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(57) ABSTRACT

A surgical instrument has a first grasping member, a second
grasping member which is provided to the first grasping
member to open and close to the first grasping member, and
grasps a living tissue between them, an ultrasonic coagula-
tion-cutting unit which includes an ultrasonic vibrating por-
tion provided in one of the first and second grasping members
and connected to an ultrasonic transducer to generate ultra-
sonic vibration, and a pressing portion provided in the other
of the first and second grasping members, and facing the
ultrasonic vibrating portion, the pressing portion and the
ultrasonic vibrating portion pressing the living tissue between
them, and a high-frequency coagulation unit which includes a
first electrode provided in the first grasping member, and a
second electrode provided in the second grasping member,
the first electrode and the second electrodes facing each other
to coagulate the living tissue.

6 Claims, 11 Drawing Sheets
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SURGICAL INSTRUMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority from prior Japanese Patent Application No. 2006-
184663, filed Jul. 4, 2006, the entire contents of which are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a surgical instrument,
which grasps a living tissue, and coagulates and cuts the tissue
by ultrasonic vibration and high-frequency current.

2. Description of the Related Art

Each of an ultrasonic instrument using ultrasonic vibration
and a high-frequency instrument using a high-frequency cur-
rent is known as a surgical instrument. An ultrasonic instru-
ment can coagulate and cut a living tissue by heating the
tissue with ultrasonic vibration. A high-frequency instrument
can coagulate and cut a living tissue by touching an electrified
electrode to the living tissue.

Surgical instruments which can treat a living tissue by
using both ultrasonic vibration and high-frequency current
are known by Jpn. Pat. Appln. KOKAI Publication Nos.
2003-79633, 2004-12987 and 2004-216180. In each of these
surgical instruments, ultrasonic vibration generated by an
ultrasonic transducer provided in an operation area is trans-
mitted to a distal end portion of an ultrasonic probe through an
ultrasonic vibration transmitting member, and a jaw is pro-
vided on the ultrasonic probe to be able to open and close to
the probe. The jaw and the probe can grasp a living tissue
between them. And, by supplying a high-frequency current
from an externally provided high-frequency power supply to
the ultrasonic probe, the tissue grasped between the ultrasonic
probe and the jaw can be coagulated and cut by the high-
frequency current.

The surgical instrument described in the Jpn. Pat. Appln.
KOKATI Publication No. 2003-79633 has a round bar-shaped
horn for generating ultrasonic vibration, and an open/close
cover having an arc-shaped section and an electrode and
provided on the horn to open and close thereto. A living tissue
is grasped by the horn and cover, and coagulated and cut by
the ultrasonic vibration from the horn and high-frequency
current from the electrode of the cover. However, in this
conventional surgical instrument, there is a problem that the
living tissue cannot be grasped (compressed) by a strong
force because the living tissue is grasped by the round bar-
shaped horn and the arc-shaped sectioned open/close cover.

The surgical instrument described in each of the Jpn. Pat.
Appln. KOKAI Publication Nos. 2004-129870 and 2004-
216180 has a round bar-shaped horn for generating ultrasonic
vibration, and a grasping member having an electrode and
provided on the horn to open and close thereto. A living tissue
is grasped by the horn and the grasping member, and coagu-
lated and cut by the ultrasonic vibration from the horn and
high-frequency current from the electrode of the grasping
member. However, also in this conventional surgical instru-
ment, there is a problem that the living tissue cannot be
grasped (compressed) by a strong force because the living
tissue is grasped by the round bar-shaped horn and the grasp-
ing memniber.

BRIEF SUMMARY OF THE INVENTION

A surgical instrument according to an aspect of the present
invention, comprises: a first grasping member; a second

10

15

20

25

40

45

60

65

2

grasping member which is provided to the first grasping
member to open and close to the first grasping member, and
grasps a living tissue between them; an ultrasonic coagula-
tion-cutting unit which includes an ultrasonic vibrating por-
tion provided in one of the first and second grasping members
and connected to an ultrasonic transducer to generate ultra-
sonic vibration, and a pressing portion provided in the other
of the first and second grasping members, and facing the
ultrasonic vibrating portion, the pressing portion and the
ultrasonic vibrating portion pressing the living tissue between
them; and a high-frequency coagulation unit which includes
a first electrode provided in the first grasping member, and a
second electrode provided in the second grasping member,
the first electrode and the second electrodes facing each other
to coagulate the living tissue.

A surgical instrument according to another aspect of the
present invention, comprises: a first grasping member; a sec-
ond grasping member which is provided to the first grasping
member to open and close to the first grasping member, and
grasps a living tissue between them; an ultrasonic coagula-
tion-cutting unit which includes an ultrasonic vibrating por-
tion provided in one of the first and second grasping members
and connected to an ultrasonic transducer to generate ultra-
sonic vibration, and a pressing portion provided in the other
one of the first and second grasping members, facing the
ultrasonic vibrating portion, the pressing portion and the
ultrasonic vibrating portion pressing the living tissue between
them; and a high-frequency coagulation unit which includes
a first electrode provided in the first grasping member, and a
second electrode provided in the second grasping member,
and coagulates a living tissue, the first and second electrodes
placed at positions to form a gap therebetween when the
pressing portion and ultrasonic vibrating portion of the ultra-
sonic coagulation-cutting unit are put together by a grasping
operation of the first and second grasping members.

Advantages of the invention will be set forth in the descrip-
tion which follows, and in part will be obvious from the
description, or may be learned by practice of the invention.
Advantages of the invention may be realized and obtained by
means of the instrumentalities and combinations particularly
pointed out hereinafter.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate embodi-
ments of the invention, and together with the general descrip-
tion given above and the detailed description of the embodi-
ments given below, serve to explain the principles of the
invention.

FIG. 1 is a side view schematically showing the whole of a
surgical instrument according to a first embodiment of the
invention;

FIG. 2 is a longitudinal sectional view of an operation area
of the surgical instrument of FIG. 1,

FIG. 3 is an enlarged sectional view of a distal end portion
of the operation area of FIG. 2;

FIG. 4 is a transverse sectional view along a line of IV-1V
in FIG. 2;

FIG. 5A is a plan view of a surgical treatment area of the
surgical instrument of FIG. 1;

FIG. 5B is a longitudinal sectional view of the surgical
treatment area of FIG. 5A;

FIG. 6A is a transverse sectional view along a line of
VIA-VIA in FIG. 5B;
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FIG. 6B is a transverse sectional view along a line of
VIB-VIB in FIG. 5B;

FIG. 6C is a transverse sectional view along a line of
VIC-VIC in FIG. 5B;

FIG. 7 is a transverse sectional view showing a state that a
first grasping member of F1G. 6C is combined with a second
grasping member;

FIG. 8 is a transverse sectional view showing a state that a
living tissue is grasped by the first and second grasping mem-
bers of the surgical treatment area of FIG. 7,

FIG. 9A is a longitudinal sectional view of a surgical treat-
ment area of a surgical instrument according to a second
embodiment of the invention;

FIG. 9B is a transverse sectional view along a line of
IXB-IXB in FIG. 9A;

FIG. 10A is a longitudinal sectional view of a surgical
treatment area of a surgical instrument according to a third
embodiment of the invention;

FIG. 10B is a transverse sectional view along a line of
XB-XB in FIG. 10A;

FIG. 11A is a longitudinal sectional view of a surgical
treatment area of a surgical instrument according to a fourth
embodiment of the invention;

FIG. 11B is a transverse sectional view along a line of
XIB-XIB in FIG. 11A;

FIG. 12A is a schematic perspective view of a surgical
treatment area of a surgical instrument according to a fifth
embodiment of the invention;

FIG. 12B is atransverse sectional view showing a state that
a living tissue is grasped by first and second grasping mem-
bers of the surgical treatment area of FIG. 12A;

FIG. 13 is a schematic perspective view of a surgical treat-
ment area of a surgical instrument according to a sixth
embodiment of the invention;

FIG. 14A is a schematic perspective view of a surgical
treatment area of a surgical instrument according to a seventh
embodiment of the invention;

FIG. 14B is a transverse sectional view along a line of
XIVB-XIVB in FIG. 14A;

FIG. 15 is a schematic transverse sectional view of a sur-
gical treatment area of a surgical instrument according to an
eighth embodiment of the invention;

FIG. 16 is a schematic perspective view of a surgical treat-
ment area of a surgical instrument according to a ninth
embodiment of the invention;

FIG. 17 is a schematic transverse sectional view of a sur-
gical treatment area of a surgical instrument according to a
tenth embodiment of the invention;

FIG. 18 is a schematic transverse sectional view of a sur-
gical treatment area of a surgical instrument according to an
eleventh embodiment of the invention;

FIG. 19A is a schematic perspective view of a surgical
treatment area of an example of a surgical instrument differ-
ent from the conventional one; and

FIG. 19B is a schematic transverse sectional view along a
line of XIX-XIX in FIG. 19A.

DETAILED DESCRIPTION OF THE INVENTION

First, a surgical instrument according to a first embodiment
of the present invention will be explained with reference to
FIG. 1 to FIG. 8.

As shown in FIG. 1, a surgical instrument 10 has an opera-
tion area 11, an insertion area 12 which is attachable to and
detachable from the insertion area 11, a transducer unit 13
which is detachably inserted into the insertion area 12 from
the proximal end portion of the operation area 11.
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The operation area 11 has an operation area main body 14
having a cylindrical casing 144. The proximal end portion of
the operation area main body 14 is provided with a transducer
unit connector 15 to which the transducer unit 13 is con-
nected. A fixed handle 16 is integrally provided to the outer
circumferential surface of the casing 14a of the operation area
main body 14.

A movable handle 18 is provided to the casing 14a of the
operation area main body 14 with a pivot 17. A finger inser-
tion hole 16¢ is formed in the fixed handle 16, and fingers
excepting the thumb of one hand of an operator can be selec-
tively inserted into the finger insertion hole 16a. A thumb
insertion hole 18a is formed in the movable handle 18, and the
thumb of the same hand of the operator can be inserted into
the thumb insertion hole 18a. The casing 14a ofthe operation
area main body 14 1s further provided with a first electrode pin
19 and a second electrode pin 20, both of which project from
the body and can be connected to a high-frequency power
supplying device (not shown).

An insertion sheath 22 of the insertion area 12 is detachably
connected to the distal end portion of the casing 14a of the
operation area main body 14. The insertion sheath 22 includes
a tubular member which is made of electrically conductive
material and the outer surface of which is covered by an
insulating layer 224, and a holding member 22a which is
provided at the distal end portion of the tubular member. The
holding member 22a holds a surgical treatment area 23. The
surgical treatment area 23 includes a first grasping member 25
which is pivotally supported by a pivot pin 24 to be rotation-
ally movable in a direction crossing the longitudinal center
line of the insertion sheath 22.

The transducer unit 13 includes a transducer casing 26
which can be detachably connected to the transducer unit
connecting part 15 of the operation area main body 14. A
transducer for generating ultrasonic vibration is housed in the
transducer casing 26. A unit connector 27 is provided at the
distal end portion of the transducer casing 26. A C-shaped
engaging ring 28 which is formed by cutting a part of a ring
member is fit on the unit connector 27. The transducer unit 13
further includes a probe 29 as an ultrasonic vibration trans-
mitting member. A fixing screw 30 which is detachably con-
nected to the unit connector 27 is provided at the proximal end
portion of the probe 29. The distal end portion of the probe 29
is configured as an ultrasonic vibrating portion 31. An electric
cable 32 for generating ultrasonic vibration is extended from
the proximal end of the transducer casing 26.

When the transducer casing 26 of the transducer unit 13 is
fit into the transducer unit connector 15 of the operation area
main body 14, the probe 29 of the transducer unit 13 is
inserted into the tubular member of the insertion sheath 22,
and the ultrasonic vibrating portion 31 at the distal end por-
tion of the probe 29 is projected forward from the holding
member 22a of the insertion sheath 22. The ultrasonic vibrat-
ing portion 31 at the distal end portion of the probe 29 pro-
jected forward from the holding member 22a of the insertion
sheath 22 cooperates with the first grasping member 25 to
form the surgical treatment area 23.

Next, the internal structure of the operation area 11 will be
explained with reference to FIGS. 2 to 4. FIG. 2 is a longitu-
dinal sectional view of the operation area 11 of the surgical
instrument 10 of FIG. 1. FIG. 3 is an enlarged sectional view
of the distal end portion of the operation area 11 of FIG. 2.
And, FIG. 4 is a transverse sectional view along a line of
IV-IV in FIG. 2.

As shown in FIG. 2. the casing 14a of the operation area
main body 14 is made of insulating material such as synthetic
resin, and is provided with a second electrode mounting por-
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tion 33 on which the second electrode pin 20 is mounted. The
second electrode pin 20 includes an intermediate portion, a
projecting portion, and an internal connecting portion 204.
The intermediate portion is covered by an insulating cover 34.
The projecting portion projects from the second electrode
mounting portion 33 and is configured as an external connec-
tor 20a to which a plug (not shown) is connected. And, the
internal connecting portion 205 is buried in the second elec-
trode mounting portion 33 and is electrically connected to an
internal ring-shaped connection terminal 35 of the casing
14a.

A female screw 36 is provided at the proximal end portion
of the inner surface of the casing 14a, and the connection
terminal 35 and a fixing ring 37 are fixed to the female screw
36. An electrically conductive cylinder 38 is provided in the
inner space of the casing 14a such that the conductive cylin-
der 38 is encircled with and coaxial to the ring-shaped con-
nection terminal 35, and the conductive cylinder 38 is elec-
trically connected to the terminal 35. A ring-shaped probe
holding member 39 is provided at the inner end portion of the
conductive cylinder 38, and the probe holding member 39 is
made of electrically conductive and elastic material such as
an electrically conductive silicone rubber. When the probe 29
of the transducer unit 13 is inserted into the tubular member of
the insertion sheath 22 and the transducer casing 26 of the
transducer unit 13 is fit into the transducer unit connector 15
of the operation area main body 14, the probe holding mem-
ber 39 closely contacts the probe 29 to electrically connect the
probe 29 with the second electrode pin 20.

A cylindrical slider mounting member 40 which is made of
electrically insulating material is provided on the outer sur-
face of the conductive cylinder 38.

As shown in FIG. 3, a connection cylinder 41 is detachably
connected to the inner end portion of the slider mounting
member 40 by a connection pin 42, and a main channel tube
42a into which the probe 29 is inserted is connected to the
inner end portion of the connection cylinder 41. The main
channel tube 424 is inserted into the tubular member of the
insertion sheath 22. A cylindrical electrically conductive
member 43 is provided at the proximal end portion of the
tubular member. The conductive member 43 is electrically
connected to a cylindrical electrically conductive extending
portion 44 through an electrically conductive rubber 170, and
the extending portion 44 covers the outer circumferential
surface of the slider mounting member 40.

The first electrode pin 19 which projects from the casing
14a of the operation area main body 14 includes an interme-
diate portion 19a, an external connecting portion 195, and a
proximal end portion. The intermediate portion 19a is cov-
ered by an electrically insulating cover 45. The external con-
nector 195 projects outward from the casing 14a and is con-
nected to a plug (not shown). And, the proximal end portion
has an internal connection pin 46 buried in the casing 14a.

As shown in FIG. 4, the midpoint of a contact plate 47
formed by bending a plate spring to substantially C-shape is
fixed to the internal connection pin 46. Contacts 47a are
provided on the both end portions of the contact plate 47, and
the contacts 47¢ are elastically in contact with two diametri-
cally separated portions on the outer circumferential surface
of the conductive extending portion 44. That is, the first
electrode pin 19 is electrically connected to the conductive
extending portion 44 of the conductive member 43 through
the contact plate 47, and further electrically connected from
the conductive member 43 to the insertion sheath 22.

As shown in FIGS. 2 and 3, a slider 48 is provided on the
outer circumferential surface of the slider mounting member
40 provided in the inner space of the casing 14a of the opera-
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tion area main body 14, and the slider 48 is slidable in the
longitudinal direction of the slider mounting member 40. The
slider 48 is urged by a spring 49 toward the proximal end
portion of the inner space of the casing 14a of the operation
area main body 14. A connection pin 50 connects the slider 48
to the movable handle 18 pivotally connected to the casing
14a of the operation area main body 14 by the pivot 17. By
rotationally moving the movable handle 18, the slider mount-
ing member 40 is moved forward and backward on the outer
surface of the conductive cylinder 38, through the connection
pin 50 and slider 48. This movement is transmitted to a drive
rod 51 inserted in the tubular member of the insertion sheath
22, through the connection cylinder 41. That is, by moving the
movable handle 18 in a direction indicated an arrow F, the
drive rode 51 is moved forward in the tubular member of the
insertion sheath 22.

Next, the surgical treatment area 23 will be explained with
reference to FIGS. 5A to 7. FIG. 5A is a plan view of the
surgical treatment area of the surgical instrument of FIG. 1.
FIG. 5B is a longitudinal sectional view of the surgical treat-
ment area of FIG. 5A. FIG. 6A is a transverse sectional view
along a line of VIA-VIA in FIG. 5B. FIG. 6B is a transverse
sectional view along a line of VIB-VIB in FIG. 5B. FIG. 6C
is a transverse sectional view along a line of VIC-VIC in FIG.
5B. And, FIG. 7 is a transverse sectional view showing a state
that a first grasping member of FIG. 6C is combined with a
second grasping member.

The first grasping member 25 which is pivotally fixed by
the pivot pin 24 to the holding member 22a provided at the
distal end portion of the tubular member of the insertion
sheath 22, is curved a little to the left side from the center of
the axis of the insertion sheath 22 in the plane view as shown
in FIG. 5A, so as to easily grasp a living tissue. The first
grasping member 25 includes a grasping member main body
25a pivotally supported by the holding member 22a, and an
ultrasonic surgical treatment area member 2556 located in the
distal end side of the grasping member main body 25a. A
connection pin 53 is provided at the proximal end portion of
the grasping member main body 25a, and the distal end
portion of the drive rod 51 in the tubular member of the
insertion sheath 22 is connected to the connection pin 53.

The distal end portion of the grasping member main body
25a is bifurcated. The ultrasonic surgical treatment area
member 255 is pivotally supported in the cutout 51a of the
bifurcated distal end portion of the grasping member main
body 25a by a pivot pin 54 whose screw portion 54a is
inserted into and fixed to the bifurcated distal end portion, and
the ultrasonic surgical treatment area member 255 is rota-
tional in a direction crossing the center of the insertion sheath
22. Therefore, the ultrasonic surgical treatment area member
25b is rotationally movable in the same direction as the first
grasping member 25.

The ultrasonic surgical treatment area member 255
includes a pad member 55 forming a pressing portion, and a
pair of first electrodes 56 provided symmetrically on both
sides of the pad member 55. The pad member 55 is made ofa
low-friction material such as PTFE (polytetrafluoroethyl-
ene), and a square groove 57 is formed in its surface which is
used to grasp a living tissue. A row of substantially sawtooth-
like teeth 58 is formed on the surface of each first electrode
56, which 1s used to grasp the living tissue. The row of teeth
58 makes the surface of each first electrode 56 grasp the living
tissue without slipping. The row of teeth 58 projects further
outward from the grasping surface of the pad member 55 ina
direction crossing the grasping surface of the pad member 55.

The first grasping member 25 configured as described
above faces the ultrasonic vibrating portion 31 at the distal
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end portion of the probe 29 projected forward from the hold-
ing member 224 when the probe 29 of the transducer unit 13
is inserted into the insertion sheath 22. The ultrasonic vibrat-
ing portion 31 configures a second grasping member 59
which cooperates with the first grasping member 25 to grasp
a living tissue. The second grasping member 59 is provided
by machining the ultrasonic vibrating portion 31 which has
conventionally a circular cross section at the distal end por-
tion of the probe 29, into a non-circular cross section (a
generally reversed T-shape) by a well-known machining such
as forging, cutting, and the like. Specifically, a grasping sur-
face 61 opposite to the square groove 57 of the pad member 55
of the ultrasonic surgical treatment area member 255 of the
first grasping member 25, and a pair of second electrodes 62
opposite to the rows of teeth 58 of the pair of first electrodes
56 of the ultrasonic surgical treatment area member 255 are
provided on the surface of the second grasping member 59
opposite to the first grasping member 25.

In the second grasping member 59, the pair of second
electrodes 62 is located farther from the ultrasonic surgical
treatment area member 255 of the first grasping member 25,
than the grasping surface 61, and makes a step to the grasping
surface 61. Further, each second electrode 62 forms a gap “g”
to each row of teeth 58 of each first electrode 56 of the
ultrasonic surgical treatment area member 255, when the
grasping surface 61 contacts the bottom surface of the square
groove 57 of the pad member 55 of the ultrasonic surgical
treatment area member 256 of the first grasping member 25.
This gap “g” prevents a short circuit between the first elec-
trode 56 and second electrode 62.

That is, when the first grasping member 25 is pivotally
moved in a direction where it approaches the second grasping
member 59 (grasping operation), the grasping surface 61 of
the second grasping member 59 contacts the bottom surface
of the square groove 57 ofthe pad member 55 of the ultrasonic
surgical treatment area member 255 of the first grasping
member 25, but each second electrode 56 comes close to but
faces each row of teeth 58 of each first electrode 56 of the
ultrasonic surgical treatment area member 255 with the gap
“g” therebetween.

When the first grasping member 25 is rotated around the
pivot pin 24 in a direction where it approaches the second
grasping member 59 by the operation of the drive rod 51 in the
insertion sheath 22, and the first grasping member 25 is
placed at a position to grasp a living tissue in cooperation with
the second grasping member 59, the bottom surface of the
square groove 57 of the first grasping member 25 and the
grasping surface 61 of the second grasping member 59 are in
contact with each other to form a cut-join face, and the rows
of teeth 58 of the pair of first electrodes 56 and the pair of
second electrodes 62 are faced each other and placed in par-
allel to each other to form a pair of coagulate-join faces.

Since the cut-join face and the pair of coagulate-join faces
extend in a direction orthogonal to the opening/closing direc-
tion of the first and second grasping members 25 and 59, the
first and second grasping members 25 and 59 can provide a
strong grasping force to a living tissue.

Further, since the cut-join face and the pair of coagulate-
join faces are arranged to separate from each other in the
direction orthogonal to the opening/closing direction of the
first and second grasping members 25 and 59, the second
grasping member 59 configured by the ultrasonic vibrating
portion 31 at the distal end portion of the probe 29 does not
project from the first grasping member 25 in both sides
thereof in the direction orthogonal to the above opening/
closing direction. Therefore, the surgical treatment area 23
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can be easily inserted into a narrow portion in a body cavity
and can perform a treatment thereto.

Next, an operation of the surgical instrument 10 configured
as described above will be explained.

For example, when performing a surgical treatment for the
purpose of sealing a blood vessel in an abdominal cavity of'a
patient, the insertion area 12 of the surgical instrument 10 is
inserted into the abdominal cavity of the patient through a
trocar (not shown) inserted into an opening formed in an
abdomen of the patient. Then, the surgical treatment area 23
at the distal end portion of the insertion area 12 is approached
a part of the blood vessel where the surgical treatment will be
performed.

When the movable handle 18 is not moved in the direction
indicated by the arrow F in FIG. 2 with respect to the fixed
handle 16, the drive rod 51 is retracted in the tubular member
of the insertion sheath 22 by the urging force of the spring 49
in the casing 14qa of the operation area main body 14 of the
operation area 11, and the first grasping member 25 can be
placed at the open position far from the second grasping
member 59.

Afterplacing the part of the blood vessel where the surgical
treatment will be performed between the second grasping
member 59 and the first grasping member 25 placed at the
opening position, the movable handle 18 is pivotally moved in
the direction indicated by the arrow F in FIG. 2 with respect
to the fixed handle 16 of the operation area 11. At this time, the
drive rod 51 connected to the slider holding member 40
through the connection cylinder 41 can be advanced in the
tubular member of the insertion sheath 22 against the urging
force of the spring 49 in the casing 14a of the operation area
main body 14 of the operation area 11. The advanced drive
rod 51 pivotally moves the first grasping member 25 toward
the second grasping member 59 around the pivot pin 24.

As aresult, as shown in FIG. 8, aliving tissue S of the part
of the blood vessel where the surgical treatment will be pet-
formed is grasped between the first and second grasping
members 25 and 59. That is, the tissue S is grasped in the
cut-join face between the grasping surface 61 of the second
grasping member 59 and the bottom surface of the square
groove 57 of the pad member 55 of the ultrasonic surgical
treatment area member 256 of the first grasping member 25,
and is also grasped in the coagulate-join faces between the
pair of first electrodes 56 on both sides of the square groove 57
of thebad member 55 and the pair of second electrodes 62 on
both sides of the grasping surface 61 of the second grasping
member 59. In this time, since each of the cut-join face and
coagulate-join faces extends in the direction orthogonalto the
grasping direction of the first and second grasping members
25 and 59, the tissue S can be grasped by a strong force.
Moreover, the rows of teeth 58 provided on the pair of first
electrodes 56 prevents the tissue S from slipping and escaping
from the grasping members.

When the ultrasonic transducer in the transducer casing 26
of the transducer unit 13 is driven in this state, the ultrasonic
vibration generated by the ultrasonic transducer is transmit-
ted to the ultrasonic vibrating portion 31 at the distal end
portion of the probe 29 through the probe 29, and the second
grasping member 59 configured by the ultrasonic vibrating
portion 31 is ultrasonically vibrated. This ultrasonic vibration
generates a frictional heat in the part of the tissue S grasped
between the grasping surface 61 of the second grasping mem-
ber 59 and the bottom surface of the square groove 57 of the
pad member 55 of the ultrasonic surgical treatment area mem-
ber 255 of the first grasping member 25, and this part of the
tissue S is coagulated by the frictional heat, and cut further.
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Next, a high-frequency current is applied from a not shown
high-frequency power supply to the first electrode pin 19 of
the operation area 11. The high-frequency current is led to the
tubular member of the insertion sheath 22 through the contact
plate 47, conductive extending portion 44, conductive rubber
170 and conductive member 43 in the casing 14a of the
operation area main body 14 of the operation area 11, and
reaches the pair of first electrodes 56 of the ultrasonic surgical
treatment area member 255 of the first grasping member 25.
The high-frequency current is further led from the pair of first
electrodes 56 to the pair of second electrodes 62 of the second
grasping member 59 through the tissue S, and returned from
the ultrasonic vibrating portion 31 at the distal end portion of
the probe 29 forming the second grasping member 59 and the
probe 29, to the above-mentioned high-frequency power sup-
ply, through the probe holding member 39, conductive cylin-
der 38, connection terminal 35 and second electrode pin 20 in
the casing 14a of the operation area main body 14 of the
operation area 11.

The pair of the portions of the tissue S, where high-fre-
quency current flows between the pair of first electrodes 56 of
the ultrasonic surgical treatment area member 255 of the first
grasping member 25 and the pair of second electrodes 62 of
the second grasping member 59, is coagulated.

The tissue S grasped between the first grasping member 25
and the second grasping member 59 is cut at the portion
grasped between the grasping surface 61 of the second grasp-
ing member 59 and the bottom surface of the square groove 57
ofthe pad member 55 of the ultrasonic surgical treatment area
member 255 of the first grasping member 25, and the pair of
the portions of the tissue S grasped between the pair of second
electrodes 62 of the second grasping member 59 and the pair
of first electrodes 56 of the ultrasonic surgical treatment area
member 255 of the first grasping member 25 is coagulated.

Since the tissue S is a part of the blood vessel to be surgi-
cally treated, the above-mentioned part of the blood vessel is
cut at the portion grasped between the grasping surface 61 of
the second grasping member 59 and the bottom surface of the
square groove 57 of the pad member 55 of the ultrasonic
surgical treatment area member 25b of the first grasping
member 25, and is coagulated, that is, sealed at the pair of the
portions grasped between the pair of second electrodes 62 of
the second grasping member 59 and the pair of first electrodes
56 of theultrasonic surgical treatment area member 255 of the
first grasping member 25.

When the first grasping member 25 grasps the tissue S in
cooperation with the second grasping member 59, the grasp-
ing surface 61 of the second grasping member 59 makes a
surface contact with the bottom surface of the square groove
57 of the pad member 55 of the ultrasonic surgical treatment
area member 254 of the first grasping member 25 and forms
the cut-join face, and the rows of teeth 58 of the pair of first
electrodes 56 of the ultrasonic surgical treatment area mem-
ber 256 face the pair of second electrodes 62 of the second
grasping member 59 in substantially parallel thereto and form
the coagulate-join face, thereby the tissue S can be grasped by
a sufficiently strong force. Therefore, the coagulation and
cutting ability can be increased by using both ultrasonic
vibration and high-frequency current, and the surgical treat-
ment time in the surgical treatment area 23 can be reduced.

The ultrasonic vibration and the high frequency current be
used at the same time. The ultrasonic vibration may be pref-
erentially used when the cutting is prior to the coagulation,
and the high-frequency current may be preferentially used
when the coagulation is prior to the cutting.

Next, a surgical instrument according to a second embodi-
ment of the invention will be explained with reference to

20

25

40

45

60

65

10

FIGS. 9A and 9B. In the second embodiment, the same com-
ponents as those of the first embodiment described above with
reference to FIG. 1 to FIG. 8 will be denoted by the same
reference numerals and detailed explanation thereof will be
omitted.

FIG. 9A is a longitudinal sectional view of a surgical treat-
ment area of the surgical instrument according to the second
embodiment of the present invention. FIG. 9B is a transverse
sectional view along a line of IXB-IXB in FIG. 9A.

In this embodiment, in a pair of first electrodes 73 on both
sides of a pad member 72 in the ultrasonic surgical treatment
area member 25b of a first grasping member 71, each of a pair
of surface areas to face a pair of second electrodes 75 of a
second grasping member 75 is inclined (to 45°, for example)
to form an inclined surface 73a with respect to a line CL
passing the center of the pad member 72 and extending along
the pivotal movement direction of the first grasping member
71. A row of substantially sawtooth-like teeth 74 is formed at
the outer end portion of the inclined surface 73a of each first
electrode 73 to grasp a living tissue without slipping.

Further, in this embodiment, the second grasping member
75 is provided by machining the ultrasonic vibrating portion
31 which has conventionally a circular cross section, at the
distal end portion of the probe 29, into a non-circular cross
section (substantially an octagonal form), by a well-known
machining such as forging, cutting and the like. The surface of
the second grasping member 75 facing to the first grasping
member 71 has a grasping surface 76 facing to the pad mem-
ber 72 of the ultrasonic surgical treatment area member 255 of
the first grasping member 71, and a pair of second electrodes
77 which faces the inclined surface 73a of the pair of first
electrodes 73 of the ultrasonic surgical treatment area mem-
ber 256 and which has inclined surfaces 77a inclined simi-
larly to the inclined surfaces 73a.

When the grasping surface 76 of the second grasping mem-
ber 75 contacts the facing surface of the pad member 72 of the
ultrasonic surgical treatment area member 256 of the first
grasping member 71, each inclined surface 774 of the pair of
second electrodes 77 of the second grasping member 75 faces
each inclined surface 73a of the pair of first electrodes 73 of
the ultrasonic surgical treatment area member 255 of the first
grasping member 71 with a gap “g” between them.

When the first grasping member 71 is pivotally moved
around the pivot pin 24 in the direction in which the first
grasping member 71 comes close to the second grasping
member 75, and the first grasping member 71 is placed at a
position where the first grasping member 71 grasps a living
tissue in cooperation with the second grasping member 75
between them, the pad member 72 of the first grasping mem-
ber 71 makes a surface contact with the grasping surface 76 of
the second grasping member 75 and forms a cut-join face, and
the inclined surfaces 73a of the pair of first electrodes 73 face
the inclined surfaces 77a of the pair of second electrodes 77 in
substantially parallel thereto and form a pair of coagulate-join
faces.

Since the cut-join face extends in a direction orthogonal to
the opening/closing direction of the first and second grasping
members 71 and 75, and each coagulate-join face is inclined
(to 45° for example) to the direction orthogonal to the above
opening/closing direction, the first and second grasping
members 71 and 75 can provide a strong grasping force for
the living tissue.

Further, since the cut-join face and the pair of coagulate-
join faces are arranged to separate from each other in the
direction orthogonal to the opening/closing direction of the
first and second grasping members 71 and 75, the second
grasping member 75 configured by the ultrasonic vibrating
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portion 31 at the distal end portion of the probe 29 is not
projected from the first grasping member 71 in its both sides
in the direction orthogonal to the above opening/closing
direction. Therefore, the surgical treatment area 23 can be
easily inserted into a narrow portion of an abdominal cavity
and treat it.

Next, a surgical instrument according to a third embodi-
ment of the invention will be explained with reference to
FIGS. 10A and 10B. In the third embodiment, the same
components as those of the first embodiment described above
with reference to FIGS. 1 to 8 will be denoted by the same
reference numerals and detailed explanation thereof will be
omitted.

FIG. 10A is a longitudinal sectional view of a surgical
treatment area of the surgical instrument according to a third
embodiment of the invention. FIG. 10B is a transverse sec-
tional view along a line of XB-XB in FIG. 10A.

In this embodiment, a pair of first electrodes 83 in both
sides of' a pad member 82 in the ultrasonic surgical treatment
area member 255 of a first grasping member 81 is projected
along and in parallel to a line CL passing the center of the pad
member 82 and extending along the moving direction of the
first grasping member 81. A row of substantially sawtooth-
like teeth 84 is formed on each projected end surface of the
pair of first electrodes 83 to grasp a living tissue without
slipping.

Further, in this embodiment, a second grasping member 88
is provided by machining the ultrasonic vibrating portion 31,
which has conventionally the circular cross section, at the
distal end portion of the probe 29, into a non-circular cross
section (rectangular), by a well-known machining such as
forging, cutting, and the like. The surface of the second grasp-
ing member 85 which faces the first grasping member 81 has
a grasping surface 86 which faces a pad member 82 of the
ultrasonic surgical treatment area member 256 of the first
grasping member 81, and a pair of second electrodes 87
which face the inside surfaces of the pair of first electrodes 83
of the ultrasonic surgical treatment area member 255.

When the grasping surface 86 of the second grasping mem-
ber 85 contacts the facing surface of the pad member 82 of the
ultrasonic surgical treatment area member 256 of the first
grasping member 81, each second electrode 87 of the second
grasping member 85 faces each inside surface of the pair of
first electrodes 83 of the ultrasonic surgical treatment area
member 255 of the first grasping member 81 with a gap “g”
therebetween.

When the first grasping member 81 is pivotally moved
around the pivot pin 24 in the direction in which the first
grasping member 81 comes close to the second grasping
member 85 and placed at a position where the first grasping
member 81 grasps a living tissue in cooperation with the
second grasping member 85, the pad member 82 of the first
grasping member 81 makes a surface contact with the grasp-
ing surface 86 of the second grasping member 85 and forms a
cut-join face, and the inside surfaces of the pair of first elec-
trodes 83 face the pair of second electrodes 87 in substantially
parallel thereto and form a pair of coagulate-join faces.

Since the cut-join face extends in the direction orthogonal
to the opening/closing direction of the first and second grasp-
ing mentbers 81 and 85, and the pair of coagulate-join faces
extends in parallel to the above opening/closing direction, the
first and second grasping members 81 and 85 can provide a
strong grasping force for a living tissue.

Further, since the cut-join face and the pair of coagulate-
join faces are separated from each other in the direction
orthogonal to the opening/closing direction of the first and
second grasping members 81 and 85, the second grasping
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member 85 configured by the ultrasonic vibrating portion 31
at the distal end portion of the probe 29 does not project from
the first grasping member 81 in its both sides in the direction
orthogonal to the above opening/closing direction. Therefore,
the surgical treatment area 23 can be easily inserted into a
narrow portion in an abdominal cavity and treat it.

Next, a surgical instrument according to a fourth embodi-
ment of the invention will be explained with reference to
FIGS. 11A and 11B. In the fourth embodiment, the same
components as those of the first embodiment described above
with reference to FIGS. 1 to 8 will be denoted by the same
reference numerals and detailed explanation thereof will be
omitted.

FIG. 11A is a longitudinal sectional view of a surgical
treatment area of a surgical instrument according to a fourth
embodiment of the invention. FIG. 11B is a transverse sec-
tional view along a line of XIB-XIB in FIG. 11A.

In this embodiment, only a second grasping member 88 is
different from the first embodiment. The second grasping
member 88 is provided by machining the ultrasonic vibrating
portion 31 which has a conventionally circular cross section,
at the distal end portion of the probe 29, into a non-circular
cross section (substantially a reversed T-shape), by a well-
known machining such as forging, cutting, and the like. The
cross section of the second grasping member 59 of the first
embodiment shown in FIGS. 7 and 8 is also a reversed
T-shape. But, the cross section of the second grasping mem-
ber 88 of the fourth embodiment is slightly different from that
of the second grasping member 59 of the first embodiment.
Specifically, a portion of the second grasping member 88 of
the fourth embodiment, which project from the midpoint of
the laterally extending surface of the second grasping mem-
ber 88, the laterally extending surface facing the first grasping
member 25, in the direction crossing the lateral direction, and
which is inserted into the square groove 57 ofthe pad member
55 of the ultrasonic surgical treatment member 255 of the first
grasping member 25, is formed to have a triangular shape
having an acute angle at its projected end.

In the cross section of the facing surface of the second
grasping member 88 of the fourth embodiment, the above
described triangular portion forms a grasping surface 89, and
a pair of portions extending laterally in both sides of the
grasping surface 89 forms a pair of flat second electrodes 90
which face the pair of first electrodes 56 (the rows of teeth 58)
of the ultrasonic surgical treatment area member 255 of the
first grasping member 25.

When the first grasping member 25 is pivotally moved
around the pivot pin 24 in the direction in which the first
grasping member 25 comes close to the second grasping
member 88 and a contact portion 25¢ of the grasping part
main body 254 contacts a contact portion 22¢ of the holding
member 224 at the distal end portion of the insertion sheath
22, a gap “h” is formed between the acute projected end of the
grasping surface 89 of the second grasping member 88 and
the bottom surface of the square groove 57 of the pad member
55 of the ultrasonic surgical treatment area member 255 of the
first grasping member 25, and a gap “g” is formed between
each second electrode 90 of the second grasping member 88
and each first electrode 56 (the row of teeth 58) of the ultra-
sonic surgical treatment area member 255 of the first grasping
member 25.

When the first grasping member 25 is pivotally moved
around the pivot pin 24 in the direction in which the first
grasping member 25 comes close to the second grasping
member 88 and placed at a position where the first grasping
member 25 grasps a living tissue in cooperation with the
second grasping member 88, the acute end of the grasping



US 7,905,881 B2

13

surface 89 of the second grasping member 88 extends to the
bottom surface of the square groove 57 of the pad member 55
of the first grasping member 25 in a direction orthogonal to
the center line of the pivot pin 24 of the first grasping member
25 and forms a cut-join line, and the pair of first electrodes 56
and the pair of second electrodes 90 face each other in sub-
stantially parallel to each other and form a pair of coagulate-
join faces.

Since the cut-join line extends in the direction orthogonal
to the center line of the pivot pin 24 of the first grasping
member 25 and the pair of coagulate-join faces extends in the
direction orthogonal to the opening/closing direction of the
first and second grasping members 25 and 88, the first and
second grasping members 25 and 88 can provide a strong
grasping force for a living tissue.

Further, since the cut-join line and the pair of coagulate-
join faces are separated from each other in the direction
orthogonal to the opening/closing direction of the first and
second grasping members 25 and 88, the second grasping
member 88 configured by the ultrasonic vibrating portion 31
at the distal end portion of the probe 29 does not project from
the first grasping member 25 in both sides thereof in the
direction orthogonal to the above opening/closing direction.
Therefore, the surgical treatment area 23 can be easily
inserted into a narrow portion in an abdominal cavity and treat
it.

In this embodiment, since the acute end of the grasping
surface 89 of the second grasping member 88 does not contact
the bottom surface of the square groove 57 of the pad member
55 of the first grasping member 25, the bottom surface of the
square groove 57 of the pad member 55 is not worn by the
grasping surface 89 of the second grasping member 88, and
the durability of this embodiment increases.

The cut-join line formed by making the acute end of the
grasping surface 89 of the second grasping member 88 in
contact with the bottom surface of the square groove 57 of the
pad member 55 of the first grasping member 25 generates a
large concentration of grasping force for a living tissue
grasped between the grasping surface 89 of the second grasp-
ing member 88 and the bottom surface of the square groove 57
of the pad member 55 of the first grasping member 25.

Next, a surgical instrument according to a fifth embodi-
ment of the invention will be explained with reference to
FIGS. 12A and 12B. In the fifth embodiment, the same com-
ponents as those of the first embodiment described above with
reference to FIG. 1 to FIG. 8 will be denoted by the same
reference numerals and detailed explanation thereof will be
omitted.

FIG. 12A is a schematic perspective view of a surgical
treatment area of a surgical instrument according to a fifth
embodiment of the invention. FIG. 12B is a transverse sec-
tional view showing a state in which aliving tissue is grasped
by first and second grasping members of the surgical treat-
ment area of FIG. 12A.

In this embodiment, a first grasping member 91 is formed
like a flat plate. A pad member 92 having an arc-shaped cross
section is provided at a mid portion of a flat grasping surface
of the first grasping member 91 in a lateral direction thereof.
A pair of first electrodes 93 is provided in both sides of the pad
member 92 on the above grasping surface.

A second grasping member 94 is provided by machining
the ultrasonic vibrating portion 31 which has conventionally
a circular cross section, at the distal end portion of the probe
29, into a non-circular cross section, by a well-known
machining such as forging, cutting, and the like. Specifically,
a grasping surface 95 having an concave cross section is
provided in a portion of the second grasping member 94
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which faces the first grasping member 91, the grasping sur-
face 95 corresponding to the pad member 92 of the first
grasping member 91. A pair of second electrodes 96 is pro-
vided at both edge portions of the grasping surface 95 in its
cross section to face the pair of first electrodes 93 of the first
grasping member.

When the first grasping member 91 is pivotally moved in
the direction in which the first grasping member 91 comes
close to the second grasping member 94 and placed at a
position where the first grasping member 91 grasps a living
tissue in cooperation with the second grasping member 94,
the pad member 92 of the first grasping member 91 makes a
surface contact with the grasping surface 95 of the second
grasping member 88 and forms a curved cut-join face, and the
acute ends of'the pair of second electrodes 96 face the pair of
first flat electrode 93 and form a pair of coagulate-join lines
extending in a direction orthogonal to the center line of the
pivotal movement of the first grasping member 91.

The pair of coagulate-join lines formed by the pair of first
flat electrodes 93 of the first grasping member 91 and the
acute ends of the pair of second electrodes 96 at the both side
edges of the grasping surface 95 of the second grasping mem-
ber 94, generates a large concentration of grasping force for
thetissue S grasped by the pad member 92 of the first grasping
member 91 and the grasping surface 95 of the second grasp-
ing member 94.

In this embodiment, the first grasping member 91 can be
made more compact that the second grasping member 94
configured by the ultrasonic vibrating portion 31 at the distal
end portion of the probe 29. Therefore, the surgical treatment
area 23 can be easily inserted into a narrow portion in an
abdominal cavity and treat it.

Next, a surgical instrument according to a sixth embodi-
ment of the present invention will be explained with reference
to FIG. 13. In the sixth embodiment, the same components as
those of the first embodiment described above with reference
to FIG. 1 to FIG. 8 will be denoted the same reference numer-
als and detailed explanation thereof will be omitted.

FIG. 13 is a schematic perspective view of a surgical treat-
ment area of the surgical instrument according to the sixth
embodiment of the present invention.

In this embodiment, a first grasping member 101 has a
semicircular cross section, and a pad member 103 is buried in
arounded groove 102 made at the lateral center of the surface
of the first grasping member 101, the surface facing a second
grasping member 105. A pair of first flat electrodes 104 is
provided in both sides of the pad member 103 on the facing
surface of the first grasping member 101.

The second grasping member 105 is provided by machin-
ing the ultrasonic vibrating portion 31 which has convention-
ally a circular cross section, at the distal end portion of the
probe 29, into a non-circular cross section, by a well-known
machining such as forging, cutting, and the like. Specifically,
a grasping surface 106 projecting toward the pad member 103
of the facing surface of the first grasping member 101 and a
pair of second flat electrodes 107 arranged in both sides of the
grasping surface 106 and facing the pair of first flat electrodes
104 of the facing surface of the first grasping member 101 are
provided on a part of the second grasping member 105 facing
the first grasping member 101. The grasping surface 106 is
shaped like waves gently continuing along the extending
direction of the pad member 10.

When the first grasping member 101 is pivotally moved in
the direction in which the first grasping member 101 comes
close to the second grasping member 105 and placed at a
position where the first grasping member 101 grasps a living
tissue in cooperation with the second grasping member 105,
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the pad member 103 of the first grasping member 101 discon-
tinuously contacts the gently continuing wave-shaped grasp-
ing surface 106 of the second grasping member 105 and forms
a cut-join face, and the pair of second flat electrodes 107 face
the pair of first flat electrodes 104 in parallel thereto and form
a pair of coagulate-join faces which are extending in the
direction orthogonal to the center line of the opening/closing
direction of the first grasping member 101.

The above described cut-join face and pair of coagulate-
join faces can provide a strong grasping force for the tissue
between the first grasping member 101 and second grasping
member 105. In this embodiment, it is unnecessary to provide
a row of teeth for anti-slipping on each of the pair of first
electrodes 104, and the pair of first electrodes 104 can
minutely coagulate the tissue in cooperation with the pair of
second electrodes 107.

Next, a surgical instrument according to a seventh embodi-
ment of the invention will be explained with reference to
FIGS. 14A and 14B. In the seventh embodiment, the same
components as those of the first embodiment described above
with reference to FIGS. 1 to 8 will be denoted by the same
reference numerals and detailed explanation thereof will be
omitted.

FIG. 14A is a schematic perspective view of a surgical
treatment area of the surgical instrument according to the
seventh embodiment of the invention.

FIG. 14B is a transverse sectional view along a line of
XIVB-XIVB in FIG. 14A.

In this embodiment, a first grasping member 111 has a
cross section similar to a cross section of a saddle for riding a
horse, and a pad member 113 is buried in a rounded groove
112 at the center of a surface of the first grasping member 111
in the lateral direction, the surface facing a second grasping
member 115. In the opposite surface of the first grasping
member 111, A pair of portions projected from both sides of
the pad member 113 on the facing surface of the first grasping
member 111 is configured as a pair of first electrodes 114.

The second grasping member 115 is provided by machin-
ing the ultrasonic vibrating portion 31 which has convention-
ally a circular cross section, at the distal end portion of the
probe 29, into a non-circular cross section, by a well-known
machining such as forging, cutting, and the like. Specifically,
the surface of the second grasping member 115 which faces
the first grasping member 111 is formed to have a cross
section corresponding to the facing surface of the first grasp-
ing member 111.

That is, a portion of the facing surface of the second grasp-
ing member 115, the portion corresponding to the pad mem-
ber 113 on the facing surface of the first grasping member
111, is configured as a grasping surface 116 projecting toward
the pad member 113 and having a rounded substantially tri-
angular cross section, and a pair of portions of the facing
surface of the second grasping member 115, the portions
corresponding to the pair of first electrodes 114 of the facing
surface of the first grasping member 111, is configured as a
pair of concaved second electrodes 117 to receive the pair of
first projecting electrodes 114.

When the first grasping member 111 is pivotally moved in
a direction in which the first grasping member 111 comes
close to the second grasping member 115 and placed at a
position where the first grasping member 111 grasps a living
tissue in cooperation with the second grasping member 115,
the pad member 113 of the first grasping member 111 makes
a line contact with the grasping surface 116 of the second
grasping member 115 and forms a cut-join face, and the pair
of first electrodes 114 contacts the pair of second electrodes
117 in a wide area and forms a pair of coagulate-join faces.
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Next, a surgical instrument according to an eighth embodi-
ment of the present invention will be explained with reference
to FIG. 15. In the eighth embodiment, the same components
as those of the first embodiment described above with refer-
ence to FIGS. 1 to 8 will be denoted by the same reference
numerals and detailed explanation thereof will be omitted.

FIG. 15 is a schematic transverse sectional view of a sur-
gical treatment area of the surgical instrument according to
the eighth embodiment of the present invention.

In this embodiment, a first grasping member 121 has an
arc-shaped cross section. A pad member 122 is provided at
the center of the arc-shape, and first and second electrodes
124 and 127 are provided on both sides of the pad member
122. The inner surface 123 of the first grasping member 121
faces a second grasping member 125.

The second grasping member 125 is configured by the
rounded bar-shaped ultrasonic vibrating portion 31 at the
distal end portion of the probe 29. The portion of the outer
circumferential surface of the second grasping member 125
facing the inner surface 123 of the first grasping member 121
forms a grasping surface 126.

When the first grasping member 121 is pivotally moved in
a direction in which the first grasping member 121 comes
close to the second grasping member 125 and placed at a
position where the first grasping member 121 grasps a living
tissue in cooperation with the second grasping member 125,
the pad member 122 of the first grasping member 121 makes
a surface contact with the grasping surface 126 of the second
grasping member 125 and forms a cut-join face, and the first
electrode 124 and the second electrode 127 facing each other
through the pad member 122 form coagulate-join faces. The
first electrode 124 and the second electrode 127 apply a
high-frequency current to the living tissue grasped between
the inner surface 123 of the first grasping member 121 and the
grasping surface 126 of the second grasping member 125.

Next, a surgical instrument according to a ninth embodi-
ment of the present invention will be described with reference
to FIG. 16. In the ninth embodiment, the same components as
those of the first embodiment described above with reference
to FIG. 1 to FIG. 8 will be denoted by the same reference
numerals and detailed explanation thereof will be omitted.

FIG. 16 is a schematic perspective view of a surgical treat-
ment area of the surgical instrument according to the ninth
embodiment of the invention.

In this embodiment, a first grasping member 131 includes
two independent parts. The two parts of the first grasping
member 131 are pivotally connected to two surfaces of a
holding member 22a having a triangular cross section, by
pivots 132. Two edge portions of the two parts of the first
grasping member 131 adjacent to each other are configured as
pad members 133, and the inner surfaces of two edge portions
ofthe two parts of the first grasping member 131 located away
from each other are configured as first electrodes.

The second grasping member 135 is provided by machin-
ing the ultrasonic vibrating portion 31 which has convention-
ally a circular cross section, at the distal end portion of the
probe 29, into a non-circular cross section, by a well-known
machining such as forging, cutting, and the like. Specifically,
a surface of the second grasping member 135 which faces the
two parts of the first grasping member 131, is formed to
correspond to the above described two surfaces of the holding
member 22a having the triangular cross section.

A ridge portion of the triangular cross sectioned facing
surface of the second grasping member 135, the ridge portion
corresponding to the pad members 133 of the two adjacent
edge portions of the first grasping member 131 is configured
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as a grasping surface 136, and the foot end portions of the
triangular cross sectioned facing surface are configured as a
pair of second electrodes 137.

When the two parts of the first grasping member 131 are
pivotally moved to the second grasping member 135 in direc-
tions in which the two parts come close to the longitudinal
center line 31a of the second grasping member 135 and
placed at positions where the two parts grasp a living tissue in
cooperation with the second grasping member 135, each of
the pad members 133 of the two parts of the first grasping
member 131 makes a surface contact with the grasping sur-
face 136 of the second grasping member 135 and forms a
cut-join face, and the first electrodes and the second elec-
trodes 137 are faced each other and in parallel to each other,
and form coagulate-join surfaces.

That is, since each of the opening/closing directions of the
two parts of the first grasping member 131 is a radial direction
of the second grasping member 135 that is the ultrasonic
vibrating portion 31 at the distal end portion of the probe 29
and each of the pair of coagulate-join surfaces is formed in the
direction orthogonal to each opening/closing direction, a
strong grasping force can be proved for a living tissue on the
pair of coagulate-join surfaces.

Next, a surgical instrument according to a tenth embodi-
ment of the invention will be explained with reference to FIG.
17. In the tenth embodiment, the same components as those of
the first embodiment described above with reference to FIGS.
1 to 8 will be denoted by the same reference numerals and
detailed explanation thereof will be omitted.

FIG. 17 is a schematic transverse sectional view of a sur-
gical treatment area of the surgical instrument according to
the tenth embodiment of the invention.

In this embodiment, only a second grasping member 138 is
different from the first embodiment. The second grasping
member 138 which grasps a living tissue in cooperation with
the first grasping member 25, is provided by machining the
ultrasonic vibrating portion 31 which has conventionally a
circular cross section, at the distal end portion of the probe 29,
into a non-circular cross section, by a well-known machining
such as forging, cutting, and the like. Specifically, the surface
of the second grasping member 138, which faces the first
grasping member 25, includes a grasping surface 139 config-
ured by a projecting portion facing the square groove 57 of the
pad member 55 of the first grasping member 25, and a pair of
second electrodes 140 having flat surfaces facing the pair of
first electrodes 56 (the rows of teeth 58) in both sides of the
grasping surface 139. When the projected end of the grasping
surface 139 contacts the bottom surface of the square groove
57 of the pad member 55 of the first grasping member 25, each
of the pair of second electrodes 140 is placed at a position
where a gap “g” is forms between each of the pair of second
electrodes 140 and each of the pair of first electrodes 56 (the
rows of teeth 58). Further, insulating layers 141 are formed by
insulation coating on both sides of the projected grasping
surface 139 of the second grasping member 138, but the
second electrodes 140 are not insulated by insulation coating.
Therefore, the areas of the pair of first electrodes 56 can be
substantially the same as those of the pair of second elec-
trodes 140 and a current density therebetween can be
increased, and a living tissue grasped therebetween can be
efficiently coagulated.

Next, a surgical instrument according to an eleventh
embodiment of the present invention will be explained with
reference to FIG. 18. In the eleventh embodiment, the same
components as those of the first embodiment described above
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with reference to FIGS. 1 to 8 will be denoted by the same
reference numerals and detailed explanation thereof will be
omitted.

FIG. 18 is a schematic transverse sectional view of a sur-
gical treatment area of the surgical instrument according to
the eleventh embodiment of the invention.

In a first grasping member 151 of this embodiment, an
insulating block 154 made of synthetic resin is further inte-
grally provided on an outside of each of a pair of first elec-
trodes 153 on both sides of a pad member 152. The insulating
block 154 is projected in the grasping direction from the first
electrode 153. A row of teeth 155 is formed in the projected
end of the insulating block 154.

A second grasping member 156 which grasps a living
tissue in cooperation with the first grasping member 151 is
provided by machining the ultrasonic vibrating portion 31
which has conventionally a circular cross section, at the distal
end portion of the probe 29, into a non-circular cross section,
by a well-known machining such as forging, cutting, and the
like. Specifically, the surface of the second grasping member
156, which faces the first grasping member 151, is configured
to a cross section of isosceles trapezoidal. The distal end of
the second grasping member 156 is configured as a grasping
surface 157 which is to be in contact with the pad member 152
of the first grasping member 151, and two legs on both sides
of the grasping surface 157 are configured as a pair of second
electrodes 158 having a pair of inclined surfaces 158a which
face the pair of first electrodes 153.

When the first grasping member 151 is pivotally moved in
a direction in which the first grasping member 151 comes
close to the second grasping member 156 and placed at a
position where the first grasping member 151 grasps a living
tissue in cooperation with the second grasping member 156,
the pad member 152 of the first grasping member 151 con-
tacts the grasping surface 157 of the second grasping member
156 and forms a cut-join face. The pair of first electrodes 153
of the first grasping member 151 faces the pair of second
electrodes 158 of the second grasping member 156 and forms
a pair of coagulate-join faces. In this embodiment, even if a
force directing in a lateral direction is applied to the ultrasonic
vibrating portion 31 at the distal end portion of the probe 29,
the vibrating portion 31 does not directly contact the pair of
first electrodes 153. Therefore, the durability of the ultrasonic
vibrating portion 31 at the distal end portion of the probe 29
is increased.

Next, an example of a surgical instrument which is differ-
ent from the conventional one will be explained with refer-
ence to FIGS. 19A and 19B. In this example, the same com-
ponents as those of the first embodiment described above with
reference to FIGS. 1 to 8 will be denoted by the same refer-
ence numerals and detailed explanation thereof will be omit-
ted.

FIG. 19A is a schematic perspective view of a surgical
treatment area of the example of the surgical instrument
which is different from the conventional one.

FIG. 19B is a schematic transverse sectional view along a
line of XIX-XIX in FIG. 19A.

In this example, a first grasping member 161 is a member
having a rectangular cross section, and has a row of sawtooth-
like teeth 162 on its grasping surface. A groove 163 is formed
at the center of the cross section of the first grasping member
161 and extends in its axial direction. A first electrode 164 is
buried in the groove 163. A pad member 165 is provided on
the grasping surface of the first grasping member 161.

A second grasping member 166 to grasp a living tissue in
cooperation with the first grasping member 161 is configured
by the ultrasonic vibrating portion 31 at the distal end portion
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of the round bar-shaped probe 29. A portion of the outer
circumferential surface of the second grasping member 166,
the portion facing the first grasping member 161, is config-
ured as a grasping surface 167 at a point being in contact with
the pad 165 of the first grasping member 161. The outer
surface of the second grasping member 166, Both sides of the
grasping surface 167 on the portion of the outer circumferen-
tial surface of the second grasping member 166, the portion
facing the first grasping member 161, are configured as a pair
of second arc-shaped electrodes 168 which face the first elec-
trode 164.

When the first grasping member 161 is pivotally moved in
a direction in which the first grasping member 161 comes
close to the second grasping member 166 and grasps a living
tissue in cooperation with the second grasping member 166,
the row of teeth 162 on the grasping surface of the first
grasping member 161 contacts the living tissue, the pad mem-
ber 165 on the grasping surface of the first grasping member
161 partially contacts the grasping surface 167 of the second
grasping member 166 and forms a cut-join face. The first
electrode 164 of the first grasping member 161 faces the pair
of second electrodes 168 of the second grasping member 166
and forms coagulate-join faces.

This invention is not limited to the embodiments described
hereinbefore. This invention may be embodied in various
forms by modifying various component members without
departing from an aspect of the invention. Further, the various
component members disclosed in the above described various
embodiments may be propetly combined with each other. For
example, some component members may be deleted from all
components members shown in each embodiment.

Additional advantages and modifications will readily
occur to those skilled in the art. Therefore, the invention in its
broader aspects is not limited to the specific details and rep-
resentative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What is claimed is:

1. A surgical instrument comprising:

a first grasping member;

asecond grasping member which is configured to open and

close to the first grasping member, and to enable grasp-
ing a living tissue between them;

ahigh-frequency operation unit which includes a first elec-

trode provided in the first grasping member and a second
electrode provided in the second grasping member, the
first electrode and the second electrode facing each other
to provide a high-frequency operation region between
them, and the high-frequency operation region being
configured to coagulate the living tissue grasped by the
first and second grasping members when high frequency
current is applied between the first and second elec-
trodes; and

an ultrasonic operation unit which includes an ultrasonic

vibrating portion provided in one of the first and second
grasping members, formed integrally with one of the
first and second electrodes by using the same material as
that of one of the first and second electrodes, and con-
nected to an ultrasonic transducer to generate ultrasonic
vibration, and a pressing portion provided in the other of
the first and second grasping members and facing the
ultrasonic vibrating portion, the pressing portion and the
ultrasonic vibrating portion providing an ultrasonic
operation region configured to press the living tissue
grasped by the first and second grasping members and to
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coagulate and cut the pressed living tissue when the
ultrasonic vibration is transferred to the ultrasonic
vibrating portion from the ultrasonic transducer,
wherein the high-frequency operation region configured to
treat living tissue and provided between the first elec-
trode and the second electrode, and the ultrasonic opera-
tion region configured to treat living tissue and provided
between the pressing portion and the ultrasonic vibrat-
ing portion, are arranged, respectively between the first
grasping member and the second grasping member, and
the high frequency operation region is positioned at a
position excluding the ultrasonic operation region.

2. The surgical instrument according to claim 1, wherein

each of the first grasping member and the second grasping
member is long and narrow,

a part of the first grasping member which faces the second
grasping member has a dimension in a cross direction
crossing a longitudinal direction of the first grasping
member,

a part of the second grasping member which faces the first
grasping member has a dimension in a cross direction
crossing a longitudinal direction of the second grasping
member, and

the cross-direction dimension of the part of the second
grasping member is equal to or smaller than the cross-
directional dimension of the part of the first grasping
member, and the second grasping member does not
project from the first grasping member in the cross direc-
tion.

3. The surgical instrument according to claim 1, wherein

the ultrasonic vibrating portion has a grasping surface
which cooperates with the pressing portion and config-
ured to grasp the living tissue,

each of the pressing portion of the ultrasonic operation unit
and the grasping surface of the ultrasonic vibrating por-
tion 1s long and narrow,

acombination of a cross section of the pressing portion and
a cross section of the grasping surface includes a com-
bination of a depression and a projection, and

the living tissue grasped by the grasping surface and the
pressing portion is bent to make a surface contact with
the grasping surface.

4. The surgical instrument according to claim 3, wherein

each of the first grasping member and the second grasping
member is long and narrow,

a part of the first grasping member which faces the second
grasping member has a dimension in a cross direction
crossing a longitudinal direction of the first grasping
member,

a part of the second grasping member which faces the first
grasping member has a dimension in a cross direction
crossing a longitudinal direction of the second grasping
member, and

the cross-directional dimension of the part of the second
grasping member is equal to or smaller than the cross-
directional dimension of the part of the first grasping
member, and the second grasping member does not
project from the first grasping member in the cross direc-
tion.

5. A surgical treatment device comprising;

an operating portion which has a fixed handle and a mov-
able handle which is rotational relative to the fixed
handle;

an elongated sheath which is connected to a distal end part
of the operating portion;
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adrive member which is inserted in the sheath and which is
configured to transmit a movement of the movable
handle to a distal end part of the sheath;

an ultrasonic probe which is electrically conductive, which
is inserted in the sheath, and which is configured to
transmit ultrasonic vibration;

atreatment portion which is provided to a distal end part of
the ultrasonic probe, and which has a treatment surface
configured for transmitting ultrasonic vibration and
high-frequency current to a living tissue, the treatment
surface having a first treatment area provided in a central
part thereof and a second treatment area, adjoining to
each of both sides of the first treatment area relative to a
longitudinal axis of the device, and inclined to the first
treatment area with a predetermined angle; and

agrasping portion which is connected to a distal end part of
the drive member which is configured to open and close
relative to the treatment surface of the treatment portion,
and which grasps the living tissue in cooperation with
the treatment surface of the treatment portion,

the grasping portion having an insulating pad member
provided at a central part of an area thereof correspond-
ing to the treatment surface of the treatment portion so as
to be in contact with the first treatment area so as to cut
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the grasped living tissue with the ultrasonic vibration,
and the grasping portion having a high-frequency elec-
trode surface formed in each of both sides of the pad
member, corresponding to the both sides of the first
treatment area, so as to separate and move from the
longitudinal axis of the device and to approach the treat-
ment surface.

6. The surgical treatment device according to claim 5,

wherein

each of the grasping portion and the treatment portion is
long and narrow,

a part of the grasping portion which faces the treatment
portion has a dimension in a cross direction crossing a
longitudinal direction of the grasping portion,

a part of the treatment portion which faces the grasping
portion has a dimension in a cross direction crossing a
longitudinal direction of the treatment portion, and

the cross-directional dimension of the part of the treatment
portion is equal to or smaller than the cross-directional
dimension of the part of the grasping portion, and the
treatment portion does not project from the grasping
portion in the cross direction.
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