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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 dominent.

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 (C type) could reduce the
compliance disagreement.
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Fig. 1 Finite element model and dimensions of
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Fig. 2 Each model shape with respect to the
variation of a diameter and thickness of the PTFE

Tabel 1. Material properties of the PTFE and
Artery

Elastic modulus Compliance
Pax 10’ In vivo
Artery 4.55 0.586
PTFE 22.00 0.122

Tabel 2. Each model dimension with respect to the
variation of a diameter and thickness of the PTFE

Internal W Outer Wall

diameter | diameter | thickness
Artery 4 6 1
4.8 0.4
Type A 4
| 56 0.8
4.6 5.4 0.4
PTFE | Type B ﬂ
Tpe 42 538 0.8
48 0.4
Type C 6
ype 56 038
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Tabel 2. Hyper-compliance convergence test by
increasing the number of elements (units:% >kPa)

C full model
E linear

sub model

nonlinear linear | nonlinear

No. artery iPTFElanery PTFE artery}PTFE artery }PTFE

]
1,000 0.5982'0,122&6880 0.1155 [0.5989 0.1123 10.6892|0.1157

2,160 {0.6027{0.1134 |0.6931|0.1169 |0.6035|0.1134 |0.6942|0.1170

3,024 |0.6044(0.1137 [0.6951 [0.1174 [0.6054 |0.1139 {0.6965 |0.1175

4,032 10.6042(0.1140 0.6949 0.1174 [0.60520.1141 {0.6936 [0.1176

5,120 [0.6041(0.1140|0.6952{0.1175 | 0.6052 [0.1142 10,6972 |0.1176

6,080 |0.6049]0.1141 {0.69570.1177 |0.6060 0.1143 10.697210.1177

7,520 [0.604810.114310.6957 0.1177 |0.6059 }0.1144 0.697210.1179

9,000 |0.604810.1142 |0.6057 [0.1177 {0.6059 0.1144 10.6971 [0.1179

10,000 |0.60480.114210.695710.1177 {0.6059 {0.1144 1 0.6972 [0.1179

15,000 |0.6046 |0.1142 |0.6957 |0.1177 | 0:6059 |01144 {0.6972|01179
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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. 5 Equivalent 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
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Fig. 9 Compliance distribution in the vicinity of
C type artery/PTFE anastomosis
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