Description

Title of Invention: PUMP TUBE UNIT AND ENDOSCOPE SYSTEM

Technical Field
[0001] The present invention relates to a pump tube unit

and an endoscope system.

Background Art

[0002] In a medical field, examinations and surgical
operations using an endoscope have been widely performed. The
endoscope includes a light guide that illuminates a target site
in a body cavity, an objective lens for an image pickup apparatus
that observes and pick up the target site in the body cavity, an
air/water supply nozzle that send an air and a liquid such as
saline into the body cavity, and a forceps port that allows a
treatment instrument such as forceps to project into the body
cavity, at a distal end of an insertion portion. The forceps
port also functions as a suction port for aspirating liquid used
to clean the target site in the body cavity, or an injection
port for injecting the liquid into the body cavity. Further, in
recent years, an endoscope has been provided in which a secondary
water supply port for ejecting a liquid into the body cavity at
a distal end of an insertion portion (see Patent Literature 1).
The endoscopes equipped with a secondary water supply port at

the distal end of the insertion portion can be used to clean the



target site in the body cavity in parallel with the use of
instruments wusing the forceps channel, allowing for more
efficient examinations and surgical operations wusing the
endoscope.

[0003] A liquid used in examinations or surgical operations
using the endoscope 1is stored in a water supply tank, for
example , and send a forceps channel or a secondary water supply
channel in the endoscope by driving a water supply device. The
water supply device, for example, is a device in which a built-
in pump is driven by stepping on a foot switch to draw in the
liquid stored in a water supply tank into a water supply tube
and send it toward an endoscope.

Citation List

Patent Literature

[0004] [PTL 1] JP 2006-167049 A

Summary of Invention

Technical Problem

[0005] Here, an inner diameter of the forceps port is 2 mm
to 3.2 mm, whereas an inner diameter of the secondary water
supply port is as small as about 1 mm. when the water supply
device is driven, an internal pressure of the water supply tube
becomes higher than an atmospheric pressure. For example, after
the water supply device is stopped, it takes long time for the

internal pressure of the water supply tube to return to the



atmospheric pressure. As a result, even if the water supply
device 1is stopped, the liquid continues to flow out of the
secondary water supply port until the internal pressure of the
secondary water supply tube returns to the atmospheric pressure,
a so-called a problem of “poor drainage”. The problem of “poor
drainage” with the efficiency of endoscopic examinations and
surgical procedures.

[0006] Further, the water supply device repeatedly draws in
liquid stored in the water supply tank and sends the drawn in
liquid toward the endoscope by squeezing the water supply tube
installed inside the device with each of the multiple rollers
while rotating the rotor, which has multiple rollers supported
on 1its outer peripheral edge. Therefore, when the internal
pressure of the water supply tube increases, a phenomenon occurs
in which the water tube squeezed by each of the plurality of
rollers cracks in the extension direction of the water tube, or
the tube breaks and leaks. The occurrence of such a phenomenon
not only makes it impossible to perform examinations or surgical
operations using the endoscope efficiently, but also endangers
patients. Therefore, there is a growing need for a means to
reliably supply the water to the endoscope during examinations
or surgical operations using the endoscope.

[0007] The present invention has an object to provide a
technology that enables reliably supplying water to an endoscope

during an examination or a surgical operation using the endoscope,



and improvement of drainage when a water supply device is stopped.

Solution to Problem

[0008] In one aspect, according to the present invention,
there is provided a pump tube unit, including: a pump tube
installed in a pump including a rotary body and a plurality of
pressing portions arranged on an outer peripheral edge portion
of the rotary body at predetermined angular intervals, the pump
tube being configured to repeat an operation of sending a liquid
held inside to a downstream side and drawing in a liquid from an
upstream side when being pressed by any one of the plurality of
pressing portions in turn during rotation of the rotary body; an
upstream-side water supply tube connected to an upstream-side
end portion of the pump tube to allow the liquid drawn into the
pump tube to flow therethrough; a downstream-side water supply
tube connected to a downstream-side end portion of the pump tube
to allow the liquid sent from the pump tube to flow therethrough;
and a bypass water supply tube connected to bridge the upstream-—
side water supply tube and the downstream-side water supply tube,
the bypass water supply tube being configured to cause a part of
the liquid flowing through the downstream-side water supply tube
to flow back into the upstream-side water supply tube, wherein
the bypass water supply tube includes a small-diameter portion
extending over a predetermined range except for both end portions

of the bypass water supply tube in a longitudinal direction of



the bypass water supply tube, the small-diameter portion having
an inner diameter smaller than an inner diameter of a range of
the bypass water supply tube except for the predetermined range.
[0009] Further, the bypass water supply tube includes: a
first water supply tube to be connected to the downstream-side
water supply tube; a second water supply tube having the same
diameter as a diameter of the first water supply tube, the second
water supply tube to be connected to the upstream-side water
supply tube; and a third water supply tube arranged between the
first water feed tube and the second water feed tube, the third
water feed tube having an inner diameter smaller than an inner
diameter of the first water supply tube and an inner diameter of
the second water supply tube.

[0010] Further, it is preferred that a clamp is arranged in
the first water supply tube, and being configured to switch
between a state in which the first water supply tube is closed
and a state in which the first water supply tube is open, and
wherein the clamp maintain the first water supply tube in the
open state when the downstream-side water supply tube 1is
connected to an secondary water supply channel of an endoscope
and maintain the first water supply tube in the closed state
when the downstream-side water supply tube is connected to a
forceps channel of the endoscope.

[0011] Further, in one aspect, according to the present

invention, there is provided an endoscope system, including: an



endoscope including a forceps channel configured to allow at
least a treatment instrument such as forceps to be inserted
therethrough and a water supply channel configured to allow the
liquid to flow therethrough; a water supply tank configured to
store a liquid; a pump including a rotary body and a plurality
of pressing portions arranged on an outer peripheral edge portion
of the rotary body at predetermined angular intervals; and the
pump tube unit described above, the pump tube unit having one
end portion to be connected to the water supply tank and other
end portion to be connected to at least one of the forceps
channel or the water supply channel of the endoscope, wherein,
when the downstream-side end portion of the pump tube unit is
connected to the water supply channel of the endoscope, the pump
is driven under a state in which the bypass water supply tube is
maintained in the open state so as to supply the liquid to the
water supply channel of the endoscope while causing a part of
the liquid sent by the pump tube to flow back inside the pump
tube unit, and wherein, when the downstream-side end portion of
the pump tube unit is connected to the forceps channel of the
endoscope, the pump is driven under a state in which the bypass
water supply tube is maintained in the closed state so as to
send the liquid sent by the pump tube to the forceps channel of
the endoscope without causing the liquid to flow back inside the

pump tube unit.



Advantageous Effects of Invention

[0012] According to the present disclosure, it is possible
to enable reliable water sending to the endoscope and improve
drainage after stop of the water supply device during an

examination or a surgical operation using the endoscope.

Brief Description of Drawings
[0013] FIG. 1 shows one configuration of an endoscope system
according to this embodiment.

FIG. 2 shows one configuration of a distal end of a nozzle
provided to an endoscope insertion portion.

FIG. 3 shows one configuration of a roller pump with a
water supply device.

FIG. 4 shows one configuration of a pump tube unit.

FIGS. 5(a) shows the verification results of the discharge
volume discharged from the forceps port when the bypass water
supply tube is opened, when the pump tube unit is connected to
the forceps insert potion of the endoscope, and Figure 5 (b) shows
the verification results of the discharge volume discharged from
the forceps port when the bypass water supply tube is closed.

FIGS. 6(a) shows the verification results of the discharge
volume discharged from the secondary water supply port when the
bypass water supply tube is opened, when the pump tube unit is
connected to the tube connection of the connector of the

endoscope, and Figure 6 (b) shows the verification results of the



amount of water discharged from the secondary water supply port

when the bypass water supply tube is closed.

Description of Embodiments

[0014] Now, this embodiment is described with reference to
the drawings. As illustrated in FIG. 1, an endoscope system 10
includes, for example, an endoscope 15, a water supply device
16, a water supply tank 17, and a pump tube unit 18. The
endoscope 15 includes an operation handle 21, an endoscope
insertion portion 22, a universal tube 23, and a connector 24.
[0015] The operation handle 21 includes, for example, a
plurality of operating portions 25 and a forceps insertion
portion 26. The plurality of operating portions 25 include, for
example, an ankle knob 28 and various other buttons, such as an
air/water feed button 29, a suction button 30, and a shutter
button 31. The ankle knob 28 is rotated when a bending portion
22a provided on the distal end side of the endoscope insertion
portion 22 is bent. The air/water supply button 29 is operated
when cleaning an observation port 40 and illumination ports 41
and 42 provides at a distal end of a nozzle 22b of the endoscope
insertion portion 22. The suction button 30 is operated when
using the forceps port 44 provided at the distal end of the
nozzle 22b of the endoscope insertion portion 22 to suction
wastes in the body cavity (including liquid used to wash the

target site in the body cavity). The shutter button 31 is



operated when an imaging device (not shown) provided inside the
distal end of the endoscope insertion portion 22 is used to image
a target site within the body cavity.

[0016] A treatment instrument such as forceps is inserted
into the forceps insertion portion 26. When the endoscope 15 is
not in wuse, a forceps plug 32 1is attached to the forceps
insertion portion 26. A lock adapter 79 of the pump tube unit
18, which will be described later, can be connected to the
forceps plug 32 via a connector (not shown).

[0017] The endoscope insertion portion 22 includes a light
guide 35, a forceps channel 36 and a secondary water channel 37
in addition to an air channel and a water channel (not shown).
The light guide 35 guides light, which is emitted from a light
source device (not shown) connected to the connector 24, to the
illumination ports 41 and 42 formed at the distal end of the
nozzle 22b of the endoscope insertion portion 22.

[0018] The forceps channel 36 guides a treatment instrument
such as forceps, which is inserted from the forceps insertion
portion 26 provided to the operation handle 21, to the forceps
port 44 provided at the distal end of the nozzle 22b of the
endoscope insertion portion 22. Further, the forceps channel 36
supplies a liquid sent by the water supply device 16 to the
forceps port 44, when the pump tube unit 18 is connected to the
forceps insertion portion 26.

[0019] The secondary water feed channel 37 sends the liquid



sent from the pump tube unit 18 connected to a tube connecting
portion 24b to a secondary water supply port 45 provided at the

distal end of the nozzle 22b of the endoscope insertion portion

22.
[0020] The universal tube 23 connects the operation handle
21 and the connector 24. The universal tube 23 includes the

light guide 35, the secondary water feed channel 37, and the like
inside.

[0021] The connector 24 includes a plurality of connector
portions, such as a light source connecting portion 24a, which
allows connection to the 1light source device, and the tube
connecting portion 24b, which allows to the pump tube unit.
[0022] As shown in FIG. 2, the nozzle 22b of the endoscope
insertion ©portion 22 has the observation port 40, the
illumination ports 41 and 42, an air/water supply nozzle 43, the
forceps port 44, and the secondary water supply port 45. The
configuration of the nozzle 22b is only an example, and the type
and position of openings of the nozzle 22b can be set as needed.
[0023] The observation port 40 exposes the objective lens
46 of the 1imaging device inside the tip of the endoscope
insertion portion 22. The objective 1lens 46 captures an
observation image of the target site in the body cavity into the
imaging device. The illumination ports 41 and 42 emit light
guided by light guide 35 as illumination light toward the target

site and the vicinity of the target site in the body cavity. The
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light guided by the light guide 35 is emitted to the target site
and the vicinity of the target site in the body cavity.

[0024] The air/water supply nozzle 43 Jjets air or a liquid
toward the observation port 40 and the illumination ports 41 and
42 to clean the observation port 40, the illumination ports 41
and 42 and the vicinity.

[0025] The forceps port 44 is used to insert and remove the
distal end of the treatment instrument inserted from the forceps
insertion portion 26. The forceps port 44 also functions as a
suction port for suctioning blood and other contaminants that
have bled in the body cavity when a suction device is connected
to the endoscope 15. Here, an inner diameter of the forceps
port 44 is 2 mm to 3.2 mm. The secondary water supply port 45
spurts out the liquid that sent to the secondary water supply
channel 37 of the endoscope 15 via the water supply device 16.
Here, the inner diameter of the secondary water supply port 45
is 1 mm.

[0026] The water supply device 16 is a device that supply
the liquid stored in the water supply tank 17 toward the
endoscope 15 when a pump of the device is driven. The water
supply device 16 is driven by, for example, a pressing operation
performed on a foot switch (not shown). In this embodiment, as
shown in FIG. 3, the water supply device 16 including a roller
pump 51 is described.

[0027] As shown in FIG. 3, the roller pump 51 has a pump
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tube 62 installed along the inside of the arc-shaped guide wall
53 provided on the front surface.

The pump tube 62 installed in the roller pump 51 is maintained
along an outer circumference of a rotary body 55, which will be
described later.

[0028] The roller pump 51 includes the rotary body 55,
rollers 56, and a motor 57. As an example, the rotary body 55
is a plate member having a substantially triangular shape. A
shape of the rotary body 55 may be a plate member having a
polygonal shape in accordance with the number of rollers that
are pivotably supported, or may be a disc—-shaped member. The
rotary body 55 is firmly fixed to a drive shaft 57a of the motor
57 and rotates in a counterclockwise direction (direction A) in
FIG. 3 when the motor 57 is driven.

[0029] The rollers 56 are pivotally supported on a side
opposite to a fixed surface where the rotary body 55 is fixed to
the motor 57 and at the same distance from the center of rotation
of the rotary body 55. In FIG. 3, the rollers 56 are rotatably
supported near the respective vertices of the rotating body 55
which is an equilateral triangular plate member. That is, the
rollers 56 are arranged at intervals of 120 degrees. Here, a
gap (clearance) between rotation trajectory of the plurality of
rollers 56 and the arcuate guide wall 53 is, for example, 3.1
mm.

[0030] The rollers 56 rotates while pressing (squeezing)

12



the pump tube 62 drawn along the inner side of the arcuate guide
wall 53 when the rotary body 55 rotates. When the rollers 56
squeeze the pump tube 62, a liquid inside the pump tube 62 is
pushed out toward the endoscope 15. Further, when the pump tube
62 draws in the liquid stored in the water supply tank 17 when
returning to its original state after being squeezed by the
rollers 56. As described above, the rollers 56 are arranged at
intervals of 120 degrees. Therefore, when the rotary body 52
rotates once, the above-mentioned operation is performed by all
the three rollers 56. Although the roller 56 is described as an
example of a pressing portion, a pressing piece that protrudes
to an outside of the rotary body 52 may be used in place of the
roller.

[0031] Here, a water amount supplied by the water supply
device 16 is set to a water amount supplied when using a pump
tube having an inner diameter of 6.6 mm and an outer diameter of
9.7 mm, for example. In this case, the water amount sent when
using a pump tube with an inner diameter of 6.6 mm and an outer
diameter of 9.7 mm is set to, for example, 700 ml/min.

[0032] Returning to FIG. 1, in the endoscope system 10, the
liquid stored in the water supply tank 17 1is sent to the
endoscope 15 via the pump tube unit 18 installed in the water
supply device 16 while the water supply device 16 is driven.
[0033] As shown in FIG. 4, the pump tube unit 18 includes

a water supply tube 61 with a filter, the pump tube 62, a water
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supply tube 63 with a joint, and a bypass water supply tube 64.
[0034] The pump tube unit 18 is formed integrally in the
following manner. the water supply tube 61 with a filter and
the pump tube 62 connected by a joint 65, and the pump tube 62
and the water supply tube 63 connected by a joint 66, and the
bypass water supply tube 64 across the water supply tube 61 with
a filter and the water supply tube 63 with a joint to make a
single unit.

[0035] The water supply tube 61 with a filter includes a
filter device 68, water supply tubes 69, 70, and 71, and a T-
shaped joint 72. The filter device 68 includes a case 68a and
a filter body 70b housed in the case 68a. The case 68a is a
cylindrical member with both open ends. A material of the case
68a is, for example, a transparent or translucent synthetic resin
material or glass. The case 68a has an inner diameter of 17.0
mm and an outer diameter of 20.0 mm. The filter body 70b is an
abbreviated conical-shaped member with an open bottom and a
filter net formed on the conical surface. The filter body 68b
is fixed inside the case 68a in such a manner that a bottom
surface of the filter main body 68b is located on a downstream
side.

[0036] The water supply tubes 69, 70, and 71 are made of a
polyvinyl chloride resin (PVC), for example. The water supply
tubes 69, 70, and 71 have an inner diameter of 4 mm and an outer

diameter of 6.0 mm. Among the water supply tubes 69, 70, and
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71, the water supply tube 69 is connected to the filter device
68 with use of a joint 73 on an upstream side of the filter
device 68. Further, the water supply tube 69 has a connector 74
at an end opposite to the one end connected to the filter device
68. The connector 74 is connected to a suction tube of the water
supply tank 17.

[0037] Further, the water supply tube 70 is connected to
the filter device 68 with use of a joint 75 on a downstream side
of the filter device 68. At the same time, the water supply
tube 70 connects a water supply tube 71 via the T-shaped joint
72, to an end opposite to one end connected to the filter device
68. Further, the water supply tube 71 is connected to the joint
65 at the end opposite to the end connected to the T-shaped joint
72.

[0038] The T-shape joint 72 is, for example, a member that
divides a flow of a liquid flowing in one direction or Jjoins
flows of liquids that flows in two directions. The T-shaped
joint 72 connects the bypass water supply tube 64 in addition to
the water supply tubes 70 and 71. The T-shaped joint 72 joins
a liquid flowing from the water supply tube 70 and a liquid
flowing from the bypass water supply tube 64.

[0039] The pump tube 62 is a member that is guided along an
inner peripheral surface of the arcuate guide wall 53 provided
in the roller pump 51. The pump tube 62 is made of, for example,

a polyvinyl chloride resin (PVC). The pump tube 62 has an inner
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diameter of 6.6 mm and an outer diameter of 9.7 mm.

[0040] The water supply tube 63 with a joint includes water
supply tubes 76 and 77 and a T-shaped joint 78. The water supply
tubes 76 and 77 are tubes made of, for example, a polyvinyl
chloride resin (PVC). The water supply tubes 76 and 77 have an
inner diameter of 4 mm and an outer diameter of 6.0 mm. The
water supply tube 76 has one end connected to the joint 65 and
other end connected to the T-shaped joint 78. The water supply
tube 77 is connected to the T-shaped joint 78 at one end. The
water supply tube 77 fixes a lock adapter (luer connector) 79 at
the other end opposite to the one end connected to the T-shaped
joint 78. The lock adapter 79 1is connected to the forceps
insertion portion 26 provided on the operation handle 21 of the
endoscope 15 or the tube connecting portion 24b of the connector
24 of the endoscope 15.

[0041] Like the T-shaped joint 72, the T-shape joint 78 is,
for example, a member that branches a flow of a liquid flowing
in one direction or Jjoins flows of 1liquids flowing in two
directions. The T-shaped joint 78 connects the bypass water
supply tube 64 in addition to the water supply tubes 76 and 77.
The T-shaped joint 78 divides a liquid flowing from the water
supply tube 76 into a flow of a liquid flowing through the water
supply tube 77 and a flow of a liquid flowing through the bypass
water supply tube 64.

[0042] The bypass water supply tube 64 includes water supply
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tubes 80 and 81 and a control tube 82. The water supply tubes
80 and 81 are tubes made of, for example, a polyvinyl chloride
resin (PVC). The water supply tubes 80 and 81 have an inner
diameter of 3.1 mm and an outer diameter of 5.1 mm. The water
supply tube 80 is connected to the T-shaped joint 78 under a
state in which the control tube 82 is firmly fixed between the
water supply tube 80 and the water supply tube 81. Further, the
water supply tube 81 is connected to the T-shaped joint 72.

[0043] The water supply tube 80 includes a roller clamp 83.
The roller clamp 83 presses the water supply tube 80 with a
roller to change a cross—-sectional area inside the water supply
tube 80 at a pressing position, thereby adjusting a flow rate of
the liquid flowing through the water supply tube 80.
Specifically, the roller clamp 83 moves between a position where
a roller press down on the water supply tube 80 to close the
pressurized portion (hereinafter referred to as "closing
position") and a position where the roller release pressure on

the water supply tube 80 (hereinafter referred to as "opening

position™).
[0044] The control tube 82 is a tube made of, for example,
a polyvinyl chloride resin (PVC). The control tube 82 has an

inner diameter of 0.8 mm and an outer diameter of 3.2 mm. The
control tube 82 is firmly fixed to the water supply tubes 80 and
81 with use of, for example, a solvent such as cyclohexanone.

In this case, the material of the control tube 82 may be ABS
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resin, polypropylene (PP), or the 1like instead of polyvinyl
chloride resin.

[0045] Next, a case of supplying water to the endoscope 15
using the pump tube unit 18 described above will be described.
First, the case where the pump tube unit 18 is connected to the
forceps insertion portion 26 of +the endoscope 15 will be
described. 1In this case, the roller of the roller clamp 83 of
the bypass water supply tube 64 is maintained at the closing
position. When the water supply device 16 is driven, the roller
pump 51 is actuated to rotate the rotary body 55. As the rotary
body 55 rotates, the pump tube 62 is squeezed by one of plurality
of rollers 56 pivotally supported on the rotary body 55. By
squeezing the pump tube 62 with one of the plurality of rollers
56, a liquid inside the pump tube 62 is pushed out, and at the
same time the liquid stored in the water supply tank 17 is drawn
(sucked) into the pump tube 62.

[0046] As described above, the roller of the roller clamp
83 of the bypass water supply tube 64 is maintained at the
closing position, so the bypass water supply tube 64 is in a
closed state in which the liquid does not flow. Accordingly,
the liquid pushed out from the pump tube 62 reaches the T-shaped
joint 78 wvia the water supply tube 76, and then is sent to the
water supply tube 77 without being diverted to the bypass water
supply tube 64. That is, all of the liquid pushed out from the

pump tube is sent toward the endoscope 15 and discharged from
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the forceps port 44 via the forceps channel 36. Since the bypass

water supply tube 64 is in a closed state, the liquid drawn by

the pump tube 62 does not flow from the T-shaped joint 72 into
the bypass water supply tube 64 and flows directly toward the

pump tube 62.

[0047] Next, a case where the pump tube unit 18 is connected
to the tube connecting portion 24b of the connector 24 of the
endoscope 15will be described. In this case, the roller of
the roller clamp 83 of the bypass water supply tube 64 1is
maintained at the opening position. When the water supply
device 16 is driven to actuate the roller pump 51, the liquid
is sent through the pump tube 62 and the liquid is drawn from
the water supply tank 17.

[0048] The liquid sent from the pump tube 62 flows through

the water supply tube 76 and then the water supply tube 77 or

the water supply tube 80. The bypass water supply tube 64

includes the control tube 82 having an inner diameter smaller

than that of the water supply tube 80 and 81 arranged between
the water supply tubes 80 and 81. With the arrangement of the
control tube 82, the internal pressure of the water supply tube

80 is maintained higher than the internal pressure of the water

supply tube 81 by the liquid sent from the pump tube 62 when the

water supply device 16 is in operation. therefore, in the bypass
water supply tube 64, the liquid flows from the water supply

tube 80 toward the water supply tube 81, but does not flow from
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the water supply tube 81 toward the water supply tube 80. The
liquid flowing from the water supply tube 80 to the water supply
tube 8lmerge with the liquid flowing through the water supply
tube 70 at the T-shaped joint 72.

[0049] As described above, part of the liquid sent from the
pump tube 62 flows through the bypass water supply tube 64, which
has a disadvantage of reducing the amount of the liquid sent to
the endoscope 15. However, a remarkable effect can be obtained
in that an increase in the internal pressure of the pump tube 62
can be obtained. By suppressing the increase in internal
pressure of the pump tube 62, the occurrence of water dripping
from the secondary water supply port 45 of the endoscope 15 is
suppressed when the water supply device 16 is stopped. At the
same time, since the increase in the internal pressure of the
pump tube unit 18 is suppressed, the occurrence of a crack in
the pump tube 62 and the occurrence of water leakage due to
breakage of the pump tube 62 are prevented.

[0050] Verification tests, which were conducted before the
pump tube unit 18 according to this embodiment was put into
practical use, are now described.

[0051] First, a discharge amount of the liquid from the
forceps port when the pump tube unit 18 1is connected to the
forceps insertion portion 26 of the endoscope 15 was measured
for two cases. The two cases correspond to a case in which the

bypass water supply tube 64 is placed in the open state and a
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case in which the bypass water supply tube 64 is placed in the
closed state. The amount of liquid water supplied and the
amount of liquid ejected were measured at intervals of 30 seconds.
Also, the water supply device 16 was stopped when 30 seconds, 60
seconds, 90 seconds, 120 seconds and 150 seconds had elapsed
since the start of water supplied, and the presence or absence
of water dripping from the auxiliary water supply port 45 was
checked. Further, whether or not the pump tube 62 had a crack
or was broken was also checked. In this case, an average
discharge amount from the forceps port was calculated from a
change amount obtained after 30 seconds from the start of water
supplying.

[0052] As shown in FIG. 5(a), when the bypass water supply
tube 64 was placed in the open state, an average of discharge
amounts from the forceps port 44 was 258.4 ml. When the bypass
water supply tube 64 was placed in the open state, even if the
water supply device was stopped when any of 30 seconds, 60
seconds, 90 seconds, 120 seconds, and 150 seconds from the start
of water sending, water dripping from the forceps port 44 did
not occur. Further, the pump tube 62 did not have a crack or
other damage.

[0053] Further, as shown in FIG. 5(b), when the bypass water
supply tube 64 was placed in the closed state, an average of
discharge amounts from the forceps port 44 was 343 ml. When the

bypass water supply tube 64 was placed in the closed state and
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the water supply device was stopped when any one of 30 seconds,
60 seconds, 90 seconds, 120 seconds, and 150 seconds from the
start of water sending, water dripping from the forceps port 44
did not occur.

[0054] As a result of the above verification test, when the
pump tube unit 18 is connected to the forceps insertion portion
26 of the endoscope 15and used, it is effective to place the
bypass water supply tube 64 in the open state in terms of
reducing the occurrence of a crack in the pump tube 62.

[0055] When the bypass water supply tube 64 is placed in
the closed state, the discharge amount from the forceps port 44
is 686 1/min, and a discharge amount from the forceps port 44
when the bypass water supply tube 64 is in the open state is
516.8 1/min. In other words, when the bypass water supply tube
64 is placed in the open state, 25% of the liquid is caused to
flow back through the bypass water supply tube 64. Considering
that the water amount set in the water supply device 16 is 700
ml/min, water sending performance of the water supply device 16
can be fully utilized when the bypass water supply tube 64 is
placed in the open state. Thus, it is found that, in view of
effective use of the water sending performance of the water
supply device 16, it is effective to place the bypass water
supply tube 64 in the closed state.

[0056] Next, a discharge amount of the liquid from the

auxiliary water supply port 45 when the pump tube unit 18 is
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connected to the tube connecting portion 24b of the connector 24
of the endoscope 15 was measured for two cases. The two cases
correspond to a case in which the bypass water supply tube 64 is
placed in the open state and a case in which the bypass water
supply tube 64 is placed in the closed state. The amount of
liquid water supplied and the amount of ligquid ejected were
measured at intervals of 30 seconds. Also, the water supply
device 16 was stopped when 30 seconds, 60 seconds, 90 seconds,
120 seconds, and 150 seconds had elapsed since the start of water
supplied, and the presence or absence of water dripping from the
auxiliary water supply port 45 was checked. Further, whether or
not the pump tube 62 had a crack or was broken was also checked.
In this case, an average discharge amount from the secondary
water supply port 45 was calculated from a change amount obtained
after 30 seconds from the start of water sending.

[0057] As shown in FIG. 6(a), when the bypass water supply
tube 64 was placed in the open state, an average of discharge
amounts from the secondary water supply port 45 was 104.4 ml.
When the bypass water supply tube 64 was placed in the open state
and the water supply device was stopped when any of the elapsed
time of 30 seconds, 60 seconds, 90 seconds, 120 seconds, and 150
seconds has passed, water from the secondary water supply port
45 occurred, but the water dripping was resolved in one second
or less. Further, the pump tube 62 did not have a crack or other

damage.
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[0058] Further, as shown in FIG. 6(b), when the bypass water
supply tube 64 was placed in the closed state, an average of
discharge amounts from the secondary water supply port 45 was
134 ml. However, when the bypass water supply tube 64 was placed
in the closed state and two liters of the liquid was sent, the
pump tube 62 was broken and water leakage occurred. When the
bypass water supply tube 64 was placed in the closed state and
the water supply device was stopped when any one of 30 seconds,
60 seconds, 90 seconds, 120 seconds, and 150 seconds had passed
since the water supply started, water dripped from the secondary
water supply port 45. The water dripping continued for about 5
seconds.

[0059] As a result of the verification test described above,
when the pump tube unit 18 1is used by being connected to the
tube connecting portion 24b of the connector 24 of the endoscope
15, water drips from the secondary water supply port 45. However,
dripping time can be suppressed to a short time. Thus, it is
found that it is effective to use the bypass water supply tube
in the open state. Further, in view of the prevention of
breaking of the pump tube, it is found that it is effective to

place the bypass water supply tube in the open state.

Reference Signs List
[0060] 10 endoscope system

15 endoscope
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16
17
18
37
45
51
55
56
62
64
80,
82

83

water supply device
water supply tank
pump tube unit
secondary water supply channel
secondary water supply port
roller pump
rotary body
roller
pump tube
bypass water supply tube
81 water supply tube
control tube

roller clamp
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Claims
[Claim 1] A pump tube unit, comprising:

a pump tube installed in a pump including a rotary body
and a plurality of pressing portions arranged on an outer
peripheral edge portion of the rotary body at predetermined
angular intervals, the pump tube being configured to repeat an
operation of sending a liquid held inside to a downstream side
and drawing in a liquid from an upstream side when being pressed
by any one of the plurality of pressing portions in turn during
rotation of the rotary body;

an upstream-side water supply tube connected to an
upstream-side end portion of the pump tube to allow the liquid
drawn into the pump tube to flow therethrough;

a downstream-side water supply tube connected to a
downstream-side end portion of the pump tube to allow the liquid
sent from the pump tube to flow therethrough; and

a bypass water supply tube connected across the upstream-
side water supply tube and the downstream-side water supply tube,
the bypass water supply tube being configured to cause a part of
the liquid flowing through the downstream-side water supply tube
to flow back into the upstream-side water supply tube,

wherein the bypass water supply tube includes a small-
diameter portion extending over a predetermined range except for
both end portions of the Dbypass water supply tube in a

longitudinal direction of the bypass water supply tube, the
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small-diameter portion having an inner diameter smaller than an
inner diameter of a range of the bypass water supply tube except

for the predetermined range.

[Claim 2] The pump tube unit according to claim 1, wherein the
bypass water supply tube includes:

a first water supply tube to be connected to the
downstream-side water supply tube;

a second water supply tube having the same diameter
as a diameter of the first water supply tube, the second water
supply tube to be connected to the upstream-side water supply
tube; and

a third water supply tube arranged between the first
water supply tube and the second water supply tube, the third
water supply tube having an inner diameter smaller than an inner
diameter of the first water supply tube and an inner diameter of

the second water supply tube.

[Claim 3] The pump tube unit according to claim 2,

wherein a clamp is arranged in the first water supply tube,
and being configured to switch between a state in which the first
water supply tube is closed and a state in which the first water
supply tube is open, and

wherein the clamp maintains the first water supply tube in

the open state when the downstream-side water supply tube is
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connected to a secondary water supply channel of an endoscope
and maintains the first water supply tube in the closed state
when the downstream-side water supply tube is connected to a

forceps channel of the endoscope.

[Claim 4] An endoscope system, comprising:

an endoscope including a forceps channel configured to
allow at least a treatment instrument such as forceps to be
inserted therethrough; and a water supply channel configured to
allow the liquid to flow therethrough;

a water supply tank configured to store a liquid;

a pump including a rotary body and a plurality of pressing
portions arranged on an outer peripheral edge portion of the
rotary body at predetermined angular intervals; and

the pump tube unit of any one of claims 1 to 3, the pump
tube unit having one end portion to be connected to the water
supply tank and other end portion to be connected to at least
one of the forceps channel or the water supply channel of the
endoscope,

wherein, when the downstream-side end portion of the pump
tube unit is connected to the water supply channel of the
endoscope, the pump is driven under a state in which the bypass
water supply tube is maintained in the open state so as to supply
the liquid to the water supply channel of the endoscope while

causing a part of the liquid sent by the pump tube to flow back
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inside the pump tube unit, and

wherein, when the downstream-side end portion of the pump
tube unit is connected to the forceps channel of the endoscope,
the pump is driven under a state in which the bypass water supply
tube is maintained in the closed state so as to send the liquid
sent by the pump tube to the forceps channel of the endoscope
without causing the liquid to flow back inside the pump tube

unit.
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