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1
TROCAR SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority from the prior Japanese Patent Application Ser. No.
2002-363968, filed Dec. 16, 2002,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 trocar system for insert-
ing and retaining a trocar foruse as a guide tube of an insertion
instrument into a body cavity into a patient’s body wall.

2. Description of the Related Art

In a trocar system, for example, a probe including a sharp
puncturing needle on a tip end, and a trocar which is disposed
in an outer periphery of the probe and which is to be inserted
and retained in a patient are detachably combined. The trocar
system is stuck into the patient’s body wall and guided into a
body cavity in a state in which the probe and trocar are
integrally combined. When the probe is detached from the
trocar in this state, only the trocar is retained in the body wall.
This trocar is used as a guide tube in a scope for observing
various lesioned parts and a treatment instrument for per-
forming a treatment.

Various modes of the trocar system have heretofore been
known. For example, in Jpn. Pat. Appln. KOKOKU Publica-
tion No. 5-57863, an ultrasonic trocar system has been dis-
closed. For the ultrasonic trocar system, the probe is ultra-
sonically vibrated in the state in which the probe is integrally
combined with the trocar, and a punctured hole can be formed
in the patient’s body wall. As a result, the probe can safely be
stuck and guided into the body wall with a comparatively light
force by the ultrasonic vibration. The trocar can also be
guided into the body wall following the probe. The probe is
detached from the trocar, and the trocar is retained in the body
wall.

In Jpn. Pat. Appln. KOK AT Publication No. 2002-177293,
an improved ultrasonic trocar system has been disclosed. For
this ultrasonic trocar system, a dilator whose tip end is formed
to be tapered substantially in a conical shape is disposed
between the trocar and the probe whose outer diameter is
comparatively small. In this system, the tapered tip end of the
dilator projects from the tip end of the trocar. The tip end of
the probe projects from the tapered tip end of the dilator. In the
ultrasonic trocar system in this state, the probe is ultrasoni-
cally vibrated and guided into the patient’s body wall. There-
after, an operator holds the dilator and trocar, and dilates a
cavity in the patient’s body wall with the trocar. Then, the
trocar system is guided into the body wall. Thereafter, the
probe and dilator are removed from the trocar to retain the
trocar in the body wall.

BRIEF SUMMARY OF THE INVENTION

According to one aspect of the present invention, there is
provided a trocar system including a probe which forms a
punctured hole in a living tissue, a sheath, a dilator, a trocar,
an engaging mechanism, and a hold portion. The probe is
inserted in a through hole of the sheath. The dilator includes
a dilating portion to dilate the punctured hole formed in the
living tissue by the tip end of the probe in the tip end of the
dilator. The sheath is inserted in the through hole of the
dilator. The dilator is inserted in the through hole of the trocar.
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After the trocar between the tip and base ends is guided into
the punctured hole, the probe, sheath, and dilator are removed
from the through hole of the trocar, and the trocar is retained
in a patient’s body wall. The engaging mechanism detachably
engages the trocar with the dilator. In a state in which the
dilator is inserted in the trocar and the engaging mechanism
engages the trocar with the dilator, the base ends of the trocar
and dilator are integrated with each other by the hold portion.

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.
The advantages of the invention may be realized and obtained
by means of the instrumentalities and combinations particu-
larly 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 1s a schematic diagram showing an ultrasonic trocar
system according to a first embodiment;

FIG. 2 is a schematic exploded view of the ultrasonic trocar
system according to the first embodiment;

FIG. 3A is a schematic diagram of a tip end of the ultra-
sonic trocar system according to the first embodiment;

FIG. 3B is a schematic diagram of the tip end of the ultra-
sonic trocar system according to the first embodiment seen
from a direction of an arrow 3B shown in FIG. 3A;

FIG. 4isaschematic diagram showing the ultrasonic trocar
system according to a second embodiment;

FIG. 5A is a schematic exploded view of the ultrasonic
trocar system according to the second embodiment;

FIG. 5B is a top plan view of a trocar shown in FIG. 5A in
the ultrasonic trocar system according to the second embodi-
ment;

FIG. 6isa schematic diagram showing the ultrasonic trocar
system according to a third embodiment;

FIG. 7 is a schematic partial sectional view in the vicinity
of a dilator hold portion in a state in which constituting
members of the ultrasonic trocar system of the third embodi-
ment are mutually assembled; and

FIG. 8isaschematic diagram showing the ultrasonic trocar
system according to a fourth embodiment.

DETAILED DESCRIPTION OF THE INVENTION

Preferred embodiments of the present invention will here-
inafter be described with reference to the drawings.

First, an ultrasonic trocar system 10 according to a first
embodiment will be described with reference to FIGS. 1 to
3B. FIG. 1 shows a constitution of the ultrasonic trocar sys-
tem 10 according to the present embodiment. FIGS. 2 to 3B
further concretely show the constitution of the ultrasonic
trocar system 10 shown in FIG. 1.

As shown in FIGS. 1 and 2, the ultrasonic trocar system 10
according to the present embodiment includes a handpiece
unit 30, sheath 40, dilator 50, and trocar 60. As shown in FIG.
1, the handpiece unit 30 is connected to a power source device
14 viaa cable 12. The power source device 14 is connected to
switches 16 which output a signal for operating the power
source device 14, such as a foot switch and a hand switch.
When a predetermined signal is inputted into the power
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source device 14 via the switch 16, the power source device
14 supplies a power to an ultrasonic vibrator described later.

As shown in FIG. 2, the handpiece unit 30 includes an
ultrasonic transducer 32 and a probe 36. The ultrasonic trans-
ducer 32 includes a piezoelectric device (not shown) which is
an ultrasonic vibrator, and a conical horn (not shown) which
is connected to the piezoelectric device to enlarge ultrasonic
vibration generated by the piezoelectric device. A base end
(upper end) of the transducer 32 is connected to a connector
portion 34 connected to the other end of the cable 12 whose
one end is connected to the power source device 14. There-
fore, it is possible to supply a power to the piezoelectric
device from the power source device 14 via the cable 12.

The tip end (lower end) of the horn is detachably connected
to the base end (upper end) of the elongated probe 36 consti-
tuted of a linear needle member which is capable of transmit-
ting the ultrasonic vibration and which is to be stuck to the
body wall, for example, via screws. That is, the probe 36
includes alinear shaft (central shaft). The handpiece unit 30 is
capable of further enlarging the ultrasonic vibration genet-
ated by the piezoelectric device of the ultrasonic transducer
32 and transmitted to and enlarged by the horn to transmit the
vibration to the tip end (lower end) of the probe 36.

As shownin FIGS. 3A and 3B, aportion of a tip end (needle
portion) 36a of the probe 36 in the vicinity ofa vertex portion
of a substantially conical shape is cut with respect to the shaft
of the probe 36 by an appropriate angle, that is, by a surface of
60 degrees in this embodiment. Therefore, a ridge line (edge)
of asubstantially elliptic shape is formed on the tip end 36a of
the probe 36. Since the tip end 36a of the probe 36 is cut, the
tip end 36a of the probe 36 can be reduced in length. The tip
end 36a of the probe 36 can have an obtuse shape as compared
with the conical shape before cut. A cut angle of the tip end
36a of the probe 36 with respect to the axis of the probe 36 is
60 degrees or less which is preferably the same as or larger
than a vertical angle of the substantially conical shape of the
tip end 36a.

When the cut angle is set to 60 degrees or less with respect
to the axis of the probe 36, and when the tip end 36a of the
probe 36 is stuck into the body wall, many cavitations are
generated toward the axial direction of the probe 36 under
peritoneum, and there is a possibility that it becomes more
difficult to pass the tip end through the peritoneum. On the
other hand, when the cut angle is 60 degrees or more, it is
difficult to incise a tissue, peritoneum, and the like without
any ultrasonic vibration. However, the incision is sharply
started, when the ultrasonic vibration is performed.

A portion denoted with character a on the tip end 36a of the
probe 36 does not have an acute angle, and preferably has a
certain obtuse shape. Therefore, the handling of the probe
during preparation is comparatively safe, and operator’s hand
and fingers are prevented from being damaged.

The tip end (lower end) of the ultrasonic transducer 32
includes a lock mechanism portion 38 disposed to engage the
handpiece unit 30 with the base end (upper end) of the sheath
40. The lock mechanism portion 38 includes a disc-shaped
concave portion 38a which is symmetric with respect to the
axis of the probe 36, and an engaging pin 384 in a direction
crossing at right angles to the axial direction of the probe 36.
A handpiece unit fitting member 46 described later is fitted in
the concave portion 38a. The engaging pin 385 is urged in a
direction apart from the probe 36, for example, viaa spring, in
adirection crossing at right angles to the axial direction of the
probe 36. When the operator pushes in and rotates the engag-
ing pin 385 in the vicinity of the probe 36, the engaging pin
38bis engaged with the lock mechanism portion 38 (see FIG.
7.
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As shown in FIG. 2, the sheath 40 includes an elongated
cylindrical probe insertion portion 42 in which the probe 36 is
disposed, and an engaging portion 44 disposed on the base
end (upper end) of the probe insertion portion 42. The probe
insertion portion 42 is linearly formed, and includes a through
hole extending to the upper end from the lower end on a
central axis. The hole extends to the upper end of the engaging
portion 44 from the lower end of the probe insertion portion
42 on the central axis of the probe insertion portion 42 and
engaging portion 44 so that the probe 36 is disposed in the
hole. That is, the engaging portion 44 has a through hole
communicating with that of the cylindrical probe insertion
portion 42. When the probe 36 of the handpiece unit 30 is
disposed in the through hole, the probe insertion portion 42
substantially entirely contacts to an outer peripheral surface
of the probe 36 excluding the tip end 36a of the probe 36.
Especially, the probe insertion portion 42 is formed of a
material having a heat resistance and good slipping property,
such as PTFE, because the portion directly contacts the probe
36 vibrating to generate heat.

The engaging portion 44 includes the handpiece unit fitting
member 46 to be fitted into the concave portion 38a of the
lock mechanism portion 38, and dilator fitting grooves 48 to
be engaged with a lock mechanism portion 56 ofthe dilator 50
described later. The dilator fitting grooves 48 are formed in
the outer peripheral surface of the base end of the probe
insertion portion 42. The handpiece unit fitting member 46 is
fitted into the concave portion 38a of the lock mechanism
portion 38, and engaged with the engaging pin 385 (locked).
Therefore, the handpiece unit 30 is attached to the sheath 40.

The dilator 50 includes an elongated cylindrical sheath
insertion portion 52 in which the probe insertion portion 42 of
the sheath 40 is disposed and a first hold portion 54 which is
disposed on the base end (upper end) of the sheath insertion
portion 52 and which is to be held by the operator. The sheath
insertion portion 52 includes a through hole linearly formed
and extending to the upper end from the lower end on the
central axis. The hole extends to the upper end of the first hold
portion 54 from the lower end of the sheath insertion portion
52 on the central axis of the sheath insertion portion 52 and
first hold portion 54 so that the probe insertion portion 42 is
disposed in the hole. That is, the first hold portion 54 has a
through hole communicating with that of the cylindrical
sheath insertion portion 52. When the probe insertion portion
42 of the sheath 40 is disposed in the through hole, the sheath
insertion portion 52 substantially entirely contacts to the
outer peripheral surface of the probe insertion portion 42
excluding the tip end of the probe insertion portion 42.

The lock mechanism portion 56 for engaging with the
dilator fitting grooves 48 of the sheath 40 is disposed on the
base end (upper end) of the first hold portion 54. A lower end
surface of the handpiece unit fitting member 46 abuts on an
upper end surface of the lock mechanism portion 56, and an
engaging pin 56a for engaging with the dilator fitting grooves
48 of the sheath 40 is disposed in a direction crossing at right
angles to the axial direction of the probe 36. The engaging pin
56a 1s urged in the direction apart from the probe 36, for
example, via the spring, in the direction crossing at right
angles to the axial direction of the probe 36. When the opera-
tor pushes in and rotates the engaging pin 564 in the vicinity
ofthe probe 36, the engaging pin 56a is engaged with the lock
mechanism portion 56. Therefore, the sheath 40 is engaged
(locked), when the engaging pin 56a of the lock mechanism
portion 56 of the dilator 50 is disposed in any one of the dilator
fitting grooves 48.

A concave portion (not shown) in which a second hold
portion 64 of the trocar 60 including a rubber seal member 66
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of the trocar 60 described later is fitted is formed in the tip end
(lower end) of the first hold portion 54.

A diameter in the vicinity of the tip end (lower end) of the
sheath insertion portion 52 is slightly smaller than an inner
diameter of a dilator insertion portion 62 described later. A
punctured hole dilating portion 58 having an inner diameter
which is slightly larger than the outer diameter of the probe
insertion portion 42 is disposed on the outer peripheral sut-
face of the tip end of the sheath insertion portion 52. A
protrusion 59 which is easily engaged with the rubber seal
member 66 of the trocar 60 described later is disposed on the
outer peripheral surface of the base end of the sheath insertion
portion 52.

The first hold portion 54 is processed in a shape including
a curved surface which is easily grasped by the operator.
Concretely, the portion is formed in such a manner that the
diameter of the portion is reduced in a smooth curved surface
state toward a middle portion of the hold portion 54 from the
upper end on which the lock mechanism portion 56 is dis-
posed as the base end of the hold portion 54. The portion is
formed in such a manner that the diameter of the portion is
enlargedin the curved surface state toward a side on which the
sheath insertion portion 52 is disposed as the tip end (lower
end) of the hold portion 54 from the middle portion of the hold
portion 54. For example, the diameter of the tip end of the
hold portion 54 is preferably larger than that of the base end.
That is, the hold portion 54 of the dilator 50 includes large
diameter portions on the upper and lower ends, and a con-
stricted portion (small diameter portion) is disposed between
these large diameter portions. In this manner, the first hold
portion 54 of the dilator 50 is formed, for example, substan-
tially in a gourd shape. The constricted portion is held, for
example, with the operator’s thumb and index finger. The
lower-end large diameter portion is held, for example, by the
operator’s palm.

Next, the trocar 60 will be described. The trocar 60
includes an elongated cylindrical dilator insertion portion 62
in which the sheath insertion portion 52 of the dilator 50 is
disposed, and a second hold portion 64 which is disposed on
the base end (upper end) of the insertion portion 62 and which
is to be held by the operator. The dilator insertion portion 62
is a portion to be retained in the body wall by a friction
between the outer peripheral surface of the dilator insertion
portion 62 and the body wall. The dilator insertion portion 62
is linearly formed, and includes a through hole extending to
the upper end from the lower end on the central axis. The hole
extends to the upper end of the second hold portion 64 from
the lower end of the dilator insertion portion 62 on the central
axis of the dilator insertion portion 62 and second hold por-
tion 64 so that the sheath insertion portion 52 of the dilator 50
is disposed in the hole. That is, the second hold portion 64 has
a through hole communicating with that of the cylindrical
sheath insertion portion 52. When the sheath insertion portion
52 of the dilator 50 is disposed in the through hole, the dilator
insertion portion 62 substantially entirely contacts to the
outer peripheral surface of the sheath insertion portion 52
excluding the punctured hole dilating portion 58 of the tip end
of the dilator 50.

The second hold portion 64 includes a bulging portion 64a
bulging substantially ina conical shape toward the base end of
the second hold portion 64 from the base end of the dilator
insertion portion 62 (the tip end of the second hold portion 64)
in a direction crossing at right angles to the axial direction of
the dilator insertion portion 62. The rubber seal member 66
formed of a flexible material, such as a rubber material, is
detachably attached to the base end of the hold portion 64.
The through hole is formed in the middle portion of the rubber
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seal member 66 so that the protrusion 59 of the dilator 50 is
easily engaged with the member.

Next, an assembly operation of assembling the ultrasonic
trocar system 10 constituted in this manner will be described.

The tip end 36a of the probe 36 of the handpiece unit 30 is
inserted into the probe insertion portion 42 via the engaging
portion 44 on the base end of the sheath 40. The handpiece
unit fitting member 46 of the sheath 40 is fitted in the concave
portion 38a of the lock mechanism portion 38 of the ultra-
sonic transducer 32. The engaging pin 385 engages with the
handpiece unit fitting member 46 disposed in the concave
portion 38a. At this time, the inner peripheral surface of the
probe insertion portion 42 closely contacts to the outer
peripheral surface of the probe 36. The handpiece unit 30 is
engaged with the sheath 40 in this manner.

The tip end of a unit obtained by assembling the handpiece
unit 30 and sheath 40 is inserted into the sheath insertion
portion 52 via the lock mechanism portion 56 of the base end
of the dilator 50. The upper end surface of the lock mecha-
nism portion 56 of the dilator 50 is allowed to abut on the
lower end surface of the handpiece unit fitting member 46 of
the sheath 40. The engaging pin 56a of the lock mechanism
portion 56 of the dilator 50 is engaged with one of the dilator
fitting grooves 48 of the sheath 40. At this time, the inner
peripheral surface of the sheath insertion portion 52 closely
contacts to the outer peripheral surface of the probe insertion
portion 42. Therefore, the sheath 40 is engaged with the
dilator 50. Then, the handpiece unit 30, sheath 40, and dilator
50 are engaged with one another.

The tip end of a unit assembled in this manner is inserted
into the dilator insertion portion 62 from the rubber seal
member 66 of the base end of the hold portion 64 of the trocar
60. When the protrusion 59 of the dilator 50 is inserted in the
hole in the middle portion of the rubber seal member 66 of the
trocar 60, the dilator is engaged with the trocar by an elastic
force of the rubber seal member 66. Therefore, the dilator 50
is engaged with the trocar 60. At this time, the inner peripheral
surface of the dilator insertion portion 62 substantially
closely contacts to the outer peripheral surface of the probe
insertion portion 42. Then, the handpiece unit 30, sheath 40,
dilator 50, and trocar 60 are engaged with one another in one
united body.

That s, the inner diameter of the probe insertion portion 42
of the sheath 40 is slightly larger than the outer diameter of the
probe 36. The inner diameter of the sheath insertion portion
52 of the dilator 50 is slightly larger than the outer diameter of
the probe insertion portion 42. The inner diameter of the
dilator insertion portion 62 of the trocar 60 is slightly larger
than the outer diameter of the sheath insertion portion 52. The
outer peripheral surface of the sheath insertion portion 52 of
the dilator 50 is formed slidably with the inner peripheral
surface of the dilator insertion portion 62 of the trocar 60.

At this time, the tip end 364 of the probe 36 is disposed in
an endmost (lowermost) position of the ultrasonic trocar sys-
tem 10. The tip end of the probe insertion portion 42, the tip
end (punctured hole dilating portion 58) of the sheath inser-
tion portion 52, and the tip end of the dilator insertion portion
62 are arranged in order toward the base end from the tip end
of the probe 36.

In this manner, the ultrasonic trocar system 10 shown in
FIG. 1 is formed. The connector portion 34 of the handpiece
unit 30 of the ultrasonic trocar system 10 is connected to the
power source device 14 and switch 16 via the cable 12.

The operator simultaneously grasps a portion shown by a
broken line and denoted with reference numeral 5, that is, the
first hold portion 54 and second hold portion 64, ultrasoni-
cally oscillates the system, and pierces the body wall to form
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the punctured hole. This shape is very easily held by the
operator, and is formed using human engineering in a shape
capable of minutely controlling a force at the time of the
piercing or handling an abrupt accident at the time of occur-
rence.

Concretely, the operator holds the constricted portion of
the first hold portion 54 with the thumb and index finger as if
a loop were made. The operator holds the large diameter
portion of the lower end of the first hold portion 54 by the
palm. The operator attaches the little finger to the conical
bulging portion 64a of the lower end of the second hold
portion 64. The middle finger is attached, for example, to the
lower end of the first hold portion 54. The third finger is
attached, for example, to the upper end of the second hold
portion 64.

Since the operator can grasp both the first hold portion 54
and the second hold portion 64 with one hand in one united
body, a positional relation between the dilator 50 and the
trocar 60 is stabilized, that is, the ultrasonic trocar system 10
is stabilized. Therefore, the force can finely be controlled at
the time of the piercing, or the abrupt accident can momen-
tarily and easily be handled at the time of the occurrence.

The operator can grasp the first and second hold portions
54, 64 in a desired grasping manner. For example, the opera-
tor’s finger (e.g., the middle or third finger) may also be
attached to a position (stepped position) of the second hold
portion 64 between the upper end surface of the bulging
portion 64a of the second hold portion 64 and the lower end
surface of the first hold portion 54.

Next, an operation method (function) of the ultrasonic
trocar system 10 will be described.

When the switch 16 as input means for operating an output
control mechanism of the power source device 14 is operated,
an electric energy is supplied to the piezoelectric device of the
transducer 32 from the power source device 14. The piezo-
electric device generates mechanical vibration in accordance
with the energy amount, amplifies this vibration by the horn
inside the ultrasonic transducer 32 and the probe 36 disposed
on the tip end of the ultrasonic transducer 32, and outputs
maximum amplitude via the tip end of the probe 36.

In this state, the probe 36 is inserted into the body via the
body wall, that is, the tip end of the probe 36 and the tip end
of the probe insertion portion 42 are first stuck into the body
wall to prepare a small-diameter hole. In this manner, the
ultrasonic trocar system 10 is inserted into the patient’s body
via the body wall.

Here, a projection length of the tip end 36a of the probe 36
is formed to be comparatively short by a cut portion in a state
in which the tip end 364 is inclined by 60 degrees with respect
to the axial direction of the probe 36 as compared with a case
where the cut angle does not exist. Moreover, the tip end 36a
of the probe 36 is not formed at an excessively sharp angle.
Therefore, an internal organ is prevented from being damaged
as much as possible after the tip end 36a is passed through the
peritoneum. Additionally, a portion shown by character o in
FIGS. 3A and 3B in a tip end cut processing range has a shape
including a certain degree of a peritoneum piercing property,
and does not have such an obtuse shape that the peritoneum
stretches. Therefore, when the piezoelectric device is ultra-
sonically vibrated, the punctured hole is safely formed with a
very small force by the tip end 36a of the probe 36.

Thereafter, the first hold portion 54 and the second hold
portion 64 are held together to perform the dilation. The
diameter of the hole formed by the probe 36 is expanded in the
vicinity of the outer diameter of the dilator insertion portion
62 of the trocar 60 by the punctured hole dilating portion 58
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of the dilator 50. The dilator insertion portion 62 is pressed
and guided into the body wall.

After guiding the dilator insertion portion 62 into the body
wall, the trocar 60 is held so as to be prevented from moving,
and the protrusion 59 of the dilator 50 is disengaged from the
rubber seal member 66 of the trocar 60. The unit in which the
dilator S0, sheath 40, and handpiece unit 30 are assembled is
detached from the through hole of the trocar 60. Therefore,
only the trocar 60 is retained in the patient’s body wall.

In this state, an endoscope, treatment instrument, and the
like are inserted into the trocar 60 to carry out various treat-
ments.

As described above, the following effect is obtained in
accordance with the present embodiment.

The first hold portion 54 and second hold portion 64 are
formed such that the portions are easily grasped with one
hand by the operator and the operation such as the dilation is
easily controlled. Therefore, the force at the time of the stick-
ing of the probe 36 into the body wall does not easily fluctu-
ate, or the internal organ is not easily damaged. When the
punctured hole is enlarged, stable dilation can be performed.
As compared with the dilator 50 including a conventional
handle portion, a weight balance is satisfactory, and any pro-
jecting portion is not disposed. Therefore, a possibility that
the other instruments are hindered can be lowered, and the
operator can very stably handle the system.

Therefore, even when the small-diameter hole prepared by
the ultrasonic vibration with the probe 36 while preventing
bleeding to the utmost is enlarged, the damage onto the body
wall can be minimized, when the trocar 60 is introduced. The
hole diameter (wound) is reduced, and the trocar 60 can
firmly fixed into the body wall during the operation. There-
fore, a need for special means for fixing the dilator insertion
portion 62 into the body wall such as a separate stopping
member can be obviated.

In the present embodiment, the first hold portion 54 having
the gourd shape has been described, but any other shape
appropriate for the operator such as a columnar shape may
also be used as long as the portion is easily held by the
operator and the concave portion for fitting the upper end of
the second hold portion 64 is disposed in the lower end of the
first hold portion. In this case, the operator holds the outer
peripheral surface of the columnar first hold portion 54 with
the thumb and index finger as if the loop were made, holds the
conical second hold portion 64 with the small or third finger,
and holds the system appropriately with the other fingers or
the palm. At this time, the system is held in a state in which the
upper end of the second hold portion 64 is fitted in the concave
portion of the lower end of the first hold portion 54, and
therefore the system can stably be held.

Next, a second embodiment will be described with refer-
ence to FIGS. 4 to 5B. Since this embodiment is a modifica-
tion example of the first embodiment, the same members as
those described in the first embodiment are denoted with the
same reference numerals, and the detailed description is omit-
ted.

An ultrasonic trocar system 10a modified with respect to
the above-described embodiment using members corre-
sponding to the ultrasonic transducer 32, sheath 40, and
small-diameter trocar 60 shown in FIGS. 1 and 2 is shown in
FIGS. 4 and 5A.

For a trocar 60a shown in FIGS. 4 and 5A, the inner
diameter of the dilator insertion portion 62 is slightly larger
than the outer diameter of the probe insertion portion 42. The
rubber seal member 66 formed of the rubber material is
detachably attached to the upper surface (base end) of the
trocar 60a. When the trocar 60a is inserted in the sheath 40, a
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step portion f of the probe insertion portion 42 is weakly
engaged with the seal member 66 of the trocar 60. Therefore,
the sheath 40 is substantially fixed-to the trocar 60a via the
seal member 66 and step portion .

The ultrasonic trocar system 10a is usable without dispos-
ing the dilator 50 shown in FIGS. 1 and 2 between the sheath
40 and the trocar 60a. For the ultrasonic trocar system 10q,
when the outer diameter of the insertion portion 62 is, for
example, three millimeters to constitute the small-diameter
trocar 60a, and the very small-diameter three-millimeter tro-
car is combined for use, the dilator 50 is removed to engage
the trocar 60a directly with the sheath 40 for use. On the other
hand, when a five-millimeter trocar including the insertion
portion 62 having an outer diameter of five millimeters is
combined for use as the trocar 60 having an inner diameter
slightly larger than the outer diameter of the probe insertion
portion 42, the system is used in a state in which the dilator 50
is disposed between the sheath 40 and the trocar 60. F1IG. SA
shows a constitution for the use of the three-millimeter trocar
(trocar 60a).

Next, the operation method (function) will be described
using and retaining the three-millimeter trocar 60a in the
patient’s body wall.

The sheath 40 is attached to the handpiece unit 30. The unit
including the assembled sheath 40 and handpiece unit 30 is
inserted into the trocar 60a. At this time, the step portion f of
the probe insertion portion 42 is weakly engaged with the-
rubber seal member 66 of the base end of the trocar 60a.

When the switch 16 (see FIG. 1) of an output control
mechanism is operated in this state, the probe 36 is ultrasoni-
cally vibrated. A portion denoted with reference numeral 7 in
FIG. 4, that is, the portion including the tip end 36a of the
probe 36 to the tip end of the trocar 60a is inserted in the
patient’s body wall. The sheath 40 is used as the shaft to guide
the three-millimeter trocar 60a into the body wall via a small
punctured hole formed in the body wall.

Thereafter, the step portion f} of the probe insertion portion
42 is disengaged from the seal member 66 of the trocar 60 to
remove the probe 36 of the handpiece unit 30 and the probe
insertion portion 42 from the body wall, and only the trocar
60a is retained in the patient’s body wall.

Thereafter, for example, when the trocar 60a having a
small outer diameter, for example, the three-millimeter trocar
60a is guided into the body wall, the ultrasonic trocar system
10a in a state in which the dilator is omitted is used to easily
insert and retain the trocar 60¢ in the patient’s body wall.

Next, a third embodiment will be described with respect to
FIGS. 6 and 7. Since this embodiment is a modification
example of the first embodiment, the same members as those
described in the first embodiment are denoted with the same
reference numerals, and the detailed description is omitted.

As shown in FIG. 6, the constitution of an ultrasonic trocar
system 105 according to the present embodiment is substan-
tially the same as that of the first embodiment, but only the
shape of a dilator 504 is different.

As shown in FIGS. 6 and 7, a plurality of small holes 55 is
arranged in the periphery in the lower end of the hold portion
54 of the dilator 50b. These small holes 55 can be caught by
the operator’s fingers. Therefore, a grip property (slip stop
effect) at the time of the holding of the first hold portion 54 by
the operator is enhanced. Even when a plurality of grooves
(concave portions) is disposed instead of the small holes 55,
the equal effect is obtained.

Additionally, although not shown, the trocar hold portion
or the dilator hold portion of the ultrasonic trocar system 105
is not a rotating member which is formed symmetrically with
respect to the axial direction of the probe 36, and is formed as
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a flat member, or may also be shaped to be prevented from
rotating and dropping from an operation instrument stand.

Next, a fourth embodiment will be described with refer-
ence to FIG. 8. Since this embodiment is a modification
example of the first embodiment, the same members as those
described in the first embodiment are denoted with the same
reference numerals, and the detailed description is omitted.

As shown in FIG. 8, an ultrasonic trocar system 10c of the
present embodiment has substantially the same constitution
as that of the first embodiment except the shapes of a dilator
50c and trocar 60c.

The tip end (lower end) of a first hold portion 54¢ of the
ultrasonic trocar system 10c is formed as a spherical portion
57 having a substantially large spherical shape. The inside of
a main body portion including a hold portion (not shown) of
the trocar 60c is completely contained and supported (held) in
the spherical portion 57 of the hold portion 54¢ of the dilator
50c. Therefore, only the dilator insertion portion 62 is
observed from the outside of the trocar 60c. When only the
constricted portion on the base end of the first hold portion
54¢ and the spherical portion 57 formed in this shape are
grasped, both the dilator 50¢ and the trocar 60c¢ are simulta-
neously held. Therefore, the force can more subtly be con-
trolled as compared with the above-described first embodi-
ment.

Inthe first to fourth embodiments, the ultrasonic transducer
32 including the handpiece unit 30 has been described. That
is, the ultrasonic trocar system 10 has been described, but the
ultrasonic transducer 32 does not have to be necessarily dis-
posed. That is, when the probe 36 is stuck into the patient’s
body wall, the probe does not have to be necessarily stuck by
the ultrasonic vibration.

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 invention
concept as defined by the appended claims and their equiva-
lents.

What is claimed is:

1. A trocar systen comprising:

an elongated probe including a first central axis and a tip
end configured to be capable of making a puncture hole
in living tissue;

a cylindrical sheath including tip and base ends, a second
central axis and a through hole extending along the
second central axis between the tip and base ends of the
sheath, the sheath being adapted so that the tip end of the
probe projects from the tip end of the sheath, when the
probe is inserted in the through hole of the sheath and the
first central axis is aligned with the second central axis;

a cylindrical dilator including tip and base ends, a third
central axis, a through hole extending along the third
central axis between the tip and base ends of the dilator,
and a puncture hole dilating portion configured to dilate
the puncture hole, formed in the living tissue by the tip
end of the probe, at the tip end of the dilator, the dilator
being adapted so that the tip end of the sheath projects
from the tip end of the dilator, when the sheath is inserted
in the through hole of the dilator and the second central
axis is aligned with the third central axis;

a cylindrical trocar including tip and base ends, a fourth
central axis and a through hole extending along the
fourth central axis between the tip and base ends of the
trocar, the trocar being adapted so that the tip end of the
dilator projects from the tip end of the trocar, when the
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dilatoris inserted in the through hole of the trocar and the
third central axis is aligned with the fourth central axis,

with the probe, sheath and dilator being configured to be
removable from the through hole of the trocar and the
trocar being retained in a patient’s body wall, after guid-
ing the trocar between the tip and base ends into the
puncture hole formed by the probe;

the trocar system comprising an engaging mechanism con-

figured to detachably engage the dilator with the trocar
when the dilator is inserted in the trocar; and

wherein:

the trocar comprises a trocar hold portion configured to be

held by an operator;

the dilator comprising a dilator insertion portion and a

dilator hold portion disposed at the base end of the
dilator and configured to be held by the operator;

the dilator hold portion comprising:

asmall diameter portion; and a larger diameter portion, the

larger diameter portion positioned closer to the dilator
insertion portion and having a smooth curved outer sur-
face configured for comfortable gripping and holding of
the dilator portion with a palm of one hand of the opera-
tor;

the trocar hold portion and the dilator hold portion being

interactively configured in a united body, when the tro-
car is detachably engaged with the dilator, such that the
operator is able to grasp and hold both the trocar hold
portion and the dilator hold portion with the palm of one
hand for one handed puncturing and dilating operation
of the trocar system.

2. The trocar system according to claim 1, wherein the
dilator hold portion includes: an enlarged diameter portion of
the larger diameter portion which is disposed on the base end
ofthe dilator, having an outer diameter enlarged relative to the
tip end of the dilator; and the trocar hold portion comprising
a bulging portion disposed on the base end of the trocar and
formed of at least a part of the base end of the trocar extending
in a direction along an axial direction of the trocar toward a
side opposite the tip end of the trocar.

3. The trocar system according to claim 2, wherein the
enlarged diameter portion includes a concave portion in
which at least a portion of the base end of the trocar, on a side
opposite the tip end of the trocar, is configured to be fitted.

4. The trocar system according to claim 3, wherein the
small diameter portion is configured to be held by the opera-
tor’s fingers, and the large diameter portion having a diameter
progressively enlarged in a direction toward the tip end of the
dilator to a diameter larger than the small diameter portion,
the large diameter portion being configured to be held by the
palm of one hand of the operator.

5. The trocar system according to claim 4, wherein the
bulging portion has a conical shape having a small diameter
toward the tip end of the trocar and whose diameter is
enlarged in a direction extending away from the tip end of the
trocar.

6. The trocar system according to claim 5, wherein the
probe includes an ultrasonic transducer provided on a base
end ofthe probe, the ultrasonic transducer being configured to
be capable of transmitting an ultrasonic vibration and to be
capable of oscillating the ultrasonic vibration toward the
puncturing tip end of the probe.

7. The trocar system according to claim 6, wherein the
puncturing tip end of the probe has a conical shape with a
surface of the conical shape being cut away with a planar cut
at an acute cut angle with respect to the axial direction of the
probe.
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8. The trocar system according to claim 7, wherein the cut
angle is 60 degrees or less with respect to the axial direction
of the probe and the cut extends over a vertical angle of the tip
end of the probe.

9. The trocar system according to claim 3, wherein the
enlarged diameter portion includes a spherical portion con-
figured to be held by the palm of an operator’s hand and the
spherical portion includes the concave portion.

10. The trocar system according to claim 9, wherein the
bulging portion has a conical shape having a small diameter
toward the tip end of the trocar and whose diameter is
enlarged in a direction extending away from the tip end of the
trocar.

11. The trocar system according to claim 10, wherein the
probe includes an ultrasonic transducer provided on a base
end of the probe, which is configured to be capable of trans-
mitting an ultrasonic vibration and to be capable of oscillating
the ultrasonic vibration toward the tip end of the probe.

12. The trocar system according to claim 11, wherein the
puncturing tip end of the probe has a conical shape with a
surface of the conical shape being cut away with a planar cut
at an acute cut angle with respect to the axial direction of the
probe.

13. The trocar system according to claim 12, wherein the
cut angle is 60 degrees or less with respect to the axial direc-
tion of the probe and the cut extends over a vertical angle of
the tip end of the probe.

14. The trocar system according to claim 3, wherein the
enlarged diameter portion includes a columnar portion to be
held by an operator’s hand and the columnar portion includes
the concave portion.

15. The trocar system according to claim 14, wherein the
bulging portion has a conical shape having a small diameter
toward the tip end of the trocar and whose diameter is
enlarged in a direction extending away from the tip end of the
trocar.

16. The trocar system according to claim 15, wherein the
probe includes an ultrasonic transducer provided on a base
end of the probe, the ultrasonic transducer being configured to
be capable of transmitting an ultrasonic vibration and to be
capable of oscillating the ultrasonic vibration toward the tip
end of the probe.

17. The trocar system according to claim 16, wherein the
puncturing tip end of the probe has a conical shape with a
surface of the conical shape being cut away with a planar cut
at an acute cut angle with respect to the axial direction of the
probe.

18. The trocar system according to claim 17, wherein the
cut angle is 60 degrees or less with respect to the axial direc-
tion of the probe and the cut extends over a vertical angle of
the tip end of the probe.

19. The trocar system according to claim 3, wherein the
bulging portion has a conical shape having a small diameter
toward the tip end of the trocar and whose diameter is
enlarged in a direction extending away from the tip end of the
trocar.

20. The trocar system according to claim 19, wherein the
probe includes an ultrasonic transducer provided on a base
end of the probe, the ultrasonic transducer being configured to
be capable of transmitting an ultrasonic vibration and to be
capable of oscillating the ultrasonic vibration toward the tip
end of the probe.

21. The trocar system according to claim 20, wherein the
puncturing tip end of the probe has a conical shape with a
surface of the conical shape being cut away with a planar cut
at an acute cut angle with respect to the axial direction of the
probe.
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22. The trocar system according to claim 21, wherein the
cut angle is 60 degrees or less with respect to the axial direc-
tion of the probe and the cut extends over a vertical angle of
the tip end of the probe.

23. The trocar system according to claim 1, wherein the
united body of trocar and dilator hold portions includes at
least one slip stopping element which prevents the united
body of'hold portions from slipping from the operator’s hand.

24. The trocar system according to claim 1, wherein the
probe includes an ultrasonic transducer provided on a base
end ofthe probe, the ultrasonic transducer being configured to
be capable of transmitting an ultrasonic vibration and to be
capable of oscillating the ultrasonic vibration toward the tip
end of the probe.

25. The trocar system according to claim 24, wherein the
puncturing tip end of the probe has a conical shape with a
surface of the conical shape being cut away with a planar cut
at an acute cut angle with respect to the axial direction of the
probe.

26. The trocar system according to claim 25, wherein the
cut angle is 60 degrees or less with respect to the axial direc-
tion of the probe and the cut extends over a vertical angle of
the tip end of the probe.

27. The trocar system according to claim 1, wherein the
puncturing tip end of the probe has a conical shape with a
surface of the conical shape being cut away with a planar cut
at an acute cut angle with respect to the axial direction of the
probe.

28. The trocar system according to claim 27, wherein the
cut angle is 60 degrees or less with respect to the axial direc-
tion of the probe and the cut extends over a vertical angle of
the tip end of the probe.

29. A trocar system comprising:

an elongated probe which includes a first central axis and a
tip end configured to be capable of making a puncture
hole in a living tissue;

a cylindrical sheath including tip and base ends, a second
central axis and a through hole extending along the
second central axis between the tip and base ends of the
sheath, the sheath being adapted so that the tip end of the
probe projects from the tip end of the sheath, when the
probe is inserted in the through hole of the sheath align
and the first central axis is aligned with the second cen-
tral axis; a cylindrical sheath insertion portion including
tip and base ends, a third central axis, a through hole
extending along the third central axis between the tip and
base ends of the sheath insertion portion, and a puncture
hole dilating portion to dilate the punctured hole, formed
in the living tissue by the tip end of the probe, in the tip
end of the sheath insertion portion, the sheath insertion
portion being adapted so that the tip end of the sheath
projects from the tip end of the sheath insertion portion,
when the sheath is inserted in the through hole of the
sheath insertion portion and the second central axis is
aligned with the third central axis;

a cylindrical dilator insertion portion which includes tip
and base ends, a fourth central axis, and a through hole
extending along the fourth central axis between the tip
and base ends, the dilator insertion portion being
adapted so that the tip end of the sheath insertion portion
projects from the tip end of the dilator insertion portion,
when the sheath insertion portion is inserted in the
through hole of the dilator insertion portion and the third
central axis is aligned with the fourth central axis,

with the probe, sheath and sheath insertion portion config-
ured to be removable from the through hole of the dilator
insertion portion to retain the dilator insertion portion in
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a patient’s body wall, after guiding the dilator insertion
portion between the tip and base ends into the punctured
hole; a dilator hold portion disposed on the base end of
the sheath insertion portion and configured to be held by
the operator with the sheath insertion portion inserted in
the dilator insertion portion and having an outer diam-
eter enlarged relative to the tip end of the sheath insertion
portion; and
a trocar hold portion disposed on the base end of the dilator
insertion portion and configured to be held by the opera-
tor with the sheath insertion portion inserted in the dila-
tor insertion portion, the trocar hold portion having a
portion toward the tip end of the dilator insertion portion
which bulges in a direction away from the axis of the
dilator insertion portion, and a portion on at least a side
opposite the tip end of the dilator insertion portion being
held by the dilator hold portion when the sheath inser-
tion portion is inserted in the dilator insertion portion;

the trocar hold portion being configured such that the
operator is able to grasp and hold both the trocar hold
portion and the dilator hold portion with the palm of one
hand in one united hold portion body when the trocar
hold portion is detachably engaged with the dilator hold
portion, for one handed puncturing and dilating opera-
tion of the trocar system.

30. The trocar system according to claim 29, wherein the
dilator hold portion includes an enlarged diameter portion
whose diameter is enlarged relative to the tip end of the sheath
insertion portion, and the trocar hold portion includes a bulg-
ing portion which extends in a direction extending along the
axial direction of the dilator insertion portion toward a side of
the trocar hold portion opposite the tip end of the dilator
insertion portion, at least a part of the trocar held portion
being covered with the dilator hold portion when the sheath
insertion portion is inserted in the dilator insertion portion.

31. The trocar system according to claim 30, wherein the
enlarged diameter portion includes a small diameter portion
configured to be held by the operator’s fingers, and a large
diameter portion whose diameter is progressively enlarged in
adirection toward the tip end of the sheath insertion portion to
a diameter larger than the small diameter portion, and the
enlarged diameter portion being configured to be held by the
palm of one hand of the operator.

32. The trocar system according to claim 31, wherein the
bulging portion has a conical shape having a small diameter
toward the tip end of the dilator insertion portion and whose
diameter is enlarged in a direction extending away from the
tip end of the dilator insertion portion.

33. The trocar system according to claim 32, wherein the
probe includes an ultrasonic transducer provided on a base
end of the probe, the ultrasonic transducer being configured to
be capable of transmitting an ultrasonic vibration and to be
capable of oscillating the ultrasonic vibration toward the tip
end of the probe.

34. The trocar system according to claim 33, wherein the
puncturing tip end of the probe has a conical shape with a
surface of the conical shape being cut away at an acute cut
angle with respect to the axial direction of the probe.

35. The trocar system according to claim 34, wherein the
cut angle is 60 degrees or less with respect to the axial direc-
tion of the probe and the cut extends over a vertical angle of
the tip end of the probe.

36. The trocar system according to claim 30, wherein the
enlarged diameter portion includes a spherical portion to be
held by an operator’s palm of one hand and the spherical
portion includes the concave portion.
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37. The trocar system according to claim 36, wherein the
bulging portion has a conical shape having a small diameter
toward the tip end of the dilator insertion portion and whose
diameter is enlarged in a direction extending away from the
tip end of the dilator insertion portion.

38. The trocar system according to claim 37, wherein the
probe includes an ultrasonic transducer provided on a base
end ofthe probe, the ultrasonic transducer being configured to
be capable of transmitting an ultrasonic vibration and to be
capable of oscillating the ultrasonic vibration toward the tip
end of the probe.

39. The trocar system according to claim 38, wherein the
puncturing tip end of the probe has a conical shape with a
surface of the conical shape being cut away at an acute cut
angle with respect to the axial direction of the probe.

40. The trocar system according to claim 39, wherein the
cut angle is 60 degrees or less with respect to the axial direc-
tion of the probe and the cut extends over a vertical angle of
the tip end of the probe.

41. The trocar system according to claim 30, wherein the
enlarged diameter portion includes a spherical portion to be
held by an operator’s palm of one hand and the spherical
portion includes the concave portion.

42. The trocar system according to claim 41, wherein the
bulging portion has a conical shape having a small diameter
toward the tip end of the dilator insertion portion and whose
diameter is enlarged in a direction extending away from the
tip end of the dilator insertion portion.

43. The trocar system according to claim 42, wherein the
probe includes an ultrasonic transducer provided on a base
end of the probe, the ultrasonic transducer being configured to
be capable of transmitting an ultrasonic vibration and to be
capable of oscillating the ultrasonic vibration toward the tip
end of the probe.

44. The trocar system according to claim 43, wherein the
puncturing tip end of the probe has a conical shape with a
surface of the conical shape being cut away with a planar cut
at an acute cut angle with respect to the axial direction of the
probe.

45. The trocar system according to claim 44, wherein the
cut angle is 60 degrees or less with respect to the axial direc-
tion of the probe and the cut extends over a vertical angle of
the tip end of the probe.

46. The trocar system according to claim 30, wherein the
enlarged diameter portion includes a spherical portion to be
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held by an operator’s palm of one hand and the spherical
portion includes the concave portion.

47. The trocar system according to claim 46, wherein the
probe includes an ultrasonic transducer provided on a base
end of the probe, the ultrasonic transducer being configured to
be capable of transmitting an ultrasonic vibration and to be
capable of oscillating the ultrasonic vibration toward the tip
end of the probe.

48. The trocar system according to claim 47, wherein the
puncturing tip end of the probe has a conical shape with a
surface of the conical shape being cut away with a planar cut
at an acute cut angle with respect to the axial direction of the
probe.

49. The trocar system according to claim 48, wherein the
cut angle is 60 degrees or less with respect to the axial direc-
tion of the probe and the cut extends over a vertical angle of
the tip end of the probe.

50. The trocar system according to claim 29, wherein the
united hold portion body includes at least one slip stopping
element which prevents the united hold portion body from
slipping from the operator’s hand.

51. The trocar system according to claim 29, wherein the
probe includes an ultrasonic transducer provided on a base
end of the probe, the ultrasonic transducer being configured to
be capable of transmitting an ultrasonic vibration and to be
capable of oscillating the ultrasonic vibration toward the tip
end of the probe.

52. The trocar system according to claim 51, wherein the
puncturing tip end of the probe has a conical shape with a
surface of the conical shape being cut away with a planar cut
at an acute cut angle with respect to the axial direction of the
probe.

53. The trocar system according to claim 52, wherein the
cut angle is 60 degrees or less with respect to the axial direc-
tion of the probe and the cut extends over a vertical angle of
the tip end of the probe.

54. The trocar system according to claim 29, wherein the
puncturing tip end of the probe has a conical shape with a
surface of the conical shape being cut away with a planar cut
at an acute cut angle with respect to the axial direction of the
probe.

55. The trocar system according to claim 54, wherein the
cut angle is 60 degrees or less with respect to the axial direc-
tion of the probe and the cut extends over a vertical angle of
the tip end of the probe.
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