Description

Title of Invention

INFUSION PUMP

Technical Field

[0001] The present invention relates to an infusion pump for
delivering a drug or the like to a patient.

Background Art

[0002] An infusion pump is used in, for example, an
intensive-care unit (ICU), to accurately carry out a drug delivery
treatment for a patient for a relatively long time. The infusion
pump has a main body and an opening and closing door. A
predetermined drug containing bag (infusion bag) is placed above
the infusion pump, and an infusion tube hanging from the infusion
pump is sandwiched between the main body and the opening and closing
door. The infusion tube is placed in the main body, and the opening
and closing door is closed to hold the infusion tube.

In the main body of the infusion pump, an outer peripheral
surface of the infusion tube set in place is sandwiched between
an inner surface of the opening and clesing door and a plurality
of peristzltic fingers. The infusion pump is a peristaltic
infusion pump that delivers a drug by individually driving a
plurality of peristaltic fingers of a delivery driving unit sc that
the peristaltic fingers sequentially press an outer peripheral
surface of an infusion tube along a length direction (see Patent
Document 1).

[0003] In the infusion pump described in Patent Document 1, the
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infusion tube is passed through and held in the main body of the
infusion pump from top to bottom of the main body in a vertical
direction.

In contrast, an infusion pump has been proposed in which the
infusion tube is passed through and held in the main body of the
infusion pump in a horizontal direction. A reason for this attempt
to adopt a structure in which the infusion tube is passed through
and held in the main body of the infusicn pump in the horizontal
direction is as follows. That is, in contrast to the infusion pump
in which the infusion tube is passed through the main body of the
infusion pump from top to bottom of the main bedy in the vertical
direction, the proposed structure is advantageous in that the
infusion tube causes no obstruction even when a plurality of
infusion pumps are held on top of one another so as to be stacked
in an up-down direction.

Citation List

Patent Literature

[0004] Patent Document 1: Japanese Patent Application Laid-open
No. 2010-200775

Summary of Invention

Technical Problem

[0005] In the infusion pump in Patent Document 1, the infusion
tube is set in the up-down direction, thus preventing an upstiream
side and a downstream side of the tube from being mixed up during
setting.

However, in the infusion pump in which the infusion tube is
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passed through and held in the infusion pump in the horizontal
directicon, the infusion tube is set in the horizontal direction
in the main body of the infusion pump. Thus, a health-care
professional (user) may mix up the upstream side and the downstream
side of the infusion tube and set the infusion tube in the opposite
direction along the horizontal direction with respect to the main
body of the infusion pump.

For example, if the infusion tube is predetermined to be
arranged such that the upstream side of the infusion tube is placed
on a right side portion of the main body of the infusion pump, whereas
the downstream side of the infusion tube is placed on a left side
portion of the main body cof the infusicn pump, as viewed frcm the
health-care professional, when the upstream side of the infusion
tube is placed on the right side portion of the main body of the
infusion pump, whereas the downstream side of the infusion tube
is placed on the left side porticn of the main body of the infusion
pump, the delivery driving unit is driven to allow a drug to be
delivered from upstream side to downstream side along a
predetermined delivery direction. As a result, the drug can be
correctly delivered tco the patient.

[0CCe] However, when the health-care professional incorrectly
places the infusion tube in the opposite direction with respect
to the main body, that is, when the health-care professional places
the upstream side of the infusion tube on the left side portion
of the main body of the infusion pump, while placing the downstream
side of the infusion tube on the right side portion of the main
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body of the infusion pump, the drug is delivered in a direction
opposite to the correct direction and thus fails to be correctly
delivered to the patient.

Thus, an object of the present invention is to provide a
infusion pump that allows the health-care professional to easily
visually check whether the infusion tube is installed in an
incorrect direction during installation of the infusion tube, to
enable the drug to be correctly delivered from upstream side to
downstream side of the infusion tube alcng the preset delivery
direction.

Sclution to Problem

[0007] The present invention provides an infusiocon pump
including: a tube installation unit in which an infusion tube
allowing a drug in a drug containing bag to be infused into a patient
is installed in a lateral direction; and a delivery driving unit
that, with the infusion tube installed in the lateral direction,
applies peristaltic metion to the infusion tube to deliver the drug
in a delivery direction preset along the lateral direction, the
tube installation unit including: a bubble detecting sensor that
detects a bubble generated in the infusion tube; a downstream
occlusion sensor that detects a blocked state of the infusion tube;
and a control unit that determines that the infusion tube is set
in a direction opposite to the delivery direction based on a bubble
detection signal, which indicates that the bubble detecting sensor
has detected the bubble in the infusion tube, and a downstream
occlusion signal, which indicates that an internal pressure of the
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infusion tube has increased from the downstream occlusion sensor,
obtained when, with the infusion tube installed in the direction
opposite to the delivery direction, the delivery driving unit is
driven to carry out priming for £filling the drug into the infusiocon
tube.

According to this configuration, when the delivery driving
unit is driven to carry out priming for filling the drug into the
infusion tube, the control unit determines that the infusion tube
is set in the direction opposite to the delivery direction based
on the bubble detection signal {S1l) and the downstream occlusion
signal (S3}. Thus, the drug can be prevented from being
subsequently delivered in the opposite direction.

[0008] The present invention also provides an infusion pump
including: a tube installation unit in which an infusion tube
allowing a drug in a drug containring bag to be infused into a patient
is installed in a lateral directicn; and a delivery driving unit
that, with the infusion tube installed in the iateral direction,
applies peristaltic motion to the infusion tube to deliver the drug
in a delivery direction preset along the lateral direction, the
tube installation unit including: a bubble detecting sensor that
detects a bubble generated in the infusion tube; a downstream
occlusion sensor that detects a blocked state of the infusion tube;
and a control unit that determines that the infusion tube is set
in a direction opposite to the delivery direction based on a
downstream occlusion signal from the downstream occlusion sensor
obtained when, with the infusion tube set in the direction opposite
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to the delivery direction, a clamp for the infusion tube between
the drug containing bag and the delivery driving unit is opened
to carry out priming for filling the drug frem the drug containing
bag into the infusion tube to deliver the drug to the patient, this
downstream occlusion sensor indicating that an internal pressure
of the infusion tube has increased.

According to this configuration, when the ciamp is opened to
carry out priming, the control unit determines that the infusion
tube is set in the direction oppesite to the delivery direction
based on the downstream occlusion signal (S3). Thus, the drug can
be prevented from being subsequently delivered in the opposite
direction.

[0009] The present invention alsc provides an infusion pump
including: a tube installation unit in which an infusion tube
allowing a drug in a drug containing bag to be infused to a patient
is installed in a lateral direction; and a delivery driving unit
that, with the infusion tube installed in the lateral direction,
applies peristaltic motion to the infusion tube to deliver the drug
in a delivery direction preset along the lateral direction, wherein
an infusion tube set direction display unit that displays an
upstream side and a downstream side of the infusion tube is provided
on a surface of an copening and closing cover corresponding to the
tube installaticn unit.

According to this configuration, the health-care professional,
by viewing the infusion tube set direction display unit in setting
the infusion tube, can visually check the upstream side and the
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downstream side of the infusion tube. Thus, the infusion tube can
be prevented from being installed in the incorrect direction,
enabling the drug to be correctly delivered from upstream side to
downstream side along the preset delivery direction.

[0010] Preferably, the infusion pump has warning means for
issuing a warning in accordance with an instruction from the control
unit when the control unit determines that the infusion tube is
installed in the directicn opposite to the delivery direction.
[C011] According to this configuration, if the health-care
professicnal has incorrectly set the infusion tube in the direction
opposite to the delivery direction with respect to the tube
installation unit, the warning means issues a warning to allow the
health-care professional to be informed of the incorrect setting
of the infusion tube. The health-care professional can thus take
appropriate measures.

[0012] The present invention also provides an infusion pump in
which an infusion tube from an infusion bag is accommodated and
supported and which delivers a fluid medicine in the infusion bag
toward a leading end ¢of the infusion tube, the infusion pump
including: feeding means for driving a plurality of peristaltic
fingers provided along a housing path provided in the infusion pump
and extending in a horizontal direction, with respect to the
infusion tube housed in the housing path, to feed the fluid medicine
in the infusion tube in one direction; a heat source provided on
the housing path to radiate heat toward the fluid medicine in the
infusion tube; at least two temperature sensors provided on the
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housing path and positioned so as to sandwich the heat scurce between
the temperature sensors; determination means for, during feeding
of the fluid medicine trough the infusion tube by the feeding means,
propagating heat from the heat source to the fluid medicine,
detecting temperatures by the two temperature sensors, and
determining whether the infusion tube is housed in the housing path
in a correct direction or an opposite direction, in accordance with
a temperature difference detected by the two temperature sensors;
and notification means for providing & notification of a result
cf the determination by the determination means.
[OC13] Preferably, the heat source is an electrically driven
heater, and when a temperature detected by the temperature sensor
positioned upstream of the heat source with respect to a feeding
direction of the feeding means is dencted by Ta, a temperature
detected by the temperature sensor pocsitioned downstream of the
heat source with respect to the feeding direction is denoted by
Tb, and a preset threshold is denoted by Th, the determination means
determines that the infusion tube is correctly housed in the housing
path when

a condition: Tb - Ta 2 Th
is met, and determines that the infusicn tube is housed in an
opposite direction in the housing path when the condition is not
met.
[0014] Preferably, the threshold Th is determined depending on
a flow rate at which the fluid medicine is fed per unit time and

which is set by means of the infusion pump.
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[0015] An infusion pump is provided in which an infusion tube
from an infusion bag is accommodated and supported and which
delivers a fluid medicine in the infusion bag toward a leading end
of the infusion tube, the infusion pump including: an operation
unit by which a flow rate at which a medication is fed per unit
time is set; feeding means for driving a plurality of peristaltic
fingers provided along a housing path provided in the infusion pump
and extending in a heorizontal direction, with respect to the
infusion tube housed in the housing path, in accordance with the
flow rate set by an operation via the operation unit, to feed the
fluid medicine in the infusion tube in cone direction; a heat source
provided on the housing path to radiate heat toward the fluid
medicine in the infusion tube; a temperature sensor provided cn
the housing path and positioned at a predetermined distance from
the heat source in a downstream of the heat source; determination
means for, during feeding of the fluidmedicine through the infusion
tube by the feeding means, driving the heat source and determining
whether or not the temperature sensor has successfully detected
a temperature change caused by the driving, within an allowable
delay time determined by the flow rate and a distance between the
heat source and the temperature senscr; and notification means for
issuing a notification of a result of the determination by the
determination means.

[0016] Preferably, the heat source is an electrically driven
heater, and when one cycle of process is defined as a process of
bringing the heat source into a non-heating state after the heat
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source carries out heating for a predetermined time, each time one
cycle of process is carried out, the determination means determines
that the infusion tube is correctly housed in the housing path when
the temperature sensor detects, within the allowable delay time,
an increase in temperature equal to or greater than a preset
threshecld with respect to a last measured temperature, and
determines that the infusion tube is housed in the opposite
direction in the housing path when the temperature sensor does not
detect, even after the allowable delay time has elapsed, the
increase in temperature equal to or greater than the preset
threshold with respect to the last measured temperature.

[0017] Preferably, the heat source includes a Peltier element,
and while the heat socurce is in the non-heating state, the
temperature is reduced by supplying power to the Peltier element.
(0018} The present invention can provide an infusion pump that
prevents the health-care professional from installing the infusion
tube in the incorrect direction during installaticn of the infusion
tube, allowing the drug tc be correctly delivered from upstream
side to downstream side of the infusion tube along the preset
delivery direction. The present invention can also provide a
infusion pump that prevents the health-care professional from
installing the infusion tube in the incorrect direction during
installation of the infusion tube.

Brief Description of Drawings

[0012] Fig. 1 is a perspective view showing a first embodiment
of an infusion pump according to the present invention.
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Fig. 2 is a perspective view of the infusion pump shown in
FIG. 1 as viewed in a W direction.

Fig. 3 1s a perspective view showing a tube installation unit
in which an infusion tube is installed by opening an copening and
closing cover of the infusion pump shown in Fig. 1 and Fig. 2.

Fig. 4 is a front view of the infusion pump shown in Fig. 3
as viewed in a V direction.

Fig. 5 is a diagram showing an example of an electriczl
configuration of the infusion pump.

Fig. 6 is a diagram showing the infusion pump, an infusion
bag, and an infusion tube disposed along a correct delivery
direction with respect to the infusion pump.

Fig. 7(A) is a diagram showing that the infusion tube is set
alcng a T direction, the correct direction with respect to the
infusion pump, and Fig. 7(B) is a diagram showing that the infusion
tube is set along an N direction, an incorrect direction with respect
to the infusion pump.

Fig. 8(A) is a diagram showing a priming state before the
infusion tube is connected to a patient, and Fig. 8(B) is a diagram
showing that a drug is being delivered to the patient through the
infusion tube, wherein, inboth Fig. 8 (A) and Fig. 8(B), the infusion
tube is set in the Ndirection, the incorrect direction with respect
to a tube installation unit.

Fig. 9{(A) shows a occlusicn status of an infusion line and
examples of contents of detection by an upstream ccclusion sensor
and a downstream occlusion sensor, the occlusion status and the
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detection being obsarved when the infusion tube is set along the
T direction (forward direction), the correct direction, as shown
in Fig. 7(A), and Fig. 9({B) shows the occlusion status of the
infusion line and examples of contents of detection by the upstream
cocclusion sensor and the downstream occlusion sensor, the occlusion
status and the detection being observed when the infusion tube is
set along the N direction (cpposite direction), the incorrect
direction as shown in Fig. 7(B).

Fig. 10 is a diagram showing a flow illustrating an example
of operation cf the infusion pump.

Fig. 11 is a diagram showing examples of warning messages
displayed on a display unit in Fig. 5.

Fig. 12 is a diagram showing an example in which a plurality
of infusion pumps shown in Fig. 1 and Fig. 2 are mounted on an infusion
stand.

Flig. 13 is a diagram of the appearance of an infusion pump
according to a second embodiment.

Fig. 14 is a diagram showing that a door unit of the infusion
pump is open.

Fig. 15 is ablockdiagramof anelectric system in the infusion
pump.

Fig. 16 is a diagram illustrating the principle of detection
of opposite installation of an infusion tube according to the second
embodiment.

Fig. 17 is a flowchart showing a process procedure of a control
unit of the infusion pump according to the second embodiment.

12



Fig. 18 is a diagram illustrating the principle of detection
of opposite installation of an infusion tube according to a third
embodiment.

Fig. 19 is a flowchart showing a process procedure of a control
section of an infusion pump according to the third embodiment.

Description of Embodiments

[0020] An first embodiment of the present invention will be
described below with reference to the drawings.

Embodiments described below are preferred specific examples
of the present invention. Thus, various technically preferred
limitations are imposed on the embodiments, but the scope of the
preset invention is not limited to these aspects unless the
description below refers to a limitation on the present invention.

Fig. 1 is a perspective view showing a first embodiment of
an infusion pump according to the present invention. Fig. 2 is a
perspective view of the infusion pump shown in Fig. 1 as viewed
in a W direction.

[0021] An infusion pump 1 shown in Fig. 1l and Fig. 2 is an infusion
pump used in, for example, an intensive-care unit (ICU, CCU, or
NICU} to infuse a drug, for example, an anticancer drug, an

anesthetic, a chemical treatment drug, blood, or a nutrient at a
rate of about 1 to 999 mL/h (the amount of drug infused per hour,
that is, an infusiocon speed) to within 2% for a relatively long time
so that about 1 to 9,999 mL (the scheduled amcunt of drug infused)
of drug is infused into the patient. 1In some cases, a drug for use

is selected from a drug library, and the infusion pump 1 is used
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to deliver the selected drug. The drug library is drug information
in a chemical library database (DB) which is indicative of a drug
administration setting group including preregistered drug names.
Using the drug library eliminates the need for a health-care
professional to carry cut complicated administration setting every
Time, and allows a drug to be selected and set.

[0022] As shown in Fig. 2, the infusion pump 1 can carry out
accurate delivery from an infusion bag 170 filled with a drug 171
to a patient P via an infusion tube 200 and an indwelling needle
172. The drug is also referred to as an infusion fluid. The
infusion tube is also referred to as an infusion line.

The infusion pump 1 has a main body cover 2 and a handle 2T.
The main bedy cover 2 is integrally formed of a molding resin
material with chemical resistance and has a splash proof structure
that, even when the infusion pump 1 is splashed with a drug or the
like, protects the infusion pump 1 from entry of the drug or the
like into the infusion pump 1. The main body cover 2 thus has the
splash proof structure because the drug 171 in the infusion bag
170 disposed above may drop out or an antiseptic solution used around
the infusion pump may fly and attach to the infusion pump.
[0023] Elements dispesed on the main body cover 2 of the infusion
pump 1 will be described.

Es shown in Fig. 1 and Fig. 2, a display unit 3 and an operation
panel unit 4 are disposed in an upper portion 2A of the main body
cover 2. The display unit 3 is an image display device, and for
example, a color liguid crystal display device is used as the display
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unit 3. The display unit 3 is disposed at an upper left position
in the upper portion 24 of the main body cover 2 and above an opening
and closing cover 5.

In Fig. 2, the display unit 3 displays, by way of example,
a display section 3B for the scheduled amount of drug infused (mL),
a display section 3C for the accumulated amount of drug administered
(mL), a display section 3D for a history of charging, and a display
section 3E for an infusion speed {mL/h). However, for
simplification, the illustration of contents of these sections is
omitted from the display unit 3 shown in Fig. 1. The display unit
3 may display such warning messages 300, 301, and 302 as shown in
Fig. 11.

The operation panel unit 4 is disposed in the upper porticn
27 of the main body cover 2 and in the right side of the display
unit 3. The operation panel unit 4 has operation buttons, for
example, in the illustrated example, a power supply switch button
4A, a fast feeding switch button 4B, a start switch button 4C, a
stop switch button 4D, and a menu selection button 4E arranged
thereon.
[0024] As shown in Fig. 1, the main body cover 2 includes the
opening and closing cover 5 which is provided in a lower portion
2B of the main body cover 2 and which is openable and closable in
an R direction around an axis of rotation 5A. The opening and
closing cover 5 is a cover formed to be elongate along an X direction
and configured to allow the infusicn tube 200 formed of a flexible
thermoplastic resin, for example, soft vinyl chloride to be
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installed horizontally along the Xdirection by placing the infusion
tube 200 on an inner surface of the opening and closing cover 5
in a sandwiched manner.

As shown in Fig. 2, a surface of the opening and closing cover
5 is provided with an infusion tube set direction display unit 150
for definitely displaying a T direction, the correct delivery
direction, set the infusion tube 200 is set. The infusiocon tube set
direction display unit 150 has a drug containing bag display unit
151 that displays a drug containing bag side, a patient side display
unit 152 that displays a patient side, and a delivery direction
display unit 153 that definitely shows the delivery direction of
the drug.
[0025] The drug containing bag display unit 151, the patient
side display unit 152, and the delivery direction display unit 153
are, for example, printed on a seal material. The drug containing
bag display unit 151, the patient side display unit 152, and the
delivery direction display unit 153 are stuck to the surface of
the opening and closing cover 5 at a position corresponding to a
tube installation unit 50. Moreover, a small display unit with
contents similar to those of the drug containing bag display unit
151 and the patient side display unit 152 may be stuck to an
appropriate place in the tube installation unit 50. This allows
immediate determination of whether or not an installation direction
of the infusion tube 200 in the tube installation unit 50 is correct
during installation of the infusion tube 200.

As shown in Fig. 2, the drug containing bag display unit 151
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is disposed to allow visual checking of whether the drug containing
bag 170 side of the infusion tube 200 is lccated on the right side
portion of the opening and closing cover 5 as viewed from the
health~care professiocnal. The patient side display unit 152 is
disposed to allow visual checking of whether the patient P side
of the infusion tube ZOO-is located on the left side porticon of
the opening and closing cover 5 as viewed from the health-care
professional. The delivery direction display unit 153 is disposed
to definitely show the correct delivery direction (T direction)
of the drug 171 through the infusion tube 200 set inside the opening
and closing cover 5. The delivery direction display unit 153 is
an arrow extending along the T direction and indicating a direction
from the drug containing bag display unit 151 toward the patient
side display unit 152. The drug containing bag display unit 151,
which displays the drug containing bag side, and the patient side
display unit 152, which displays the patient side, are both
expressed at least in characters and preferably in characters and
graphics. Thus, the health-care professional can be prevented from
making a mistake in the setting direction of the infusion tube.
An X direction, a Y direction, and a Z direction in Fig. 1
and Fig. 2 are orthogonal to one another, and the Z direction is
an up-downdirection. The)(directionisp@ralleltotheifdirection
and is a lateral direction of the infusion pump 1. The Y direction
is a front-back direction of the infusion pump 1.
[0026] Fig. 3 is a perspective view showing the tube installation
unit 50 in which the infusion tube 200 is installed by opening the
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opening and closing cover 5 of the infusion pump 1 shown in Fig.
1 and Fig. 2. Fig. 4 is a front view of the infusion pump 1 shown
in Fig. 3 as viewed in a V direction.

As shown in Fig. 3 and Fig. 4, the tube installation unit 50
is provided on the main body unit 1B side of the infusion pump 1.
The tube installation unit 50 is provided below the display unit
3 and the operation panel unit 4 along the X direction. The tube
installation unit 50 can be covered with the opening and closing
cover 5 when the opening and closing cover 5 is closed as shown
in Fig. 2.

As shown in Fig. 3 and Fig. 4, the tube installation unit 50
has a bubble detecting sensor 51, an upstream occlusion sensor 52,
a downstream occlusion sensor 53, a first infusion tube guide unit
54, a second infusion tube guide unit 55, and the opening and closing
cover 5. An infusion tube presser member 5C and engagement members
5D and 5E are provided inside the opening and closing cover 5.

The infusion tube presser member 5C is arranged along the X
directicon as an elongate, rectangular, and planar projecting
portion and positioned opposite a delivery driving unit 60. When
a lever 5F interlocked the engagement members 5D and 5E is operated,
the engagement members 5D and 5E are fitted into fitting portions
1D and 1E, respectively, of the main body unit 1B, allowing the
opening and closing cover 5 to close the tube installation unit
50 of the main body unit 1B.
[(0027] As shown in Fig. 4, a first infusion tube guide unit 54
is provided on the right side portion of the main body unit 1B as

18



viewed from the health-care professicnal. A second infusion tube
guide unit 55 is provided on the left side portion of the main body
unit 1B as viewed from the health-care professional. The first
infusion tubke guide unit 54 can hold an upstream side 200A of the
infusion tube 200 by fitting the upstream side 200A into the first
infusion tube guide unit 54. The second infusion tube guide unit
55 can hold a downstream side 200B of the infusion tube 200 by fitting
the downstream side 200B into the second infusion tube guide unit
55. The infusion tube 200 is held in the horizontal direction along
the X direction. The infusion tube 200 thus installed {set) in the
correct directicn in the horizontal direction is sequentially
disposed opposite the bubble detecting sensor 51, the upstream
occlusion sensor 52, the delivery driving unit 60, and the
downstream occlusion senscor 53 from the right side in Fig. 4.
In the main body unit 1B, the bubble detecting sensor 51, the
upstream occlusion senscr 52, the delivery driving unit 60, and
the downstream occlusion sensor 53 are arranged in this order
between the first infusion tube guide unit 54 and the second infusion
tube guide unit 55 along the T direction (parallel to the X
direction). The delivery driving unit 60 is disposed between the
upstream occlusion sensor 52 and the downstream ccclusion sensor
53.
[0028] The bubble detecting sensor 51 shown in Fig. 4 is a sensor
that detects bubbles (air) generated in the infusion tube 200. For
example, the bubble detecting sensor 51 is an ultrasonic sensor
that monitors bubbles contained in a drug flowing through the
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infusion tube 200 formed of soft vinyl chloride or the like, from
the outside the infusion tube 200. An ultrasonic wave generated
by a transmission unit of the ultrasonic sensor is applied to the
drug flowing through the infusion tube 200. The transmittance of
the ultrasonic wave through the drug is different from the

transmittance of the ultrasonic wave through bubbles, and thus,
a reception unit of the ultrasonic sensor detects a difference in
transmittance to check whether or not bubbles are present.

The upstream occlusion sensor 52 shown in Fig. 4 is a sensor
that detects whether the infusion tube 200 is blocked on the upstream
side 200A thereof. The downstream occlusion sensor 53 is a sensor
that detects whether the infusion tube 200 is blocked on the
downstream side Z00B thereof. BAs each of the upstream occlusion
senscr 5Z and the downstream occlusion sensor 53, for example, a
photocoupler may ke used which includes a combinaticn of a light
emission unit and a light reception unit. The light emission unit
illuminates the infusicon tube 200 with 1light, which is then received
by the light reception unit. This allows the sensor to detect
whether the infusion tube 200 is bklocked.

[0029] Fig. 5 shows an exampie of an electrical configuration
of the infusion pump 1.

As shown in Fig. 5, the delivery driving unit 60 has a driving
motor 61, a cam structure 62 with a plurality of cams rotationally
driven by the driving motor 61, and a peristaltic finger structure
63 with a plurality of peristaltic fingers moved by the respective
cams of the cam structure 62, as described below.
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The cam structure 6Z has a plurality of cams, for example,
six cams 62A to 62F. The peristaltic finger structure 63 has six
peristaltic fingers 63A to 63F corresponding to the six cams 62A
to 62F. The six cams 62A to 62F are arrayed so as to differ from
one another in phase. The camstructure 62 is connected to an output
shaft 61A of the driving motor 61.

[003GC] Wnen the output shaft of the driving motor 61 rotates
in accordance with an instruction from a control unit 100 shown
in Fig. 5, the six peristaltic fingers 63A to 63F moves forward
or backward in order in the Y direction by a predetermined stroke.
Thus, the infusion tube 200 is pressed against the infusion tube
presser member 5C of the operning and closing cover 5 along the T
direction to allow the drug in the infusion tube 200 to be delivered
in the T direction. That is, the plurality of peristaltic fingers
63A to 63F are individually driven to allow the plurality of
peristaltic fingers 63A to 63F to segquentially project along the
T direction to press an outer peripheral surface of the infusion
tube 200, thus delivering the drug in the infusion tube 200.
Peristaltic moticn of the plurality of peristaltic fingers 63A to
63F is controlled to sequentially move the peristaltic fingers 634
to 63F forward or backward so that a blocked point on the infusion
tube 200 is moved in the T direction in such a manner that wave
motion progress in the T direction. Thus, the infusion tube 200
is squeezed to transfer the drug.

[0031] As shown in Fig. 5, the infusion pump 1 has the control
unit (computer) 100 that controls general operation of the infusion
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pump 1. The control unit 100 is, for example, a one-chip
microcomputer and has a ROM (Read Only Memory) 101, a RAM (Random
Access Memory) 102, a nonvolatile memory 103, and a clock 104. The
clock 104 allows the current time to be corrected by a predetermined
operation and enables acquisition of the current time, measurement
of elapsed time of a predetermined delivery operation, measurement
of & reference time for delivery velocity control, and the like.
[0032] The control unit 100 shown in Fig. 5 connects to a power
supply switch button 4A and a switch 111. The switch 111 switches
between a power supply converter unit 112 and a rechargeable battery
113, for example, a lithium ion battery to supply power to the
control unit 100 through the power supply converter unit 112 and
the rechargeable battery 113. The power supply converter unit 112
is connected to a commercial AC power source 115 via an outlet 114.
[0033] The output shaft 61A of the driving motor 61 in the
delivery driving unit 60 shown in Fig. 5 is rotated in accordance
with an instruction from the control unit 100 to allow the plurality
of peristaltic fingers 63A to 63F tomake peristalticmotion. Thus,
the infusion tube 200 is squeezed to transfer the drug in the T
direction.

Fig. 6 shows the infusion pump 1, the drug containing bag 170,
and the delivery tube 200 set along the T direction, the correct
delivery direction with respect to the infusion pump 1.

As shown in Fig. 6, one end portion of the infusion tube 200
is connected to the infusion bag 170 via a clamp (clamp member)
179. The other end porticn of the infusion tube 200 is connected
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to the indwelling needle 172 on the patient P side. The drug 171
in the infusion bag 170 is driven by the delivery driving unit 60
and delivered in the T direction, the correct direction, through
the infusion tube 200 and the indwelling needle 172. The drug 171
is thus administered toc the patient P.

[0034] Referring back to Fig. 5, a display unit driver 130 drives
the displayunit 3 in accordance with an instruction from the control
unit 100 to display the contents of information illustrated in Fig.
2, warning messages 300 to 302 shown in Figure 11, and the like.
A speaker 131 can provide an audic notification of the contents
of various alarms in accordance with an instruction from the contrel
unit 100. A buzzer 132 can provide an audio notification of various
alarms in accordance with an instruction from the control unit 100.
The speaker 131 is an example of warning means for issuing an audio
warning to the health-care professional if the infusion tube 200
is set in the N direction ({opposite direction). A buzzer 132 is
an example of the warning means for issuing an audio warning to
the health-care professiconal if the infusion tube 200 is set in
the N direction (opposite direction), the incorrect direction.
[0035] In Fig. 5, the control unit 100 is provided with a bubble
detection signal S1 from the bubble detecting sensor 51, an upstream
occlusion signal SZ2 from the upstream occlusion sensor 52 which
indicates that the upstream side of the infusion tube 200 is blocked,
and a downstream occlusion signal S3 from the downstream ccclusion
sensor 53 which indicates that the downstream side of the infusion
tube 200 is blocked. The upstream ccclusion signal S2 from the
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upstream occlusion sensor 52 is a signal indicative of the magnitude
of the internal pressure of the infusion tube 200 on the upstream
side 200A. The downstream occlusion signal S3 from the downstream
occlusion sensor 53 is a signal indicative of the magnitude of the
internal pressure of the infusion tube 200 cn the downstream side
200B.

The upstream occlusion sensor 52 and the downstream occlusion
sensor 53 can detect a state in which the internal pressure of the
infusion circuit exceeds a pressure set in the infusion pump 1 to
preclude delivery of the drug, the alarms outputting the detected
state to the control unit 100. Possible causes of the internal
pressure of the infusion circuit exceeding the pressure set in the
infusion pump 1 are occlusion of the indwelling needle or the
infusion tube 200 for infusion, collapse or kink of the infusion
tube 200, the use of a very viscous drug, and the like.

[0036] In Fig. 5, the control unit 100 can communicate with a
computer 141, for example, a desktop computer, via a communication
port 140 in a bidirectional manner. The computer 141 is connected
to a drug database (DB) 160, and drug information MF stored in the
drug database 160 can be provided to the contrel unit 100 and stored
in the nonvolatile memory 103 of the control unit 100, via the

computer 141. The control unit 100 can display the drug information
MF and the like, for example, on the display unit 3 shown in Fig.
2 based on the stored drug information MF.

In Fig. 5, the fast feeding switch button 4B, the start switch
button 4C, the stop switch button 4D, and the menu selection button
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45 are electrically connected to the control unit 100.
[0037] Now, operation of the above-described infusion pump 1
during use will be described.

Fig. 7(A) shows that the infusion tube 200 is installed (set)
aleng the T direction (forward direction), the correct direction
with respect to the tube installation unit 50 of the infusion pump
1. Fig. 7(B) shows that the infusion tube 200 is set along the N
direction (opposite directicn), the incorrect direction with
respect to the tube installation unit 50 of the infusion pump 1.

As shown in Fig. 3, the health-care professional, before
opening the opening and closing cover 5 and setting the infusion
tube 200 in the tube installation unit 50, views the infusicn tube
set direction display unit 150 disposed above the opening and
closing cover 5 shown in Fig. 2 to visually check the set direction
of the infusion tube Z00. Thus, the infusion tube 200 can be
correctly installed zlong the T direction, the delivery direction,
allowing the drug 171 to be correctly delivered from the upstream
side 200A to the downstream side 200B of the infusion tube 200 along
the T direction, the preset delivery direction of the delivery
driving unit 60.

As shown in Fig. 7(A), when the infusion tube 200 is set in
the T direction, the correct direction, the upstream side 200A of
the infusion tube 200 is disposed on the first infusion tube guide
unit 54 side, the right side portion of the main body unit 1B as
viewed from the health-care professional. The downstreamside 200B
of the infusicn tube 200 is disposed on the second infusion tube
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guide unit 55 side, the left side portion of the main body unit
1B as viewed from the health-care professional. In the set state
of the infusion tube 200 shown in Fig. 6 and Figs. 1 to 4, the infusion
tube 200 is alsoc correctly set to allow the drug to be delivered
along the T direction.

[0038] In contrast, as shown in Fig. 7(B), when the infusion
tube 200 is set in the N direction, the incorrect direction with
respect to the infusion pump 1, the upstream side 200A of the
infusion tube 200 is disposed at the second infusion tube guide
unit 55, whereas the downstream side 200B of the infusion tube 200
is disposed at the first infusion tube guide unit 54. That is, the
installation state of the infusion tube 200 is such that the
health-care professional has mistaken the lateral arrangement
positions of the upstream side 2C0A and downstream side 20C0B of
the infusion tube 200 and installs the infusion tube 200 in the
N direction, the incorrect direction with respect to the infusion
pump 1. Thus, when the infusion tube 200 is incorrectly installed,
the drug is delivered in the N direction, which is opposite to the
T direction, the preset delivery direction of the delivery driving
unit 60.

[0039] Thus, as shown in Fig. 7(A) and Fig. 2, to correctly
install the infusion tube 200 along the T direction with respect
to the infusion pump 1, the health-care professional first visually
checks the drug containing bag display unit 151, which displays
the drug containing bag side, the patient side display unit 152,
which displays the patient side, and the delivery direction display
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section 153, which definitely shows the drug delivery direction,
as shown in Fig. 2; the drug containing bag display unit 151, the
patient side display unit 152, and the delivery direction display
section 153 are all provided on the infusion tube set direction
display unit 150 on the opening and closing cover 5. Thus, the
health-care professional can position the upstream side 2CCA of
the infusion tube 200 on the drug containing bag display unit 151
side, position the downstream side 200B of the infusion tube 200
cn the patient side display unit 152, and visually check the set
direction of the infusion tube 200 by means of the arrow of the
delivery direction display secticn 153, which shows that the drug
delivery direction is the T direction.

[0040] After viewing the drug containing bag display unit 151,
which displays the drug containing bag side, the patient side
display unit 152, which displays the patient side, and the delivery
direction display section 153, which definitely shows the drug
delivery direction, to check whether the infusion tube 200 is set
in the T direction, the correct direction, as described above, the
health-care professional operates the lever S5F to open the opening
and closing cover 5 to expose the bubble detecting sensor 51, the
upstream ccclusion sensor 52, the downstream occlusion sensor 53,
the first infusion tube guide unit 54, the second infusion tube
guide unit 55, and the delivery driving unit 60, as shown in Fig.
3 and Fig. 4.

[0041] Then, the health-care professional installs the infusion
tube 200 in the T direction alcong the first infusion tube guide
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unit 54, the bubble detecting sensor 51, the upstream occlusion
sensor 52, the delivery driving unit 6C, the downstream occlusion
sensor 53, and the second infusicn tube guide unit 55. Subsequently,
as shown in Fig. 1 and Fig. 2, the opening and closing cover 5 is
closed to cover the bubble detecting sensor 51, the upstream
occlusion sensor 52, the déwnstream occlusion senscr 53, the first
infusion tube guide unit 54, the second infusion tube guide unit
55, and the delivery driving unit 60. Thus, the infusion tube 2CC
can be installed in the T direction, the correct direction, and
the drug can be delivered through the infusion tube 200 along the
T direction by driving the delivery driving unit 60.

[C042] Fig. 8{A) shows a priming state before the infusicn tube
200 is connected to the patient. Fig. 8(B) shows that the drug 171
in the infusion tube 200 is being delivered in an incorrect manner.
In either Fig. 8 (A) or Fig. 8(B), the infusion tube 200 is installed
in the N direction, the incorrect direction with respect to the
tube installation unit 50. The priming refers to performing a
preparatory operation in preparation for starting and to filling
adrug into the infusion tube 200 to prepare for immediate connection
fo the indwelling needle placed in the vessel.

In the priming state before the infusion tube 200 is connected
to the patient as shown in Fig. 8(A)}, the infusion tube 200 is
installed in the N direction, the incorrect direction as also shown
in Fig. 7(B). 1In this case, during the priming before the infusion
tube 200 is connected to the patient, that is, while the fast feeding
switch button 4B shown in Fig. 2 and Fig. 5 is being depressed and
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while the control unit 100 is driving the delivery driving unit
60 to £ill the drug 171 into the infusion tube 200, the bubble
detection signal S1 from the bubble detecting sensor 51, the
upstream occlusion signal S2 from the upstream cocclusion sensor
52, and the downstream occlusion signal S3 from the downstream
occlusion sensor 53 have values different from values obtained when
the infusicn tube 200 is installed in the T direction, the correct
direction as shown in Fig. 7(A). Utilizing this, the control unit
100 determines that the infusion tube 200 is installed in the N
direction, the incorrect direction as shown in Fig. 7(B).
[0043] That is, when the priming is carried ocut if the infusion
tube 200 is installed in the N direction, the incorrect direction
as shown in Fig. 8(A), the bubbles 199 flow in toward the drug
containing bag 170 through the end of the infusion tube 200.
Consequently, the bubble detecting sensor 51 detects the bubbles
199 in the infusion tube 200. Thus, the bubble detecting sensor
51 transmits the bubble detection signal S1 tc the control unit
1C0.

At this point, when the control unit 100 drives the speaker
131 and the buzzer 132 to issue, to the health-care professional,
a warning indicating that the infusion tube 200 is installed in
the N direction, the incorrect direction as shown in Fig. 7(B),
the health-care professional can take appropriate measures to keep
the patient safe.
[CO44] Furthermore , in Fig. 8 (B}, when the priming before the
infusion tube 200 is connected to the patient is carried out by
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cancelling the ciosed state of the clamp member 179, that is, when
the control unit 100 fills the drug 171 into the infusion tube 200
through the drug containing bag 170 by cancelling the closed state
of the clamp 179 cof the infusion tube 200, instead of driving the
delivery driving unit 60, the control unit 100, by focusing on the
downstream occlusion signal $3 from the downstream occlusion sensor
53 during delivery, can determine based on the wvalue of the
downstream occlusion signal S3 that the infusion tube 200 is
installed in the N direction, the incorrect direction as shown in
Fig. 7(B).

If the infusion tube 200 is installed in the N direction, the
incorrect direction as shown in Fig. 7(B), when the drug 171 is
delivered from the drug containing bag 170 to the patient P through
the infusion tube 20C as shown in Fig. 8(B), blood BL flows from
the patient P toward the drug containing bag 170 through the infusion
tube 200 in a G direction. Thus, the bubble detecting sensor 51
fails to detect bubbles and to transmit the bubble detection signal
51 to the control unit 100.

[0045] Thus, the following tendency is exploited: if the
infusion tube 200 is installed in the N direction, the incorrect
direction as shown in Fig. B8(B), while the drug 171 is being
delivered to the patient through the infusion tube 200, the upstream
occlusion signal S2 from the upstream occlusion sensor 52 and the
downstream occlusion signal S3 from the downstream ccclusion sensor
53 have values different from the values obtained when the infusion
tube 200 is installed in the T direction, the correct direction.
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And, one of the value of the upstream occlusion signal 32 from the
upstream occlusion sensor 52 and the value of the downstream
occlusicn signal 53 from the downstream occlusion sensor 53, that
is, the value of the downstream occlusion signal 33, is focused
on and utilized. By focusing on a tendency toward an increase in
the internal pressure of the infusion tube 200 on the downstream
side to check the downstream occlusion signal 53, the control unit
100 can determine that the infusion tube 200 is installed in the
N direction, the incorrect direction.

[0046] Fig. 9(A) shows the ccclusion status of the infusion tube
200 and examples of the contents of detection by the upstream
occlusion sensor 52 and the downstream occlusicon sensor 53, the
status and the contents being obtained when the infusion tube 200
is installed in the T direction, as illustrated in Fig. 7(A). The
contents of the detection are the same both during priming and during
delivery.

In Fig. 9(A), when the infusion tube 200 is blocked on the
upstream side 200A as in case 1, the upstream occlusion sensor 52
detects that the internal pressure of the upstream side 200A of
the infusion tube 200 has decreased. The downstream occlusion
sensor 53 detects that the internal pressure of the downstream side
200B of the infusion tube 200 has shown no substantial change {except
for a very small change) or has decreased slightly. The upstream
occlusion sensor 52 and the downstream occlusion sensor 53 notify
the control unit 100 in Fig. 5 of the contents of the detection.
[0047] In Fig. 9{(A), when the infusion tube 200 is blocked on
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the downstream side 200B as in case 2, the upstream occlusion sensor
52 detects that the internal pressure of the upstream side 200A
of the infusion tube 200 has shown no substantial change {(except
for a very small change), and the downstream ccclusion sensor 53
detects that the internal pressure of the downstream side 200B of
the infusion tube 200 has increased. The upstream occlusion sensor
52 and the downstream ccclusion senscr 53 notify the control unit
100 in Fig. 5 of the contents of the detecticn.

In Fig. 9(2), when neither the upstream side 200A nor the

downstream side 200B of the infusion tube 200 is blocked and normal
infusion is being carried ocut as in case 3, the upstream occlusion
senscr b2 detects that the internal pressure of the upstream side
200A of the infusion tube 200 has shown no substantial change (except
for a very small change), and the downstream occlusion sensor 53
detects that the internal pressure of the downstream side 200B of
the infusion tube 200 has shown no substeantial change (except for
a very small change). The upstream occlusion sensor 52 and the
downstream occlusion sensor 53 notify the contrel unit 100 in Fig.
5 of the contents of the detection.
{0048] In contrast, Fig. 9(B) shows the occlusion status of the
infusion tube 200 and examples of the contents of detection by the
upstream occlusion sensor 52 and the downstream occlusion sensor
53, the status and the contents being obtained when the infusion
tube 200 is installed in the N direction, the incorrect direction,
as illustrated in Fig. 7(B).

In Fig. 9(B), when the infusion tube 200 is blocked on the
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upstream side 200A as in case 4, the upstream occlusion sensor 52
detects that the internal pressure of the downstream side 200B of
the infusion tube 200 has shown no substantizl change (except for
a very small change), and the downstream occlusion sensor 53 detects
that the internal pressure of the upstream side 200A of the infusiocon
tube 200 has increased. The upstream occlusion sensor 52 and the
downstream occlusion sensor 53 notify the control unit 100 in Fig.
5 of the contents cf the detection.

[0049] In Fig. 2(B), when the infusion tube 200 is blocked on
the downstream side 200B as in case 3, the upstream occlusion sensor
52 detects that the internal pressure of the downstream side 200B
of the infusion tube 200 has decreased. The downstream occlusion
sensor 53 detects that the internal pressure of the upstream side
2002 of the infusion tube 200 has increased slightly. The upstream
occlusion sensor 52 and the downstream ccclusion sensor 53 notify
the control unit 100 in Fig. 5 of the contents of the detection.

In Fig. 9(B), when neither the upstream side 200A nor the

downstream side 200B of the infusion tube 200 is blocked and normal
cperation is being performed as in case 6, the upstream occlusion
sensor 52 detects that the internzal pressure of the downstream side
200B of the infusion tube 200 has shown no substantial change (except
for a very small change), and the downstream occlusion sensor 53
detects that the internal pressure of the upstream side 200A of
the infusion tube 200 has increased. The upstream occlusion sensor
52 and the downstream occlusion sensor 53 notify the control unit
100 in Fig. 5 of the contents of the detection.
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I0050] Thus, unlike in the case where the infusion tube 200 is
installed in the T direction, the correct direction as shown in
Fig. 9(A) and Fig. 7{A), in the case where the infusion tube 2C0
is installed in the N direction, the incorrect direction as shown
in Fig. 9(B) and Fig. 7(B}), the control unit 100 can recognize that
the downstream occlusion senscr 53 detects a tendency toward an
increase in the internal pressure of the infusion tube 200 in all
of case 4 of the upstream occlusion, case 5 of the downstream
ccclusion, and case 6 of the normal infusion, as shown in a dashed
frame 189 in Fig. 9(B).

In contrast, in a dashed frame 179 shown in Fig. 9(A), the
internal pressure increases conly in case 2 of the downstream
ccclusion but dees not increase in case 1 of the upstream occlusion
or case 3 of the normal infusion.

[0051] Fig. 10 is a flow diagram showing an example of operation
of the infusion pump 1.

In step ST1 in Fig. 10, the control unit 100 shown in Fig.
5 determines whether the infusion pump 1 is in a priming mode or
in a normal infusion mode. When the health-care professional keeps
the fast feeding switch button, shown in Figure 5, depressed, the
control unit 100 can determine that the infusion pump 1 is in the
priming mode. When the result of the determination indicates that
the infusion pump 1 is in the priming mode, the process shifts to
step STZ in Fig. 10, where the control unit 100 allows the delivery
driving unit 60 to performa fast feeding delivery operation. Thus,
the drug is fed into the infusicn tube 200 at high speed. At this
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point, it is unknown whether the infusion tube 200 is correctly
set as shown in Fig. 7(A) or incorrectly set as shown in Fig. 7(B).
[0052] In step ST3 in Fig. 10, the contreol unit 100 checks whether
the bubble detecting sensor 51 is continuously detecting the bubbles
199 in the infusion tube 200 as shown in Fig. 8(A). In step ST3,
if the bubble detecting sensor 51 is continuously detecting the
bubbles 199 in the infusion tube 200, the infusion tube 200 may
be installed in the N direction, the incorrect direction, and the
drug 171 may be flowing backward through the infusion tube 200.
Thus, in step ST4 in Fig. 10, by driving at least one of the
speaker 131 and the buzzer 132, the control unit 100 in Fig. 5 can
issue a warning to the health-care professional to notify, by at
least one of voice announcement and a warning sound, the health-care
professional that the infusion tube 200 is installed in the N
direction, the incorrect direction as shown in Fig. 7(B). The
warning allows the health-care professional to take appropriate
measures. During the warning, the warning message 300 shown in Fig.
11 (A) is displayed on the display unit 3 shown in Fig. 2.
[0053] On the other hand, in step ST3 in Fig. 10, if the bubble
detecting sensor 51 fails to continucusly detect the bubbles 199
in the infusion tube 200 as shown in Figure 8 (A), the process shifts
to step ST5 in Fig. 1C. In step ST5, the control unit 100 in Fig.
5 checks whether the internal pressure of the infusion tube 200
detected by the downstream occlusion sensor 53 is continuously
increasing. In step ST5 in Fig. 10, if the control unit 100
determines whether the internal pressure of the infusion tube 200
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detected by the downstream occlusion senscor 53 is continuously
increasing, the following twc cases are possible.

In a first case, the infusion tube 200 is installed in the
N direction, the incorrect direction, as shown in Fig. 7(B) (see
cases 4, 5, and 6 in Fig. 9(B}).

In a second case, the infusion tube 200 is installed in the
T direction, the correct direction, as shown in Fig. 7{A) but
downstream occlusion is occurring in the infusion tube 200 (see
case 2 in Fig. 9(A)).
[0054] In this case, the process shifts to step ST4 in Fig. 10,
where a warning is issued which indicates that the infusion tube
200 is installed along the N direction, the incorrect direction,
as shown in Fig. 7(B) or that the infusion tube 200 is installed
in the T direction, the correct directicen as shown in Fig. 7(A),
but a downstream occlusion phenomenon may be occurring in the
infusion tube 200. Furthermore, a warning message 301 shown in Fig.
11 (B} is displayed on the display unit 3 in Fig. 5. The control
unit 160 drives at least one of the speaker 131 and the buzzer 132.
The health-care professioconal can be warned by at least one of the
voice announcement and the warning sound as well as the warning
message 301 on the display unit 3. The warning allows the
health-care professional to take appropriate measures.
[0055] Referring back to step STl in Fig. 10, when the
health-care professional has not depressed the fast feeding switch
button 4B shown in Fig. 5 and the health-care professicnal depresses
the start switch button 4C shown in Fig. 5, the control unit 100
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determines that the infusion pump 1 is in the normal infusion mode
and shifts from step ST6 to step ST7.

In step ST7, the control unit 100 in Fig. 5 allows the delivery
driving unit 60 to perform a normal delivery operation to deliver
the drug. In step ST5, the contrecl unit 100 checks whether the
internal pressure of the infusion tube 200 detected by the
downstream occlusion sensor 53 is continucusly increasing. In step
STS5 in Fig. 10, if the control unit 100 determines that the internal
pressure of the infusicn tube 200 detected by the downstream
occlusion sensor 53 1s continuously increasing, the following two
cases are possible.

In a first case, the infusicon tube 200 is installed in the
N direction, the incorrect direction, as shown in Fig. 7(B).

In a second case, the infusion tube 200 is installed in the
T direction, the correct direction, as shown in Fig. 7(A) but
downstream occlusion 1s occurring in the infusion tube 200.
[0056) In this case, the process shifts to step ST4 in Fig. 10,
where a warning is issued which indicates that the infusion tube
200 is installed along the N direction, the incorrect direction,
as shown in Fig. 7(B) or that the infusion tube 200 is installed
in the T direction, the correct direction as shown in Fig. 7(A),
but a downstream occlusion phenomenon may be occurring in the
infusion tube 200. The control unit 100 drives at least one of the
speaker 131 and the buzzer 132. Furthermore, a warning message 302
shown in Fig. 11(C) is displayed on the display unit 3 in Fig. 5.
The health-care professional can be warned by at least one of the
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voice announcement and the warning socund as well as the warning
message 30Z on the display unit 3. The warning allows the
health-care professional to take appropriate measures.

[0057] In step ST6 in Fig. 10, if the health-care professional
does not depress the start switch button 4C shown in Fig. 5, no
subsequent operation is performed. After the warning is issued in
step ST4, no subsequent operation is performed.

As described above, according to the infusion pump 1 of the

first embodiment of the present invention, the health-care
professional, by viewing the infusion tube set direction display
unit in setting the infusion tube, can visually check the upstream
side and the downstream side of the infusion tube. Thus, the
health-care professional is prevented from installing the infusion
tube in the incorrect direction during installation of the infusion
tube, a&llowing the drug to be correctly delivered from upstream
side to downstream side of the infusion tube along the preset
delivery direction.
[0058] Fig. 11 shows examples of the warning messages 300, 301,
and 302 displayed on the display unit 3 in Fig. 5. The display unit
3inFig. 5is an example of warning means for displaying the contents
of a warning to visually warn the health-care professional when
the infusion tube 200 is set in the Ndirection (opposite direction),
the inceorrect direction.

The warning message 300 shown in Fig. 11(A) is an example
corresponding to an error in which, in the priming mode, the bubble
detecting sensor 51 continuously detecis and reacts to bubbles.
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The warning message 300 is displayed on the display unit 3 when
step ST3 in Fig. 10 shifts to step ST4. The displayed warning
message 300 is "priming error: check whether the infusion tube
(infusion line) 200 is installed in the opposite direction”.
[0059] The warning message 301 shown in Fig. 11(B) is an example
corresponding to an error in which, in the priming mode, the
downstream occlusion sensor 53 continuously reacts to downstFeam
occlusion of the infusion tube 200. The warning message 301 is
displayed on the display unit 3 when step ST3 in Fig. 10 shifts
via step S8STS to step ST4. The displayed warning message 301 is
"priming error: check whether the infusion tube (infusion line)
200 is installed in the opposite direction and whether downstream
occlusion is occurring".

The warning message 302 shown in Fig. 11(C} is an example
corresponding to an error in which, during normal delivery, the
downstream occlusion sensor 53 continuocusly reacts to downstream
occlusion of the infusion tube 200. The warning message 302 is
displayed on the display unit 3 when step ST7 in Fig. 10 shifts
via step ST5 to step ST4. The displayed warning message 301 is
"delivery error: check whether the infusion tube (infusion line)
200 is installed in the opposite direction and whether downstream
occlusion is occurring™.

[0060] Fig. 12 shows an example in which a plurality of the

infusion pumps 1 shown in Fig. 1 and Fig. 2 is mounted on a stand
70 so that the plurality of infusion pumps 1 can be simultaneously
used as necessary. The infusicn pump 1 allows the infusion tube
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200 to be horizontally installed along the X direction. Thus, the
plurality of infusion pumps 1 can be more easily laid on top of
one another in the up-down direction and is thus more convenient
than infusion pumps of a conventional structure in which the
infusion tube is installed from an upper side to a lower side in
the vertical direction.

[0061] The present invention is not limited to the
above-described embodiment, can be variously modified and changed,
and can be varied within the scope of the invention set forth in
the claims.

In the infusion pump 1 according to the first embodiment of
the present inventicn, a surface of the infusion tube set direction
display unit 150 has the drug containing bag display unit 151,
disposed on cone end portion side of the cpening and closing cover
5, the patient side display unit 152, disposed on the other end
portion side of the opening and closing cover 5, and the delivery
direction display section 153, which definitely shows the T
direction, as shown in Fig. 2.

However, the present invention is not limited to this
configuration. The infusion tube set direction display unit 150
may be disposed on the main body cover 2 side except for the opening
and closing cover 5 rather than on the surface of the opening and
closing cover 5. The arrangement position of the infusion tube set
direction display unit 150 may be optionally selected.

Furthermore, the infusion tube set direction display unit 150
may be an "arrow" on, for example, any of the inner surfaces exposed
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when the opening and closing cover is opened, for example, at a
position above the bubble detecting senscr 51 in Fig. 4.

In the example illustrated in Fig. 1 and Fig. 2, the infusion
tube 200 is installed in the tube installation unit 50 along the
T directicn, which is the horizontal direction. However, the
present invention is not limited to this configuration. For
example, the tube installation unit 50 may adopt a structure in
which the infusion tube 200 is installed in the lateral direction
so as to incline downward from the upstream side 200A to the
downstream side 200B by a predetermined angle.

[0062] Now, a second embodiment will be described.

[Description of the apparatus configuration]

Fig. 13 is a diagram showing an example of an external
configuration ¢f an infusion pump 70 according to a second
embodiment in which an infusion tube 72 from an infusion bag 71
is fixed in the correct directicon. That is, inthe descriptionbelow,
a right side of a front surface of the infusion pump 70 according
to the second embodiment corresponds to an upstream side (infusicn
bag side). A left side of the front surface of the infusion pump
70 according to the second embodiment corresponds to a downstream
side (patient side). The delivery direction is from right to left.

As shown in Fig. 13, an infusion bag 71 with a predetermined
fluid medicine accommodated therein is connected to a
delivery—-direction upstream side of the infusion tube 72.
Furthermore, an infusion clamp (clamp member} 77 and a vein puncture
needle 78 are connected to a delivery-direction downstream side
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of the infusion tube 72. The vein puncture needle 78 is stuck into
the patient's vein and placed therein to allow the fluid medicine
in the infusion bag 71 to be infused into the patient. As shown
in Fig. 13, in the infusion pump according to the present embodiment,
the infusion tube 72 is accommodated in the horizontal direction
and thus prevented from being folded even when other medical
apparatuses are installed above and below the infusion pump in
proximity thereto.

[C063] A front surface of the infusion pump 70 includes a door
unit 75 that covers a delivery unit 73 in which the infusion tube
72 can be installed in the horizontal direction, and a user interface
unit 80 dispcsed above the delivery unit 73 and the door unit 75.
[0064] The door unit 75 1s connected to the delivery unit 73
at a hinge 74 and configured to be cpenable and closable in the
direction of arrow 76 {opened and closed in the up-down direction).
[0065] The user interface unit 80 includes an operatiocn unit
80A and a display unit 80B. The operation unit 80A includes
operation switches via used to input varicus set values used by
the delivery unit 73 for delivery and to give instructions to start
and end delivery and to carry out priming or the like, and a power
supply switch used fto give an instruction to power the infusion
pump 70 on and off.

[0066] Furthermore, the display unit 80B displays the various
set values input via the operation unit 80A and the delivery status
of the delivery unit 73.

[0067] In the infusion pump 70, the user interface unit 80 is
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disposed independently of the door unit 75. Thus, regardless of
whether the door unit 75 is open or closed, the user can view the
display unit B80B and perform various operations via the operation
unit 80A.

[0068] Now, a configuration of the delivery unit 73 of the
infusion pump 70 will be described. Fig. 14 is a diagram showing
an external configuraticn of the infusion pump 70, with the door
unit 75 open and with the infusion tube removed therefrom.
[0069] In the door unit 75 in Fig. 14, the reference numeral
87 dencotes a door base rotationally movably connected to a main
body base 95 of the delivery unit 73 via the hinge unit 74. Hence,
the door unit 75 is freely openable and closable with respect to
the delivery unit 73.

[0070] The reference numeral 85 is a buffer plate mechanism that
supports a rear surface of the infusion tube when the infusion tube
is pressed by peristaltic fingers described below while the doox
unit 75 is closed. 86 is a occlusion presser plate that sandwiches
the infusion tube between the occlusion presser plate and a
occlusion sensor described below while the door unit 75 is closed.
[0071] In the delivery unit 732 in Fig. 14, the reference numeral
84 denotes a housing path in which the infusion tube is accommodated
and which has a channel structure in which the infusion tube is
housed and kept horizontal from right end to left end therecf as
shown in Fig. 14.

[0072] The reference numeral 96 is a sensor channel unit
including a bubble detecting sensor (not shown in the drawings)
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disposed on a sidewall unit forming the sensor channel unit 96,
the bubble detecting sensor detecting bubbles in the infusion tube
using ultrasonic wave or the like.

[0073] The reference numeral 93 is a pump mechanism including
a plurality of peristaltic fingers 83-1 to 83-5 arrayed in the

delivery direction and sequentially pressing the infusion tube.
[0074] The reference numeral 91 is a occlusion sensor including
a permanent magnet and a pickup for detecting the amount of movement
of the permanent magnet in an analog manner. The occlusion sensor
91 detects a blocked state by detecting the amount of movement of
the permanent magnet, whichmoves in response to a change in internal
pressure associated with the blocked state of the infusion tube.
[0075] The reference numeral 82 is a tube clamp holding unit
that holds a clamp attached to the infusion tube and which applies
a pressing force for temporarily closing the infusion tube under
pressure, to the clamp when the door unit 75 is opened.

[0076] The tube clamp holding unit 82 is configured to be able
to detect that the clamp attached to the infusion tube has been
held. This allows determination of whether or not the infusion tube
is installed in the infusion pump 70.

[0077] The reference numeral 81 is a lock/unlock lever that is
operated to add the pressing force to the clamp of the infusion
tube by the tube clamp holding unit 82 and to release the additional
pressing force (that is, cancel the pressurized closure of the

infusion tube by the clamp).

(0078] The tube clamp holding unit 82 may be configured to be
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able to detect that the clamp attached to the infusion tube has
been held. This may allow determination of whether or not the
infusion tube is installed in the infusion pump 70.

[0079] The reference numeral 92 is an infusion tube
opposite-installation detection unit (described beleow in detail).
98 is a lock/unlock lever that holds and releases the infusion tube
in and from the infusion tube opposite-installation detection unit
in order to maintain a state in which the infusion tube is held
in the infusion tube opposite~installation detection unit 92 and
to remove the infusion tube.

[0080] Reference numerals 88 and 97 are an attraction unit such
as a magnet and an attracted unit, respectively, which attract each
other to keep the door unit 75 closed. The attraction unit 88 and
the attracted unit 97 are configured to allow detection of whether
or not the attraction unit and the attracted unit are attracting
each other. This allows determination of whether the door unit 75
of the infusion pump 70 is open or cleosed. 88 may be a hoock and
97 may be shaped to engage with the hook.

[0081] Fig. 15 is a block diagram of an electric system in the
infusion pump accerding toe the second embodiment.

[0082] In Fig. 15, reference numeral 600 is a control unit which
controls the whole apparatus and which includes a microprocessor,
a ROM storing programs that are process procedures for the
microprocessor, and a RAM used as work areas. Reference numeral
601 is a driving unit that drives peristaltic fingers 83-1 to 83~5.
When the peristaltic fingers 83-1 to 83-5 are cyclically driven
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to press the infusion tube in turn, the fluid medicine in the
infusion tube can be delivered from right side to left side of Fig.
14. Reference numeral 602 is a bubble detecting sensor disposed
near the sensor unit 96 in Figure 14 to detect whether the infusion
tube accommodated in the sensor channel unit 96 is filled with the
fluid medicine or mixed with bubbles as described above.

[0083] A general operation procedure for the above-described
configuration will be described below.

[0084] First, the decor unit 75 of the infusion pump 70 is opened,
an cperation of placing the tube from the infusion bag in housing
paths 84a, 84b, and 84c is performed, and the door unit 75 is closed.
Subsequently, the power supply switch on the user interface 80 is
operated to power the infusicn pump 70 on. Then, the clamp 77 is
opened, and the priming switch provided on the operation unit 80A
is operated. As a result, the control unit 600 controllably drives
the driving unit 601 and drives the peristaltic fingers 83-1 to
83-5 to f£ill the fluid medicine from the infusion bag 71 into the
tube 72.

[0085] Subsequently, while viewing the operation unit 80B, the
operator operates the operation unit 80A to set the flow rate of
infusion per unit time {mL/h) and the amount of fluid medicine
infused (mL) (determine adriving period for the peristaltic fingers
83-1 to 83-5). Then, the operator sticks the vein puncture needle
78 into the patient's vein and operates the infusion start switch
on the operation unit B80A.

[0086] During this infusion process, when the bubble detecting
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sensor 602 detects bubbles or the occlusion sensor 91 detects
occlusion, the warning message 1s blinked on the display unit 80A
and the speaker 603 generates an alarm sound to notify the operator
of the bubkles or the occlusion.

[0087] Morecver, according to the second embodiment, when an
instruction to start infusion is given, if the infusion tube
opposite—-installation detection unit 92 detects that the infusion
tube 72 is installed in the oppeosite direction, the warning message
is also blinked on the display unit 80A and the speaker 603 also
generates an alarm sound in order to notify surrounding personnel
of the bubbles or the occlusion.

[0088] The detection of bubbles by the bubble detecting sensor
602 and the detection of occlusion by the occlusion sensor 91 are
well-kncwn and will thus not be described in detail. The structure
and principle of the infusion tube opposite-installation detection
unit 92 will be described below.

[0089] Fig. le{a) shows the relation between the infusion tube
oppoesite-installation detection unit 92 according to the second
embodiment and the infusion tube. The infusion tube
opposite-installation detection unit 92 according to the second
embodiment comes into close contact with a heater 400 and a
temperature senscrs (thermistors) 410a and 410b when the infusion
tube 72 is placed in the housing paths 84a, 84b, and 84c, as shown
in Fig. 16{a). The second embodiment is designed such that a
distance between the heater 400 and the temperature sensor 410a
is the same as a distance between the heater 400 and the temperature
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sensor 410b. Furthermore, the heater 400 incorporates a thermostat,
and once a preset target temperature 1s reached, maintains the
temperature.

[0090] The infusion pump 70 according to the second embodiment
feeds the fluid medicine in the tube 72 from right side to left
side of Fig. 16(a). Thus, when it is assumed that the tube 72 from
the infusion bag 71 is set in the infusion pump 70 in the correct
direction as shown in Fig. 13 and the peristaltic fingers 83-1 to
83-5 are driven to start feeding the fluid medicine, the fluid
medicine flows smoothly through the infusion tube 72 as illustrated
by arrow 450 shown in Figure 16(b).

Thus, when the heater 400 is driven under heat, the heat
propagates as shown by an illustrated circular arc, and the
temperature sensor 410b positioned downstream of the heater 400
can detect an increase in temperature. However, the temperature
sensor 410z positioned upstream of the heater 400 fails to detect
the increase in temperature, or even if temperature sensor 410a
can detect the rise, the degree of the increase is low. Hence, when
temperatures detected by the temperature senscrs 410a and 41Cb are
dencted by Ta and Tk, respectively, Formula (1) holds true for a
threshold Th.

Tb - Ta 2 Th (1)

[0091] On the other hand, it is assumed that feeding of a fluid
madicine is started with the infusion tube 72 connected to the
accommodaticn path 84 in the infusion pump 70 in the opposite

direction in the lateral direction as shown in Figure 16(C) or that
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downstream occlusion has occurred. In this case, the infusion bag
71 is full of the fluid medicine and fixed to & position higher
than the infusion pump 10. Thus, even when feeding of the fluid
medicine by the infusicnpump 10 is started, a flow velocity achieved
by the infusion pump 70 is lower than a flow velocity in Fig. 16 (b)
or the flow may stop. Thus, in this state, when the heater 400 is
driven to generate heat, the heat propagates as shown by a circular
arcinFig. 1lé6(c). Inthiscase, adifference in temperature between

the temperature senscrs 410a and 410b is smaller than a difference

in Fig. 16(b). Thus, the following relation in Formula (2) is
established.

Tb - Ta < Th (2)
[0092] Thus, it 1s understoocd that the opposite installation

of the infusion tube or the downstream occlusion can be detected
by driving the heater 400 to generate heat and detecting the
temperature both on the upstream side and the downstream side of
the heater.

[0093] The heater 400 and the temperature sensors 410a and 410b
are fixed and arranged at equal intervals. Furthermore, when
driven, the heater 400 generates a constant amount of heat per unit
time. The volume of heated fiuid medicine increases consistently
with the flow rate. Thus, it should be noted that the threshold
Th depends on a flow rate set by the operator (the amount of fluid
medicine fed per unit time; also referred to as the flow velccity
in the infusion tube}. That is, the threshold Th may be
arithmetically determinred from the flow rate set by the operator
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or determined by referencing a pre-stored lockup table.
[0094] [Description of the process procedure]

Now, a process procedure of the control unit 600 for the
infusion pump 70 according to the second embodiment will be
described with reference to a flowchart in Fig. 17. Fig. 17 shows
processing carried out when a delivery start switch on the operation
unit 80A is operated. Not only the infusion tube 71 has already
been placed in the housing path 84 in the infusion pump 70 according
to the second embodiment, but also a priming process and the input
of the flow rate (the amount of fluid medicine fed per unit time)
and the like have been finished, with the vein puncture needle 78
already introduced into the patient's vein. Furthermore, it is
assumed in the description that the threshold Th has been determined
in accordance with the set flow rate.

[0095] When the feeding start switch on the operation unit 80A
is operated, the control unit 600 drives the driving unit €01 in
accordance with the set flow rate to drive the peristaltic fingers
83-1 to 83-5, thus starting to feed the fluid medicine in the tube
{step S1).

[0096] Subsequently, driving of the heater 400 in the infusion
tube opposite-installation detectionunit 22 is started to generate
heat (step S2). As aresult, temperature of the heater 400 increases,
but a certain amount of time is needed for the temperature to reach
a target temperature. Furthermore, a time T correspcending to the
distance between the heater 400 and the temperature sensor 410b
and the set flow rate needs to elapse before an amount of heat from
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the heater 400 reaches the temperature sensor 410b, located
downstream, via the fluid medicine in the fluid medicine tube. Thus,
to prevent the temperature sensors 410a and 410b from detecting
the temperature until the above-~described condition is sufficiently
met, the control unit 600 waits until the time T elapses (step 53).
[0097] When the time T has elapsed since the start of heating
by the heater 400, the process proceeds to step S4, where the
temperature senscrs 410a and 410b measure the temperatures Ta and
Thb.

[(0098] As a result of the measurement, the control unit
determines whether a conditional expression "Tb - Ta 2 Th"” is met
{step S5). Upon determining that the conditional expression is met,
the control unit considers the infusion tube 77 to be set in the
correct direction.

[0099) On the other hand, upon determining that the conditional
expression "Th - Ta =2 Th" 1s not met, the control unit determines
that the infusion tube 77 is housed in the opposite lateral direction
in the housing unit 84 or that downstream occlusion is occurring,
and thus stops driving of the peristaltic fingers 83-1 to 83-5 by
the driving unit 601 to stop the delivery (step S6). Then, the
control unit allows the dispiay unit 80A te blink a warning message
indicating that the infusion tube is installed in the opposite
direction or that downstream occlusion is occurring, and allows
the speaker 603 to generate an alarm socund, then the control unit
thus ends the process (step S7). The warning notification in step

S7 is provided both on the screen and in sound, but may be provided
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exclusively in one of these two ways. Moreover, if the infusion
pump 1s connected to a network, the warning message may be
communicated to a server.

[0100] As described above, according to the second embodiment,
the infusion pump internally has the heat source that propagates
heat through the infusion tube and the temperature sensors that
detect the heat propagated to the fluid medicine in the infusion
tube, and can thus detect the incorrect installation of the infusion
tube in the infusion pump based on the degree of the propagation
of the heat from the heat source during delivery. Therefore, the
oppecsite-installation warning enables the operatcer to be urged to
install the infusion tube in the correct directicn.

[0101] According to the second embodiment, the warning is issued
only when the opposite installation ¢f the infusion tube is detected.
However, until the cpposite installation is detected or even though
the infusion tube is determined to be correctly installed, a mark
indicative of this condition may be displayed on the display unit
80B so as to notify the surrounding personnel of this condition.
Furthermore, according to the second embodiment, the heat source
is described as a heater. However, a heat source that reduces the
temperature may be used. 2An example of the heat source that reduces
the temperature is a Peltier element. The use of the heat socurce
that reduces the temperature is different from the use of the
above-described heat source in that, when the infusion tube is
correctly housed in the housing path 84, the temperature detected
by the downstream side temperature sensor is lower than the
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temperature detected by the upstream side temperature sensor (which
detects a temperature close to room temperature).
[0102] [Third embodiment]

In the above description, the temperature sensors 410a and
410b located adjacent to and across the heater 400 measure the
temperatures Ta and Tb, and the opposite instaliation of the
infusion tube 72 in the infusion pump is detected based on the
difference in temperature. 1In the second embodiment, a case will
be described in which the opposite installation of the infusion
tube 72 is detected by measuring a delay time in the propagation
of the temperature.

[0103] The third embodiment is different from the first
embodiment in the structure of an infusion tube
opposite-installation detection unit 92 and a detection process
carried out by the infusion tube opposite-installation detection
unit 92. Thus, these differences will be described, and the
remaining part of the configuration will not be described.
[0104] Fig. 18(a) shows a configuration of the infusion tube
opposite-installation detection unit 92 according to the third
embodiment. The infusion tube cpposite-installation detection
unit 92 includes a heater 500 and a temperature sensor 510 provided
downstream of the heater 500 with respect to delivery carried out
by an infusion pump. Fig. 18(a) is different from Fig. 16 in that
only a single temperature sensor is provided and that the heater
500 and the temperature sensor 510 are located away from each other
SO as to accurately measure a delay time described below.
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[0105] As shown in Fig. 16{a), when the infusion tube 72 is housed
in a housing path 84 in the correct direction and a driving unit
601 is driven to carry out delivery, a fluid medicine flows smoothly
as shown by an illustrated arrow 550. When the cross sectional area
of a portion of the infusion tube 72 through which an infusion flows
is denoted by S anda flow rate (the amount (volume) of fluidmedicine
fed per unit time) set for an infusion pump 70 is denoted by M,
the flow velocity v of the fluid medicine is given by:

v = M/S.
[0106] When the distance between the heater 500 and the
temperature sensor 510 is denoted by L, a time t0 needed for an
amount of heat from the heater 500 to propagate to the temperature
sensor 510 is given by:

t0 = L/V =1L * S/M
However, even 1f the flow velocity is zero, the temperature
propagates through the fluid medicine. The heat conductivity of
the material of the infusion tube 72 needs to be taken into account.
Thus, an adjustment value o involving these conditions is added
to t0, and the result of this addition is defined as an zllowable
delay time T. The o may be derived based on sampling under various
conditions and may be provided in a lookup table so as to be
determined accecrding to the flow wvelocity.
[0107] According to the third embodiment, the heater 500 is
intermittently driven to generate heat. That is, a process of
continuing heating for a predetermined time and then stopping the

heating is repeated. Since delivery is being carried out, the
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temperature sensor 510 can detect the repetition of heating and
non-heating as a variation in temperature. When one cycle of
heating and the subsequent non-heating process is defined as a
heating/non-heating process, the infusion tube 72 is considered
to be housed in the housing path 84 in the correct direction when
the temperature sensor 510, located downstream, can detect an
increase in temperature greater than AC (preset threshold) with
respect to the last measured temperature within the time T from
completion of one heating/heating process. Subsequently, the
heating/non-~heating process is repeated.

[0108] On the other hand, when the infusion tube 72 is housed
in the housing path 84 in the opposite direction as shown in Fig.
17(b), the flow velocity is lower than in the case of the correct
installation as shown an illustrated arrow 560. However, an
infusion bag 71 may fail to be installed above the infusion pump
70. Furthermore, immediately after the beginning of the delivery,
the infusion bag 71 may have a certain housing space, and a
possibility that the fluid medicine flows smoothly is undeniable.
That is, even when the infusion tube is installed in the opposite
installation, an increase in temperature may be detected within
the time T in the state immediately after the beginning of the
delivery. However, when a certain time elapses, the flow velocity
gradually decreases, and the temperature sensor 510 fails to detect
the increase in temperature even though the time T has elapsed.
In this case, the infusion tube 72 may be determined to be installed

in the opposite direction, and a warning process may be carried
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out.
[010G9] [Description of the process procedure]

Now, a process procedure of a control unit 600 for the infusicn
pump 70 according tc the second embodiment will be described with
reference to a flowchart in Fig. 19. Fig. 19 shows processing
carried cut when a delivery start switch on an operation unit 80A
is operated. Not only the infusion tube 71 has already been placed
in the housing path 84 in the infusion pump 70 according to the
third embodiment, but also a priming process and the input of the
flow rate (the amount of fluid medicine fed per unit time) and the
like have been finished, with a vein puncture needle 78 already
introduced into the patient's vein. Furthermore, it is assumed in
the description that the allowable delay time T has been determined
in accordance with the set flow rate.

[0110] When a feeding start switch on the operation unit 80A
is operated, the control unit 600 drives the driving unit 601 in
accordance with the set flow rate to drive peristaltic fingers 83-1
to 83-5, thus starting to feed the fluid medicine in the tube (step
S11).

[0111] Subseqguently, a process is carried cut which involves
driving the heater 500 in the infusion tube opposite-installation
detection unit 92 for a predetermined time so as to generate heat
and stopping the heating when the predetermined time has elapsed
(step S12). As a result, the fluid medicine is partly formed into
a high-temperature portion, which flows downstream. The control
unit 600 allows the temperature sensor 5C1 to measure the
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temperature and determines whether a difference from the last
measured temperature is equal to or greater than AC (step S13).

If the difference is not equal to or greater than AC, the control
unit 600 allows the heater to carry out a heating/non-heating
process and then determines whether or not the allowable delay time
T has elapsed (step S14). Upon determining that the allowable delay
time T has not elapsed, the control unit 600 returns to step $13.
[0112] When, as a result of the above-described operation, a
change in temperature (increase in temperature) can be detected
within the allowable delay time T from completion of
heating/non-heating by the heater 500, the result of the
determination in step S13 is Yes, and the next heating/non-heating
process 1is carried out.

[0113] On the other hand, if no change in temperature can be
detected even after the allowable delay time T has elapsed, the
delivery speed is not equal to the set flow rate and the control
unit 600 determines that the infusion tube 72 is housed in the
housing path 84 in the opposite lateral direction. The control unit
600 then stops driving of the peristaltic fingers 83-1 to 83-5 by
the drivingunit 601 in order to stop the delivery (step S15). Then,
the control unit allows a display unit 80A to blink a warning message
indicating that the infusion tube is installed in the opposite
direction, and allows a speaker 603 to generate an alarm sound.
The contrcl unit thus ends the process (step S16). The warning
notification in step 57 is provided both on the screen and in sound,

but may be provided exclusively in one of these two ways. Moreover,
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if the infusion pump is connected to a network, the warning message
may be communicated to a server.

[0114] As described above, the third embodiment allows the
incorrect installation of the infusion tube in the infusion pump
to be detected based on the degree of propagation of heat from the
heat source to the fluid medicine during delivery.

[0115] The third embodiment has been described in conjunction
with the detection of an increase in temperature. However, a
decrease in temperature may be detected. Alternatively, both an
increase and a decrease in temperature may be detected. In
particular, when the temperature is actively reduced, the use of
a Peltier element can make the temperature equal to or lower than
room temperature, enabling improvement ¢f the accuracy of detection
of an increase and a decrease in temperature.

Reference Signs List

[0116]

1, 70 Infusicn pump

2 Main body ccver

ZA Upper portion of main body cover

2B Lower portion of main body cover

3 Display unit (an example of warning means)
4 Operation panel unit
5 Opening and closing cover

50 Tube installation unit (also referredtoasaline installation
unit)
51 Bubble detecting sensor
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52

53

60

80

80A

808

12

71

g1

82

83-1

84

91

92

93

100

131

132

150

151

152

153

200

200A

200B

Upstream side occlusion sensor
Downstream side occlusion sensor
Delivery driving unit

User interface unit

Operation unit

Display unit

Infusion tube

Infusion bag

Lock/unlock lever

Tube clamp helding unit

to B83-5 peristaltic Fingers

Heusing path

Occlusicn sensor

Infusion tube opposite-installation detection unit
Pump mechanism

Control unit

Speaker {an example of warning means)
Buzzer (an example of warning means)
Infusion tube set direction display unit
Drug ceontaining bag display unit

Patient side display unit

Delivery direction display unit

Infusion tube (also referred to as a infusion line)
Upstream side of infusion tube
Downstream side of infusion tube

Correct direction
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N Incorrect direction
X Horizontal direction (lateral direction)

400, 500 Heaters

410a, 410b, 510 Temperature sensors

60



CLAI N5

[Claim1l] An infusion punp conprising:

a tube installation unit in which an i nfusion tube allow ng
a drug in a drug containing bag to be infused into a patient is
installed in a lateral direction; and

adeliverydrivingunit that, wwththeinfusiontubeinstalled
inthelateral direction, appliesperistalticnotiontotheinfusion
tube to deliver the drug in a delivery direction preset along the
| ateral direction,

the tube installation unit conprising:

a bubbl e detecting sensor that detects a bubble generated in
t he i nfusion tube;

a downstream occl usi on sensor that detects a bl ocked state
of the infusion tube; and

a control unit that determ nes that the i nfusion tube is set
inadirection oppositetothe delivery direction based on a bubbl e
det ecti on signal, whichindicates that the bubbl e detecting sensor
has detected the bubble in the infusion tube, and a downstream
occl usi on signal, whichindicates that aninternal pressure of the
I nfusi on tube has i ncreased fromthe downstreamoccl usi on sensor,
obt ai ned when, with the infusion tube installed in the direction
opposite to the delivery direction, the delivery driving unit is
drivento carry out primng for filling the drug into the infusion
t ube.
[Claim?2] An infusion punp conprising:

a tube installation unit in which an i nfusion tube all ow ng
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a drug in a drug containing bag to be infused into a patient is
installed in a lateral direction; and

adeliverydrivingunit that, wwththeinfusiontubeinstalled
inthelateral direction, appliesperistalticnotiontotheinfusion
tube to deliver the drug in a delivery direction preset along the
| ateral direction,

the tube installation unit conprising:

a bubbl e detecting sensor that detects a bubble generated in
t he i nfusion tube;

a downstream occl usi on sensor that detects a bl ocked state
of the infusion tube; and

a control unit that determ nes that the i nfusion tube is set
in a direction opposite to the delivery direction based on a
downstream occl usi on signal fromthe downstreamoccl usi on sensor
obt ai ned when, with the i nfusiontube set inthe direction opposite
to the delivery direction, a clanp for the infusion tube between
the drug containing bag and the delivery driving unit is opened
tocarry out primng for filling the drug fromthe drug cont ai ni ng
bag into the infusiontube to deliver thedrugto the patient, this
downst ream occl usi on sensor indicating that an internal pressure
of the infusion tube has increased.

[Claim 3] The infusion punp according to claim1l or claim 2,
conpri si ng warni ng neans for i ssuing a warning in accordance with
an instruction fromthe control unit when the control unit
determi nes that the infusion tube is installed in the direction
opposite to the delivery direction.
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