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Abstract

Objective: Establish ideal models of Arteriovenous fistulas (AVF) in specific patients, and use
computational fluid dynamics (CFD) to analyze blood behavior to provide reference for doctors’
clinical research and diagnosis. Methods: Collect clinical data as a basis for modeling and simula-
tion. Newtonian blood models were used, and the velocity-pressure coupling boundary conditions
are set for simulation calculation. In the results, the plot of velocity, streamline, Wall Shear Stress
(WSS), as well as the average velocity and area average wall shear stress numerical results of spe-
cific sections were selected to participate in the hemodynamic evaluation. Results: For the velocity
and streamline, the axial comparison shows that the average velocity of the two models gradually
decreases from the PA segment to the VD segment. The cross-sectional comparison showed that
the high-speed blood flow was distributed on the outside of the VD segment of the model, while
the PA segment near the anastomosis in the end-to-side model was concentrated on the inside of
the model. The distribution of WSS is roughly the same as the distribution of velocity and stream-
line, and the end-to-side model also observed asymmetric distribution in all results. Conclusions:
This study confirms that the CFD method has some reference value in clinical diagnosis, and
end-to-side fistula is more complicated in practice than end-to-end fistula.
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1. 51§

19837 4t (Hemodialysis, HD), &£ K #1547 (End stage renal disease, ESRD) 25 11— A5 2 B I 254X
BITINE . XFENT B E R, REBENHEEIEY . AR EBEE[L]. 5L Eesa . Ik
PRI K A B AN K AR RS o 27K AV B AR T 0 S i\ O K 3245 (Central venous ca-
theter, CVC), &M T H-KHEARIENT .« 7K AT B I3 8 00 48 L i ik P, 046 E AR Bl ik P o
(Arteriovenous fistulas, AVF)FIFEHE MLE . EARShER K2 H BT H &2 . RO s 1 i A i s
BHI2].

1L W) & (Anastomosis), 2 ML AR5 I FAR IS, BRARI ST 2R3V & #4545 1 BCAS [ i 1
BT A HAE, TR @ s . WA I G 5 sOF Sim v A v & Ay & =
ST E ARSI A, BT L WA AR, RN PR e A0 i) — R B ik 5 #R kAT W & T8 i 1
LA RSk e B Bk, S < ER KSR, DL R BT IR I R R R [3] . Zeid Ak 2 e AT
REARJEHEVI R, =M 7 5, SRR kS kAT v & 0007 AT IE 2, 7R TR
G, B RIMBOENTIE R, RERK, RJGH KRR AR MBAR, 23 kid A R 5
FER—Fh, RtV & AR 38 R BBk v & 5 M s HERE (4]

SR, EPXSARIVIA T S R, IR R Z @l ARG B R 45 R T et o dr, Bz
THESHEBRUXCRER Z BT, Kk, AR 2% ER 118 i EREs) 715 (Computational
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fluid dynamics, CFD)J7=X, H4 BRI IE 0 M. S8k, B A RIS WO S & a7 2
BERERE A 1 RS

AW TR IR EATRIAR, AR MR B 48 5 30 23 53 SR FH s g M) -6 R i 0 0 - R B 6 (1 5 R
RAEWEETT BRI EESH, @ AR =48, SRS FRoT -t o RS B LR 2k 47
i, FeILIE R ER p) M sh /35 R00, K05 AT B EE . Lk BEM 8Y )M 77 (Wall shear stress, WSS)
[ 73 A 45 R DL R LR 2 48 T R AR 1)~ 250 1l i 5 T RR Y- S5 B T BT A7) 82 77 (Area average wall shear stress,
AWSS)EE 45 Rt AT X LL 2 #r, AT VP A BEARL I ML 30 70 447 4

2. M55 %
2.1 BUERE

MBI LR BE MBGET AR 2 Bl e B Edh. B8 IE B Rk S Sk F kv & &L B
PRBIFIK PR, JFAEREE RS KRG AT MVBCENT,  Horh 70 BRI IAT ) 00 W) 5
BER LW, BEONINE, FERIILE 60~70 ZIE], WREREIDY 3~4 5, WA ARG W] B R AR AT AR I
B R .

52 PR e X A Bl (S, ARSI 28 Wl 7 R 4R 0 T I A L A A2, A BRI 2
ticdE . %% 1 R AT CRD AN 225 1) A ST B N LT RA R 6 1 B I P A2, M AR B R
TR E EoFt, 2em yAe, LR N IE BB AR K.

Table 1. Data for patients
F 1 BERE

& A 42 (mm)
s wETA weriae) DERVIKILNG BEE Heshkind
(PA) (vD) (DA)
£E1 Vit Viig 2.0 2.2 5.2 \
2 bl 1.8x45 2.5 4.4 1.9

22. SHEE

TRAE ik BB, A BN SolidWorks 2016 (Dassault Systemes -2 &), 95 [E) 7. 7 A6 (1)
ME=HEREA . fE x-y Pl Eafl gt m)Erm, DL B MBI N AR EAE, SR TBORE R0 2
B, #3340 1 Frs B T BOER AR Y o DR T S TSR D (AR AR EA T R IR, B (R e Bl ikt (L
WA PA (Proximal radial artery), #ishfikiziny DA (Distal radial artery), & (FI%)A VD (Vein
downstream), WJ#& 124 A0, 47 E A& N 43 Sl kR7r A dd inlet. dd outlet. dc inlet. dc outlet 1. dc
outlet 2.

2.3 MAEMHNFHE

W BB SN BRIT 2 BT Workbench 19.2 (ANSYS A #], 2£[H), 7E fluent KEHrh 58 B0y B
AT JGAb R, X CFD RS AT 52 88 0o 3N A RIS 70 W7 o (BB IO AN T IR R Ak, 2 DR A
0.0035 Pa s [5], MLyl % Z 4 — BN 1040 kg/m?® [6], BETH 241 TG 1 #% 0 [ BE AL TR 7] W9 AMIK T W A s 7Y,
KH SST k- i R BEAT 5, SRg WA IR R0 o 2SR FH DU Th R AR S5 R s, RS BT R~
WHO02mm, FHATAEURE, RIFUAZEEAT, G—&ELZKN 0.6 mm,
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Figure 1. Ideal 3D model of fistula segments
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Figure 2. Volume flow curve for a cardiac cycle

B 2. — MU EHANFFIRE T L

3. MEGSRS

DI E ISR I T PSR BT E AT L P2 o0 A AEE T BT ) S A3 8EAT 04, el 3 o
BUE R, 70 BIREE T LA R R L 10125 o PS8 (BRI T AR T X BE T BT I ) AWSS {BL2: il R 25
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HEAT 0T, WK 4 . JIAMSEEES IR T 1 g, D& 10 A0 NEEUE, Bk bk PA BokEL T
PR PAL. PA2, % R F VD BOEE T DU VD1~VD4, iR A 7E 8 s fikiz i DA Btk
T AN DAL, DA2, &R/ NAHAR AR A0 A BELZR B 25 2.5 mm.

31 RESRESH

K 3 R TN VAR t = 0.24 s N, x-y I EIRGEE A al, bl, VLR EARRITRL >
Al a2, b2, HeHURA A I A KON P MR OG T x-y P RIS FRE, T €= 0.24 s I Z2 H
TAZI ZREFEBIL ) — Ao 5l o 30 PAY I 931 85 W S (RO R AL
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Figure 3. Velocity and streamline distribution at peak time of t =0.24 s
Bl 3.t=0.24 s IEERNZINEE S5RESHE

FE 5] 3 BT E L A 1] als bl ob, TN T PRSI R A L A R, 0 P 2 B Y X
R RS ERIER, fie =ENRANMEMG M UL T 408 T imum iR RORU, A B SIHHR
MOPA BERAIWI G H, EFELVIE DNIXIE, ATT AR IS AR R AMUE i VD BL SORIE A
B HIAE VD Bl & D020 5 mm (T L, IR al BT AT T RS . 0 Tim A AR
PA 5 VD Bt, It i A A K S i RUAR R], (HAESEILY) & 1 5 mm [ PA BUBL 13RS
FEL 1] A AR R RO, I B KT FEA B LT PA BLIEW) & 1 Hho O3 BLER 5524 2.5 mm A 1, ifikL
s AR 22 SR 0 DA B IRARAEA W& DR ARRENE, DUMET PA Bg i B3 SR AR i B2
BRI . PR I R e KA IR B 13 6 mfs, 3z T 05 N A N FOTRIEE, X5 LT R S o insd A
I P ARAE) 5 1 ARAR R T B B s 7 4 R LA K

FIRATDEEE], al 5 bl B I 182 F i Sk s B AEAR 75 B R ARG M X 4k P A
VD B, M SAMEEARE, ERE T AR 7O IR X T, JF/E a2 M1 b2 B REILEE R T XK1
MRy PRI IW)S CORRES, R TR AR S i B s 52 BB R A PR, i A s 1) i S
JTEIRIE ST, 1% AR ANRR E il (1 L VAR SR PN BE A BB A T BN IRl IX. G S AR 2R Frg g 5 1
SMUAEE SRR ES, MM A oy, SRS P ) — A BN TR VD AT DA BT A,
DKW & FAMITE AT AR /N 7 B X D, Z X R AR B AT BT, W A R X,
M2 AL DA B 2 B o [l 0 (PR, ARSI I BT i — BRI LA X o

ShEr 1 A v BB B R AR AT UL, AT DUR B R M8 Al 1] 0 AR BVAORE, PR
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Figure 4. The average velocity and AWSS plot line of specific sections: (a) the average velocity of end-to-end fistula, (b) the
average velocity of end-to-side fistula, (c) AWSS of end-to-end fistula, (d) AWSS of end-to-side fistula

4. FEBHEHTNRES AWSS ElZk: (a) imnimPAZETERE, (b) wMRZEERE, () imikRZE AWSS, (d)
i A AWSS

3.2. BEEEYIN 9

B 5 IR T t=0.24 s N2 VA (I 20 P SR P BE TR B D)2 g A B, D T B0 A 5 4 AL B TR
RBEAT AT, BRI T 1 Pa BOMIREE [ BT )M /) (Low wall shear stress, LWSS)%5{H [HI M1 K T+ 20 Pa
[ BE T BT I /) (High wall shear stress, HWSS)S5 (B HIREAT S0,  HoA 2 SR A A7 B AT /& A0 T 1E % 18 AE
HEME K SF(1 Pa < WSS < 20 Pa) i [X 35,
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RRSKE, WSS 1504 B 5 ] 3 BT 14 i I DX 38 DA B AR I 7 o) s DX 3 & A3 AR 4F . HWISS
XA THA PA B W& B VD BAMUIX IR L K DA Bk 788K HR I X 38 VD Bl K
v DX DA B i WS 7R A8 3 J R Ak T A B AP AR REAE S R s /N7 1) LWSS X HAE VD B 1) 4 BE
[TES- @i

RS, PSR VD B4 il 7E AU EE TR U BETHT A3 T HWSS A LWSS X5, I HAMEETH 1)
HWSS X35 H B 1 1) = (R 4B (>200 Pa). —S8m iR (8] [9], 4 R AU BE I (1) HWSS 2 {2 it %
EY IR E AR 2 —, IR R N IE R R A R R B AT 7R SR I B RO FLE, I 4 A B )
#E7E HWSS (WSS > 20 Pa) N, ARSI XK. 1M Carroll 2 A[10]/IAF FLR I, MAKIEE h &K
LR =) WSS 8, FEH B T AR E K IBA Ry sk s, AT R RS R T iX—I 5.
[ LWSS (WSS < 1 Pa) X I A e 51 ML/ 3R A, R EUMARTE SN2 D REFE A [11] . PRI, afed s
LI SRR ST BNk N, — B FR I b2 PR AR A T2 B P XU
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Figure 5. Wall shear stress distribution at the peak time of t =0.24 s
5.t=0.24s FEIEERZINERHYIN N2 HE

{E CFD-Post H {5 B2k 145 11 4 2, $REU AN (1) T B P35 AWSS 25408 RILT 14 4 F 3845
B AR g AWISS 2R, S MRS A AR TET AO T VDL 9 AWSS {ELHF 5 5 Tty i Boqh VD B
1 DA BRI AWSS (B % T3, gl nt bt AWSS [ 5k 5 [RIZE, o B 80 fty 43 A I 3 A
3, SRR R T AO R VDL BRI B T A% 0 AWSS (8, HAWAS T 40 A5 IR th A ke e PR 2
1 — 50,

AR, B EERAMERIET oy PR FREES IR T, B ch g 5 7 A6 Fx
S A WSS, T LSRRI, 23 WA D100 43 H LA ShAT 376 b 0 BLRS B f 45 SR 5 4 2 .

4. e
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