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Description

[0001] The present invention relates to a biological component- measuring device. More particularly, the present
invention relates to a hygienic biological component-measuring device that is used for medical support devices and
devices of this kind, which biological component-measuring device enables the operator to easily calibrate the entire
device as well as the sensors thereof, and to attach a channel-carrying substrate to the device easily, which improves
operability.
[0002] An example of the biological component-measuring devices that have been conventionally used in the hospital
is a glucose-measuring device by which the blood sugar level of a blood sample is measured. An example of the medical
devices with a glucose-measuring device incorporated is an artificial endocrine pancreas device. Among the artificial
endocrine pancreas devices, a type of artificial endocrine pancreas device that carries out a closed-loop control where
components in the blood, which is a body fluid, of a patient, such as glucose, are measured continuously or at intervals,
and liquid medicines such as glucose or insulin are injected into the patient based on the measurement in order to control
the patient’s conditions, requires accurate and safe operation during its use, often over a long period of time. Specifically,
it is said that an artificial endocrine pancreas device should be capable of providing accurate measurement for a period
from about four hours to about one week. It is very important for keeping the artificial endocrine device safe to periodically
calibrate the sensors to obtain accurate and invariable measured values, and to calculate the amount of a liquid medicine
necessary to be injected into the patient.
[0003] The glucose sensor sometimes outputs inaccurate values, which is caused by variation with time in the tubes
passing through a peristaltic pump that is placed in various channels in an artificial endocrine pancreas device, which
channels are also called tubes because they are typically made of soft and elastic tubes, especially in the tubes through
which sampled blood is sent to the glucose sensor. The output of inaccurate values may also be caused by variation
with time in the sensor per se; the output data or measured values themselves are inaccurate.
[0004] Therefore, the sensor of a conventional artificial endocrine pancreas device is periodically calibrated, which
involves temporary stopping of sampling blood from the patient or injecting a liquid medicine into him/her. Specifically,
for example, an indwelling needle kept in a vein of a patient is taken away from him/her and the artificial endocrine
pancreas device is removed from him/her. Then, the sensors of the device are calibrated. After the completion of the
calibration, the indwelling needle is inserted to his/her vein and kept in it again, which is followed by measurement of
the blood sugar level of him/her with the artificial endocrine pancreas device, The measurement provides a value of the
blood sugar level, based on which an amount of a liquid medicine is decided, and the liquid medicine in the amount is
injected into him/her.
[0005] Patent document 1 discloses an invention for a blood substance-monitoring device that continuously measures
substances in blood, which is an example of a biological component-measuring device whose sensors can be calibrated
while sampling of body fluid of a patient is being continued. According to the invention, blood is continuously sampled
through an indwelling cannula kept in a vein and substances included in the blood sample are measured. When the
sensors are calibrated, the liquid to be sent to the sensors is switched from the blood sample to a calibrating liquid at a
location just upstream of the sensors. After the completion of the calibration, the liquid to be sent to the sensors is
immediately returned to the blood sample and the measurement is resumed. Blood being sampled during the calibration
is disposed of through a waste liquid channel because the time period for the calibration is short. Patent document 2
teaches a method of calibrating sensors for glucose-measuring devices. This invention also employs the idea of switching
liquids to be sent to the sensors. Specifically according to the invention, a calibrating liquid is introduced, by the switching,
into the channel at a location near the sensors, downstream of a pump placed in the channel through which the blood
sample is transferred. There are other relevant inventions. Patent document 3 discloses a method of measuring a
specified component of the body fluid while a sample of the body fluid, such as blood, is being diluted several different
times. Patent documents 4-6 disclose blood sugar level-controlling devices that employ a specified method of controlling
the amount of insulin to be injected based on values obtained by continuous measurement of blood sugar level, and
artificial endocrine pancreas devices. Patent document 7 discloses the preambel of claim 1.

Patent document 1: JP 58-152537 A
Patent document 2: JP 52-135795 A
Patent document 3: JP 58-198351 A
Patent document 4: JP 54-82885 A
Patent document 5: JP 55-21905 A
Patent document 6: JP 56-28765 A
Patent document 7: US 2003/0057108 A1

[0006] The biological component-measuring devices mentioned hereinbefore are advantageous because sensors are
calibrated easily and quickly. However, calibration of only the sensors of a biological component-measuring device
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sometimes is not sufficient to provide accurate measurement because of aging of or variation with time in other units
and members of the device. In other words, variation with time in units and members of conventional biological component-
measuring devices, other than the sensors thereof, brings variation in measured values. Calibrating the sensors only
does not make variation in values measured by biological component-measuring devices avoidable, when the flow rate
of a sample varies because of changes in pumps and/or sample channels, especially when the ratio of the amount of a
sample to that of a diluent is changed.
[0007] An objective of the present invention is to provide a biological component- measuring device, various channels
of which can be exchanged hygienically and easily, and which is still capable of measuring biological components.
[0008] A solution to this problem is provided in the form of a biological component measuring device with the features
of claim 1, Preferred embodiments of this device are disclosed in the dependent claims.
[0009] This is a biological component-measuring device comprising a biological component-measuring device proper
and a channel-carrying substrate, in which a sample including a body fluid taken by a body fluid sampler is transferred
to a sensor through a sample channel by a pump and a biological component in the sample is measured by the sensor,
the channel-carrying substrate including:

a substrate detachably mountable on the biological component-measuring device proper;
a sample channel connectable to the body fluid sampler and the sensor for measuring a biological component in
the sample including the body fluid taken by the body fluid sampler, the sample channel fixed to the substrate so
as to be capable of transferring the sample to the sensor by the pump; and
a calibrating liquid channel connectable to a calibrating liquid tank, and connected to the sample channel at a location
upstream of the pump via a first flow path changeover valve, the calibrating liquid channel fixed to the substrate so
as to be capable of supplying a calibrating liquid stored in the calibrating liquid tank to the sample channel,

the substrate is further including a body fluid-diluting liquid channel fixed thereto, connectable to a body fluid-diluting
liquid tank, for supplying a body fluid-diluting liquid stored in the body fluid-diluting liquid tank to the body fluid sampler, and

a second flow path changeover valve placed in the body fluid-diluting liquid channel; and
a second body fluid-diluting liquid channel, connected to the second flow path changeover valve, capable of mixing
the body fluid-diluting liquid in the body fluid-diluting liquid channel with the calibrating liquid by a switching operation
of the second flow path changeover valve.

[0010] According to another preferred embodiment, the substrate further includes a flushing liquid channel through
which a flushing liquid flows, the flushing liquid channel connectable to a flushing liquid tank and connected with the
sample channel at a location between the body fluid sampler and the first flow path changeover valve, and/or between
the second flow path changeover valve and the body fluid sampler.
[0011] According to another preferred embodiment, the flushing includes a predetermined concentration of biological
components.
[0012] According to another preferred embodiment, the substrate is further provided with a first diluent channel through
which a diluent for diluting the sample in the sample channel flows, the first diluent channel connectable to a diluent tank
and connected with the sample channel at a location downstream of the first flow path changeover valve.
[0013] According to another preferred embodiment, the substrate is further provided with a gas channel connected to
the first diluent channel or a junction of the first diluent channel and the sample channel.
[0014] According to another preferred embodiment, the calibrating liquid tank is placed at a lower level than the body
fluid sampler.
[0015] The biological component-measuring device according to the present invention has a biological component-
measuring device proper and a channel-carrying substrate. The substrate is designed so as to be detachably attachable
to the biological component-measuring device proper. The channel-carrying substrate may be used as a disposable
member. The substrate is provided with at least the sample channel and the calibrating liquid channel. One end of the
sample channel, which is fixed to the substrate, is made so that the end can be detachably attached to a body fluid
sampler that is a separate member, not fixed to the substrate. The other end of the sample channel is designed so that
it can be detachably attached to a sensor that is also a member not included in or fixed to the substrate. The first flow
path changeover valve, which is placed in the middle of the sample channel, is fixed to the substrate. The substrate is
fixedly equipped with the calibrating liquid channel as well, One end of the calibrating liquid channel, or the opposite of
the other end that is connected to the first flow path changeover valve, is detachably connected to a calibrating liquid
supplier, such as a calibrating liquid tank, which is outside the substrate and not included in it. Various structures may
be employed for the structure to detachably join the one end of the sample channel to the body fluid sampler, the structure
to detachably join the other end of the sample channel to the sensor, and the structure to detachably join the one end
of the calibrating liquid channel to the calibrating liquid tank, as long as they are able to achieve liquid-tight connection
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and the connecting operation can be done easily.
[0016] A liquid sample in the sample channel, which is fixed to the channel-carrying substrate, is transferred toward
the sensor by a pump. This pump may be fixed to the substrate if it is small and has a simple structure. The pump may
also be made up of a part of the sample channel and a roller with which the biological component-measuring device
proper is equipped, the roller capable of squeezing the part of the sample channel. As the pump for this biological
component-measuring device may be employed a pump capable of transferring a liquid in a channel in one direction by
the cooperation of the part of the channel and the roller.
[0017] The substrate may be fixedly equipped with a body fluid- diluting liquid channel, a second body fluid-diluting
liquid channel, a flushing liquid channel, a first diluent channel, and a gas channel, depending on the purposes, in addition
to the sample channel and the calibrating liquid channel.
[0018] The body fluid-diluting liquid channel serves as a channel through which a body fluid-diluting liquid used for
diluting a body fluid taken from the examined living organism by a body fluid sampler flows. One end of the body fluid-
diluting liquid channel is made so that it can be detachably connected to a body fluid-diluting liquid tank, which is a
member separate from the substrate and sometimes a part of the biological component-measuring device proper. The
other end of the body fluid-diluting liquid channel is made so that it can be detachably joined to the body fluid sampler.
For the structures of the respective ends for the detachable connection may be employed those for the ends of the
sample and calibrating liquid channels.
[0019] The reasons for supplying the body fluid-diluting liquid to the body fluid sampler have been explained herein-
above.
[0020] It is preferable that the sample channel and the calibrating liquid channel, and further the body liquid-diluting
channel, the second body fluid-diluting liquid channel, the flushing liquid channel, the first diluent channel, and the gas
channel, depending on the purposes or at need, should be neatly arranged on and fixed to the substrate, which will be
attached to the biological component-measuring device proper. It can make wrong operations avoidable when the ends
of the respective channels are connected to members that are not fixed to the substrate, such as the body fluid sampler,
the body fluid- diluting liquid tank, the calibrating liquid tank, and the sensor. It also enables the operator to exchange
channels easily, and enhances operability and hygiene of the biological component-measuring device.
[0021] The calibrating liquid tank should be disposed at a lower level than the body fluid sampler, when the biological
component- measuring device is made up of the channel-carrying substrate and the biological component-measuring
device proper to which the substrate is attached, and when the device is made up differently. The disposition of the
calibrating liquid tank at a lower level prevents a calibrating liquid from flowing backward in the sample channel for some
reasons and reaching the body fluid sampler, when the calibrating liquid is supplied from the calibrating liquid tank to
the sample channel via the first flow path changeover valve. In summary, arranging the calibrating liquid tank and the
body fluid sampler so that the former is placed at a lower location than the latter leads to the prevention of accidents
such as an inflow of the calibrating liquid into the examined living organism caused by breakdown or malfunction of the
biological component-measuring device.
[0022] The invention will now be further described by embodiments as disclosed in the drawings, wherein:

Figure 1 is a schematic block diagram showing the biological component- measuring device equipped with a body
fluid-diluting liquid channel.

Figure 2 is a schematic block diagram showing an embodiment of the biological component- measuring device
further equipped with a flushing liquid channel.

Figure 3 is a schematic block diagram showing the biological component- measuring device equipped with a body
fluid-diluting liquid channel- and a first dilu- ent channel.

Figure 4 is a schematic block diagram showing an embodiment of the biological component- measuring device
equipped with a flushing liquid channel, a body fluid-diluting liquid channel, a first diluent channel and a
gas channel.

Figure 5 is a schematic block diagram showing an embodiment of the biological component- measuring device to
which a channel-carrying substrate is attached.

Figure 6 is a schematic block diagram showing an example of a conventional biological com- ponent-measuring
device.

Figure 7 is an illustration showing the structure of a tube pump.
Figure 8 is an illustration showing the structure of a pump.
Figure 9 is a sectional view showing the structure of a mixer.
Figure 10 is a sectional view showing the structure of a mixer, taken along a second line per- pendicular to the first

line along which the sectional view of Figure 9 is taken.
Figure 11 is an illustration showing the structure of a piliow-type reciprocating pump.
Figure 12 is a top view illustration of the pillow-type reciprocating pump shown in Figure 11, wherein a holding plate

21e is not shown.
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[0023] The present invention relates to improving a biological component-measuring device that measures various
biological components included in the body fluids of a living organism, a typical example of which is a human. The body
fluids in a living body include, for example, blood, urine, lymph or cerebrospinal fluid, or mixtures thereof. The biological
components, the qualitative or quantitative analysis of which is necessary for medical practice, may include glucose,
urea, uric acid, lactose, sucrose, lactate, ethanol, glutamic acid, ammonia, creatinine, and oxygen. Medical practice may
sometimes require measurement of other properties, such as the pH value and the oxygen concentration, of body fluids.
In the context of the present invention, the term "biological components" includes properties such as the pH value and
the oxygen concentration.
[0024] A biological component-measuring device is a device necessary for medical doctors and veterinarians to un-
derstand the condition of a living organism accurately. Examples of medical support devices include artificial endocrine
pancreas devices for measuring a blood sugar level in blood and based on the measurement results supplying insulin
to a living organism, dialyzers for dialyzing, urea concentration meters for measuring the urea content included in the
body fluids of a living organism, uric acid concentration meters for measuring a uric-acid content in the body fluids of a
living organism, sugar concentration meters for measuring lactose and sucrose in the body fluids of a living organism,
lactic acid concentration meters for measuring lactic acids such as lactate, glutamic acid concentration meters for
measuring the glutamic acid content in the body fluids of a living organism, ammonia concentration meters for measuring
an ammonia content in the body fluids of a living organism, and creatinine concentration meters for measuring a creatinine
content in the body fluids of a living organism.
[0025] These various biological component-measuring devices are necessary to take exact medical action. Thanks
to the present invention, the clinical examine is able to make a biological component-measuring device ready for operation
efficiently and hygienically. For the sensor included in the biological component-measuring device to measure a biological
component may be employed various sensors depending on the kinds of biological components to be measured. Ex-
amples of such sensors may include biosensors, such as enzyme sensors utilizing enzymes, microorganism sensors
employing microorganisms, and hybrid sensors utilizing enzymes and microorganisms. The enzyme or microorganism
utilized in such a biosensor is selected depending on the target to be measured, or the biological component. For
example, when the target to be measured is glucose, β -D-glucose oxidase or Pseudomonas fluorecens may be employed
as biosensor. When the target is urea, urease may be employed as biosensor; when the target is uric acid, uricase may
be employed; for lactate may be used lactate oxidase; for lactose may be employed lactase or β-galactosidese; for
ethanol may be employed alcohol oxidase or Trichosporon brassicaes; for glutamic acid may be employed glutamate
dehydrogenase or Escherichia coli; and for ammonia may be employed nitrifying bacteria.
[0026] For the sensor may be employed, for example, a biosensor made by coating a carbon electrode with an osmium
polymer, drying the coated electrode at room temperature, applying an enzyme solution thereto to make a film, and
immobilizing the enzyme by a cross-linking agent such as glutaraldehyde, when glucose is measured. This biosensor
causes an oxidation reaction between peroxide and a peroxidase enzyme, which is immobilized in the osmium polymer,
and the reaction is followed by a reduction reaction between the osmium polymer, the peroxidase and the electrode.
The electrode potential during these reactions is 0 mV compared with the electrode potential of the silver-silver chloride
electrode. Therefore the utilization of the glucose oxidase for the enzyme for the oxidation reaction leads to a quick
detection of glucose and an easy measurement of the concentration thereof. The glucose sensor may include, other
than that explained above, a glucose sensor including an osmium (II)-bipyridine complex, one including a ruthenium
complex, and a glucose sensor with an electrode modified with a polypyrrole into which a tris-osmium complex is
immobilized. Among these various glucose sensors, the biosensor employing the osmium polymer is preferable. Suitable
glucose sensors are film sensors having a work electrode of platinum, silver or carbon, and an enzyme film of an osmium
polymer impregnated with peroxidase.
[0027] The biological component-measuring device is capable of dealing with one or more measurable biological
components. When two or more biological components are measured, the device should be equipped with two or more
biosensors in the biological component-measuring channel. Another way to measure several components may be to
make the biological component-measuring channel branch off and to provide each branch channel with one or more
biosensors. The body fluids sampled from a living organism may be sampled body fluids as they are, such as blood,
urine, lymph and cerebrospinal fluid, or mixtures of such body fluids and other liquids such as physiological saline,
diluents or buffers.
[0028] I will explain the constitution of the biological component-measuring device, referring to the schematic block
diagram shown in Figure 1. A biological component-measuring device 1 in its basic constitution includes a body fluid
sampler 3a; a sensor 5; first, second and third portions 11a, 11d, 11e of a sample channel through which a body fluid
is transferred from the body fluid sampler 3a to the sensor 5; a pump 10b placed in fourth and fifth portions of the sample
channel to forcibly transfer a sample including the body fluid that flows in the sample channel; a calibrating liquid tank
8 in which a calibrating liquid is stored; a calibrating liquid channel 11h to guide the calibrating liquid to the second portion
11d of the sample channel; and a first flow path changeover valve 9b serving to connect the first portion 11a of the
sample channel and the calibrating liquid channel 11h with the second portion 11d of the sample channel, and to switch
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the connection with the second portion 11d of the sample channel between the first portion 11a of the sample channel
and the calibrating liquid channel 11h so that either of the taken sample and the calibrating liquid will flow into the second
portion 11d of the sample channel. Although the calibrating liquid tank 8 includes the word "tank", the "tank" means a
container in which liquid is stored, such as a bag, a can or a box. Tanks including a body fluid-diluting liquid tank, a
diluent tank, and a flushing liquid tank, which will be explained hereinafter, are also used in the present specification to
denote general containers.
[0029] Although the sensor per se may have functions of processing measured values, storing them, outputting and
displaying them, the device should preferably have a sensor signal transmission line 12 and a sensor signal processor
7 to send signals outputted by the sensor through the sensor signal transmission line 12 to the sensor signal processor
7 in which measured values are processed and stored and which outputs and displays the measured results or sends
them to other units. When the biological component-measuring device is actually operated, a waste liquid, or a sample
including a body fluid after measurement by the sensor, should preferably be guided to a waste liquid tank 6 through a
waste liquid channel 11f, and then disposed of hygienically. Normally, a body fluid-diluting liquid, such as an anticoagulant,
should be introduced into the body fluid sampier 3a in order to prevent a sampled body fluid from changing in its properties,
and a sampled body fluid should be diluted with the body fluid-diluting liquid at the same time as the body fluid is taken.
The diluted body fluid will be used as a sample to be measured. As shown in Figure 1, the device should further include
a body fluid-diluting liquid tank 4a in which a body fluid-diluting liquid is stored, and a first portion 11c of a body fluid-
diluting channel 11c, a second portion 11b of the body fluid-diluting channel, and a pump 10a, through which the body
fluid-diluting liquid is introduced into the body fluid sampler 3a. The employment of this structure should be accompanied
by the placement of a second flow path changeover valve 9a in the first portion 11c of the body fluid-diluting liquid channel
at a location downstream of the pump 10a with which a second body fluid-diluting liquid channel 11g is connected, so
that the body fluid-diluting liquid can be introduced to a calibrating liquid sucker 3b that is provided to draw a body fluid-
diluting liquid from the calibrating liquid tank 8 and send it to the calibrating liquid channel 11h. The calibrating liquid
sucker 3b has a structure similar to the structure of the body fluid sampler 3a. The former should have such a structure
that the ratio of the amount of a body fluid to that of the body fluid-diluting liquid in the body fluid sampler 3a is the same
as the ratio of the amount of the calibrating liquid to that of the body fluid-diluting liquid in the calibrating liquid sucker
3b. Normally, a same one as the body fluid sampler 3a should be used for the calibrating liquid sucker 3b, which makes
the latter ratio the same as the former ratio.
[0030] The measurement of a biological component by the biological component-measuring device 1, and the method
of calibration will be described. Firstly, a biological component-measuring device 1 in a capable condition is prepared.
In this state, the first flow path changeover valve 9b makes the first portion 11a of the sample channel communicate
with the second portion 11d of the sample channel, and blocks the calibrating liquid channel 11h. This operation can be
done easily when a cross valve is used for the first flow path changeover valve 9b. On the other hand, the second flow
path changeover valve 9a makes the second portion 11b of the body fluid-diluting liquid channel communicate with the
first portion 11c of the body fluid-diluting liquid channel, and blocks the second body fluid-diluting liquid channel 11g.
Then, the pumps 10a, 10b are activated, and while a body fluid-diluting liquid is being supplied to the body fluid sampler
3a, the body fluid sampler 3a transfers a sample including a taken body fluid to the sensor 5. In this state, the respective
discharges of the pump 10a and the pump 10b are adjusted so that the amount of the supplied body fluid-diluting liquid
is larger than that of the sample drawn to the first portion 11a of the sample channel from the body fluid sampler 3a. If
the amount of the sample drawn to the first portion 11a of the sample channel is not larger than that of the body fluid-
diluting liquid supplied to the body fluid sampler, the body fluid cannot be taken through the body fluid sampler 3a. The
body fluid-diluting liquid may be anything as long as it does not affect living organisms adversely, interfere with meas-
urement by the sensor, change a body fluid in its properties, or coagulate a body fluid, Preferable is a physiological
saline or Ringer’s solution. If the amount used is small, other liquids such as distilled water or a phosphoric acid buffer
may be used. In order to prevent a body fluid such as blood from gelling at the tip of a catheter, Ringer’s solution, the
physiological saline, the distilled water into which an anticoagulant is incorporated may be used preferably. Examples
of the anticoagulant may include heparin, Nafamostat mesylate and urokinase.
[0031] Thus, a biological component in the taken body fluid can be measured, If the measurement is continued, the
biological component can be measured continuously. In this specification, the taken body fluid or a solution made by
diluting the taken body fluid with a body fluid-diluting liquid may sometimes be called "sample". When the biological
component-measuring device is, for example, a blood sugar level-measuring device, a continuous measurement over
one to several days can be possible. However, sensors for measuring biological components, including blood sugar
level-measuring sensors, are often biosensors utilizing enzymes or microorganisms as stated above. Such sensors
usually require calibration at intervals from several hours to several tens hours. If calibration with such frequencies is
neglected, accurate measured values often cannot be obtained. Also, channels, such as the sample channel and the
body fluid-diluting channel, and pumps for transferring liquids are often so-called disposable ones from the viewpoint of
hygiene, which makes the manufactures select cheap tubes such as vinyl chloride tubes or polyethylene tubes for these
elements. The elements, such as channels and pumps, made of these cheap tubes are apt to cause variation in the
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flow rate of the sample and the diluting ratios due to variation with time in the thickness of the channels, especially in
the inner diameter thereof, or the transverse sectional area thereof; variation in the operating temperature while they
are being used; and variation in the properties of the pumps. Such variations in the flow rate and the diluting ratios cannot
be taken care of by calibration of the sensors only. Therefore, the present invention employs the method of calibrating
all of the sample channel, the body fluid-diluting liquid channel, the pumps 10b, 10a, and the sensor 5 as a whole by
introducing the calibrating liquid from the first portion 11a of the sample channel, which provides accurate calibration to
the entire biological component-measuring device 1. The employment of this method makes it possible to use channels
made by such materials that change in the thickness of the channels, especially the inner diameter thereof, or the
transverse sectional area thereof when the channels are used for a long time. Generally, only limited materials that have
proven their safety and appropriateness may be used for channels through which liquids such as body fluids flow, used
in medical devices such as biological components-measuring devices. A simultaneous demand on the materials is a
low price. Because variation with time in the channels can be corrected, this embodiment makes it possible to choose
inexpensive safe materials for the channels among a wide variety of materials that have not been used. Therefore the
first flow path changeover valve 9b that switches between the first portion 11a of the sample channel and the calibrating
liquid channel 11h should be placed near the outlet of the body fluid sampler 3a. Furthermore, when a body fluid-diluting
liquid is introduced into the body fluid sampler 3a, the body fluid-diluting liquid in the same amount as the body fluid-
diluting liquid that was used during the sampling of the body fluid should be introduced into the calibrating liquid sucker
3b by the switching of the second flow path changeover valve 9a. This operation makes the ratio of the amount of the
body fluid-diluting liquid to that of the calibrating liquid the same as the ratio of the amount of the body fluid-diluting liquid
to that of the body fluid, which simplifies the calibration and is advantageous.
[0032] The biological component-measuring device 1 should be used in the state where the body fluid sampler 3a is
placed at a higher level than the other parts and members such as the body fluid-diluting liquid tank 4a, the calibrating
liquid tank 8, the sensor 5, and the waste liquid tank 6.
[0033] The communication between the body fluid sampler 3a and the calibrating liquid tank 8 is not blocked by
elements such as a tube pump. Therefore, if an actual operation of body fluid sampling is performed by a biological
component-measuring device where the calibrating liquid tank is located at a higher level than the examined living
organism, there is a probability that the calibrating liquid may flow into the living organism by gravitation, while the flow
path changeover valve is switching the channels or when malfunction occurs in the valve or other elements. There is a
weak probability that the calibrating liquid may endanger the examinee, or the living organism, because the calibrating
liquid is a solution including the same component of the living organism; the calibrating liquid is a glucose solution in
almost the same concentration as the glucose concentration in the living organism, when the glucose concentration is
measured. However, the calibrating liquid does not require sterilization by nature. If the calibrating liquid flows into the
living organism, infectious diseases might be caused by it. The calibrating tank 8 should preferably be placed at a lower
level than the body fluid sampler 3a, which will leads to the prevention of such infection. In actual operations, the
calibrating liquid tank 8 should preferably be placed below, for example a bed on which the living organism from which
a body fluid is taken, such as a human. Because the height of the bed is typically about 45 cm, this arrangement will be
realized if the liquid level in the calibrating liquid tank 8 is set to 45 cm or less from the floor.
[0034] In summary, the body fluid sampler 3a should be attached to a living organism at a higher level than the biological
component-measuring device 1, especially the calibrating liquid tank 8, and then sampling of the body fluid and calibration
of the biological component-measuring device 1 should be carried out. There is a probability that the calibrating liquid
may adversely affect the living organism if the calibrating liquid flows backward into the living organism, as stated above.
Therefore in a state where a body fluid in the living organism and a liquid in the body fluid sampler 3a may be exchanged,
the calibrating liquid tank 8 should be disposed at a lower level than the body fluid sampler 3a when the latter is attached
to the living organism. This arrangement will check an inflow of the calibrating liquid into the living organism by gravitation,
even if the first portion 11a of the sample channel, the first flow path changeover valve 9b or the calibrating liquid channel
11h works wrongly, or the operator makes some errors. However, the body fluid sampler 3a does not always have to
be disposed at a higher level than the liquid level in the calibrating liquid tank 8; there is no probability that the calibrating
liquid flows into the living organism, when the summation of the pressure head and the potential head of a body fluid,
such as blood, at the position where the body fluid sampler 3a is connected to the living organism is larger than the
potential head of the liquid level in the calibrating liquid tank 8. Therefore when the body fluid sampler 3a is connected
to, for example a peripheral vein in which the blood pressure is about 18 mmHg, the liquid level in the calibrating liquid
tank 8 may be about 240 mm higher than the position at which the body fluid sampler 3a is connected to the living
organism. When the body fluid sampler 3a is connected to an artery, in which the blood pressure is higher than in a
vein, the calibrating tank 8 may be disposed at a further higher level.
[0035] The waste liquid tank should be disposed so that a waste liquid naturally drips from the waste liquid channel
to the surface of the liquid in the tank, with the waste liquid channel not being in the liquid. These elements should be
arranged so that a waste liquid does not flow back through the sample channel due to the principle of the siphon. The
pump placed in each channel preferably has a function of preventing backflow. Examples of such a pump may include
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tube pumps and linear peristaltic pumps. These arrangement and selection make it possible to prevent a backflow of
the liquid in each channel into the living organism caused by abnormal movement of the liquid and to check an unexpected
inflow of the liquid into the tanks, such as the calibrating liquid tank, with which the biological component-measuring
device is provided.
[0036] The example of the biological component-measuring device shown in Figure 2 has a flushing liquid channel
11m in addition to the device that I have explained, referring to the example shown in Figure 1. The flushing liquid channel
11m, or the second portion 11m of the flushing liquid channel, can communicate with the first portion 11a of the sample
channel via a third flow path changeover valve 9c, and with the second portion 11b of the body fluid-diluting liquid channel
via a fourth flow path changeover valve 9e. Furthermore, the calibrating liquid channel 11h, the second portion 11b of
the body fluid-diluting liquid channel, and the second portion 11m of flushing liquid channel are respectively provided
with check valves 14a, 14b and 14c. When the body fluid sampler 3a is kept attached to the living organism during the
calibration of the biological component-measuring device shown in Figure 1, a sample including the body fluid remains
in the body fluid sampler 3a and the first portion of the sample channel 11a. When the sample remains in the device in
such a state, there is a probability that the body fluid included in the sample, such as blood, may coagulate. Especially
when the body fluid-diluting liquid is not used, or the amount of the body fluid-diluting liquid used for the dilution is small,
the component in the sample is prone to coagulate. The embodiment shown in Figure 2 is provided with equipment to
introduce the flushing liquid in order to wash the respective insides of the body fluid sampler 3a and the first portion 11a
of the sample channel when or just before the calibrating operation is begun, so that the measurement can be resumed
immediately after the completion of the calibration and the body fluid included in the sample is prevented from coagulation
or deterioration. The equipment to introduce the flushing liquid into the device includes a flashing liquid tank 13, a pump
10d for sending the flushing liquid, the first portion 11k, 11m of the flushing liquid channel, the third and fourth flow path
changeover valves 9c, 9e, and preferably the check valve 14c. If a pump with a function of preventing backflow, such
as a tube pump or a linear peristaltic pump, is used for the pump 10d for sending the flushing liquid, a backflow from
the sample channel or the body liquid-diluting liquid to the flushing liquid channel should not occur principally and the
third and fourth flow path changeover valves 9c, 9e and the check valve 14c may be omitted. However, if there is
something wrong with the flushing liquid channel or the pump 10d for sending the flushing liquid, the third and fourth
flow path changeover valves 9c, 9e that have the function of cross valves and the check valve 14c effectively prevent
backflow.
[0037] When the flushing is commenced, the pump 10d is activated and the third flow path changeover valve 9c and/or
the fourth flow path changeover valve 9e is switched so that a flushing liquid stored in the flushing liquid tank 13 is sent
to the first portion 11k of the flushing liquid channel, guided to the second portion 11m of the flushing liquid channel by
the pump 13, and further introduced through the check valve 14c to the first portion 11a of the sample channel and/or
the second portions of 11b the body fluid-diluting channel via the third flow path changeover valve 9c and/or the fourth
flow path changeover valve 9e. A part of the flushing liquid reaches the sensor through the sample channel and is
discharged to the waste liquid tank through the waste liquid channel. Another part of the flushing liquid flows into the
living organism through the body fluid sampler. Thus, the channels and elements such as the sample channel, the sensor
and the body fluid sampler are washed with the flushing liquid, so that clots and gelled body fluid as well as the sample
are discharged from the biological component-measuring device. This operation is called the "removal of clots". The
first’ portion of the sample channel 11a, the sensor, and the body fluid sampler 3a are filled with the flushing liquid, which
removes a probability that the biological component may coagulate in them. Then, the first flow path changeover valve
9b and the second flow path changeover valve 9a are switched so that the calibrating liquid is introduced from the
calibrating liquid channel 11h into the second portion 11d of the sample channel and the portion downstream thereof,
which is followed by the calibration of the biological component-measuring device 1. The third flow path changeover
valve 9c preferably blocks the communication between the first portion 11a of the sample channel and the second portion
11m of the flushing liquid channel, and the fourth flow path changeover valve 9e between the second portion 11b of the
body fluid-diluting liquid channel and to the third portion 11r of the flushing liquid channel, during a normal measurement
of a biological component.
[0038] The sensor may also be washed with the calibrating liquid other than the flushing liquid. After the completion
of the washing with the flushing liquid, the first flow path changeover valve 9b and the second flow path changeover
valve 9a are respectively switched so that the second portion of the sample channel and the first portion of the body
fluid-diluting liquid channel respectively communicate with the calibrating liquid tank 8, which keeps the first portion 11a
of the sample channel filled with the flushing liquid, Even if the pump 10d for sending the flushing liquid is stopped in
this state, coagulation can be prevented because it is the same as the state where the so-called "physiological saline
lock" is attached to the living organism. When the pump 10d for sending the flushing liquid is not stopped but driven so
as to send the liquid little by little, for example, at a very small flow rate, the possibility of coagulation can be further reduced.
[0039] The flow rate of the flushing liquid during the calibration should be smaller than that of the flushing liquid during
the "removal of clots" operation- The introducing operation of the flushing liquid in this state is called the "prevention of
clotting" operation. The flushing liquid is introduced at a flow rate from 5 to 500 mL/hour, preferably from 100 to 300



EP 2 220 993 B1

9

5

10

15

20

25

30

35

40

45

50

55

mL/hour for about 1 to 60 seconds, preferably for about 3 to 20 seconds during the removal of clots operation, while it
is introduced at a flow rate from 0.5 to 60 mL/hour, preferably from 1 to 20 mL/hour during the prevention of clotting
operation, with, for example, a biological component-measuring device for a typical artificial endocrine pancreas device.
When a biological component-measuring device has very small dimensions, an even smaller amount of the flushing
liquid may be used as long as clots in the channel can be removed and coagulation can be prevented. When there is
little or no possibility that body fluid components can coagulate even if the sample remains in the section of the first
portion 11a of the sample channel between the third flow path changeover valve 9c and the first flow path changeover
valve 9b, the calibration may be commenced at the same time as the introduction of the flushing liquid into the first
portion 11a of the sample channel and the body fluid sampler 3a. For the flushing liquid may be used a liquid that are
not harmful to living organisms when it flows into them, such as a physiological saline, If it is desired that the inflow of
the flushing liquid into the living organism be avoided as much as possible, the introduction of the flushing liquid may
be stopped after the first portion 11a of the sample channel and the body fluid sampler 3a are filled with the flushing
liquid. The flushing liquid may be anything as long as it does not change the body fluid or the sample in its properties,
coagulate it, interfere with measurement by the sensor, or affect living organisms adversely if the flushing liquid flows
into them. Preferable is a physiological saline or Ringer’s solution. If the amount used is small, distilled water may be
used. Ringer’s solution, the physiological saline, the distilled water into which an anticoagulant, such as heparin, Futhan
or urokinase, is incorporated may be used appropriately. The anticoagulant, however, preferably should not be used,
because it affects the antithrombogenicity mechanism of a patient in an unstable condition, for example, under emergency
intensive care, and sometimes provides the opposite effect, or causes body fluids including blood to coagulate quickly.
[0040] The functions of check valves 14a, 14b and 14c will be described. These check valves prevent a sample taken
by the body fluid sampler 3a from penetrating into unexpected parts due to breakdown, failure, malfunction, and artificial
wrong operation of the biological component-measuring device. The check valves 14a, 14b prevent the sample from
flowing back into the calibrating liquid tank 8, even when the calibrating liquid channel 11h is not provided with the first
and second flow path changeover valves 9a, 9b. The check valve 14b also keeps the sample from flowing back into the
body fluid-diluting liquid tank 4a. The check valve 14c prevents the sample from flowing back into the flushing liquid tank
13. The advantages of preventing such backflows include not only the preclusion of the liquid in each tank from con-
tamination but also the prevention of a body fluid from unnecessarily leaking from a living organism. Especially when
the living organism is a human, the objective of providing these check valves is to ensure the preclusion of a probability
that the human’s safety may be damaged. If the channels are wrongly assembled, the flow path changeover valves are
wrongly operated, there is a failure in the channels and equipment, or the human is placed at a higher location than the
biological component-measuring device including the calibrating liquid tank, there is a probability that body fluids, such
as blood, may be unexpectedly lost from the human. The check valves are effective in preventing such accidents. There
is also a probability that the first flow path changeover valve 9b and the second flow path changeover valve 9a may
allow all the relevant channels to communicate, depending on the structures of the valves, when the valves are switched.
The check valves 14a, 14b, if provided, will be able to prevent backflows also in these situations. The channels, through
which the sample flows, such as the sample channel 11a, 11d, 11a, 11o and the waste liquid channel 11f, may also be
provided with check valves, although they are not placed in this embodiment. These check valves are capable of
preventing a body fluid from unnecessarily leaking from the living organism as well as precluding a sample from flowing
back into the living organism, the calibrating liquid tank 8, the body fluid-diluting liquid tank 4a, the flushing liquid tank
13 or the sensor 5.
[0041] The biological component-measuring device shown in Figure 3 introduces a diluent into a third portion 11e of
the sample channel, which enlarges the measuring range of the sensor and improves the stability of the measurement,
which, in turn, leads to an improvement in the measuring sensitivity and accuracy. Also, an enlargement of the flow rate
can shorten the time necessary for the sample to reach the sensor, which can reduce the time lag. This feature greatly
contributes to the safety of devices, such as artificial endocrine pancreas devices, where a feedback control is carried
out, or a liquid medicine in an amount is injected to the patient based on the results of the measurement, because the
feature ensures the stability of the control. This body fluid-measuring device further includes a diluent tank 4b, a first
portion 11i of a first diluent channel for introducing a diluent from the diluent tank 4b to a pump 10c, the pump 10c for
drawing the diluent out of the diluent tank 4b and forcibly sending it to a third portion 11e of the sample channel, and a
second portion 11j of the diluent channel through which the diluent is sent to the third portion 11e of the sample channel
from the pump 10c, in addition to the elements of the biological component- measuring device shown in Figure 1. The
diluent should preferably introduced into the third portion 11e of the sample channel, located downstream of the pump
10b for transferring the sample, A feature of this embodiment is to supply a diluent to the third portion 11e of the sample
channel so that the sample will be in such a desired concentration that the sensitivity and precision of the sensor are in
their best condition. The diluent is capable of stabilizing the pH of the sample, making the temperature of the sample
constant, precluding an emission of gas from the sample in the sensor, and preventing the sample from changing in its
properties. The diluent may be anything as long as it does not interfere with measurement by the sensor, or change the
sample in its properties. Preferable examples may include a physiological saline, a phosphoric acid buffer and the body



EP 2 220 993 B1

10

5

10

15

20

25

30

35

40

45

50

55

fluid-diluting liquid as explained hereinbefore. The phosphoric acid buffer has a function of enhancing the ability of
transferring electric charges in the diluted sample, and therefore is an appropriate diluent. The diluent may sometimes
include a surfactant. The diluent including a surfactant not only enhances the flow properties of the sample, but also
expedites mixing of the sample with the diluent. The enhancement in the flow properties of the sample reduces the time
period from the sampling of a body fluid by the body fluid sampler to the measurement of the sampled, or the time constant.
[0042] The diluent for, for example, the measurement of a blood sugar level by the biological component-measuring
device should preferably be a liquid capable of diluting a sample transferred through the third portion 11e of the sample
channel, and keeping the pH value of the sample to be sent to the sensor 5 constant. An example of such a liquid is a
phosphoric acid buffer. When a buffer is employed for the diluent, a stable measurement of a blood sugar level can by
carried out by a highly pH-sensitive sensor because the pH value of the sample can be kept constant. Also, if a relatively
large amount of the diluent whose temperature is kept constant is used, the sample diluted with this diluent can be
quickly introduced to the sensor at a stable temperature, which improves the accuracy of the measurement.
[0043] An embodiment of the biological component-measuring device shown in Figure 4 further includes a gas channel
through which a gas to expedite mixing, such as air, is introduced to the first diluent channel or the joint of the first diluent
channel and the sample channel, in order to make the mixing of the sample with the diluent complete in the third portion
11e of the sample channel to which the diluent has been supplied, in addition to the combination of the embodiment of
Figure 2 and the embodiment of Figure 3. In the mixing part of the third portion 11e of the sample channel is placed a
mixer 15, and at a location downstream of the mixer a gas-liquid separator 16 so that the mixture is effectively stirred
by the mixer 15 and by the introduction of air. Gas is separated from the sample that has undergone the stirring and
mixing, by the gas-liquid separator 16, and the separated gas is removed and discharged through a gas-discharging
channel 11p to a waste liquid tank 6. Only the sample that has been mixed uniformly is sent to the sensor. If there is an
excessive amount of the sample, an unnecessary portion of the sample is also discharged from the gas-liquid separator
16 through the gas-discharging channel 11p to the waste liquid tank 6. When the sample that has been thoroughly and
uniformly mixed with the diluent is sent to the sensor 5, the measuring stability of the sensor 5 is enhanced and the
measuring sensitivity and the measuring accuracy are further improved. The sample, after the completion of the meas-
urement by the sensor 5, is sucked by a pump 10f whose discharge is set to a value less than the total of the discharge
of the pump 10b and that of the pump 10c, and discharged to the waste liquid tank 6. The first diluent channel should
preferably be provided with a check valve 14d, in the same way as the body fluid-diluting liquid channel.
[0044] Figure 5 shows an embodiment in which a channel-carrying substrate is disposed in the embodiment of the
biological component-measuring device shown in Figure 4. On the channel-carrying substrate 19 of the embodiment of
Figure 5 are arranged various kinds of channels such as the sample channel, the body fluid-diluting liquid channel, the
first diluent channel, the second diluent channel, the waste liquid channel, and the gas channel; and a pump tube 10, a
channel-joining member 17, the mixer 15, and the gas-liquid separator 16 which are placed on the channels. At least a
part of the sample channel is arranged on the channel-carrying substrate 19 of the embodiment. As explained herein-
before, various kinds of channels used in the biological component-measuring device, such as the second, third and
fourth portions 11d. 11e, 11o of sample channel (see Figure 4), the first portion 11c of the body fluid-diluting liquid
channel, the first and second portions 11i, 11j of the first diluent channel, the second diluent channel 11q, the waste
liquid channel 11f, and the gas channel 11n; and a pump tube 10, the channel-joining member 17, the mixer 15, and
the gas-liquid separator 16 which are placed on the channels, should be arranged on the channel-carrying substrate
19. See also Figures 4 and 5 concerning the reference numerals that denote channels and other elements.
[0045] The embodiment of the biological component-measuring device shown in Figure 5 will be further described. A
body fluid taken through the body fluid sampler 3a is diluted with a body fluid-diluting liquid supplied from the body fluid-
diluting liquid tank 4a. The diluted body fluid is guided to the sensor 5 through the first, second and third portions 11a,
11d, 11e of the sample channel. While the diluted body fluid, or a sample, is flowing through the sample channel, a
diluent and a gas from the gas channel are introduced into the third portion 11e of the sample channel. The sample and
the diluent are mixed thoroughly by the mixer 15. The gas and an unnecessary amount of the diluted sample are
discharged from the gas-liquid separator 16, and a proper amount of the diluted sample is guided to the sensor 5. After
the completion of the measurement, the diluted sample is discharged from the sensor 5 through the waste liquid channel
11f to the waste liquid tank 6. When the calibration is carried out in place of the measurement, the sample channel and
the sensor are flushed out with the flushing liquid in the flushing liquid tank 13 first. Then the first flow path changeover
valve 9b and the second flow path changeover valve 9a are switched so that the calibrating liquid is introduced into the
device, and the biological component-measuring device is calibrated. When a zero point calibration is carried out, only
the diluent is introduced through the second diluent channel 11q to the sensor 5 and the indication of the sensor is
checked. Another way of carrying out the zero point calibration is to supply the diluent in enough amount to the sensor,
prior to the sampling of a body fluid, to fill the channel inside the sensor with the diluent, which provides a zero point
calibration. Generally, the zero point varies very slightly during a measurement of a biological component. Therefore,
in many cases, if the zero point calibration is done once prior to the measurement, it will not be necessary to carry out
another zero point calibration until the measurement is completed. When a zero point calibration is not carried out during
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the measurement, the second diluent channel 11q and a flow path changeover valve for the switching to this channel
may be omitted. Also, a flushing liquid may be utilized for zero point calibration. The flushing liquid normally does not
include measured body fluid components. If the flushing pump is activated and the operation of removing clots in the
sample channel is carried out while the biological component-measuring device is working, the flushing liquid flows into
the sensor. If this flushing liquid is a liquid that does not include sugar, such as a physiological saline, or Rigger’s solution,
zero point calibration can be done in a state where the body fluid sampler 3a is connected to a living organism. For
flushing the sensor may be used a calibrating liquid in place of a flushing liquid.
[0046] The ends of the channels arranged on the channel-carrying substrate 19 are designed so that the ends can
be detachably connected to the corresponding channels, tanks, or equipment such as valves. When the channel-carrying
substrate 19 is attached to the biological component-measuring device, these channels are connected with the corre-
sponding elements. On the other hand, when the channel-carrying substrate 19 is detached from the device, the channels
are also disconnected from the elements. The channel-carrying substrate 19 and the channels disposed on the substrate
19 can be easily and hygienically replaced with a new one when the examinee 2 is changed or there is an interval
between the preceding measurement and the present measurement. The channel-carrying substrate 19 should be
detached from the device in the following way, so that the leakage of a body fluid during the detachment will be prevented:
The flushing liquid, the body fluid-diluting liquid, the calibrating liquid or the diluent is introduced into the elements on
the substrate in which the sample remains, such as the sample channel, and such elements are washed with one of
these liquids prior to the detachment. This channel-carrying substrate 19 is generally called "disposable channel-carrying
substrate". Materials for the substrate and channels of such a disposable channel-carrying substrate should be inex-
pensive and easily available, because such disposable channel-carrying substrates usually are not used for a long time.
Examples of the materials may include relatively inexpensive resins such as vinyl chloride, polyethylene, polypropylene,
polystyrene, polyester, and nylon; and common rubbers such as natural rubber, butadiene rubber, isoprene rubber, and
SBR. The other elements such as the sensor 5 and the pump 10d for sending the flushing liquid may be also disposed
on the channel-carrying substrate 19. However, the fact that the substrate carrying such elements is thrown away raises
the cost of a medical examination. An appropriate arrangement of such elements should be selected, with simplicity of
the operation when the channel-carrying substrate is attached to the device, and hygienic care also taken into consid-
eration.
[0047] The first portion 11i of the first diluent channel of the embodiment shown in Figure 5 is equipped with a heater
15, which is an example of heating means for heating a diluent. The heater may be anything as long as it is capable of
heating a diluent flowing through the first portion 11i of the first diluent channel. This heater 18 serves to control the
temperature of the diluent, which eventually leads to the control of the temperature of the sample that is introduced into
the sensor 5. The sensor 5 is controlled so as to have the same temperature as the living organism under examination,
with the safety of the measurement considered. When a body fluid is taken from a human examinee, the temperature
is usually set to 36 to 38 degrees Celsius, However, the temperature of the sample including the body fluid taken from
the examinee often falls, affected by the temperature of the diluent and the atmospheric temperature while it is flowing
through the channels. The effect of the atmospheric temperature is great, especially when it is low. A low temperature
of the sample introduced into the sensor may change the sensitivity and precision of the sensor. There is also a probability
that air bubbles may be emitted from the sample that sees a rapid increase in its temperature in the temperature-controlled
sensor, which may disturb the measurement. A method to avoid such a failure is to keep the sample channel warm.
However, the body fluid, especially blood, is apt to gel or deteriorate when it encounters a higher temperature than the
temperature of the interior of the living organism. For example, there is a probability that blood of the human can gel
when it is heated to 40 degrees Celsius or more, For this reason, a strict temperature control is required so that the
temperature of the sample will not reach 40 degrees Celsius or more, when it is controlled by the warmed sample
channel. On the other hand, the diluent, which does not include body fluids, will cause no problems when the temperature
thereof is increased to a raised temperature of 50 degrees Celsius. Also, if the diluting ratio of the amount of the diluent
to that of the sample is set to a large value, the temperature of the sample at the entrance of the sensor will be easily
controlled by the temperature of the diluent. From this viewpoint, this embodiment of the biological component-measuring
sensor is provided with the heater 18. Although the heater 18 is placed so that it warms the first portion 11i of the first
diluent channel between the diluent tank 4b and the pump, it may be placed anywhere on the first diluent channel
between the diluent tank 4b and the channel-joining member 17, for example a location downstream of the pump. Also,
it is a good strategy to additionally warm the sample channel and the first diluent channel in order to control the temperature
of the sample. However, care should be taken not to heat even a part of the sample excessively when the sample channel
is kept warm.
[0048] The method of calibrating the biological component- measuring device is capable of calibrating not only the
sensor, but also the entire device, including the channels and pumps, which is different from the conventional calibration
of the biological component-measuring device. The calibration typically includes a zero point calibration carried out with
a sample whose concentration of sugar, if the component measured is sugar, is zero, and a span calibration carried out
for a sample whose concentration of sugar, if the component measured is sugar, is for example 200 mg/dL. A working
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curve is prepared from the two results and it serves for correction of measured values. Generally, variation in the
measured value of the concentration used for the span calibration is large, while variation in the measured value in the
zero point calibration is small. Although the zero point calibration may be omitted, it makes the calibration more accurate.
With Figure 5 referred to, the device is further provided with an additional channel, branched from the second diluent
channel 11q, which, in turn, branched from the first portion 11i of the first diluent channel that connected with the diluent
tank 4b. Through the additional channel, the diluent is directly sent to the sensor 5 from the second diluent channel 11q.
When the zero point calibration is carried out, only the diluent is supplied to the sensor 5. The diluent is appropriate to
a liquid used for the zero point calibration because it does not include affecting components such as sugar. In the
embodiment shown in Figure 5, when the process moves on to the flushing step, which comes just before the calibration
step, the zero point calibration of the sensor 5 may be commenced. Before the commencement, the flow path changeover
valve placed just before the sensor 5 is switched to the state that the sensor communicates with the second diluent
channel, from the state that the sensor communicates with the sample channel. Then, the diluent is allowed to flow for
a predetermined time, for example, about one minute, and thus the zero calibration is done. If the zero point calibration
is commenced at the same time as the flushing is begun, the time period necessary to carry out the entire step of the
calibration can be reduced. If more than two known concentrations are used for the calibration, it will provide a more
accurate calibration. In this method, span calibrations with several concentrations, as well as a zero point calibration,
are carried out, and the working curve is prepared from the results. Naturally, the span calibrations with several con-
centrations provide a more precise working curve than the former calibration method described above. For the latter
calibration method may be employed several calibrating liquid tanks 8, in which calibrating liquids in different concen-
trations are respectively stored. The calibrating liquids are introduced into the calibrating liquid channel one by one for
the span calibrations. Alternatively, the ratio of the flow rate of the body fluid-diluting liquid or diluent to that of a single
calibrating liquid may be changed, whereby calibrating liquids in different concentrations can be prepared for the span
calibrations. When several calibrating liquid tanks 8 are prepared for the span calibrations, the cross valves for the first
and second flow path changeover valves 9a, 9b may be replaced with four-way valves or six-way valves to switch the
channels respectively communicating with the tanks.
[0049] Pumps, tubes for the pumps, and multipumps appropriate for the present invention will be explained. The pumps
used in the biological component-measuring device may be pumps of any type as long as they are capable of transferring
the respective liquids each in required amounts at predetermined discharges. Means for sending gas is also called a
pump in this specification. Pumps called "tube pumps" or "peristaltic pumps", which are simple in their structures and
can utilize tubes as the channels as they are, are appropriate for the pumps of the present invention. The pumps will be
called "tube pumps" for convenience’s sake. A typical tube pump has, as shown in Figure 7, rollers 20a for squeezing
elastic and flexible pump tubes 10, which function as the channels, sticks 20c for supporting these rollers 20a, a rotor
20b for supporting the sticks 20c connected thereto and rotating the rollers 20a, and a holding plate 20d, which tube
pump provides the pump tubes with squeezing actions. The rotor 20b of tube pump rotates around the axis thereof,
which, in turn, rotates the rollers 20a around the rotor 20b. The rotation of the rollers 20a squeezes the pump tubes 10.
The rollers 20a hold the pump tubes 10 between the rollers and the holding plate 20d, and squeeze the pump tubes 10,
thereby force the liquids in the pump tubes 10 out toward the downstream side in the tubes as the roller 20a rotate. The
pump tubes 10, which are a part of the channels such as the second portion 11d of the sample channel, double as a
part of the pump 10b. The pump tubes 10, which are a part of the tube pump 20 placed in the channels of various kinds
arranged on the channel-carrying substrate 19, are also disposed on the same channel-carrying substrate 19. When
the channel-carrying substrate 19 is attached to the biological component-measuring device and the device with the
substrate is in use, the pump tubes 10, together with the roller 20a and the holding plate 20d, both of which belong to
the biological component-measuring device, and between which the pump tubes 10 are sandwiched, form the tube pump
20.
[0050] The pump tubes 10 for the channels through which liquids are transferred are arranged parallel with each other
on the channel-carrying substrate 19, which ensures that all the channels receive the squeezing force and the liquids
in all the channels are forcibly transferred. Each of the rollers 20a of the tube pump 20 is made elongated ones, which
are capable of squeezing all the pump tubes 10 simultaneously by a same roller 20a. Then, the flow rates of the respective
liquids transferred through the channels are decided by the transverse sectional area of each pump tube 10 and the
rotational speed of the rotor 20b. When the number of the sticks 20c is one, the flow velocity of the liquid in each channel
is decided only by the transverse sectional area of the pump tube 10. In other words, the flow rate at which the liquid is
transferred by the squeezing of the rollers 20a can be suitably decided by an adjustment to the inner diameter of the
pump tube 10 in a channel. This type of tube is called "multipump". Multipumps have a simple structure and are capable
of always keeping constant the ratio of the flow rate of one channel to that of another channel.
[0051] Another example of the pump that has the same function as the tube pump 20 shown in Figure 7 is a linear
peristaltic pump. Another preferable type of pump, other than those with the squeezing function, may be a pump with a
pressing function illustrated in Figure 8. The pump 21 with a pressing function has, as shown in Figure 8, a lower holding
plate 21d and an upper holding plate 21e between which pump tubes 10 are sandwiched, a pressing member 21a
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capable of projecting from and sinking under the upper face of the lower holding plate 21d through a hole 21f pierced
in the lower holding plate 21d, and an eccentric rotating cam 21b capable of rotating with keeping one end of the pressing
member 21a contacted. When the eccentric rotating cam 21b rotates around its rotating shaft 21c, the pressing member
21a translates the rotation into such a vertical movement that the member projects from the upper face of the lower
holding plate and sinks under it repeatedly through the hole 21f. On the other hand, the lower holding plate 21d may
double as the channel-carrying substrate 19. Each of the fluid channels, such as a sample channel 11d, is provided with
a first poppet valve 21g and a second poppet valve 21h inside the pump tube 10, which also serves as the channel. The
upper holding plate 21e holds the elastic pump tube 10. The compression of the pump tube 10 by the pressing member
21a makes smaller the volume of the space inside the pump tube 10 delimited by the first poppet valve 21g and the
second poppet valve 21h. As a result, the first poppet valve 21g is closed while the second poppet valve 21h is opened,
which makes the fluid in the pump tube 10 flow out through the second poppet valve 21h. The pressing member 21a
starts retracting after the volume of the space inside the pump tube 10 reaches the minimum. Then the elasticity of the
pump tube 10 returns the volume to its maximum. In this state, the first poppet valve 21g becomes opened while the
second poppet valve 21h becomes closed, which invites an inflow of the fluid into the delimited space of the tube pump
10 through the first poppet valve 21g. Through the repetition of this vertical movement, or the upward-and-downward
movement of the pressing member 21a, the inflow of the fluid into the pump tune 10 and the outflow thereof from the
tube are repeated alternately and the fluid is forcibly transferred through the channel. The pump in Figure 8, in cooperation
with the fluid channel that also serves as the pump tube 10, makes the fluid flow into and out of the pump tube 10 repeatedly.
[0052] The pump for sending a flushing liquid may be a part of the multipump explained above. However, one inde-
pendent pump may be prepared for the pump for sending a flushing liquid, because the discharge of the pump is often
larger than that of the other pumps, for example the pump for sending a sampler. Appropriate examples of the pump for
sending a flushing liquid may include tube pumps, linear peristaltic pumps, pumps shown in Figure 8, diaphragm pumps,
and so-called pillow-type reciprocating pumps as shown in Figures 11 and 12 which have a swollen tube in the pump
shown in Figure 8. These pumps should preferably be those with a function of preventing backflow.
[0053] There is no special limitation on the material of the channel-carrying substrate 19, as long as elements such
as those various channels can be fixed to the substrate. In this embodiment is employed a hard synthetic resin. Soft
and flexible synthetic resins may be used depending on the situations. Specific examples of the material for the channel-
carrying substrate 19 are a sheet made of PVC, a hard film of hard PVC or PET, and a soft PVC to which PVC tubes
are easily stuck. Although the channel-carrying substrate 19 may be produced by machining a raw material plate, the
production by molding is preferable from the viewpoint of the price of the material, a reduction of waste material such
as chips from the machining, and easiness of the mass production. For the molding should be used a method suitable
for production in a medium or large quantity, such as compression molding or injection molding. The tubes may be fixed
to the substrate by sticking them to predetermined locations on the substrate. Another method may be a die slide injection,
often abbreviated to DSI, which is a precision molding by which the hollow tubes and the substrate are integrally molded.
The DSI method does not require the sticking of the tubes after arranging them on the substrate. Still another method
that may be utilized is fusible core injection molding in which tubes, each with a core inside it, are molded and the cores
are melted away, whereby hollow tubes are prepared. The channel-carrying substrate 19 should preferably be made of
an elastic soft material so that the substrate will have a certain dimensional tolerance. The channel-carrying substrate
19 may be attached to the mounting face of a biological component-measuring device 1 with pins and/or hooks. Channel-
carrying substrates 19 especially made of such materials as resins with stretching properties can be attached to and
detached from biological component-measuring devices 1 easily, and are preferably used.
[0054] The connection between each channel on the channel-carrying substrate 19 as shown in Figure 5, which is a
part of the biological component-measuring device, and the corresponding channel outside the substrate should pref-
erably be made by a simple removable connector. For example, two channels to be connected with each other are
formed from a soft material so as to have the shape of a tube, wherein one of the tubes has an inner diameter that is
almost the same as the outer diameter of the other tube. Insertion of the latter tube into the former one makes the
connection. Alternatively, two channels to be connected with each other may be formed from a soft material so as to
have the shape of a tube, wherein both tubes have the same outer diameter. Another short tube with an inner diameter
that is the same as the outer diameter of the tubes is prepared as a connector, and the respective ends of the two tubes,
which are connected with each other, are inserted into the connector. A preferable example is a Luer connector often
used to connect tubes made of flexible vinyl chloride. Tubes for the channels are usually manufactured from the eco-
nomical viewpoint because the tubes will be exchanged for new ones. Tubes made of flexible vinyl chloride are suitable
for this purpose. Luer connectors made of flexible vinyl chloride or polycarbonate are easily connected with tubes of
flexible vinyl chloride, and appropriate for the connector also from the viewpoint of their production cost, a weak probability
of leakage of the liquid in the tubes and connector, and a weak probability of slip-off of the tubes from the connector. A
tube with an end portion, the outer face of which is in the shape of steps, the shape often called "bamboo sprout", wherein
the outer diameter of the tube decreases stepwise toward its end, may serve as a simple connector. The end of the tube
is inserted into the inside of the other tube.
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[0055] For the mixer 15 various mechanical structures may be employed, as long as they are capable of mixing a
sample transferred through the third portion 11e of the sample channel with a diluent, for example a buffer, supplied
through the second portion 11j of the first diluent channel. Even a tube with a certain length may serve as the mixer.
Because the forth portion 11o of the sample channel between the mixer 15 and the sensor 5 is short in the biological
component-measuring device, mechanical structures capable of mixing a sample with the diluent sufficiently until the
mixture reaches the sensor 5 should preferably be employed. An example of a preferable mixer 15 may be the one with
the structure whose sectional view is shown in Figure 9. The mixer 15 has a rugged part 15c comprised of continuous
alternate projections and depressions running in the direction of fluid flow, which rugged part is formed in the inside face
of a wall that defines, together with the other walls, an inner fluid flow space 15b of the mixer proper 15a in the shape
of a rectangular parallelepiped. The inner fluid flow space 15b communicates with the third portion 11e of the sample
channel, the second portion 11j of the first diluent channel, and the gas channel 11n at a lower part thereof, and with
the fourth portion 11o of the sample channel at an upper part thereof. Another longitudinal sectional view of the mixer
15 is shown in Figure 10, which is a view taken along line A-A in Figure 9. In Figure 10, the rugged part 15c has a central
portion in the form of diamonds. In more detail, the rugged part 15c has, in the direction of fluid flow, a V-shaped rugged
portion comprising alternate V-shaped projections and V-shaped depressions first. In other words, the first portion of
the rugged part has several V-shaped projections and several V-shaped depressions each between adjacent V-shaped
projections. Next comes the central portion, which is followed by a reverse V-shaped rugged portion comprised of several
projections in the shaped of a reverse V and several reverse V-shaped depressions each between adjacent reverse V-
shaped projections.
[0056] A sample and a diluent introduced into the inside of the mixer proper 15a strike against the first projection of
the rugged part 15c, which disturbs the flow of the sample and that of the diluent. The disturbed flows of the sample and
the diluent climb over the first projection and fall into the adjacent depression. In the depression the next projection
makes the flow of the sample and that of the diluent collide, and the flows are disturbed again. Also, the flow of the
sample and that of the diluent are divided into a flow component running straight and flow components each running
aslant along the walls of the V, since the rugged part 15c has the V-shaped rugged portion and the reverse V-shaped
rugged portion. This division of the flows also creates disturbed flows of the sample and the diluent. The repetition of
the disturbances, caused by crashes of the sample and the diluent against the projections and the divisions of the flows
into the straightly running components and the aslant running components, mixes the sample and the diluent.
[0057] In the explanation above, only a sample and a diluent are introduced into the mixer 15. However, the mixer is
not limited to this embodiment. For example, a gas inert to samples and diluents, such as air or nitrogen gas, may be
introduced into the inner fluid flow space 15b, to mix a sample and a diluent and to improve the efficiency of the mixing.
A schematic block diagram of this embodiment is shown in Figure 4. This embodiment further has a gas channel 11n,
which, as well as the second portion 11d of the sample channel, is a flexible tube. The pump tube portion of the gas
channel 11n is squeezed by the rollers, whereby a gas, such as air, in the channel is sent toward the mixer 15. The air
is mixed with a diluent in the mixer 15 or upstream of the mixer 15, and a sample is further added. In this embodiment,
a gas-liquid separator 16 is placed downstream of the mixer 15, and the liquid, which is a mixture of a sample and a
diluent, and a gas are separated. The separated gas together with superfluous liquid is discharged through a gas-
discharging channel 11p. Sending air to the mixer 15 in this way improves the efficiency of mixing a sample and a diluent.
It also shortens the time period for which a sample is in the mixer 15 and the forth portion 11o of the sample channel,
which makes it possible to measure a sampled body fluid quickly,

Explanation of Reference Numerals

[0058]

1 ... biological component-measuring device;
2 ... examinee;
3a ... body fluid sampler;
3b ... calibrating liquid sucker;
4a ... body fluid-diluting liquid tank;
4b ... diluent tank;
5 ... sensor;
6 ... waste liquid tank;
7 ... sensor signal processor;
8 ... calibrating liquid tank;
9a ... second flow path changeover valve;
9b ... first flow path changeover valve;
9c, 9d, 9e ... third, fourth and fifth flow path changeover valves;
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10... pump tube;
10a, 10b, 10c, 10d, 10e, 10f... pump;
11a ... first portion of a sample channel;
11b ... second portion of a body fluid-diluting liquid channel;
11c ... third portion of the body fluid-diluting liquid channel;
11d ... second portion of the sample channel,
11e ... third portion of the sample channel;
11f .... waste liquid channel;
11g ... second body fluid-diluting liquid channel;
11h ... calibrating liquid channel;
11i ... first portion of a first diluent channel;
11j ... second portion of the first diluent channel;
11q ... second diluent channel;
11k ... first portion of a flushing liquid channel;
11m ... second portion of the flushing liquid channel;
11r ... third portion of the flushing liquid channel;
11n ... gas channel;
11o ... fourth portion of the sample channel;
11p gas-discharging channel;
12 ... sensor signal transmission line;
13 ... flushing liquid tank;
14, 14a, 14b, 14c, 14d ... check valve;
15 ... mixer;
15a ... mixer proper;
15b ... inner fluid flow space,
15c... rugged part;
16 .. , gas-liquid separator;
17... channel-joining member;
18 ... heater;
19 ... channel-carrying substrate;
20a... roller;
20b ... rotator;
20c ... stick;
20d ... holding plate;
21 ... pump;
21a ... pressing member;
21 ... eccentric rotating cam;
21c ... rotating shaft;
21d, 21e ... holding plate;
21f... hole;
21g ... first poppet valve;
21h ... second poppet valve;
21i ... tube molded in the shape of a pillow;
22 ... pillow-type reciprocating pump

Claims

1. A biological component-measuring device comprising a biological component-measuring device proper and a chan-
nel-carrying substrate (19), in which a sample including a body fluid taken by a body fluid sampler (3a) is transferred
to a sensor (5) through a sample channel (11a, 11d, 11e , 11o) by a pump (10b) and a biological component in the
sample is measured by the sensor (5), the channel-carrying substrate (19) including:

a substrate (19) detachably mountable on the biological component-measuring device proper;
a sample channel (11a, 11d, 11e, 11o) connectable to the body fluid sampler (3a) and the sensor (5) for
measuring a biological component in the sample including the body fluid taken by the body fluid sampler (3a),
the sample channel (11 a, 11 d, 11e, 11o) fixed to the substrate (19) so as to be capable of transferring the
sample to the sensor (5) by the pump (10b); and
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a calibrating liquid channel (11 h) connectable to a calibrating liquid tank (8), and connected to the sample
channel (11a, 11d, 11e, 11o) at a location upstream of the pump (10b) via a first flow path changeover valve
(9b), the calibrating liquid channel (11 h) fixed to the substrate (19) so as to be capable of supplying a calibrating
liquid stored in the calibrating liquid tank (8) to the sample channel (11d),
characterized in that
the substrate (19) further comprising a body fluid-diluting liquid channel (11b,11c) fixed thereto, connectable to
a body fluid-diluting liquid tank (4a), for supplying a body fluid-diluting liquid stored in the body fluid-diluting
liquid tank (4a) to the body fluid sampler (3a);
a second flow path changeover valve (9a) placed in the body fluid-diluting liquid channel (11 b, 11c); and
a second body fluid-diluting liquid channel, (11g) connected to the second flow path changeover valve (9a),
capable of mixing the body fluid-diluting liquid in the body fluid-diluting liquid channel (11b,11c) with the calibrating
liquid by a switching operation of the second flow path changeover valve (9a).

2. A biological component-measuring device according to claim 1, the substrate further comprising a flushing liquid
channel (11k, 11m, 11r) through which a flushing liquid flows, the flushing liquid channel (11k, 11 m, 11 r) connectable
to a flushing liquid tank (13) and connected with the sample channel (11d) at a location between the body fluid
sampler (3a) and the first flow path changeover valve (9b), and/or between the second flow path changeover valve
(9a) and the body fluid sampler (3a).

3. The biological component-measuring device according to claim 2, wherein the flushing liquid includes a predeter-
mined concentration of biological components.

4. A biological component-measuring device according to any one of claims 1-3, the substrate (19) further provided
with a first diluent channel (11i, 11j) through which a diluent for diluting the sample in the sample channel (11e)
flows, the first diluent channel (11i, 11j) connectable to a diluent tank (4b) and connected with the sample channel
(11e) at a location downstream of the first flow path changeover valve (9b).

5. A biological component-measuring device according to claim 4, the substrate (19) further provided with a gas channel
(11 n) connected to the first diluent channel (11j) or a junction of the first diluent channel (11j) and the sample channel
(11e).

6. The biological component-measuring device according to any one of claims 1-5, wherein the calibrating liquid tank
(8) is placed at a lower level than the body fluid sampler (3a).

Patentansprüche

1. Vorrichtung zum Messen eines biologischen Bestandteils, aufweisend eine eigentliche Vorrichtung zum Messen
eines biologischen Bestandteils und ein Kanalträgersubstrat (19), in dem eine Probe, die ein durch eine Körperfluid-
Probenentnahmeeinrichtung (3a) entnommenes Körperfluid beinhaltet, durch einen Probenkanal (11a, 11d, 11e,
11o) mittels einer Pumpe (10b) zu einem Sensor (5) transferiert wird und ein biologischer Bestandteil in der Probe
mittels des Sensors (5) gemessen wird, wobei das Kanalträgersubstrat (19) beinhaltet:

ein Substrat (19), das lösbar an der eigentlichen Vorrichtung zum Messen eines biologischen Bestandteils
befestigt werden kann;
einen Probenkanal (11 a, 11 d, 11 e, 11o), der an die Körperfluid-Probenentnahmeeinrichtung (3a) und den
Sensor (5) zum Messen eines biologischen Bestandteils in der Probe, welche das durch die Körperfluid-Pro-
benentnahmeeinrichtung (3a) entnommene Körperfluid beinhaltet, angeschlossen werden kann, wobei der
Probenkanal (11a, 11 d, 11e, 11o) am Substrat (19) fest angebracht ist, so dass er fähig ist, die Probe zum
Sensor (5) mittels der Pumpe (10b) zu transferieren; und
einen Kalibrierflüssigkeitskanal (11h), der an einen Kalibrierflüssigkeitsbehälter (8) angeschlossen werden kann
und an den Probenkanal (11a, 11d, 11e, 11o) an einem Ort in Strömungsrichtung vor der Pumpe (10b) über
ein erstes Strömungsweg-Umschaltventil (9b) angeschlossen werden kann, wobei der Kalibrierflüssigkeitskanal
(11h) am Substrat (19) fest angebracht ist, so dass er fähig ist, eine im Kalibrierflüssigkeitsbehälter (8) gespei-
cherte Kalibrierflüssigkeit dem Probenkanal (11d) zuzuführen,
dadurch gekennzeichnet, dass
das Substrat (19) weiter einen an ihm befestigten Körperfluid-Verdünnungsflüssigkeitskanal (11b, 11c) aufweist,
der an einen Körperfluid-Verdünnungsflüssigkeitsbehälter (4a) angeschlossen werden kann, um eine im Kör-
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perfluid-Verdünnungsflüssigkeitsbehälter (4a) gespeicherte Körperfluid-Verdünnungsflüssigkeit der Körperflu-
id-Probenentnahmeeinrichtung (3a) zuzuführen;
ein zweites Strömungsweg-Umschaltventil (9a), das im Körperfluid-Verdünnungsflüssigkeitskanal (11b, 11c)
platziert ist; und
einen zweiten Körperfluid-Verdünnungsflüssigkeitskanal (11g), der an das zweite Strömungsweg-Umschalt-
ventil (9a) angeschlossen ist, fähig zum Mischen der Körperfluid-Verdünnungsflüssigkeit im Körperfluid-Ver-
dünnungsflüssigkeitskanal (11b, 11c) mit der Kalibrierflüssigkeit mittels einer Umschaltoperation des zweiten
Strömungsweg-Umschaltventils (9a).

2. Vorrichtung zum Messen eines biologischen Bestandteils nach Anspruch 1, wobei das Substrat weiter einen Spül-
flüssigkeitskanal (11k, 11 m, 11r) aufweist, durch den eine Spülflüssigkeit strömt, wobei der Spülflüssigkeitskanal
(11k, 11 m, 11r) an einen Spülflüssigkeitsbehälter (13) angeschlossen werden kann und mit dem Probenkanal (11d)
an einem Ort zwischen der Körperfluid-Probenentnahmeeinrichtung (3a) und dem ersten Strömungsweg-Umschalt-
ventil (9b) und/oder zwischen dem zweiten Strömungsweg-Umschaltventil (9a) und der Körperfluid-Probenentnah-
meeinrichtung (3a) verbunden ist.

3. Vorrichtung zum Messen eines biologischen Bestandteils nach Anspruch 2, wobei die Spülflüssigkeit eine vorbe-
stimmte Konzentration an biologischen Bestandteilen enthält.

4. Vorrichtung zum Messen eines biologischen Bestandteils nach einem der Ansprüche 1 bis 3, wobei das Substrat
(19) weiter mit einem ersten Verdünnungsmittelkanal (11i, 11j) versehen ist, durch den ein Verdünnungsmittel zum
Verdünnen der Probe im Probenkanal (11e) strömt, wobei der erste Verdünnungsmittelkanal (11i, i, 11j) an einen
Verdünnungsmittelbehälter (4b) angeschlossen werden kann und mit dem Probenkanal (11e) an einem Ort in
Strömungsrichtung hinter dem ersten Strömungsweg-Umschaltventil (9b) verbunden ist.

5. Vorrichtung zum Messen eines biologischen Bestandteils nach Anspruch 4, wobei das Substrat (19) weiter mit
einem Gaskanal (11n) versehen ist, der an den ersten Verdünnungsmittelkanal (11j) oder eine Verbindungsstelle
des ersten Verdünnungsmittelkanals (11j) und des Proben kanals (11e) angeschlossen ist.

6. Vorrichtung zum Messen eines biologischen Bestandteils nach einem der Ansprüche 1 bis 5, wobei der Kalibrier-
flüssigkeitsbehälter (8) auf einem tieferen Niveau als die Körperfluid-Probenentnahmeeinrichtung (3a) angeordnet
ist.

Revendications

1. Dispositif de mesure de composant biologique comprenant un dispositif de mesure de composant biologique ap-
proprié et un substrat de support de canal (19), dans lequel un échantillon comprenant un fluide corporel prélevé
par un échantillonneur de fluide corporel (3a) est transféré vers un capteur (5) par le biais d’un canal d’échantillon
(11 a, 11 d, 11 e, 11o) grâce à une pompe (10b) et un composant biologique dans l’échantillon est mesuré par le
capteur (5), le substrat de support de canal (19) comprenant:

un substrat (19) pouvant être monté de manière détachable sur le dispositif de mesure de composant biologique
approprié;
un canal d’échantillon (11 a, 11 d, 11 e, 11o) pouvant être raccordé à l’échantillonneur de fluide corporel (3a)
et au capteur (5) pour mesurer un composant biologique dans l’échantillon comprenant le fluide corporel prélevé
par l’échantillonneur de fluide corporel (3a), le canal d’échantillon (11 a, 11 b, 11 e, 11o) étant fixé au substrat
(19) afin de pouvoir transférer l’échantillon au capteur (5) grâce à la pompe (10b); et
un canal de liquide de calibrage (11h) pouvant être raccordé à un réservoir de liquide de calibrage (8) et raccordé
au canal d’échantillon (11 a, 11 b, 11 e, 11o) à un emplacement en amont de la pompe (10b) via une première
valve de changement de trajectoire d’écoulement (9b), le canal de liquide de calibrage (11 h) étant fixé au
substrat (19) pour pouvoir fournir un liquide de calibrage stocké dans le réservoir de liquide de calibrage (8) au
canal d’échantillon (11d),
caractérisé en ce que:

le substrat (19) comprend en outre un canal de liquide de dilution de fluide corporel (11 b, 11c) fixé à ce
dernier, pouvant être raccordé à un réservoir de liquide de dilution de fluide corporel (4a) pour fournir un
liquide de dilution de fluide corporel stocké dans le réservoir de liquide de dilution de fluide corporel (4a) à
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l’échantillonneur de fluide corporel (3a);
une seconde valve de changement de trajectoire d’écoulement (9a) placée dans le canal de liquide de
dilution de fluide corporel (11 b, 11 c); et
un second canal de liquide de dilution de fluide corporel (11 g) raccordé à la seconde valve de changement
de trajectoire d’écoulement (9a) capable de mélanger le liquide de dilution de fluide corporel dans le canal
de liquide de dilution de fluide corporel (11 b, 11c) avec le liquide de calibrage par une opération de
commutation de la seconde valve de changement de trajectoire d’écoulement (9a).

2. Dispositif de mesure de composant biologique selon la revendication 1, le substrat comprenant en outre un canal
de liquide de rinçage (11k, 11m, 11r) à travers lequel un liquide de rinçage s’écoule, le canal de liquide de rinçage
(11k, 11m, 11r) pouvant être raccordé à un réservoir de liquide de rinçage (13) et raccordé avec le canal d’échantillon
(11d) à un emplacement situé entre l’échantillonneur de liquide corporel (3a) et la première valve de changement
de trajectoire d’écoulement (9b) et/ou entre la seconde valve de changement de trajectoire d’écoulement (9a) et
l’échantillonneur de fluide corporel (3a).

3. Dispositif de mesure de composant biologique selon la revendication 2, dans lequel le liquide de rinçage comprend
une concentration prédéterminée de composants biologiques.

4. Dispositif de mesure de composant biologique selon l’une quelconque des revendications 1 à 3, le substrat (19)
étant en outre prévu avec un premier canal de diluent (11 11j) à travers lequel un diluent pour diluer l’échantillon
dans le canal d’échantillon (11e) s’écoule, le premier canal de diluent (11i, 11j) pouvant être raccordé à un réservoir
de diluent (4b) et raccordé avec le canal d’échantillon (11e) à un emplacement situé en aval de la première valve
de changement de trajectoire d’écoulement (9b).

5. Dispositif de mesure de composant biologique selon la revendication 4, le substrat (19) étant en outre prévu avec
un canal de gaz (11n) raccordé au premier canal de diluent (11j) ou une jonction du premier canal de diluent (11j)
et du canal d’échantillon (11e).

6. Dispositif de mesure de composant biologique selon l’une quelconque des revendications 1 à 5, dans lequel le
réservoir de liquide de calibrage (8) est placé à un niveau inférieur à l’échantillonneur de fluide corporel (3a).
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摘要(译)

本发明涉及一种生物成分测量装置，包括适当的生物成分测量装置和通
道承载基板，其中包括由体液采样器采集的体液的样本通过样本通道被
传送到传感器。通过传感器测量样品中的泵和生物成分，通道承载基底
包括：可在生物成分测量装置本身上可拆卸地计数的基底;可连接到体液
采样器的样品通道和用于测量样品中的生物成分的传感器，包括由体液
采样器采集的体液，固定到基板的样品通道，以便能够将样品转移到传
感器通过泵;校准液体通道可连接到校准液体罐，并通过第一流路转换阀
连接到泵上游位置处的样品通道，校准液体通道固定到基板上，以便能
够提供校准储存在校准液罐中的液体到样品通道。
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