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Nonlinear Analysis of End-to-End Anastomosis Using Sub-modeling
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ABSTRACT

A finite element analysis of end-to-end artery/PTFE anastomosis has been presented in this study to evaluate
the distribution of compliance and stresses in the vicinity of the anastomosis due to any mismatch in compliance
characteristics. The artery wall was assumed to be made of linear isotropic material in this simplified model and
a nonlinear analysis and convergency study with respect to increasing meshed element numbers were performed
with a mean artery pressure loading of the artery-PTFE model. Also, sub-modeling method was introduced to
progress the accuracy of the finite element analysis.

The results are as follow :

1. A hypercompliant zone on the artery side was observed around 4.0mm from the anastomosis and a high
hoop stresses in the wall of artery and PTFE was dominant.

2. An artery displays large deformation so that nonlinear analysis and sub-modeling method was used.

3. An anastomosis with the thinner thickness and larger diameter PTFE (B type) could reduce the compliance

disagreement.

Key Words : Anastomosis (%), Compliance (7 &d}o]12), Nonlinear Analysis (8] 413 8 4])

7|54Y 1. MB

C = Compliance ofe] 7bA A& olate] Hyt uo] o] W

DD = Internal diameter Astal oo o] Y §~§Sq F52 el

¢t = Thickness of Artery and PTFE stil, 17le] Asixw HA, = S Estel g&

AP = Pulse Pressure wRA Aol dAe 58] el Eele T
she gasuel Ago] WS A9 AW

0. = Equivalent Stress o1 o o . o oo
A9 e tebdn) oA S BAE] el kRS A}

2001 109 49 HF
* ot Fjfet 7)) 3eta}
** LG-OTIS A4
o Fopdietul AytdlEyl vAFEtat

192



FaZ - rg - A g FTEER) W28 s
fsto] A Sl kel xR wy, A o, TP s olFe AR A= 9dd) A¥Yn
B EBRE BN BREE s, agn H EF T MR AE wASA g Row
o= ol A% olgd wel My Aoy ¥ AEAAT. FRLLHMel: WE FHR LA
TS EAHE s, dae) ARES o) SRIIWR ANSYS 5.6 AMgERolom, sl A}
Hos AZlshn AERS ol Aekis Bafol olwb  £¥ 241 8EA INHEE sbY A 248
Hoi wol Alax i g w| A8 Fig. 1(a) vl Al® B9} PTFES) &
ST BT U A W Aolel B 4 bR 9ow, Figlp)S G6E A @
olizel ¥ AFo 2 B ¥-97 A= A%-7t FotA 24¥E A4S vehya o nEa, £9
WSSl olow f1of i At GhgstAl B o0& FME FHL sub-modelings T AL
=31 9lTh Hasson §(1985)& E@olA FH&oR vetdla glow, ofml 10mme] H7)v= A 17
3.6mm Bol o)A BY PEe)A=Y °F 15 Zetelfl ARQE Fws 29 4 JnH uy
wi7E Hiz gEalold g AgHeor =Y, 3T} Table 1% &) 42 93 Fmi} pTFES @
4% ¥5& n3E 0l A% 9 (Para- anastomotic AAGY BAdPAA e PEetoldAags v
Hypercompliant Zone)ole} % 3sto] ¥3te &9 ebll gl )
T7IHl A EEE 3 e g4 e, APt PFTEY: ti¥ld 758 el
(hyperplasiayol WA siCt L Boasbs Qduh ol Fofl wradH o o] Haow HAsi=
#Hitol Chandran 5-(1992)% end-to-end %-4v}) Al AL AL Jon®R B AN
Aol e Gatold Bgel ade watatd  qAEe vAd leket naRaN S St 7]
Wa e vl Ml fEesMe o88 M 2o AT W Sy AT B
Folal e FARALD TF, Ballyk (199N U B,
T FH BHE PoAA BASH: g A5Y eg7le) AEseldst: Bheg A
HER RGOl el FRasyy olge oM 8 4 i Table 1003 Ad AR Aol
ol effstelen, 5l end-toside ¥l A e Aorgt A gEveld s g v g
DAIH(Distal Anastomosis Intimal Hyperplasia) <44}
o 333 3 4
S RAsgu _4D 1 [%/kPa) W
oot § 82 ANG o] 8§ end-o-end H-3} D ap
off Af pef A}l g hdboll s ghel 4EA4S Sy . N .
A rEN i Rl gl 4HYE 3 7114 1 DIz ol el9 448l Wskgpol
717 91 Qe 4o o rEAs RAabstal . ~ N e - 3 =y
e o ) . Diz ’E/l Aoty efar, A pir AR EE
Sok uhEael A BT WA el Dol o1 1715 shus
sub- ling 71'H& ng)abo] yu} 4srel #atul ) ; 3 i
5:; nv)c\)d; ”’)véﬂgr i 2] 5 wo’}'e;jt)r iﬂo‘r xﬁ"/}r L'l]? R, il AT PIFE WG AR PIFE ¥
' el et A wou it GEeteliae] Wty xAbe})
W 5SS bAun vlsiarA wp e e A . ° .
8§ gha1, ©]&, PTFE(Pol Tt FI Ethylene)©] et s el Fig. 204 debuigdch, exd
B e ro JK ool s ; =
i; A 'Hi ([Oy cra A(iuﬂ o )y:m. R D4 7HA A 0.4mmat 0.8mmell thE) PTFES)
]’ F ’ﬂ 3}'0}] q'L,‘ T3 \_— ‘\—0}1 e (H‘ol’ l LH»/g% B O‘ W ;‘7% <] ,;q.é.l_ . A .‘%‘ L Mul s ,} PTFE
7 abo] ol - ”*“’J"* 2 A5t 6:}4:01.‘:: e x
o BT of ) galdo] olAeh: Ag. fiela
Ao mdsel, A BE Adel BRd ARAe) e o
Avs Awstas ool ddsiale, o ey & bo 8ol sidehi - el atitated & 6t
3 TE AL 5} W0 ~Ea ’ -
; & 1o 2 3
we A xof) sl uldE siM Eta.
2. ¢ EHY
2.1 Y3 PTFES feie4 2
vl M= FulEt PTFES] WA 77t
dmm, el oy ImmE T U ndlg ey o (a) meshed shape

193



2

1

i

o
1}

[l
oft
10}

5+3] 2] 42080 A2E

PIFE _{o,"m Artery 40mm

g om

I sub-modelinul
region

(b) shape of the applied boundary conditions

Fig. 1 Finite element model and dimensions of artery
& PTFE anastomosis

Table 1 Material properties of the PTFE and Artery

Elastic modulus Compliance
Pa(x107) In vivo
Artery 4.55 0.586
PTFE 22.00 0.122

Table 2 Each model dimension with respect to the
variation of a diameter and thickness of the

PTFE
Internal Outer Wall
diameter | diameter | thickness
Artery 4 6 1
438 0.4
Type A} 4 56 038
4.6 5.4 0.4
PTFE |[Type B
4.2 5.8 0.8
4.8 0.4
Type € 3 6 08
~10mm PTFE Artery

| |
| |
¥ 0.4 or (0.8) //——"—1!

(a) same internal diameter (type A)

1%4

PTFE

-10mm PTFE Artery 10mm
|
' ]
¥ t+0.4 or (0.8) L

JE T NS

(c) same outer diameter (type C)

Fig. 2 Each model shape with respect to the variation
of a diameter and thickness of the PTFE
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Table 3 Hyper-compliance test
increasing  the
(units:%/kPa)

C full model

E linear

convergence
of

by
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nonlinear linear nonlinear

artery | prpg |artery | pTFE |artery | pTRE |artery | pTEE
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4,032 [/0.6042| 0.1140 [0.6949] 0.1174 |0.6052} 0.1141 [0.6936 0.1176

5,120 [|0.6041| 0.1140 |0.6952| 0.1175 |0.6052 0.1142 [0.69721 0.1176

6,080 |0.6049| 0.1141 0.6060| 0.1143

0695710 1177 06972 0.1177

7,520 [0.6048 06059 0.1144 10,6972} 0.1179
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Fig. 3 Compliance distribution in the vicinity of a full
model artery/PTFE anastomosis
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Fig. 4 Hoop stress distribution in the vicinity of a full
model artery/PTFE anastomosis
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Fig. 6 Compliance distribution in the vicinity of a
sub-model artery/PTFE anastomosis
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Fig. 7 Compliance distribution in the vicinity of A
type artery/PTFE anastomosis
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Fig. 8 Compliance distribution in the vicinity of B
type artery/PTFE anastomosis
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Fig. 9 Compliance distribution in the vicinity of C
type artery/PTFE anastomosis
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