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DESCRIPTICN

Title of Invention

THERAPEUTIC SUBSTANCE DELIVERY DEVICE AND THERAPEUTIC
SUBSTANCE DELIVERY KIT

Technical Field

[0001]

The present invention relates to a therapeutic

substance conveying device. The invention further
relates to a therapeutic substance conveying kit.
Background Art

[0002]

Recent remarkable developments in the field of
regenerative medicine are leading to attempts to find
methods of regenerating various diseased organs and
tissues. Attempts are being made to promote regeneration
of diseased or damaged organs or tissues by applying
therapeutic substances to the organs or tissues. One
technique in regenerative medicine that is being
developed ig a technicgue in which a culture dish cocated
with a temperature-responsive polymer is used for
culturing of cells as a sheet after which the cells are
collected, and treatment methods in which these are
applied to afifected parts are being developed (PTLs 1 to
3). This technique allows transplanting of the cells
themselves in the form of a sheet, and it has constituted
a major leap forward in regenerative medicine.

[0003]

Cell sheets are used as a method of treatment to
prevent esophageal stenosis caused after Endoscopic
Submucosal Dissection (ESD) in which eariy-stage
esophageal cancer 1is excised. When ESD is carried cut in
cases where lesione are found over a wide area of the
esophagus, ulcers form over a wide region at the site of
lesion excision, causing stenosis. For patients in which
stenosis has occurred, the conventionally employ method

of treatment has been to insert a balloon at the site of
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stenosgis to physically spread it open. This method of
treatment, however, produces intense pain when the site
of stenosis is spread open, the treatment being carried
out usually 20 to 30 times or even up to 50 times in some
cases, and this has been an issue as iL forces a huge
burden to be borne by patients. In order to solve this
problem, a method of treatment has been developed in
which a tissue sample is harvested frowm the paticnt's own
oral mucosa, and a temperature-respongive culture dish is
used to prepare an oral wmucosa epithelial cell sheet,
which is transplanted onto the esophageal ulcer surface
under endoscopic observation following ESD. This has
made it possible to prevent post-ESD esophageal stenosis
and significantly contributce to alleviating the burden on
vatients (NPL 1).

[0004]

A cell sheet is composed of a very thin membrane of
one or more cell layers, and it is extremely difficult to
manage. In order to obtain a therapeutic effect by a
cell sheet, a level of technical skill is necessary for
reliably conveying the cell sheet to the desired site of
application and properly applying it. However, in oxder
for treatment techniques using cell sheets to become more
commonplace there is a need for devices that allow cell
sheets to be conveniently and reproducibly applied to
desired sites even by practitioners with an ordinary
level of skill, and the development of such devices has
been desired. The difficulty increases particularly when
the affected part is a biological canal such as the
esophagus or intestinal tract, as it is necessary to
apply the cell sheet on the inner luminal side.

Conveying jigs (conveying tools) have been developed to
deal with this problem. For example, PTL 4 discloses a
biological tract interior treatment device comprising a
tubular section, a balloon provided in an inflatable
manner on the outer circumference of the tubular section,

and inflation means that causes the balloon to inflate,
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the balloon being inserted in a biological tract with the
balloon in the contracted state, and the balloon being
caused to expand by the inflation means, coming into
pressure contact with the inner wall of the biological
tract and causing the cell sheet to indwell in the
biological tract (see PTL 4).
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[00051]
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Summary of Invention

Technical Problem

[0007]

However, the biological tract interior treatment
device (treatment device) disclosed in PTL 4 is a device
used separately from the endoscope, and in order to
accurately allow the treatment device to reach the
affected part and apply the therapeutic substance it has
been necessary to learn how to operate both the device
and the endoscope. Even when using a mode in which an
airflow tube is inserted through the forceps channel of
the endoscope, and the treatment device is connected to
the airflow tube that has left the exit of the forceps
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channel by pregsure fitting so that it is integral with

the endoscope, the device and the airflow tube are only

weakly connected, and when catching on irregularities in
the biological tract they can potentially fall off into

the biological tract.

[0008]

Moreover, the treatment device is a device having
the therapeutic substance carried while the balloon is in
close contact with the peripheral surface of the tubular
section by contraction, and it is inserted into the
biological tract through a sheath situated in the
biological tract, the treatment device protruding from
the tip section of the sheath to reach the affected part.
A biological tract is curved and highly irregular, and
consequently when the treatment device protrudes out from
the sheath, the tip of the treatment device presses
against the inner wall of the biological tract, changing
its position from the state before it protruded, and
potentially resulting in the tip of the sheath or the
inner wall of the biological tract contacting with the
therapeutic substance. Particularly when the therapeutic
substance is a cell sheet, the cell sheet being a thin,
soft substance, its contact with the gheath tip or
biological tract may result in its crimping or twisting,
which is an undesirable state that is unsuitable for
application to affected parts.

[0009]

It is an object of the present invention to provide
a therapeutic substance conveying device that prevents
contact of the therapeutic substance with other objects
in a biological tract, while preventing the therapeutic
substance-carrying unit from falling off into the
biological tract, and wherein the therapeutic substance-
carrying unit is detachable from an air supply/discharge
tube.

Solution to Problem
[0010]
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The disclosed technique employs the following means
for solving the problems descriked above.

Specifically, the Zirst aspect of the invention is:

A therapeutic substance conveying device for
conveying and/or applying a therapeutic substance to a
desired site in a biological tract, comprising:

a therapeutic substance-carrying unit,

a connector connected to the therapeutic substance-
carrying unit, and

an alr supply/discharge tube connected to the
connector,
wherein

the therapeutic substance- carrying unit has a body
portion in which a recess is formed, an elastic membrane
covering at least the recess and forming an inner space
with the body portion, and a connecting tube of which at
least one end is made of a flexible material, and which
communicates with the inner space,

the connector comprises a coupling body with a
through-hole through which fluid passes and having one
end for insertion into the connecting tube and the other
end connected to the air supply/discharge tube, a flange
section anchored to the other end of the coupling body
and an anchoring nut through which the coupling body is
nserted,

the coupling body comprisces a tube catch section
having a larger diameter than the outer diameter of the
coupling body and a smaller diameter than the inner
diameter of the anchoring nut, and

at least a portion of the inner wall of the
anchoring nut is provided with an internal thread,
forward screwing of the anchoring nut causes the internal
thread to bite into the connecting tube sandwiched
between the anchoring nut and the coupling body, and the
therapeutic substance-carrying unit is detachable.

According to the first aspect it is possible to

provide a therapeutic substance conveying device that
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prevents the therapeutic substance-carrying unit on which
~he therapeutic substance is carrvied from falling off
irto the biological tract, and can prevent the
“herapeutic substance carried on the therapeutic
substance-carrying unit from coming into contact with
other substances.

[0011]

The second aspect of the invention is a therapeutic
substance conveying device according to first aspect,
wherein the air supply/discharge tube is inserted through
the forceps channel of an endoscope and is used together
with the endoscope.

According to the second aspect, it is possible to
use the therapeutic substance conveying device through
the forceps channel of the endoscope.

[oo121

The third aspect of the invention is a therapeutic
substance conveying device according to the first or
second aspect, wherein the anchoring nut comprises a
tubular screw part and a collar section having an
-ngertion hole through which the coupling body is
inserted, and the diameter of the insertion hole is a
smaller diameter than the outer diameter of the tube
catch section.

According to the third aspect, not only is it
possible to prevent the anchoring nut of the therapeutic
substance conveying device of the invention from falling
off from one end of the coupling body, but the contact
surface between the anchoring nut and the tube catch
section also functions as a fulcrum during forward
screwing of the anchoring nut to anchor the connecting
tube, and the force of pressure contact of the connecting
tube on the tube catch section is concentrated for a more
firm connection.

[0013]
The fourth mode of the invention is a Lherapeutic

substance conveying device according to the third aspect,
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wharein the outer diameler of the flange section is a
smaller diametcer than the outer diameter of the anchoring
nut and a larger diameter than the diameter of the
insertion hole of the collar section.

According to the fourth aspect, it is possible to
orevent the anchoring nut of the therapeutic substance
conveying device of the invention from falling off from
the other end of the coupling body.

[0014]

The fifth aspect of the invention is a therapeutic
substance conveying device according to the first tc
fourth aspects, wherein the outer diameter of the
connector is less than 5.0 mm.

According to the fifth aspect, it ig possible to
provide a therapeutic substance conveying device capable
of passing through the forceps channel of an endoscope.
[0015]

The sixth aspect of the invention is a therapeutic
substance conveying device according to the first to
Fifth aspects, wherein the tube catch section is formed
in a tapered manner with increasing diameter from one end
of the coupling body toward the other end.

According to the sixth aspect, the connecting tube
of the therapeutic substance-carrying unit is inserted
while spreading out along the tapered form of the tube
catch section, so that leakage of fluids from between the
connector and the connecting tube can be prevented.

{00186]

The seventh aspect of the invention is a therapeutic
substance conveying device according to the first to
sixth aspects, wherein inflation means for causing inflow
and discharge of fluid in the inner space of the
therapeutic substance-carrying unit is also connected to
the air supply/discharge tube.

According to the seventh aspect 1t is possible to
inflate the elastic membrane of the therapeutic

substance-carrying unit by inflation means, allowing the
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[82]

therapeutic substance to be conveyed while being carried
by the recessed therapeutic substance-carrying unit, and
helping to prevent the therapeutic substance from falling
off by the inner wall inside the bioclogical tract. In
addition, by causing the elastic membrane to expand, it
is possible to apply the therapcutic substance by
oressing it against the affected part inside the
biological tract.

[0017]

The eighth aspect c¢f the invention is a therapeutic
substance conveying device according tc the first to
seventh aspects, wherein the therapeutic substance-
carrying unit is for single-use.

According to the eighth aspect, the therapeutic
substance-carrying unit can be oxchanged with a
sterilized therapeutic substance-carrying unit, and
sterilized therapeutic substance-carrying units may be
continuously prepared and utilized depending on the
number of therapeutic substances required and their
amounts.

[0018]

The ninth aspect of the invention is a therapeutic
substance conveying device according to the first to
eighth aspects, wherein the body portion of the
therapeutic substance-carrying unit is an approximately
half-elliptical tube shape with a portion of the
peripheral surface removed.

According to the ninth aspect, when the therapeutic
substance conveying device of the invention has been used
through the forceps channel of an endoscope, it is easier
to see both the elastic membrane portion of the endoscope
on which the therapeutic substance is carried and the
affected part, through the tip of the endoscope, thereby
allowing the therapeutic substance to be reliably
applied.

[0019]

The tenth aspect of the invention is a therapeutic
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substance conveying device according to the first to
ninth aspects, wherein

the therapeutic substance-carrying unit compriges a
body portion having at least a recess-formed middle
section between one end and the other end, and

the elastic membrane is formed as a tube with two
ends, the once cnd and the other end ol the c¢lastic
nembrane being in close contact with and anchored to the
middle section, while being wrapped around the perimeter
of the middle section.

According to the tenth aspect, the elastic membrane
wrapped around the bedy portion of the therapeutic
substance-carrying unit expands in the form a barrel, and
presses across the entire periphery of the inside of the
biclogical tract, allowing the therapeutic substance to
be anchored and applied.
f0020]

The eleventh aspect of the invention 1is a
therapeutic substance conveying device according to the
first to eighth aspects, wherein the body portion of the
therapeutic substance-carrying unit has an approximately
half-spheroid shape or approximately half-egg shape in
which a recess has been formed, and the elastic membrane
is in close contact and anchored with the edge of the
body portion.

According to the eleventh aspect, it is possible to
expand only an clastic membrane covering half of the
surface of the Lherapcutic substance-carrying unit, and
therefore the entirce periphery of the inside of the
biological tract is not blocked and the therapeutic
substance can be anchored and applied while ensuring
visibility through the endoscope.

[o021]

The twelfth aspect of the invention is a therapeutic
substance conveying device according to the first to
tenth aspects, wherein the body portion has black or dark

coloration.
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According to the twelfth aspect, the body portion of
the therapeutic substance-carrying unit is black or dark
colored, and therefore the proportion of reflection of
light from the phosphor at the tip section of the
endoscope is reduced, and the visibility of the
therapeutic substance carried on the therapeutic
substance-carrying unit is increased.

[0022]

The thirteenth aspect of the invention is a
therapeutic substance conveying kit for conveying and/or
applying a therapeutic substance to a desired site in a
biological tract, comprising:

a therapeutic substance-carrying unit,

a connector to be connected to the therapeutic
substance-carrying unit, and

an air supply/discharge tube to be connected to the
connector,
wherein

the therapeutic substance-carrying unit has a body
portion in which a recess is formed, an elagtic membrane

covering at least the recess and forming an inner space

with the body portion, and a connecting tube of which at

least one end is made of a flexible material, and which
communicates with the inner space,

the connector comprises a coupling body with a
through-hole through which fluid passes and having one
end for iInsertion into the connecting tube and the other
end connected to the air supply/discharge tube, a flange
section anchored to the other end of the coupling body
and an anchoring nut through which the coupling body is
inserted,

the coupling body comprises a tube catch section
having a larger diameter than the outer diameter of the
coupling body and a smaller diameter than the inner
diameter of the anchoring nut, and

at least a portion of the inner wall of the

anchoring nut is provided with an internal thread,
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forward screwing of the anchoring nult causes the internal
thread to bite into the connecting tube sandwiched
between the anchoring nut and the coupling body, and the
therapcutic substance-carrying unit is detachable.

According to the thirteenth aspec: there is provided
a kit inciuding a therapeutic substance-carrying unit, a
councctor and an alr supply/discharge tube, such that,
even when the therapeutic substance-carrying unit,
connector and air supply/discharge tube are separately
provided, for example, it is possible to provide a
therapeutic substance conveying device of the invention
by combining them.

[0023]

The fourteenth aspect of the invention is a
therapeutic substance conveying kit according to the
thirtecenth aspect, wherein inflation means for causing
inflow and discharge of f£luid in the inner space of the
therapeutic sukstance-carrying unit, connected with the
alr supply/discharge tube, is additionally provided.

According to the fourteenth aspect, means for
inflating the elastic membrane of the therapeutic
substance-carrying unit is additionally provided, and
their combination allows a therapeutic substance
conveying device of the invention to be provided.

[0024]

The fifteenth aspect of the invention is a
therapeutic substance conveying kit accordinyg to the
thirteenth or fourteenth aspect, wherein a therapeutic
substance is further carried on the therapeutic
substance-carrying unit.

According to the fifteenth aspect, it is possible to
provide a therapeutic substance conveying kit having a
therapeutic substance carried on the therapeutic
substance-carrying unit beforehand.

Advantageous Effects of Invention
[0025]
With the technology disclosed by the present
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invention, it is possible to provide a therapeutic
substance conveying device that prevents contact of the
therapeutic substance with other objects in a biological
tract, while preventing the therapeutic substance-
carrying unit from falling off into the biological tract,
and wherein the therapeutic substance-carrying unit is
detachable from the air supply/discharge tube.
Brief Description of Drawings
[0026]

Fig. 1 is a diagram showing an example of the
construction of a therapeutic substance conveying device
according to an embodiment.

Fig. 2A is a cross-sectional view showing the

connector and therapeutic substance-carrying unit of the

embodiment.

Fig. 2B ig a cross-sectional view showing the
coupling body of the connector of the embodiment.

Fig. 2C is a perspective view showing the anchoring
nut of the connector of the embodiment.

Fig. 2D is a cross-sectional view showing the
connector and therapeutic substance-carrying unit of the
embodiment.

Fig. 2E is a cross-sectional view showing the
connector and therapeutic substance-carrying unit of the
embodiment.

Fig. 3 is a perspective view showing an example of
the construction of a therapeutic substance-carrying unit
according to the embodiment.

Fig. 4 is a cross-sectional view showing an example
of the construction of a therapeutic substance conveying
device according to this embodiment.

Fig. 5A 1s a diagram showing an example of the
construction of a therapeutic substance conveying device
according to the embodiment.

Fig. 5B is a diagram showing an example of the
construction of a therapeutic substance conveying device

according to the embodiment.
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Fig. 6A is a perspective view showing a modified
sxample of the construction of a therapeutic substance-
carrying unit according to the embodiment.

Fig. 6B is a cross-sectional view showing a modified
example of the construction of a therapeutic substance-
carrying unit according to the embodiment.

Fig. 6C is a cross-sectional view showing a modified
example of the construction of a Lherapeutic substance-
carrying unit according to the ewmbodiment.

Fig. 7 is a pair of diagrams showing a connecting
unit between the connector and air supply/discharge tube
of the embodiment. (A) is a diagram showing the
connecting unit between the connector and the airx
supply/discharge tube. (B) is a diagram showing a cross-
gsectional view of (A) along D-D'.

Fig. 8 is a diagram illustrating the use of a
therapeutic substance conveying device and an endoscope
system in combination.

Fig. 9 is a diagram showing an example of the
construction of a therapeutic substance conveying device
according to an embodimont.

Fig. 10

e
0N

a diagram showing an example of the
construction of a therapeutic substance conveying device
according to an embodiment.

Fig. 11 is a diagram showing an example of the use
of a therapeutic substance conveying device according to
an embodiment.

Fig. 12 is a diagram showing an example of the use
of a therapeutic substance conveying device according to
an embodiment.

Fig. 13 is a diagram showing an example of the
construction of a therapeutic substance conveying device
szccording to an embodiment.

Fig. 14 is a diagram showing an example of the use
of a therapeutic subsiance conveying device according to
an embodiment.

Fig. 15 igs a diagram illustrating the reason for
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forming the main body of the therapeutic substance
conveying jig in an elliptical shape.

Description of Embodiments

[0027]

An embodiment of the present invention will now be
described with reference to the accompanying drawings.
The construction of this embodiment is merely an example
and the construction of the invention is not limited by
the concrete construction of the embodiment.

[0028]

[Embodiment]

<Construction example of therapeutic substance conveying
jigs>

Fig. 1 is a diagram showing an example of the
construction cof a device for conveying a therapeutic
substance according to this embodiment (hereunder also
referred to simply as "therapeutic substance conveying
device 1"). The therapeutic substance conveying device 1
comprises a therapeutic substance-carrying unit 10 for
carrying of a therapeutic substance, an air
supply/discharge tube 30 for supply and discharge of a
fluid through the therapeutic substance-carrying unit 10,
and a connecting tube connector that connects the
therapeutic substance-carrying unit 10 and the air
supply/discharge tube 30 (hereunder also referred to as
"connector 20").

[06029]

The therapeutic substance-carrying unit 10 comprises
a body portion 100 with one end 110, a middle section 120
and another end 130 in the lengthwise direction, and a
balloon 140 (an example of an "elastic membrane") that
covers the body portion 100 in a manner wrapped around
the perimeter of the middle section 120. A connecting
tube 150 is bonded at the end face of the other end 130
of the body portion 100 of the therapeutic substance-
carrying unit 10. The therapeutic substance-carrying

unit 10 can be freely detached from the air
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supply/discharge tube 30 that is used for air supply and
discharge to and from the inner space formed by the body
portion 100 and the balloon 140, as well as for
application of rotary force (torque) in the
circumferential direction of the body portion 100, via
the connector 20.
[0030]

A female luer connector (not shown) is also bonded
to the other end of the air supply/discharge tube 30.
The luer connector is connected to a male connector of
inflation means 400 that carries out air supply and
discharge to and from the inner space and inflates the
balloon 140. The inflation means 400 is a syringe or a
pump, for example. The luer connector may also be a
connector having the same construction as the connector
20.
[0031]
1. Therapeutic substance conveying device

Each of the constituent elements of the therapeutic
substance conveying device 1 will now be explained in
detail.
[0032]
<Construction example for connectors

Fig. 2 is a diagram showing a construction example
of a connector 20 of the embodiment. The connector 20
includes a coupling body 200 having one end 201 and
another end 202 in the lengthwise direction, and
comprising a through-hole 203 running through the center
of the one end 201 and the other end 202 at the center of
the shaft. The through-hole 203 conducts inflow and/or
discharge of fluids {including, for example, liqguids such
as water, and gases such as air). The coupling body 200
includeg a tube catch section 204 that prevents the
connecting tube 150 from being inserted too far when the
one end 201 is inserted in the connecting tube 150 of the
therapeutic substance-carrying unit 10, and that receives

the force of pressure contact when the anchoring nut 210
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is screwed forward for anchoring to the connecting tube
150, whereby the end 152 of the COnnecting tube 150
contacts with the one end 204a of the tube catch section
204, serving to closely contact and form an airtight seal
between the connecting tube 150 and the coupling body
200. The one end 204a is formed in a tapered manner that
increases in diameter from the one end 201 of the
coupling body 200 toward the other end 202. This causes
the connecting tube 150 to be inserted while spreading
out along the tapered form of the tube catch section 204,
so that the connecting tube 150 becomes closely adhering
with the coupling body 200, thereby allowing leakage of
fluid from between the connector 20 and the connecting
tube 150 to be prevented.

[0033]

In addition, the connector 20 includes an anchoring
nut 210 through which the coupling body 200 ig inserted,
there being provided an internal thread 215 in at least a
portion of the anchoring nut 210. The anchoring nut 210
comprises a tubular screw part 211, and a collar section
213 that covers one end section of the tubular screw
part. The collar section 213 has at its center an
insertion hole 214 for insertion of the coupling body
200. Forward screwing of the anchoring nut 210 causes
the internal thread 215 to bite into the connecting tube
150 being clamped by the anchoring nut 210 and coupling
body 200, cutting a screw into the connecting tube 150
while being anchored. When anchoring of the connector 20
anchored in the connecting tube 150 is released, an
internal thread imprint 151 remains in the connecting
tube 150 of the therapeutic substance-carrying unit 10,
as shown in Fig. 2E. Since the remaining internal thread
imprint 151 is a visible indication that the therapeutic
substance-carrying unit 10 has been used at least once,
from a safety standpoint this can prevent reuse of the
therapeutic substance-carrying unit 10.

[0034]
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In addition, the coupling body 200 is provided with
a flange section 220 on the other end 202. The outer
diameter of the flange section 220 has the same or a
smaller diameter than the outer diameter of the anchoring
nut 210, and a larger diameter than the insertion hole
214 formed in the collar section 213. This can prevent
the anchoring nut 210 from falling out from the coupling
body 200. The flange section 220 may be directly bonded
to the coupling body 200, or it may be anchored by
pressure fitting to the other end of the coupling body
200, as with the nut stopper flange 230, with no
particular restriction so long as the construction is
such that the anchoring nut 210 does not fall off from
the coupling body. There are also no particular
restrictions on the thickness of the flange section 220.
The material of the coupling body 200 may be any metal or
resin (plastic) that is applicable for medical purposes.
[0035]

The anchoring nut 210 has a knurl structure 212 to
prevent slipping of the finger during rotation. The
material of the anchoring nut 210 may be any metal or
resin (plastic) so long as it is applicable for medical
purposes, but it is preferably a metal with hardness
since it is necessary to anchor the connecting tube 150
while cutting it with the internal thread 215.

[0036]

The length and diameter of the connector 20 in the
lengthwise direction may be selected as an appropriate
length and dlameter to allow passage of the curved
section 1103 of the forceps channel 1100 when the
therapeutic substance conveying device 1 is used together
with an endoscope 1000 (described in detail below).

[0037]

The connector 20, as part of the construction of the
invention, lacks the external thread structure of the
conventional coupling structure, and has a simple

construction comprising 3 parts: the coupling body 200,
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the anchoring nut 210 and the flange section 220. It is
thus possible to provide a connector 20 with a smaller
diameter than the diameter of the forceps channel 1100 of
the endoscope 1000, and to provide a therapeutic
substance conveying device 1 that can be freely detached
without the therapeutic substance-carrying unit 10
falling off when used in a biological tract.

[0038]

<Therapeutic substance-carrying units>

Fig. 3 is a perspective view showing an example of
the construction of the body portion 100 and balloon 140
in a therapeutic substance-carrying unit 10 of a
therapeutic substance conveying device 1. In Fig. 3, the
body portion 100 comprises one end 110 (front end),
another end 130 (rear end), and a middle section 120 with
a recess A formed between the one end 110 and the other
end 130, along the lengthwise direction (the X direction
in Fig. 3). The central axis of the one end 110, middle
section 120 and other end 130 are coaxial. Between the
one end 110 and the middle section 120 there is formed a
groove 112 running around the circumferential direction
of the body portion 100, and between the other end 130
and the middle section 120 there is formed a groove 134
running around the circumferential direction of the body
portion 100.

[0039]

For this embodiment, the cross-sectional shapes of
the one end 110, middle section 120 and other end 130 in
the widthwise direction (the Y direction in Fig. 3) are
each elliptical, the long axis of the ellipse being
oriented in the widthwise direction of the body portion
100 and the short axis being oriented in the height
(thickness) direction of the body portion 100 (the Z
direction in Fig. 3). The dimension of the body portion
100 in the height direction is therefore shorter than the
dimension in the widthwise direction.

[0040]
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For this embodiment, the recess A is formed by
forming the middle section 120 as a cylindrical member
with an opening. As shown in Fig. 3, the middle section
120 has a half-elliptical cylindrical section 120a with
an approximately half-elliptical cylindrical shape, being
a shape wherein the peripheral surface on the top half of
a hollow-interior elliptic cylinder has been removed, and
an elliptical side wall 120b and an elliptical side wall
120¢c provided on either end of the half-elliptical
cylindrical section 120a. The side wall 120b is provided
on one side of the half-elliptical cylindrical section
120a at the one end 110, and the side wall 120c¢ is
provided on the other side of the half-elliptical
cylindrical section 120a at the other end 130 (see Fig.
4). An opening is formed at the top of the middle
section 120 (in the height direction), with the inside of
the half-elliptical cylindrical section 120a forming the
recess A. However, this inner surface shape and outer
surface shape of the recess of the middle section 120 is
only an example, and there is no limitation to an
elliptical peripheral surface.

[0041]

The one end 110 is formed as an elliptic cylindrical
shape with a chamfered leading edge. If the tip of the
one end 110 is chamfered, this will help to reduce
friction between the body portion 100 and the biological
tract when the therapeutic substance-carrying unit 10 is
inserted into the biological tract, and to avoid damage
to the inner lumen of the biological tract.

[0042]

The other end 130 has the end face formed as a flat
ellipse. At the other end 130, an open hole 132 (an
example of a "fluid channel” or "fluid hole") is formed
running from the rear edge of the other end 130 up to the
side wall 120c, the central axis of the other end 130
running through the open hole 132 (see Fig. 4). One end

(the front end) of the connecting tube 150 shown in Fig.
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1 is closely fitted to the inner wall of the open hole
132 when inserted into the open hole 132, the connecting
tube 150 becoming connected to the body portion 100 and
communicating with the inner space S. The connecting
tube 150 partially includes a flexible material. When
connected with the connector 20 mentioned above, the
connecting tube 150 must be anchored while having a screw
cut into it by the connector 20, and it must therefore be
flexible. Furthermore, if the connecting tube 150 is
flexible, when the therapeutic substance-carrying unit 10
is introduced into a biological tract the insertion can
be accomplished without catching on curved sections or
concavoconvex sections of the biolcgical tract. The
material of the connecting tube 150 is not restricted so
long as it 1s flexible and is a material suitable for
medical use, and examples include polytetrafluoroethylene
(PTFE) and silicone rubber, etc..

[0043]

The open hole 132 ig formed to the same diameter as
the outer diameter of the connecting tube 150, from the
rear edge of the other end 130 to a prescribed location.
The open hole 132 is also opened with a smaller diameter
than the outer diameter of the connecting tube 150, from
the prescribed location to the side wall 120c. The
connecting tube 150 is anchored by being pushed in from
the rear edge of the open hole up to the prescribed
location. The connecting tube 150 and the inner surface
of the open hole 132 are anchored by an adhesive or the
like (see Fig. 4).

[0044]
At the rear edge of the other end 130 there is

provided a mark 136 indicating the location of the recess

A of the middle section 120. The mark 136 is formed at

the (elliptical) end face of the other end 130 using a

pen or the like on the side where the recess A is

provided (the top side for this embodiment), above the

short axis of the ellipse. The mark 136 may also be



15

20

25

30

35

- 21 -

formed by a partial notch cut out at a prescribed
location. Alternatively, the mark 136 may be formed
during molding of the body portion 100. By providing the
mark 136 it is possible to easily recognize the location
of the recess A even when the body portion 100 is viewed
directly from the rear (where the recess A cannot be
seen) .

[0045]

The groove 112 and groove 134 are formed to receive
the one end 141 and the other end 142 of the ballcon 140
covering the middle section 120 (as described in detail
below). A groove 122 is formed in the lengthwise
direction at the bottom face of the recess A. At
approximately the center of the bottom face of the recess
A there is also formed a through-hole 124 running through
the bottom face of the recess A and the outer surface of
the middle section 120. The groove 122 and through-hole
124 are formed for suitable discharge of gas from the
inner space S that is formed by the body portion 100 and
the balloon 14¢ (Fig. 4) (as described in detail below).
[0046]

The material used for the body portion 100 may be
any metal or resin (plastic) that is applicable for
medical purposes. For example, the body portion 100 may
be formed by joining multiple parts, or it may be molded
in an integral manner with a resin material.
Alternatively, the body portion 10C may be integrally
formed using a medical 3D printer material.

[0047]

For this embodiment, the balloon 140 is formed in a
tubular fashion using an elastic member (for example,
medical rubber such as latex), the one end 141 and other
end 142 thereof being in the form of rings surrounded
with elastic members. The dimension of the balloon 140
in the lengthwise direction is shorter than the dimension
of theAbody portion 100 in the lengthwise direction, and

the balloon 140 covers the body portion 100 as the body
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portion 100 passes through the interior of the balloon
140, with the one end 110 and other end 130 extending
(protruding) out from the one end 141 and the other end
142 of the balloon 140, respectively.

[0048]

The one end 141 of the balloon 140 is received in
the groove 112 while the other end 142 is received in the
groove 134. This produces a state in which the balloon
140 covers the middle section 120 including the recess A.
Moreover, by receiving the one end 141 and other end 142
in the grooves 112, 134, it is possible to prevent the
one end 141 and other end 142 from acting in a direction
that might interfere with movement of the therapeutic
substance-carrying unit 10 in a biological tract (by
being caught on the inner wall of the biological tract,
for example). In addition, if the one end 141 and other
end 142 are in contact with the biological tract it will
be possible to avoid shifting of the anchoring position
of the balloon 140 with respect to the body portion 100.
The depths of the grooves 112, 134 are also adjusted to
the thicknesses of the one end 141 and other end 142. By
adjusting the depths of the grooves 112, 134 to the
thicknesses of the one end 141 and other end 142 (the
thickness of the portions surrounded by the elastic
members), it is possible to avoid formation of level
differences between the one end 141 and other end 142
received by the grooves 112, 134, and the perimeters of
the grooves 112, 134. A lack of level differences can
help prevent the one end 141 and other end 142 from
acting in a direction that might interfere with movement
of the therapeutic substance conveying device 1 in a
biological tract.

[0049]

The portion of the balloon 140 further inward than
the one end 141 is bonded and anchored to the body
portion 100 (the bottom face of the groove 112) with an

adhesive or the like, and the portion further inward than
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the other end 142 is bonded and anchored to the body
portion 100 (the bottom face of the groove 134) with an
adhesive or the like. The means for bonding the balloon
140 is not restricted to an adhesive, and for example,
medical thread (such as suture thread), or instead of
thread, a fastener or O-ring, may be used.

[0050]

Fig. 4 is a diagram schematically showing a cross-
section of the state in which the balloon 140 is anchored
to the body portion 100 shown in Fig. 3, being cut on a
plane in the height direction (2 direction) that includes
the central axis of the body portion 100, before the air
supply/discharge tube 30 is connected to the connecting
tube 150 of the therapeutic substance-carrying unit 10.
Fig. 5 is a diagram showing the change from the state
illustrated in Fig. 4 to a state of discharge of the
inner space, the connecting tube 150 and air
supply/discharge tube 30 being connected through the
connector 20. Anchoring the one end 141 and other end
142 of the balloon 140 in a manner closely fitting with
the body portion 100 causes both ends of the balloon 140
to become sealed, forming an inner space S on the inside
of the balloon 140. The pressure inside the inner space
S can be contreclled by introduction and discharge of ailr
(an example of a "fluid") through the air
supply/discharge tube 30 and the opeh hole 132 (air
supply or discharge).

[0051]

Fig. 4 shows the state without supply or discharge
into the inner space S. 1In this state, the portion of
the balloon 140 covering the recess A becomes situated
above the recess A due to its own elasticity
(flexibility). When a syringe (inflation means 400) is
connected to the air supply/discharge tube 30 and the
piston of the syringe is pulled, air is discharged from
the inner space S, producing a negative pressure inside

the recess A. When this occurs, as shown in Fig. %, the
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porticn covering the recess A of the balloon 140 becomes
drawn into the recess A, finally reaching a state of
contact with the bottom face of the recess A.

[0052]

The reason for forming the groove 122 will now be
explained. When the balloon 140 is drawn into the recess
A by discharge of the inner space S, and a portion
therecof becomes closely fitted with the bottom section of
the recess A, air in the inner space S1 further toward
the front end than the closely fit section wmay not be
able to move to the open hole 132. By forming the groove
122, however, air in the inner space S1 can move to the
open hole 132 through the groove 122 and the inner space
S2 at the rear edge.

[0053]

This allows proper discharge of air in the inner
space S, and allows the balloon 140 to be fiat in the
recess A when discharge is complete. The shape of the
groove 122, however, is optional.

[0054]

As mentioned above, the recess Al of the therapeutic
substance-carrying unit 10 formed when a portion of the
balloon 140 is drawn into the recess A is used as the
carrying part that carries the therapeutic substance 700
{see Fig. 5A). The therapeutic substance 700 may be a
sheet-1ike therapeutic substance, for example, such as a
cell sheet, or a drug-coated sheet, or a viscous
therapeutic substance. The therapeutic substance 700 may
also include a therapeutic substance (such as a drug)
that is in a form other than a sheet.

[0055]

The reason for forming the through-hole 124 will now
be explained. Specifically, the balloon 140 begins to
expand as air continues to be fed into the inner space S,
the air in the inner space S enveloping the outer surface
of the middle section 120, and the ballocn 140 thereby

separates from the outer surface of the middle section
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Fig. 53). There is no particular restriction on the
manner of expansion of the ballocn 140 during this time,
but it is preferably larger at the leading edge of the
devica.

[0056]

When air is subsequently discharged from the inner
space S, the balloon 140 contracts. One may consider the
situation where no through-hole 124 is present. If this
is the case, then air in the inner space S below the
riddle section 120 {on the outer surface side) will move
toward the opcen hole 132 through the recess A (opening).
Conseqguently, in the state where the inner surface of tae
kalloon 140 is obstructing the opening (recess A) during
contraction of the balloon 140, air remaining on the
(lower) outer surface side of the wmiddle section 120 will
ro longer be able to escape.

[00571

In this state, the upper end (recess A gide) of the
balloon 140 becomes pulled by the amount by which the
balloon 140 is being expanded at the lower end, and
therefore, depending on the conditions, a state can
potentially result in which a part of the balloon 140 is
not sufficiently drawn into the recess A even when
digcharge from the inner space S continues. By providing
the through-hole 124, however, air enveloping the outer
surface side of the middle section 120 can move to the
open hole 132 through the through-hcle 124, thereby
allowing air tc be properly discharged from the inner
space S of the balloon 140. The through-hole 124,
however, is optional.

[0058]
<Therapeutic substance-carrying unit {(modified example) >

Fig. 6 is a set of diagrams showing a modified
example of tha therapeutic substance-carrying unit 10 of
Fig. 1 (also to be referred to as "therapeutic substance-

carrying unit 10a"). For this embodiment, the shape of
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the body portion 100a of the therapeutic substance-
carrying unit 10a is an approximate half-spheroid shape
which i1s half of an aporoximately spheroid hollow shape,
or an approximate half-egg shape which is half of an
approximate (hollow) egg-shape, in the lengthwise
direction, the interior being the shape of the recess A'.
2An approximate spheroid is a body of rotation obtained
from an ellipse, with the long axis or short axis as the
rotation axig.  According to the invention there is no
limitation to an elliptical body of rotation, and for
example, an approximate half-egg shape obtained by
halving a polarized sphere, such as an approximate egg-
shape, is also included. The edge 100b surrounding the
opening of the body portion 100a has a closely fitted and
anchored flat elastic membrane 140a, whereby the recess
A' of the body portion 100a is covered, the inner space
S3 being formed by the recess A' and the elastic membrane
140a. The bottom face portion 100c of the recess A' may
be curved or flat. The elastic membrane 140a is an
elastic member (for example, medical rubber such as
latex). A portion of the body portion 100a is provided
with an open hecle 132a to which the connecting tube 150a
is connected, allowing fluid to be supplied and
discharged tc and from the inner space S3. Similar to
the therapeutic substance-carrying unit 10 of Fig. 1, the
therapeutic substance-carrying unit 10a of this
embodiment is also connected with the air
supply/discharge tube 30 at the connecting tube 150&
through the aforementioned connector 20, to obtain a
therapeutic substance conveying device (not shown). Fig.
6B shows a cross-sectional view of Fig. 6A in the long
axis direction. This is an example in which the
inflation means 400 is further connected to an air
supply/discharge tube 30 (not shown), and air {an
embodiment ¢f a f£luid) feeds into the inner space 83,
expanding the elastic membrane 140a (the dotted iine

Z40a' in Fig. 6B). This allows the therapeutic substance
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700 carried on the elastic membrane 140a to be applied to
the affected part of a bioclogical tract.
[0059]

Fig. 6C shows the form of the elastic membrane 140a
when air has been discharged from the inner space S3 by
the connectcd inflation means 400, similar to Fig. 5A
above. When the inner space S3 1s brought Lo negative
pressurce, the elastic membrane 140a hecomes closely Eit
along the inner wall of the recess A' of the body portion
100a. This allows the therapeutic substance 700 carried
on top of the elastic membrane 140a to be conveyed to the
affected part without contacting the inner Iumen of the
biological tract. BSince the elastic membrane 140a covers
only the opening of the body portion 100a for this
embodiment, only tThe elastic membrane 140a on one gide of
the therapeutic substance-carrying unit x0a is inflated.
Consequentliy, it is easy to ensure a visual field when
the elastic membrane 140a has been expanded in the
biological tract.

[0060]

There are no particular restrictions on the method
of anchoring the elastic membrane 140a on the edge 100b
of the body portion 100a, and it may be bonded with an
adnesive, for example.

[0061]
<Alr supply/discharge tubex>

Fig. 7 shows a connecting unit between the air
suppiy/discharge tube 30 and the connector 20. As
mentioned above, the air supply/discharge tube 30 is used
for supply and discharge of air for pressure control of
the inner space S. The air supply/discharge tube 30 is
also used to apvly rotary force (torgue) to the
therepeutic substance-carrying unit 10 in the
circumferential direction. Therefore, the air
supply/discharge tube 30 preferably comprises a material
that is flexible enough to allow torque to efficiently

reach the therapeutic substance-carrying unit 10
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connected via the connector 20, while still being
somewhat rigid.
[0062]

For this embodiment, a torque wire 320 is used in
part of the alr supply/discharge tube 30 in order to
apply rotary force to the therapeutic substance-carrying
unit 10 in the circumferential direction. The torque
wire 320 is a type that is used as a catheter guide wire,
and a metal wire may be used, for example. The torque
wire 320 may have a hollow structure, or it may lack a
hollow structure. For this embodiment, the torque wire
320 used is a non-holliow one, the diameter being a
smaller diameter than the inner diameter of the coupling
body 200 of the connector 20, and a sufficient diameter
to allow fluid to pass through the through-hole 203 of
the coupling body 200.

[0063]

The end portion 321 of the torque wire 320 of this
embodiment is inserted into the through-hole 203 at the
other end 202 of the coupling body 200, while pressing
against part of the coupling body 200 (see Fig. 7(B)).
This causes deformation of part of the coupling body 200,
and clamping and anchoring of the torque wire 320.

During this time, both sides (or optionally only one
side) of the pressed and anchored torque wire 320 form a
flow passage hole 205 (part of the open hole 132) through
which fluid can pass. The fluid passes in and out
through this flow passage hole 205. Since the torque
wire 320 does not have a hollow structure for this
embodiment, fluid cannot pass through the interior, and
therefore it is necessary to have the supply and
discharge tube 310 through which the torque wire 320 has
been inserted. On the outer side of the torque wire 320,
a supply and discharge tube 310 is used that is composed
of a material that is flexible and does not interfere
with rotary manipulation in the circumferential direction

of the torque wire 320. The supply and discharge tube
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end portion 311 of the supply and discharge tube 310 is
sealed with a scaling tube material 230 having a diameter
that is smaller than the inner diameter of the supply and
discharge tube 310 and larger than the outer diameter of
the coupling body 200 of the connector 20, using an
adhesive or the like, so that fluid passing through the
interior of the supply and discharge tube does not leak
out. An O-ring or the like may also be used instead of
the sealing tube material 330. For this embodiment, the
material of the supply and discharge tube 310 and the
sealing tube material 330 may be a waterial that is
applicable for medical purposes and is flexible, and that
has low friction when passing throuch the forceps channel
1100, such as a resin tube, an example of which is a
poiytetrafluoroethylene (PTFE) tube. A PTFE tube is only
an examplc, however, and resin tubes other than PTFE may
be used.
[0064]

The same structure used for connection between the
air supply/discharge tube 30 and the coupling body 200
irot shown) may also be employed at the leading edge of
the alr supply/discharge tube 30 that is to be connected
to the inflation means 400 described below. For example,
when a syringe is to be used as the inflation means 40¢,
the tip section of the torque wire 320 may be inserted at
the tip section of a non-beveled needle and pressed in
the same manner as the end portion 321 for anchoring of
the tip section of the torque wire 320, sealing the
region between the tip section of the supply and
discharge tube 310 and the non-beveled needie with a
sealing tube material 330. This will allow an air
supply/discharge tube 30 to be provided that can apply
torque without leakage of the fluid.
[0065]
<Air supply/discharge tube (modified example) >

While not shown here, a stainless steel tube having

a hollow structure may be used as an example of a metal
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tube for the air supply/discharge tube 30, as a modified
example of the invention. However, the material of the
air supply/discharge tube 30 is not restricted (it may be
a material other than a metal), so long as the desired
flexibility and rigidity can be obtained. Since the

stainless steel tube has a hollow structure in this case,

the end portion may be directly inserted into the

through-hole 203 of the coupling body 200 and anchored by
pressure fitting. When the outer diameter of the
stainless steel tube is smaller {(narrower) than the outer
diameter of the wire of wire driven forceps commonly used
in endoscopic surgery, a cover tube may be provided on

the outer side of the stainless steel tube, in order to

produce a more satisfactory feel during use by the user

of the therapeutic substance conveying device 1 (the
doctor) (that is to say, the feel of the wire held by the
doctor), in order to improve operativity with minimal
discomfort. In other words, the cover tube has an inner
diameter dimension that can house the stainless steel
tube and an outer diameter dimension that allows passage
of the forceps channel 1100 of the endoscope 1000.

[oo66]

For this modified example, the stainless steel tube
used may have an outer diameter of 0.6 mm to 0.9 mm, and
the cover tube used may have an outer diameter of 2.5 mm.
The outer diameter dimension of the cover tube is
approximately the same as the outer diameter of forceps
wire used in common endoscopic surgery. The preferred
range for the outer diameter dimension of the cover tube
will differ depending on the forceps channel of the
endoscope, but it may be 2.0 mm to 2.6 mm, for an
endoscope having a 2.8 mm forceps channel, for example.
The material of the cover tube may be a material that is
applicable for medical purposes and is flexible, and that
has low friction when passing through the forceps channel
1100, such as a resin tube, an example of which is a
polytetrafluoroethylene (PTFE) tube. A PTFE tube is only
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an example, however, and resin tubes other than PTFE may
be used.

[0067]

<Example of use>

An example of using the therapeutic substance
conveying device 1 will now be described. The
therapeutic substance-carrying unit 10 is used in
combination with an endoscope system. Fig. 8 is a
diagram illustrating the use of a combination of the
therapeutic substance-carrying unit 10 with an endoscope
systemnm.

[0068]

In Fig. 8, the endoscope 1000 (videoscope) comprises
an operating unit 1001 provided with an angle knob or
button, which is operated by the skill of a doctor, an
insertion part 1002 that is inserted into the patient's
body, and a connecting unit 1003 (universal cord). At
the end face of the insertion part 1002 there is provided
an irradiation lens that irradiates illumination 1light,
and an objective lens that focuses reflected illumination
light to an image sensor inside the insertion part 1002
(CCD, CMOS: not shown) .

[0069]

The connecting unit 1003 is connected to a wvideo
processor (not shown) that converts the electrical signal
obtained at the image sensor into an image signal and
displays it on a display unit (not shown) , and a light
source device (not shown) that transmits light from the
light source to the tip of the insertion part 1002
(illumination lens).

[0070]

In addition, in the interior of the endoscope 1000
there is formed a forceps channel 1100 to pass forceps
(wire) from the operating unit 1001 through to the
insertion part 1002. A forceps channel entry hole 1101
is formed on the outer surface of the operating unit

1001, and a forceps channel exit hole 1102 (forceps hole)
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is formed at the front end of the insertion part 1002.
[0071]

The therapeutic substance conveying device 1 inserts
the tip of the air supply/discharge tube 30 to which the
therapeutic substance-carrying unit 10 is not connected
(the connector 20 being connected to the tip section)
(the connector 20) into the forceps channel entry hole
1101, and conveys the tip up to the forceps channel exit
hole 1102. The diameter and length of the connector 20
must be a diameter and length allowing it to pass through
the curved section 1103 of the forceps channel. For this
example, the diameter is 2.6 mm and the length is 18 mm.
[0072]

When the tip of the air supply/discharge tube 30
{(the connector 20) has protruded out from the forceps
channel exit hole 1102, the connector 20 and connecting
tube 150 are connected to allow the therapeutic
substance-carrying unit 10 to be fitted on the air
supply/discharge tube 30 (the therapeutic substance-
carrying unit 10 being in a state anchored to the tip of
the air supply/discharge tube 30).

[0073]

Next, the piston of the inflation meansg 400
(syringe) connected to the end of the air
supply/discharge tube 30 is pulled to discharge air from
the inner space S. This forms a recess Al, to be used as
the carrying part, on the surface of the balloon 140 that
has been drawn into the recess A. The resulting state is
as shown in Fig. 9.

[0074]

The doctor or doctor assistant then places the
appropriate therapeutic substance 700 on the recess Al.
This embodiment assumes that the therapeutic substance
700 is a cell sheet (an example of a "sheet-like
therapeutic substance"). The therapeutic substance 700
is carried on the surface of the recess Al in a spread-

out state (see Fig. 10). However, the therapeutic
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substance 700 may be set before digcharge of air from the
nner space S, and the therapeutic substance 700 drawn
into the recess A by discharge of the inner space S.
Naturally, pliacing the therapeutic substance 700 after
forming the recess Al by discharge from the inner space S
will help avoid errors in visually judging the carrying
location, as well as run-out of the therapeutic substance
700 from the recess Al.

[0075]

The doctor then inserts the body portion 100 and the
irgertion part 1002 into a sheath that has been preset in
the biological tract of the patient (guide tube: not
shown:) , and sends the insertion part 1002 (body portion
100) to a location near the tip of the sheath. It is
assumed that irradiation of illumination light and image
display on the display unit have been continuous up to
this point. In other words, it is assumed that an image
of the body portion 100 as seen from behind is picked up
by an image sensor and displayed on the display unit.
[0076]

Next, the doctor grips the air supply/discharge tube
20 (hereunder referrcd to as "operation tube") and sends
the operation tube through the forceps channel 110C, so
that the bcdy portion 100 separates from the tip section
1004 of the insertion part 1002 and eventually exits the
sheath.

[0077]

Fig. 11 is a diagram schematically showing the
therapeutic substance-carrying unit 10 that has been set
in a biological tract C {after having left the sheath).
Fig. 11 shows the state of the therapeutic substance-
carrying unit 10 in the biological tract ¢ while the
therapeutic substance 700 (cell sheet) is being conveyed.
The therapeutic substance 700 1s carried on the bottom
face of the recess Al formed by drawing in the balloon
14C. Thus, the inner wall of the biclogical tract C

surrounding the recess Al, and the tip of the sheath,
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only contact with the top edge portion 120d of the middle
section 120, and are less likely to contact the
therapeutic substance 700 in the recess Al. This
minimizes contact of the therapeutic substance with the
biological tract.
[0078]

Fig. 12 is a diagram schematically showing the
therapeutic substance conveying device 1 being used
together with an endoscope system, as 1t passes through a

curved section of a biological tract C. By forming the

connecting tube 150 of the therapeutic substance-carrying

unit 10 using a flexible material, it can smoothly pass
through even curved sections (or irregular sections) of
the biological tract C.

[0079]

Next, the therapeutic substance-carrying unit 10 on
which the therapeutic substance 700 is carried reaches a
location near the affected part AP (see Fig. 14), and the
doctor refers to the image displayed on the display unit

while confirming that the recess Al (therapeutic

substance 700) is facing the affected part AP. If at

this time the therapeutic subsgtance 700 is not facing the

affected part AP, the doctor grips the operation tube
(the air supply/discharge tube 30 on which the supply and
discharge tube 310 is fitted), applying torque to the
operation tube by twisting the operation tube to rotate
the body portion 100 in its circumferential direction.
[0080]

When the therapeutic substance 700 reaches a state
in which it is facing the affected part AP, the doctor
pushes the piston of the inflation means 400 (syringe) to
introduce alr into the inner space S.

[0081]

Thus, as shown in Fig. 14, air is introduced into
the inner space S formed by the balloon 140 and the body
portion 100, and the balloon 140 expands. During this

time, as shown in Fig. 5B, the bottom face of the recess
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are in communication via the through-hole 124.
Consequently, air that has been drawn in through the open
hole 132 can pass through the through-hole 124 toward the
outer surface side of the middle section 120, such that
introduction of air to the outside of the middle section
120 takes place in a smooth manner.

[0082]

Fig. 14 is a diagram showing an example where the
balloon closely fitted with the main body has been
expanded. The portion of the balloon 140 that was in
contact with the therapeutic substance 700 before
expansion spreads out by expansion of the balloon 140,
creating a more easily detachable state from the surface
of the balloon 140 than before the expansion. When the
therapeutic substance 700 contacts with the affected part
AP in this state, since the affected part AP is moist due
to the body fluids, the therapeutic substance 700
separates from the balloon 140 by surface tension and isg
applied onto the affected part AP. After the therapeutic
substance 700 has been situated at the affected part AP,
the air in the inner space S is discharged by the
inflation means 400 and the balloon 140 contracts. When
it has been confirmed that the balloon 140 has contracted
to a degree allowing it to be received into the sheath,
the therapeutic substance—carrying unit 10 is conducted
out of the body together with the insertion part 1002 of
the endoscope 1000, and recovered.

[0083]

When the site where the therapeutic substance 700 is
to be applied is large, it may be necessary to use
several therapeutic substances 700 {or several dozen,
depending on the case). The therapeutic substance-
carrying unit 10 that was previously expanded has
potentially been in contact with various sites inside and
outside of the biological tract and may be contaminated.

Therefore, by preparing several therapeutic substance-
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carrying units 10 wilth therapeutic substances set on
balloons 140 beforehand, the therapeutic substance-
carrying units 10 may be exchanged by simple detachment
from the connector 20. Moreover, if each therapeutic
substance-carrying urit 10 is in a disposable single-use
form, it is possible to consistently carry out treatment
in a hygienic manner, which is also preferred for the
patient, from the viewpoint of preventing infection and
the i1ike. According to this embodinment of the invention,
connection with the connecting tube 150 by the connector
20 causes an internal thread imprint 151 (Fig. 2E) to
remain in the connecting tube 150, and therefore reuse of
the therapeutic substance-carrying unit 10 in which the
internal thread iwmprint 151 has been fcormed is vrevented,
and safety is ensured.

[0084]

The example of usge described above included the use
of a sheath (guide member), but optionally the
therapeutic substance-carrying unit 10 and insertion part
1002 may be inserted into the biological tract without
using a sheath (guide member) .

[0085]
<Function and effect of the present embodiments>

According to the present embodiment, it is possible
to provide a therapeutic substance conveying device that
prevents contact of the therapeutic substance with other

objects in a biclogical tract, while preventing the

the biclogical tract, and wherein the therapeutic
substance-carrying unit is detachable from the air
supply/discharge tube. Specifically, the therapeutic
substance 700 1s carried in the recess Al formed by
drawing in a portion of the balloon 140 into the recess A
of the body portion 100, and i1s conveyed within a
biological tract. This can reduce the risk of the inner
lumen of the bioclogical tract contacting with the

therapeutic substance 700 in the recess Al. In other
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words, contact betweenvthe therapeutic substance 700 and
other objects can be substantially reduced. This allows
the therapeutic substance 700 to be pressed onto the
affected part in a suitable condition (for example, the
cell sheet can be applied onto the affected part), so
that a desirable treatment effect can be expected.
Furthermore, since the therapeutic substance-carrying
unit 10 is reliably anchored by the connector 20, it is
possible to prevent the therapeutic substance-carrying
unit 10 from falling off from the air supply/discharge
tube 30 when the therapeutic substance conveying device 1
of the invention has been applied to a biological tract.
In addition, the therapeutic substance-carrying unit 10
can be easily detached from the air supply/discharge tube
30, allowing only the therapeutic substance-carrying unit
10 of the therapeutic substance conveying device 1 to be
exchanged, and consequently shortening the treatment time
and helping to guarantee safety (sterility).

[0086]

Moreover, according to this embodiment, a mark 136
is provided on the rear edge of the other end 130 so that
the direction in which the recess A i1s formed can be
ascertained even when the recess Al is not visible in the
image taken of the body portion 100 from behind.

[0087]

Moreover, this embodiment has a groove 122 formed to
allow discharge of air from the inner space $ to be
carried out in a satisfactory manner. This embodiment
also has a through-hole 124 formed to allow discharge of
air from the inner space S to be carried out in a
satisfactory manner.

[0088]

The potential advantage of expanding the balloon 140
by uniform pressure in the circumferential direction of
the body portion 100 (Figs. 13 and 14), as in this
embodiment, is as follows. Specifically, by expanding
the balloon 140 to fill the biological tract C by
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continuous supply of a&ir to the balloon 140 ({(inner space
S) even after the therapeutic substance 700 has contacted
the affected part AP, it is possible to more
satisfactorily press the therapeutic substance 700
against the aflfflfected part AP.

[0089]

The reason for forming the body portion 100 in the
gshape of an ellipse as in this embodiment will now be
explained with reference to Fig. 15. Fig. 15(A)
schematically shows the range of focusing with the
cbhbjective lens 121C (the imaging scope AS of the image
sensor) when the therapeutic substance-carrying unit 10
cf this embodiment has been moved forward by a distance
D1 from the tip of the insertion part 1002. Fig. 15(B)
schematically shows the range of feccusing with the
cbjective lens 1210 when the therapeutic substance-
carrying unit 10A of a comparative example has been moved
forward by distance D1 in the same manner as Fig. 15(A}.
[6090]

While the cross-sectional shape of the body portion
100 of the therapeutic substance-carrying unit 10 (the
rear edge shape of the other end 130} is an ellipse with
rl as the long radius of (half of the length of the long
axis) and r2 as the short radius (half of the length cf
the short axis) (r1 > r2), the cross-sectional shape of
the main body of the therapeutic substance-carrying unit
10A (the rear edge shape of the other end) is assumed to
be circular with radius rl. When the therapeutic
substance-carrying unit 10 and the therapeutic substance-
carrying unit 10A are set at an equal distance D1, the
distance dl between the central axis of the objective
lens 1210 (the visual axis of the image sensor 1220) L
and the recess Al of the therapeutic substance-carrying
unit 10 (Fig. 15(A)) is longer than the distance d2 from
the recess Al of the therapeutic substance-carrying unit
10A. This is because the positicn of the forceps channel

exit hole 1102 of the forceps channel 31100 cannot be
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changed. The closer the peripheral surfface of the main
body is to the visual axig L, the less the peripheral
surface of the main body will be hidden by the rear edge
of the other end. According to this embodiment,
thercfore, a body portion 100 having a long axis and a
short axis is employed and the recess Al is formed in the
short axis direclLion, the peripheral surface of the body
porticn 100 (the therapeutic substance 700 held in the
recess Al) thereby being included in the image picked up
by the image senscr located behind the body portion 100,
and therefore the procedural burden of positioning by the
doctor can pe alleviated.

[0091]

<Modified examples>

For this embodiment a balloon 140 is provided to
cover the periphery of the middle section 120 of the body
portion 100. It is not essential for the balloon 140 to
be tubular, and the balloon 140 may simply be attached to
the body portion 100 in a manner that blocks at least the
recess A, forming an inner space S within the recess A.
“n this case it would not be necessary to form the
through-hole 124.

[0092]

The one end 110 with an elliptic cylindrical shape
was described for this embodiment, and opticnally the one
end 110 may be formed as an elliptic cylindrical or
cylindrical shape with a larger diameter than the middle
section 120. In this case, the one end 110 will spread
out the biological tract as it proceeds through the
biclogical tract, forming a space between the middle
section 120 (recess A) behind it and the inner lumen of
the biological tract, so that the therapeutic substance
.cell sheet) held in the recess A may be less likely to
contact with the biological tract. In this case as well,
the tip of the one end 110 is preferably chamfered.

[0093]

Moreover, for this embodiment, air was used as an




10

15

20

[\8]
(841

30

- 40 -

example of fluid intrcduced into the inner space 3, but a
cas other than air or a liquid (for example, water) may
be used instead.

[0094]

In addition, coloration or marking may be added at
the portion of the balloon 140 that is to be drawn into
the recess A, to help avoid errors in visual judgment
when the therapeutic substance 700 is to be carried
before discharge from the inner space S.

[0095]

Furthermore, for this embodiment, the body portion
100 or body portion 100a is not limited in regard to its
coloration, and the body portion 10¢ or body portion 100a
may be transparent or opaque, although the body portion
100 or body portion 100a is preferably opaque for easier
vigibility of the therapeutic substance being conveyeg,
and more preferably it has a deep color. Throughout the
present specification, "deep color"™ means black or dark
coloration. If the body portion 100 or body portion 100a
has a deep color, then when it is used together with an
endoscope 1000, less of the light from the phosphor at
the tip section of the endoscope 1000 will be reflected,
and the therapeutic substance carried on the theraveutic
substance-carrying unit 10 or therapeutic substance-
carrying unit 10a will be more visible. Here, "dark"
means a luminance of less than 50%, and it is not
restricted so long as it is a color that exhibits an
effect of minimizing reflection of light from the
phosphor or rendering the therapeutic substance more
visible. There are no particular restrictions on the
nethod of coloration.

[0096]
2. Therapeutic substance conveying kit

The present invention further relates to a
therapeutic substance conveying kit for conveying and/or
applying a therapeutic substance to a desired locatiocn

within a biological tract. According to one embodiment,
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comprises:

a therapeutic substance-carrying unit,

a connector to be connected to the therapeutic
substance-carrying unit, and

an alir supply/discharge tube to be connected to the
connector,
wherein

the therapeutic substance-carrying unit has a body
portion in which a recess is formed, an elastic membrane
covering at least the recess and forming an inner space
with the body portion, and a connecting tube of which at
least one end is made of a flexible material, and which
communicates with the inner space,

the connector comprises a coupling body with a
through-hole through which fluid passes and having one
end for insertion into the connecting tube and the other
end connected to the air supply/discharge tube, a flange
section anchored to the other end of the coupling body
and an anchoring nut through which the coupling body is
inserted,

the coupling body comprises a tube catch section
having a larger diameter than the outer diameter of the
coupling body and a smaller diameter than the inner
diameter of the anchoring nut, and

at least a portion of the inner wall of the
anchoring nut is provided with an internal thread,
forward screwing of the anchoring nut causes the internal
thread to bite into the connecting tube sandwiched
between the anchoring nut and the coupling body, and the
therapeutic substance-carrying unit is detachable.

[00971]

With the therapeutic substance conveying kit cf the
invention, a kit is provided including a therapeutic
substance-carrying unit, a connector and an air
supply/discharge tube, and the therapeutic substance-

carrying unit, connector and air supply/discharge tube in
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the therapeutic substance conveying kit can be used as
requisite components in combination, by a doctor at the
place of surgery, for example. Furthermore, when only a
certain number of therapeutic substance-carrying units
are needed, for example, the therapeutic substance
conveying kit of the invention may have the necessary
number of therapeutic substance-carrying units provided
beforehand, and the therapeutic substance-carrying units
alone may be exchanged by the connector.

[o098]

The therapeutic substance-carrying unit, connector
and air supply/discharge tube in the therapeutic
substance conveying kit of the invention may be enclosed
in a package with either one of each or more than one of
each in combination. The therapeutic substance-carrying
unit, connector and air supply/discharge tube enclosed in
the package is preferably sterilized by optional
sterilization means such as gamma sterilization,
ultraviolet sterilization, ethylene oxide gas
sterilization or hydrogen peroxide gas sterilization,
before being enclosed in the package. The sterilization
means is not limited so long as it is does not impair the
functioning of the constituent elements in the
therapeutic substance conveying kit.

[0099]

According to one embodiment, the therapeutic
substance conveying kit of the invention may further
comprise inflation means for inflow and discharge of a
fluid into the inner space of the therapeutic substance-
carrying unit. The inflation means may be, but is not
limited to, a syringe, for example. The inflation means
may also be packaged with the therapeutic substance-
carrying unit, connector and air supply/discharge tube,
with either one of each or more than one of each in
combination.

{0100]

According to one embodiment, the therapeutic
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gubstance-carrying unit in the therapeutic substance
conveying kit of the invention may ke a therapeutic
subgtance-carrying unit in which the therapeutic
substance is already being carried beforehand. 2
therapeutic substance-carrying unit in which the
therapeutic substance is already being carried may be one
that is packaged alone, or packaged together with the
connector, air suppvly/discharge tube and shrinking means,
with either one of each or more than one of each in
combination, but it 1s preferably vackaged independently
alone. A therapeutic substance-carrying unit in which
the therapeutic substance is already being carried can
simplify the operation of setting the therapeutic
subgtance at the place of surgery, and the surgery time
can be shortened.

Ixplanation of Symbols

[0101]

1 Therapeutic substance conveying device

10 Therapeutic substance-carrying unit
10a Therapeutic substance-carrying unit (modified
example)

10A Therapeutic substance-carrying unit
20 Connector

30 Alr supply/discharge tube

100 Body portion

100a Body portion (modified example)
i00b Edge (modified example)

210 One end

212 Groove

120 Middle section

122 Groove

~24 Tnrough-nole

30 Other end

132 Open hole

132za Open hole (modified example)

134 Groove

136 Mark
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140 Balloon (elastic membrane)

140a Elastic membrane (modificd example)
140a' Elastic membrane (modified example)
141 One end

142 Other end

15¢ Connecting tube

150a Connecting tube (modificd example)
151 Internal thread imprint

152 =Znd

200 Coupling body

201 One end

202 Other end

203 Through-hole

204 Tube catch section

204a One end

204b Other end

205 Flow passage hole (part of open hole 132)
210 Anchoring nut

211 Tubular screw part

212 Knurl structure

213 Collar section

214 Insertion hole

215 Internal thread

220 Flange section

230 Nut stopper flange

310 Supply and discharge tube

311 Supply and discharge tube end portion
320 Torque wire

322 End portion

330 Sealing tube material

400 Inflation means

700 Therapeutic substance

700a Therapeutic substance (modified example}
700a' Therapeutic substance (modified example)
1000 Endoscope

1001 Operating unit

1002 Insertion part
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1003 Connecting unit

1004 Tip section

1100 Forceps channel

1101 Forceps channel entry hole
1102 Forceps channel exit hole
1203 Curved section

2210 Objective lens

2220 Image sensor

A Recess

A' Recess (modified example)

Al Recess

AP Affected part

AS Imaging scope of image sensor
C Biological tract

L visual axis

S Inner space

S1 Inner space

S2 Inner space

83 Inner space (modified example)
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CLAIMS
1. A therapcutic substance conveying device for

conveying anc/cor applying a therapeutic substance to a
desired site in a biological tract, comprising:

a therapeutic substance-carrying unit,

& connector connected to the therapeutic
substance-carrying unit, and

an air supply/discharge tube connected to
the connector,
wherein

tne therapeutic substance-carrying unit
has a body portion in which a recess is formed, an
elastic membrane covering at least the recess and forming
an inner space with the body portion, and a connecting
tube of which at least one end ig made of a flexible
material, and which communicates with the inner space,

Lhe connector comprises a coupling body
with a through-hole through which fluid passes and having
one end for insertion into the connecting tube and the
other end connccted to the air supply/discharge tube, a
flange section anchored to the other end of the coupling
body and an anchoring nut through which the coupling body
ig inserted,

the coupling body comprises a tube catch
section having a larger diameter than the outer diawmeter
of the coupling body and a smaller diameter than the
inner diameter of the anchoring nut, and

at least a portion of the innexr wall of
the anchoring nut is provided with an internal thread,
forward screwing of the anchoring nut causes the internal
thread to bite into the connecting tube sandwiched
between the anchoring anut and the coupling body, and the
therapeutic substance-carrying unit is detachable.

2. The therapeutic substance conveying device

according to claim 1, wherein the air supply/discharge
tube is inserted through the forceps channel of an

endoscope and is used together with the endoscope.
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3. The therapeutic substance conveying device

according to claim 1 or 2, wherein

the anchoring nut comprises a tubular
screw part and a collar section having an insertion hole
through which the coupling body is inserted, and

the diameter of the insertion hole is a
smaller diameter than the outer diameter of the tube
catch section.

4. The therapeutic substance conveying device
according to claim 3, wherein the outer diameter of the
flange section is a smaller diameter than the outer
diameter of the anchoring nut and a larger diameter than
the diameter of the insertion hole of the collar section.

5. The therapeutic substance conveying device
according to any one of claims 1 to 4, wherein the outer
diameter of the connector is less than 5.0 mm.

6. The therapeutic substance conveying device
according to any one of claims 1 to S, wherein the tube
catch section is formed in a tapered manner with
increasing diameter from one end of the coupling body
toward the other end.

7. The therapeutic substance conveying device
according to any one of claims 1 to 6, wherein inflation
means for causing inflow and discharge of fluid in the
inner space of the therapeutic substance-carrying unit is
also connected to the air supply/discharge tube.

8. The therapeutic substance conveying device
according to any one of claims 1 to 7, wherein the
therapeutic substance-carrying unit is for single-use.

9. The therapeutic substance conveying device

according to any one of claims 1 to 8, wherein the body

portion of the therapeutic substance-carrying unit is an

approximately half-elliptical tube shape with a portion
of the peripheral surface removed.

10. The therapeutic substance conveying device
according to any one of claims 1 to 9, wherein

the therapeutic substance-carrying unit
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comprises a body portion having at least a recess-formed
middle section between one end and the other end, and

the elastic membrane is formed as a tube
with two ends, the one end and the other end of the
elastic membrane being in close contact with and anchored
to the middle section, while being wrapped around the
perimeter of the middle section.

11. The therapeutic substance conveying device
according to any one of claims 1 to 8, wherein

the body portion of the therapeutic
substance-carrying unit has an approximately half-egg
shape in which a recess has been formed, and

the elastic wmembrane is in close contact
and anchored with the edge of the body portion.

12. The therapeutic substance conveying device
according to any one of claims 1 to 11, wherein the body
portion has black or dark coloration.

13. A therapeutic substance conveying kit for
conveying and/or applying a therapeutic substance to a
desired site in a biological tract, comprising:

a therapeutic substance-carrying unit,

a connector to be connected to the
therapeutic substance-carrying unit, and

an air supply/discharge tube to be
connected to the connector,
wherein

the therapeutic substance-carrying unit
has a body portion in which a recess is formed, an
elastic membrane covering at least the recess and forming
an. inner space with the body portion, and a connecting
tube of which at least one end is made of a flexible
material, and which communicates with the inner space,

the connector comprises a coupling body
with a through-hole through which fluid passes and having
one end for insertion into the connecting tube and the
other end connected to the air supply/discharge tube, a

flange section anchored to the other end of the coupling
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body and an anchoring nut through which the coupling body
is inserted,

the coupling body compriscs a tube catch
section having a larger diameter than the outer diawmeter
of the coupling body and a smaller diameter than the
inner diameter of the anchoring nut, and

at least a portion of the inner wall of
the anchoring nut is provided with an internal thread,
forward screwing of the anchoring nut causes the internal
thread to bite into the connecting tube sandwiched
between the anchoring nut and the coupling body, and the
therapeutic substance-carrying unit is detachable.

14. The therapeutic substance conveying kit
according to claim 13, wherein inflation means for
causing inflow and discharge of fluid in the inner space
of the therapeutic substance-carrying unit, connected
with the air supply/discharge tube, is additionally
provided.

15. The therapeutic substance conveying kit
acccrding to claim 13 or 14, wherein a therapeutic
substance i1s further carried on the therapeutic

substance-carrying unit.




