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Abstract : In this paper we introduced optimized deformed shape to prevent the blood vessel disease caused by the discord of

{eformed shape in the end-to-end anastomosis. This study considered the preliminary deformed shape induced by suture in the

arastomosis of artery and PTFE, artificial blood vessel, with different diameters. Then we analyzed the final deformed shape

5f the anastomotic part under the systolic blood pressure, 120mmHg(16.0kPa). The final deformed shape of the anstomotic

part was analyzed with respect to the change of initial diameter ratio(R) and the PTFE thickness. Equivalent and

cireumferential stresses induced by the systolic blood pressure in the anastomosis were also analyzed with respect to the

initial diameter ratio(Ri).

The results obtained were as follows :

1. Considerng the preliminary deformed shape induced by suture and the systolic pressure in the anastomosis, not intimal
hyperplasia, the optimal initial diameter ratio(Rp) was 1.073.

2. As the initial diameter ratio(Ri;) became larger, higher equivalent and circumferential stresses were induced. And all the
maximum stresses occurred on the side of PTFE 0.4mm apart from the anastomosis.

Key words ' End-to-end anastomosis, Suturing effect, PTFE, Equivalent stress. Circumferential stress
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Rr = Inner radius of PTFE
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Table 2. Magnitudes of maximum nondimensional stre-
ss with their locations from the anastomosis

Division Ri=1.0 Ri=11 Ri=12

Maximum nondimensional
equivalent stress

6.45 6.55 6.86

Distance from anastomosis
(on the side of the PTFE)

Maximum nondimensional
circumferential stress

0.4mm 0.4mm 0.4mm

16.85 16.46 1751

Distance from anastomosis

(on the side of the PTFE) 0.4m 0-4um 0-4on

J. Biomed. Eng. Res: Vol. 24, No. 2, 2003



o
Ho

118

Nondimensional equivalent stress

PTFE —— —— Artery

! 1 1 L I 1 1 i
-10 ] 10 20 30 40

Distance (mm)

ag 10. =7| HAu| Hsjol| up2 488 2
Fig. 10. Equivalent stress distribution with respect to the
change of initial diameter ratio(Ry)

3. ®7| JPHI(RNY sl ME 2aHFel 84

End-to-end &&°lA F92 PTFEY i7l 2 7348 (Rp) 7}

wae o BgYe NS BPSUd AF9ReS F
89 43719 Wgezd PAURA 1 LIS Fig, 109

Fig. 11 Jebioich
Table 2.5 F3FoNA FAHE Ao 4I85H
Fureke-2o] Rapgstd gH EFRFAAY FAAANE vE

EEEE

=

Wx ok BE $EFe] PTFE 85 04mm A4 2
A Ae BAY F glom, A 493 3% R F
Aol wet go] Fheke A%E mAL

53] R=1.09 w9 A7 iy H £57] o] 2
48 HE 78k Chandran 5(1992)¢] d-+23< 4.83/-
05mmst = FARSITL £ 4 len], £ Fig. 103 2o
HAH 43R T A9 FIFE FAF & U
tH6].

Ao A5:5FEEe] A% R=11499] gko] Ri=1.0, 1.2
wrch o #Agkeh ey o] %2 Hdige] Idd Zeln
EFAM 04mmE Hold AFeMes EF PTFE wt3e)
F7tgel wel dFLESHo] Frltste oAU A
3ol e &
Fejeta 7+
Zol7k A&
ulxgg,]h
Malon a2}
= g—v

8 slof B
sgome 443
o2 g,
NEAg BT
FMee 8%

r

i
=]
KX
=
2

_c:_
[

o>
N

o
rd
N

t Artery
1 1 1
20

PTFE —
0

Nondimensional hoop stress

Distance (mm)

a3 11. =7| JHd| gl Mg AFUHFSH EX
Fig. 11. Circumferential stress distribution with respect
to the change of initial diameter ratio(R)

=2

==

£

2
LT
43 2
$3fol frass

At Me 93 PTFEY end-to-end %o #e
oA AAY BT FAE EHXE TEHS
742 RS B degtd REg AAEAL o & o
Mg g AT oo AEE =&AL
. EHRY o] we FFSHA o]lFolA T WFPol
A2 FUAS o|FA Hi, Fdg BFHol FAEH
B33 Fde el sYsitte sHAsEA BEEH
A FIF deeMe Hy S FEE + Ue ©

3} 1S A FEa AN HE AT
4 aEA] i sHeE
ks aH¥ Ae dEE
Z712 7448 (RyE 1.0730]t}

271 AZ¥ Ryl #& F7F

O

)

1=

ﬂl

r

Jo i

o

=o
o =2

2 -
[ LY A o2
qo_ﬂmgo%nﬁ%ﬂ

BB X G ox O e AT )
ofl
ofo
of

go & o §

. W.G. Kim, "Thoracic & Cardiovascular Surgery",
Korea Medical Publishing Co., pp. 348~361, 1994

. S.C. Jordan, “A Synopsis of Cardiology”’, Korea
Medical Publishing Co., pp. 206~236, 1987

. KB. Chandran, “Cardiovascular Biomechanics”,
York University, pp. 94 ~248, 1992

. M.W. Weston, K.H. Rhee and JM. Tarbell, "Com-
pliance and Diameter Mismatch Affect the Wall
Shear Rate Distribution Near an End-to-End

New



-3

<

SV R PR L

j

Anastomosis”, Journal of Biomechanics, Vol. 29, No.

2, pp. 187~198, 1996

. KH. Rhee, SM. Lee, “The Effect of Wall Elasticity

on Wall Shear Rate of a Divergent Tube(Vascular
Graft)", Journal of KSME, Vol. 23, No. 6, pp.912~
921, 1999

. KB. Chandran, D. Gao, G.J. Han, H. Baraniewski

and JD. Corson, “Finite Element Analysis of Ar-
terial Anastomoses with Vein, Dacron and PTFE
Grafts”, Medial & Biological Engineering & Compu-
ting, pp. 413~417, 1992

. PD. Ballyk, C. Walsh, ]. Butany and M. Ojha,

"Compliance mismatch may Promote graft-artery
intimal hyperplasia by altering suture-line stresses’,
Journa. of Biomechanics, Vol. 31, No. 3, pp. 229~237,
1997

. G.J. Han, YH. Kim, S.C. Ahn and J.J. Shim, "The

effect of the Diameter and Anastomotic Angle on
the Compliance and the Stress Distribution of the
End-to-side Anastomosis’, Journal of the KOSOM-
BE, Vol. 19, No. 2, pp. 183~188, 1998

. YH. Kim, "A Simultaneous Fluid-Structure Model

A

$93) PTFE £39 379 47

10.

11.

12.

13

14.

15.

119

ing of the End-to-End Vascular Graft Anastomosis”,
Journal of KOSOMBE, Vol. 30, No. 5, 593599, 1999
S. Lee, Y.C. Fung, M. Matsuda, H. Xue, D. Schnei-
der, K. Han, "The of Mechanical
Strength of Surgically Anastomosed Arteries Su-
tured with Dexon”, Journal of Biomechanics, Vol. 18,
pp.81~89, 1985

AW. Clowes, R. Geary, "Vascular Biology-the New
Frontier”, Cardiovascular Vol. 2, pp.
301-307, 1994

S.C. Chapra and R.P. Canale, "Numerical Methods
for Engineers”, McGraw-Hill, pp. 438~472, 1998
YH Kim, "Flow Dynamics Near End-to-End
Anastomosis”, Journal of KOSOMBE, Vol. 13, No. 2,
pp. 165~173, 1992

KH. Lee, "Hemodynamic Effect on Artery-Graft A-
nastomotic Intimal Hyperplasia”, Journal of KO-
SOMRBE, Vol. 15, No. 2, pp.143~149, 1994

BD. Ratner, AS. Hoffman, F.J. Schoen and JE.
Lemons, "Biomaterials Science”, Academic press, pp.
420~422, 199

development

Surgery,

J. Biomed. Eng. Res: Vol. 24, No. 2, 2003



