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Liver resection surgery is important and standard radical treatment for hepatocellular carcinoma. In this study, a
novel contactless surficial cauterization method using steam was developed to achieve faster cauterization and
coagulation of liver resection surface without carbonization and gas embolisms.

In Chapter 1, current situation, technologies, and challenges in liver surgery were summarized. Characteristics
and medical application examples of steam were also described as backgrounds.

In Chapter 2, the steam cauterization method was proposed and evaluated. The method uses steam-jet to
coagulate exposed tissues with condensation heat-transfer. With the analysis based on forced-convection
film-wise condensation heat-transfer theory, large heat-transfer ratio was expected with steam-jet of under
100kPa(G). The steam-jet coagulator was developed to evaluate the coagulation and cauterization ability of the
proposed method. The ex vivo coagulation experiments using porcine liver blocks revealed that the coagulation
depth was 0.5-2.7mm with steam-jet of 10kPa(G)~50kPa(G). The feasibility of the method was confirmed
through the in vivo cauterization experiments.

In Chapter 3, suction flow was integrated to reduce spreading steam which had caused collateral thermal
damages and fogging on laparoscopes. The suction-integrated steam-jet cauterization device with the
double-layered nozzle was developed to achieve the integration of steam-jet and suction flow for steam
collection. Designs and settings were decided based on CFD analyses to confirm feasibility of the collection and
to discover adequate pressure parameters. The results of coagulation experiments indicates two options for
cauterization: contactless cauterization with 1.5mm~2mm coagulation depth and broad coagulation area, and
closure cauterization with <Imm coagulation depth with restricted coagulation area.

In Chapter 4, cauterization abilities and characteristics of the proposed method were studied. Successful
cauterizations were performed with both contactless and closure methods in open surgery. The liver resection
without the Pringle maneuver was demonstrated with the developed device in combination with a bipolar
electrocautery device. Moreover, the laparoscopy-available double-layered nozzle cauterized porcine livers
successfully. Microscopic views of cauterized porcine liver revealed that the proposed method with steam can
coagulate tissues firmly without bubbles caused by gas intrusion.

In Chapter 5, the outcomes of this study and future tasks were described.
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