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FIG.49
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TUMOR TISSUE REDUCTIVE PROCEDURE
UNDER ULTRASOUND OBSERVATION

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a tumor tissue
reductive procedure for reducing a volume of a tumor under
ultrasound observation.

[0003] 2. Description of the Related Art

[0004] Conventionally, for complete curing of a disease
involving a lesion part such as a tumor, a surgical operation
for excising the lesion part is preferable. However, in a state in
which an organ, in particular, a blood vessel around the tumor
is compressed or infiltrated according to growth and progress
of the tumor, in some case, various clinical conditions such as
a pain or dysfunction of an organ occur and the surgical
operation cannot be performed. For example, since pancre-
atic canceris cancer that occurs in a relatively small pancreas,
when the pancreatic cancer increases in volume, the pancre-
atic cancer easily involves compression and infiltration to
surrounding organs such as a bile duct and a duodenum,
nerves, and blood vessels. Therefore, the pancreatic cancer is
considered a refractory disease for which application of the
surgical operation is limited and treatment is difficult.
[0005] As a therapy other than the surgical operation for a
lesion part such as a tumor, in general, there are a chemo-
therapy and a radiation therapy. In recent years, as disclosed
in Japanese Patent Application Laid-Open Publication No.
2010-533718, a therapy using a virus is also proposed.

SUMMARY OF THE INVENTION

[0006] A tumor reductive procedure under ultrasound
observation according to an aspect of the present invention
includes: observing a tissue from an inside or an outside of a
body with an ultrasound observation device; dissolving,
breaking up, resecting, or vaporizing a tumor inner portion
under ultrasound observation by the ultrasound observation
device; introducing a solvent for suspension into the tumor
inner portion from a distal end of a needle tube arranged in the
tumor inner portion, mixing the solvent for suspension with a
tumor tissue of the dissolved, broken-up, resected, or vapor-
ized tumor inner portion, and changing the tumor inner por-
tion to a fluid; and collecting the tumor tissue, which is mixed
with the solvent for suspension and softened, from the tumor
inner portion using the needle tube or another duct after
changing the tumor inner portion to the fluid.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a configuration diagram showing a con-
figuration of an ultrasound endoscope apparatus according to
a first embodiment of the present invention.

[0008] FIG. 2 is a schematic explanatory diagram of a
human body including a pancreas and a stomach.

[0009] FIG. 3 is a diagram for explaining a flow of a
manipulation for reducing a volume of a tumor part Pa, which
is a tumor part of a pancreas P, according to the first embodi-
ment of the present invention.

[0010] FIG.dis a diagram for explaining a projecting state
of a needle tube distal end portion 22a according to the first
embodiment of the present invention.

[0011] FIG.5is a diagram showing an example of an ultra-
sound image displayed on a monitor 4 according to the first
embodiment of the present invention.
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[0012] FIG. 6 is a diagram for explaining a state at the time
when trypsin is injected into the tumor part Pa according to
the first embodiment of the present invention.

[0013] FIG. 7isa diagram showing an example of'an ultra-
sound image displayed on the monitor 4 in the state shown in
FIG. 6.

[0014] FIG. 8 is a diagram for explaining a state at the time
when a dissolved tumor tissue in the tumor part Pa and etha-
nol are sucked according to the first embodiment of the
present invention.

[0015] FIG.9isa diagram showing an example of an ultra-
sound image displayed on the monitor 4 in the state shown in
FIG. 8.

[0016] FIG. 10 is a diagram for explaining a situation in
which reflux of the ethanol is performed using two needle
tubes 22 according to a modification 1 ofthe first embodiment
of the present invention.

[0017] FIG. 11 is a partial sectional view of the needle tube
distal end portion 22a through which a laser probe is inserted
in order to warm a substance for dissolving a tumor tissue
according to a modification 2 of the first embodiment of the
present invention.

[0018] FIG. 12 is a partial sectional view of the needle tube
distal end portion 22a through which a heat probe is inserted
in order to warm a tumor region according to the modification
2 of the first embodiment of the present invention.

[0019] FIG. 13 is a diagram for explaining a procedure of a
manipulation in a second embodiment of the present inven-
tion.

[0020] FIG. 14 is a schematic sectional view showing a
configuration of an ultrasound probe inserted through a
needle tube distal end portion for breaking up a tumor tissue
with an ultrasound vibration according to a third embodiment
of the present invention.

[0021] FIG. 15 is a configuration diagram showing a con-
figuration of an ultrasound endoscope apparatus 1A accord-
ing to a third embodiment of the present invention.

[0022] FIG. 16 is a diagram for explaining a procedure of a
manipulation in the third embodiment.

[0023] FIG. 17 is a schematic sectional view showing a
configuration of a modification of the ultrasound probe
inserted through the needle tube distal end portion for break-
ing up a tumor tissue with an ultrasound vibration according
to the third embodiment of the present invention.

[0024] FIG. 18 is a configuration diagram showing a con-
figuration of an ultrasound endoscope apparatus 1B accord-
ing to a fourth embodiment of the present invention.

[0025] FIG. 19 is a plan view of a distal end portion of a
puncture tool insertion portion 79A according to the fourth
embodiment of the present invention.

[0026] FIG. 20 is a sectional view of the distal end portion
of the puncture tool insertion portion 79A taken along line
XX-XX in F1G. 19.

[0027] FIG. 21 is a sectional view of the distal end portion
of the puncture tool insertion portion 79A taken along line
XXI-XXI'n FIG. 19.

[0028] FIG. 22 is a perspective view of a distal end portion
of a blade 72 according to the fourth embodiment of the
present invention.

[0029] FIG. 23 is an external view of a puncture tool opera-
tion portion 79B according to the fourth embodiment of the
present invention.
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[0030] FIG. 24 is a sectional view of the puncture tool
operation portion 79B taken along line XXIV-XXIV in FIG.
23.

[0031] FIG. 25 is a sectional view of the puncture tool
operation portion 798 in a state in which a sheath 31 projects
most from a treatment instrument opening of a distal end rigid
portion 15 according to the fourth embodiment of the present
invention.

[0032] FIG. 26 is a sectional view of the puncture tool
operation portion 79B in a state in which the sheath 31 and a
needle tube 71 project most from the treatment instrument
opening of the distal end rigid portion 15 according to the
fourth embodiment of the present invention.

[0033] FIG. 27 is a sectional view of the puncture tool
operation portion 79B in a state in which the sheath 31 and the
needle tube 71 project most from the treatment instrument
opening of the distal end rigid portion 15 and the blade 72 is
projected by one stage from the treatment instrument opening
of the distal end rigid portion 15 according to the fourth
embodiment of the present invention.

[0034] FIG. 28 is a sectional view of the puncture tool
operation portion 79B in a state in which the sheath 31 and the
needle tube 71 project most from the treatment instrument
opening of the distal end rigid portion 15 and the blade 72 is
projected most from the treatment instrument opening of the
distal end rigid portion 15 according to the fourth embodi-
ment of the present invention.

[0035] FIG. 29 is a sectional view showing a state in which
a blade distal end portion 72a is in contact with a distal end
portion 7141 of an internal space 71d but the blade distal end
portion 724 is not bent according to the fourth embodiment of
the present invention.

[0036] FIG. 30 is a sectional view showing a state in which
the blade distal end portion 72q is in contact with the distal
end portion 7141 of the internal space 714, the blade 72 is
further pushed out to a distal end side, and the blade distal end
portion 72a is bent according to the fourth embodiment of the
present invention.

[0037] FIG. 31 is a diagram for explaining a procedure of a
manipulation in the fourth embodiment.

[0038] FIG.32is adiagram for explaining a projecting state
of the blade distal end portion 72a according to the fourth
embodiment of the present invention.

[0039] FIG. 33 is a diagram showing an example of an
ultrasound image displayed on the monitor 4 according to the
fourth embodiment of the present invention.

[0040] FIG. 34 is a diagram for explaining a movement of
the blade distal end portion 72a according to the fourth
embodiment of the present invention.

[0041] FIG. 35 is a diagram for explaining injection of
saline or ethanol according to the fourth embodiment of the
present invention.

[0042] FIG. 36 is a diagram showing an example of an
ultrasound image displayed on the monitor 4 when the saline
or the ethanol is injected according to the fourth embodiment
of the present invention.

[0043] FIG. 37 is a diagram for explaining collection of
resected tumor tissue pieces according to the fourth embodi-
ment of the present invention.

[0044] FIG. 38 is a diagram showing an example of an
ultrasound image displayed on the monitor 4 when the
resected tumor tissue pieces are collected according to the
fourth embodiment of the present invention.
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[0045] FIG. 39 is a configuration diagram showing a con-
figuration of an ultrasound endoscope apparatus according to
a fifth embodiment of the present invention.

[0046] FIG. 40 is a schematic sectional view showing a
configuration of a needle tube distal end portion through
which a laser catheter 93 for radiating laser light on a tumor
tissue and vaporizing the tumor tissue is inserted according to
the fifth embodiment of the present invention.

[0047] FIG. 41 is a diagram for explaining a procedure of a
manipulation in the fifth embodiment.

[0048] FIG. 42 is a diagram for explaining a projecting state
of the needle tube distal end portion 224 of the needle tube 22
according to the fifth embodiment of the present invention.

[0049] FIG. 43 is a diagram showing an example of an
ultrasound image displayed on the monitor 4 corresponding
to FIG. 42.

[0050] FIG. 44 is adiagram for explaining a state at the time
when laser light is radiated on a tumor tissue and the tumor
tissue is vaporized according to the fifth embodiment of the
present invention.

[0051] FIG. 45 is a diagram showing an example of an
ultrasound image displayed on the monitor 4 in the state
shown in FIG. 44.

[0052] FIG. 46 is adiagram for explaining a state at the time
when saline or ethanol is injected into the tumor part Pa
according to the fifth embodiment of the present invention.

[0053] FIG. 47 is a diagram showing an example of an
ultrasound image displayed on the monitor 4 in the state
shown in FIG. 46.

[0054] FIG. 48 is a flowchart showing a flow of a manipu-
lation including processing for dissemination prevention in
the first embodiment according to a modification 10.

[0055] FIG. 49 is a flowchart showing a flow of another
manipulation including processing for dissemination preven-
tion in the first embodiment according to the modification 10.

[0056] FIG. 50 is a diagram for explaining a method of
discharging a tumor, which is mixed with a solvent for sus-
pension and softened, to a stomach S, which is a digestive
tract, from an inner portion of a tumor part using an internal
biliary drainage tube 101 according to a modification 11.

[0057] FIG. 51 is a diagram for explaining a method of
discharging a tumor. which is mixed with a solvent for sus-
pension and softened, to an outside of a body from an inner
portion of a tumor part using an external biliary drainage tube
102 according to the modification 11.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0058] Embodiments of the present invention are explained
below with reference to the drawings.

[0059] Note that, in the respective drawings used for the
following explanation, a scale is varied for each of compo-
nents in order to show respective components in volumes
enough for being recognized on the drawings. The present
invention is not limited to only numbers of the components
shown in the drawings, shapes of the components, ratios of
volumes of the components, and relative positional relations
among the respective components.
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First Embodiment

Apparatus Configuration

[0060] First, a configuration of an apparatus used for pet-
forming a tumor tissue reductive procedure under ultrasound
observation according to the present embodiment is
explained on the basis of FIG. 1. FIG. 1 is a configuration
diagram of a configuration of an ultrasound endoscope appa-
ratus according to the present embodiment.

[0061] As shown in FIG. 1, an ultrasound endoscope appa-
ratus 1 is configured mainly by an ultrasound endoscope 2, an
ultrasound observation device 3, and a monitor 4.

[0062] The ultrasound endoscope (hereinafter simply
referred to as endoscope as well) 2 includes an endoscope
insertion portion (hereinafter simply referred to as insertion
portion as well) 11, an endoscope operation portion (herein-
after simply referred to as operation portion as well) 12, and
a universal cord 13. An ultrasound probe 14 including an
ultrasound probe is provided on a distal end side of the inser-
tion portion 11. The ultrasound probe 14 includes a convex
type transducer. An ultrasound connector (not shown in the
figure) connected to the ultrasound observation device 3 is
provided at a proximal end portion of the universal cord 13.
The universal cord 13 extends from a side of the operation
portion 12.

[0063] Theinsertion portion 11 having flexibility is config-
ured by consecutively connecting a distal end rigid portion
15, a bendable bending portion 16, and a small-diameter
elongated flexible tube portion 17 having flexibility. The
operation portion 12 is disposed on a proximal end side of the
insertion portion 11. An angle knob 18 for bending the bend-
ing portion 16 in a desired direction, a water feeding button
19a for performing water feeding operation, a suction button
1954 for performing suction operation, and the like are pro-
vided in the operation portion 12.

[0064] A treatment instrument insert-through port 20 is
provided on a distal end portion side of the operation portion
12. A puncture device 21, which is a medical instrument for
performing treatment, can be attached to the treatment instru-
ment insert-through port 20. A distal end portion (hereinafter
referred to as needle tube distal end portion) 22a of a needle
tube 22 of the puncture device 21 is projected from a distal
end opening portion 15a (FIG. 4), which is provided in the
distal end rigid portion 15, through an instrument channel
(not shown in the figure) in the insertion portion 11.

[0065] The puncture device 21 includes a main body pot-
tion 23, an operation slider 24, and the needle tube 22, a
proximal end portion of which is connected to the operation
slider 24. A doctor can project the needle tube distal end
portion 22a from the distal end opening portion 15a of the
distal end rigid portion 15 by operating the operation slider
24. The needle tube 22 is formed of stainless steel, a cobalt
chrome alloy, a shape memory alloy (a nickel titanium alloy,
etc.), or the like. An outer diameter of the needle tube 22 is 25
G to 19 G (gauge).

[0066] A syringe 25 can be mounted on a proximal end
portion of the operation slider 24. A plunger 255, which is
inserted through a syringe main body 254 of the syringe 25, is
pushed into the syringe main body 25a, whereby liquid in the
syringe main body 254 can be injected into the needle tube 22.
The plunger 254 is pulled out from the syringe main body
25a, whereby the liquid in the needle tube 22 can be sucked.
[0067] Note that the needle tube 22 is inserted through a
sheath 31 (FIG. 4).
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(Manipulation)

[0068] An example of a manipulation for reducing a vol-
ume of a tumor of pancreatic cancer is explained. The
manipulation in the present embodiment is a tumor tissue
dissolving procedure and, specifically, a manipulation that
makes use of an ultrasound endoscopic guided fine needle
injection (EUS-FNI).

[0069] FIG. 2 is a schematic explanatory diagram of a
human body including a pancreas and a stomach. The doctor
inserts the insertion portion 11 of the endoscope 2 from a
mouth M of the human body to a stomach S through an
esophagus E. A pancreas P is present in a vicinity of the
stomach S. A liver L and a gallbladder GB are present around
the stomach S.

[0070] FIG. 3 is a diagram for explaining a flow of a
manipulation for reducing a volume of a tumor part Pa, which
is alesion part of the pancreas P. First, as shown in F1G. 2, the
doctor inserts a distal end portion of the insertion portion 11
from the mouth M of a patient PA through the esophagus E.
[0071] The doctor brings the ultrasound probe 14 of the
distal end portion of the insertion portion 11 into close contact
with a stomach wall of the stomach S in a vicinity of the tumor
part Pa, performs ultrasound scanning, and observes the
tumor part Pa of the pancreas P, which is a target of observa-
tion, from an inside of a body using an ultrasound image of the
ultrasound observation device (S0). Subsequently, the doctor
punctures the needle tube 22 into the tumor part Pa under an
ultrasound guide (S1). That is, the doctor operates the opera-
tion slider 24 while viewing an ultrasound image displayed on
the monitor 4, projects the needle tube distal end portion 22a
of the needle tube 22, and punctures the needle tube 22 into
the tumor part Pa of the pancreas P.

[0072] FIG. 4is a diagram for explaining a projecting state
of the needle tube distal end portion 22a. In FIG. 4, the needle
tube distal end portion 224 inserted through the sheath 31
pierces through a stomach wall SW and enters into the tumor
part Pa of the pancreas P. A position of the needle tube distal
end portion 22a with respect to the tumor part Pa can be
adjusted by the operation slider 24.

[0073] Note that the manipulation is performed through the
stomach wall SW. However, the manipulation may be per-
formed through an intestinal wall of a duodenum.

[0074] FIG. 5 is a diagram showing an example of the
ultrasound image displayed on the monitor 4. An ultrasound
image USI obtained by the ultrasound probe 14 is displayed
on a display screen of the monitor 4. An ultrasound reflection
machining portion is applied to the needle tube distal end
portion 22q. In the ultrasound image USI, an image 22ax of
the needle tube distal end portion 224 is clearly displayed. In
the ultrasound image USI, an image Pax of the tumor part Pa
is also displayed. Therefore, the doctor can observe the tumor
from the inside of the body using the ultrasound observation
device 3.

[0075] Therefore, the doctor drives the ultrasound probe 14
and adjusts, while viewing an ultrasound tomogram of the
stomach wall SW and an organ present behind the stomach
wall SW displayed on the monitor 4, a position of the distal
end rigid portion 15 and a bending amount of the bending
portion 16 such that the tumor part Pa is located in a middle of
the ultrasound tomogram. Therefore, the doctor can locate,
while viewing the ultrasound image USI, the distal end rigid
portion 15 of the insertion portion 11 in a position where the
needle tube distal end portion 224 can be punctured into the
tumor part Pa of the pancreas P where the needle tube distal
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end portion 22a projects from the distal end opening portion
15a provided in the distal end rigid portion 15.

[0076] Subsequently, the doctor injects a substance for dis-
solving a tumor tissue into the tumor part Pa under the ultra-
sound guide (S2). That is, the doctor dissolves a tumor inner
portion by injecting the substance for dissolving a tumor
tissue under ultrasound observation by the ultrasound obser-
vation device 3.

[0077] Specifically, under the ultrasound observation, a
distal end of the needle tube 22 is introduced into the tumor
inner portion and the substance for dissolving a tumor inner
portion is injected through the needle tube 22, whereby the
tumor inner portion is dissolved.

[0078] The substance for dissolving a tumor tissue is
poured into the syringe main body 25a in advance. The sub-
stance for dissolving a tumor tissue is, for example, trypsin,
which is a digestive enzyme. In an example explained below,
the trypsin is explained as one of substances for dissolving a
tumor tissue. The doctor can adjust an injection amount of the
trypsin while viewing the ultrasound image USI. The trypsin,
which is the substance for dissolving a tumor tissue, separates
or loosens bonding of cells or tissues.

[0079] FIG. 6 is a diagram for explaining a state at the time
when the trypsin is injected into the tumor part Pa. FIG. 7is a
diagram showing an example of an ultrasound image dis-
played on the monitor 4 in the state shown in FIG. 6.

[0080] When the trypsin is injected into the tumor part Pa,
the trypsin dissolves a tumor tissue. The tumor tissue is
decomposed by the trypsin to dissolve. FIG. 6 shows that the
trypsin injected by the syringe 25 spreads to a region RA of
the tumor part Pa. The region RA indicates a region into
which the trypsin is injected. In the ultrasound image USI
shown in FIG. 7, a portion of the region RA into which the
trypsin is injected is rendered in black.

[0081] The doctor injects the trypsin dividedly several
times while viewing a state of the dissolution of the tumor
tissue in the tumor part Pa by the trypsin using the ultrasound
image USI displayed on the monitor 4. For example, the
trypsin is injected into the tumor part Pa at an interval of
several seconds.

[0082] When the trypsin is injected by a predetermined
amount, for example, 0.5 to 1.0 ml, the tumor tissue coming
into contact with liquid of the trypsin pushed out from the
needle tube distal end portion 22a dissolves. In the ultrasound
image USI, a dissolved portion of the tumor tissue around the
needle tube distal end portion 22a changes to a black image.
Therefore, the doctor can check a range of the dissolved
tumor tissue using the trypsin injected into the tumor tissue.

[0083] Subsequently, the doctor performs injection of the
predetermined amount of the trypsin in order to dissolve the
tumor tissue not dissolved yet while viewing the ultrasound
image.

[0084] The trypsin is additionally injected, whereby the
region RA expands to be large as indicated by dotted lines in
FIGS. 6 and 7. For example, the doctor injects the trypsin
dividedly several times at an interval of several seconds while
viewing an ultrasound image displayed on the monitor 4.

[0085] The doctor repeats the manipulation until the entire
tumor tissue dissolves. For example, when the doctor dis-
solves the entire tumor tissue, the doctor dissolves the tumor
tissue to leave only a layer portion on an outer side surface of
the tumor tissue. The doctor can determine, by viewing the
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ultrasound image, whether the tumor tissue is dissolved leav-
ing only the layer portion on the outer side surface of the
tumor tissue.

[0086] Only the layer portion on the outer surface side of
the tumor tissue is left in order not to dissolve even a normal
tissue. Note that a region to be dissolved may be only a
desired region of the tumor part Pa rather than the entire tumor
tissue.

[0087] As explained above, the doctor injects the trypsin
dividedly several times while viewing the ultrasound image
until the desired region in the tumor part Pa is dissolved. An
injection amount and a number of times of injection of the
trypsin are adjusted according to a volume of the tumor part
Pa.

[0088] When the trypsin is injected into the desired region
and the desired region is dissolved, the doctor pulls out a
plunger of the syringe 25 to suck the dissolved tumor tissue
and the remaining trypsin.

[0089] Subsequently, under the ultrasound guide, after
injecting a trypsin inhibitor into the tumor part Pa according
to necessary to surely suppress action of the remaining
trypsin, the doctor repeats injection of ethanol and suction of
the ethanol from the inside of the tumor part Pa (S3).

[0090] The doctor replaces the syringe 25 with a syringe
into which the ethanol, which is a solvent for suspension, is
poured and pushes in the plunger 256 of the syringe 25 to
inject the ethanol into the region RA in which the tumor tissue
in the tumor part Pa is dissolved. Further, the doctor pulls out
the plunger 255 of the syringe 25 to suck the injected ethanol.
[0091] The doctor repeats the injection of the ethanol into
the tumor part Pa and the suction of the ethanol from the
inside of the tumor part Pa several times while viewing the
ultrasound image.

[0092] As explained above, under the ultrasound observa-
tion, the doctor introduces the solvent for suspension into a
tumor inner portion from the distal end of the needle tube 22
arranged in the tumor inner portion, mixes the solvent for
suspension with the dissolved tumor tissue in the tumor inner
portion, and changes the tumor inner portion to fluid.

[0093] Subsequently, the doctor collects the dissolved
tumor tissue together with the ethanol under the ultrasound
guide (54).

[0094] That is, after changing the tumor inner portion to the
fluid, the doctor collects the tumor tissue, which is mixed with
the solvent for suspension and softened, from the tumor inner
portion using the needle tube 22. Specifically, the doctor pulls
out the plunger of the syringe 25 to suck and collect the
dissolved tumor tissue and injected ethanol while viewing the
ultrasound image.

[0095] When the dissolved tumor tissue and the ethanol are
sucked according to S4, since a portion where the dissolved
tumor tissue is present disappears, the volume of the tumor
part Pa decreases.

[0096] FIG. 8 is a diagram for explaining a state at the time
when the dissolved tumor tissue in the tumor part Pa and the
ethanol are sucked. FIG. 9 is a diagram showing an example
of an ultrasound image displayed on the monitor 4 in the state
shown in FIG. 8.

[0097] AsshowninFIG. 8, since a part of the tumor part Pa
is dissolved and sucked, the volume of the tumor part Pa
decreases. As shown in FIG. 9, the image Pax of the tumor
part Pa also decreases in volume.

[0098] Therefore, it is possible to reduce the volume of the
tumor and reduce or eliminate compression of surrounding
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organs, blood vessels, and nerves. It is possible to perform a
surgical operation such as excision of the tumor. Further,
since the tumor tissue is sucked together with the ethanol after
being dissolved, there is also an effect that tumor lysis syn-
dromes due to remaining of a cancer cell or the like in the
body are suppressed. A pain due to compression of nerves
based on an increase in a tumor volume is also reduced and
QOL (quality of life) is also improved.

[0099] Next, modifications of the present embodiment are
explained.

(Modification 1)

[0100] In the example explained above, in S3, the doctor
repeats the injection and the suction of the ethanol using the
syringe 25. However, the doctor may use two needle tubes,
use one needle tube for the injection of the ethanol, and use
the other needle tube for the suction of the ethanol to reflux
the ethanol. Further fluidization of the tumor inner portion is
performed by the refluxing.

[0101] FIG. 10 is a diagram for explaining a situation in
which the reflux of the ethanol is performed using two needle
tubes 22. The two needle tubes 22 are inserted through the
sheath 31 of the puncture device 21. As shown in FIG. 10, two
needle tube distal end portions 22a1 and 22a2 of the two
needle tubes 22 project from the distal end opening portion
15a and are punctured into the tumor part Pa.

[0102] In S2, the doctor performs the injection of the
trypsin using one needle tube of the two needle tubes 22 and
then sucks the trypsin using the other needle tube.

[0103] Specifically, as indicated by a dotted line in FIG. 10,
in S3, the doctor performs the reflux of the ethanol by per-
forming the suction of the ethanol via the other needle tube
distal end portion 2242 while performing the injection of the
ethanol via one needle tube distal end portion 22al. A pump
for performing the supply of the ethanol is connected to the
needle tube 22a1. A pump for performing the suction of the
ethanol is connected to the needle tube 2242.

[0104] That is, the processing in S3 can also be performed
by puncturing such two needle tubes into the region RA
where the tumor tissue dissolves and performing the reflux of
the ethanol.

[0105] Note that, after S2, the doctor may pull out the
needle tube 22 and insert a double lumen tube into the sheath
31 instead of the needle tube 22 to perform the reflux of the
ethanol in the same manner as the reflux of the ethanol per-
formed when the two needle tubes are punctured.

[0106] Thedoctor can determine a situation of the refluxing
viewing the ultrasound image USI.

(Modification 2)

[0107] In this modification, in order to improve activation
of the substance for dissolving a tumor tissue, the substance
for dissolving a tumor tissue is warmed to a predetermined
temperature. [n S2, after injecting the substance for dissolv-
ing a tumor tissue into the tumor part Pa, the doctor inserts a
laser probe or a heat probe through the needle tube 22 to warm
the substance for dissolving a tumor tissue.

[0108] FIG.11 is a partial sectional view of the needle tube
distal end portion 22a through which the laser probe is
inserted in order to warm the substance for dissolving a tumor
tissue. A laser probe 32 is inserted through the needle tube 22.
A distal end portion of the laser probe 32 projects from the
needle tube distal end portion 22a. Laser light from a laser
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light source device (not shown in the figure) connected to a
proximal end of the laser probe 32 is emitted from the distal
end portion of the laser probe 32. According to the emission
of the laser light, the trypsin is heated and activity of the
trypsin is improved. An emitted light amount and an emission
time of the laser light necessary for temperature of a probe
distal end of the laser probe 32 to reach a predetermined
temperature, for example, 42 degrees are calculated in
advance by an experiment or the like. The laser light is out-
putted at the predetermined emitted light amount for the
predetermined emission time. Note that, since a tumoricidal
effect can be expected by heating the tumor tissue to tempera-
ture equal to or higher than 40 degrees, it is possible to
improve a therapeutic effect.

[0109] FIG. 12 is a partial sectional view of the needle tube
distal end portion 22a through which the heat probe is
inserted in order to warm a tumor region. A heat probe 33 is
inserted through the needle tube 22. A light emitting diode
(hereinafter abbreviated as LED) 33« functioning as a heating
element is provided at a distal end portion of the heat probe
33. The heat probe 33 includes a water feeding channel. A
water feeding nozzle 34 communicating with the water feed-
ing channel is provided at the distal end portion of the heat
probe 33.

[0110] A cap for water feeding 35 and an electric connector
36 for the LED 33a are provided at a proximal end portion of
the heat probe 33. A water feeding tube (not shown in the
figure) from a water feeding pump (not shown in the figure) is
connected to the cap for water feeding 35. A cable (not shown
in the figure) from a power supply (not shown in the figure)
for the LED 33a is connected to the electric connector 36.

[0111] The distal end portion of the heat probe 33 projects
from the needle tube distal end portion 22a. Light from the
LED 33a provided at a proximal end of the heat probe 33 is
emitted from the distal end portion of the heat probe 33. Note
that, at the same time, since water spouts from the water
feeding nozzle 34, it is possible to prevent heat of the distal
end portion of the heat probe 33 from being conducted to the
proximal end side of the heat probe 33. Therefore, according
to the emission of the light from the LED 33a, the trypsin is
heated and activity of the trypsin is improved. An output light
amount and an output time of the LED 33a necessary for
setting temperature of a probe distal end of the heat probe 33
to a predetermined temperature, for example, 42 degrees for
damaging only the tumor tissue without affecting a normal
tissue are calculated in advance by an experiment or the like.
The LED 33a is driven at the predetermined output light
amount for the predetermined output time.

[0112] Thereafter, the laser probe 32 or the heat probe 33 is
pulled out from the needle tube 22 and the processing in S3 is
performed.

[0113] Note that, in the example explained above, the laser
probe 32 or the heat probe 33 is inserted through the needle
tube 22. However, the doctor may pull out the needle tube 22
and directly insert the laser probe 32 or the heat probe 33
through the sheath 31.

[0114] Furthermore, the ultrasound probe 14 provided on
the distal end side of the insertion portion 11 may be ultra-
sonically vibrated at a predetermined frequency for a prede-
termined time to heat the ultrasound probe 14 to a predeter-
mined temperature, for example, 42° C. to thereby warm the
substance for dissolving a tumor tissue.
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Second Embodiment

[0115] Inthe firstembodiment, the substance for dissolving
a tumor tissue is injected into the tumor tissue and the dis-
solved tumor tissue is collected. However, in a second
embodiment, when fibrillization of a tumor tissue advances, a
substance for dissolving a tissue of the fiber is injected into
the tumor tissue and the dissolved tumor tissue is collected.

[0116] An apparatus configuration for realizing a manipu-
lation in the present embodiment is the same as the apparatus
configuration in the first embodiment.

[0117] In the manipulation in the second embodiment,
steps of a procedure same as in the first embodiment are
denoted by the same reference signs and explanation of the
steps is omitted.

(Manipulation)

[0118] The manipulation in the second embodiment is also
the tumor tissue dissolving procedure. Specifically, the
manipulation is a manipulation that makes use of the ultra-
sound endoscopic chemical injection method (EUS-FNI).
[0119] FIG. 13 is a diagram for explaining a procedure of
the manipulation in the second embodiment.

[0120] After S1, processing in S11 is performed.

[0121] A doctor injects a substance for dissolving fiber
forming the tumor part Pa into the tumor part Pa under the
ultrasound guide (S11). That is, the doctor injects the sub-
stance for dissolving fiber to thereby dissolve a tumor inner
portion under the ultrasound observation by the ultrasound
observation device 3.

[0122] Specifically, the distal end of the needle tube 22 is
introduced into the tumor inner portion under the ultrasound
observation. The substance for dissolving fiber in the tumor
inner portion is injected into the tumor inner portion through
the needle tube 22, whereby the tumor inner portion dis-
solves.

[0123] The substance for dissolving fiber forming a tumor
is plasmin, which is a proteolytic enzyme. Intercellular sub-
stances are decomposed by the proteolytic enzyme.

[0124] The doctor performs the injection of the plasmin
into the tumor part Pa while viewing an ultrasound image as
in S2 in the first embodiment.

[0125] Specifically, the plasmin, which is the substance for
dissolving fiber, is poured into the syringe main body 25a in
advance.

[0126] A state in which the plasmin is injected into the
tumor part Pa is the same as the state shown in FIG. 6. An
ultrasound image displayed on the monitor 4 at the time when
the plasmin is injected into the tumor part Pa is the same as the
ultrasound image shown in FIG. 7.

[0127] When the plasmin is injected into the tumor part Pa,
the plasmin dissolves the fiber. The doctor injects the plasmin
dividedly several times while viewing a situation of the dis-
solution of the fiber in the tumor part Pa by the plasmin using
the ultrasound image USI displayed on the monitor 4. For
example, the plasmin is injected into the tumor part Pa at an
interval of several seconds.

[0128] When the plasmin is injected by a predetermined
amount, for example, 0.5 to 1.0 ml, the fiber coming into
contact with liquid of the plasmin pushed out from the needle
tube distal end portion 22a dissolves. In the ultrasound image
US], a dissolved portion of the fiber around the needle tube
distal end portion 22a changes to a black image. Therefore,
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the doctor can check a range of the dissolved fiber using the
plasmin injected into the tumor tissue.

[0129] Subsequently, the doctor performs injection of the
predetermined amount of the plasmin in order to dissolve the
fiber not dissolved yet while viewing the ultrasound image.
[0130] The plasmin is additionally injected, whereby the
region RA expands to be larger as indicated by dotted lines in
FIGS. 6 and 7. For example, the doctor injects the plasmin
dividedly several times at an interval of several seconds while
viewing an ultrasound image displayed on the monitor 4.
[0131] The doctor repeats the above until the entire fiber
dissolves. For example, when the doctor dissolves the entire
fiber, the doctor dissolves the fiber to leave only a layer
portion on an outer side surface of the fiber. The doctor can
determine, by viewing the ultrasound image, whether the
fiber is dissolved leaving only the layer portion on the outer
side surface of the fiber.

[0132] Only the layer portion on the outer surface side of
the fiber is left not to dissolve even a normal tissue. Note that
a region to be dissolved may be only a desired region of the
tumor part Pa rather than the entire fiber.

[0133] Therefore, the doctor injects the plasmin dividedly
several times while viewing the ultrasound image until the
desired region in the tumor part Pa is dissolved. An injection
amount and a number of times of injection of the plasmin are
adjusted according to a volume of the tumor part Pa.

[0134] When the plasmin is injected into the desired region
and the desired region is dissolved, the doctor pulls out the
plunger of the syringe 25 to suck the dissolved fiber and the
remaining plasmin.

[0135] Subsequently. under the vltrasound guide, the doc-
tor repeats injection of a plasmin antagonist into the tumor
part Pa and suction of the plasmin antagonist from the inside
of the tumor part Pa (S12).

[0136] That is, the doctor injects the plasmin antagonist,
which is a solvent for suspension, into the tumor inner portion
while viewing the ultrasound image. The plasmin antagonist
is tranexamic acid such as Hexatron, Transamin, Recoverin,
or Pletasmin, for example.

[0137] The doctor replaces the syringe 25 with a syringe
into which the plasmin antagonist is poured and pushes in the
plunger 2556 of the syringe 25 to inject the plasmin antagonist
into the region RA in which the fiber in the tumor part Pa is
dissolved. Further, the doctor pulls out the plunger 255 of the
syringe 25 to suck the injected plasmin antagonist. The plas-
min remaining in the tumor part Pa is neutralized by the
plasmin antagonist and action of the plasmin stops.

[0138] The doctor repeats the injection of the plasmin
antagonist into the tumor part Pa and the suction of the plas-
min antagonist from the inside of the tumor part Pa several
times while viewing the ultrasound image.

[0139] As explained above, under the ultrasound observa-
tion, the doctor introduces the solvent for suspension into a
tumor inner portion from the distal end of the needle tube 22
arranged in the tumor inner portion, mixes the solvent for
suspension with the dissolved tumor tissue in the tumor inner
portion, and changes the tumor inner portion to fluid.

[0140] Subsequently. the doctor collects the dissolved fiber
together with the plasmin antagonist under the ultrasound
guide (S13).

[0141] That s, after changing the tumor inner portion to the
fluid, the doctor collects the tumor tissue, which mixed with
the solvent for suspension softened, from the tumor inner
portion using the needle tube 22. Specifically, the doctor pulls
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out the plunger of the syringe 25 to suck and collect the
dissolved fiber and injected plasmin antagonist while viewing
the ultrasound image.

[0142] When the dissolved fiber and the plasmin antagonist
are sucked according to S13, since a portion where the dis-
solved fiber is present disappears, the volume of the tumor
part Pa decreases.

[0143] A state in which the dissolved fiber and the plasmin
antagonist in the tumor part Pa are sucked is the same as the
state shown in FIG. 8. An ultrasound image displayed on the
monitor 4 in the state in which the dissolved fiber and the
plasmin antagonist in the tumor part Pa are sucked is the same
as the ultrasound image shown in F1G. 9.

[0144] As shown in FIG. 8, the volume of the tumor part Pa
decreases. As shown in FIG. 9, the image Pax of the tumor
part Pa also decreases in volume.

[0145] Therefore, according to the present embodiment,
the same effects as those in the first embodiment are gener-
ated. That is, it is possible to reduce the volume of the tumor
and reduce or eliminate compression of surrounding organs,
blood vessels, and nerves. It is possible to perform a surgical
operation such as excision of the tumor. Further, since the
tumor tissue is sucked together with the ethanol after being
dissolved, there is also an effect that tumor lysis syndromes
due to remaining of a cancer cell or the like in the body are
suppressed. A pain due to compression of nerves based on an
increase in a tumor volume is also reduced and QOL (quality
of life) is also improved.

[0146] Next, modifications of the present embodiment are
explained.

(Modifications)

[0147] Note that, in the second embodiment, the configu-
rations of the modifications 1 and 2 explained in the first
embodiment can also be applied.

[0148] That is, in the present embodiment, as a modifica-
tion 1, in S12, the doctor may use two needle tubes, use one
needle tube for the injection of the plasmin antagonist, and
use the other needle tube for the suction of the plasmin
antagonist to reflux the plasmin antagonist.

[0149] Furthermore, in the present embodiment, as a modi-
fication 2, in S11, after injecting the substance for dissolving
fiber into the tumor part Pa, the doctor may insert a laser probe
or a heat probe through the needle tube 22 to warm the
substance for dissolving fiber.

[0150] In the second embodiment, the modifications 1 and
2 generate the same effects as those in the modifications 1 and
2 in the first embodiment.

(Modification 3)

[0151] When an amount of a tumor tissue is large and a
volume of a portion where a tumor tissue is present is not
reduced even if fiber of a tumor is dissolved and collected as
explained above, the implementation of the first embodiment
may be performed after the implementation of the present
embodiment explained above. It is possible to reduce the
volume of the portion where the tumor tissue is present by
dissolving the tumor tissue and collecting the tumor tissue
together with the ethanol after the collection of the fiber.

Third Embodiment

[0152] Inthe firstembodiment, the substance for dissolving
a tumor tissue is injected into the tumor tissue and the dis-
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solved tumor tissue is collected. In the second embodiment,
when fibrillization of a tumor tissue advances, the substance
for dissolving a tissue of the fiber is injected into the tumor
tissue and the dissolved tumor tissue is collected. In a third
embodiment, a fragile portion of a tumor tissue is broken up
by an ultrasound vibration and the broken-up tissue is col-
lected.

[0153] An apparatus configuration for realizing a manipu-
lation in the present embodiment is substantially the same as
the apparatus configuration in the first embodiment. The same
components are denoted by the same reference signs and
explanation of the components is omitted. Different compo-
nents are mainly explained.

[0154] In the manipulation in the third embodiment, steps
of a procedure same as steps in the first embodiment are
denoted by the same reference signs and explanation of the
steps is omitted.

(Configuration)

[0155] FIG. 14 is a schematic sectional view showing a
configuration of an ultrasound probe inserted through a
needle tube distal end portion for breaking up a tumor tissue
with an ultrasound vibration.

[0156] The needle tube 22 is inserted through the instru-
ment channel of the ultrasound endoscope 2. Further, an
ultrasound probe 51 made of metal such as stainless steel is
inserted through the needle tube 22. An ultrasound transducer
52 is provided to be embedded in a distal end portion of the
ultrasound probe 51. A distal end portion 53 is provided on a
distal end side of the ultrasound transducer 52.

[0157] The distal end portion 53 has a conical shape. A
vibrating chip 54 is provided at a distal end of the conical
shape. The ultrasound transducer 52 and the vibrating chip 54
configure a breaking-up tool for breaking up a tumor inner
portion. Further, respective opening portions 55¢ and 564 of
a water feeding duct 55 and a water suction duct 56 are
provided at the distal end portion 53 along the ultrasound
probe 51. Respective proximal end portions of the water
feeding duct 55 and the water suction duct 56 are connected to
a water feeding and water suction device, which is a device
that feeds and sucks liquid of saline or ethanol explained
below.

[0158] An electrode portion 52a is provided in the ultra-
sound transducer 52. A signal line 57 connected to an ultra-
sound control device explained below is connected to the
electrode portion 52a.

[0159] When the ultrasound transducer 52 vibrates at a
predetermined ultrasound frequency, the vibrating chip 54 of
the distal end portion 53 ultrasonically vibrates. A frequency
of the ultrasound transducer 52 is, for example, about Yoo to
Y000 of a frequency for an ultrasound image. If the frequency
for an ultrasound image is 7.5 MHz, the frequency of the
ultrasound transducer 52 is 23.5 to 47 KHz.

[0160] FIG. 15 is a configuration diagram showing a con-
figuration of an ultrasound endoscope apparatus 1A accord-
ing to the present embodiment. The ultrasound endoscope
apparatus 1A includes a water feeding and water suction
device 61 connected to a duct 63 including the water feeding
duct 55 and the water suction duct 56 provided in the ultra-
sound probe 51 shown in FIG. 14 and an ultrasound control
device 62 to which the signal line 57 extending from the
ultrasound transducer 52 of the ultrasound probe 51 is con-
nected.
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[0161] By operating a switch (not shown in the figure)
provided in the water feeding and water suction device 61, a
doctor can feed liquid (saline or ethanol as explained below)
via the water feeding duct 55, eject the liquid from a distal end
of the ultrasound probe 51, and suck the liquid from the distal
end of the ultrasound probe 51 via the water suction duct 56.
[0162] By operating a switch (not shown in the figure)
provided in the ultrasound control device 62, the doctor can
drive the ultrasound transducer 52.

(Manipulation)

[0163] FIG.16 is a diagram for explaining a procedure of a
manipulation in the third embodiment.

[0164] After S1, processing in S21 is performed. Since the
distal end portion of the ultrasound probe 51 is inserted
through the needle tube 22, the doctor applies an ultrasound
vibration to a tumor tissue to break up the tumor tissue under
the ultrasound guide (S21). That is, the doctor breaks up a
tumor inner portion by applying the ultrasound vibration to
the tumor tissue under the ultrasound observation by the
ultrasound observation device 3. Specifically, the tumor inner
portion is broken up by the ultrasound transducer 52 and the
vibrating chip 54 configuring the breaking-up tool for break-
ing up the tumor inner portion.

[0165] The distal end portion of the ultrasound probe 51 is
vibrated by driving the ultrasound transducer 52, which is an
ultrasound probe separate from the ultrasound probe 14 for
generating an ultrasound image. Breaking up of the tumor
tissue is performed by the vibration. In particular, a fragile
portion of the tumor tissue is easily broken up by the ultra-
sound vibration.

[0166] For example, the doctor can check a situation of the
break-up by the ultrasound vibration viewing an ultrasound
image displayed on the monitor 4.

[0167] For example, the doctor can determine, by viewing
the ultrasound image USI displayed on the monitor 4,
whether the entire tumor tissue is broken up. When the tumor
tissue is broken up, air or the like enters among tissues, gaps
are formed, and an image of a portion of the tumor tissue is
brightened. Therefore, the doctor can determine, by viewing
the ultrasound image, whether the tumor tissue is broken up.
As explained above, the doctor repeatedly applies the ultra-
sound vibration to the tumor tissue viewing the ultrasound
image until the entire tumor tissue or a predetermined region
is broken up.

[0168] Subsequently, the doctor injects saline or ethanol,
which is a solvent for suspension, into the tumor part Pa under
the ultrasound guide (S22).

[0169] When the break-up of the tumor tissue ends in S21,
the doctor starts the water feeding and water suction device 61
and injects the saline or the ethanol into the tumor part Pa.
[0170] As explained above, the doctor introduces the sol-
vent for suspension into the tumor inner portion from the
distal end of the needle tube 22 arranged in the tumor inner
portion, mixes the solvent for suspension with the broken-up
tumor tissue in the tumor inner portion, and changes the
tumor inner portion to fluid under the ultrasound observation.
[0171] The doctor collects the broken-up tumor tissue
together with the saline or the ethanol under the ultrasound
guide (S23).

[0172] When the saline or the ethanol is injected in S22,
fine fragments of the broken-up tumor tissue float in the saline
or the ethanol. Therefore, a volume of a portion where the
tumor tissue is present is reduced by sucking the broken-up
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tumor tissue together with the saline or the ethanol. That is,
after changing the tumor inner portion to the fluid, the doctor
collects the tumor tissue, which is mixed with the solvent for
suspension and softened, from the tumor inner portion using
the water suction duct 56.

[0173] Note that, when the volume of the tumor does not
decrease to a desired volume even if the broken-up tumor
tissue is sucked, the doctor may perform the procedure of
(5821) to (S23) explained above again and repeat the proce-
dure of (S21) to (S23) until the volume of the tumor does not
decrease to the desired volume.

[0174] Therefore, according to the present embodiment,
the same effects as those in the first embodiment are gener-
ated. That 1s, it is possible to reduce the volume of the tumor
and reduce or eliminate compression of surrounding organs,
blood vessels, and nerves. It is possible to perform a surgical
operation such as excision of the tumor. Further, since the
tumor tissue is sucked together with the ethanol after being
dissolved, there is also an effect that tumor lysis syndromes
due to remaining of a cancer cell or the like in the body are
suppressed. A pain due to compression of nerves based on an
increase in a tumor volume is also reduced and QOL (quality
of life) is also improved.

[0175] Note that, in the example explained above, the saline
or the like is injected into the tumor part and the injected
saline or the like is sucked using the water feeding and water
suction device 61. However, as shown in FIG. 1, the doctor
may perform the injection and the suction of the saline or the
like using a syringe. It is possible to inject the saline or the
ethanol into the tumor part Pa by pouring the saline or the
ethanol into the syringe main body 25a and pushing in the
plunger 255. It is possible to suck the saline or the ethanol
from the inside of the tumor part Pa by pulling out the plunger
25h.

[0176] Next, modifications of the present embodiment are
explained.

(Modification 4)

[0177] Note that the ultrasound probe inserted through the
needle tube distal end portion 224 may have a configuration
shown in FIG. 17. FIG. 17 is a schematic sectional view
showing a configuration of a modification of an ultrasound
probe inserted through a needle tube distal end portion for
breaking up a tumor tissue with an ultrasound vibration.

[0178] A vibration transmitting member 52B is included in
an ultrasound probe S51A according to this modification. A
distal end of the vibration transmitting member 52B is con-
nected to the distal end portion 53. A proximal end of the
vibration transmitting member 52B is connected to an ultra-
sound transducer 52A provided in the main body portion 23.
The ultrasound transducer 52A is connected to the ultrasound
control device 62 viaa signal line 57A. The other components
are the same as the components in the third embodiment
explained above.

[0179] Inthe case ofthis modification, the ultrasound trans-
ducer 52A is provided in the main body portion 23 of the
puncture device 21. A vibration of the ultrasound transducer
52A is transmitted to the distal end portion 53 of the ultra-
sound probe 51A by the vibration transmitting member 52B.
The same effects as those in the present embodiment are
generated by such a configuration.
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Fourth Embodiment

[0180] Inthe first to third embodiments, the tumor tissue is
dissolved or broken up by the ultrasound vibration and the
dissolved or broken up tumor tissue is collected. However, in
a fourth embodiment, a tumor tissue is resected by a blade and
the resected tumor tissue is collected.

[0181] An apparatus configuration for realizing a manipu-
lation in the present embodiment is substantially the same as
the apparatus configuration in the first embodiment. The same
components are denoted by the same reference signs and
explanation of the components is omitted. Different compo-
nents are mainly explained.

[0182] Inthe manipulation in the fourth embodiment, steps
of a procedure same as in the first embodiment are denoted by
the same reference signs and explanation of the steps is omit-
ted.

(Configuration)

[0183] FIG. 18 is a configuration diagram showing a con-
figuration of an ultrasound endoscope apparatus 1B accord-
ing to the present embodiment. A high frequency power sup-
ply device 70 is connected to the puncture device 21A. The
high frequency power supply device 70 can supply a high
frequency current to the needle tube 71 and a blade 72 as
explained below. The blade 72 is a resecting tool for resecting
a tumor inner portion. The puncture device 21A is connected
to the high frequency power supply device 70 via two cables
79a and 79b. Note that a counter electrode plate (not shown in
the figure), which comes into contact with a patient, is dis-
posed for time when a high frequency current is fed to the
puncture device 21A. The supply of the high frequency cur-
rent to each of the blade 72 and the needle tube 71 can be
performed according to operation of a switch (not shown in
the figure) provided in the high frequency power supply
device 70 by a doctor.

[0184] Further, the syringe 25 can be attached to the punc-
ture device 21A.

[0185] The puncture device 21A includes an elongated
puncture tool insertion portion 79A, through which the needle
tube 71 and the blade 72 are inserted, and a puncture tool
operation portion 79B provided on a proximal end side of the
puncture tool insertion portion 79A and for performing pro-
jecting operation for the needle tube 71 and the like. The
puncture device 21 A is configured such that the puncture tool
insertion portion 79A can be inserted from the treatment
instrument insert-through port 20 of the endoscope operation
portion 12 and a distal end portion of the puncture tool inser-
tion portion 79A can be projected from the treatment instru-
ment opening of the distal end rigid portion 15 through the
instrument channel in the endoscope insertion portion 11.

[0186] First, a configuration of the puncture tool insertion
portion 79A is explained. The puncture tool insertion portion
79A includes the sheath 31 and the needle tube 71 and the
blade 72 inserted through the sheath 31.

[0187] FIG.19isaplanview of the distal end portion of the
puncture tool insertion portion 79A. FIG. 20 is a sectional
view of the distal end portion of the puncture tool insertion
portion 79A taken along line XX-XX in FIG.19.FIG. 211is a
sectional view of the distal end portion of the puncture tool
insertion portion 79A taken along line XXI-XXI in FIG. 19.
FIG. 22 is a perspective view of a distal end portion of the
blade 72.
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[0188] Thepuncture tool insertion portion 79A includes the
sheath 31, the needle tube 71 inserted through the sheath 31,
and the blade 72 inserted through the needle tube 71.

[0189] As shown in FIGS. 19 and 20, the needle tube 71 is
a tubular member of stainless steel, nickel titanium, a cobalt
chrome alloy, or the like, a hole at a distal end portion of
which is closed by welding or the like. That is, a tubular
portion including a channel on an inner portion is configured
in the needle tube 71. The hollow and elongated needle tube
71 includes a needle tube distal end portion 715 including a
sharp conical shape portion 71a at a distal end. The needle
tube distal end portion 715 includes an elongated opening
portion 71c formed along an axial direction. The operning
portion 71c is provided in a vicinity of the conical shape
portion 71a: That is, the opening portion 71¢ is provided on a
proximal end side of a distal end portion of the needle tube
distal end portion 715 and communicates with the channel in
the needle tube 71. The conical shape portion 71a is arranged
at the distal end portion of the needle tube 71, which is the
tubular portion, and configures a puncture portion to be punc-
tured into a subject. A diameter of the needle tube 71 is, for
example, 22 G to 19 G (gauge). Length in an axial direction of
the opening portion 71c is, for example, 5 to 15 mm. That is,
adistal end of the needle tube 71 has a so-called pencil shape.
[0190] The blade 72, which is an elongated shaft member
having a circular section, is inserted through the internal
space 714 of a hollow needle tube distal end portion 715. A
diameter of a shaft portion of the blade 72 is, for example, 0.5
to 1 mm. The blade 72 is also made of metal such as stainless
steel, nickel titanium, or a cobalt chrome alloy.

[0191] Machining for oxidizing a surface to increase con-
tact resistance and reduce electric conductivity with electric
discharge machining or machining for forming an insulating
film by surface coating using polyimide or the like is applied
to a channel inner side surface of the needle tube distal end
portion 715.

[0192] Alternatively, the machining for increasing the con-
tact resistance or the machining for forming the insulating
film may be applied to a surface of the blade 72 in a portion
other than a portion in contact with a distal end side inner wall
portion 71e at the blade distal end portion 72a and a portion
projecting from the opening portion 71c¢ of the blade distal
end portion 72a. Note that. in this case, the machining for
increasing the contact resistance or the machining for form-
ing the insulating film may be applied to a channel inner side
surface of the needle tube 71 as well.

[0193] As explained above, the machining for reducing
electric conductivity between the blade 72 and an inner wall
of the needle tube distal end portion 715 or the needle tube 71
having the puncture portion or the machining for performing
electric insulation between the blade 72 and the inner wall of
the needle tube distal end portion 715 or the needle tube 71 is
applied to at least one of the blade 72 and the needle tube 71.
[0194] AsshowninFIG. 21, a sectional shape in a direction
orthogonal to an axial direction of the blade distal end portion
72a of the blade 72 includes two plane portions 7241 and
semicircular portions 72a2 at both ends of the two plane
portions 72q1. That is, the blade distal end portion 72a
includes a flat portion having a flat section and a thin extend-
ing tabular shape. Width L1 of the tabular shape is, for
example, 0.3 to 0.9 mm. Thickness [.2 of the tabular shape is,
for example, 0.1 to 0.2 mm.

[0195] As shown in FIG. 20, a curved surface portion 725
semicircular in a sectional shape extending along the axial
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direction ofthe blade 72 is provided at a distal end of the blade
distal end portion 72a. Further, ultrasound reflection machin-
ing for reflecting ultrasound is applied to the plane portions
72a1. As shown in FIG. 22, a large number of fine grooves
72A are formed as ultrasound reflection machined portions in
the two plane portions 72a1.

[0196] Note that, as explained below, the large number of
grooves 72A of the ultrasound reflection machined portions
may have a shape formed in a range in which the blade distal
end portion 72a bends in an arcuate shape and formed along
adirection orthogonal to the axial direction of the blade distal
end portion 72a¢ and contributing to bending of the blade
distal end portion 72a.

[0197] The width L1 of the blade distal end portion 72a is
smaller than width L3 of the opening portion 71¢ of the needle
tube 71. As explained below, the blade distal end portion 72a
and the opening portion 71¢ are configured such that, when
the blade distal end portion 72a bends, a bending portion of
the blade distal end portion 72a can project from an opening
portion 71c. The bending portion formed when the blade
distal end portion 724 projects from the opening portion 71¢
configures a cutting portion.

[0198] As explained above, the blade 72 can be inserted
through the channel of the needle tube 71. The blade 72 is
configured such that, when the blade 72 is inserted through
the channel, the bending portion functioning as the cutting
portion can project from the opening portion 71c.

[0199] As shown in FIG. 19, the ultrasound reflection
machining is applied to the needle tube distal end portion 715
over a predetermined range from a distal end portion to a
proximal end portion of the opening portion 71¢. Specifically,
dimple machining of a plurality of dimples 71A is applied as
ultrasound reflection machined portions over a range L4 in
which the opening portion 71c¢ is present on an outer side
surface of the needle tube distal end portion 715.

[0200] Note that, although the ultrasound reflection
machined portions of the plurality of dimples 71A are formed
over the range [.4 in which the opening portion 71¢ is present,
the ultrasound reflection machined portions may be provided
only in two places of the distal end portion of the opening
portion 71¢ and the proximal end portion of the opening
portion 71¢ such that the dimple machining is absent between
the distal end portion and the proximal end portion of the
opening portion 71c.

[0201] The distal end side inner wall portion 71e of the
needle tube distal end portion 716 forming the internal space
71dhas a slope inclined at a predetermined angle with respect
to a surface orthogonal to an axial direction of the needle tube
71. A wall surface of the distal end side inner wall portion 71e
is formed as a slope extending closer to a distal end direction
of the needle tube 71 from the distal end portion 71d1 of the
internal space 71d toward the opening portion 71c. In other
words, the wall surface of the distal end side inner wall
portion 71e is formed as a slope extending closer to the distal
end portion of the needle tube 71 from the opening portion
71¢ toward depth of the internal space 71d. Therefore, the
needle tube distal end portion 715 has an inclined surface for
preventing the blade distal end portion 72a from projecting
from the opening portion 71¢ when the bending portion of the
blade distal end portion 72a is formed.

[0202] Next, a configuration of the puncture tool operation
portion 79B connected to a proximal end portion of the punc-
ture tool insertion portion 79A is explained. FIG. 23 is an
external view of the puncture tool operation portion 79B.
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FIG. 24 is a sectional view of the puncture tool operation
portion 79B taken along line XXIV-XXIV of FIG. 23.
[0203] The puncture tool operation portion 79B is attached
and fixed to the treatment instrument insert-through port 20 of
the ultrasound endoscope 2. A connecting portion 81 for
attachment to the treatment instrument insert-through port 20
is provided at a distal end portion of the puncture tool opera-
tion portion 79B. Further, the puncture tool operation portion
798 includes amain body 82, a needle tube slider 83, aneedle
tube turning operation portion 84, a blade slider 85, and a
bend preventing portion 86 for protecting a cable 79a in order
toward a proximal end side.

[0204] The connecting portion 81 includes a connection
ring 81a and a distal end connecting member 815 on a distal
end side. The connecting portion 81 is attached to the treat-
ment instrument insert-through port 20 of the endoscope
operation portion 12 to internally insert the distal end con-
necting member 815 into the treatment instrument insert-
through port 20 and the connection ring 81a is turned in a
predetermined direction, whereby the puncture tool operation
portion 79B can be fixed to the endoscope operation portion
12. A sheath fixing knob 81¢ is provided on a proximal end
side of the connecting portion 81.

[0205] A connecting member 82a is provided on a distal
end side of the main body 82. The sheath 31 of the puncture
tool insertion portion 79A is externally inserted over and
fixed to a connection pipe 825 provided at a distal end of the
connecting member 82a. The connecting member 82a is
loosely fit in the connecting portion 81 having a cylindrical
shape. The sheath 31 can be fixed to the connecting portion 81
in a desired position by turning the sheath fixing knob 81¢ in
a predetermined direction. A stopper 82¢ that comes into
contact with an inner surrounding side convex portion of the
cylindrical connecting portion 81 to prevent the connecting
member 82a from coming off the connecting portion 81 is
provided on a distal end side of the connecting member 82a.
[0206] A main body groove portion 82d is formed along an
axial direction of the main body 82 on an outer surface of the
main body 82. A connecting member 83q is provided on a
distal end side of the needle tube slider 83. A stopper 82e that
comes into contact with an inner surrounding side convex
portion of a cylindrical connecting member 83a to prevent the
main body 82 from coming off the needle tube slider 83 is
provided on a proximal end side of the main body 82.
[0207] A needle tube fixing knob 835 is provided in the
connecting member 83a. On a proximal end side, the main
body 82 is loosely fit in the needle tube slider 83 having a
cylindrical shape. The needle tube slider 83 can be fixed to the
main body 82 in a desired position by turning the needle tube
fixing knob 834 in a predetermined direction.

[0208] 1In a proximal end portion of the needle tube slider
83, the needle tube turning operation portion 84 having a
cylindrical shape is provided to be engaged with the needle
tube slider 83 to be capable of turning around an axis of the
needle tube turning operation portion 84. Two blade adjusting
grooves 84a are provided along an axial direction of the
needle tube turning operation portion 84 on an outer surface
of the needle tube turning operation portion 84. Further, a
plurality of (four here) concave portions 845 are provided at
a predetermined interval along an axial direction in the
respective blade adjusting grooves 84a.

[0209] Theneedletube 71 is inserted through the sheath 31
of the puncture tool insertion portion 79A. The blade 72 is
inserted through the needle tube 71. A proximal end of the



US 2014/0163371 Al

needle tube 71 is fixed to a distal end portion of the needle
tube turning operation portion 84. Therefore, when the needle
tube turning operation portion 84 is turned around an axis, the
needle tube 71 also turns around an axis.

[0210] The blade slider 85 having a cylindrical shape is
externally inserted over and provided on a proximal end side
of the needle tube turning operation portion 84. On a distal
end side of the blade slider 85, two engaging portions 855
held between two grooves 85a formed along an axial direc-
tion are provided. Two convex portions 85¢ projecting to an
inner side and stoppers 854 projecting to the inner side are
provided in the engaging portion 855. The two convex por-
tions 85¢ engage with the two blade adjusting grooves 84a.
The respective convex portions 85¢ are formed in the blade
slider 85 to press outer side surfaces of the blade adjusting
grooves 84a and to be movable along the axial direction of the
needle tube turning operation portion 84.

[0211] A cylindrical blade fixing cap 85e is fixed and pro-
vided on the proximal end side of the blade slider 85. A
proximal end portion of the blade 72 is inserted from a distal
end side of the blade fixing cap 85e¢. A signal line of the cable
79ais inserted from a rear end side of the blade fixing cap 85e.
The blade 72 and the cable 79a are soldered and fixed by
solder 85f. Therefore, the blade 72 is fixed to the blade slider
85 and electrically connected to the cable 79a by the blade
fixing cap 85e. That is, the cable 79a connected to the blade 72
configures a power supply connecting portion for electrically
connecting the blade distal end portion 72a, which is the
cutting portion of the blade 72, and the high frequency power
supply device 70, which is a power supply.

[0212] Therefore, when the doctor moves the blade slider
85 along the axial direction of the needle tube turning opera-
tion portion 84, the blade slider 85 is lightly fixed to the needle
tube turning operation portion 84 in a position where the
convex portions 85¢ engage with the concave portions 845.
However, the blade slider 85 can be moved along the axial
direction of the needle tube turning operation portion 84 with
a stronger force. The stopper 854 is a stopper that comes into
contact with an outer surrounding side convex portion of the
needle tube turning operation portion 84 to prevent the blade
slider 85 from coming off the needle tube turning operation
portion 84.

[0213] Further, when the blade slider 85 is moved to a
proximal end side to separate the engaging portion 85 from
a surface of the needle tube turning operation portion 84 and
cause the stopper 854 to climb over the outer surrounding side
convex portion of the needle tube turning operation portion
84, the blade slider 85 can be detached from the needle tube
turning operation portion 84 and the blade 72 can be pulled
out from the needle tube 71.

[0214] When the blade slider 85 is pulled out, the syringe
25 can be attached to an opening portion 84¢ at aproximal end
portion of the needle tube turning operation portion 84. That
is, the opening portion 84c¢ at the proximal end portion of the
needle tube turning operation portion 84 configures a suction
device connecting portion for connecting the syringe 25,
which is a suction device arranged on a proximal end side of
the channel of the needle tube 71.

[0215] Thecable 795 extends from a side surface portion of
the needle tube slider 83. A bend preventing portion 86A is
provided in the needle tube slider 83 to protect surroundings
of the cable 795. A distal end portion of the cable 795 is
pressed against the needle tube 71 by a binder 83¢, whichis a
fixing member. The distal end portion of the cable 794 1s fixed
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to the needle tube 71 by applying an adhesive 834 around the
binder 83¢. The signal line of the cable 795 is soldered to the
needle tube 71 by solder 83¢ on an inner portion of the needle
tube slider 83. A connector for connecting the cable 795 to the
high frequency power supply device 70 is provided at a proxi-
mal end portion of the cable 795. Therefore, the cable 795
connected to the needle tube distal end portion 715 including
the puncture portion configures a power supply connecting
portion for electrically connecting the needle tube distal end
portion 715 including the conical shape portion 71a, which is
the puncture portion, and the high frequency power supply
device 70, which is the power supply.

[0216] Since the puncture tool operation portion 79B has
the configuration explained above, the doctor can project and
retract, from the treatment instrument opening of the distal
end rigid portion 15 of the endoscope insertion portion 11,
each of the sheath 31, the needle tube 71, and the blade 72 of
the puncture tool insertion portion 79A inserted through the
instrument channel of the ultrasound endoscope 2 by operat-
ing the puncture tool operation portion 79B.

[0217] FIG. 23 and FIG. 24 show a state in which the sheath
31, the needle tube 71, and the blade 72 are drawn into the
most proximal end side of the puncture tool insertion portion
79A. When the puncture device 21A is attached to the treat-
ment instrument insert-through port 20, in the state shown in
FIG. 23 and FIG. 24, the sheath 31, the needle tube 71, and the
blade 72 do not project from the treatment instrument open-
ing of the distal end rigid portion 15 of the endoscope inset-
tion portion 11.

[0218] The doctor can change the puncture tool operation
portion 79B from the state shown in FIG. 23 and FIG. 24 to a
state shown in FIG. 25 by moving the main body 82 to the
distal end side with respect to the connecting portion 81. FIG.
25 is a sectional view of the puncture tool operation portion
79B in a state in which the sheath 31 projects most from the
treatment instrument opening of the distal end rigid portion
15.

[0219] The doctor can change the puncture tool operation
portion 79B from the state shown in FIG. 25 to a state shown
in FIG. 26 by moving the needle tube slider 83 to the distal
end side with respect to the main body 82. FIG. 26 is a
sectional view of the puncture tool operation portion 79B ina
state in which the sheath 31 and the needle tube 71 project
most from the treatment instrument opening of the distal end
rigid portion 15.

[0220] The doctor can change the puncture tool operation
portion 79B from the state shown in FIG. 26 to a state shown
in FIG. 27 by moving the blade slider 85 to the distal end side
with respect to the needle tube turning operation portion 84.
FIG. 27 is a sectional view of the puncture tool operation
portion 79B in a state in which the sheath 31 and the needle
tube 71 project most from the treatment instrument opening
of the distal end rigid portion 15 and the blade 72 is projected
by one stage from the treatment instrument opening of the
distal end rigid portion 15.

[0221] The doctor can change the puncture tool operation
portion 79B from the state shown in FIG. 27 to a state shown
in FIG. 28 by further moving the blade slider 85 to the distal
end side with respect to the needle tube turning operation
portion 84. FIG. 28 is a sectional view of the puncture tool
operation portion 79B in a state in which the sheath 31 and the
needle tube 71 project most from the treatment instrument
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opening of the distal end rigid portion 15 and the blade 72 is
projected most from the treatment instrument opening of the
distal end rigid portion 15.

[0222] When the puncture tool operation portion 79B is in
the state shown in FIG. 27, the blade distal end portion 72a
bends and the bending portion of the blade distal end portion
72a projects from the opening portion 71c. When the punc-
ture tool operation portion 79B is in the state shown in FIG.
28, the blade distal end portion 72a further bends and the
bending portion, which is the cutting portion, further projects
from the opening portion 71c.

[0223] Therefore, the doctor can project each of the sheath
31, the needle tube 71, and the blade 72 at the distal end
portion of the puncture tool insertion portion 79A by a desired
amount from the treatment instrument opening of the distal
end rigid portion 15 and retract each of the sheath 31, the
needle tube 71, and the blade 72 into the treatment instrument
opening of the distal end rigid portion 15 by operating the
respective portions of the puncture tool operation portion
79B.

[0224] When the blade 72 is pushed out to the distal end
side, the curved surface portion 725 semicircular in a sec-
tional shape comes into contact with the distal end side inner
wall portion 71e. When the blade 72 is further pushed out to
the distal end side, the curved surface portion 726 moves
along the slope of the distal end side inner wall portion 71e
and comes into contact with the distal end portion 71 dl of the
internal space 71d. Therefore, the blade distal end portion 72a
bends to project from the opening portion 71c.

[0225] FIG. 29 is a sectional view showing a state in which
the blade distal end portion 72a comes into contact with the
distal end portion 7141 of the internal space 71d but the blade
distal end portion 72a is not bent. FIG. 30 is a sectional view
showing a state in which the blade distal end portion 72a
comes into contact with the distal end portion 71d1 of the
internal space 71d and the blade 72 is further pushed out to the
distal end side and the blade distal end portion 72a is bent.
[0226] A projection amount L5 of the blade distal end por-
tion 72a changes according to a movement amount of the
blade slider 85 to the distal end side with respect to the needle
tube turning operation portion 84. Respective positions of the
concave portions 844 correspond to projection amounts of the
blade distal end portion 72a. Therefore, the doctor can change
the projection amount L5 of the blade distal end portion 72a
by moving the blade slider 85 along the axial direction of the
needle tube turning operation portion 84 and changing the
positions of the concave portions 84 of the needle tube
turning operation portion 84 with which the respective con-
vex portions 85¢ of the blade slider 85 engage. As the doctor
moves the blade slider 85 further to the distal end side with
respect to the needle tube turning operation portion 84, the
blade distal end portion 72a projects further in a direction
indicated by an arrow A1 and the projection amount L5 of the
blade distal end portion 72a from the opening portion 71¢
increases.

(Manipulation)

[0227] FIG. 31 is a diagram for explaining a procedure of a
manipulation in the fourth embodiment.

[0228] After S1, processing in S31 is performed. Subse-
quently, the doctor thinly resects a tumor tissue with the blade
72 housed in the needle tube 71 under the ultrasound guide
(S31). That is, the doctor resects a tumor inner portion by
shaving the tumor tissue with the blade 72, which is the
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resecting tool for resecting the tumor inner portion under the
ultrasound observation by the ultrasound observation device
3.

[0229] For example, the doctor can resect the tumor tissue
by projecting the blade distal end portion 72¢ while viewing
an ultrasound image displayed on the monitor 4 and checking
aprojecting state of the bending portion of the blade distal end
portion 72a and by turning the needle tube 71 little by little
around the axis while supplying a high frequency current to
the blade 72.

[0230] Specifically, the doctor can project the blade distal
end portion 72a from the opening portion 71¢ by moving the
blade slider 85 to the distal end side. FIG. 32 is a diagram for
explaining a projecting state of the blade distal end portion
72a. As shown in FIG. 32, the needle tube distal end portion
714 pierces through the stomach wall SW and enters into the
tumor part Pa of the pancreas P. At this point, as explained
above, the projection amount L5 of the bent blade distal end
portion 72a from the opening portion 71¢ can be adjusted
according to a movement amount of the blade slider 85 with
respect to the needle tube turning operation portion 84.
[0231] FIG. 33 is a diagram showing an example of an
ultrasound image displayed on the monitor 4. The ultrasound
image USI obtained by the ultrasound probe 14 is displayed
on the display screen of the monitor 4. An image 71bx of the
needle tube distal end portion 715 and an image 72ax of the
blade distal end portion 72a are clearly displayed on the
ultrasound image USI by the ultrasound reflection machined
portions provided on the surfaces of the needle tube distal end
portion 715 and the blade distal end portion 72a. The image
Pax of the tumor part Pa is also displayed on the ultrasound
image USIL

[0232] Therefore, the doctor can grasp a position of the
needle tube distal end portion 715 and a projection amount of
the blade distal end portion 72a while viewing the ultrasound
image USL

[0233] The doctor can resect the tumor tissue of the tumor
part Pa with the bending portion of the blade distal end por-
tion 72a, which is the cutting portion, by locating the pro-
jected blade distal end portion 72« in a position where the
inner portion of the tumor part Pa can be shaved off and
turning the needle tube 71 around the axis while feeding a
high frequency current to the blade 72 under the ultrasound
guide.

[0234] FIG. 34 is a diagram for explaining a movement of
the blade distal end portion 72a. As shown in FIG. 34, the
doctor moves the needle tube 71 in the inner portion of the
tumor part Pa as indicated by a dotted line R1 while turning
the needle tube 71 around the axis as indicated by an arrow
A2. At this point, if the blade distal end portion 72a s turned
as indicated by the arrow A2, since the high frequency current
is flowing to the blade 72, the bending portion of the blade
distal end portion 72a can shave off the tumor tissue and
resect the tumor tissue into small tumor tissue pieces in the
same manner as an electric knife. If the needle tube 71 is
moved in the inner portion of the tumor part Pa as indicated by
the dotted line R1 while turning the needle tube 71 around the
axis, one tumor part Pa is decomposed into a large number of
or a plurality of fine tumor tissue pieces. The doctor can
determine, viewing the ultrasound image US], a degree of the
resection of the tumor tissue of the tumor part Pa, that is, to
which degree the tumor tissue is resected.

[0235] Itis preferable that the resection of the tumor tissue
be performed to leave only a thin portion on the outer side
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surface of the tumor part Pa. That is, the doctor resects the
tumor tissue pieces while viewing an ultrasound image until
the entire tumor tissue is resected to leave a layer of an outer
contour of the tumor part Pa without cutting a normal bio-
logical tissue of the pancreas P around the tumor part Pa. Note
that a range to be resected may be only a desired region of the
tumor part Pa.

[0236] Subsequently, the doctor injects saline or ethanol
into the tumor part Pa through the needle tube distal end
portion 715 under the ultrasound guide (S32).

[0237] The doctor pours saline or ethanol, which is a sol-
vent for suspension, into the syringe main body of the syringe
25 in advance. After S31, as explained above, the doctor
detaches the blade slider 85 of the puncture device 21A from
the needle tube turning operation portion 84, pulls out the
blade 72 from the needle tube 71, attaches the syringe 25
including the saline or the ethanol to the opening portion 84¢
of the proximal end portion of the needle tube turning opera-
tion portion 84, from which the blade slider 85 is pulled out,
and pushes in the plunger 255 of the syringe 25 to thereby
perform injection of the saline or the ethanol.

[0238] FIG. 35 is a diagram for explaining the injection of
the saline or the ethanol. When the doctor injects the saline or
the ethanol from the syringe 25, as indicated by a dotted line
in FIG. 35, the saline or the ethanol is injected into an inner
portion of the layer of the outer contour of the tumor part Pa
from the opening portion 71c¢. Therefore, the tumor part Pa
bulges and a volume of the tumor part Pa increases. The
doctor can view a situation of the injection of the saline or the
ethanol using an ultrasound image displayed on the monitor
4.

[0239] FIG. 36 is a diagram showing an example of the
ultrasound image displayed on the monitor 4 when the saline
or the ethanol is injected. As shown in FIG. 36, the image Pax
of the bulged tumor part Pa is displayed on the monitor 4.
Therefore, the doctor can inject the saline or the ethanol into
the tumor part Pa by a desired amount while viewing the
ultrasound image.

[0240] As explained above, the doctor introduces the sol-
vent for suspension into the tumor inner portion from the
distal end of the needle tube 71 arranged in the tumor inner
portion, mixes the solvent for suspension with the resected
tumor tissue in the tumor inner portion, and changes the
tumor inner portion to fluid under the ultrasound observation.
[0241] The doctor collects the resected tumor tissue pieces
together with the saline or the ethanol under the ultrasound
guide (S33). The collection of the resected tumor tissue
pieces is performed by the operation of the syringe 25.
[0242] FIG. 37 is adiagram for explaining the collection of
the resected tumortissue pieces. When the doctor operates the
plunger 255 of the syringe 25 to pull out the plunger 255 from
the syringe main body, as indicated by a dotted linein FIG. 37,
the resected tumor tissue pieces are sucked from the opening
portion 71¢ together with the saline or the ethanol and the
volume of the tumor part Pa decreases. That is, when the
saline or the ethanol is injected into the tumor part Pa in S32,
fine fragments of the resected tumor tissue are included in the
saline or the ethanol. Therefore, when the resected tumor
tissue is sucked by the syringe 25 together with the saline or
the ethanol, the volume of the tumor part Pa decreases.
[0243] As explained above, after changing the tumor inner
portion to the fluid, the doctor collects the tumor tissue, which
is mixed with the solvent for suspension and softened, from
the tumor inner portion using the needle tube 71.
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[0244] The doctor can view a situation of the collection of
the tumor tissue using the ultrasound image displayed on the
monitor 4. FIG. 38 is a diagram showing an example of the
ultrasound image displayed on the monitor 4 when the
resected tumor tissue pieces are collected. As shown in FIG.
38, the image Pax ofthe reduced tumor part Pa is displayed on
the monitor 4.

[0245] Further, the doctor pulls out the needle tube 71 from
the inside of the tumor part Pa while feeding a high frequency
current to the needle tube 71 (S34). Since the high frequency
current is flowing to the needle tube 71, a biological tissue in
contact with an outer surface of the needle tube 71 is burned
by the high frequency current and dissemination can be pre-
vented.

[0246] Therefore, according to the present embodiment,
the same effects as those in the first embodiment are gener-
ated. That is, it is possible to reduce the volume of the tumor
and reduce or eliminate compression of surrounding organs,
blood vessels, and nerves. It is possible to perform a surgical
operation such as excision of the tumor. Further, since the
tumor tissue is sucked together with the ethanol after being
dissolved, there is also an effect that tumor lysis syndromes
due to remaining of a cancer cell or the like in the body are
suppressed. A pain due to compression of nerves based on an
increase in a tumor volume is also reduced and QOL (quality
of life) is also improved.

[0247] Note that, in S32, under the ultrasound guide, after
putting the needle tube distal end portion 715 through the
tumor part Pa and injecting the saline or the ethanol, when the
doctor introduces the ethanol, which is a solvent for suspen-
sion, into the inner portion of the tumor part Pa, mixes the
ethanol with resected tumor cells, and changes the tumor
inner portion to fluid, if the doctor turns the blade distal end
portion 72a, it is possible to facilitate fluidization of the tumor
inner portion. The doctor may perform the turning of the
blade distal end portion 72a by hand or using a turning device
incorporating a motor.

(Modifications)

[0248] Note that, in the fourth embodiment, the configura-
tions of the modification 1 explained in the first embodiment
can also be applied. In the fourth embodiment, the same
effects as those in the modification 1 of the first embodiment
are generated.

Fifth Embodiment

[0249] In the first to fourth embodiments, the tumor tissue
is dissolved, broken up by the ultrasound vibration, or
resected and the dissolved, broken-up, or resected tumor tis-
sue is collected. However, in a fifth embodiment, a tumor
tissue is vaporized by a laser and collected.

[0250] An apparatus configuration for realizing a manipu-
lation in the present embodiment is substantially the same as
the apparatus configuration in the first embodiment. The same
components are denoted by the same reference signs and
explanation of the components is omitted. Different compo-
nents are mainly explained.

[0251] Inthe manipulation in the fifth embodiment, steps of
a procedure same as in the first embodiment are denoted by
the same reference signs and explanation of the steps is omit-
ted.
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(Configuration)

[0252] FIG. 39 is a configuration diagram showing a con-
figuration of an ultrasound endoscope apparatus according to
the present embodiment. In FIG. 39, components same as the
components of the ultrasound endoscope apparatus 1 shown
in FIG. 1 are denoted by the same reference signs and expla-
nation of the components is omitted. An ultrasound endo-
scope apparatus 1C in the present embodiment includes a
laser device 91, which is a vaporization tool for vaporizing a
tumor inner portion, and a suction device 92.

[0253] The laser device 91 includes a laser light source on
an inner portion. Laser light of the laser light source is emitted
into a laser catheter 93. The laser catheter 93 is a probe that
includes an optical fiber, makes the laser light from the laser
device 91 incident from a proximal end portion of the optical
fiber, and emits the laser light from a distal end portion of the
laser catheter 93.

[0254] Thelaserdevice 911is, for example, a carbon dioxide
laser device or an infrared laser device. The laser light is, for
example, light (CO, laser) having a wavelength of 10.6 um
and has power of a degree enough for cauterizing and vapor-
izing the tumor tissue.

[0255] Thesuctiondevice 92 includes a suction pump on an
inner portion. A suction tube 92« is connected to the suction
device 92. A laser catheter 264 is inserted through the needle
tube 22 from the proximal end portion of the needle tube 22.
The suction tube 924 is connected to the operation slider 24.
The operation slider 24 is configured such that the inside of
the needle tube 22 is sucked through a suction tube 27a.
[0256] The laser catheter 93 is inserted through the needle
tube 22. A gap is formed between an inner wall of the needle
tube 22 and an outer surrounding surface of the laser catheter
93. The suction tube 92a communicates with the internal
space of the needle tube 22.

[0257] FIG. 40 is a schematic sectional view showing a
configuration of a needle tube distal end portion through
which the laser catheter 93 for radiating laser light on a tumor
tissue and vaporizing the tumor tissue is inserted.

[0258] The needle tube 22 is inserted through the instru-
ment channel of the ultrasound endoscope 2. Further, the laser
catheter 93 is inserted through the needle tube 22. The laser
light generated by the laser device 91 can be emitted from a
distal end of the laser catheter 93 through the optical fiber.
[0259] There is a gap between an outer surface of the laser
catheter 93 inserted through the needle tube 22 and an inner
wall surface of the needle tube 22. The suction tube 92a
communicates with the gap. As explained below, the suction
device 92 can suck gas generated by vaporization via the gap
using the suction tube 92a.

(Manipulation)

[0260] FIG. 41 is a diagram for explaining a procedure of a
manipulation in the fifth embodiment.

[0261] After S1, processing in S41 is performed. First, the
doctor puts the laser catheter 93 through the needle tube 22
and inserts the distal end portion of the laser catheter 93 into
the tumor part Pa (S41). The doctor can confirm, by viewing
the ultrasound image, that the distal end portion of the laser
catheter 93 is arranged in a desired position.

[0262] FIG. 42 is adiagram for explaining a projecting state
ofthe needle tube distal end portion 22a of the needle tube 22.
As shown in FIG. 42, the distal end portion of the laser
catheter 93 is inserted into the tumor part Pa.
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[0263] FIG. 43 is a diagram showing an example of an
ultrasound image displayed on the monitor 4 corresponding
to FIG. 42. The image 22ax of the needle tube distal end
portion 22a, an image 93x of the laser catheter 93, and the
image Pax of the tumor part Pa are also displayed on the
ultrasound image USI.

[0264] Subsequently, the doctor sucks the tumor tissue
while radiating laser light on the tumor tissue and vaporizing
the tumor tissue using the laser catheter 93 inserted through
the needle tube 22 under the ultrasound guide (S42). That is,
the doctor vaporizes the tumor inner portion by radiating the
laser light on the tumor tissue under the ultrasound observa-
tion by the ultrasound observation device 3.

[0265] Specifically, the doctor drives the laser device 91,
which is the vaporization tool for vaporizing a tumor inner
portion, emits the laser light from the distal end of the laser
catheter 93, and drives the suction device 92 as well under the
ultrasound guide. As a result, the tumor tissue is heated and
vaporized by the laser light. Gas generated by the vaporiza-
tion is sucked by the suction device 92.

[0266] FIG. 44 is a diagram for explaining a state in which
the laser light is radiated on the tumor tissue and the tumor
tissue is vaporized. FIG. 45 is a diagram showing an example
of an ultrasound image displayed on the monitor 4 in the state
shown in FIG. 44.

[0267] When the laser light is radiated on the tumor tissue,
the tumor tissue vaporizes and changes to gas. F1G. 44 shows
that the tumor tissue changes to gas G. In the ultrasound
image USIshown in FIG. 45, an image Gx of the gas G in the
tumor part Pa is also rendered.

[0268] For example, the doctor radiates the laser light and
vaporizes the tumor tissue in a desired region while viewing
the ultrasound image displayed on the monitor 4. The laser
device 91 and the suction device 92 are driven by, for
example, operating operation devices such as foot switches
connected to the respective devices.

[0269] A change of a radiating direction of the laser light
can be performed by bending the bending portion 16 of the
insertion portion 11.

[0270] For example, the doctor can determine, by viewing
the ultrasound image, a degree of the vaporization of the
tumor tissue, that is, to which degree the tumor tissue is
vaporized.

[0271] Thedoctor performs the vaporization while viewing
the ultrasound image until the entire tumor tissue or the
desired region is vaporized.

[0272] Subsequently, the doctor pulls out the laser catheter
93 from the needle tube 22 and injects saline or ethanol into
the tumor part Pa through the needle tube 22 under the ultra-
sound guide (S43).

[0273] When the vaporization of the tumor tissue ends in
S42, the doctor detaches the laser catheter 93 and the suction
tube 92a from the operation slider 24 and connects the syringe
25 to the operation slider 24. The doctor can inject the saline
or the ethanol, which is a solvent for suspension, into the
needle tube 22 and inject the saline or the ethanol into the
tumor part by pouring the saline or the ethanol into the syringe
main body 25a and pushing in the plunger 255.

[0274] FIG. 46 is adiagram for explaining a state at the time
when the saline or the ethanol is injected into the tumor part
Pa.FIG. 47 is a diagram showing an example of an ultrasound
image displayed on the monitor 4 in the state shown in FIG.
46.
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[0275] 1In the ultrasound image USI shown in FIG. 47, an
image NSx of the saline or ethanol NS in the tumor part Pa is
rendered in black.

[0276] As explained above, the doctor introduces the sol-
vent for suspension into the tumor inner portion from the
distal end of the needle tube 22 arranged in the tumor inner
portion, mixes the solvent for suspension with the vaporized
tumor tissue in the tumor inner portion, and changes the
tumor inner portion to fluid under the ultrasound observation.
[0277] The doctor collects the tumor tissue remaining after
the vaporization by the laser beam together with the saline or
the ethanol under the ultrasound guide (S44).

[0278] When the saline or the ethanol is injected in S43, the
tumor tissue remains in the saline or the ethanol. Therefore,
when the remaining tumor tissue is sucked together with the
saline or the ethanol, it is possible to reduce a volume of a
portion where the tumor tissue is present.

[0279] That is, since the tumor tissue is vaporized by the
laser light and the remaining tumor tissue is sucked, a volume
of the tumor tissue decreases.

[0280] As explained above, after changing the tumor inner
portion to the fluid, the doctor collects the tumor tissue, which
is mixed with the solvent for suspension and softened, from
the tumor inner portion using the needle tube 22.

[0281] As aresult, itis possible to reduce the volume of the
tumor and reduce or eliminate compression of surrounding
organs, blood vessels, and nerves. It is possible to excise the
tumor. Further, since the remaining tumor tissue is sucked,
there is also an effect that tumor lysis syndromes due to
remaining of a cancer cell or the like in the body are sup-
pressed. A pain due to compression of nerves based on an
increase in a tumor volume is also reduced and QOL (quality
of life) is also improved.

[0282] Note that, in the fifth embodiment explained above,
the needle tube 22 is used. However, the doctor may use a
double lumen tube, put the laser catheter 93 through one
lumen, use the other lumen as a suction channel, and, while
vaporization of the tumor tissue is performed by the laser
catheter 93, perform suction of gas generated by the vapor-
ization.

[0283] As explained above, with the tumor reductive pro-
cedure under the ultrasound observation in the respective
embodiments and the respective modifications, it is possible
to reduce the volume of the tumor and reduce or eliminate
compression of surrounding organs, blood vessels, and
nerves. It is possible to perform a surgical operation such as
excision of the tumor. A clinical condition such as a pain due
to compression based on hypertrophy of a tumor is also
reduced. Therefore, a number of times of treatment for reduc-
ing the pain or the like also decreases. As a result, QOL
(quality oflife) of a patient is also improved.

[0284] Further, the tumor tissue is sucked together with the
ethanol after being dissolved. Therefore, there is also an
effect that tumor lysis syndromes due to remaining of'a cancer
cell or the like in the body are suppressed.

(Modifications)

[0285] Note that, in the fifth embodiment, the configuration
of the modification 1 explained in the first embodiment can
also be applied. In the fifth embodiment, the same effects as
those in the modification 1 of the first embodiment are gen-
erated.

[0286] Next, modifications related to all the embodiments
explained above are explained.
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(Modification 5)

[0287] When the tumor inner portion is fluidized, the ultra-
sound probe 14 may be driven for a predetermined time once
or more at a frequency determined in advance to agitate the
solvent for suspension in the tumor part Pa. The solvent for
suspension is sufficiently spread to the inside of the tumor
part Pa and further fluidization of the tumor inner portion is
performed according to the agitation by the ultrasound vibra-
tion.

[0288] For example, as disclosed in Japanese Patent No.
5019997, a C-MUT or P-MUT technology may be used for
the ultrasound probe 14 of the endoscope to enable the ultra-
sound probe 14 to output ultrasound vibrations at a plurality
of frequencies. During the agitation, the ultrasound probe 14
may be driven at a frequency suitable for the agitation to
output ultrasound.

[0289] Further, the needle tube may be warmed by feeding
a predetermined electric current to the needle tube. The sol-
vent for suspension is also sufficiently spread to the inside of
the tumor part Pa by the warming.

[0290] Furthermore, the warming may be performed from a
body surface.

(Modification 6)

[0291] Inthe respective embodiments explained above, the
pancreatic cancer is explained as an example of the tumor.
However, the tumor is not limited to the pancreatic cancer.
The manipulations in the respective embodiments explained
above can also be applied when tumors of other organs (e.g,,
liver) are reduced.

(Modification 7)

[0292] Inthe respective embodiments explained above, the
endoscope insertion portion is inserted, that is, introduced
into the body from the mouth of the patient. However, the
endoscope insertion portion may be introduced into the body
from parts other than the mouth. That is, the endoscope inset-
tion portion may be introduced into the body per os, per nasal,
or per anal.

(Modification 8)

[0293] Furthermore, the ethanol, the plasmin antagonist,
and the saline are explained as the examples of the solvent for
suspension. However, the solvent for suspension may be
other kinds of alcohol such as isopropanol (isopropyl alcohol)
or hydrogen peroxide water, dispase, collagenase, thermol-
ysin, pronase, hyaluroninase, pancreatin, or elastase.

(Modification 9)

[0294] In the respective embodiments explained above, the
ultrasound observation is performed from the inside of the
body. However, the ultrasound observation may be performed
from the outside of the body. That is, in the respective
embodiments explained above, the ultrasound observation is
performed by obtaining the ultrasound image of the tumor
part using the ultrasound probe provided in the endoscope
insertion portion 11 inserted into the body. However, ultra-
sound may be radiated from a body surface of a patient to
obtain an ultrasound image.
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(Modification 10)

[0295] Further, in the fourth embodiment, the dissemina-
tion prevention s attained by pulling out the needle tube from
the inside of the tumor part while feeding the high frequency
current to the needle tube. However, the doctor may perform
the dissemination prevention by pulling out the needle tube
while ejecting ethanol from a tip of the needle tube or by
pulling out the needle tube while heating the needle tube
distal end portion with laser light or a heat probe.

[0296] FIG.48isaflowchartexplaining a flow of'a manipu-
lation including the processing for the dissemination preven-
tion in the first embodiment. As shown in FIG. 48, after S4,
the doctor attaches the syringe, into which ethanol is poured,
to the proximal end portion of the operation slider 24 and
pulls out the needle tube 22 while ejecting the ethanol from
the distal end portion of the needle tube 22 under the ultra-
sound guide (S5).

[0297] Processing in S5 can be applied to not only the
manipulation in the first embodiment but also the manipula-
tions in the second, third, and fifth embodiments. Further, in
the fourth embodiment, the processing in S5 can be pet-
formed instead of S34. Therefore, the processing in S5 can
also be applied to the manipulation in the fourth embodiment.
[0298] Furthermore, the doctor may perform the dissemi-
nation prevention by pulling out the needle tube while feeding
an electric current to the needle tube or feeding warm water
into the needle tube to heat the needle tube to a predetermined
temperature (e.g., 42 degrees).

[0299] FIG. 49 is a flowchart showing a flow of a manipu-
lation of the processing of the other dissemination prevention
in the first embodiment. As shown in FIG. 49, after S4, the
doctor pulls out the needle tube under the ultrasound guide
while applying a voltage for warming the needle tube to a
predetermined temperature to the needle tube or feeding
warm water having temperature for warming the needle tube
to the predetermined temperature into the needle tube (S6).
[0300] Processing in S6 can be applied to not only the
manipulation in the first embodiment but also the manipula-
tions in the second, third, and fifth embodiments. Further, in
the fourth embodiment, the processing in S6 can be per-
formed instead of S34. Therefore, the processing in S6 can
also be applied to the manipulation in the fourth embodiment.
[0301] Further, the doctor may pull out the needle tube
while emitting laser light of a degree for warming the needle
tube distal end portion 22a to a predetermined temperature
(e.g.,42 degrees) from the distal end portion of the laser probe
32 shown in FIG. 11 to heat the needle tube distal end portion
22a.

[0302] Note that the doctor may pull out the needle tube
while inserting the heat probe 33 shown in FIG. 11 into the
needle tube rather than the laser probe 32 and heating a heater
to adegree for warming the needle tube distal end portion 224
to the predetermined temperature (e.g., 42 degrees).

(Modification 11)

[0303] Further, in the respective embodiments explained
above, the tumor, which is mixed with the solvent for suspen-
sion and softened, is collected from the inner portion of the
tumor part using the needle tube. However, the tumor may be
discharged to a digestive tract or the outside of the body using
a drainage tube.

[0304] FIG. 50 is a diagram for explaining a method of
discharging a tumor, which is mixed with a solvent for sus-
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pension and softened, from an inner portion of a tumor part to
the stomach S, which is a digestive tract, using an internal
biliary drainage tube 101. The internal biliary drainage tube
101 is a tube for connecting a tumor part and a digestive tract
per digestive tract and indwelled the tumor inner portion a
body. The tumor, which is mixed with the solvent for suspen-
sion and softened, is naturally discharged into the digestive
tract via the internal biliary drainage tube 101. Note that the
internal biliary drainage tube 101 connects the tumor part Pa
and the stomach S. However, the internal biliary drainage
tube 101 may connect the tumor part Pa and a duodenum or
the like.

[0305] FIG. 51 is a diagram for explaining a method of
discharging a tumor. which is mixed with a solvent for sus-
pension and softened, to an outside of a body from an inner
portion of a tumor part using an external biliary drainage tube
102. The external biliary drainage tube 102 connects a tumor
part and an outside world per nasal. One end of the external
biliary drainage tube 102 is indwelled in the body and the
other end thereof is extended to the outside of the body. The
tumor, which is mixed with the solvent for suspension and
softened, is naturally discharged to the outside of the body via
the external biliary drainage tube 102 inserted from a nose N.
Note that an inner portion of the tumor part may be forcibly
refluxed from the outside world making use of the external
biliary drainage tube 102.

[0306] Note that, in the example explained above, the inter-
nal biliary drainage tube 101 or the external biliary drainage
tube 102 is used. However, both of the internal biliary drain-
age tube 101 and the external biliary drainage tube 102 may
be used to naturally discharge or forcibly discharge the soft-
ened tumor.

[0307] In this way, the tumor tissue may be discharged
using the drainage tube without being collected.

[0308] The present invention is not limited to the respective
embodiments and the respective modifications explained
above. Various changes, alterations, and the like are possible
in a range in which the gist of the present invention is not
changed.

What is claimed is:

1. A tumor reductive procedure under ultrasound observa-
tion comprising:

observing a tissue from an inside or an outside of a body

with an ultrasound observation device;

dissolving, breaking up, resecting, or vaporizing a tumor

inner portion under ultrasound observation by the ultra-
sound observation device;

introducing a solvent for suspension into the tumor inner

portion from a distal end of a needle tube arranged in the
tumor inner portion, mixing the solvent for suspension
with a tumor tissue of the dissolved, broken-up,
resected, or vaporized tumor inner portion, and chang-
ing the tumor inner portion to a fluid under the ultra-
sound observation; and

collecting the tumor tissue, which is mixed with the solvent

for suspension and softened, from the tumor inner por-
tion using the needle tube or another duct after changing
the tumor to the fluid.

2. The tumor reductive procedure under ultrasound obser-
vation according to claim 1, wherein the solvent for suspen-
sion is ethanol, plasmin antagonist, or saline.

3. The tumor reductive procedure under ultrasound obser-
vation according to claim 1, wherein the tumor inner portion
is changed to the fluid by mixing the dissolved, broken-up,
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resected, or vaporized tumor tissue with the solvent for sus-
pension while agitating, warming, or refluxing the tumor
tissue.

4. The tumor reductive procedure under ultrasound obset-
vation according to claim 1, wherein a distal end of the needle
tube is introduced into the tumor inner portion and the tumor
inner portion is dissolved by injecting a substance for dissolv-
ing the tumor inner portion through the needle tube under the
ultrasound observation.

5. The tumor reductive procedure under ultrasound obset-
vation according to claim 4, wherein the solvent for suspen-
sion is a substance for neutralizing the substance for dissolv-
ing the tumor inner portion.

6. The tumor reductive procedure under ultrasound obser-
vation according to claim 1, wherein the breaking-up of the
tumor inner portion is performed using a breaking-up tool for
breaking up the tumor inner portion.

7. The tumor reductive procedure under ultrasound obser-
vation according to claim 6, wherein the breaking-up tool is a
probe including an ultrasound transducer.

8. The tumor reductive procedure under ultrasound obser-
vation according to claim 1, wherein the resection of the
tumor inner portion is performed using a resecting tool for
resecting the tumor inner portion.

9. The tumor reductive procedure under ultrasound obser-
vation according to claim 8, wherein the resecting tool is a
bendable blade.

10. The tumor reductive procedure under ultrasound obser-
vation according to claim 1, wherein the vaporization of the
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tumor inner portion is performed using a vaporizing tool for
vaporizing the tumor inner portion.

11. The tumor reductive procedure under ultrasound obset-
vation according to claim 10, wherein the vaporizing tool is a
probe capable of emitting laser light.

12. The tumor reductive procedure under ultrasound obset-
vation according to claim 1, further comprising pulling out
the needle tube or the other duct while ejecting ethanol from
a distal end portion of the needle tube or the other duct.

13. The tumor reductive procedure under ultrasound obset-
vation according to claim 1, further comprising pulling out
the needle tube or the other duct while heating a distal end
portion of the needle tube or the other duct.

14. The tumor reductive procedure under ultrasound obser-
vation according to claim 1, wherein the other duct is a drain-
age tube communicating with the inside of the body or the
outside of the body.

15. The tumor reductive procedure under ultrasound obset-
vation according to claim 1. wherein

the ultrasound observation device is an ultrasound endo

scope including an instrument channel,

the ultrasound endoscope is introduced into the body per

0s, per nasal, or per anus, and

the needle tube or the other duct is inserted through the

instrument channel and introduced into the tumor inner
portion.
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