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ULTRASOUND ENDOSCOPE, SUCTION
APPARATUS FOR ULTRASOUND
ENDOSCOPE, AND ULTRASOUND

ENDOSCOPE SYSTEM

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation application of
PCT/IP2015/078658 filed on Oct. 8, 2015 and claims benefit
of Japanese Application No. 2014-219676 filed in Japan on
Oct. 28, 2014, the entire contents of which are incorporated
herein by this reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an ultrasound
endoscope equipped with an ultrasound probe at a distal end
of an insertion portion, a suction apparatus for an ultrasound
endoscope that is compatible with the ultrasound endoscope,
and an ultrasound endoscope system.

[0004] 2. Description of the Related Art

[0005] Inrecent years, elastography that displays the hard-
ness of living tissue has been practically applied to ultra-
sound observation that uses an ultrasound diagnostic appa-
ratus (for example, see Japanese Patent Application Laid-
Open Publication No. 2012-81295). According to
elastography technology, for example, a change (displace-
ment) in a deformed state of living tissue is measured by
changing a pressing state of an ultrasound probe with respect
to an organ that can be detected using ultrasound to two or
more states, and an elastographic image can be constructed
based on a deformation (strain) obtained by spatially differ-
entiating such displacement.

[0006] It is anticipated that such elastography technology
will be applied to various kinds of ultrasound observation
apparatuses, and that, for example, the detection rate for
lesions in deep organs can be improved by applying elas-
tography technology to an ultrasound endoscope having an
ultrasound probe at a distal end of an insertion portion.

SUMMARY OF THE INVENTION

[0007] An ultrasound endoscope according to one aspect
of the present invention includes: an insertion portion that is
long and has flexibility and is to be inserted into a subject;
a distal end portion that is disposed at a distal end of the
insertion portion; an ultrasound observation portion that is
arranged in the distal end portion; a suction port that is
provided in a vicinity of the ultrasound observation portion;
a fluid conduit communicating with the suction port; and a
first negative pressure regulation portion configured to peri-
odically change a negative pressure for suction that is
transmitted to the suction port through the fluid conduit, by
controlling the negative pressure for suction at an arbitrary
duty ratio.

[0008] Further, a suction apparatus for an ultrasound endo-
scope according to one aspect of the present invention is a
suction apparatus that is compatible with an ultrasound
endoscope including an insertion portion that is long and has
flexibility and is to be inserted into a subject, a distal end
portion that is disposed at a distal end of the insertion
portion, an ultrasound observation portion that is arranged in
the distal end portion, a suction port that is provided in a
vicinity of the ultrasound observation portion, and a fluid
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conduit communicating with the suction port; the suction
apparatus including: a negative pressure generation portion
configured to generate a negative pressure for suction that is
transmitted to the suction port; and a second negative
pressure regulation portion configured to periodically
change a negative pressure for suction that is transmitted
from the negative pressure generation portion to the suction
port through the fluid conduit by controlling the negative
pressure for suction at an arbitrary duty ratio.

[0009] An ultrasound endoscope system according to one
aspect of the present invention includes: the ultrasound
endoscope; a pressing control portion configured to control
a pressing state in which the ultrasound observation portion
presses the subject, by controlling a negative pressure for
suction that is transmitted to the suction port by means of
negative pressure regulation through the first negative pres-
sure regulation portion; a probe control portion configured to
perform driving control of the ultrasound observation por-
tion in two or more pressing states that are controlled by the
pressing control portion, and acquire an ultrasound signal
with respect to the subject; and an elasticity image genera-
tion portion configured to measure a displacement amount of
the subject based on the ultrasound signal, and generate an
elasticity image that shows a distribution of an elasticity
modulus for each coordinate of the subject based on the
displacement amount.

[0010] Further, an ultrasound endoscope system according
to another aspect of the present invention is equipped with:
the suction apparatus for an ultrasound endoscope; a press-
ing control portion configured to control a pressing state in
which the ultrasound observation portion presses the sub-
ject, by controlling a negative pressure for suction that is
transmitted to the suction port by means of negative pressure
regulation through the second negative pressure regulation
portion; a probe control portion configured to perform
driving control of the ultrasound observation portion in two
or more pressing states that are controlled by the pressing
control portion, and acquire an ultrasound signal with
respect to the subject; and an elasticity image generation
portion configured to measure a displacement amount of the
subject based on the ultrasound signal, and generate an
elasticity image that shows a distribution of an elasticity
modulus for each coordinate of the subject based on the
displacement amount.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1is a configuration diagram of an ultrasound
endoscope system according to a first embodiment of the
present invention;

[0012] FIG. 2 is an explanatory drawing that schemati-
cally illustrates a relation between an ultrasound probe and
a gastric wall when suction is not performed according to the
first embodiment of the present invention;

[0013] FIG. 3 is an explanatory drawing that schemati-
cally illustrates a relation between an ultrasound probe and
a gastric wall when suction is performed according to the
first embodiment of the present invention;

[0014] FIG. 4 is a perspective view illustrating a distal end
portion according to the first embodiment of the present
invention;

[0015] FIG. 5 is an end view illustrating the distal end
portion according to the first embodiment of the present
invention;



US 2017/0049415 Al

[0016] FIG. 6 is a schematic configuration diagram of a
suction apparatus for an ultrasound endoscope according to
a second embodiment of the present invention;

[0017] FIG. 7 is a schematic configuration diagram of a
suction apparatus for an ultrasound endoscope according to
a first modification of the second embodiment of the present
invention;

[0018] FIG. 8 is a schematic configuration diagram of a
suction apparatus for an ultrasound endoscope according to
a second modification of the second embodiment of the
present invention;

[0019] FIG. 9 is a time chart illustrating a pump-generated
negative pressure according to the second modification of
the second embodiment of the present invention;

[0020] FIG. 10 is a schematic configuration diagram of a
suction apparatus for an ultrasound endoscope according to
a third modification of the second embodiment of the present
invention;

[0021] FIG. 11 is a schematic configuration diagram of a
suction apparatus for an ultrasound endoscope according to
a fourth modification of the second embodiment of the
present invention;

[0022] FIG. 12 is a schematic configuration diagram of a
suction apparatus for an ultrasound endoscope according to
a fifth modification of the second embodiment of the present
invention;

[0023] FIG. 13 is an exploded perspective view illustrat-
ing a distal end portion and a cap according to a third
embodiment of the present invention;

[0024] FIG. 14 is an explanatory drawing that schemati-
cally illustrates a relation between an ultrasound probe and
a gastric wall when suction is not performed according to the
third embodiment of the present invention;

[0025] FIG. 15 is an explanatory drawing that schemati-
cally illustrates a relation between an ultrasound probe and
a gastric wall when suction is performed according to the
third embodiment of the present invention;

[0026] FIG. 16 is an explanatory drawing that schemati-
cally illustrates a relation between an ultrasound probe and
a gastric wall when suction is not performed according to a
first modification of the third embodiment of the present
invention;

[0027] FIG. 17 is an explanatory drawing that schemati-
cally illustrates a relation between an ultrasound probe and
a gastric wall when suction is performed according to a first
modification of the third embodiment of the present inven-
tion;

[0028] FIG. 18 is an explanatory drawing that schemati-
cally illustrates a relation between an ultrasound probe and
a gastric wall when suction is not performed according to a
second modification of the third embodiment of the present
invention;

[0029] FIG. 19 is an explanatory drawing that schemati-
cally illustrates a relation between an ultrasound probe and
a gastric wall when suction is performed according to a
second modification of the third embodiment of the present
invention;

[0030] FIG. 20 is an explanatory drawing that schemati-
cally illustrates a relation between an ultrasound probe and
a gastric wall when suction is not performed according to a
third modification of the third embodiment of the present
invention;

[0031] FIG. 21 is an explanatory drawing that schemati-
cally illustrates a relation between an ultrasound probe and
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a gastric wall when suction is performed according to a third
modification of the third embodiment of the present inven-
tion;

[0032] FIG. 22 is an explanatory drawing that schemati-
cally illustrates a relation between an ultrasound probe and
a gastric wall when suction is not performed according to a
fourth modification of the third embodiment of the present
invention;

[0033] FIG. 23 is an explanatory drawing that schemati-
cally illustrates a relation between an ultrasound probe and
a gastric wall when suction is performed according to a
fourth modification of the third embodiment of the present
invention;

[0034] FIG. 24 is an explanatory drawing that schemati-
cally illustrates a relation between an ultrasound probe and
a gastric wall when suction is not performed according to a
fifth modification of the third embodiment of the present
invention;

[0035] FIG. 25 is an explanatory drawing that schemati-
cally illustrates a relation between an ultrasound probe and
a gastric wall when suction is performed according to a fifth
modification of the third embodiment of the present inven-
tion;

[0036] FIG. 26 is a block diagram illustrating a configu-
ration of an ultrasound endoscope system according to a
fourth embodiment of the present invention;

[0037] FIG. 27 is a flowchart illustrating an elasticity
image generation processing routine according to the fourth
embodiment of the present invention; and

[0038] FIG. 28 is a block diagram illustrating a configu-
ration of an ultrasound endoscope system according to a first
modification of the fourth embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0039] Embodiments of the present invention will be
described hereunder with reference to the accompanying
drawings. FIGS. 1 to 5 relate to one embodiment of the
present invention, of which FIG. 1 is a configuration dia-
gram of an ultrasound endoscope system, FIG. 2 is an
explanatory drawing that schematically illustrates a relation
between an ultrasound probe and a gastric wall when suction
is not performed, FIG. 3 is an explanatory drawing that
schematically illustrates a relation between the ultrasound
probe and the gastric wall when suction is performed, FIG.
4 is a perspective view illustrating a distal end portion, and
FIG. 5 is an end view illustrating the distal end portion.

[0040] An ultrasound endoscope system 1 of the present
embodiment that is shown in FIG. 1 has, for example, an
ultrasound endoscope for use in the stomach and duodenum
(hereunder, also referred to as simply “endoscope™) 2. The
endoscope 2 includes an elongated insertion portion 5 that is
to be inserted into a body cavity, an operation portion 6 that
is provided at a proximal end of the insertion portion 5, and
a universal cord 7 that extends from the operation portion 6.

[0041] The insertion portion 5 includes a distal end rigid
portion 10, a bending portion 11 that is positioned at a
proximal end of the distal end rigid portion 10, and a flexible
tube portion 12 having flexibility that is thin and long and
which is positioned at a proximal end of the bending portion
11 and runs to the operation portion 6, and these portions are
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provided in this order from the distal end side in a connected
row arrangement to constitute a main part of the insertion
portion 5.

[0042] As shown in FIG. 2 to FIG. 5, an ultrasound unit 15
for obtaining acoustic image information by ultrasound is
provided in the distal end rigid portion 10. The ultrasound
unit 15 of the present embodiment is a convex-type ultra-
sound unit. The ultrasound unit 15 includes a nosepiece 16
that is a housing, and an ultrasound probe 17 as an ultra-
sound observation portion.

[0043] The nosepiece 16 has, for example, a tissue contact
face 16a formed in a convex, partial arc shape. The tissue
contact face 164 protrudes further to the front than a distal
end face 10a of the distal end rigid portion 10 (see FIGS. 4
and 5).

[0044] The ultrasound probe 17 has a plurality of ultra-
sound transducers 17a that are arrayed in a convex, partial
arc shape, and an acoustic lens 175 that covers the front of
the ultrasound transducers 17a (see FIGS. 2 and 3). The
ultrasound probe 17 is arranged at approximately the center
of the tissue contact face 16a of the nosepiece 16 (see FIGS.
4 and 5). Further, the acoustic lens 175 of the ultrasound
probe 17 is protruded further to the front than the distal end
face 10a of the distal end rigid portion 10 together with the
tissue contact face 16a of the nosepiece 16, and by this
means it is possible for the ultrasound probe 17 to mainly
scan living tissue and the like located at the front in the
insertion direction of the endoscope.

[0045] Further, for example, as shown in FIGS. 4 and 5, an
observation window 20 constituting part of an observation
optical system, a pair of illuminating windows 21a and 215
constituting part of an illumination optical system, a suction
and forceps port 22 as a suction port through which a
treatment instrument such as a puncture needle is led out, an
air/water feeding nozzle 23 that ejects a fluid such as air or
water toward the observation window 20, and an auxiliary
water feeding channel port 24 that ejects a fluid such as
water toward the front of the distal end rigid portion 10 (that
is, in the protruding direction of the ultrasound probe 17) are
provided in the distal end face of the distal end rigid portion
10.

[0046] A distal end side of a treatment instrument insertion
channel 25 that has a function as a fluid conduit is commu-
nicated with the suction and forceps port 22. In order to
dispose a treatment instrument that is led out from the
suction and forceps port 22 within a scanning region As of
the ultrasound probe 17 and to also exert a favorable suction
force in the vicinity of the ultrasound probe 17, the suction
and forceps port 22 is disposed in the distal end face of the
distal end rigid portion 10 so that a central axis O1 thereof
is positioned on an extension line in the scanning direction
(center line L1) of the ultrasound probe 17 (see FIG. 5).
Further, on the distal end face 10a of the distal end rigid
portion 10, the observation window 20, the illuminating
window 21a and the air/water feeding nozzle 23 are dis-
posed together on one side of the suction and forceps port
22, and the illuminating window 215 and auxiliary water
feeding channel port 24 are disposed together on the other
side of the suction and forceps port 22.

[0047] As shown in FIG. 1, an angle knob 30 for perform-
ing an operation to bend the bending portion 11 in a desired
direction, an air/water feeding button 31 for performing
operations to feed air and water, a suction button 32 for
performing a suction operation, a plurality of button
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switches 33 that can be allocated to arbitrary functions
among various functions relating to the endoscope 2, and a
treatment instrument insertion port 34 that serves as an entry
port for a treatment instrument that is introduced into the
body are arranged in the operation portion 6. In the present
embodiment it is possible to set any of the button switches
33 as, for example, a switch for instructing the start and end
of an elastography observation using the ultrasound unit 15.
Further, the treatment instrument insertion port 34 is com-
municated with the treatment instrument insertion channel
25 (see FIGS. 2 and 3) that extends from inside the insertion
portion 5.

[0048] One end side of the unversal cord 7 is connected
via the bend preventing portion 40 with a side portion of the
operation portion 6. On the other hand, a scope connector
portion 41 is provided at an extending end that is the other
end side of the universal cord 7. A light source-side con-
nector 42 that is detachably attachable to an unshown light
source apparatus is provided at an end portion of the scope
connector portion 41. Proximal end portions of a light guide
42a and an air feeding tube 425 that extend from the
insertion portion 5 side are provided in a protruding condi-
tion in the light source-side connector 42, and unshown
electric contacts are also arranged in the light source-side
connector 42. An ultrasound connector 43 that is detachably
attachable to an ultrasound observation apparatus 50, and an
electrical connector 44 that is detachably attachable to an
unshown video processor are provided side-by-side on one
side portion of the scope connector portion 41. Further, on
the one side portion of the scope connector portion 41, a
suction pipe sleeve 47 that is detachably attachable to a
suction apparatus 55 is provided between the ultrasound
connector 43 and the electrical connector 44. In addition, on
the other side portion of the scope connector portion 41,
proximal end portions of a pressurization tube 45¢ and a
water feeding tube 455 are provided in a protruding condi-
tion, and an auxiliary water feeding pipe sleeve 46 that is
detachably attachable to a fluid feeding apparatus for an
ultrasound endoscope (not illustrated in the drawings) is also
provided.

[0049] As shown in FIGS. 2 and 3, the suction pipe sleeve
47 is communicated with the treatment instrument insertion
channel 25 through a suction channel 48 as a fluid conduit.
Further, for example, inside the scope connector portion 41,
a regulating valve 49 as a first flow rate regulating portion
is interposed partway along the suction channel 48. The
regulating valve 49 is constituted by, for example, a nor-
mally-closed electromagnetic solenoid valve. By controlling
an open time period of the regulating valve 49 according to
an arbitrary duty ratio, a negative pressure for suction that is
transmitted to the suction and forceps port 22 through the
suction channel 48 and the treatment instrument insertion
channel 25 can be controlled to an arbitrary state. More
specifically, for example, by performing periodic duty-
control of the open time period of the regulating valve 49
according to an arbitrary duty ratio, it is possible to change
a negative pressure for suction that is transmitted to the
suction and forceps port 22 to two or more arbitrary states
(for example, it is possible to periodically change the
negative pressure for suction to an arbitrary two states). Note
that it is also possible to provide the regulating valve 49
inside the operation portion 6 instead of inside the scope
connector portion 41. As used herein, the meaning of the
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term “negative pressure for suction” also includes a state in
which a negative pressure is zero (atmospheric pressure).
[0050] As shown in FIGS. 1 to 3, the suction apparatus 55
of the present embodiment includes a pump unit 56 config-
ured to generate a negative pressure for suction, and a trap
container 57 that is provided side-by-side with the pump unit
56. The pump unit 56 has a peristaltic pump 60. The
peristaltic pump 60 is communicated with an upper portion
of the trap container 57 through a negative pressure tube 61.
Further, one end of a negative pressure tube 62 is disposed
so as to face the bottom of the trap container 57, and the
other end of the negative pressure tube 62 is connected to the
suction channel 48 through the suction pipe sleeve 47. In the
suction apparatus 55, when the peristaltic pump 60 of the
pump unit 56 is driven, a negative pressure (negative pres-
sure for suction) generated by the peristaltic pump is trans-
mitted to the inside of the suction channel 48 through the
negative pressure tube 61 and the trap container 57. That is,
in the present embodiment, the peristaltic pump 60 realizes
a function as a negative pressure generation portion.
[0051] As shown in FIG. 1, the ultrasound observation
apparatus 50 is connected to the ultrasound connector 43
through an ultrasound connection cable 51. The ultrasound
observation apparatus 50 performs driving control of the
ultrasound probe 17, and generates various ultrasound
images based on ultrasound echo signals (ultrasound sig-
nals) received with the ultrasound probe 17 according to the
driving control. For example, the ultrasound observation
apparatus 50 is capable of generating B-mode images in
which the amplitude of a received ultrasound echo signal is
correlated with a luminance and the like.

[0052] Further, for example, when an instruction to start
an elastography observation is issued by operation of the
button switch 33 or the like by a user or the like, the
ultrasound observation apparatus 50 drives the peristaltic
pump 60 and, through control of the regulating valve 49,
also regulates a negative pressure that is transmitted to the
suction channel 48. By this means, a negative pressure for
suction that is transmitted to the suction and forceps port 22
through the suction channel 48 and the treatment instrument
insertion channel 25 changes. A suction force produced by
the negative pressure for suction is a force for sucking living
tissue present in the vicinity of the ultrasound probe 17 in an
opposite direction to the protruding direction of the ultra-
sound probe 17. Hence, by the action of the negative
pressure for suction, a pressing force with which the ultra-
sound probe 17 presses the living tissue indirectly changes
without moving the ultrasound probe 17. As a result, it is
possible for the ultrasound probe 17 to obtain ultrasound
signals in different pressing states. Further, the ultrasound
observation apparatus 50 measures a change (displacement)
in a deformed state of the living tissue based on the
ultrasound signals in the different pressing states, and gen-
erates an elastographic image based on the result of mea-
suring the displacement.

[0053] As a specific example, referring to FIGS. 2 and 3
a case will be described of performing elastography obser-
vation of a pancreas 101 through a gastric wall 100 in order
to perform an examination for tumor/lymph node metastasis
or the like in the pancreas 101. First, prior to observation, the
distal end rigid portion 10 of the endoscope 2 that is inserted
into a body cavity is disposed at a position at which the distal
end rigid portion 10 presses against the gastric wall 100 and
the pancreas 101 through the ultrasound probe 17 with a
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predetermined weak pressing force. Further, the peristaltic
pump 60 is driven and the regulating valve 49 is duty-
controlled by the ultrasound observation apparatus 50. By
this means, for example, a state in which a negative pressure
for suction is not transmitted to the suction and forceps port
22 (see FIG. 2) and a state in which a predetermined
negative pressure for suction is transmitted to the suction
and forceps port 22 (see FIG. 3) are periodically repeated. In
this case, in a state in which a negative pressure for suction
is being transmitted to the suction and forceps port 22, living
tissue in the vicinity of the ultrasound probe 17 is drawn in
by the negative pressure. As a result, the pressing force of
the ultrasound probe 17 with respect to the gastric wall 100
and the like is increased without moving the ultrasound
probe 17 relative to the gastric wall 100 and the like. That
is, a pressing force of the ultrasound probe 17 with respect
to the gastric wall 100 and the like periodically changes
between a pressing force (first pressing force) when a
negative pressure for suction is not being transmitted to the
suction and forceps port 22 and a pressing force (second
pressing force that is stronger than the first pressing force)
when a negative pressure for suction is being transmitted to
the suction and forceps port 22. Further, each time the
pressing force of the ultrasound probe 17 with respect to the
gastric wall 100 and the like changes between the first
pressing force and the second pressing force, the ultrasound
observation apparatus 50 acquires an ultrasound signal in the
corresponding pressing state by performing driving control
of the ultrasound probe 17 (ultrasound transducer 17a).
[0054] According to the present embodiment that is
described above, by having the ultrasound probe 17 that is
arranged in the distal end rigid portion 10, the suction and
forceps port 22 provided in the vicinity of the ultrasound
probe 17, the treatment instrument insertion channel 25 and
the suction channel 48 which communicate with the suction
and forceps port 22, and the regulating valve 49 that variably
regulates a negative pressure for suction which is transmit-
ted to the suction and forceps port 22 through the treatment
instrument insertion channel 25 and the suction channel 48
in two or more states, favorable elastographic images can be
obtained by means of a simple configuration without making
the distal end portion a large size.

[0055] That is, by adopting a configuration which, by
sucking living tissue in the vicinity of the ultrasound probe
17 by means of negative pressure for suction that is trans-
mitted to the suction and forceps port 22, results in the
ultrasound probe 17 being caused to press the living tissue,
favorable elastographic images can be obtained by means of
a simple configuration without providing a pressing mecha-
nism or the like for mechanically pressing a body cavity in
the distal end rigid portion 10 of the endoscope 2. In
particular, since a pressing force towards the living tissue is
a force caused by suction, the cohesiveness between the
ultrasound probe 17 and the living tissue can be increased,
and favorable elastographic images can be obtained.
[0056] In this case, by disposing the suction and forceps
port 22 on an extension line in the scanning direction (center
line L.1) of the ultrasound probe 17, living tissue such as the
gastric wall 100 can be efliciently pressed against the
acoustic lens 175 by means of the negative pressure for
suction.

[0057] Next, FIG. 6 relates to a second embodiment of the
present invention. FIG. 6 is a schematic configuration dia-
gram of a suction apparatus for an ultrasound endoscope.
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Note that, the present embodiment mainly differs from the
above described first embodiment in that instead of the
regulating valve 49 as the first flow rate regulating portion
that is arranged on the endoscope 2 side in the first embodi-
ment, in the present embodiment a regulating valve 70 as a
second flow rate regulating portion is arranged on the side of
the suction apparatus 55 for an ultrasound endoscope. Note
that, components which are the same as in the above
described first embodiment are denoted by the same refer-
ence numerals and a description thereof is omitted as
appropriate.

[0058] As shown in FIG. 6, the regulating valve 70 of the
present embodiment, for example, is interposed partway
along the negative pressure tube 62 in the pump unit 56.
[0059] The regulating valve 70 is constituted by, for
example, a normally-closed electromagnetic solenoid valve.
By controlling an open time period of the regulating valve
70 according to an arbitrary duty ratio, it is possible for the
ultrasound observation apparatus 50 to control a negative
pressure for suction that is transmitted to the suction channel
48 to an arbitrary state. More specifically, for example, by
performing periodic duty-control of the open time period of
the regulating valve 70 according to an arbitrary duty ratio,
it is possible to change a negative pressure for suction that
is transmitted to the suction channel 48 to an arbitrary
plurality of states (for example, it is possible to periodically
change the negative pressure for suction between two arbi-
trary states).

[0060] According to the present embodiment configured
in this manner, substantially the same working effect as in
the above-described first embodiment can be exhibited. In
addition, in the present embodiment, by providing the regu-
lating valve 70 inside the suction apparatus 55 for an
ultrasound endoscope, favorable elastographic images can
be obtained with the endoscope 2 that includes the suction
and forceps port 22 and the like, without making any kind
of design changes or the like.

[0061] In the present embodiment, various modifications
are possible as configurations for performing flow rate
regulation by means of the suction apparatus 55 for an
ultrasound endoscope.

[0062] For example, instead of the configuration in which
the regulating valve 70 is interposed along the negative
pressure tube 62, as shown in FIG. 7 it is also possible to
interpose the regulating valve 70 as the second flow rate
regulating portion partway along the negative pressure tube
61.

[0063] Further, for example, as shown in FIG. 8, it is also
possible to adopt a positive displacement pump 72 as the
pump included in the pump unit 56 instead of the peristaltic
pump 60. In this case, for example, as shown in FIG. 9, since
the positive displacement pump 72 included in the pump
unit 56 is originally a pump with respect to which a
predetermined pulsation accompanies generation of a nega-
tive pressure, a negative pressure for suction that is trans-
mitted to the suction channel 48 can be periodically changed
without using a regulating valve. That is, in the modification
illustrated in FIG. 8, the positive displacement pump 72
itself realizes a function as a fluid lead-out portion and a
second flow rate regulating portion. Note that, in this con-
figuration, it is desirable to set the volume of the trap
container 57 or the like to be as small an amount as possible
so as to suppress attenuation of a negative pressure gener-
ated by the positive displacement pump 72.
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[0064] Alternatively, instead of providing the positive
displacement pump 72, for example, as shown in FIG. 10, it
is also possible to adopt a DC pump 73 as the pump included
in the pump unit 56 and to periodically change an output
voltage by utilizing an AC power source 74 as means for
supplying power to the DC pump 73, and to thereby peri-
odically change a negative pressure for suction that is
transmitted to the suction channel 48 without using a regu-
lating valve. In addition, a power supply control portion may
be interposed between the DC pump 73 and the AC power
source 74, and the voltage cycle of the AC power supply
may be modulated.

[0065] Further, for example, as shown in FIG. 11, a
configuration may also be adopted in which, on the down-
stream side of the DC pump 73, a relief valve 75 as the
second flow rate regulating portion is interposed partway
along the negative pressure tube 62, and a negative pressure
transmitted from the DC pump 73 is changed by a mechani-
cal action of the relief valve 75. That is, in such a configu-
ration, for example, the DC pump 73 is driven so as to
generate a predetermined high negative pressure. Further,
when the internal pressure of the negative pressure tube 62
between the DC pump 73 and an atmosphere release passage
75a is reduced and becomes equal to or greater than a
predetermined high negative pressure, the relief valve 75
mechanically opens the atmosphere release passage 75a, and
by this means the negative pressure in the negative pressure
tube 62 between the DC pump 73 and the atmosphere release
passage 75a decreases. On the other hand, when the internal
pressure of the negative pressure tube 62 between the DC
pump 73 and the atmosphere release passage 75a becomes
less than a predetermined low negative pressure as a result
of opening the atmosphere release passage 75a, the relief
valve 75 mechanically blocks the atmosphere release pas-
sage 75a, and by this means the negative pressure of the
negative pressure tube 62 rises again. By the relief valve 75
repeating such operations, the flow rate of a fluid flowing
through the suction channel 48 is periodically changed.

[0066] Furthermore, for example, as shown in FIG. 12, it
is also possible to change the negative pressure that is
generated at the DC pump 73 by interposing a three-way
valve 76 as a second flow rate regulating portion partway
along the negative pressure tube 62 on the downstream side
of the DC pump 73, and controlling the three-way valve 76
by means of the ultrasound observation apparatus 50 or the
like. That is, in such a configuration, by performing control
with respect to the three-way valve 76, the ultrasound
observation apparatus 50 periodically connects the DC
pump 73 to the downstream side of the negative pressure
tube 62 and to the atmosphere release passage 76a in an
alternating manner. As a result, a negative pressure trans-
mitted to the suction channel 48 periodically changes.

[0067] Next, FIGS. 13 to 15 relate to a third embodiment
of the present invention, among which FIG. 13 is an
exploded perspective view illustrating a distal end portion
and a cap, FIG. 14 is an explanatory drawing that schemati-
cally illustrates a relation between an ultrasound probe and
a gastric wall when suction is not performed, and FIG. 15 is
an explanatory drawing that schematically illustrates a rela-
tion between an ultrasound probe and a gastric wall when
suction is performed. Note that, the present embodiment
mainly differs from the above described first and second
embodiments in the respect that a cap 80 is mounted to the
distal end rigid portion 10 of the endoscope 2 in order to
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improve the suction efficiency with respect to a subject such
as living tissue. Note that, components which are the same
as in the above described first and second embodiments are
denoted by the same reference numerals and a description
thereof is omitted as appropriate.

[0068] As shown in FIG. 13 to FIG. 15, in the present
embodiment a tubular cap 80 is detachably mounted by
fitting or the like to the outer circumference of the distal end
side of the distal end rigid portion 10. More specifically, the
cap 80 is constituted by a cylindrical member made of a rigid
resin or the like. The cap 80 is mounted to the distal end rigid
portion 10 so as to surround the ultrasound probe 17 and the
suction and forceps port 22 as a result of the proximal end
side of the cap 80 being fitted to the exterior of the distal end
rigid portion 10 so that the distal end side of the cap 80
protrudes more than the distal end face 10a. The cap 80
forms a negative pressure chamber 80a (see FIGS. 14 and
15) between the distal end rigid portion 10 and the subject
when the ultrasound probe 17 is brought into contact with
the subject, and negative pressure for suction that is intro-
duced through the suction and forceps port 22 can be stored
inside the negative pressure chamber 80a.

[0069] In this case, a minute leak hole 81 for allowing the
inside and outside of the negative pressure chamber 80q to
communicate is formed in the peripheral wall of the cap 80.
Note that it is possible to appropriately omit the leak hole 81.
[0070] As a specific example of elastography observation
using the cap, referring to FIGS. 14 and 15 a case will now
be described of performing elastography observation with
respect to the pancreas 101 through the gastric wall 100 in
order to perform an examination for tumor/lymph node
metastasis or the like in the pancreas 101. First, prior to the
observation, the distal end rigid portion 10 of the endoscope
2 that is inserted into a body cavity is disposed at a position
at which the distal end rigid portion 10 presses against the
gastric wall 100 and the pancreas 101 through the ultrasound
probe 17 with a predetermined weak pressing force. By this
means, the negative pressure chamber 80a that communi-
cates with the suction and forceps port 22 and surrounds the
ultrasound probe 17 is formed between the cap 80 and the
gastric wall 100. Next, the peristaltic pump 60 is driven and
the regulating valve 49 is duty-controlled by the ultrasound
observation apparatus 50. By this means, for example, a
state in which a negative pressure for suction is not being
transmitted to the suction and forceps port 22 (see FIG. 14)
and a state in which a predetermined negative pressure for
suction is being transmitted to the suction and forceps port
22 (see FIG. 15) are periodically repeated.

[0071] In this case, in a state in which a negative pressure
for suction is being transmitted to the suction and forceps
port 22, the negative pressure for suction is stored inside the
negative pressure chamber 80, and living tissue in the
vicinity of the ultrasound probe 17 is drawn in by the stored
negative pressure. As a result, the pressing force of the
ultrasound probe 17 with respect to the gastric wall 100 and
the like is increased without moving the ultrasound probe 17
relative to the gastric wall 100 and the like. At this time, a
sudden rise in the negative pressure inside the negative
pressure chamber 80a is prevented by the action of the leak
hole 81, and thus a sudden increase in the pressing force of
the ultrasound probe 17 with respect to the gastric wall 100
and the like is suppressed. On the other hand, when intro-
duction of the negative pressure for suction into the negative
pressure chamber 80a through the suction and forceps port
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22 is stopped, the negative pressure for suction that had been
stored inside the negative pressure chamber 80a is rapidly
discharged through the leak hole 81, and as a result the
pressing force of the ultrasound probe 17 on the gastric wall
100 and the like decreases. Thus, the pressing force of the
ultrasound probe 17 on the gastric wall 100 and the like
periodically changes between a pressing force (first pressing
force) at a time that a negative pressure for suction is not
transmitted to the suction and forceps port 22 and a pressing
force (a second pressing force that is stronger than the first
pressing force) at a time that a negative pressure for suction
is transmitted to the suction and forceps port 22. Further,
each time the pressing force of the ultrasound probe 17 on
the gastric wall 100 and the like changes between the first
pressing force and the second pressing force, the ultrasound
observation apparatus 50 acquires an ultrasound signal in the
corresponding pressing state by performing driving control
of the ultrasound probe 17 (ultrasound transducer 17a).
[0072] According to this embodiment, by mounting the
cap 80 to the distal end rigid portion 10 to form the negative
pressure chamber 80a between the distal end rigid portion
10 and the subject, it is possible to effectively realize control
of a pressing force that utilizes a negative pressure for
suction.

[0073] In the present embodiment, various modifications
are possible with respect to the configuration of the cap that
is mounted to the distal end rigid portion 10.

[0074] For example, as shown in FIGS. 16 and 17, the cap
80 can also be formed by connecting a flexible tubular
portion 84 made of a flexible resin or the like to a distal end
of a rigid tubular portion 83 made of a rigid resin or the like.
In this configuration, the flexible tubular portion 84 elasti-
cally deforms in accordance with a negative pressure state
inside the negative pressure chamber 80a. The entire length
of the cap 80 is expanded or contracted depending on the
elastic deformation, and as a result it is possible to realize an
advancing and retracting motion with respect to an insertion
axis direction of the distal end rigid portion 10. Further,
when a negative pressure for suction is introduced into the
negative pressure chamber 80a and the flexible tubular
portion 84 is contracted, because the distal end rigid portion
10 moves towards the side of the subject such as the gastric
wall 100 in response to the contracting action, the gastric
wall 100 or the like can be pressed more effectively by the
ultrasound probe 17. That is, by a synergistic effect of the
movement of the gastric wall 100 and the like and movement
of the distal end rigid portion 10 which are caused by the
negative pressure for suction, the gastric wall 100 and the
like can be effectively pressed by the ultrasound probe 17.
In this case, because the flexible tubular portion 84 elasti-
cally expands and contracts, abrupt fluctuations in the press-
ing force produced by the ultrasound probe 17 can be
suppressed by a damper effect thereof. In addition, the load
placed on the subject is reduced by contact of the flexible
tubular portion 84 of the cap 80 of the present modification
against the subject, and the cap 80 can be caused to contact
against the subject with a high degree of cohesiveness.
[0075] Alternatively, for example, as shown in FIGS. 18
and 19, the cap 80 can also be formed by interposing a
flexible tubular portion 86 made of a flexible resin or the like
partway along a rigid tubular portion 85 made of a rigid resin
or the like. In this configuration, the flexible tubular portion
86 elastically deforms in accordance with a negative pres-
sure state inside the negative pressure chamber 80a. The
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entire length of the cap 80 is expanded or contracted
depending on such elastic deformation, and as a result it is
possible to realize an advancing and retracting motion with
respect to the insertion axis direction of the distal end rigid
portion 10. Further, when a negative pressure for suction is
introduced into the negative pressure chamber 80a and the
flexible tubular portion 86 is contracted, because the distal
end rigid portion 10 moves towards the side of the subject
such as the gastric wall 100 in response to the contracting
action, the gastric wall 100 or the like can be pressed more
effectively by the ultrasound probe 17. In this case, because
the flexible tubular portion 86 elastically expands and con-
tracts, abrupt fluctuations in the pressing force produced by
the ultrasound probe 17 can be suppressed by a damper
effect thereof. In addition, after accurately performing posi-
tioning of the cap 80 of the present modification with respect
to the subject by means of the distal end of the rigid tubular
portion 85, an inclination or the like of the distal end rigid
portion 10 with respect to the subject can be absorbed by the
flexible tubular portion 86, and thus stable pressing motions
can be realized.

[0076] Alternatively, for example, as shown in FIGS. 20
and 21, it is also possible to form the cap 80 by connecting
a flexible tubular portion 88 made of a flexible resin or the
like to the proximal end of a rigid tubular portion 87 made
of a rigid resin or the like. In this configuration, the flexible
tubular portion 88 elastically deforms in accordance with a
negative pressure state inside the negative pressure chamber
80a. The entire length of the cap 80 is expanded or con-
tracted depending on such elastic deformation, and as a
result it is possible to realize an advancing and retracting
motion with respect to the insertion axis direction of the
distal end rigid portion 10. In this case, because the flexible
tubular portion 88 elastically expands and contracts, abrupt
fluctuations in the pressing force produced by the ultrasound
probe 17 can be suppressed by a damper effect thereof. In
addition, because the flexible tubular portion 88 of the cap
80 of the present modification fits to the outer circumference
of the distal end rigid portion 10, the airtightness of the cap
80 with respect to the distal end rigid portion 10 can be
enhanced.

[0077] Alternatively, for example, as shown in FIGS. 22
and 23, the cap 80 can be formed by disposing first and
second rigid tubular portions 90 and 91, which are made of
a rigid resin or the like, so that outer and inner faces thereof
in a radial direction overlap and connecting between the first
and second rigid tubular portions 90 and 91 by a flexible
tubular portion 92 made of a flexible resin or the like.
According to this configuration, by the second rigid tubular
portion 91 being guided by the first rigid tubular portion 90
that contacts against the subject, pressing motions produced
by the ultrasound probe 17 can be efficiently realized with-
out causing deviation of the insertion axis when introducing
negative pressure for suction or the like.

[0078] Alternatively, for example, as shown in FIGS. 24
and 25, it is also possible to form the cap 80 by connecting
a flexible tubular portion 94 which is made of a flexible resin
and which can be folded back (is foldable) multiple times in
the radial direction of the distal end rigid portion 10 to the
proximal end of a rigid tubular portion 93 made of a rigid
resin or the like. According to this configuration, by the outer
circumference of the distal end rigid portion 10 that is
covered by the flexible tubular portion 94 being guided by
the rigid tubular portion 93 that contacts against the subject,
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pressing actions produced by the ultrasound probe 17 can be
efficiently realized without causing deviation of the insertion
axis when introducing negative pressure for suction or the
like. Further, because the flexible tubular portion 94 fits to
the outer circumference of the distal end rigid portion 10, the
airtightness of the cap 80 with respect to the distal end rigid
portion 10 can be enhanced.

[0079] Next, FIGS. 26 and 27 relate to a fourth embodi-
ment of the present invention. FIG. 26 is a block diagram
illustrating the configuration of an ultrasound endoscope
system. FIG. 27 is a flowchart illustrating an elasticity image
generation processing routine. Note that, the present
embodiment describes in detail a specific control example
for a case of performing an elastography observation that is
performed in the above described first embodiment. There-
fore, components that are the same as in the above described
first embodiment are denoted by the same reference numer-
als and a description thereof is omitted as appropriate. Note
that, although a specific description is omitted, naturally
similar control can also be applied to the above described
second and third embodiments.

[0080] The ultrasound observation apparatus 50 includes a
transmission circuit 121, a transmission/reception switching
circuit 124, a reception circuit 125, a phasing addition circuit
126, a signal processing circuit 127, a displacement mea-
surement circuit for elasticity image generation 128, an
elasticity modulus calculation circuit 129, and a suction
mechanism control circuit 132.

[0081] The transmission circuit 121 includes a transmis-
sion waveform generation circuit 122 and a transmission
delay circuit 123.

[0082] The transmission waveform generation circuit 122
generates and outputs a signal waveform for driving each
transducer 17a constituting the ultrasound probe 17.
[0083] The transmission delay circuit 123 regulates the
drive timing of each transducer 17a constituting the ultra-
sound probe 17. By this means, the focal point and direction
of an ultrasound beam transmitted from the ultrasound probe
17 is controlled, and the ultrasound can be converged at a
desired position (depth).

[0084] The transmission/reception switching circuit 124,
for example, includes a multiplexer that sequentially selects
a plurality of transducers for performing transmission and
reception of ultrasound, and transmits a driving signal from
the transmission circuit 121 to the ultrasound probe 17, and
also transmits an ultrasound signal (echo signal) from the
ultrasound probe 17 to the reception circuit 125.

[0085] The reception circuit 125 receives the ultrasound
signal from the transmission/reception switching circuit 124,
and subjects the ultrasound signal to processing such as
amplification or conversion to a digital signal.

[0086] Thus, in the present embodiment, the transmission
circuit 121 (transmission waveform generation circuit 122
and transmission delay circuit 123), the transmission/recep-
tion switching circuit 124 and the reception circuit 125
realize a function as a probe control portion.

[0087] The phasing addition circuit 126 delays ultrasound
signals to adjust the phases, and thereafter adds the phases.
[0088] In an ultrasound diagnosis mode, the signal pro-
cessing circuit 127 performs coordinate conversion and
interpolation processing on the ultrasound signal from the
phasing addition circuit 126 to create an ultrasound image as
an image for display. In addition, in an elasticity image
observation mode (elastographic image observation mode),
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the signal processing circuit 127 creates an elasticity image
from the elasticity modulus calculation circuit 129 as an
image for display, or superimposes an elasticity image on an
ultrasound image to create an image for display.

[0089] The displacement measurement circuit for elastic-
ity image generation 128 is a displacement measurement
portion for an elasticity image that is configured to measure
a displacement amount for an image of a subject (displace-
ment amount for generating an elasticity image of a subject)
based on an ultrasound signal.

[0090] The elasticity modulus calculation circuit 129 is an
elasticity modulus calculation portion configured to calcu-
late an elasticity modulus of a subject based on the displace-
ment amount for an image that is measured by the displace-
ment measurement circuit for elasticity image generation
128. In order to calculate an elasticity modulus for each
coordinate of the subject, the calculation result of the
elasticity modulus calculation circuit 129 is an elasticity
image in which the elasticity modulus is distributed on
two-dimensional coordinates.

[0091] Thus, in the present embodiment, the phasing addi-
tion circuit 126, the signal processing circuit 127, the
displacement measurement circuit for elasticity image gen-
eration 128 and the elasticity modulus calculation circuit
129 realize a function as an elasticity image generation
portion. The suction mechanism control circuit 132 per-
forms automatic pressurization (depressurization) control
processing with respect to the subject, for example, upon an
instruction to start elastography observation being issued
through an operation of the button switch 33 or the like by
a user or the like (that is, upon the elasticity image obser-
vation mode being selected). That is, at each predetermined
cycle, the suction mechanism control circuit 132 performs
control to open the regulating valve 49 at a predetermined
duty ratio, and by controlling a negative pressure for suction
that is transmitted to the suction and forceps port 22 through
such valve opening control, indirectly changes a pressing
state in which the ultrasound probe 17 presses the subject. It
is desirable that performance of such control with respect to
the regulating valve 49 is synchronized with spontaneous
displacement, such as pulsation, of the subject. For example,
in the present embodiment in which a pressing force on the
subject by the ultrasound probe 17 is increased by the
transmission of a negative pressure for suction, it is desirable
that the regulating valve 49 is controlled so that the negative
pressure for suction becomes smallest (or so that the nega-
tive pressure for suction becomes zero) at a timing at which
a spontaneous displacement of the subject is the minimum
spontaneous displacement.

[0092] Thus, in the present embodiment the suction
mechanism control circuit 132 realizes a function as a
pressing control portion.

[0093] The monitor 140 displays an image for display
from the signal processing circuit 27.

[0094] Next, FIG. 27 is a flowchart illustrating an elastic-
ity image generation processing routine.

[0095] The processing illustrated in FIG. 27 is started
when the ultrasound endoscope system 1 is set to the
elasticity image observation mode.

[0096] First, automatic pressurization control processing
is initiated at the suction mechanism control circuit 132 (step
S1).

[0097] Subsequently, transmission and reception of ultra-
sound to and from the ultrasound probe 17 is performed
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(step S2), and a displacement amount (displacement amount
for an image) of the subject that is the diagnosis object is
measured by the displacement measurement circuit for elas-
ticity image generation 128 (step S3).
[0098] Next, based on the displacement amount for an
image that is measured in step S3, the elasticity modulus
calculation circuit 129 calculates an elasticity modulus of
the subject for each coordinate of the subject (step S4).
[0099] The calculated elasticity moduli are sent to the
signal processing circuit 127 together with the coordinates,
and are used to generate an elasticity image for display (step
S5). The elasticity image is, as necessary, further superim-
posed on an ultrasound image to create an image for display,
and the image for display is displayed on the monitor 140.
[0100] Thereafter, it is determined whether or not to end
the processing (step S6). If the processing is not to be ended
vet, the operation returns to step S2 to repeat the above
described processing in order to generate an elasticity image
of the next frame.
[0101] In contrast,ifit is determined that the processing is
to be ended, the automatic pressurization control processing
by the suction mechanism control circuit 132 is ended (step
S7), to thereby end the elasticity image generation process-
ing.
[0102] Although a detailed description is omitted, for
example, as shown in FIG. 28, naturally the present embodi-
ment can be applied to the configuration described in the
foregoing second embodiment.
[0103] It is to be understood that the present invention is
not limited to the respective embodiments described above,
and various modifications and changes are possible, and
such changes and modifications are also within the technical
scope of the present invention. For example, in the above
described embodiments, a case of performing elastography
observation by the ultrasound endoscope system 1 in order
to perform an examination for tumor/lymph node metastasis
or the like in the pancreas 101 is described as one example,
it is also possible to apply elastography observation using
the present invention to various kinds of examinations, such
as examination for chronic pancreatitis, tumor/lymph node
metastasis in the liver, cirrhosis of the liver, tumor/lymph
node metastasis of the mediastinum (esophagus), and tumor/
lymph node metastasis in the prostate gland.
[0104] Further, although in the above described embodi-
ments an example is described of a configuration that
transmits a negative pressure for suction to the vicinity of an
ultrasound probe using a suction and forceps port, the
present invention is not limited thereto, and naturally vari-
ous modifications are possible with respect to an opening
portion that transmits a negative pressure for suction as well
as a negative pressure transmission path with respect to the
opening portion and the like.
[0105] Naturally the configurations of the respective
embodiments and respective modifications described above
may also be appropriately combined.
What is claimed is:
1. An ultrasound endoscope, comprising:
an insertion portion that is long and has flexibility and is
to be inserted into a subject;
a distal end portion that is disposed at a distal end of the
insertion portion,
an ultrasound observation portion that is arranged in the
distal end portion;
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a suction port that is provided in a vicinity of the ultra-

sound observation portion;

a fluid conduit communicating with the suction port; and

a first negative pressure regulation portion configured to

periodically change a negative pressure for suction that
is transmitted to the suction port through the fluid
conduit, by controlling the negative pressure for suc-
tion at an arbitrary duty ratio.

2. The ultrasound endoscope according to claim 1, com-
prising a tubular cap that is mounted to the distal end portion
so as to surround the ultrasound observation portion and the
suction port, and is configured to be capable of forming a
negative pressure chamber between the cap and the subject
by contact with the subject.

3. The ultrasound endoscope according to claim 2,
wherein the cap comprises a rigid tubular portion which is
rigid and a flexible tubular portion configured to be expand-
able and contractible in an insertion axis direction of the
distal end portion in accordance with a negative pressure
state inside the negative pressure chamber.

4. The ultrasound endoscope according to claim 3,
wherein the flexible tubular portion is provided at a distal
end of the rigid tubular portion.

5. The ultrasound endoscope according to claim 3,
wherein the flexible tubular portion is provided partway
along the rigid tubular portion.

6. The ultrasound endoscope according to claim 3,
wherein the flexible tubular portion is provided at a proximal
end of the rigid tubular portion.

7. The ultrasound endoscope according to claim 3,
wherein the flexible tubular portion is provided between the
rigid tubular portion in plurality which is disposed so as to
overlap at outer and inner faces in a radial direction.

8. The ultrasound endoscope according to claim 6,
wherein the flexible tubular portion is disposed on a proxi-
mal end side of the rigid tubular portion in a state of being
foldable multiple times in a radial direction of the distal end
portion.

9. A suction apparatus for an ultrasound endoscope con-
figured to be compatible with an ultrasound endoscope
which includes an insertion portion that is long and has
flexibility and is to be inserted into a subject, a distal end
portion that is disposed at a distal end of the insertion
portion, an ultrasound observation portion that is arranged in
the distal end portion, a suction port that is provided in a
vicinity of the ultrasound observation portion, and a fluid
conduit communicating with the suction port, the suction
apparatus comprising:
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a negative pressure generation portion configured to gen-
erate a negative pressure for suction that is transmitted
to the suction port; and

a second negative pressure regulation portion configured
to periodically change a negative pressure for suction
that is transmitted from the negative pressure genera-
tion portion to the suction port through the fluid conduit
by controlling the negative pressure for suction at an
arbitrary duty ratio.

10. An ultrasound endoscope system, comprising:

an ultrasound endoscope according to claim 1;

a pressing control portion configured to control a pressing
state in which the ultrasound observation portion
presses the subject, by controlling a negative pressure
for suction that is transmitted to the suction port by
means of negative pressure regulation through the first
negative pressure regulation portion;

a probe control portion configured to perform driving
control of the ultrasound observation portion in two or
more pressing states that are controlled by the pressing
control portion, and acquire an ultrasound signal with
respect to the subject; and

an elasticity image generation portion configured to mea-
sure a displacement amount of the subject based on the
ultrasound signal, and generate an elasticity image that
shows a distribution of an elasticity modulus for each
coordinate of the subject based on the displacement
amount.

11. An ultrasound endoscope system, comprising:

a suction apparatus for an ultrasound endoscope accord-
ing to claim 9;

a pressing control portion configured to control a pressing
state in which the ultrasound observation portion
presses the subject, by controlling a negative pressure
for suction that is transmitted to the suction port by
means of negative pressure regulation through the
second negative pressure regulation portion;

a probe control portion configured to perform driving
control of the ultrasound observation portion in two or
more pressing states that are controlled by the pressing
control portion, and acquire an ultrasound signal with
respect to the subject; and

an elasticity image generation portion configured to mea-
sure a displacement amount of the subject based on the
ultrasound signal, and generate an elasticity image that
shows a distribution of an elasticity modulus for each
coordinate of the subject based on the displacement
amount.
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