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Measurements of the active species produced by minimally invasive plasma for
medical applications
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The cauterization has been conducted in many surgical procedures as a hemostasis method. The
cauterization typically induces tissue damages due to the heat ablation. However, a hemostasis
method using a low temperature plasma is possible to perform minimally invasive treatment
without tissue damage. Recently, this phenomenon has been paid attention, but blood coagulation
phenomena has not been fully understood yet. It is very important to understand blood coagulation
mechanism, because the reaction phenomenon under low temperature would become new
technology. Therefore, we have tried to measure active species produced by low temperature
plasma. We will present the results on the spectroscopic measurement of the plasma emission
under several conditions using a “gas components controlled chamber”.

1. Introduction

Hemostasis equipment is indispensable in many
surgical procedures such as gastrointestinal surgery.
High-frequency electrical coagulator is being used
as typical stop bleeding method. The hemostasis
equipment currently being used for controlling the
bleeding of capillaries by heat (cauterization). This
is one of the effective procedures, but it induces

tissue damages, and causes post-operative disorders.

Therefore, minimally invasive hemostasis
procedures that minimize the tissue damages have
been studied. Argon plasma coagulator as a high
temperature plasma has been used for an
endoscopic surgery which is categorized in the
cauterization method. Recently, a medical
equipment using a low temperature plasmas has

been tried to treat the stop bleeding [1, 2]. It was
reported that the “plasma flare” defined as the
visible region from the equipment to the treated
area is accelerates the blood coagulation. Moreover,
the histopathological observations show that tissue
damage was not found around the treated area, in
the case of treating by the low temperature plasma,
here called as minimally invasive plasma “MP”.
However, the acceleration mechanism of blood
coagulation by the MP has not been understood. To
study what kind of reactive species are produced on
the surface of the blood, the emission spectrum has
been measured by using spectrometers from UV to
near infrared region.
In this paper, the results on plasma treatment to
typical atmospheric air is described. Here, a flat



copper plate is used as a target material. In the
conference, following results also presented. To
control the gas component of ambient circumstance
around plasma flare during the treatment, a vacuum
chamber is prepared. Plasma flare is induced into
the chamber whose gas is filled with air, nitrogen,
helium, or oxygen controlled, respectively. Amount
of oxygen gas and humidity in the chamber are
monitored. Gas pressure is controlled from a
vacuum to an atmospheric pressure. Discharge state
and emission spectrum show completely different
features. Detail results of production rate such as
OH, oxygen atoms and other species under several
conditions will be presented at the conference.

2. Experimental Setups

Experimental setup of the plasma flare treatment
to typical atmospheric pressure region is shown in
Fig. 1. The emission lines during a plasma flare
treatment to the target has been measured using
spectrometers for UV, visible and infra-red region.
As a target material, copper, or polyimide are used
to compare the difference between metal and
dielectric. The measured point is varied from x =
0~12 mm. Here, x indicates the distance from the
nozzle exit. 99.995 % purity of helium gas is used
for the plasma treatment using MP [2].

3. Experimental Results

In the case without a target material, the emission
intensity decreases as the distance from the nozzle
exit increases. While in the case with the target
material, the emission intensity increases around at
the surface of the target. This result concludes that
the amounts of OH species (308.9 nm) increase
around the surface of the target.

Experimental setup of the plasma flare
treatment system in gas components controlled
chamber is shown in Fig. 2. MP is installed on the
top of the chamber, and the vacuum is shield by a
viton-ring. As a gas control procedure, at first, the
chamber is evacuated by a turbo molecular pump.
Then, gases of helium, nitrogen, oxygen, or air is
feed into the chamber. Inner pressure of the
chamber is controlled from the vacuum to
atmospheric pressure by a bulb which is connected
to a diaphragm pomp. Plasma flare is treated to the
grounded copper target which is located from 15
mm from the nozzle exit. The emission of a plasma
flare is measured using spectrometers through the
anhydrous quartz window at the side port of the
chamber. Detail results will be presented at the
conference.
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Fig. 1. Experimental setups of the

spectroscopic measurement system.
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Fig. 2. Experimental setups to control gas
components of the ambient region of a plasma
flare using a vacuum chamber. Arrangement
of spectroscopic system is also drawn.



