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Abstract

Objective: To design a self-cooling radiofrequency enterostomy electrode and analyze and verify
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its performance by simulation. Methods: COMSOL Multiphysics software was used to simulate and
analyze the designed self-cooling RF intestinal anastomosis electrode, to study the influence of
three different cooling medium flow rates on the cooling effect, and to compare the change of tis-
sue temperature with that of non self-cooling electrode during the anastomosis process. Finally,
the effectiveness of the designed electrode was verified by experiments. Results: The finite ele-
ment simulation results showed that when the cooling medium flow rate was 0.1 m/s, the anas-
tomotic temperature tended to be stable, and the maximum temperature was 99.63°C, when the
non self-cooling electrode was used, the maximum temperature was 161.91°C. The experimental
results show that the average burst pressure of anastomotic stoma is 43.29 mmbhg for using self-
cooling electrode anastomosis. Conclusion: Compared with the non self-cooling electrode, the max-
imum temperature of the anastomotic stoma is much lower than that of non self-cooling electrode,
and the average burst pressure of the anastomotic stoma also meets the clinical needs, which in-
dicates that the self-cooling radiofrequency intestinal anastomosis electrode designed in this pa-
per is effective.

Keywords

Self Cooling, Finite Element Analysis, RF Electrode, Coincidence Temperature, Burst Pressure

Copyright © 2022 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 51§

45 H Jw¥ (colorectal cancer, CRC)/2 B Jiii H # WL AR IR « 95 2020 £F AR AiE St it oR[1], 45 H
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woEE MR EAL[2], M EA LR R Thet. EVIBRBALE, EFEERY &I 0 T
WEE T EE, GRS AAGE, We5HEREKM. sk, SEVE Ok, e HREEIFK
At H AT BRIV G T BB APIRE, —MR LS S[3]. MaaYIE[4] [SIAINEMI& 8 ER
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Figure 1. Self-cooling electrode
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Figure 2. 3D model of self-cooling anastomotic tissue
2. BRAVEIHER=HIRE

2.1.3. IEEAENER
Y& B AR HA RIS R, nE 3 B, BG4S, AR a2 .

BiI5S il PAER

Figure 3. Non self-cooling electrode
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Figure 4. Simplification model of electrode. (a) Non self-cooling electrode; (b) Self-cooling electrode
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Table 1. Material properties

=1 MEEMN

A ok 15 28 (S/m) FHEH(WI(M-K)) 5 (kg/m?) 1B 5 4 7 (Ikg k)
A2 55 Je 0.1 0.25 1140 1926
i R B i 5.998E7 400 8960 385
PR 0.9%NaCl 1553 0.6 1000 4200
N7 N7} W2 W 2 1030 W32

Table 2. Material parameters of intestinal tissue
2. AR EIEH

N 7HE A ANZ R
(ﬁ*ﬁ:%fﬁ) 0.54%[1+0.015%(T -T,)].(T <100°C);0.1945,(T >100°C).
9 EmY 0.07 ¥[1+0.015%(T T, )].(T <100°C); 0.28+[1+0.015+(T -T,)].(T <100°C);
0.1596,(T >100°C). 0.6384,(T >100°C).

3804 (T <273 K); 4770 (273 K < T < 360 K); 194,400 (360 K < T < 376 K);

5 R
[E I A4 2 (U (kg™K)) 2630 (376 K < T < 390 K); 513 (390 K < T < 397 K); 392 (397 K < T <573 K).

VE: T RSERHREE(C): To NNBHIGRIEREE, 37°C.

MR B, R AT = AR RS R0, Gl 5 Fion. JE B A S F A R B HE 13,078 LG,
546 MAFEITLA K 12 NS TG, HEETHEARRI S EEE 14,032 /NMAJG. 604 NMAF#ITLA K 32 4~
TH S HTt .

@
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Figure 5. Mesh of electrode. (a) Non self-cooling electrode; (b) Self-cooling electrode
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Figure 6. RF voltage
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Figure 7. Anastomotic strength test. (a) Schematic diagram; (b) Physical diagram
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B E1 R A AR B A A AR R BE S 7 B i 45 o il <) 8 Fls] 9 . MR RTLAE H, X
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R A R KR IE A 0.01 mis B, WA O I B il B 114.79°C s AR B K 9 0.1
m/s i5f, W& L i SR EE N 99.63°C . AT AEE W EIHRL, WG ORISR E N 161.91°C. WA TS
TR WA F AR BEBE IS ) (A2 4k th 2 ] 10 From, MBI DUR t, B ¥ 51 RS IR L this b W) &
IMEMRE, BRALS R mEE R LA EHKEREA 0.01 m/s B, HIUREF mi&sme, 4
FRER K R BT, 4R B E K Y 0.1 mis I, ZHZUR AL & AR R R A, AR B 2K H0IR
FEREARAAS, HUL AT DT, AEE KA EME LIRS 1 ok, B F IO A B AR K I, XHH
I HROR A S H PRI Fk, ARSI REREME 6 FroRi iR E ~, A3 /K iEE 0.1 m/s
B, W) ARG, SSRGS, AR BRIV A RO .
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Figure 8. Temperature simulation of self-cooling electrode at different flow rates
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Figure 9. Temperature simulation of non self-cooling electrode
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Figure 10. Temperature versus time relationship during anastomosis
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Figure 11. Comparison of experimental temperatures
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B E LRI & R I 2 23 A HR A I BE %35 /2 I PR 75 SR CK T 15.4 mmHg) o il B & 20 Hdl V) 5 i 4 24 g %
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