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Development and Evaluation of Water-cooled Bipolar Forceps

Toshimi SHIUN"?, Takashi SUZUKT', Yoshihiro MURAGAKT' and Hiroshi ISEKI

'"Faculty of Advanced Techno Surgery, Institute of Advanced Biomedical Engineering and Science,
Tokyo Women's Medical University

2Mizuho Ikakogyo Co, Ltd.

While recent improvements have been made to bipolar forceps used in surgical procedures, especially those

used in neurosurgery, problems concerning reduced coagulation performance due to the adhesion of coagulated

tissue to the tips of the forceps persist. Various measures, including surface modification and tip cooling, have

been attempted, but remain unsatisfactory. In this study, we applied a cooling method that is commonly used for

the puncture needle of radio frequency ablation devices to bipolar forceps. Using the newly developed bipolar

forceps with circulating coolant inside the thin blades, coagulation performance and tissue adhesion were evalu-

ated in both ex vivo and in vivo environments. Adhesion of tissue to the tips of the forceps was drastically re-

duced by the cooling. Coagulation time increased, however, because the cooled tips did not induce thermal coagu-

lation; only Joule heat from the electric current of the forceps was responsible for coagulation. Additional radio

frequency power can compensate for the low temperature at the tips of the forceps. In conclusion, our newly de-

veloped water-cooled bipolar forceps effectively reduce tissue adhesion.

Key Words: neurosurgery, electric cautery, charring, heat pipe, mirror finish
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Fig. 1

a: Prototype of water-cooled bipolar forceps developed in this study. Tube pump was ad-

opted to circulate coolant.

b: Internal structure of the tips of the forceps. Coolant circulates inside the thin blades.
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Table Time to coagulation and adhesion condition in ex vivo and in vivo experiments

Ex vivo (n=5) In vivo (n=1)
Specimen .
Brain Carotid artery Fillet Brain F;rré‘e"r’;ﬂ Surronding
Radiofrequency
power [W] 5 15 25 5 15 25 5 15 25 10
Time to coagu-
lation [sec]
w/ coolant — 19411 7007 — 3007 2007 — 2000 10x00 1 6 3
w/0 coolant — 172x04 50+00 48+04 2000 1000 — 20x00 10zx00 1 2 3
Adhesion
w/ coolant * No No * No No * No No No No No
w/0 coolant * Yes Yes Yes Yes Yes * Yes Yes Yes Yes Yes

—: No coagulation, *: No evaluation due to no coagulation.

Fig. 2 Adhesion of coagulated tissue to the tips of the bipolar forceps; (a) with water
cooling, (b) without water cooling. Input coagulation energy was 15 W. Specimen was
chicken fillet. Adhesion of coagulated tissue was observed in the dashed circle.
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