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ULTRASOUND OBSERVATION APPARATUS

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation application of
PCT/IP2012/077574 filed on Oct. 25, 2012 and claims ben-
efit of Japanese Application No. 2011-236391 filed in Japan
on Oct. 27, 2011, the entire contents of which are incorpo-
rated herein by this reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] This invention relates to an ultrasound observation
apparatus that can be inserted transurethrally.

[0004] 2. Description of the Related Art

[0005] The number of patients affected by prostate cancer
has been increased in recent years. Conventionally, transrec-
tal biopsy under ultrasound observation has been the pre-
dominant technique used to confirm diagnosis of prostate
carcer.

[0006] In general, at the time of a needle biopsy, the longer
a needle path in the tumor tissue is, the greater the amount of
tumor cells that can be sampled, and hence the probability of
tumor cells being confirmed increases. It is therefore desir-
able to take a long needle path.

[0007] Inaddition, there is a tendency for prostate cancer to
frequently occur at the peripheral zone of the prostate gland.
However, in a transrectal biopsy, there is a tendency for a part
of the needle path that passes the peripheral zone of the
prostate gland to be short. Consequently, there is a limit to
improving the probability of discovering prostate cancer cells
by transrectal biopsy.

[0008] Therefore, performing transurethral biopsy under
ultrasound observation can be considered as one technique
for sampling tumor cells more reliably. For example, means
that transrectally or transurethrally inserts a flexible insertion
portion (probe) is disclosed with respect to an apparatus
described in Japanese Patent Application Laid-Open Publi-
cation No. 2001-37775 and the like.

SUMMARY OF THE INVENTION

[0009] An ultrasound observation apparatus according to
one aspect of the present invention includes: an ultrasound
transducer having an ultrasound transmitting/receiving face
that transmits/receives ultrasound; a holding part that fixedly
holds the ultrasound transducer; an insertion portion formed
in arigid cylindrical shape in which the holding part is fixedly
installed at a distal end,; and an insertion assisting instrument
that is formed in a rigid rod shape or cylindrical shape, and
that is insertedly disposed in a freely insertable/extractable
manner in the insertion portion; wherein: the holding part is
fixedly installed at the distal end of the insertion portion so as
to form a shape that is curved with a predetermined angle in
a separating direction with respect to a longitudinal direction
from the distal end of the insertion portion; and a curvature
angle of the holding part with respect to the longitudinal
direction of the insertion portion is set so that, when the
insertion assisting instrument is insertedly disposed in the
insertion portion, an extension line of a straight line that
contacts a distal end face of the insertion assisting instrument
contacts the ultrasound transmitting/receiving face.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG.1isa perspective view that illustrates an overall
configuration of an ultrasound observation apparatus accord-
ing to a first embodiment of the present invention;

[0011] FIG. 2isan enlarged perspective view of a principal
portion that illustrates, in an enlarged manner, an ultrasound
probe in a state in which an insertion assisting instrument is
mounted thereto in the ultrasound observation apparatus
shown in FIG. 1;

[0012] FIG. 3isan enlarged perspective view of a principal
portion that illustrates, in an enlarged manner, a vicinity of a
distal end portion of the ultrasound probe in the ultrasound
observation apparatus shown in FIG. 1;

[0013] FIG. 4 is an exposed perspective view of a principal
portion that illustrates, in an exposed manner, components of
the distal end portion ofthe ultrasound probe in the ultrasound
observation apparatus shown in FIG. 1;

[0014] FIG. 5is an enlarged perspective view of a principal
portion that illustrates, in an enlarged manner, a vicinity of a
distal end portion of the ultrasound probe in the ultrasound
observation apparatus shown in FIG. 1;

[0015] FIG. 6 is an enlarged longitudinal sectional view of
a principal portion along a longitudinal direction of the ultra-
sound probe in the ultrasound observation apparatus shown in
FIG. 1, that is a sectional view that illustrates the internal
configuration in the vicinity of the distal end portion of the
ultrasound probe;

[0016] FIG. 7 is a plan view when viewing the vicinity of
the distal end portion of the ultrasound probe in the ultrasound
observation apparatus shown in FIG. 1 from an undersurface
side;

[0017] FIG. 81s an enlarged view of a principal portion that
shows constituent members taken out from an ultrasound
transducer unit arranged at the distal end portion of the ultra-
sound probe in the ultrasound observation apparatus shown in
FIG. 1;

[0018] FIG.9isanenlarged perspective view of a principal
portion that illustrates components, excluding the ultrasound
transducer, of the distal end portion of the ultrasound probe in
the ultrasound observation apparatus shown in FIG. 1;
[0019] FIG. 10 is an enlarged perspective view of a princi-
pal portion that illustrates, in an enlarged manner, the vicinity
of a proximal end portion of the ultrasound probe in a state in
which the insertion assisting instrument is mounted thereto in
the ultrasound observation apparatus shown in FIG. 1;
[0020] FIG. 11 is an enlarged perspective view of a princi-
pal portion that illustrates, in a further enlarged manner, the
vicinity of the proximal end portion of the ultrasound probe in
the ultrasound observation apparatus shown in FIG. 1;
[0021] FIG. 12 is an enlarged perspective view of a princi-
pal portion that illustrates, in an enlarged manner, a proximal
end portion of the insertion assisting instrument in the ultra-
sound observation apparatus shown in FIG. 1;

[0022] FIG. 13 is an enlarged perspective view of a princi-
pal portion that illustrates, in an enlarged manner, the vicinity
of the distal end portion of the ultrasound probe in the ultra-
sound observation apparatus shown in FIG. 1 (approximately
the same as FIG. 5);

[0023] FIG. 14 is a sectional view at a first portion that is
denoted by reference symbol [14] in FIG. 13;

[0024] FIG. 15 is a sectional view at a third portion that is
denoted by reference symbol [15] in FIG. 13;

[0025] FIG. 16 is a sectional view at a fourth portion that is
denoted by reference symbol [16] in FIG. 13;
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[0026] FIG.17is asectional view at a second portion that is
denoted by reference symbol [17] in FIG. 13;

[0027] FIG. 18 is a conceptual diagram that illustrates one
example among desirable shapes with respect to a cross-
sectional shape of the insertion portion of the ultrasound
probe of the ultrasound observation apparatus shown in FIG.
1;

[0028] FIG. 19 is a conceptual diagram that illustrates
another example of the cross-sectional shape of the insertion
portion of the ultrasound probe of the ultrasound observation
apparatus shown in FIG. 1,

[0029] FIG. 20 is a conceptual diagram that illustrates a
different example of the cross-sectional shape of the insertion
portion of the ultrasound probe of the ultrasound observation
apparatus shown in FIG. 1,

[0030] FIG. 21 is an external schematic view that illustrates
an example of a configuration of a telescope that, after with-
drawing an insertion assisting instrument, can be inserted in
place thereof in the ultrasound probe in the ultrasound obser-
vation apparatus shown in FIG. 1;

[0031] FIG. 22 is a conceptual diagram that illustrates the
structure of a fixing mechanism for an insertion assisting
instrument or the like in the ultrasound probe of the ultra-
sound observation apparatus shown in FIG. 1;

[0032] FIG.231s an enlarged longitudinal sectional view of
a principal portion along a longitudinal direction of an ultra-
sound observation apparatus according to a second embodi-
ment of the present invention, that is a sectional view illus-
trating the internal configuration in the vicinity of a distal end
portion of the ultrasound observation apparatus;

[0033] FIG.241s an enlarged longitudinal sectional view of
a principal portion along a longitudinal direction of an ultra-
sound observation apparatus according to a third embodiment
of the present invention, that is a sectional view illustrating
the internal configuration in the vicinity ofa distal end portion
of the ultrasound observation apparatus;

[0034] FIG. 25 is an enlarged perspective view of a princi-
pal portion that illustrates a modification of the vicinity of the
distal end portion of the ultrasound probe in the ultrasound
observation apparatus according to the first embodiment of
the present invention; and

[0035] FIG. 26 is a sectional view at a third portion that is
denoted by reference symbol [26] in FIG. 25.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0036] The present invention is described hereunder by
way of embodiments that are illustrated in the accompanying
drawings. Note that in some cases the respective components
in the drawings used in the following description may be
displayed in a different contraction scale so as to be shown in
a size that is recognizable in the drawings. Accordingly, the
present invention is not limited only to the quantity of com-
ponents, the shapes of components, the ratios between the
sizes of components, and the relative positional relationship
between the respective components described in the draw-
ings.

First Embodiment

[0037] FIG. 1 to FIG. 22 are views that illustrate an ultra-
sound observation apparatus according to a first embodiment
of the present invention. Among these, FIG. 1is a perspective
view that illustrates the overall configuration of the ultra-
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sound observation apparatus of the present embodiment. FIG.
2 is an enlarged perspective view of a principal portion that
illustrates, in an enlarged manner, an ultrasound probe in a
state in which an insertion assisting instrument is mounted
thereto in the ultrasound observation apparatus of the present
embodiment. FIG. 3 is an enlarged perspective view of a
principal portion that illustrates, in an enlarged manner, the
vicinity of a distal end portion of the ultrasound probe in the
ultrasound observation apparatus of the present embodiment.
FIG. 4 is an exposed perspective view of a principal portion
that illustrates, in an exposed manner, components of the
distal end portion of the ultrasound probe in the ultrasound
observation apparatus of the present embodiment. Note that
in FIG. 3 and FIG. 4 a state is illustrated in which the insertion
assisting instrument is not mounted to the ultrasound probe.

[0038] FIG. 5isan enlarged perspective view of a principal
portion that illustrates, in an enlarged manner, the vicinity of
the distal end portion ofthe ultrasound probe in the ultrasound
observation apparatus of the present embodiment. FIG. 6 is an
enlarged longitudinal sectional view of a principal portion
along a longitudinal direction of the ultrasound probe in the
ultrasound observation apparatus of the present embodiment,
that is a sectional view that illustrates the internal configura-
tion in the vicinity of the distal end portion of the ultrasound
observation probe. FIG. 7 is a plan view when viewing the
vicinity of the distal end portion of the ultrasound probe in the
ultrasound observation apparatus of the present embodiment
from a top surface side. Note that in FIG. 6 and FIG. 7 a state
is illustrated in which the insertion assisting instrument is
mounted to the ultrasound probe.

[0039] FIG. 81s an enlarged view of a principal portion that
shows constituent members taken out from an ultrasound
transducer unit arranged at the distal end portion of the ultra-
sound probe in the ultrasound observation apparatus of the
present embodiment. FIG. 9 is an enlarged perspective view
of a principal portion that illustrates components, excluding
the ultrasound transducer, of the distal end portion of the
ultrasound probe in the ultrasound observation apparatus of
the present embodiment.

[0040] FIG. 10 is an enlarged perspective view of a princi-
pal portion that illustrates, in an enlarged manner, a vicinity of
the proximal end portion of the ultrasound probe in a state in
which the insertion assisting instrument is mounted thereto in
the ultrasound observation apparatus of the present embodi-
ment. FIG. 11 is an enlarged perspective view of a principal
portion that illustrates, in a further enlarged manner, the
vicinity of the proximal end portion of the ultrasound probe in
the ultrasound observation apparatus of the present embodi-
ment. Note that in FIG. 11 a state is illustrated in which the
insertion assisting instrument is not mounted to the ultra-
sound probe. FIG. 12 is an enlarged perspective view of a
principal portion that illustrates, in an enlarged manner, a
proximal end portion of the insertion assisting instrument in
the ultrasound observation apparatus of the present embodi-
ment. FIG. 13 is an enlarged perspective view of a principal
portion that illustrates, in an enlarged manner, the vicinity of
the distal end portion ofthe ultrasound probe in the ultrasound
observation apparatus of the present embodiment (approxi-
mately the same as FIG. 5). FIG. 14 is a sectional view at a
first portion that is denoted by reference symbol [14] in FIG.
13. FIG. 15 1s a sectional view at a third portion that is denoted
by reference symbol [15] in FIG. 13. FIG. 16 is a sectional
view at a fourth portion that is denoted by reference symbol
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[16] in FIG. 13. FIG. 17 is a sectional view at a second portion
that is denoted by reference symbol [17] in FIG. 13.

[0041] First, an outline of the overall configuration of the
ultrasound observation apparatus of the present embodiment
will be described using FIG. 1. As shown in FIG. 1, an
ultrasound observation apparatus 1 of the present embodi-
ment is mainly constituted by: an ultrasound probe 10 that
includes a distal end portion 11, an insertion portion 12, a
grasping portion 13, and a fixing slider 14; an insertion assist-
ing instrument 31, also referred to as a “obturator” or the like,
that is insertedly disposed in the ultrasound probe 10; an
observation apparatus connecting tube 15 that is extended
from the grasping portion 13 of the ultrasound probe 10; and
the respective components of an observation apparatus con-
necting connector 16 provided in a linked manner to a distal
end of the observation apparatus connecting tube 15. Accord-
ing to this configuration, the ultrasound probe 10 is connected
to an unshown ultrasound observation apparatus unit through
the observation apparatus connecting tube 15 and the obser-
vation apparatus connecting connector 16. The ultrasound
observation apparatus unit is configured to enable acquisition
and observation of an ultrasound image of a desired subject
by controlling an ultrasound observation unit (described in
detail later) that is arranged at a distal end of the ultrasound
probe 10 to perform transmission/reception of ultrasound.
[0042] As described later, an insertion channel 12a (see
FIG. 3 and the like) into which the insertion assisting instru-
ment 31, a telescope (one kind of optical endoscope), an
endoscope or the like is insertedly disposed is formed in the
ultrasound probe 10. A configuration is adopted such that, at
a time of an operation to insert the ultrasound probe 10 into a
body cavity of a subject, by performing the operation is a state
in which the insertion assisting instrument 31 (obturator) is
inserted into the insertion channel 12a, the insertion operation
can be smoothly performed when inserting the ultrasound
probe 10 into the body cavity of the subject. Further, at a time
of an operation to observe a subject using the ultrasound
probe 10, observation of the subject can be performed by
insertedly disposing a telescope or an endoscope or the like in
the insertion channel 12a.

[0043] That is, although the ultrasound probe 10 is a shape
which, because of having the insertion channel 12a, is diffi-
cult to insert into a body cavity of a subject as it is, operations
at the time of an insertion operation can be performed
smoothly by insertedly disposing into the insertion channel
12a the insertion assisting instrument 31 that is an assisting
instrument that assists an insertion operation and smoothens
the insertion process.

[0044] In addition, when the insertion assisting instrument
31 (obturator) is withdrawn after inserting the ultrasound
probe 10 into the subject, fluids or the like that have accumu-
lated inside the subject can be sampled in one go through the
insertion channel 12a. Further, after withdrawing the inser-
tion assisting instrument 31, if a telescope or endoscope or the
like is inserted into the insertion channel 12a, observation of
the subject inside the body cavity can be performed using
visible light or special light or the like. Further, if a treatment
instrument such as a puncture needle is inserted into the
insertion channel 12a, desired treatment can be performed on
the subject inside the body cavity, or tissue of a desired region
inside the body cavity can be sampled.

[0045] For example, FIG. 21 is an external schematic view
that illustrates one example of a form of a telescope that, after
withdrawal of the insertion assisting instrument 31, can be
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inserted in place thereof in the ultrasound probe in the ultra-
sound observation apparatus of the present embodiment.

[0046] A telescope 32 shown in FIG. 21 is formed in a
tubular shape that can be inserted through the insertion chan-
nel 12a of the insertion portion 12 of the ultrasound probe 10.
The telescope 32 has an objective optical system 32qa as an
optical observation portion at a distal end portion thereof, and
an ocular optical system 325 at a proximal end portion. The
objective optical system 32a and the ocular optical system
324 have a configuration with which an optical image of a
subject can be observed by means of an unshown relay optical
system or image guide fiber or the like.

[0047] The telescope 32 also includes a treatment instru-
ment channel 32¢ (second channel). The channel 32¢ is
formed so as to pass through a region from a proximal end
side opening 32f1to adistal end side opening 32e. The channel
32¢ is configured so that a treatment instrument such as a
puncture needle 324 that is extended from a treatment instru-
ment apparatus (puncture needle system box) 32¢ can be
inserted therethrough in the direction of an arrow X in FIG.
21.

[0048] By using the telescope 32 having this form, a biopsy
can be performed by means of the puncture needle 324 while
simultaneously performing optical observation in addition to
ultrasound observation with the ultrasound probe 10.

[0049] In this case, in order to reliably carry out operation
of the puncture needle 324 without hindrance while perform-
ing optical observation, itis desirable to adopt a configuration
such that the treatment instrument channel 32¢ and an ocular
barrel 3265 of the ocular optical system 325 are not parallel to
each other. In the example shown in FIG. 21, the ocular barrel
32bb of the ocular optical system 32b is, for example,
arranged so as to extend obliquely rearward from the proxi-
mal end portion.

[0050] Note that although an example of a telescope is
shown as one kind of optical endoscope using FIG. 21, the
form of a telescope or an endoscope that can be applied to the
ultrasound observation apparatus 1 of the present embodi-
ment is not limited thereto, and telescopes or endoscopes of
other configurations can be widely applied as long as the
telescope or endoscope has a tubular form that can be inserted
through the insertion channel 12a of the insertion portion 12
of the ultrasound probe 10.

[0051] Next, the detailed configurations of the ultrasound
probe and the insertion assisting instrument of the ultrasound
observation apparatus of the present embodiment will be
described using the drawings. Note that the detailed configu-
rations mainly on the distal end side of the ultrasound probe
and the insertion assisting instrument are described using
FIG. 2 to FIG. 9 and FIG. 13 to FIG. 17. Further, the detailed
configurations mainly on the proximal end side of the ultra-
sound probe and the insertion assisting instrument, particu-
larly a fixing mechanism (fixing slider 14 and the like) for
fixing the insertion assisting instrument 31 and the like with
respect to the grasping portion 13 are described using FIG. 10
to FIG. 12.

[0052] Thedistal end portion 11 is mainly constituted by an
ultrasound observation unit that includes a convex-type ultra-
sound transducer 21 that is an ultrasound transmitting/receiv-
ing portion that has an ultrasound transmitting/receiving face
21a (see FIG. 6) that transmits/receives ultrasound, a resin-
made housing 22 that is a holding part (housing) that fixedly
holds the ultrasound transducer 21, and a metal-made housing



US 2013/0225995 A1

23 that constitutes one part of the holding part (housing) and
is formed so as to cover the outer surface of the resin-made
housing 22.

[0053] As shown in FIG. 6, FIG. 8, FIG. 9 and the like, a
plurality of wires 25a are connected to the ultrasound trans-
ducer 21. The plurality of wires 25a, for example, are covered
by a flexible coil made of metal and a tube made of resin, and
are further bundled using an ultrasound cable bundle 255
made of an electrically insulative material. The external sur-
face side of the ultrasound cable bundle 254 is further covered
by a cable lumen 25¢ (see FIG. 16) to thereby form a single
ultrasound cable. As shown in FIG. 8 and FIG. 9, the plurality
of wires 25a are respectively connected on an electric board
215b. The electric board 215 is covered by a packing material
21c¢. The packing material 21¢ is integrally arranged on a
bottom face of the ultrasound transducer 21.

[0054] Although not illustrated in the drawings, the ultra-
sound transducer 21 includes, for example, an upper elec-
trode, a piezoelectric element, and a lower electrode and the
like in that order from the surface thereof. An acoustic match-
ing layer and a protective film are formed on the surface of the
upper electrode. Note that an ultrasound observation unit that
is substantially the same as an ultrasound observation unit
used in an ultrasound observation apparatus that is already in
widespread use is applied as the ultrasound observation unit
with this configuration.

[0055] The ultrasound observation unit with this configu-
ration generates ultrasound by sending electricity to the elec-
trodes through the wires 25a to drive the piezoelectric ele-
ment. Further, the piezoelectric element converts received
ultrasound to electricity and sends the electricity to the ultra-
sound observation apparatus (not shown) through the wires
25ato thereby enable formation of an ultrasound image. The
wires 254 pass through, as the ultrasound cable bundle 255,
an internal space (126) of the insertion portion 12 of the
ultrasound probe 10, and are connected to the observation
apparatus connecting connector 16 through the observation
apparatus connecting tube 15 at a rear end of the ultrasound
probe 10.

[0056] Theaforementioned resin-made housing 221s a case
member that holds the ultrasound transducer 21, and is
formed by a member made of resin that has electrical insula-
tion properties. An opening is formed at the rear end of the
resin-made housing 22. An ultrasound cable that includes the
plurality of wires 25a and the like extends from this opening
(see FIG. 6). The metal-made housing 23 that is formed by a
high-strength member, for example, a metal member made of
stainless steel (SUS), titanium (i) or the like, is arranged on
faces other than the upper face of the external surface of the
resin-made housing 22. The metal-made housing 23 is
formed in a shape in which the distal end side of the insertion
portion 12 is extended.

[0057] The resin-made housing 22 is fixedly installed by
means of a fixing screw 24 (see FIG. 3 and FIG. 5) in the
metal-made housing 23. A male thread is formed in the fixing
screw 24. When fixedly installing the metal-made housing 23
at the distal end of the insertion portion 12, the fixing screw 24
screws together with a screw hole 23¢ of the metal-made
housing 23 and serves to provide the aforementioned two
components in a fixed condition with respect to each other.
Further, to reliably ensure electrical insulation between the
resin-made housing 22 that holds the ultrasound transducer
21, and the insertion portion 12 and metal-made housing 23
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that are made of metal, the fixing screw 24 is, for example,
formed by a resin raw material that has electrical insulation
properties.

[0058] Theinsertion portion 12 is, for example, formedina
rigid cylindrical shape using a metal member such as stainless
(SUS), titanium (Ti1) or the like. The ultrasound observation
unit that includes the aforementioned holding part such as the
resin-made housing 22 and the metal-made housing 23 is
fixedly installed at a position that is furthest on the distal end
side of the insertion portion 12. The grasping portion 13 is
provided in a linked manner to the proximal end side of the
insertion portion 12 (see FIG. 1 and FIG. 2).

[0059] The insertion portion 12 is formed in a hollow, sub-
stantially linear cylindrical shape. As shown in FIG. 6 and the
like, a partition wall 12¢ that divides the internal space into an
upper-side space and a lower-side space along the longitudi-
nal direction is formed at approximately the center of the
inside of the insertion portion 12. Thus, the internal space of
the insertion portion 12 has a configuration in which two
chambers extend in the longitudinal direction. Of these, the
ultrasound cable is inserted through the internal space (de-
noted by reference symbol 125) on the lower side of the
insertion portion 12 from the distal end portion 11 to the
grasping portion 13 on the proximal end side. Therefore, in
the following description, the aforementioned internal space
that is denoted by reference symbol 125 is referred to as
“cable insertion path 125”. Note that the ultrasound cable is
inserted through the inside of the observation apparatus con-
necting tube 15 that extends from the side of the grasping
portion 13, and reaches the unshown ultrasound observation
apparatus and is electrically connected thereto.

[0060] On the other hand, the insertion assisting instrument
31 or an unshown telescope or endoscope or the like is insert-
edly disposed in the internal space (denoted by reference
symbol 12a) on the upper side of the insertion portion 12.
Therefore, in the following description, the aforementioned
upper-side internal space that is denoted by reference symbol
12a is referred to as “insertion channel 12a .

[0061] Thecross-sectional shape ofthe insertion portion 12
and the positional relationship between the insertion channel
12a and the cable insertion path 126 will now be described.
FIG. 18 to FIG. 20 are views that conceptually illustrate three
examples of a desirable shape with respect to the cross-sec-
tional shape of the insertion portion of the ultrasound probe of
the ultrasound observation apparatus of the present embodi-
ment. At the same time, FIG. 18 to FIG. 20 also illustrate the
positional relationship between the insertion channel 12a and
the cable insertion path 125 at the cross section of the inser-
tion portion 12.

[0062] As described above, the insertion portion 12 has the
partition wall 12¢ at an approximately central portion inside
the hollow, substantially linear cylindrical shape, to thereby
form the cable insertion path 125 that is the lower-side space
and the insertion channel 12q that is the upper-side space.
Accordingly, the cross-sectional shape of the insertion por-
tion 12 is long in the vertical direction. When a cross-sec-
tional shape having this kind of shape and that does not hinder
insertability is considered, it is desirable that the cross-sec-
tional shape of the insertion portion 12 of the ultrasound
probe 10 be formed in, for example, an oblong shape as shown
in FIG. 18, an elliptic shape as shown in FIG. 19, or an egg
shape as shown in FIG. 20. Further, with respect to the inser-
tion channel 12a and the cable insertion path 124, since the
former is configured to be wider than the latter, it is desirable
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that the positional relationship between the insertion channel
12a and the cable insertion path 125 when shapes as in the
above described three forms (FIG. 18 to FIG. 20) are adopted
is such that, as shown in the drawings, the insertion channel
12ais arranged in a region in which the cross-sectional area is
larger.

[0063] In addition, in the vicinity of the distal end side of
the insertion portion 12, a channel opening portion 124 that
communicates with the insertion channel 124 is formed in a
form in which the distal end side and a part of the upper side
are notched. One part of the distal end side of the insertion
assisting instrument 31 is disposed so as to be exposed in the
channel opening portion 124. Therefore, the distal end shape
of the insertion portion 12 is formed so as to have the shape of
aninclined face that inclines relative to the longitudinal direc-
tion of the insertion portion 12, in conformity with a distal-
end inclined face 31a (described in detail later) of the inser-
tion assisting instrument 31.

[0064] Note that although the width dimension in the hori-
zontal direction of the ultrasound observation unit that is
fixedly installed on the distal end side of the insertion portion
12 is formed so as to have a wide width to ensure the perfor-
mance of the ultrasound transducer 21, by suppressing the
height dimension in the vertical direction to a low height, the
perimeter thereof is formed so as to be less than the perimeter
of the insertion portion 12. Note that the term “perimeter” as
used in this case refers to the outer circumferential length at a
cross section in a direction that is perpendicular to the longi-
tudinal direction of the insertion portion 12 (insertion direc-
tion) in a state in which the insertion assisting instrument 31
is insertedly disposed in the insertion portion 12.

[0065] That is, at a distal end portion of the ultrasound
observation unit, thatis, at least at a predetermined region (for
example, a region as far as a portion on the proximal end side
of the channel opening portion 12d) towards the distal end of
the insertion portion 12 from the distal end portion 11, the
perimeter is formed so as to gradually increase from the distal
end side towards the proximal end side. Further, in this case,
aconfiguration may also be adopted in which the perimeter of
the same region is uniformly formed.

[0066] More specifically, for example, a form as shown in
FIG. 13 to FIG. 17 may beadopted. In this case, first, a portion
denoted by reference symbol [14] in FIG. 13 (see the sec-
tional view in F1G. 14) is taken as a first portion that is furthest
towards the distal end. The first portion is a portion in the
vicinity of an approximately central part in the longitudinal
direction of the distal end portion 11 (holding part). In addi-
tion, a portion denoted by reference symbol [17] in FIG. 13
(seethe sectional view in FIG. 17) is taken as a second portion
that is towards the proximal end. This second portion is a
portion in the vicinity of the proximal end side of the channel
opening portion 124 of the insertion portion 12.

[0067] Further, a portionin the vicinity of an approximately
central part of the distal-end inclined face 31a of the insertion
assisting instrument 31 that is a portion denoted by reference
symbol [15] in FIG. 13 (see the sectional view in F1G. 15) that
is positioned between the first portion and the second portion
is taken as a third portion.

[0068] Similarly, a portion in the vicinity of an approxi-
mately central part of the channel opening portion 124 of the
insertion portion 12 that is a portion denoted by reference
symbol [16] in FIG. 13 (see the sectional view in FIG. 16) that
is positioned between the first portion and the second portion
is taken as a fourth portion.
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[0069] In this case, the distal end portion 11 of the ultra-
sound observation apparatus 1 of the present embodiment is
formed so that the perimeter of the second portion that is
towards the proximal end is greater than the perimeter of the
first portion that is furthest towards the distal end.

[0070] In addition, the ultrasound observation apparatus 1
of the present embodiment is formed so that a cross-sectional
perimeter thereof changes so as to increase in a stepwise
manner in at least four steps, or alternatively in a gradual
manner, from the first portion on the distal end side towards
the proximal end side in the order of the third portion, the
fourth portion, and the second portion.

[0071] The grasping portion 13 is a grip portion that the
user grasps with the fingers or the like when using the ultra-
sound observation apparatus 1. The grasping portion 13 is
formed in a hollow, approximately cylindrical shape using a
metal member. The proximal end of the insertion portion 12 is
provided in a linked manner to the distal end of the grasping
portion 13. Thus, the insertion channel 12a and cable inser-
tion path 125 of the insertion portion 12 communicate with
the internal space of the grasping portion 13. A grasping
portion opening 13a that communicates with the aforemen-
tioned internal space is formed in a rear end face of the
grasping portion 13. The grasping portion opening 13a com-
municates with the insertion channel 12a.

[0072] According to this configuration, after the insertion
assisting instrument 31, telescope, endoscope or the like that
has been inserted from the grasping portion opening 13a
passes through the internal space of the grasping portion 13,
the insertion assisting instrument 31, telescope, endoscope or
the like is insertedly disposed in the insertion channel 124 on
the upper side of the insertion portion 12. That is, the grasping
portion opening 134 serves as an insertion port for inserting a
tubular constituent member such as the insertion assisting
instrument 31, a telescope or an endoscope into the insertion
channel 12a.

[0073] Further, at the side face of the grasping portion 13, a
bend preventing portion 154 that is an observation apparatus
connector connection portion branches in an obliquely rear-
ward direction from an axis line of the grasping portion 13.
The observation apparatus connecting tube 15 that extends
from the grasping portion 13 is inserted through the inside of
the bend preventing portion 15a. The bend preventing portion
15a functions as tube protection means that is provided in
order to prevent the observation apparatus connecting tube 15
that is extended from the grasping portion 13 from bending at
the extension portion when using the ultrasound observation
apparatus 1. The bend preventing portion 15a is also config-
ured to function as a second grasping portion that a user can
grasp when using the ultrasound observation apparatus 1. For
this purpose, the bend preventing portion 154 is formed, for
example, by a resin member that has a combination of a
moderate hardness and flexibility, and is formed integrally
with the grasping portion 13.

[0074] Thus, in the ultrasound observation apparatus 1 of
the present embodiment, since the bend preventing portion
154 that is the observation apparatus connector connection
portion is configured so as to be usable as a second grasping
portion, for example, while grasping the second grasping
portion (bend preventing portion 15a) with one hand to
thereby firmly and securely grasp the ultrasound probe 10, a
user can, with the other hand, reliably operate a treatment
instrument or the like such as a puncture needle in an endo-
scope or the like that has been inserted through the insertion
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channel 12a. Accordingly, operation of the ultrasound probe
10 and operation of a treatment instrument or the like such as
a puncture needle can be reliably performed by a single per-
son.

[0075] Further, since the user can firmly grasp the ultra-
sound probe 10 by grasping the second grasping portion, a
situation does not occur in which the user drops the ultra-
sound probe 10 at the time of an ultrasound observation
operation.

[0076] Furthermore, since the bend preventing portion 15a
as the second grasping portion is formed so as to extend
obliquely rearward from a side portion of the grasping portion
13, the shape is designed so as not to be ahindrance to the user
at a time of use.

[0077] As described above, the ultrasound cable that is
inserted through the insertion portion 12 from the distal end
portion 11 is inserted through the inside of the observation
apparatus connecting tube 15 via the grasping portion 13. The
observation apparatus connecting connector 16 is arranged at
the distal end of the observation apparatus connecting tube
15, and the ultrasound cable is connected to the unshown
ultrasound observation apparatus through the observation
apparatus connecting connector 16.

[0078] A fixing mechanism that includes the fixing slider
14 and the like for fixing the insertion assisting instrument 31,
a telescope, an endoscope or the like that is insertedly dis-
posedinthe insertion channel 124 is configured in the vicinity
of a rear end portion of the grasping portion 13. The detailed
configuration of this fixing mechanism is described later (see
FIG. 11 and FIG. 12).

[0079] The insertion assisting instrument 31 is formed in a
rigid rod shape or cylindrical shape that is made from a metal
member or the like, and is a member that is insertedly dis-
posed so as to be freely insertable/removable from the grasp-
ing portion opening 13a with respect to the insertion portion
12. That is, when the insertion assisting instrument 31 is
insertedly disposed inside the insertion portion 12 to form an
integral configuration with the insertion portion 12, the inser-
tion assisting instrument 31 serves as a guide member that
guides so that the insertion portion 12 can be smoothly
inserted from the distal end portion 11 into, for example, a
body cavity of a narrow and blocked form such as the urethra.
[0080] The insertion assisting instrument 31 has the distal-
end inclined face 31q at a portion that is furthest on the distal
end side thereof, and is formed by: a distal-end shape portion
31ethatis formed in conformity with the internal shape of the
insertion portion 12 and is insertedly disposed at a position
corresponding to the channel opening portion 124 of the
insertion portion 12; a proximal end grasping portion 31d that
is formed at a portion that is furthest on a proximal end side
thereof’ a flange portion 31/ that is formed in the vicinity of
the proximal end grasping portion 31d; a protrusion for rota-
tional direction positioning 315 and two engagement protru-
sions for fixing 31c that are provided in a protruding manner
towards the outer circumference at portions that are towards
the distal end of the flange portion 31f; and an intermediate
rod-shaped portion 31g that connects the distal-end shape
portion 31e and the proximal end grasping portion 31d.
[0081] A groove portion 31ea is formed in the distal-end
shape portion 31e of the insertion assisting instrument 31 (see
FIG. 5, FI1G. 6 and the like). The groove portion 31ea extends
in the longitudinal direction in a face on a side that faces the
partition wall 12¢ when the insertion assisting instrument 31
is inserted inside the insertion channel 12a of the insertion
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portion 12. The groove portion 31ea constitutes one part of a
lubricant supply path that allows a lubricant such as, for
example, Xylocalne jelly that is supplied via an unshown
lubricant supply mechanism to pass through to the distal end
side. The lubricant is used to aid insertion of the insertion
portion 12 into the urethra or the like.

[0082] Although a detailed illustration of the lubricant sup-
ply mechanism is omitted from the drawings, an outline of the
configuration thereof is described hereunder. That is, for
example, the lubricant supply mechanism includes a cock
member that forms a portion that connects a lubricant supply
tube to the grasping portion 13, and also serves to open/close
the lubricant supply tube. The lubricant supply tube is con-
nected to an unshown lubricant supply apparatus or the like.
With this configuration, lubricant that is supplied from the
lubricant supply apparatus or the like passes through the
lubricant supply tube and, by placing the cock member in an
open state, is injected into the grasping portion 13. The lubri-
cant that has been injected into the internal space of the
grasping portion 13 is led to the distal end side via the inside
of the insertion channel 124 of the insertion portion 12, and is
led to the outside from the most distal end portion of the
distal-end shape portion 31e of the insertion assisting instru-
ment 31 through the groove portion 31ea.

[0083] Note that although FIG. 1, FIG. 2, FIGS.5t0 7, and
FIG. 13 illustrate a state in which the insertion assisting
instrument 31 has been insertedly disposed in the insertion
portion 12, in FIG. 3, FIG. 4, and FIG. 9 an illustration of the
insertion assisting instrument 31 is omitted to avoid compli-
cating the drawings.

[0084] Next, the detailed configuration of the fixing mecha-
nism that is configured in the vicinity of the rear end portion
of the grasping portion 13 is described using mainly F1G. 11
and FIG. 12.

[0085] AsshowninFIG. 11, the fixing mechanism includes
a rear end flange 135 formed in the vicinity of the rear end
portion of the grasping portion 13, a cylindrical portion 13¢
that protrudes further towards the rear end side from the rear
end flange 135, and the fixing slider 14 that fits with the
cylindrical portion 13c.

[0086] Two engagement grooves for fixing 134 and an
engagement groove for rotational direction positioning 13e
are formed in the cylindrical portion 13¢. The two engage-
ment grooves for fixing 134 and the engagement groove for
rotational direction positioning 13e are each a groove portion
that extends in the longitudinal direction of the grasping
portion 13 (insertion direction of the insertion assisting
instrument 31).

[0087] The two engagement grooves for fixing 13d are
formed at positions that face each other with an interval of a
180-degree angle therebetween in the circumferential direc-
tion of the cylindrical portion 13¢. The engagement groove
for rotational direction positioning 13e is formed at a position
that is separated by an angle of approximately 90 degrees in
the circumferential direction from each of the two engage-
ment grooves for fixing 134.

[0088] The engagement groove for rotational direction
positioning 13e is a groove portion with which the protrusion
for rotational direction positioning 315 on the insertion assist-
ing instrument 31 side engages when the insertion assisting
instrument 31 is insertedly disposed in the insertion portion
12 through the grasping portion 13.

[0089] The two engagement grooves for fixing 134 are
groove portions with which the two engagement protrusions
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for fixing 31¢ on the insertion assisting instrument 31 side
engage, respectively, when the insertion assisting instrument
31 is insertedly disposed in the insertion portion 12 through
the grasping portion 13.

[0090] The fixing slider 14 is formed by a ring-shaped
metal member, and is arranged on an outer circumferential
side of the cylindrical portion 13¢. In this case, the fixing
slider 14 is mounted in a state in which the fixing slider 14 is
urged in the direction of an arrow X in FIG. 11 by an unshown
urging member so as to be capable of sliding in a direction
(same X direction) that is perpendicular to the longitudinal
direction of the grasping portion 13. For this purpose, the
inner diameter of the fixing slider 14 is formed so as to be
larger than the outer shape of the cylindrical portion 13c.
Further, the external diameter of the fixing slider 14 is formed
to be approximately the same diameter as the external diam-
eter of the aforementioned flange 135. An operation knob 144
is provided in an outwardly protruding condition on the outer
circumferential face of the fixing slider 14. The protruding
direction of the operation knob 14a is arranged to be the same
direction as an urging direction of the fixing slider 14. That is,
the configuration is such that the fixing slider 14 can be
slidingly moved by operating the operation knob 14a by
pressing the operation knob 14a in the opposite direction
against an urging force of the fixing slider 14.

[0091] Two guide grooves 144 are formed on an inner cir-
cumferential side of the fixing slider 14. The two guide
grooves 14d are guiding grooves that serve to lead the two
engagement protrusions for fixing 31¢ of the insertion assist-
ing instrument 31 to the engagement grooves for fixing 134
when insertedly disposing the insertion assisting instrument
31 in the insertion portion 12 through the grasping portion 13.
[0092] Forthis purpose, the guide grooves 14d each have an
inclining portion 14e that has an inclination with respect to
the insertion direction when inserting the insertion assisting
instrument 31 into the grasping portion 13. Further, the guide
grooves 14d are formed so as to communicate with the
engagement grooves for fixing 134 when the fixing slider 14
1s moved in the opposite direction to the arrow X against the
urging force.

[0093] According to this configuration, when the insertion
assisting instrument 31 is inserted into the insertion portion
12 through the grasping portion 13, the protrusion for rota-
tional direction positioning 315 engages with the engagement
groove for rotational direction positioning 13e to thereby
regulate rotation of the insertion assisting instrument 31.
[0094] Simultaneously therewith, the engagement protru-
sions for fixing 31c enter the guide grooves 14d and contact
against the respective inclining portions 14e. If the insertion
assisting instrument 31 is pushed further in the insertion
direction from this state, the fixing slider 14 slidingly moves
in the opposite direction to the arrow X against the urging
force. As aresult the guide grooves 144 and the engagement
grooves for fixing 134 enter a communicating state, and
hence the engagement protrusions for fixing 31¢ are led to the
engagement grooves for fixing 13d. Subsequently, when the
engagement protrusions for fixing 31¢ pass over the inclining
portions 14e of the guide grooves 14d and enter into the
engagement grooves for fixing 134, the fixing slider 14 is
slidingly moved in the arrow X direction by the urging force
and returns to its original position. As a result, a state is
entered in which opening portions of the engagement grooves
for fixing 134 are blocked off by the fixing slider 14. That is,
the communicating state between the engagement grooves
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for fixing 134 and the guide grooves 144 is blocked. Conse-
quently, the insertion assisting instrument 31 is fixedly held in
a non-rotating state that is also a state in which withdrawal
thereof is not possible.

[0095] On the other hand, in this state, if the operation knob
14a is pressed in the opposite direction to the arrow X against
the urging force of the fixing slider 14 to cause the fixing
slider 14to slidingly move, the engagement grooves for fixing
134 and the guide grooves 144 enter a communicating state.
Accordingly, by grasping the proximal end grasping portion
314 of the insertion assisting instrument 31 and moving the
insertion assisting instrument 31 in the withdrawal direction
while maintaining this state, the insertion assisting instru-
ment 31 can be easily sampled.

[0096] The fixing mechanism for fixing the insertion assist-
ing instrument 31, a telescope, an endoscope or the like to one
part of the grasping portion 13 will now be described in detail
using another drawing.

[0097] FIG. 22 is a view for describing the structure of the
above described fixing mechanism, which conceptually illus-
trates the internal structure of the ultrasound probe 10 of the
ultrasound observation apparatus 1 of the present embodi-
ment. The reference symbols shown in FIG. 22 correspond to
the respective constituent members in the foregoing descrip-
tion.

[0098] In FIG. 22, the insertion assisting instrument 31 is
insertedly disposed in the insertion channel 12¢ of the ultra-
sound probe 10 and is in a fixed state.

[0099] The grasping portion 13 is provided at the proximal
end portion of the ultrasound probe 10. The fixing slider 14
that is capable of slidingly moving in an arrow S direction
(direction perpendicular to the axial direction of the ultra-
sound probe 10) is arranged on the proximal end side of the
grasping portion 13. The fixing slider 14 is constantly urged
by an urging member 40 in the direction perpendicular to the
axial direction of the ultrasound probe 10. Note that although
in FIG. 22 the urging member 40 is depicted as being on the
outside of the ultrasound probe 10 to simplify the drawing, in
fact the urging member 40 is arranged inside the grasping
portion 13 ofthe ultrasound probe 10. Further, the state shown
in FIG. 22 is a state in which the urging member 40 is urging
the fixing slider 14. In this state, positioning of the fixing
slider 14 with respect to the grasping portion 13 is performed
by the fixing slider 14 contacting against an unshown fixing
portion while receiving the urging force of the urging member
40, or the like.

[0100] Further, according to the state shown in FIG. 22, in
astate in which the insertion assisting instrument 31 has been
insertedly disposed in the insertion channel 124, the engage-
ment protrusions for fixing 31c¢ of the insertion assisting
instrument 31 are fitted in the engagement grooves for fixing
13d formed in a concave shape of the flange 135 that is one
part of the grasping portion 13. In this state, the fixing slider
14 blocks an opening to the rearward side of the engagement
grooves for fixing 134 so that the engagement protrusions for
fixing 31¢ do not disengage from the engagement grooves for
fixing 13d. At this time, the opening of the fixing slider 14 is
an area denoted by reference symbol Al in FIG. 22.

[0101] If the fixing slider 14 is slidingly moved in the
direction of an arrow S1 against the urging force of the urging
member 40 from the state shown in FIG. 22, the opening of
the fixing slider 14 moves to the area denoted by reference
symbol A2 in FIG. 22. When this state is entered, since the
opening of the fixing slider 14 moves and opens the opening
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to the rearward side of the engagement grooves for fixing 134,
it is possible for the engagement protrusions for fixing 31c to
move rearward. Hence, when this state is entered, the inser-
tion assisting instrument 31 can be withdrawn in the rearward
direction.

[0102] The above described fixing mechanism can be con-
figured not only in the insertion assisting instrument 31. A
similar fixing mechanism can be configured by forming a
similar configuration (constituent portions such as the
engagement protrusions for fixing 31¢) in a telescope or an
endoscope or the like that is to be inserted through the inser-
tion channel 12a of the same ultrasound probe 10.

[0103] As described above, the holding part (22, 23; ultra-
sound observation unit) is fixedly installed at a portion that is
furthest on the distal end side of the insertion portion 12. The
holding part (22, 23; ultrasound observation unit) is fixedly
installed at a distal end portion of the insertion portion 12 so
as to have a shape that curves with a predetermined angle 62
(see FIG. 6) in a direction (see reference symbol 1.3 in FIG. 6)
that separates in a downward direction from the longitudinal
direction (see reference symbol L1 in FIG. 6) of the insertion
portion 12.

[0104] The reason why the holding part (22, 23; ultrasound
observation unit) is formed in a curved shape relative to the
longitudinal direction of the insertion portion 12 in this man-
ner is as follows.

[0105] Thatis, it is assumed that theultrasound observation
apparatus 1 of the present embodiment is, for example, an
apparatus that is mainly used when performing transurethral
biopsy by inserting the ultrasound observation apparatus 1
into the urethra or the like. Generally, when performing tran-
surethral biopsy the insertion portion 12 is inserted in a sub-
stantially linear manner from the distal end portion 11 while
pushing and expanding the urethra that is a narrow lumen in
a closed state. Further, the urethra has a visceral shape that
bends at a portion from the bulb of the urethra portion to the
vicinity of the urethral sphincter. Therefore, in order to
smoothly pass the distal end portion 11 of the insertion por-
tion 12 through the urethral bend portion, it is desirable to
make the distal end portion 11a curved shape relative to the
insertion portion 12. However, if the distal end portion 11
curves to a large extent, it will affect the insertability of the
insertion portion 12 in a substantially linear section as far as
the prostate gland after the start of insertion into the urethra.
Accordingly, in consideration of these facts, it is necessary to
set a curvature angle of the distal end portion 11 with respect
to the insertion portion 12. Consequently, it is desirable to
make the curvature angle 82 (see FIG. 6) of the holding part
(22, 23; ultrasound observation unit) that is a constituent
member of the distal end portion 11 with respect to the inser-
tion portion 12, for example, an angle of approximately 20 to
35 degrees to conform to the bending shape of the above
described urethral bend portion.

[0106] In the ultrasound observation apparatus 1 of the
present embodiment, the distal end portion 11 (holding part
(22, 23; ultrasound observation unit)) is fixedly installed at
the distal end of the insertion portion 12 so as to have a shape
that curves with an angle of approximately 20 to 35 degrees in
a direction away from the longitudinal direction (insertion
direction) of the insertion portion 12.

[0107] Themounting angle ofthe distal end portion 11 with
respect to the insertion portion 12 will now be specifically
described.
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[0108] As described above, in the present embodiment, the
distal-end inclined face 31a of the insertion assisting instru-
ment 31 is formed by an inclined flat face (or may be formed
by an inclined cylindrical face). FIG. 5 and FIG. 15 illustrate
examples in which the distal-end inclined face 31a of the
insertion assisting instrument 31 is formed with an inclined
cylindrical face. Further, FIG. 25 and FIG. 26 illustrate
examples in which the distal-end inclined face 31a of the
insertion assisting instrument 31 is formed with a flat face.
[0109] FIG. 6illustrates a state in which the insertion assist-
ing instrument 31 has been inserted through the insertion
channel 12a of the insertion portion 12. At this time, the
channel opening portion 124 of the insertion portion 12 is in
astate in which the channel opening portion 12dis blocked by
the distal-end shape portion 31e of the insertion assisting
instrument 31.

[0110] Inthis case, as shown in FIG. 6, a straight line along
the longitudinal direction, that is, a central axis line, of the
insertion channel 124 is denoted by reference symbol L1.
Further, an extension line of a straight line that contacts the
distal-end inclined face 31a (distal end face) of the insertion
assisting instrument 311is denoted by reference symbol L.2. In
addition, an extension line of a straight line along a surface
(back face) of the metal-made housing 23 among the constitu-
ent members of the above described holding part is denoted
by reference symbol [3. Furthermore, the mounting angle,
that is, the curvature angle, of the distal end portion 11 (resin-
made housing 22 and metal-made housing 23; ultrasound
observation unit) with respect to the insertion portion 12 is
denoted by reference symbol 82.

[0111] In the state illustrated in FIG. 6, that is, when the
insertion assisting instrument 31 has been insertedly disposed
in the insertion portion 12, the distal end portion 11 (holding
part) is fixedly installed so that an extension line 1.2 of a
straight line contacting with and running along the distal-end
inclined face 31a of the insertion assisting instrument 31
contacts with a single portion on the ultrasound transmitting/
receiving face 21a, that is, a point denoted by reference sym-
bol Pin FIG. 6. An angle formed between the central axis line
L1 of the insertion channel 12a of the insertion portion 12 and
the extension line L2 of the holding part (22, 23) is taken as
1.

[0112] Inthis case, in the ultrasound observation apparatus
1 of the present embodiment, the angle 81 formed between
the extension line 1.2 of the straight line along the distal-end
inclined face 31a of the insertion assisting instrument 31 and
the extension line .3 ofthe straight line along the back face of
the metal-made housing 23, and the angle 62 that is formed
between the same extension line .2 and the extension line L3
of a straight line along the surface (back face) of the metal-
made housing 23 (holding part) are set to be approximately
equal (61~02). Note that at this time the extension line L2 of
the distal-end inclined face 31a and the extension line L3 of
the back face of the metal-made housing 23 are approxi-
mately parallel.

[0113] On the other hand, as illustrated in the sectional
view shown in FIG. 6, the ultrasound transmitting/receiving
face 21a is formed in an arc shape at a cross section in the
longitudinal direction of the ultrasound transducer 21. The
arc shape of the ultrasound transmitting/receiving face 21a is
formed in a continuous shape over the distal end portion of the
resin-made housing 22 that holds the ultrasound transducer
21. Here, a portion of the resin-made housing 22 at which the
ultrasound transmitting/receiving face 21a and the distal end



US 2013/0225995 A1

portion of the resin-made housing 22 are connected is
referred to as “distal end continuation portion 22a”. The
resin-made housing 22 is formed in an arc shape that has a
predetermined radius of curvature at a distal end tip portion
22¢ that is the portion that is furthest on the distal end side.
[0114] In this case, reference symbol [r1] shown in FIG. 6
denotes a radius of curvature of the ultrasound transmitting/
receiving face 21a at a cross section in the longitudinal direc-
tion of the ultrasound transducer 21. Reference symbol [r2] in
the same drawing denotes a radius of curvature of the distal
end continuation portion 22a at which the ultrasound trans-
mitting/receiving face 21a and the resin-made housing 22 are
connected at a cross section in the longitudinal direction of
the ultrasound transducer 21. Further, reference symbol [r3]
in the same drawing denotes a radius of curvature of the distal
end tip portion 22¢ at a cross section in the longitudinal
direction of the resin-made housing 22.
[0115] In the ultrasound observation apparatus 1 of the
present embodiment, it is desirable to set the relationship
between the above described radii of curvature [r1], [r2], and
[r3] so that:

(1 ]=fr2]>[13].
More specifically, it is desirable to set the respective radii of
curvature so that, for example:
[0116] the radius of curvature of the ultrasound transmit-
ting/receiving face 21a: [r1]=8 mm approximately;
[0117] the radius of curvature of the distal end continuation
portion 22a: [r2]=8 mm approximately; and
[0118] the radius of curvature of the distal end tip portion
22¢ of the resin-made housing 22 (cross section in FIG. 6):
[r3]=1 mm approximately.
By adopting this shape, insertion into the urethra that is a
narrow lumen can be performed smoothly.
[0119] On the other hand, it is necessary for the ultrasound
transducer 21 to have a fixed width dimension due to perfor-
mance requirements. The term “width dimension” as used
hereinrefers to adimension denoted by reference character W
shown in the plan view in FIG. 7. The distal end tip portion
22¢ is formed in an arc shape that has a predetermined radius
of curvature.
[0120] Here, reference symbol [r4] in the plan view in FIG.
7 denotes a radius of curvature in the vicinity of the center in
the width direction of the distal end tip portion 22¢ of the
resin-made housing 22. In this case, it is desirable to set the
relationship between the respective radii of curvature [r3] and
[r4] of the distal end tip portion 22¢ so that:

[r4]>[r3].

By adopting this shape, it is possible to inhibit unnecessary
lengthening of the most distal end portion of the holding part,
that s, the distal end tip portion 22¢ ofthe resin-made housing
22, in the longitudinal direction. This can enhance the ability
of the distal end tip portion 22¢ to pass through the urethral
bend portion.

[0121] Further, it is desirable to also form a cross-sectional
shape in the vicinity of an inclination starting point 31aa (see
FIG. 6) of the distal-end inclined face 31a of the insertion
assisting instrument 31 in an arc shape having a predeter-
mined radius of curvature. Adopting this shape can contribute
to enhancing the insertability into the narrow urethra.

[0122] Workings when performing transurethral biopsy
using the ultrasound observation apparatus 1 of the present
embodiment configured as described above will now be
described.
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[0123] First, in a state in which the insertion assisting
instrument 31 is insertedly disposed in the insertion portion
12, the user starts insertion of the ultrasound observation
apparatus 1 into the urethra by turning over the ultrasound
observation apparatus 1 upside down in conformity with the
bending shape of the urethra in the vicinity of the urethral
sphincter. At this time the user holds the grasping portion 13
and performs an operation to push forward the insertion por-
tion 12. The user may also advance the insertion portion 12
while performing ultrasound observation at the same time as
the insertion operation.

[0124] When the distal end portion 11 reaches the vicinity
of the urethral sphincter after starting insertion, that is, when
the distal end portion 11 reaches the urethral bend portion, the
user pushes forward the distal end portion 11 in a manner that
causes the distal end portion 11 to turnso as to follow the bend
portion. After passing through the bend portion and thereafter
passing the vicinity of the prostate gland, the distal end por-
tion 11 reaches the urinary bladder. The user can perform
these insertion processes while recognizing the state of the
relevant processes by means of ultrasound observation.
[0125] At this time, the user releases the above described
fixing mechanism that fixes the insertion assisting instrument
31 and withdraws the insertion assisting instrument 31 from
the insertion channel 12a of the insertion portion 12.

[0126] Subsequently. the user insertedly disposes a tele-
scopeoran endoscope or the like for the insertion channel 12a
of the same insertion portion 12 into the same insertion chan-
nel 12a of the insertion portion 12 in place of the insertion
assisting instrument 31. Here, for example, in the telescope or
endoscope illustrated as one example in FIG. 21, an unshown
protrusion group is provided that is the same as the protrusion
for rotational direction positioning 315 and the engagement
protrusions for fixing 31¢ of the insertion assisting instrument
31. The telescope or the like is fixed in a similar manner as the
insertion assisting instrument 31 by the fixing mechanism to
one part of the grasping portion 13. Thereupon, vertical and
horizontal directions of an optical image observed from an
unshown optical observation window of the telescope, and an
ultrasound transmitting/receiving direction of the ultrasound
observation unit with respect to a protruding direction of a
biopsy treatment instrument (unshown) such as a puncture
needle are unambiguously fixed and the puncture needle can
be visually recognized within the field of view of the ultra-
sound image. Next, while performing ultrasound observation,
the user holds the grasping portion 13 and performs an opera-
tion to move the insertion portion 12 in an extraction direc-
tion. When the distal end portion 11, that is, the ultrasound
transducer 21 comes to a portion in the vicinity of the prostate
gland, the user temporarily stops the insertion/extraction of
the ultrasound observation apparatus 1.

[0127] Theuser performs biopsy treatment while perform-
ing ultrasound observation, optical observation, endoscopic
observation or the like using the above described biopsy
treatment instrument (not shown) such as a telescope or an
endoscope that has been inserted through the treatment
instrument insertion channel. After the required biopsy is
completed, the user withdraws the ultrasound probe 10 from
the urethra to thereby complete the treatment.

[0128] As described above, according to the foregoing first
embodiment, a configuration is adopted that takes into con-
sideration excellent insertability into a conduit inside a body
cavity such as the urethra that has a narrow blocked form as
well as passage through a urethral bend portion, and therefore
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the distal end portion 11 is formed in a curved shape relative
to the insertion portion 12 and a curvature angle thereof is set
to approximately 20 to 35 degrees so that smoother insert-
ability can be obtained.

[0129] Note that in the present embodiment a configuration
is adopted in which the metal-made housing 23 and the inset-
tion portion 12 that is composed of a metal member and the
like are configured as separate members, and are configured
so as to form an integrated structure when provided in a fixed
condition with respect to each other using the fixing screw 24.
In this case, although an example that uses the fixing screw 24
as fixing means for fixing the metal-made housing 23 and the
insertion portion 12 with respect to each other is described in
the above embodiment, the present invention is not limited
thereto. For example, various other kinds of fixing means can
be adopted, such as welding, adhesion, fixing by brazing, and
fixing by soldering. In addition, as an alternative form, for
example, a configuration may be adopted in which the metal-
made housing 23 and the insertion portion 12 are integrally
formed using a metal member or the like.

Second Embodiment

[0130] Next, an ultrasound observation apparatus accord-
ing to a second embodiment of the present invention will be
described. FIG. 23 is an enlarged longitudinal sectional view
of a principal portion along a longitudinal direction of the
ultrasound observation apparatus of the present embodiment,
that is a sectional view that illustrates the internal configura-
tion in the vicinity of the distal end portion of the ultrasound
observation apparatus.

[0131] The present embodiment includes approximately
the same configuration as the foregoing first embodiment, and
differs slightly from the first embodiment only with respect to
the outer shape from the insertion portion 12 to a distal end
portion 11A. Accordingly, the configuration of a portion that
differs relative to the above described first embodiment is
described in detail hereunder, and diagrammatic representa-
tion and description of the same configuration as in the fore-
going first embodiment is omitted.

[0132] The vicinity of the distal end portion 11A of an
ultrasound observation apparatus 1A of the present embodi-
ment is formed as shown in FIG. 23. That is, as shown in FIG.
23, a cross-sectional shape of the vicinity of an inclination
starting point 31Aaa that is a portion that links a distal-end
inclined face 31Aa of a distal-end shape portion 31Ae of the
insertion assisting instrument 31A according to the present
embodiment and a top face of the 31Aee of the distal-end
shape portion 31Ae is formed in a relatively gentle arc shape
that has a radius of curvature [r5]. Further, as shown in FIG.
23, the distal-end inclined face 31Aa and the top face 31Aee
of the distal-end shape portion 31Ae smoothly connect at a
face with the radius of curvature [r5] that includes the incli-
nation starting point 31Aaa of the insertion assisting instru-
ment 31A.

[0133] That is, when a radius of curvature in the vicinity of
the inclination starting point 31 Aaa of the insertion assisting
instrument 31A is taken as [r5] and a radius of curvature of the
ultrasound transmitting/receiving face 21a of the ultrasound
transducer 21 is taken as [r1], the arc shape in the vicinity of
the inclination starting point 31 Aaa and the arc shape of the
ultrasound transmitting/receiving face 21a are formed so as to
be included in the range of an arc R (arc having a radius of
curvature [r6] indicated by a chain double-dashed line in FIG.
23) that contacts both the above described point of contact P
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and the inclination starting point 31Aaa. The remaining con-
figuration is approximately the same as in the foregoing first
embodiment.

[0134] According to the second embodiment that is config-
ured as described above also, similarly to the foregoing first
embodiment, smooth insertability can be achieved.

Third Embodiment

[0135] Next, an ultrasound observation apparatus accord-
ing to a third embodiment of the present invention will be
described. FIG. 24 is an enlarged longitudinal sectional view
of a principal portion along a longitudinal direction of the
ultrasound observation apparatus of the present embodiment,
that is a sectional view that illustrates the internal configura-
tion in the vicinity of the distal end portion of the ultrasound
observation apparatus.

[0136] The present embodiment includes approximately
the same configuration as the foregoing first and second
embodiments, and differs slightly therefrom only with
respect to the outer shape from the insertion portion 12 to the
distal end portion 11. Accordingly, the configuration of a
portion that differs relative to the above described first and
second embodiments is described in detail hereunder, and
diagrammatic representation and description of the same con-
figuration as in the foregoing embodiments is omitted.
[0137] The vicinity of a distal end portion 11B of an ultra-
sound observation apparatus 1B of the present embodiment is
formed as shown in FIG. 24. That is, in the present embodi-
ment,

[0138] aradius of curvature in the vicinity of an inclination
starting point 31Baa of'the insertion assisting instrument 31B
is referred to as “[r5]”;

[0139] aradius of curvature of the arc R that contacts both
the point of contact P and the inclination starting point 31Baa
is referred to as “[r6]”;

[0140] aradius of curvature of an ultrasound transmitting/
receiving face 21B a of an ultrasound transducer 21B is
referred to as “[r1]”; and

[0141] a radius of curvature of a distal end continuation
portion 22Ba of the ultrasound transducer 21B is referred to
as “[r2]”.

[0142] In this case, the distal end portion 11B and the
insertion assisting instrument 31B are formed so that the
relationship between the above described radii of curvature
[r1], [r5], and [r6] is:

[11]mfr3]={76].

The remaining configuration is substantially the same as in
the foregoing first embodiment.

[0143] According to the third embodiment that is config-
ured as described above also, similarly to the foregoing first
and second embodiments, smooth insertability can be
achieved.

[0144] Note that the present invention is not limited to the
above described embodiments, and naturally various modifi-
cations and applications can be implemented within a range
that does not deviate from the spirit and scope of the present
invention. Further, the above described embodiments include
inventions of various stages, and various inventions can be
extracted by appropriately combining a plurality of the dis-
closed configuration requirements. For example, if a problem
to be solved by the invention can be solved and the effects of
the invention are obtained even after omitting some of the
configuration requirements from the entire configuration
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requirements shown in the respective embodiments described
above, then the configuration obtained by omitting the con-
figuration requirements can be extracted as an invention.
[0145] The present invention can be applied not just to an
endoscope control apparatus in the medical field, but also to
an endoscope control apparatus in the industrial field.
1. An ultrasound observation apparatus, comprising:
an ultrasound transducer having an ultrasound transmit-
ting/receiving face that transmits/receives ultrasound;
aholding part that fixedly holds the ultrasound transducer;
an insertion portion formed in a rigid cylindrical shape in
which the holding part is fixedly installed at a distal end;
and
an insertion assisting instrument that is formed in a rigid
rod shape or cylindrical shape, and that is insertedly
disposed in a freely insertable/extractable manner in the
insertion portion;
wherein:
the holding part is fixedly installed at the distal end of the
insertion portion so as to form a shape that is curved with
a predetermined angle in a separating direction with
respect to a longitudinal direction from the distal end of
the insertion portion; and
a curvature angle of the holding part with respect to the
longitudinal direction of the insertion portion is set so
that, when the insertion assisting instrument is insert-
edly disposed in the insertion portion, an extension line
of a straight line that contacts a distal end face of the
insertion assisting instrument contacts the ultrasound
transmitting/receiving face.
2. The ultrasound observation apparatus according to claim
1, wherein:
the distal end face of the insertion assisting instrument is
formed by an inclined flat face or an inclined cylindrical
face; and
the curvature angle of the holding part with respect to the
longitudinal direction of the insertion portion is set so
that, when the insertion assisting instrument is insert-
edly disposed in the insertion portion, an extension line
of a straight line along the inclined flat face or the
inclined cylindrical face of the insertion assisting instru-
ment on a sectional view including a longitudinal axis
contacts the ultrasound transmitting/receiving face.
3. The ultrasound observation apparatus according to claim
2, wherein:
a back face of the holding part is formed by a flat face ora
cylindrical face, and on a sectional view which includes
a longitudinal axis,
the curvature angle of the holding part with respect to the
longitudinal direction of the insertion portion is set so
that a straight line along the back face of the holding part
and a straight line along the inclined flat face of the
insertion assisting instrument are parallel or intersect on
a distal end side at an acute angle.
4. The ultrasound observation apparatus according to claim
1, wherein:
on the ultrasound transmitting/receiving face, a distal end
corner portion is formed in a rounded shape.
5. The ultrasound observation apparatus according to claim
1, wherein:
the insertion portion has an opening located at a predeter-
mined region towards the distal end.
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6. The ultrasound observation apparatus according to claim
5, wherein:
in a state in which the insertion assisting instrument is
insertedly disposed in the insertion portion, in at least a
predetermined region towards the distal end,
an outer circumferential length of a cross section that is
perpendicular to a longitudinal direction of the holding
part and the insertion portion is formed so that the cir-
cumferential length of a second portion that is towards a
proximal end is larger than that of a first portion that is
furthest towards the distal end.
7. The ultrasound observation apparatus according to claim
6, wherein:
the first portion is a portion in a vicinity of an approxi-
mately central part in the longitudinal direction of the
holding part; and
the second portion is a portion in a vicinity of a proximal
end side of the opening at the distal end of the insertion
portion.
8. The ultrasound observation apparatus according to claim
6, wherein:
the cross-sectional outer circumferential length in the pre-
determined region towards the distal end changes so as
to increase stepwise from a distal end side at least at four
portions comprising the first portion and the second
portion and a third portion and a fourth portion that are
positioned between the first portion and the second por-
tion.
9. The ultrasound observation apparatus according to claim
8, wherein:
the third portion is a portion in a vicinity of an approxi-
mately central part of a distal-end inclined face of the
insertion assisting instrument; and
the fourth portion is a portion in a vicinity of an approxi-
mately central part of the opening at the distal end ofthe
insertion portion.
10. The ultrasound observation apparatus according to
claim 6, wherein:
the cross-sectional outer circumferential length in the pre-
determined region towards the distal end changes so as
to gradually increase from the first portion to the second
portion.
11. The ultrasound observation apparatus according to
claim 1, wherein:
the insertion assisting instrument comprises a treatment
instrument insertion path.
12. The ultrasound observation apparatus according to
claim 1, wherein:
the insertion assisting instrument comprises an optical
observation function.
13. The ultrasound observation apparatus according to
claim 1, wherein:
the holding part is formed by a member made of resin that
has electrical insulation properties; and
an outer surface of the holding part is covered by a housing
member made of metallic material(s).
14. The ultrasound observation apparatus according to
claim 1, wherein:
the housing member and the insertion portion are consti-
tuted by two members.
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