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Effects from Size Parameters of Minimally Invasive Vascular Clamp
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Abstract: Objective To analyze the influence from size parameters of minimally invasive vascular clamp on me-
chanical properties of small arteries. Methods The finite element simulation analysis on the process of minimally
invasive vascular clamp clamping small arteries was performed. The influence patterns of 5 different sawtooth
spacing, sawtooth heights and sawtooth lengths on mechanical properties of small arteries were studied. Results
Larger sawtooth spacing led to smaller maximum equivalent stress of the clamped artery. The maximum equiv-
alent stress of the small artery was not linear with the sawtooth height of the vascular clamp. The maximum equiv-
alent stress of the small artery was the smallest and the vascular injury was the minimal when the sawtooth height
was 75 ym. The sawtooth length of the vascular clamp had an important influence on mechanical properties of
clamped small arteries. The maximum equivalent stress of the artery was proportional to the sawtooth length of
the vascular clamp. Conclusions The size parameters of minimally invasive vascular clamp had an important in-
fluence on mechanical properties in the process of clamping small arteries. The research findings can provide
guidance for the design of the minimally invasive vascular clamp.
Key words: minimally invasive surgery; vascular clamp; equivalent stress; finite element analysis
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Tab.1 Size parameters of sawtooth

] d/mm h/mm l,/mm l,/mm
0.20
0.25
1 0.30 0. 100 0.20 0. 40
0.35
0.40
0. 050
0.075
2 0.20 0. 100 0.20 0. 40
0.125
0. 150
0.15
0.20
3 0.40 0. 100 0.25
0.30
0.35

1.2 MRSH

A5 7 2 o o T e o 4 RE v 2
R4 | B D AF 2 RS- LXK 3 R4 A3 R E )
L 2 R RIS [ Jr 2 i ARYE E A S
BRL 1S T, BT 6 /s 2 ik i 487 Be i M 8E R T =2 48K
(Cy.Co F1 C,y) B Mooney-Rivlin &8 514 44 6k, H
¢, =18.90 kPa,C,, =2.75 kPa, C,, =85.72 kPa,
ARG SHE d=5%107, T EEMFFE A0 m &
e 15 Y (8 RUSF S B0k /N Bl KL AE 7 2 1 R R 5 Tl
TR TR I e b RE 0 R iR LR, I A5 e A4
TERRH A B IR MM R} % p=7 850 kg/m’,
SRV TR £ =200 GPa, AL v=0. 3, Hrhiss & A
PUESREH 0. 25 GPa,
1.3 HE5H8REH
1.3.1 EAT4M 7E SR R0 X s A A T T
B, A T DR 2 o ) T e
1.2 N, 5340, FE sl hkas A (i e ~7 b A vp By 780 7% 18
M4 T2kt . MRIEC AT SCHR[ S, 16, fE A1
178 e &4 /0N 2l Jok i A5 8 e v R 2 gl ko 4



KAER, &, MM EFERSHIME R0
ZHANG Weidong, et al. Effects from Size Parameters of Minimally Invasive Vascular Clamp on
Vascular Mechanical Properties 483

By, %M 1.5 kPa,

1.3.2 2R5FM hREHEZESS 3L TIRE .
© 58 B AE Je b ) il () e sh R B B, 64T
I A8 I e 11 55 /0N Bl Jik i 55 B v 2 fioh i 4 Al S Y
WEE N EE R fih | EEH RECH 0. 73, #FAT B %
e E, s S 2408 0.3 N/mm; @) Xf
() 2 ks K /N 20y ik i A8 B it T 2R A 4 T 2 2 B

2 BRTOMER

2.1 ARENGEE XS ME 11 88 B3 0 12

SE A A SR AT B, XA AR 4 I A
FEEATHRN, D1 001, XFFER 1 5 AR oy )
PR 1l A5 e 4 RE AR M P 5 /N sh Dk i A B, BT 1 B
R 1 HSB0H d=0.30 mm B, 104 2 e
KA B AR = B I AE e 2 s v #% 1 2 R
3 mm, MMi/NSIK LA B 67 F I 4 11 v [R] 50407, PA 2E
15 0L R AT i i FARER

B 1 mE SRR/ E G S
Fig.1 Displacement distributions of vascular clamp clamping

artery

& 2 7 A d=0.30 mm B /NSl K LA BE e
AR o PT I RE /NS TR LA By B RN AR SR 0. 208,
A7 F T e E

V&S
0.208
0.186
0.163
0.140
0.118
0.095
0.073
0.050
0.028
0.005

(a) IERLE

2 d=0.30 mm B &R IES5H TR
Fig.2 Strain distributions of artery at d=0.30 mm

(b) PULIE

(a) Front view, (b) Lateral view

& 3 Tk d=0.30 mm B /Nl ik I 45 B 1) o7
Jia3 A, I e Bt e K 54 /N sl ki A8 B KN X

WAL T e R A AL Ry AT e 1 S, R R T
0.43 MPa,

a/MPa

(a) IERLE

B3 d=0.30 mm R & & HR F153 7
Fig.3 Equivalent stress distributions of artery at d=0.30 mm

(b) puBLA

(a) Front view, (b) Lateral view

F BT e /0N Bl ik i 4 B A R S5 50 g I 1 7R
(B FE A5 Ak it 22 T UL, /N3l K il 45 1Y) A 3000 T 5 14
RUE R R e (L 4) . 24 d=0.40 mm B, L1
B KEUN T 0. 40 MPa, 76 5 B [m] ¥ 74 i) #E
B AR/ 5 00 D DR 2 Tl 0] i A I 55 /0N B ok o A
fid %) e A5 TR FRU P 2 147 78 [) A 35 KT 4G K, e e
eI — i, B RN ) 253 Wt/ N

048

0421 \‘\
N

040 .

0.15 020 025 030 035 040 045
d/mm

B4 mMESKEAREEREEEL L%
Fig.4 Variation of equivalent stress of artery with

sawtooth spacing

N T HCBAN TR I RST IL A5 28 g B 1A
TR R ARG R 2 AT SIS A4 r=3. 0,
4.0.5.0 mm I, FeIefp/ Nl kA Bra K AFR0 T
Wit 1A 7R ] PR AR A S AR (L3R 2) o /sl A B e
REFRON S35 14 BT R S L (R i A% e 7
SER U, IS R G S ML 2o o v A
J1ARR I BRI A8 BT 32 4 e R 7, DT Dk
ZINK LA S B IR 7 S8 SR A [, T
X — B X T ARSI B A LA e T, d =
0. 40 mm &4l



EREMAE $34% F£5H 2095108
484 Journal of Medical Biomechanics, Vol. 34 No.5, Oct. 2019

®2 ARAEETOERKEA

Tab.2 Maximum stress of artery with different artery

diameters MPa
d/mm
r/mm
0. 20 0.25 0. 30 0.35 0.40
3.0 0.527 0.514 0. 508 0. 497 0. 486
4.0 0. 467 0.439 0.423 0. 420 0. 400
5.0 0. 443 0.420 0.412 0. 406 0. 385
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1MAE12 M) l,/mm
11/kPa 0.3 0.4 0.5 0.6 0.7
3.0 0. 867 0. 878 0. 887 0. 969 1. 121
4.5 1. 040 1.074 1. 099 1. 127 1.397

3 e E%ie

Bt B T H AR K AN i ik 28 BB R
FRFE)™ , BB T AR e A ) 5035 3 1 R 7 e
U B A R TT 02— H AT N AT T R Y
WHTE 2 80 T A ARE A s AL A o 55 07
T, DT AR BBl K 55 i T A I e sl ok B 7 1)
AR A I Y AR I 8] A 5, T -5 5% HiT A7 1 1) 3l



KAER, &, MM EFERSHIME R0
ZHANG Weidong, et al. Effects from Size Parameters of Minimally Invasive Vascular Clamp on
Vascular Mechanical Properties 485

JkSRARERE AL JEOET | I A5 e e o o 4 A A o A RN
BIST0IR 15340 B 5 B kAR . A, A e
4 15 TR S 000) e 5 1ML 45 o A v i B T BE TR I G e
M A, A SR X ] i, 8 e e F 1L B9 4 7
JERIFFE, 43 A AS [ 15 264 16 B 47 280 sy o % 1y R K
X =7 R I 1 AR R e R, AR
SCOTMTEE R ATAL, QO A e Y 14 AL ] A, ir e
R/ N sl ik i A8 BE 04 $5e AR 7/, B e F 1o 7
SRNIRES R N G VA R R i) 121 05 = A CANVAN
SRS Y f5c R S5 80N 1 5 i e 1) 14 A v R O
AREWXR, WF S KB (h=50.75.100,
125 150 pm) ,h=75 wm BF/NS) LA B9 B K 25 5%
N TR RIS ey, B LA e i 15 A B
XFF I E B /NS K L AE T 2E P Re A EE R W, L4
() B R A RN 1 5 1 A8 e i 15 K B i E He ., |
IR 43 T 25 3 mT LA o) 1 A8 e 1) 25 4 15 T
PR

SR PR TR o B v R IR A Bk stk
A, HOR B AR, 8O 5T R 2518 19 3
M A SO AR 0 J1o 1.5.3.0.4. 5 kPa 551F
T BTN Bl ik it A R R AR AR, 7 B It 4 e 1 7Y
KM RBIFUIG ., hoaPr s R nl i, A
[ AR ] S 25 0F T, I e R S 00 g 5 1 A8 e
WRIK B RIE [, BR T B RS S 800, 8
A8 & B B 1 A HAth T AT etk e,
JE B A 1M 4 e 7 Al R v 2 A8 SRR K
& BRI R 5 | 2 S0 R A (n) A, B OR F — S T
AN R G 45 Y00 3 I S 4 e A R 1 B
IR, AN, F K g 32 B v T LA B T
P, RO, Gy ebe b s B I 4% e 1 3 IR 25 4 13 3
R JE S I Iy T 22—,

STk

[ 1] AARON G, ROSENBERG. Surgical evolution; Develop-
ment of minimally invasive surgery [ J]. Op Tech Ortho,
2006, 16(2) ; 84-86.

[2] WRIETE, BI5E, IMEE, 5. 1A e K BUEUES Pk 5% R
BiragE[ J]. MR BE 2 243, 2015, 27(3) : 28-31.

[ 3] ZHANG Y, KANETAKA H, SANO Y, et al. Pressure con-
trolled clamp using shape memory alloy for minmal vessel

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

invasion in blood flow occlusion [ J]. Ann Thorac Cardio-
vasc Surg, 2013, 19(1): 35-42.

I, BN PSS R EEE M L], &mm T (% m
1), 2016(20) : 14-15.

GASSER TC, CHRISTIAN AJ, SCHULZE-BAUER, et al.
A three-dimensional finite element model for arterial clam-
ping [J]. J Biomech Eng, 2002, 124(4) ; 355-356.
FAMAEY N, SOMMER G, VANDER SJ, et al. Arterial
clamping: Finite element simulation and in vivo validation
[J]. J Mech Biomed Mater, 2012, 12(8): 107-118.
HAJIZADEH FS, ABOLFATHI N, MEHMANESH H, et al.
Design and finite element analysis of a novel smart clamper
for aortic cross-clamping in minimally invasive surgery [J].
Minim Invasive Ther Allied Technol, 2015, 25(1) : 15-21.
REL, SRR, R, S N A A 2 2 4 fi
TR ] BRI 1%, 2014, 29(3) : 234-240.

ZHU W, SONG CL, ZHAO LX, et al. Mechanical analysis
of laparoseopic instruments when contacting with biological
fissues [ J]. J Med Biomech, 2014, 29(3) . 234-240.
RYLSKI B, SCHMID C, BEYERSDORF F, et al. Unequal
pressure distribution along the jaws of currently available
vascular clamps: Do we need a new aortic clamp? [J].
Eur J Cardiothorac Surg, 2016, 49(6) : 1671-1675.

CHEN HY, NAVIA JA, SHAFIQUE S, et al. Fluid-structure
interaction in aortic cross-clamping: Implications for vessel
injury [J]. J Biomech, 2010, 43(2); 221-227.
ROTELLAR F, PARDO F, MARTI-CRUCHAGA P, et al.
Bleeding control during laparoscopic hepatic surgery: Use-
fulness of vascular clamps and barbed sutures [ J]. HPB,
2016, 18(S1) : 590-591.

SRR ML Y R (J]. B T2,
2018, 33(S1): 80-84.

Ql YX. Advances in vascular biomechanics [J]. J Med
Biomech, 2018, 33(S1) : 80-84.

R SRR AT = 4B MRS I F [ D]. K-
HARKA, 2017.

R TR, YRR, AR A BROTA BT AR I A R 0 T Y
JHLJ]. WHEBERIR 2440, 2017, 38(8) : 983-988.

JOHN K. Arterial wall properties in men and women.
Hemodynamic analysis and clinical implications [ M ].
USA. Springer International Publishing, 2018: 291-306.
FREIE. SIKIE AR L BER 1 ) 2= EREAT S [ D]
5 RHR, 2016.

BIANCA H, VRIENS, ROBERT A, et al. Arterial clamping
leads to stenosis at clamp sites after femoropopliteal by-
pass surgery [J]. Am J Surg, 2015, 210(3) : 536-544.



