SI=0.5x[1-—"—r (9)
f WSS | dt
0
]
RRT = (10)

(1 = 208SI)TAWSS
1.6 #fE FSI &

{fi i} ANSYS Fluent 19. 2 (75 FRAKFL 917 1%
PSRt AR il A K TSk 1 1N 4% 3o 2 i 4
NEE SR J5 5 ANSYS Transient Structural 19.2 [
A FRIEIT R E AR A A D7 7, PR3435y 28
AR AL 1 B AAROR i, B X — i R, Rk
REEBSFTHROIE S TN T 1%, R T
PRI, ok R 77 19 B X 58 F 23 %I 533 3% (pressure
implicit with splitting of operators, PISO) & 1k E17
FE - RS e AN Bl 1 4 () 2 R ] — i
AR 2L i e R P DR IS B, ol T R T A
FEJZ 8 B Y, DRI ok P 2 0, ) 20 K 3
0.01 s, N T IHERWIAG B 52 Wl , BE40) 3 S0 3h
JE IR 3 AN JA (2,01 ~3.00 ) BYZE R BEAT 50
Bro (A EA 96 #% . 3.4 GHz 4bFE#5 A1 256 GB
RAM #UR TAESG A TR Bk T B s 17
BFE R 36 h 224

2 #R

2.1 HEEER

53 X5 e AE 1 JLART 45 48 i Z5 e o5 104 TN 1Y
WHER 1E S, =0% R, =30 mm BHIp BRI
FFICHA A R, IF AR 3 o 2 RS (B
T IS IR0 T, LAD 5 LCX 143 S8 %l
DX A TN ZE I, I LR 43 32 4 SO PN 03 32K
LA SCE X = [ LK 3 (a) ],

2 LAD AFFAERRZE I (S, =50% ) , %43 SLAR Y

SN IE s AN, a] LAWY R B LAD AR5 i) 47 AE ™

SN I N LR R BB, B AR Ak T WA
SPPURCG D0t 30, JFL S R s g T R LA AR Bk
RN E M e A TR IR, AR S LR
AL, PRAEAE L st R R 7= A T AR 3R X
BBV 16 LAD K AESh IR RERE AL )5, 70 U
XU L AR AT AT REHE 248 e 1 B Bk A A g XIS [ L
El3(b) T,

v(m-sT);
| K
oes
E o
0% . flow
> flow —
l ozt —

e

016 P—
008 cigag="""0 = ———
[ e e — _ ———

— = =

(a) $,=0%. R =30 mmAiz (b) 5,=50%. R.=30 mmAi%

3 FEIEEFRERZ (=260 s) EERLE

Fig.3 Velocity flow line at the moment of peak flow rate
(¢=2.60 s) (a) Model with S; =0% and R; =30 mm,
(b) Model with S; =50% and R; =30 mm

2.2 HERITMRE3HFERFMm

FE R, = oo I Y, l1 XS FRME:, 25l I 5
il A 3 S8 =X LA K BE T BY U0 ) 4 A A TR
EAE I RAN Ay o0 Y43 SLINLAS Y, 250 T P -5 200 By
M s J1 2 2800 WE A,

FH TAWSS 1 RRT #FAl 25 it x5 LAD S 55 P4
Mg, 2558 8oR, Tig & R, =56.25 mm o %
R, =30 mm 5 TAWSS 1 RRT 41 # $# A0 1,
TCIRTERS i AMI A & AN, 7 e 78 b #4775 R 7K
) TAWSS; T 7E B2 T UiE, Sy = 0% 8 rh | 25 iy
HMI TAWSS 22 25l Iy 5 Sy = 40% A A 25
HH M TS B2, N EAEAE 1 AN TAWSS
A [ ULl 4 (a) ], fE R I A Y, RRT #RAL7E
1 AR B K s e AR LAD il Nl RRT
W KA ZE s i M = 1 A, o7 bt B2 E AN B
BN E T WWE 4(b) ],

S, =40% ,7E R. = .56.25 mm 30 mm %I
A LOUER B 7 B 728 T WA A7 7 1 A8 7K F 08I
(O0SI>0. 2) X I, HAR KAE 534 5 RRT B KA AL &
Sy A AL, BV BE A R AR A R A, W7 S B
Z AN E Mm% s, [FE, OSI 5 RRT 1)
e KA S Bt 25 R B P B v T 4t s [ DL IR 4 (e )
(d)J.



BXA,%. ERREhEk i R 5 AR 2 E X BE MR 3 1 # /500
DUAN Wenjie, et al. The Influence of Left Coronary Artery Curvature and Left Anterior Descending

Branch Stenosis on Local Hemodynamics

957

2.3

R.=56.25 mm R.=30 mm
15 15
— Sx0%, K
—— 5=40%, Sl
S10f— S.-0%, i £10
172] 172}
A | —— Sx=40%, Sl \
. R z o
= NG i 5 H AT
0 0 e — S
LADA1 LADAI LADALI LADA[1
(a) LADZS i §SMIU TAWSS 43 A
R.=56.25 mm R.=30 mm
30 50
25 40
%20 T
£ £
I &0 [Egind o4
& 10 & Nk
5 10
0 0
LADA LADAF LADA LI LADAM

(b) LADZ il ]y SMIUIRT T3 A
E4 mEIETMEYABEESENEIN
Fig. 4
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