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(57)La présente 1nvention concerne un dispositif
permettant de stopper le saignement de tissus vivants
d'origine humaine et animale par formation d'une couche
(13) necrotique dans lesdits tissus. Ce dispositif
comprend un <¢lément (1) destine a geénérer un
¢coulement dynamique de plasma appropric pour
pouvolr penetrer enticrement ou partiellement dans une
couche poreuse (14) extérieure de la couche (13)
necrotique. Le dispositif comporte ¢galement un
generateur (8) electrochirurgical congu pour transtérer
de I'énergie ¢lectrique aux limites intérieures de la
couche poreuse (14) par l'mtermediaire d'un circuit
comprenant 1'é¢coulement de plasma et les tissus (12).
L'invention concerne ¢galement un procede d'utilisation
dudit dispositif.

I*I Industrie Canada  Industry Canada

(57) The present mvention relates to a device for
stopping a bleeding in living tissue i humans and
animals by forming a necrotic layer (13) i the tissue
(12). This device comprises a member (1) for generating
a dynamic plasma flow of such a character that 1t 1s
capable of wholly or partially penetrating an outer,
porous layer (14) of the necrotic layer (13). The device
also has an electrosurgical generator (8) arranged to
transfer electric energy to the mner limit of the porous
layer (14) through a circuit that comprises the plasma
flow and the tissue (12). The mnvention also relates to a
method for use of such a device.
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(57) Abstract

The present invention relates to a device for stopping a bleeding in living tissue in humans and animals by forming a necrotic layer
(13) in the tissue (12). This device comprises a member (1) for generating a dynamic plasma flow of such a character that it is capable
of wholly or partially penetrating an outer, porous layer (14) of the necrotic layer (13). The device also has.an electrosurgical generator
(8) arranged to transfer electric energy to the inner limit of the porous layer (14) through a circuit that comprises the plasma flow and the
tissue (12). The invention also relates to a method for use of such a device.
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PLASMA KNIFE

Field of the Invention

The present invention relates to a device for stop-
ping a bleeding in living tissue in humans and animals by
forming a necrotic layer in the tissue, the device com-
prising a means for generating a dynamic plasma flow of
such a character that it is capable of wholly or par-
tially penetrating an outer, porous layer of the necrotic
layer.

The invention also relates to a method for use of

such a device.

Technical Background
One way of stopping bleedings in connection with

surgery is by forming a necrotic layer (death of living
tissue) on the bleeding tissue. Today a plurality of
methods are available to form such a layer, inter alia,
treatments with a plasma jet, laser irradiation, or elec-
trosurgery. A common feature of all these methods 1s that
a bleeding tissue is supplied with energy, forming a ne-
crotic layer on the surface of the wound, which stops the
bleeding. The necrotic layer usually consists of several
layers. On the outside a porous necrotic layer forms,
where the fluid component of the tissue has been vapor-
ised by the supplied energy. The inner boundary of the
porous layer thus constitutes the fluid limit of the tis-
sue. Underneath this layer proteins in the tissue are de-
natured because of a rise in temperature, whereby a com-
pact necrotic layer forms. The two layers together form
the necrotic layer which stops the bleeding.

In order to stop the bleeding efficiently the ne-
crotic layer has to be formed at a higher speed than the
flow rate of the blood out of the tissue. At the same
time the effect adjacent to the surface of the tissue

must not be too great since the outer, porous layer 1is
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sublimed at temperatures that are too high. The problem
is made worse by the low heat conductivity of the porous
layer.

A device which utilises a plasma jet to form the ne-
crotic layer is known from SE 503 334. The device which
is described in this publication has the advantage of
providing a dynamic plasma flow, the character of which
is such that it is capable of penetrating an upper porous
necrotic layer, such that when the plasma jet is directed
towards a tissue, a great part of the flow energy is con-
ducted to the fluid limit of the tissue.

The above device operates well to stop small to mid-
dle-sized bleedings. Bleedings from blood-vessels with a
diameter of 3 and 4 mm for arteries and veins, respec-
tively, can be successfully stopped. However, in connec-
tion with very heavy bleedings, such as from thick blood-
vessels within, for instance, the liver, the blood stop-
ping capacity 1is insufficient.

Another known technique for stopping bleedings by
forming a necrotic layer on the tissue is the electrosur-
gical technique, which 1i1s shown in, for instance, US
4,781,175. Here electric high-frequency energy is con-
ducted from an electrosurgical generator through a cir-
cuit comprising a gas jet, which is directed towards the
tissue, the patient, and a diathermic plate connected to
the patient. The electric energy is conducted to the tis-
sue by the gas jet in the form of a diffuse current. This
causes necrosis on the surface of the tissue. The formed
necrotic layer is compact and relatively thin, and there-
fore, this technique can only be used in connection with
small, capillary bleedings.

In order to stop a more extensive bleeding a larger
amount of electric energy 1s requilired. As the amount of
energy from the generator thus increases, electric arcs
and sparks between the surgical instrument and the tissue
appear. During the use of large amounts of energy a ne-

crotic layer is formed, which consists of both a compact
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and a porous layer. Because of the influence of the
sparks and the electric arcs, the porous layer 1is, how-
ever, formed with depressions and 1s more porous, and
thus also brittler than desired. Moreover, 1in the forma-
5 tion of electric sparks there i1s a rectification of the
alternating current, a rectified current passing through
the patient. This current causes an unintentional excita-
tion of nerves and muscles. This excitation can be 1nju-
rious in connection with, for instance, heart diseases.
10 Another disadvantage ig that relatively high voltages
(2000 V) are required to obtain a satisfying effect.

The use of the method is limited to middle-sized
bleedings owing to, inter alia, the previously mentioned
problem caused by the insufficient heat conductivity and

15 sublimation of the porous layer. Neither does the ne-
crotic layer form so quickly that a bleeding from, for

instance, a thick blood-vessel can be stopped.

Summary of the Invention
20 The object of the present invention is to provide a

device, which allows a better and quicker stopping of a

bleeding. In particular, it should be possible to stop

heavy bleedings from relatively thick blood-vessels. At

the same time the patient should not risk being exposed
25 to potentially injurious, rectified currents.

According to the invention, this object 1s achieved
by means of a device which comprises a means for generat-
ing a dynamic plasma flow of such a character that it is
capable of wholly or partially penetrating an outer, po-

30 rous layer of the necrotic layer. The device 1i1s charac-
terised in that an electrosurgical generator is arranged
to transfer electric energy to the fluid limit of the
tissue through a circuit, which comprises the plasma flow
and the tissue.

35 The above device 1is used according to the inventive
method, which comprises the steps of generating the

plasma flow and directing 1t towards a bleeding tissue,
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whereby a necrotic layer comprising a porous and a com-
pact layer forms in the bleeding tissue. Electric high-
frequency energy 1is transferred to the tissue through an
electric circuit which comprises the plasma jet and the
5 tissue, the electric energy being conducted through the
plasma jet to the fluid limit of the tissue for increas-
ing the thickness of the compact necrotic layer.
The dynamic, hot plasma flow quickly forms a ne-
crotic layer on the tissue. The formed outer, porous ne-
10 crotic layer has no depressions. Furthermore, the plasma
flow is a nearly ideal conductor for the electric energy,
which owing to the penetrating effect of the plasma is
conducted directly to the fluid limit of the tissue,
where it quickly causes an increase of the compact layer
15 1in the necrotic layer. The voltage in the electrosurgical
generator can be low (< 200 V), and neither sparks nor
electric arcs appear. Thus there will be no difficulties
in rectifying the alternating current from the generator.
Preferably, one of the poles of the electrosurgical
20 generator is connected to an electrode in the plasma-
generating means and its other pole to a diathermic plate
to be connected to the patient.
Advantageously, an electric switch is arranged for
manually switching on and off the electrosurgical genera-
25 tor. It is then possible to use a method where electric
high-frequency energy 1s supplied instantaneously to stop
especially heavy bleedings in the tissue, for instance,
in thick blood-vessels. In this case the electrosurgical
function is used only when necessary. The plasma function
30 1is sufficient on most of the wound surfaces. Thus, the
device and the method will be flexible and easy to use in
connection with different types of surgery.
Preferably, the outer casing of the plasma-
generating means is an electrically non-conductive body.
35 Otherwise, further insulation 1is required to prevent the
casing from being conductive when the electrosurgical

generator is switched on.
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Brief Description of the Drawings
Fig. 1 is a schematic view of a preferred embodiment

of the device according to the invention.

Description of Preferred Embodiments

Fig. 1 shows a plasma-generating means 1 consisting
of an electrically non-conductive body 2, which has the
form of a pen. The body 2 has a cylindrical duct intended

10 for heating a plasma-generating gas. The duct is formed
of sections 3, 4, 5, which are electrically insulated
from each other. At the inner end of the duct there is a
cathode 6, which is connected to the negative pole of a
basic energy source 7 (BES). The outer section 5 of the

15 duct is connected to the positive pole of the basic en-
ergy source 7.

The means for transferring electric energy consists
of an electrosurgical generator 8 (ESG), one pole of
which is connected to the outer section 5 of the duct,

20 and the other pole of which is connected to a diathermic
plate 9, which is placed in contact with the patient. The
circuit in which the electrosurgical generator 1is in-
cluded is provided with an electric switch 10 for switch-
ing on and off the electrosurgical function. The electric

25 switch can be operated by the surgeon. This may take
place by means of, for instance, a button in connection
with the body 2, or pedals. Fig. 1 also shows a coil 11,
which is placed between the positive pole of the energy
source 7 and the electrosurgical generator 8. The coil 11

30 prevents a possible influence on the basic energy source
7 from the generator 8.

Over the greater part of the surface of the wound
only the plasma function is used, since this is suffi-
cient to stop small to middle-sized bleedings. In the

35 tissue 12, a necrotic layer 13 forms consisting of an
outer, porous layer 14 and an inner, compact layer 15.

Where the bleeding is particularly severe, for instance,
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where there is a thick blood-vessel, the surgeon tempo-
rarily switches on the generator 8 by means of the elec-
tric switch 10. Then an alternating current is generated,
which is conducted to the tissue 12 through the plasma. '
Owing to the plasma penetrating the porous necrotic layer
14, the electric energy is directly conducted down to the
fluid limit of the tissue, where it forms a thicker ne-
crotic layer, which is sufficient to stop even this heavy
bleeding. Because of the high conductivity of the plasma
neither sparks nor electric arcs appear, thus avoiding
the disadvantages connected therewith.

In an alternative embodiment, one pole of the elec-
trosurgical generator 8 may instead be connected to the
cathode 6 of the plasma-generating means 1. Here, too,
the other pole 1s connected to the diathermic plate 9.
However, in this embodiment the path of the alternating
current through the plasma becomes longer than in the

first embodiment, which results in a somewhat greater

loss of energy.
It will be appreciated that further embodiments are

possible within the scope of the invention. Naturally,
the circuit diagram for the connection of the electrosur-
gical generator may be designed in many ways 1n order to

conduct the current through the plasma jet.
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CLAIMS

1. A device for stopping a bleeding in living tissue
in humans and animals by forming a necrotic layer (13) 1in
the tissue (12), the device comprising a means (1) for
generating a dynamic plasma flow of such a character that
it is capable of wholly or partially penetrating an
outer, porous layer (14) of the necrotic layer (13),
characterised 1in that an electrosurgical gen-
erator (8) is arranged to transfer electric energy to the
inner limit of the porous layer (14) 1in the necrotic
layer (13) through a circuit, which comprises the plasma
flow and the tissue (12).

2. A device according to claiml, c¢charac -

t erised in that one pole of the electrosurgical
generator (8) is connected to a basic energy source (7)
for the plasma-generating means (1), and its other pole

is connected to a diathermic plate (9) for connection to

the patient.
3. A device according to claim 1 or 2, c¢char -

acterised in that one pole of the electrosurgical
generator (8) is connected to an outer section (5) of the
plasma-generating means (1) .

4. A device according to claim 1 or 2, c har -
acterised in that one pole of the electrosurgical
generator (8) is connected to a cathode (6) of the
plasma-generating means (1).

5. A device according to claims 1-4, c harac -

t erised in that an electric switch (10) is arranged
for manually switching on and off the electrosurgical
generator (8).

6. A device according to claims 1-5, charac-

terised in that the plasma-generating means (1) has

an outer casing (2) consisting of an electrically non-

conductive material.
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7. A method for stopping a bleeding in living tissue
in humans and animals by forming a necrotic layer (13) in
the tissue (12) comprising the steps of generating a dy-
namic plasma flow which has such a character that it 1is
capable of wholly or partially penetrating an outer, po-
rous layer of the necrotic layer, and directing said dy -
namic plasma flow towards a bleeding tissue (12) so that
the necrotic layer (13) comprising a porous (14) and a
compact (15) layer forms in the tissue, c h a r a c -

t erised in that electric energy is transferred to
the tissue (12) through a circuit which comprises the
plasma jet and the tissue (12), the electric energy being
conducted through the plasma jet to the inner limit of
the porous necrotic layer (14) for increasing the thick-
ness of the compact necrotic layer (15).

8. A method according to claim 7, charac -

t erised in that electric energy is supplied instan-

taneously to stop especially heavy bleedings in the tis-
sue (12).
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