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Description
TECHNICAL FIELD

[0001] The present invention relates to a combination of a body fluid component measuring apparatus and a chip
adapted to be mounted thereto, and particularly to a combination of a body fluid component measuring apparatus and
a chip used for inspecting blood by puncturing an epidermis with a puncture needle, sampling blood, and measuring a
specific component such as glucose in the blood.

BACKGROUND ART

[0002] In recent years, along with the increased number of patients suffering from diabetes, self-monitoring of blood
glucose, adapted to allow a patient to daily monitor a variation in blood sugar level of the patient, has come to be
recommended.

[0003] The measurement of a blood sugar level is performed by using a blood glucose monitoring apparatus in ac-
cordance with a manner of mounting a strip of test paper, specified to be colored depending on an amount of glucose
in blood, to the apparatus, supplying and diffusing blood to and in the test paper to color the test paper, and optically
measuring the degree of coloring of the test paper, thereby quantifying a blood sugar level.

[0004] Prior to such measurement, the sampling of blood by a patient is performed by puncturing the skin of an
epidermis with a puncture device including a puncture needle or a blade and compressing a portion, around the puncture
site, with a finger, for example, so as to squeeze blood therefrom.

[0005] A finger tip of a patient is suitable as a portion from which blood is to be sampled because blood capillaries
are concentrated at the finger tip; however, since nerves are also concentrated at the finger tip, the puncture of the finger
tip may inflict a pain on the patient. The puncture of a finger tip may inflict not only a large bodily pain and a large psychic
burden but also a feeling of fear against puncture on a patient, and for this reason, many patients may often fail to
continue the self-monitoring of blood glucose.

[0006] The prior art monitoring of a blood glucose has a problem in terms of operability because the puncturing
operation, the blood sampling operation, and the measuring operation are separately performed.

[0007] A blood glucose monitoring apparatus capable of solving such a problem is known in Japanese Patent Appli-
cation Nos. Hei 10-183794 and Hei 10-330057, which includes a puncturing unit and a measuring unit integrated with
each other, and a suction means for squeezing blood.

[0008] In operation of the above blood glucose monitoring apparatus, a finger tip is first touched to the tip of a chip so
as to air-tightly seal the tip opening.

[0009] The finger tip is then punctured with a puncture needle projecting from the tip opening, and in such a state, a
sucking means is operated (to cause an evacuation state), to suck blood from a puncture site, thereby sampling the
blood. The blood sugar level of the sampled blood is then measured by a measuring unit.

[0010] The above blood glucose monitoring apparatus, however, has a problem that since the blood is sucked at a
constant pressure, it takes a relatively long time to obtain an amount of blood necessary for measurement of a blood
sugar level.

[0011] Another problem is that since a gap between the finger and the tip of the chip may occur depending on a
position of the finger touched to the tip of the chip, it fails to sufficiently reduce the pressure in spite of the operation of
the sucking means, and therefore it fails to obtain an amount of blood necessary for measurement or it takes a relatively
long time to obtain a sufficient amount of blood.

[0012] One example of a chemical formula between glucose (p-Glucose) in blood and a reagent at the time of meas-
urement of a blood sugar level is shown below, and as is apparent from the chemical formula, a sufficient amount of
oxygen is required for measurement of blood sugar level. In other words, if the amount of oxygen is insufficient, it fails
to accurately measure a blood sugar level.

,~Glucose + O, + H,0 —%® 5 _ Glucono ~ & ~ lactone + H,0,
2H,0, + 4 - aminoantipyrine + Phenol ——%—— Quinoncimine + 4H,0,

[0013] According to the prior art blood glucose monitoring apparatus, however, a blood sugar level may be often
measured in the evacuation state, and in this case, there may occur a problem that a blood sugar level cannot be
accurately measured because of insufficient amount of oxygen.
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[0014] US 6093 156 discloses a method and an apparatus for obtaining a sample of blood from a patient for subsequent
diagnostic tests, e.g., glucose monitoring. In one aspect the method comprises the steps of: placing a blood collection
device over a region on the surface of the skin from which said sample is to be obtained, forming a seal between said
blood collection device and said surface of the skin, creating a vacuum sufficient to result in said surface of the skin
becoming stretched and engorged with blood, triggering a lancing assembly and causing a lancet to penetrate said skin,
retracting said lancet, withdrawing blood toward and onto a fluid collector, and releasing the vacuum. In another aspect,
an apparatus for carrying out the method described previously is provided. The apparatus comprises: a housing having
a sealable chamber located therein and a sealable opening in fluid communication with said sealable chamber, a power
source, a vacuum pump operably connected to said power source, said vacuum pump in communication with said
sealable chamber, a lancing assembly positioned within said housing, said lancing assembly capable of moving a lancet
towards said sealable opening, and a fluid collector positioned in said sealable chamber, said fluid collector in fluid
communication with said sealable opening.

[0015] EP 0988 828 discloses a body fluid testing device capable of a high-accurate measurement by using a small
amount of body fluid and obtained by additionally providing a pump for evacuating the inside of a device body to a
negative pressure and a three-way solenoid valve for releasing the negative pressure or additionally providing a humid-
ifying means for supplying steam into the device body to a body fluid testing device comprising a container-shaped
testing device body having an opening, a sensor for testing a body fluid and a body fluid exuding device.

[0016] The present inventor has found that oxygen (component, necessary for measurement in atmospheric air) can
be sufficiently supplied by releasing or relieving the evacuation state prior to measurement, and has accomplished the
present invention on the basis of such knowledge.

[0017] Itis the object of the invention to provide a body fluid component measuring apparatus capable of accurately,
certainly measuring a specific component in blood for a short time.

[0018] The object of the invention is achieved by a body fluid component measuring apparatus according to claim 1.
Advantageous embodiments of the invention are carried out according to the dependent claims.

BRIEF DESCRIPTION OF DRAWINGS
[0019]

FIG. 1 is a perspective view typically showing a first embodiment of a body fluid component measuring apparatus
according to the present invention;

FIG. 2 is a vertical sectional view showing a configuration example of a chip used for the present invention;

FIG. 3 is a vertical sectional view showing configuration examples of a puncturing means and a housing for housing
the puncturing means in the body fluid component measuring apparatus according to the first embodiment (in a
state before the chip is mounted to the housing);

FIG. 4 is a vertical sectional view showing the configuration examples of the puncturing means and the housing for
housing the puncturing means in the body fluid component measuring apparatus according to the first embodiment
(in a state after the chip is mounted to the housing);

FIG. 5 is a vertical sectional view showing a configuration example of essential portions of the body fluid component
measuring apparatus according to the first embodiment (in a state before operation of the puncturing means);
FIG. 6 is a vertical sectional view showing the configuration example of the essential portions of the body fluid
component measuring apparatus according to the firstembodiment (in a state at the time of operation of the puncturing
means);

FIG. 7 is a vertical sectional view showing the configuration example of the essential portions of the body fluid
component measuring apparatus according to the first embodiment (in a state at the time of operation of an evacuating
means);

FIG. 8 is a vertical sectional view showing the configuration example of the essential portions of the body fluid
component measuring apparatus according to the first embodiment (in a state at the time of operation of a chip
withdrawing mechanism);

FIG. 9 is a vertical sectional view showing the configuration example of the essential portions of the body fluid
component measuring apparatus according to the firstembodiment (in a state at the time of operation of an evacuation
releasing means);

FIG. 10 is a vertical sectional view showing the configuration example of the essential portions of the body fluid
component measuring apparatus according to the first embodiment (in a final state);

FIG. 11is a block diagram showing a circuit configuration of the body fluid component measuring apparatus according
to the first embodiment;

FIG. 12 is a flow chart showing a control operation of a control means for the body fluid component measuring
apparatus (which control operation partially includes an action of an operator);
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FIG. 13 is a vertical perspective view showing essential portions of a second embodiment of the body fluid component
measuring apparatus according to the present invention;

FIG. 14 is a block diagram showing a circuit configuration of the body fluid component measuring apparatus according
to the second embodiment;

FIG. 15 is a vertical sectional view showing a configuration examples of a puncturing means and a housing for
housing the puncturing means in the body fluid component measuring apparatus according to a first embodiment
of a second aspect of the present invention (in a state before the chip is mounted to the housing);

FIG. 16 is a vertical sectional view showing the configuration examples of the puncturing means and the housing
for housing the puncturing means in the body fluid component measuring apparatus according to the first embodiment
of the second aspect of the present invention (in a state that the chip is mounted to the housing);

FIG. 17 is a vertical sectional view showing a configuration of essential portions of the body fluid component measuring
apparatus according to the first embodiment of the second aspect of the present invention (in a state at the time of
operation of an evacuating means);

FIG. 18 is a vertical sectional view showing the configuration example of the essential portions of the body fluid
component measuring apparatus according to the first embodiment of the second aspect of the present invention
(in a state at the time of operation of a puncturing means);

FIG. 19is a block diagram showing a circuit configuration of the body fluid component measuring apparatus according
to the first embodiment of the second aspect of the present invention;

FIG. 20 is a flow chart showing a control operation of a control means for the body fluid component measuring
apparatus according to the first embodiment of the second aspect of the present invention;

FIG. 21is aflow chart showing a control operation of a control means for a body fluid component measuring apparatus
according to a second embodiment of the second aspect of the present invention;

FIG. 22 is aflow chart showing a control operation of a control means for a body fluid component measuring apparatus
according to a third embodiment of the second aspect of the present invention;

FIG. 23 is a graph showing a pressure pattern in a puncture needle housing space (bore portion 52) at the time of
sampling blood in the second aspect of the present invention;

FIG. 24 is a graph showing another pressure pattern in a puncture needle housing space (bore portion 52) at the
time of sampling blood in the second aspect of the present invention;

FIG. 25 is a perspective view typically showing a first embodiment of a body fluid component measuring apparatus
according a third aspect of the present invention;

FIG. 26 is a vertical sectional view showing a configuration examples of a puncturing means and a housing for
housing the puncturing means in the body fluid component measuring apparatus according to the first embodiment
of the third aspect of the present invention (in a state before a chip is mounted to the housing);

FIG. 27 is a vertical sectional view showing the configuration examples of the puncturing means and the housing
for housing the puncturing means in the body fluid component measuring apparatus according to the first embodiment
of the third aspect of the present invention (a state after the chip is mounted to the housing);

FIG. 28 is a vertical sectional view showing a configuration example of essential portions of the body fluid component
measuring apparatus according to the first embodiment of the third aspect of the present invention (in a state before
operation of a pressure adjusting means and the puncturing means);

FIG. 29 is a vertical sectional view showing the configuration example of the essential portions of the body fluid
component measuring apparatus according to the first embodiment of the third aspect of the present invention (in
a state at the time of operation of the puncturing means);

FIG. 30 is a vertical sectional view showing the configuration example of the essential portions of the body fluid
component measuring apparatus according to the first embodiment of the third aspect of the present invention (in
a state after puncture and at the time of operation of the pressure adjusting means);

FIG. 31 is a vertical sectional view showing the configuration example of the essential portions of the body fluid
component measuring apparatus according to the first embodiment of the third aspect of the present invention (in
a final state);

FIG. 32 is a flow chart showing a control operation of a control means for the body fluid component measuring
apparatus according to the first embodiment of the third aspect of the present invention;

FIG. 33 is a graph showing a pressure pattern in the puncture needle housing space (bore portion 52) at the time
of sampling blood in the body fluid component measuring apparatus according to the first embodiment of the third
aspect of the present invention;

FIG. 34 is a vertical perspective view showing essential portions of a second embodiment of a body fluid component
measuring apparatus according to the third aspect of the present invention; and

FIG. 35 is a graph showing a pressure pattern in a puncture needle housing space (bore portion 52) at the time of
sampling blood in the body fluid component measuring apparatus according to the second embodiment of the third
aspect of the present invention.
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BEST MODE FOR CARRYING OUT THE INVENTION

[0020] A body fluid component measuring apparatus of the present invention is adapted to sample a body fluid of a
user via the epidermis (skin) of the user, and to measure a specific component of the body fluid.

[0021] A site of auser, at which a body fluid is to be sampled via the epidermis (called "puncture site" in embodiments),
may be selected from a finger, a palm portion, a back portion, and a side portion of a hand, an arm portion, and a thigh
portion. In particular, a preferable puncture site is a finger.

[0022] The following description will be made by example of a body fluid component measuring apparatus (blood
sugar level measuring apparatus) of a type puncturing the epidermis of a finger tip (finger) representative of a puncture
site of a user and sampling blood representative of a body fluid from the finger tip.

[0023] Several body fluid component measuring apparatuses of the present invention will be hereinafter described
on the basis of preferred embodiments shown in the accompanying drawings.

[0024] FIG. 1is aperspective view typically showing a first embodiment of a body fluid component measuring apparatus
according to a first aspect of the present invention; FIG. 2 is a vertical sectional view showing a configuration example
of a chip shown in the present invention; FIGS. 3 and 4 are vertical sectional views showing configuration examples of
a puncturing means and a housing for housing the puncturing means, which are provided in the body fluid component
measuring apparatus according to the first embodiment, respectively; FIGS. 5 to 10 are vertical sectional views showing
configuration examples of essential portions of the body fluid component measuring apparatus according to the first
embodiment, respectively; FIG. 11 is a block diagram showing a circuit configuration of the body fluid component meas-
uring apparatus according to the first embodiment; and FIG. 12 is a flow chart showing control operations of a control
means (partially including operations and the like of an operator or user) of the body fluid component measuring apparatus
according to the first embodiment. It is to be noted that FIGS. 1 to 10 are depicted with the "base end side" of the
apparatus taken as the right side and the "tip side" of the apparatus taken as the left side.

[0025] As shown in FIGS. 1, 5 and 11, a body fluid component measuring apparatus (blood component measuring
apparatus) 1 according to the first embodiment includes a main body 2, a touch portion 3 disposed on the main body 2,
a puncturing means 4 housed in a housing 5, a chip withdrawing mechanism 6 provided on the base end side of the
housing 5, a measuring means 7 for detecting the sampling of blood and measuring a specific component in the sampled
blood, a pump 8 for evacuating the interior of the housing 5, an electromagnetic valve 26 for releasing, relieving, or
holding an evacuation state of the interior of the housing 5, a battery (power source) 9, a control means 11 provided on
a circuit board 10, and a display unit 12.

[0026] At time of use, the chip 13 is mounted to the body fluid component measuring apparatus 1, and during use of
the apparatus 1, a specific component (for example, oxygen, carbon dioxide, or water vapor) is required for chemical
reaction upon measurement of a specific component in blood. Each of constituent elements of the apparatus 1 will be
described below.

[0027] The main body 2 is composed of a housing body 21 and a lid body 22, which are disposed opposite to each
other. The main body 2 internally has a housing space 23, in which the puncturing means 4, the housing 5, the chip
withdrawing mechanism 6, the measuring means 7, the pump 8, the electromagnetic valve 26, the battery 9, the circuit
board 10, the control means 11, and the display unit 12 are housed.

[0028] A wall portion 211 on the tip side of the housing body 21 has an opening 212 passing through the housing body
21. The opening 212 has a circular shape in cross-section. The chip 13 is mounted (held) to the housing 5 (to be described
later) via the opening 212.

[0029] The touch portion 3 is provided on a plane on the tip side of the wall portion 211 so as to surround the outer
periphery of the opening 212. The touch portion 3 has a shape corresponding to that of the finger tip (finger). A finger
touch plane 31 is formed on the tip side of the touch portion 3. The operator (user) operates the body fluid component
measuring apparatus 1 while touching the finger tip to the touch portion 3 (finger touch plane 31).

[0030] With such an operation of the apparatus 1, the epidermis of the finger is punctured, blood is sampled therefrom,
and an amount of a specific component (represented by glucose in this embodiment) of the sampled blood is measured.
[0031] Tobe more specific, according to such a blood sugar level measurement apparatus, the finger tip is first touched
to the tip of the chip so as to air-tightly seal the tip opening 212.

[0032] The finger tip is then punctured with a puncture needle projecting from the tip opening 212. In such a state, a
sucking means is operated (to cause an evacuation state), whereby blood is sucked from the puncture site and is then
sampled. A blood sugar level of the sampled blood is then measured by the measuring apparatus 1.

[0033] The upper surface of the lid body 22 has a display window (opening) 221 passing through the lid body 22. The
display window 221 is covered with a plate member made from a transparent material.

[0034] The display unit 12 is disposed in the containing space 23 at a position corresponding to that of the display
window 221. Accordingly, various kinds of information displayed on the display unit 12 can be checked via the display
window 221.

[0035] The display unit 12 is composed of, for example, a liquid crystal display device (LCD) or the like. Various kinds
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of information associated with ON/OFF of the power source, power voltage (remaining capacity of the battery), measured
value, measurement date & hour, error indication, operation guidance, and the like can be displayed on the display unit 12.
[0036] Anoperating button 222 is provided on the upper surface of the lid body 22. The body fluid component measuring
apparatus 1 is configured such that the puncturing means 4 (to be described later) and the pump (evacuating means)
8 are sequentially or nearly simultaneously operated by depressing the operating button 222.

[0037] The body fluid component measuring apparatus 1 may be configured such that the power source is turned on
by depressing the operating button 222.

[0038] The circuit board 10 is disposed under the display unit 12 in FIG. 1. The control means 11 in the form of a
microcomputer is mounted on the circuit board 10. The control means 11 controls various operations of the body fluid
component measuring apparatus 1, for example, an operation to decide whether or not blood has been sampled. The
control means 11 incorporates a calculating portion for calculating an amount of glucose (blood sugar value) in blood
on the basis of a signal from the measuring means 7.

[0039] The pump 8 is disposed as the evacuating means (sucking means) under the left half of the circuit board 10
in FIG. 1. The pump 8 is electrically operated, and is connected to a ventilation passage 54 formed in the housing 5 (to
be described later) via a tube 81. The tube 81 is flexible, and is made from a polymer material selected, for example,
from polyolefines such as polyvinyl chloride, polyethylene, polypropylene, and ethylene-vinyl acetate copolymer (EVA),
and other polymers such as polyamide, polyester, silicon rubber, and polyurethane.

[0040] The pump 8 is operated to suck and discharge air in a bore portion 52 of the housing 5 and thereby evacuate
the bore portion 52 of the housing 5.

[0041] The pump 8 may be any pump insofar as it can evacuate both the bore portion 52 of the housing 5 and the
puncture site of the finger to a degree of vacuum allowing suction of blood from the puncture site of the finger (for
example, about 100 to 400 mmHg).

[0042] The battery 9 is disposed as the power source under the right half of the circuit board 10 in FIG. 1. The battery
9 is electrically connected to the pump 8, the electromagnetic valve 26, the control means 11, the display unit 12, and
the like for supplying a necessary power to each of these constituted elements.

[0043] The measuring means 7 is disposed in front of the pump 8 in FIG. 1. The measuring means 7 is adapted to
optically detect the supply (sampling) of blood to a strip of test paper 18 provided for the chip 13 (to be described later),
and to optically measure an amount of glucose in the blood diffused in the test paper 18. The measuring means 7 is
located in the vicinity of a side portion, at which the test paper 18 is positioned, of the chip 13 in a state that the chip 13
is mounted to and held by the housing 5.

[0044] In this way, the measuring means 7 has both the function of detecting the sampling of blood and the function
of measuring an amount of glucose (specific component) in blood diffused in the test paper 18. As a result, in comparison
with an apparatus in which two means having the above-described two functions are separately provided, the apparatus
1 including the measuring means 7 is advantageous in reducing the number of parts, simplifying the configuration of the
apparatus 1, and reducing the number of steps of assembling the constituent elements into the apparatus 1.

[0045] The measuring means 7 has a light emitting device (light emitting diode) 71 and a light receiving device (pho-
todiode) 72.

[0046] The light emitting device 71 is electrically connected to the control means 11, and the light receiving device 72
is electrically connected to the control means 11 via an amplifier 24 and an A/D converter 25.

[0047] The light emitting device 71 is operated for emission of light on the basis of a signal from the control means
11. The light emitted from the light emitting device 71 is preferably pulse light emitted intermittently at specifictime intervals.
[0048] When the light emitting device 71 is turned on in a state that the chip 13 is mounted to the housing 5, the test
paper 18 is irradiated with the light emitted from the light emitting device 71. The light is reflected from the test paper
18 and is received by the light receiving device 72. In the light receiving device 72, the light is subjected to photoelectric
conversion. An analogue signal corresponding to the quantity of light is outputted from the light receiving device 72, and
is suitably amplified by the amplifier 24. The amplified analogue signal is converted into a digital signal by the A/D
converter 25, to be inputted in the control means 11.

[0049] The control means 11 decides, on the basis of the inputted signal, whether or not blood has been sampled,
that is, whether or not blood has been diffused in the test paper 18 of the chip 13.

[0050] The control means 11 performs a specific calculating operation on the basis of the inputted signal, and further,
a correcting calculation if needed, to determine an amount of glucose (blood sugar level) in the blood. The blood sugar
level thus obtained is displayed on the display unit 12.

[0051] The housing 5 in which the puncturing means 4 is housed and the chip withdrawing mechanism 6 connected
to the base end side of the housing 5 are disposed in front of the measuring means 7 in FIG. 1.

[0052] The chip withdrawing mechanism 6 is fixed to the housing body 21. Meanwhile, the housing 5 is not fixed to
the housing body 21 but is disposed so as to be movable in the axial direction (from right or left to left or right in FIG. 1)
by the chip withdrawing mechanism 6.

[0053] As described above, at time of use of the body fluid component measuring apparatus 1, the chip 13 is mounted
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to the housing 5. As is shown in FIG. 2, the chip 13 includes a puncture needle 14, a first housing 15 for slidably housing
the puncture needle 14, a second housing 16 disposed on the outer periphery of the first housing 15, a test paper fixing
portion 17 disposed on an outer peripheral portion of the second housing 16, and the test paper 18 fixed to the test
paper fixing portion 17.

[0054] The puncture needle 14 is composed of a needle body 141 and a hub 142 fixed to the base end side of the
needle body 141. The puncture needle 15 is housed in a bore portion 152 of the first housing 15.

[0055] The needle body 141 is formed of a hollow member or a solid member made from a metal material such as a
stainless steel, aluminum, an aluminum alloy, titanium, or a titanium alloy. A sharp edge (needle tip) is formed at the tip
of the needle body 141. The surface (skin) of the finger tip is punctured by the edge of the needle body 141.

[0056] The hub 142 is formed of an approximately columnar member. The hub 142 is slid with its outer periphery
being in contact with an inner peripheral surface 151 of the first housing 15.

[0057] A small-diameter portion 143 is formed on the base end side of the hub 142. The small-diameter portion 143
is fitted in a needle holder 411 of a plunger 41 constituting part of the puncturing means 4 (to be described later).
[0058] The first housing 15 is formed of a cylindrical member with its bottom closed with a wall portion 153, and
internally has a bore portion 152.

[0059] An approximately central portion of the wall portion 153 has a hole 154 formed into a circular shape in cross-
section. At the time of puncture of the epidermis of the finger tip (finger), the needle body 141 passes through the hole
154. The diameter of the hole 154 is set to be smaller than the outer diameter of the tip of the hub 142. Accordingly,
after the puncture needle 14 is moved in the bore portion 152 in the direction toward the tip side until the tip of the hub
142 comes in contact with the base end of the wall portion 153, the puncture needle 14 is no longer moved in the direction
toward the tip side. As a result, at the time of puncture of the finger tip, the length of a portion, projecting from the tip of
the chip 13, of the needle body 141 can be kept constant. This is advantageous in that the finger tip can be more certainly
prevented from being too deeply punctured with the edge of the needle body 141.

[0060] The puncture depth of the edge of the needle body 141 in the finger tip may be adjusted by providing a
mechanism for adjusting a movement distance of the plunger 41 (to be described later).

[0061] The second housing 16 is fixed to the outer periphery of the first housing 15.

[0062] The second housing 16 is formed of an approximately cylindrical member, and internally has a bore portion 161.
[0063] A ring-shaped contact portion 163 is formed at the tip of the second housing 16 in such a manner as to project
outwardly therefrom. The contact portion 163 is a portion to which the finger tip is to be touched (that is, the touch
portion), and internally has a tip opening (opening) 162 through which the bore portion 161 is opened. The outer peripheral
edge of the tip of the contact portion 163 is formed into a shape suitable for stimulating, when the finger tip is touched
thereto, the neighborhood of the puncture site to moderate pain caused by puncture, and also suitable for suppressing,
when the bore portion 161 is evacuated, the flow of air between the tip of the contact portion 163 and the surface of the
finger tip as much as possible. It is to be noted that the contact portion 163 is not necessarily provided at the tip of the
second housing 16. For example, the tip surface of the second housing 16 may be flattened in place of provision of the
contact portion 163 at the tip of the second housing 16.

[0064] Inthe second housing 16, a ring-shaped flange 164 is formed on an outer peripheral portion near the base end
of the contact portion 163 in such a manner as to project outwardly therefrom. When the chip 13 is mounted to the
housing 5 (to be described later), the base end of the flange 164 is brought into contact with the tip of the housing 5, to
determine the position of the chip 13 to the housing 5.

[0065] An outer peripheral portion of the second housing 16 has a recess 165. The test paper fixing portion 17 on
which the disk-like test paper 18 has been fixed is mounted in the recess 165.

[0066] A blood introducing guide 166 is formed on an inner peripheral surface of the second housing 16 in such a
manner as to project inwardly therefrom in the bore portion 161. The blood introducing guide 166 has a function of
receiving, after puncture of the finger tip, the blood (specimen) having flown from the tip opening 162 into the bore portion
161.

[0067] In such a chip 13, a blood passage 19 communicating the bore portion 161 of the second housing 16 to the
outside of the chip 13 via the second housing 16 and the test paper fixing portion 17 is formed. The blood passage 19
is a flow passage for introducing the blood obtained by puncture of the finger tip to the test paper 18. The blood passage
19 has both a passage opening 191 opened to the bore portion 161 and a passage opening 192 opened to the outside
of the chip 13. It is to be noted that the passage opening 192 is located at a center portion of the test paper 18.

[0068] The blood introducing guide 166 is formed near the passage opening 191. Accordingly, the blood received by
the blood introducing guide 166 is efficiently introduced from the passage opening 191 to the blood passage 19. The
blood flowing in the blood passage 19 reaches the passage opening 192 due to a capillary phenomenon, and is supplied
to the center portion of the test paper 18 disposed to cover the passage opening 192, to be thus radially diffused in the
test paper 18.

[0069] The test paper 18 is configured by supporting a reagent on a carrier capable of absorbing and diffusing blood
therein.
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[0070] The carrieris formed of a sheet-like porous member such as a non-woven fabric, a woven fabric, or an expanded
sheet. The porous member preferably has a hydrophilic property.

[0071] The reagent to be supported on the carrier is suitably determined depending on a component, to be measured,
in blood (specimen). For example, a combination of glucose oxidase (GOD), peroxidase (POD), and a color coupler
(coloring reagent) such as 4-aminoantipyrin or N-ethyl-N-(2-hydroxy-3-sulfopropyl)-m-toluidine may be used as a reagent
for measurement of a blood sugar level. A combination of a material reactive with a blood component, for example,
ascorbate oxidase, alcohol oxidase, or cholesterol oxidase and the above-described color coupler (coloring reagent)
may be also used depending on a component to be measured. The reagent may contain a buffer such as a phosphate
buffer. It is to be noted that the kind of reagent and a component to be measured are, of course, not limited to those
described above.

[0072] Such a chip 13 is removably fitted in the housing 5 (fitting portion 53) via the opening 212 of the housing body
21 as described above.

[0073] As shown in FIGS. 3 and 4, the housing 5 is formed of a cylindrical member with its bottom closed with a wall
portion 51, and internally has a bore portion (housing space) 52. The housing 5 internally has, on the tip side, a small-
diameter fitting portion 53. To be more specific, the inner diameter of the fitting portion 53 is set to correspond to the
diameter of the outer periphery of the chip 13. The chip 13 is inserted and fixedly fitted in the fitting portion 53. It is to
be noted that in FIGS. 3 and 4, the chip 13 is depicted with its structure simplified for easy understanding of description.
[0074] A side portion of the housing 5 has the ventilation passage 54 for communicating the bore portion 52 to the
outside. The ventilation passage 54 is connected to the pump 8 via the tube 81. Air in the bore portion 52 is sucked via
the ventilation passage 54 and the tube 81 by the pump 8, to evacuate the bore portion 52 (including the interior of the
chip 13).

[0075] As shown in FIG. 5, one end of a tube 82 is branched from a middle point of the tube 81, and the other end of
the tube 82 is opened to the outside of the main body 21. The tube 82 is flexible, and may be made, for example, from
the same material as that for forming the tube 81.

[0076] The electromagnetic valve 26 is provided in a middle point of the tube 82 for opening/closing the flow passage
of the tube 82.

[0077] When the electromagnetic valve 26 remains closed (OFF state), the evacuation state of the bore portion 52
(including the interior of the chip 13) is kept. On the other hand, when the electromagnetic valve 26 is opened (ON state),
air (atmospheric air) is introduced from the outside into the bore portion 52 having been kept in the evacuation state via
the tubes 82 and 81 and the ventilation passage 54, to release or relieve the evacuation state of the bore portion 52.
[0078] Accordingly, an evacuation releasing means is composed of the tubes (flow passage) 81 and 82 and the
electromagnetic valve 26.

[0079] As shownin FIGS. 3 and 4, an approximately central portion of the wall portion 51 of the housing 5 has a hole
511. A fine tube 65 internally having an orifice (passage) 651 is provided in the hole 511. Air flows between the bore
portion 52 and a volume variable chamber 631 (to be described later), which are disposed on both sides of the fine tube
65, via the orifice 651.

[0080] A ring-shaped seal ring (sealing member) 55 is fitted in the tip surface of the housing 5. With this provision of
the seal ring 55, when the chip 13 is mounted to the housing 5, the base end of the flange 164 of the chip 13 is brought
into contact with the seal ring 55, to keep the air-tightness of the bore portion 52.

[0081] The seal ring 55 is made from an elastic material selected, for example, from various kinds of rubber materials
such as natural rubber, isoprene rubber, butadiene rubber, styrene-butadiene rubber, nitrile rubber, chloroprene rubber,
butyl rubber, acrylic rubber, ethylene-propylene rubber, hydrin rubber, urethane rubber, silicone rubber, and fluorocarbon
rubber, and various kinds of thermoplastic elastomers such as a styrene based elastomer, a polyolefine based elastomer,
a polyvinyl chloride based elastomer, a polyurethane based elastomer, a polyester based elastomer, a polyamide based
elastomer, a polybutadine based elastomer, and a fluorocarbon rubber based elastomer.

[0082] A ring-shaped flange 56 is formed on the outer periphery of a base end portion of the housing 5 in such a
manner as to project outwardly therefrom. A cylindrical projection 59 is formed at the base end of the housing 5.
[0083] The puncturing means 4 is housed in a portion, on the base end side from the fitting portion 53, of the bore
portion 52 of the housing 5. The puncturing means 4 is adapted to move the puncture needle 14 mounted thereto in the
direction toward the tip side for puncturing the surface of the finger tip with the cutting edge of the needle body 141.
[0084] The puncturing means 4 is composed of the plunger 41, a coil spring (urging member) 42 for urging the plunger
41 in the direction toward the tip side, and a coil spring (urging member) 43 for urging the plunger 41 in the direction
toward the base end.

[0085] A cup-shaped needle holder 411 is provided at a tip portion of the plunger 41. The small-diameter 143 of the
puncture needle 14 is removably fitted in the needle holder 411. An elastically deformable elastic piece 412 is provided
on a base end portion of the plunger 41. The elastic piece 412 has, at its tip, a locking portion 413 having the shape of
a projecting arm.

[0086] In a state before the chip 13 is mounted to the housing 5, that is, in a state before the puncture needle 14 is
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mounted to the plunger 41 (see FIG. 3), the locking portion 413 is urged upwardly in FIG. 3 by the elastic force of the
elastic piece 412, to be brought into contact with the inner peripheral surface of the housing 5. On the other hand, in a
state that the chip 13 is mounted to the housing 5, that is, in a state that the puncture needle 14 is mounted to the plunger
41 (see FIG. 4), the locking portion 413 is inserted in an opening 57 formed so as to pass through the housing 5, to be
locked with an edge portion of the opening 57. In this case, the movement of the plunger 41 in the direction toward the
tip side is restricted. In addition, the opening 57 is closed with a flat seal sheet (sealing member) 58 to keep the air-
tightness of the bore portion 52. The seal sheet 58 may be made from the same material as that for forming the above-
described seal ring 55.

[0087] The coil spring (spring for puncture) 42 is disposed on the base end side of the plunger 41 in a state that both
ends thereof are in contact with the plunger 41 and the wall portion 51. On the other hand, the coil spring (spring for
return) 43 is disposed on the tip side of the plunger 41 in a state that both ends thereof are in contact with the plunger
41 and the fitting portion 53.

[0088] As shownin FIGS. 3 and 4, a locking releasing member 223 capable of moving the locking portion 413 toward
the interior of the bore portion 52 (in the direction shown by an arrow in the figure) is provided outside the housing 5.
Thelocking releasing member 223 is moved in interlocking with the above-described depressing operation of the operating
button 222.

[0089] In the state that the locking portion 413 is locked with the edge portion of the opening 57, the coil spring 42 is
in the compression state. In such a compression state, the coil spring 42 urges the plunger 41 in the direction toward
the tip side. When the operating button 222 is depressed to move the locking releasing member 223 in the direction
shown by the arrow in the figure, that is, to release the locking state of the locking member 413, the coil spring 42 is
extended to move the plunger 41 in the direction toward the tip side, thereby causing the cutting edge of the needle
body 141 to puncture the surface (skin) of the finger tip.

[0090] At the time, the coil spring 43 is compressed to urge the plunger 41 in the direction toward the base end side,
that is, to return the plunger 41 in the direction toward the base end side. Thereafter, the movement of the plunger 41
is attenuated, and the plunger 41 is rested at a position where the elastic force of the coil spring 42 is balanced against
the elastic force of the coil spring 43.

[0091] In the state that the plunger 41 is rested, the cutting edge of the needle body 141 is in a state being housed in
the chip 13.

[0092] The chip withdrawing mechanism 6 is provided on the base end side of the housing 5.

[0093] The chip withdrawing mechanism 6 is adapted to move the housing 5 and the chip 13 mounted thereto in the
direction away from the finger tip (denoted by reference numeral 200 in FIG. 5), that is, in the direction toward the base
end side.

[0094] As shownin FIGS. 5 to 10, the chip withdrawing mechanism 6 includes a main body portion 61, a seal ring 64,
and the fine tube 65.

[0095] The main body portion 61 is formed of a cylindrical member with its bottom closed with a wall portion 62, and
internally has a bore portion 63. The base end side of the housing 5 is inserted in the bore portion 63.

[0096] A ring-shaped projection 611 is formed at the tip of the main body portion 61 in such a manner as to project
inwardly therefrom. In a state before the chip withdrawing mechanism 6 is operated, the base end of the projection 611
is in contact with the tip of the flange 56. As a result, the movement of the housing 5 in the direction toward the tip side
is restricted. In other words, the housing 5 is prevented from being slipped off from the main body portion 61.

[0097] At this time, the tip of the contact portion 163 nearly aligns with the finger touch plane 31 or slightly projects
from the finger touch plane 31 (see FIG. 5). As a result, when the finger tip 200 is touched to the touch portion 3, the
surface of the finger tip 200 certainly comes in contact with the contact portion 163, to certainly close the tip opening 162.
[0098] An approximately central portion of the wall portion 62 has a recess 621 formed into a circular shape in cross-
section. The diameter of the recess 621 is set to be substantially equal to the outer diameter of the projection 59. The
projection 59 is inserted in the recess 621. The outer diameter of the flange 56 is set to be substantially equal to the
inner diameter of the main body portion 61. With this configuration, the offset in the vertical direction in the figure (more
specifically, the offset between the center of the housing 5 and the center of the main body portion 61) can be certainly
prevented irrespective of the position of the housing 5 in the axial direction.

[0099] The ring-shaped seal ring 64 is disposed between the outer periphery of the projection 59, that is, the base
end of the housing 5 and a plane 622 on the tip side of the wall portion 62. The seal ring 64 is brought into air-tight
contact with each of the base end of the housing 5 and the plane 622. As a result, the volume variable chamber (evaluation
chamber) 631 having air-tightness is defined in a region surrounded by the seal ring 64, the base end of the housing 5,
the plane 622, and the inner surface of the recess 621.

[0100] The seal ring 64 is formed of an elastic body, and therefore, in an operational state of the chip withdrawing
mechanism 6 (in the state shown in FIG. 8), the housing 5 is urged in the direction toward the tip side by the elastic force
of the seal ring 64. The seal ring 64 thus functions as an urging means. The seal ring 64 may be made from the same
elastic material as that for forming the above-described seal ring 55 or the like.
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[0101] The fine tube 65 is formed of a cylindrical member, and internally has the orifice (passage) 651. The orifice
651 is a passage communicating the bore portion 52 of the housing 5 to the volume variable chamber 631. The orifice
651 is required to be narrow enough to keep a large passing resistance of air. The diameter of the orifice 651 is not
particularly limited but is preferably in a range of about 0.01 to 0.3 mm. By setting the diameter of the orifice 651 within
the above range, it is possible to certainly keep the necessary passing (flow) resistance of air.

[0102] The timing of start of the operation of the chip withdrawing mechanism 6 after the operation of the pump 8 can
be controlled by adjusting the diameter of the orifice 651.

[0103] The fine tube 65 is not limited to that shown in the figure, and although only one fine tube 65 is provided in this
embodiment, a plurality of the fine tubes 65 may be provided if needed.

[0104] In such a chip withdrawing mechanism 6, when the pump 8 is operated in the state that the finger tip 200 is
brought into contact with the contact portion 163 to seal the tip opening 162, the bore portion 52 (including the interior
of the chip 13) is first evacuated, and then air in the volume variable chamber 631 flows in the bore portion 52 via the
orifice 651, to start the evacuation of the volume variable chamber 631. Since the passing resistance of air in the orifice
651 is high, the volume of the volume variable chamber 631 is gradually reduced, so that the housing 5 and the chip 13
mounted thereto are gradually moved in the direction away from the finger tip 200.

[0105] When the base end 591 of the projection 59 comes into contact with the bottom surface of the recess 621, the
movement of the housing 5 and the chip 13 mounted thereto in the direction toward the base end side is stopped (see
FIG. 8). Accordingly, it is possible to prevent the chip 13 from being excessively apart from the finger tip 200 by adjusting
the axial length of the projection 59. In this way, a means for restricting the movement distance of the chip 13 from the
finger tip 200, which is the maximum withdrawal distance, (movement distance restricting means) is composed of the
projection 59 and the bottom surface, to be brought into contact with the projection 59, of the recess 621.

[0106] The separation distance between the chip 13 and the finger tip 200 (the maximum withdrawal distance of the
chip 13) is not particularly limited but is preferably in a range of about 0.2 to 2.5 mm, more preferably, in a range of about
0.5 to 1.5 mm. By setting the separation distance within the above range, it is possible to more certainly sample a
sufficient amount of blood for a short time, and also to more certainly prevent the finger tip 200 from being separated
from the tip opening 162.

[0107] The operation of the chip withdrawing mechanism 6 follows the operation of the pump 8. To be more specific,
after the pump 8 evacuates the bore portion 52 to attract the finger tip 200 at the tip opening 162, the chip withdrawing
mechanism 6 gradually withdraws (moves) the chip 13 in the direction toward the base end side. As a result, the chip
withdrawing mechanism 6 can separate the chip 13 from the finger tip 200 while keeping the evacuation state of the
puncture site (which is denoted by reference numeral 210 in FIG. 6) of the finger tip 200.

[0108] Such a chip withdrawing mechanism 6 acts by making use of the evacuation force caused by the pump 8. From
this viewpoint, the pump (evacuating means) 8 may be regarded as one of the constituent elements of the chip withdrawing
mechanism 6.

[0109] Since the chip withdrawing mechanism 6 does not require provision of any additional drive source, such a
mechanism 6 is advantageous in reducing the size and weight of the body fluid component measuring apparatus 1 and
also reducing the production cost thereof.

[0110] According to the body fluid component measuring apparatus 1, as shown in FIG. 6, when the finger tip 200 is
touched to the touch portion 3, the surface of the finger tip 200 comes into contact with the tip of the contact portion 163,
with a result that blood capillaries of a portion around the puncture site 210 are compressed by the contact portion 163;
however, since the chip 13 can be separated from the finger tip 200 while the puncture site 210 of the finger tip 200 is
keptinthe evacuation state, the blood capillaries of the portion around the puncture site 210, which have been compressed
by the tip of the contact portion 163, are released. As a result, the blood, which is denoted by reference numeral 220 in
FIG. 8, can be more certainly sucked from the puncture site 210 for a short time, and thereby an amount of blood
necessary for measurement of an amount of glucose can be sufficiently sampled.

[0111] In the operational state of the chip withdrawing mechanism 6 (the state shown in FIG. 8), the housing 5 is
moved in the direction toward the base end, to compress the seal ring 64. Since the seal ring 64 is formed of an elastic
body as described above, in the state shown in FIG. 8, the seal ring 64 urges the housing 5 in the direction toward the
tip side. Accordingly, by the opening the electromagnetic valve 26 to release the evacuation state, the seal ring 64 is
returned nearly to the original shape by the self-elastic force to move the housing 5 in the direction toward the tip side
(see FIGS. 9 and 10). In this case, after the tip of the flange 56 of the housing 5 comes into contact with the base end
of the projection 611 of the main body portion 61, the tip of the flange 56 is no longer moved in the direction toward the
tip side (see FIG. 10). In this way, the housing 5 and the chip 13 mounted thereto are returned to the positions in the
state before the operation of the chip withdrawing mechanism 6.

[0112] Actions of respective constituent elements and control operations of the control means in the case of puncturing
the finger tip, sampling blood therefrom, diffusing the blood in the test paper, and measuring a blood sugar level by using
the body fluid component measuring apparatus will be described below with reference to the configurations of the
constituent elements shown in FIGS. 2 to 10 and a flow chart shown in FIG. 12.
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[1] The chip 13 is inserted in the fitting portion 53 of the housing 5 via the opening 212 of the housing body 21, and
the small-diameter portion 143 of the puncture needle 14 is fitted in the needle holder 411 (see FIG. 4).

The chip 13 is further pressed in the direction toward the base end side, to push the plunger 41 against the urging
force of the coil spring 42 in the direction toward the base end side. Along with the movement of the plunger 41, the
locking portion 413, which is in contact with the inner peripheral surface of the bore portion 52 while being urged by
the elastic force of the elastic piece 412, is moved in the direction toward the base end side. When reaching the
position of the opening 57, the locking portion 413 is inserted in the opening 57 (see FIG. 4). In this state, even if
the pressing force of the chip 13, which force is applied to the plunger 41 in the direction toward the base end side,
is released, the movement of the plunger 41 in the direction toward the tip side is restricted by locking of the locking
portion 413 with the opening 57. At this time, the coil spring 42 is in the compression state. The preparation of
puncturing the finger tip with the puncturing means 4 and the preparation of sampling blood (specimen) are thus
accomplished.

[2] The power switch (not shown) is turned on, to activate the constituent elements of the body fluid component
measuring apparatus 1, thereby bringing them into measurable states. In this state, the electromagnetic valve 26
remains closed.

[3] The finger tip (finger) 20 is touched to the touch portion 3, so that the finger tip 200 is brought into press-contact
with the contact portion 163 of the chip 13. At this time, the tip opening 162 may be blocked with the finger tip 200
in such a manner as to make the leakage of air as small as possible (see FIG. 5).

[4] The operating button 222 is depressed, to cause the needle body 141 to puncture the surface of the finger tip
200 (step S1in FIG. 12).

When the operating button 222 is depressed, the locking releasing member 223 connected to the operating button
222 is moved downwardly in FIG. 4. The locking releasing member 223 is thus brought into contact with the locking
portion 413, to push down the locking portion 413 into the bore portion 52. As a result, the locking of the locking
portion 413 is released, to allow the plunger 41 to be moved in the direction toward the tip side by the elastic force
of the compressed coil spring 42, so that the needle body 141 projects from the tip opening 162 to puncture the
surface of the finger tip 200 (see FIG. 6). Blood flows out of the puncture site 210 punctured by the needle body 141.
An operating switch (not shown) of the pump 8 is turned on nearly simultaneously with the above-described de-
pressing operation of the operating button 222.

[5] After the finger tip 200 is punctured by the needle body 141, the plunger 41 is pushed back in the direction toward
the base end side by the elastic force of the coil spring 43. The movement of the plunger 41 is attenuated, and finally
the plunger 41 is rested at the position where the elastic force of the coil spring 43 is balanced against the elastic
force of the coil spring 42 (see FIG. 7). At this time, the cutting edge of the needle body 141 is in the state being
housed in the chip 13. In this way, the edge of the needle body 141 does not project from the tip opening 162 except
that it is used for puncture of the finger tip, to thereby eliminate erroneous damages of the skin of the finger tip and
preventing infection via the needle body 141. The body fluid component measuring apparatus 1 is thus advantageous
in carrying out the sampling of blood with a high safety.

[6] On the basis of the turn-on of the operating switch of the pump 8, the pump 8 is operated by the control means
(see step S2in FIG. 12).

To be more specific, the pump 8 is operated nearly simultaneously with the operation described in the item [4], to
start suction of air in the bore portion 52 of the housing 5, thereby reducing the pressure in the bore portion 52
(including the interior of the chip 13). The bore portion 52 is thus brought into the evacuation state.

At this time, the puncture site 210, punctured by the needle body 141, of the finger tip 200 is also brought into the
evacuation state. In this state, however, a portion, positioned inside the contact portion 163 (tip opening 162), of
the finger tip 200 is inwardly swelled in a round shape in the chip 13, with a result that blood capillaries at a portion
around the puncture site 210 being in contact with the tip of the contact portion 163 are compressed.

[7] Along with continuation of the suction of the bore portion 52 by the pump 8, air in the volume variable chambe
are gradually released, with a result that blood 220 is sucked from the puncture site 210 (see FIG. 8). In this way,
as compared with a configuration that the chip 13 is not separated from the finger tip 200, the flow of the blood is
promoted. This is advantageous in sampling a necessary amount of blood for a short time.

It is preferable to set the minimum pressure caused by the pump 8 in a range of about 100 to 400 mmHg.

The base end 591 of the projection 59 is eventually brought into contact with the bottom surface of the recess 621,
to stop the movement of the housing 5 and the chip 13 mounted thereto in the direction toward the base end side.
Since the chip 13 is stopped after being separated from the finger tip 200 by an appropriate distance, the finger tip
200 is prevented from being separated from the tip opening 162. This certainly prevents occurrence of an incon-
venience that the blood 220 sucked from the puncture site 210 be scattered to contaminate the surroundings. In
this way, the body fluid component measuring apparatus 1 is advantageous in sampling blood with a high safety.
As described above, according to the body fluid component measuring apparatus 1, the puncturing operation and
the evacuating operation are nearly simultaneously performed by only one depressing operation of the operating
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button 222, the withdrawing action of the chip 13 is performed by making use of the evacuated pressure caused by
the pump 8, and the evacuation releasing action (to be described later) is automatically started. The body fluid
component measuring apparatus 1, therefore, is very excellent in its operability.

[8] The blood 220 raised in a granular shape from the puncture site 210 as a result of the operation described in the
item [7] is sucked in the chip 13, to be brought into contact with the blood introducing guide 166 formed in the chip
13. The blood 220 is then introduced to the test paper 18 via the blood passage 19, being supplied to the center
portion of the test paper 18, and is diffused radially in the test paper 18 (see FIG. 2).

Along with the supply and diffusion of the blood 220 on and in the test paper 18, glucose (component to be measured)
in the blood 220 reacts with the reagent supported by the test paper 18, with a result that the test paper 18 is colored
to a degree depending on the amount of glucose.

On the other hand, after executing step S2 shown in FIG. 12, the control means 11 drives the measuring means 7,
to monitor the coloring of the test paper 18 via the measuring means 7, thereby deciding whether or not the blood
has been sampled (step S3 in FIG. 12).

In step S3, if the voltage level of a signal inputted from the light receiving device 72 of the measuring means 7 is
more than a predetermined threshold value, it is decided that the blood has been sampled, and if the voltage level
of the above signal is equal to or less than the threshold value, it is decided that the blood has been not sampled.
The threshold value is set to a value sufficiently larger than a voltage level of the signal before coloring of the test
paper 18 and sufficiently smaller than a voltage level of the signal at the time of coloring of the test paper 18.

If it is decided in step S3 that the blood has been not sampled, it is decided whether or not a predetermined time
has elapsed (step S4 in FIG. 12).

Ifitis decided in step S4 that the predetermined time has not elapsed, the process is returned to step S2 to execute
steps S2 and S3 again, whereas if it is decided in step S4 that the predetermined time has elapsed, an error
processing is executed (step S5 in FIG. 12).

In step S5, the pump 8 is stopped to open the electromagnetic valve 26, thereby releasing the evacuation state,
and also an error indication is displayed on the display unit 12.

Such an error indication allows the operator (user) to comprehend that an error (trouble) has occurred during
operation.

It is to be noted that the function by opening the electromagnetic valve 26 will be fully described later.

If it is decided in step S3 that the blood has been sampled, the pump 8 is stopped (step S6 in FIG. 12).

The electromagnetic valve 26 is opened to release the evacuation state (step S7 in FIG. 12).

When the electromagnetic valve 26 is opened, outside air (atmospheric air) flows in the bore portion 52 (including
the interior of the chip 13) and the puncture site 210 via the tubes 82, 81 and the ventilation passage 54, whereby
the pressure in the bore portion 52 (including the interior of the chip 13) and the puncture site 210 is returned to
atmospheric air (see FIG. 9).

The seal ring 64 is also nearly returned to the original shape by the self-elastic force, to move the housing 5 in the
direction toward the tip side (see FIGS. 9 and 10). After a while, the tip of the flange 56 of the housing 5 is brought
into contact with the base end of the projection 611 of the main body portion 61, to restrict the movement of the
housing 5 in the direction toward the tip side (see FIG. 10).

When the operator becomes insensible of suction at the portion, around the puncture site 210, of the finger tip 200
and thereby recognizes that the internal pressure is returned to atmospheric pressure, he or she separates the
finger tip 200 from the contact portion 163 of the chip 13.

[9] After executing step S7 shown in FIG. 12, the control means 11 causes the measuring means 7 to measure the
degree of coloring of the test paper 18, executes arithmetic operation based on the data thus obtained, and performs
correcting calculation such as temperature correcting calculation or hematocrit value correcting calculation, to quan-
tify the blood sugar level (step S8 in FIG. 12).

[0113] In this case, since the evacuation state of the bore portion 52 (including the interior of the chip 13), that is, the
evacuation state of the housing space of the test paper 18 is released, a component in atmospheric air necessary for
reaction between glucose (component to be measured) in the blood 220 and the reagent supported by the test paper
18 can be sufficiently supplied to the test paper 18, whereby the blood sugar level can be accurately measured.
[0114] The blood sugar level thus calculated is displayed on the display unit 12 (step S9 in FIG. 12).

[0115] The operator can thus confirm his or her blood sugar level from the value displayed on the display unit 12.
[0116] As described above, according to the body fluid component measuring apparatus 1, it is possible to certainly
sample a sufficient amount of blood necessary for measurement for a short time and to accurately, certainly measure
the blood sugar level (amount of a specific component in blood).

[0117] Since the test paper 18 is provided on the chip 13, it is possible to continuously perform the puncture of the
finger tip, sampling of blood, diffusion of blood in the test paper 18, and measurement (quantitative determination) of
blood, and hence to easily measure the blood sugar level (component) in blood for a short time.
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[0118] Since the preparation for operating the body fluid component measuring apparatus 1 is facilitated, the apparatus
1 is advantageous for periodical or repeated use thereof.

[0119] According to the body fluid component measuring apparatus 1, itis possible to prevent occurrence of an accident
such as erroneous puncture of the skin of the operator again after puncture necessary for sampling of blood, and hence
to sample blood with a high safety. The apparatus 1 is also advantageous in that the operator can use the apparatus 1
with less sensation of fear against puncture because the puncture needle 14 is out of the eyeshot of the operator.
[0120] Accordingly, the body fluid component measuring apparatus 1 is suitable for the operator (patient) to measure
his or her blood sugar level.

[0121] The body fluid component measuring apparatus 1 is advantageous in terms of simple configuration, small size
and light weight, low cost, and suitability for mass-production.

[0122] A second embodiment of the body fluid component measuring apparatus according to the first aspect of the
present invention will be described below. The body fluid component measuring apparatus according to the second
embodiment is different from the above-described body fluid component measuring apparatus 1 according to the first
embodiment in configuration of the evacuation releasing means.

[0123] FIG. 13 is a vertical sectional view showing a configuration of essential portions of the body fluid component
measuring apparatus according to the second embodiment, and FIG. 14 is a block diagram showing a circuit configuration
of the body fluid component measuring apparatus according to the second embodiment.

[0124] The body fluid component measuring apparatus according to the second embodiment will be described, prin-
cipally, about different points from the body fluid component measuring apparatus 1 according to the first embodiment,
with the overlapped description of the same constituent elements as those of the body fluid component measuring
apparatus 1 according to the first embodiment being omitted. It is to be noted that FIG. 13 is depicted with the "base
end side" of the apparatus taken as the right side and the "tip side" of the apparatus taken as the left side.

[0125] As shown in FIGS. 13 and 14, in the body fluid component measuring apparatus 1 according to the second
embodiment, a fine tube 83 is provided in place of the electromagnetic valve 26 of the above-described body fluid
component measuring apparatus 1 according to the first embodiment.

[0126] The fine tube 83 is formed of a cylindrical member and internally has an orifice (flow passage) 831. The fine
tube 83 is connected to an end portion of the tube 82, and the tip of the fine tube 83 (orifice 831) is opened to the outside
of the main body 21.

[0127] The orifice 831 of the fine tube 83 is required to be narrow enough to keep a large passing resistance of air.
The diameter of the orifice 831 is not particularly limited but is preferably in a range of about 0.01 to 0.3 mm. The length
of the orifice 831 is not particularly limited but is preferably in a range of about 5 to 15 mm. By setting the diameter of
the orifice 831 within the above range, it is possible to certainly keep the necessary passing (flow) resistance of air.
[0128] An evacuation releasing means is composed of the tubes (flow passage) 81, 82 and the fine tube 83.

[0129] Itis to be noted that the fine tube 83 is not limited to that shown in the figure, and although only one fine tube
83 is provided in this embodiment, a plurality of fine tubes (orifices) may be provided if needed.

[0130] The operation of the body fluid component measuring apparatus 1 will be described below with reference to
the flow chart shown in FIG. 12, principally, about the different points from the above-described body fluid component
measuring apparatus 1 according to the first embodiment.

[0131] First, steps S1to S6 shown in FIG. 12 are executed nearly in the same manner as that described for the above-
described body fluid component measuring apparatus 1 according to the first embodiment.

[0132] In operation of the body fluid component measuring apparatus 1 according to this embodiment, since the flow
rate of air sucked by the pump 8 is larger than the flow rate of outside air (atmospheric air) flowing from the orifice 831
of the fine tube 83, when the pump 8 is operated in step S2, the suction of air in the bore portion 52 of the housing 5 is
started, whereby the pressure in the bore portion 52 (including the interior of the chip 13) is reduced, to thereby bring
the bore portion 52 into an evacuation state.

[0133] Inthe body fluid component measuring apparatus 1 according to this embodiment, when the pump 8 is stopped
in step S6, outside air (atmospheric air) flows in the bore portion 52 (including the interior of the chip 13) and the puncture
site 210 via the orifice 831 of the fine tube 83, the tubes 82 and 81, and the ventilation passage 54, to release the
evacuation state of the bore portion 52 (including the interior of the chip 13) and the puncture site 210 (step S7 in FIG.
12). The pressure in the bore portion 52 (including the interior of the chip 13) and the puncture site 210 is thus returned
to atmospheric pressure.

[0134] The subsequent steps S8 and S9 shown in FIG. 12 are executed in the same manner as that described for the
body fluid component measuring apparatus 1 according to the first embodiment.

[0135] The body fluid component measuring apparatus 1 according to this embodiment can obtain the same effect
as that obtained by the above-described body fluid component measuring apparatus 1 according to the first embodiment.
[0136] While the body fluid component measuring apparatus according to the first aspect of the present invention has
been described on the basis of the first and second embodiments shown in the figures, the present invention is not
limited thereto. For example, the configuration of each of the constituent elements described in the embodiments may
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be replaced with any configuration exhibiting the same function.

[0137] The component to be measured is represented by glucose (blood sugar level) in the embodiments; however,
according to the present invention, the component to be measured is not limited thereto but may be exemplified by
protein, cholesterol, uric acid, creatinine, alcohol, or ions of an inorganic matter such as sodium.

[0138] The means (called "measuring means") used as not only as the blood sampling detecting means for detecting
the sampling of blood but also as the measuring means for measuring an amount of a specific component in blood is
provided in the embodiments; however, according to the present invention, the blood sampling detecting means and
the measuring means may be separately provided.

[0139] The blood sampling means is represented by the means for optically detecting the sampling of blood in the
embodiments; however, according to the present invention, the blood sampling means is not limited thereto but may be
configured as a means for electrically detecting the sampling of blood.

[0140] In the case of adopting the blood sampling detecting means for optically detecting the sampling of blood, the
detection of the sampling of blood is not necessarily based on the manner described in the embodiments, that is, the
manner of detecting the coloring (color development) of the test paper due to reaction between the component in blood
and the reagent but may be based on a manner of detecting the introduction of blood in the blood passage (blood flow
passage) for supplying blood to the test paper provided on the chip.

[0141] In the case of adopting the manner of detecting the introduction of blood in the blood passage, a portion, at
least in the vicinity of the blood passage, of the chip may be formed of a member having a light permeability (transparency),
and further, the blood sampling detecting means may be configured to emit light to the blood passage via the transparent
member, receive the reflected light or transmitted light, and convert the light into an electric signal, and the control means
may be configured to monitor a voltage outputted from the blood sampling detecting means. If blood is introduced in the
blood passage, the color of a portion, through which the blood passes, of the blood passage is changed into nearly dark-
red, to change the quantity of the reflected light or the transmitted light thereat, thereby changing a voltage outputted
from the blood sampling detecting means. As a result, the sampling of blood can be detected on the basis of the change
in voltage (quantity of light) outputted from the blood sampling detecting means.

[0142] The blood sampling detecting means for electrically detecting the sampling of blood is exemplified by a sensor
(electrode) for detecting (measuring) an impedance of the blood passage or the like of the chip, or a bio-sensor.
[0143] In the case of adopting the bio-sensor, since a current outputted from the bio-sensor is changed if blood is
introduced in the blood passage, the sampling of blood can be detected on the basis of the change in current (current
value) outputted from the bio-sensor.

[0144] In the case of adopting the sensor for detecting an impedance of the blood passage, since an impedance
between the electrodes of the sensor, provided across the blood passage, is changed if blood is introduced in the blood
passage, the sampling of blood can be detected on the basis of the change in impedance of the blood passage.
[0145] The body fluid component measuring apparatus in each of the embodiments is configured by optically measuring
the degree of the coloring of the test paper caused by reaction between the component in blood and the reagent, and
converting the measured result into a value to be displayed on the display unit; however, the present invention is not
limited thereto. For example, the measuring apparatus may be configured by electrically measuring a change in potential
caused depending on an amount of a component in blood (specimen), and converting the measured result into a value
to be displayed on the display unit.

[0146] The measurement method in each of the embodiments is configured so as to release the evacuation state prior
to measurement; however, according to the present invention, the method may be configured so as to relieve the
evacuation state prior to measurement.

[0147] According to the present invention, the actions of the evacuation means and the chip withdrawing mechanism
may be started either in a manual manner or in an automatic manner, respectively. In the case of adopting the automatic
manner, a sensor for magnetically sensing the movement of the puncture needle in the direction toward the tip side at
the time of puncture may be disposed in the vicinity of a side portion of the fitting portion of the housing. In this case,
the evacuation means and the chip withdrawing means can be automatically moved on the basis of information supplied
from the sensor.

[0148] A body fluid component measuring apparatus according to a second aspect of the present invention will be
hereinafter described in detail on the basis of preferred embodiments shown in the accompanying drawings.

[0149] Itis to be noted that FIGS. 1 and 2, FIG. 5, FIGS. 7 to 10, and FIG. 13 used for the following description are
the same drawings as those used for description of the body fluid component measuring apparatus according to the first
aspect of the present invention.

[0150] FIGS. 15 and 16, equivalent to FIGS. 3 and 4 used for description of the apparatus according the first aspect,
are vertical sectional views showing configuration examples of a puncturing means and a housing for housing the
puncturing means in the body fluid component measuring means according to a first embodiment of the second aspect
(hereinafter, referred to simply as "first embodiment" with the word "second aspect" omitted, respectively; FIG. 5, FIG.
7 to 11, and FIGS. 17 and 18 are vertical sectional views showing configuration examples of essential portions of the
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body fluid component measuring apparatus according to the first embodiment; FIG. 19 is a block diagram showing a
circuit configuration of the body fluid component measuring apparatus according to the first embodiment; and FIG. 20
is a flow chart showing a control operation of a control means for the body fluid component measuring apparatus according
to the first embodiment. In these figures, parts being identical or similar to those shown in FIGS. 1 to 14 are denoted by
the same reference numerals.

[0151] Itis to be noted that these drawings are depicted with the "base end side" of the apparatus taken as the right
side and the "tip side" of the apparatus taken as the left side.

[0152] As shown in FIGS. 1, 5 and 19, a body fluid component measuring apparatus (blood component measuring
apparatus) 1 according to the first embodiment includes a main body 2, a finger touch portion 3 disposed on the main
body 2, a puncturing means 4 housed in a housing 5, a chip withdrawing mechanism 6 provided on the base end side
ofthe housing 5, a measuring means 7 for detecting the sampling of blood (body fluid) and measuring a specific component
in the sampled blood (body fluid), a pump 8 for evacuating the interior of the housing 5, an electromagnetic valve 26 for
releasing, relieving, or holding an evacuation state of the interior of the housing 5, a pressure sensor (pressure detecting
means) 27 for detecting the pressure in the housing 5, a solenoid (drive source) 28, a switch 29, a battery (power source)
9, a control means 11 and a memory 33 provided on a circuit board 10, a display unit (notifying means) 12, an audio
outputting unit (notifying means) 32, and an externally outputting unit 34.

[0153] Attime of use, the above-described chip 13 shown in FIG. 2 is mounted to the body fluid component measuring
apparatus 1. Each of constituent elements of the apparatus 1 will be described below.

[0154] The main body 2 is composed of a housing body 21 and a lid body 22, which are disposed opposite to each
other. The main body 2 internally has a housing space 23, in which the puncturing means 4, the housing 5, the chip
withdrawing mechanism 6, the measuring means 7, the pump 8, the electromagnetic valve 26, the solenoid 28, the
switch 29, the battery 9, the circuit board 10, the control means 11, the memory 33, the display unit 12, the audio
outputting unit 32, and the externally outputting unit 34 are housed. The pressure sensor 27 is disposed in the housing 5.
[0155] A wall portion 211 on the tip side of the housing body 21 has an opening 212 passing through the housing body
21. The opening 212 has a circular shape in cross-section. The chip 13 is mounted (held) to the housing 5 (to be described
later) via the opening 212.

[0156] The finger touch portion 3 (to which the epidermis is to be touched) is provided on a plane on the tip side of
the wall portion 211 so as to surround the outer periphery of the opening 212. The finger touch portion 3 has a shape
corresponding to that of the finger tip (finger). A finger touch plane 31 is formed on the tip side of the finger touch portion
3. The operator (user) operates the body fluid component measuring apparatus 1 while touching the finger tip to the
finger touch portion 3 (finger touch plane 31). With such an operation of the apparatus 1, the finger tip is punctured,
blood is sampled therefrom, and an amount of a specific component (represented by glucose in this embodiment) of the
sampled blood is measured.

[0157] The upper surface of the lid body 22 has a display window (opening) 221 passing through the lid body 22. The
display window 221 is covered with a plate member made from a transparent material.

[0158] The display unit 12 is disposed in the containing space 23 at a position corresponding to that of the display
window 221. Accordingly, various kinds of information displayed on the display unit 12 can be checked via the display
window 221.

[0159] The display unit 12 is composed of, for example, a liquid crystal display device (LCD) or the like. Various kinds
of information associated with ON/OFF of the power source, power voltage (remaining capacity of the battery), measured
value, measurement date & hour, error indication, positional correction indication, operation guidance, and the like can
be displayed on the display unit 12.

[0160] The audio outputting unit 32 is typically composed of a buzzer (device for generating a specific sound, melody,
or the like) or a speaking device.

[0161] The notifying means is not limited to those described above but may be exemplified by a light emitting device
such as a light emitting diode (LED) or an EL device, a lamp, or an EL display device.

[0162] The externally outputting unit 34 is adapted to output data such as the resultant blood sugar level to an external
unit such as a personal computer.

[0163] An operating button 222 is provided on the upper surface of the lid body 22. In the body fluid component
measuring apparatus 1, when the operating button 222 is depressed, the switch 29 is turned on along with the operation
of the operating button 222, and a signal is inputted from the switch 29 to the control means 11.

[0164] The circuit board 10 is disposed under the display unit 12 in FIG. 1. The control means 11 in the form of a
microcomputer and the memory 33 are mounted on the circuit board 10. The control means 11 controls various operations
of the body fluid component measuring apparatus 1, for example, an operation to decide whether or not blood has been
sampled and an operation to decide whether or not an evacuation state has been established. The control means 11
incorporates a calculating portion for calculating an amount of glucose (blood sugar value) in blood on the basis of a
signal from the measuring means 7.

[0165] The pump 8 is disposed as the evacuating means (sucking means) under the left half of the circuit board 10
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in FIG. 1. The pump 8 is electrically operated, and is connected to a ventilation passage 54 formed in the housing 5 (to
be described later) via a tube 81. The tube 81 is flexible, and is made from a polymer material selected, for example,
from polyolefines such as polyvinyl chloride, polyethylene, polypropylene, and ethylene-vinyl acetate copolymer (EVA),
and other polymers such as polyamide, polyester, silicon rubber, and polyurethane.

[0166] The pump 8 is operated to suck and discharge air in a bore portion 52 of the housing 5 and thereby evacuate
the bore portion 52 of the housing 5. In particular, the body fluid component measuring apparatus 1 is tried to evacuate
the core portion 52 of the housing 5 by the pump 8 before or after puncture by the needle body 141 of the chip 13 (to
be described later) or at the same time of the puncture.

[0167] The pump 8 may be any pump insofar as it can evacuate both the bore portion 52 of the housing 5 and the
puncture site of the finger tip to a degree of vacuum allowing suction of blood from the puncture site of the finger (for
example, about 100 to 400 mmHg).

[0168] The battery 9 is disposed as the power source under the right half of the circuit board 10 in FIG. 1. The battery
9 is electrically connected to the pump 8, the electromagnetic valve 26, the solenoid 28, the control means 11, the display
unit 12, the audio outputting unit 32, and the like for supplying a necessary power to each of these constituted elements.
[0169] The measuring means 7 is disposed in front of the pump 8 in FIG. 1. The measuring means 7 is adapted to
optically detect the supply (sampling) of blood to a strip of test paper 18 provided for the chip 13 (to be described later),
and to optically measure an amount of glucose in the blood diffused in the test paper 18. The measuring means 7 is
located in the vicinity of a side portion, at which the test paper 18 is positioned, of the chip 13 in a state that the chip 13
is mounted to and held by the housing 5.

[0170] In this way, the measuring means 7 has both the function of detecting the sampling of blood and the function
of measuring an amount of glucose (specific component) in blood diffused in the test paper 18. As a result, in comparison
with an apparatus in which two means having the above-described two functions are separately provided, the apparatus
1 including the measuring means 7 is advantageous in reducing the number of parts, simplifying the configuration of the
apparatus 1, and reducing the number of steps of assembling the constituent elements into the apparatus 1.

[0171] The measuring means 7 has a light emitting device (light emitting diode) 71 and a light receiving device (pho-
todiode) 72.

[0172] The light emitting device 71 is electrically connected to the control means 11, and the light receiving device 72
is electrically connected to the control means 11 via an amplifier 24 and an A/D converter 25.

[0173] The light emitting device 71 is operated for emission of light on the basis of a signal from the control means
11. The light emitted from the light emitting device 71 is preferably pulse light emitted intermittently at specific time intervals.
[0174] When the light emitting device 71 is turned on in a state that the chip 13 is mounted to the housing 5, the test
paper 18 is irradiated with the light emitted from the light emitting device 71. The light is reflected from the test paper
18 and is received by the light receiving device 72. In the light receiving device 72, the light is subjected to photoelectric
conversion. An analogue signal corresponding to the quantity of light is outputted from the light receiving device 72, and
is suitably amplified by the amplifier 24. The amplified analogue signal is converted into a digital signal by the A/D
converter 25, to be inputted in the control means 11.

[0175] The control means 11 decides, on the basis of the inputted signal, whether or not blood has been sampled,
that is, whether or not blood has been diffused in the test paper 18 of the chip 13.

[0176] The control means 11 performs a specific calculating operation on the basis of the inputted signal, and further,
a correcting calculation if needed, to determine an amount of glucose (blood sugar level) in the blood. The blood sugar
level thus obtained is displayed on the display unit 12.

[0177] The housing 5 in which the puncturing means 4 is housed and the chip withdrawing mechanism 6 connected
to the base end side of the housing 5 are disposed in front of the measuring means 7 in FIG. 1.

[0178] The chip withdrawing mechanism 6 is fixed to the housing body 21. Meanwhile, the housing 5 is not fixed to
the housing body 21 but is disposed so as to be movable in the axial direction (from right or left to left or right in FIG. 1)
by the chip withdrawing mechanism 6.

[0179] As described above, at time of use of the body fluid component measuring apparatus 1, the chip 13 is mounted
to the housing 5. The chip 13 may be the same as that of the apparatus according to the first aspect, and therefore, the
detailed description thereof is omitted.

[0180] Such a chip 13 is removably fitted in the housing 5 (fitting portion 53) via the opening 212 of the housing body
21 as described above.

[0181] As shown in FIGS. 15 and 16, the housing 5 is formed of a cylindrical member with its bottom closed with a
wall portion 51, and internally has a bore portion (housing space) 52. The housing 5 internally has, on the tip side, a
small-diameter fitting portion 53. To be more specific, the inner diameter of the fitting portion 53 is set to correspond to
the diameter of the outer periphery of the chip 13. The chip 13 is inserted and fixedly fitted in the fitting portion 53. It is
tobenotedthatin FIGS. 15and 16, the chip 13 is depicted with its structure simplified for easy understanding of description.
[0182] A side portion of the housing 5 has the ventilation passage 54 for communicating the bore portion 52 to the
outside. The ventilation passage 54 is connected to the pump 8 via the tube 81. Air in the bore portion 52 is sucked via
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the ventilation passage 54 and the tube 81 by the pump 8, to evacuate the bore portion 52 (including the interior of the
chip 13).

[0183] As shown in FIG. 5, one end of a tube 82 is branched from a middle point of the tube 81, and the other end of
the tube 82 is opened to the outside of the main body 21. The tube 82 is flexible, and may be made, for example, from
the same material as that for forming the tube 81.

[0184] The electromagnetic valve 26 is provided in a middle point of the tube 82 for opening/closing the flow passage
of the tube 82.

[0185] When the electromagnetic valve 26 remains closed (OFF state), the evacuation state of the bore portion 52
(including the interior of the chip 13) is kept. On the other hand, when the electromagnetic valve 26 is opened (ON state),
air (atmospheric air) is introduced from the outside into the bore portion 52 having been kept in the evacuation state via
the tubes 82 and 81 and the ventilation passage 54, to release or relieve the evacuation state of the bore portion 52.
[0186] Accordingly, an evacuation releasing means is composed of the tubes (flow passage) 81 and 82 and the
electromagnetic valve 26.

[0187] As shown in FIGS. 15 and 16, an approximately central portion of the wall portion 51 of the housing 5 has a
hole 511. A fine tube 65 internally having an orifice (passage) 651 is provided in the hole 511. Air flows between the
bore portion 52 and a volume variable chamber 631 (to be described later), which are disposed on both sides of the fine
tube 65, via the orifice 651.

[0188] A ring-shaped seal ring (sealing member) 55 is fitted in the tip surface of the housing 5. With this provision of
the seal ring 55, when the chip 13 is mounted to the housing 5, the base end of the flange 164 of the chip 13 is brought
into contact with the seal ring 55, to keep the air-tightness of the bore portion 52.

[0189] The sealring 55 is made from an elastic material selected, for example, from various kinds of rubber materials
such as natural rubber, isoprene rubber, butadiene rubber, styrene-butadiene rubber, nitrile rubber, chloroprene rubber,
butyl rubber, acrylic rubber, ethylene-propylene rubber, hydrin rubber, urethane rubber, silicone rubber, and fluorocarbon
rubber, and various kinds of thermoplastic elastomers such as a styrene based elastomer, a polyolefine based elastomer,
a polyvinyl chloride based elastomer, a polyurethane based elastomer, a polyester based elastomer, a polyamide based
elastomer, a polybutadine based elastomer, and a fluorocarbon rubber based elastomer.

[0190] A ring-shaped flange 56 is formed on the outer periphery of a base end portion of the housing 5 in such a
manner as to project outwardly therefrom. A cylindrical projection 59 is formed at the base end of the housing 5.
[0191] The puncturing means 4 is housed in a portion, on the base end side from the fitting portion 53, of the bore
portion 52 of the housing 5. The puncturing means 4 is adapted to move the puncture needle 14 mounted thereto in the
direction toward the tip side for puncturing the surface of the finger tip with the cutting edge of the needle body 141.
[0192] The puncturing means 4 is composed of the plunger 41, a coil spring (urging member) 42 for urging the plunger
41 in the direction toward the tip side, and a coil spring (urging member) 43 for urging the plunger 41 in the direction
toward the base end.

[0193] A cup-shaped needle holder 411 is provided at a tip portion of the plunger 41. The small-diameter 143 of the
puncture needle 14 is removably fitted in the needle holder 411. An elastically deformable elastic piece 412 is provided
on a base end portion of the plunger 41. The elastic piece 412 has, at its tip, a locking portion 413 having the shape of
a projecting arm.

[0194] In a state before the chip 13 is mounted to the housing 5, that is, in a state before the puncture needle 14 is
mounted to the plunger 41 (see FIG. 15), the locking portion 413 is urged upwardly in FIG. 15 by the elastic force of the
elastic piece 412, to be brought into contact with the inner peripheral surface of the housing 5. On the other hand, in a
state that the chip 13 is mounted to the housing 5, that is, in a state that the puncture needle 14 is mounted to the plunger
41 (see FIG. 16), the locking portion 413 is inserted in an opening 57 formed so as to pass through the housing 5, to be
locked with an edge portion of the opening 57. In this case, the movement of the plunger 41 in the direction toward the
tip side is restricted. In addition, the opening 57 is closed with a flat seal sheet (sealing member) 58 to keep the air-
tightness of the bore portion 52. The seal sheet 58 may be made from the same material as that for forming the above-
described seal ring 55.

[0195] The coil spring (spring for puncture) 42 is disposed on the base end side of the plunger 41 in a state that both
ends thereof are in contact with the plunger 41 and the wall portion 51. On the other hand, the coil spring (spring for
return) 43 is disposed on the tip side of the plunger 41 in a state that both ends thereof are in contact with the plunger
41 and the fitting portion 53.

[0196] As shownin FIG. 19, the pressure sensor 27 is disposed in the housing 5 for detecting the pressure in the bore
portion 52 (including the interior of the chip 13) of the housing 5. Information from the pressure sensor 27, more specifically,
the pressure (data) detected by the pressure sensor 27 is inputted in the control means 11.

[0197] As shown in FIGS. 15 and 16, the solenoid 28 as the drive source for electrically driving the locking portion
413 is provided outside the housing 5. The solenoid 28 is disposed in such a manner as to inwardly move the locking
portion 413 in the bore portion 52 (in the direction shown by an arrow in the figure) by a plunger 281 of the solenoid 28.
[0198] Inthe state that the locking portion 413 is locked with the opening 57, the coil spring 42 remains as compressed,
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to urge the plunger 41 in the direction toward the tip side. When the plunger 281 of the solenoid 28 is moved in the
direction shown by the arrow in the figure to release the locking state of the locking portion 413 from the opening 57,
the coil spring 42 is extended to move the plunger 41 in the direction toward the tip side, to allow the edge of the needle
body 141 to puncture the surface (skin) of the finger tip. In this way, an operation starting means for starting the operation
of the puncturing means 4 is composed of the solenoid 28.

[0199] At the time, the coil spring 43 is compressed to urge the plunger 41 in the direction toward the base end side,
that is, to return the plunger 41 in the direction toward the base end side. Thereafter, the movement of the plunger 41
is attenuated, and the plunger 41 is rested at a position where the elastic force of the coil spring 42 is balanced against
the elastic force of the coil spring 43.

[0200] In the state that the plunger 41 is rested, the cutting edge of the needle body 141 is in a state being housed in
the chip 13.

[0201] The chip withdrawing mechanism 6 is provided on the base end side of the housing 5. The chip withdrawing
mechanism 6 is the same as that of the apparatus according to the first aspect, and the overlapped description thereof
is omitted.

[0202] According to the body fluid component measuring apparatus 1, as shown in FIG. 17, when the finger tip 200
is touched to the finger touch portion 3, the surface of the finger tip 200 comes into contact with the tip of the contact
portion 163, with a result that blood capillaries of a portion around the puncture site 210 are compressed by the contact
portion 163; however, since the chip 13 can be separated from the finger tip 200 while the puncture site 210 of the finger
tip 200 is kept in the evacuation state as shown in FIG. 8, the blood capillaries of the portion around the puncture site
210, which have been compressed by the tip of the contact portion 163, are released. As a result, the blood, which is
denoted by reference numeral 220 in FIG. 8, can be more certainly sucked from the puncture site 210 for a short time,
and thereby an amount of blood necessary for measurement of an amount of glucose can be sufficiently sampled.
[0203] In the operational state of the chip withdrawing mechanism 6 (the state shown in FIG. 8), the housing 5 is
moved in the direction toward the base end, to compress the seal ring 64. Since the seal ring 64 is formed of an elastic
body as described above, in the state shown in FIG. 8, the seal ring 64 urges the housing 5 in the direction toward the
tip side. Accordingly, by the opening the electromagnetic valve 26 to release the evacuation state, the seal ring 64 is
returned nearly to the original shape by the self-elastic force to move the housing 5 in the direction toward the tip side
(see FIGS. 9 and 10). In this case, after the tip of the flange 56 of the housing 5 comes into contact with the base end
of the projection 611 of the main body portion 61, the tip of the flange 56 is no longer moved in the direction toward the
tip side (see FIG. 10). In this way, the housing 5 and the chip 13 mounted thereto are returned to the positions in the
state before the operation of the chip withdrawing mechanism 6.

[0204] Actions of respective constituent elements and control operations of the control means in the case of puncturing
the finger tip, sampling blood therefrom, diffusing the blood in the test paper, and measuring a blood sugar level by using
the body fluid component measuring apparatus will be described below with reference to the configurations of the
constituent elements shown in FIGS. 2 and 5, FIGS. 7 to 10, and FIGS. 15to 17, and further, a flow chart shown in FIG. 20.

[1] The chip 13 is inserted in the fitting portion 53 of the housing 5 via the opening 212 of the housing body 21, and
the small-diameter portion 143 of the puncture needle 14 is fitted in the needle holder 411 (see FIG. 16).

The chip 13 is further pressed in the direction toward the base end side, to push the plunger 41 against the urging
force of the coil spring 42 in the direction toward the base end side. Along with the movement of the plunger 41, the
locking portion 413, which is in contact with the inner peripheral surface of the bore portion 52 while being urged by
the elastic force of the elastic piece 412, is moved in the direction toward the base end side. When reaching the
position of the opening 57, the locking portion 413 is inserted in the opening 57 (see FIG. 16). In this state, even if
the pressing force of the chip 13, which force is applied to the plunger 41 in the direction toward the base end side,
is released, the movement of the plunger 41 in the direction toward the tip side is restricted by locking of the locking
portion 413 with the opening 57. At this time, the coil spring 42 is in the compression state. The preparation of
puncturing the finger tip with the puncturing means 4 and the preparation of sampling blood (specimen) are thus
accomplished.

[2] The power switch (not shown) is turned on, to activate the constituent elements of the body fluid component
measuring apparatus 1, thereby bringing them into measurable states. In this state, the electromagnetic valve 26
remains closed.

[3] The finger tip (finger) 200 is touched to the touch portion 3, so that the finger tip 200 is brought into press-contact
with the contact portion 163 of the chip 13. At this time, the tip opening 162 may be blocked with the finger tip 200
in such a manner as to make the leakage of air as small as possible (see FIG. 5).

[4] The operating button 222 is depressed, to operate the body fluid component measuring apparatus 1, thereby
executing a program shown in FIG. 20.

Prior to puncture, the control means 11 starts the suction of air in the bore portion 52 (including the interior of the
chip 13) of the housing 5 (step S101 in FIG. 20).
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As a result, unless there is some problem, the pressure in the bore portion 52 (including the interior of the chip 13)
is reduced, to be brought into an evacuation state (see FIG. 17). At this time, the puncture site 210, punctured by
the needle body 141, of the finger tip 200 is also brought into the evacuation state. In this state, however, a portion,
positioned inside the contact portion 163 (tip opening 162), of the finger tip 200 is inwardly swelled in a round shape
in the chip 13, with a result that blood capillaries at a portion around the puncture site 210 being in contact with the
tip of the contact portion 163 are compressed.

The pressure in the bore portion 52 (including the interior of the chip 13) of the housing 5 is detected by the pressure
sensor 27 (step S102 in FIG. 20).

The control means 11 decides, on the basis of information supplied from the pressure sensor 27, whether or not
the bore portion 52 (including the interior of the chip 13) has been evacuated, and specifically, whether or not the
pressure in the bore portion 52 has been reduced to a predetermined pressure (step S103 in FIG. 20).

If it is decided in step S103 that the pressure has been not sufficiently reduced, it is decided whether or not a
predetermined time has elapsed (step S104 in FIG. 20).

If it is decided in step S104 that the predetermined time has not elapsed, a notice about positional correction is given
to the operator (step S105 in FIG. 20).

In step S105, the notice that the position of the finger touched to the finger touch portion 3 should be corrected is
given in the form of written words displayed on the display unit 12 or in the form of audio words outputted from the
audio outputting unit 32. It is to be noted that the notice may be of course given via both the display unit 12 and the
audio outputting unit 32.

Such a notice about positional correction allows the operator (user) to comprehend the circumstance, and on the
basis of such information, the operator may move the finger to a suitable position and take an appropriate attitude
of the finger so as to make the leakage of air as small as possible.

After step S105 is executed, the process is returned to step S102, and steps S102, S103 and S104 are executed
again. At this time, if it is decided in step S104 that the predetermined time has elapsed, a notice about error is given
to the operator (step S106 in FIG. 20), and at the same time, the pump 8 is stopped and the electromagnetic valve
26 is once opened and closed again.

In step S106, the notice that an error has occurred during operation is given in the form of written words displayed
on the display unit 12 or in the form of audio words outputted from the audio outputting unit 32. It is to be noted that
the notice may be of course given via both the display unit 12 and the audio outputting unit 32.

Such a notice about an error allows the operator (user) to comprehend that an error (trouble) has occurred during
operation.

[5] If it is decided in step S103 that the pressure has been sufficiently reduced, the surface of the finger tip 200 is
punctured (step S107 in FIG. 20).

To be more specific, when it is decided that the pressure has been sufficiently reduced, the control means 11 outputs
a signal for applying a current to a coil of the solenoid 28. The plunger 281 of the solenoid 28 thus energized is
moved in the direction shown by the arrow in FIG. 16, to be brought into contact with the locking portion 413, whereby
the locking portion 413 is pushed down in the bore portion 52 by the plunger 281. As a result, the locking of the
locking portion 413 is released, so that the plunger 41 is moved in the direction toward the tip side by the elastic
force of the compressed coil spring 42. Along with the movement of the plunger 41, the needle body 141 projects
from the tip opening 162, to puncture the surface of the finger tip 200 (see FIG. 18). Blood flows out of the puncture
site 210 punctured by the needle body 141.

After the finger tip 200 is punctured by the needle body 141, the plunger 41 is pushed back in the direction toward
the base end side by the elastic force of the coil spring 43. The movement of the plunger 41 is attenuated, and finally
the plunger 41 is rested at the position where the elastic force of the coil spring 43 is balanced against the elastic
force of the coil spring 42 (see FIG. 8). At this time, the cutting edge of the needle body 141 is in the state being
housed in the chip 13. In this way, the cutting edge of the needle body 141 does not project from the tip opening
162 except that it is used for puncture of the finger tip, to thereby eliminate erroneous damages of the skin of the
finger tip and preventing infection via the needle body 141. The body fluid component measuring apparatus 1 is
thus advantageous in carrying out the sampling of blood with a high safety.

[6] Along with continuation of the suction of air from the bore portion 52 by the pump 8, air in the volume variable
chamber 631 gradually flows in the bore portion 52 via the orifice 651, whereby the volume of the volume variable
chamber 631 is gradually reduced. As a result, the housing 5 and the chip 13 mounted thereto are gradually moved
in the direction toward the base end, that is, in the direction apart from the finger tip 200.

At this time, since the bore portion 52 and the puncture site 210 of the finger tip 200 are each kept in the evacuation
state, the finger tip 200 is prevented from being separated from the tip opening 162. Also, even if the chip 13 is
moved in the direction apart from the finger tip 200, the finger tip 200 being in contact with the touch portion 3 does
not follow the movement of the chip 13. The chip 13 is thus certainly separated from the finger tip 200.

As the chip 13 is separated from the finger tip 200, the blood capillaries at the portion around the puncture site 210

19



10

15

20

25

30

35

40

45

50

55

EP 1776 924 B1

compressed by the tip of the contact portion 163 are gradually released, with a result that blood 220 is sucked from
the puncture site 210 (see FIG. 9). In this way, as compared with a configuration that the chip 13 is not separated
from the finger tip 200, the flow of the blood is promoted. This is advantageous in sampling a necessary amount of
blood for a short time.

It is preferable to set the minimum pressure caused by the pump 8 in a range of about 100 to 400 mmHg.

The base end 591 of the projection 59 is eventually brought into contact with the bottom surface of the recess 621,
to stop the movement of the housing 5 and the chip 13 mounted thereto in the direction toward the base end side.
Since the chip 13 is stopped after being separated from the finger tip 200 by an appropriate distance, the finger tip
200 is prevented from being separated from the tip opening 162. This certainly prevents occurrence of an incon-
venience that the blood 220 sucked from the puncture site 210 be scattered to contaminate the surroundings. In
this way, the body fluid component measuring apparatus 1 is advantageous in sampling blood with a high safety.
As described above, according to the body fluid component measuring apparatus 1, the puncturing operation and
the evacuating operation are nearly simultaneously performed by only one depressing operation of the operating
button 222, the withdrawing action of the chip 13 is performed by making use of the evacuated pressure caused by
the pump 8, and the evacuation releasing action (to be described later) is automatically started. The body fluid
component measuring apparatus 1, therefore, is very excellent in its operability.

[7]1 The blood 220 raised in a granular shape from the puncture site 210 as a result of the operation described in the
item [6] is sucked in the chip 13, to be brought into contact with the blood introducing guide 166 formed in the chip
13. The blood 220 is then introduced to the test paper 18 via the blood passage 19, being supplied to the center
portion of the test paper 18, and is diffused radially in the test paper 18 (see FIG. 2).

Along with the supply and diffusion of the blood 220 on and in the test paper 18, glucose (component to be measured)
in the blood 220 reacts with the reagent supported by the test paper 18, with a result that the test paper 18 is colored
to a degree depending on the amount of glucose.

On the other hand, after executing step S107 shown in FIG. 20, the control means 11 drives the measuring means
7, to monitor the coloring of the test paper 18 via the measuring means 7, thereby deciding whether or not the blood
has been sampled (step S108 in FIG. 20).

In step S108, if the voltage level of a signal inputted from the light receiving device 72 of the measuring means 7 is
more than a predetermined threshold value, it is decided that the blood has been sampled, and if the voltage level
of the above signal is equal to or less than the threshold value, it is decided that the blood has been not sampled.
The threshold value is set to a value sufficiently larger than a voltage level of the signal before coloring of the test
paper 18 and sufficiently smaller than a voltage level of the signal at the time of coloring of the test paper 18.

If it is decided in step S108 that the blood has been not sampled, it is decided whether or not the predetermined
time has elapsed (step S109 in FIG. 20).

If it is decided in step S104 that the predetermined time has not elapsed, the process is returned to step S108, and
steps S108 and S109 are executed again. At this time, if it is decided in step S109 that the predetermined time has
elapsed, a notice about an error is given to the operator (step S110 in FIG. 20), and at the same time, the pump 8
is stopped and the electromagnetic valve 26 is opened once to release the evacuation state and is closed again.
In step S106, the notice that an error has occurred during operation is given in the form of written words displayed
on the display unit 12 or in the form of audio words outputted from the audio outputting unit 32. It is to be noted that
the notice may be of course given via both the display unit 12 and the audio outputting unit 32.

Such a notice about an error allows the operator (user) to comprehend that an error (trouble) has occurred during
operation.

If it is decided in step S108 that the blood has been sampled, the pump 8 is stopped, and more specifically, the
suction of air in the bore portion 52 by the pump 8 is stopped (step S111 in FIG. 20).

The electromagnetic valve 26 is opened to release the evacuation state (step S112 in FIG. 20).

When the electromagnetic valve 26 is opened, outside air (atmospheric air) flows in the bore portion 52 (including
the interior of the chip 13) and the puncture site 210 via the tubes 82, 81 and the ventilation passage 54, whereby
the pressure in the bore portion 52 (including the interior of the chip 13) and the puncture site 210 is returned to
atmospheric air (see FIG. 10).

The seal ring 64 is also nearly returned to the original shape by the self-elastic force, to move the housing 5 in the
direction toward the tip side (see FIGS. 10 and 11). After a while, the tip of the flange 56 of the housing 5 is brought
into contact with the base end of the projection 611 of the main body portion 61, to restrict the movement of the
housing 5 in the direction toward the tip side (see FIG. 11).

When the operator becomes insensible of suction at the portion, around the puncture site 210, of the finger tip 200
and thereby recognizes that the internal pressure is returned to atmospheric pressure, he or she separates the
finger tip 200 from the contact portion 163 of the chip 13.

[8] After executing step S112 shown in FIG. 20, the control means 11 causes the measuring means 7 to measure
the degree of coloring of the test paper 18, executes arithmetic operation based on the data thus obtained, and
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performs correcting calculation such as temperature correcting calculation or hematocrit value correcting calculation,
to quantify the blood sugar level (step S113 in FIG. 20).

[0205] In this case, since the evacuation state of the bore portion 52 (including the interior of the chip 13), that is, the
evacuation state of the housing space of the test paper 18 is released, a component (for example, oxygen, carbon
dioxide, or water vapor) in atmospheric air necessary for reaction between glucose (component to be measured) in the
blood 220 and the reagent supported by the test paper 18 can be sufficiently supplied to the test paper 18, whereby the
blood sugar level can be accurately measured.

[0206] The blood sugar level thus calculated is displayed on the display unit 12 (step S114 in FIG. 20).

[0207] The operator can thus confirm his or her blood sugar level from the value displayed on the display unit 12.
[0208] In addition, after the evacuation state is released in step S112, the electromagnetic valve 26 is closed again
for the next measurement.

[0209] As described above, according to the body fluid component measuring apparatus 1, it is possible to certainly
sample a sufficient amount of blood necessary for measurement for a short time and to accurately, certainly measure
the blood sugar level (amount of a specific component in blood).

[0210] Since the puncture site is evacuated before puncture and the puncture is performed by the puncturing means
4 only when it is confirmed that the puncture site is in the evacuation state, it is possible to prevent the finger from being
uselessly punctured, and hence to reduce the burden of the operator (patient).

[0211] Since the test paper 18 is provided on the chip 13, it is possible to continuously perform the puncture of the
finger tip, sampling of blood, diffusion of blood in the test paper 18, and measurement (quantitative determination) of
blood, and hence to easily measure the blood sugar level (component) in blood for a short time.

[0212] Since the preparation for operating the body fluid component measuring apparatus 1 is facilitated, the apparatus
1 is advantageous for periodical or repeated use thereof.

[0213] According tothe body fluid component measuring apparatus 1, itis possible to prevent occurrence of an accident
such as erroneous puncture of the skin of the operator again after puncture necessary for sampling of blood, and hence
to sample blood with a high safety. The apparatus 1 is also advantageous in that the operator can use the apparatus 1
with less sensation of fear against puncture because the puncture needle 14 is out of the eyeshot of the operator.
[0214] Accordingly, the body fluid component measuring apparatus 1 is suitable for the operator (patient) to measure
his or her blood sugar level.

[0215] The body fluid component measuring apparatus 1 is advantageous in terms of simple configuration, small size
and light weight, low cost, and suitability for mass-production.

[0216] A second embodiment of a body fluid component measuring apparatus according to the second aspect of the
present invention will be described below.

[0217] FIG. 21 is a flow chart showing a control operation of a control means for the body fluid component measuring
apparatus according to the second embodiment of the present invention. The following description will be made about
main different points from the above-described body fluid component measuring apparatus according to the first em-
bodiment, with the description of the common points thereto omitted.

[0218] The configuration of the body fluid component measuring apparatus 1 according to the second embodiment is
the same as that of the body fluid component measuring apparatus 1 according to the first embodiment, and therefore,
the description thereof is omitted, and the operations of the body fluid component measuring apparatus 1 according to
the second embodiment will be described with reference to a flow chart shown in FIG. 21, principally, about different
points from the body fluid component measuring apparatus 1 according to the first embodiment.

[0219] In the body fluid component measuring apparatus 1, when the operating button 222 is depressed, a program
shown in FIG. 21 is executed.

[0220] Prior to puncture, the control means 11 starts the suction of air in the bore portion 52 (including the interior of
the chip 13) of the housing 5 (step S201 in FIG. 21).

[0221] The pressure in the bore portion 52 (including the interior of the chip 13) of the housing 5 is detected by the
pressure sensor 27 (step S202 in FIG. 21).

[0222] The control means 11 decides, on the basis of information supplied from the pressure sensor 27, whether or
not the bore portion 52 (including the interior of the chip 13) has been evacuated, and specifically, whether or not the
pressure in the bore portion 52 has been reduced to a predetermined pressure (step S203 in FIG. 21).

[0223] Ifitis decided in step S203 that the pressure has been not sufficiently reduced, a notice about error is given
to the operator (step S204 in FIG. 21), and at the same time, the pump 8 is stopped and the electromagnetic valve 26
is once opened and closed again.

[0224] In step S204, the notice that an error has occurred during operation is given in the form of written words
displayed on the display unit 12 or in the form of audio words outputted from the audio outputting unit 32. It is to be noted
that the notice may be of course given via both the display unit 12 and the audio outputting unit 32.

[0225] Such a notice about an error allows the operator (user) to comprehend that an error (trouble) has occurred
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during operation.

[0226] If it is decided in step S103 that the pressure has been sufficiently reduced, the surface of the finger tip is
punctured (step S205 in FIG. 21).

[0227] The control means 11 drives the measuring means 7, to monitor the coloring of the test paper 18 via the
measuring means 7, thereby deciding whether or not the blood has been sampled (step S206 in FIG. 21).

[0228] Ifitis decided in step S206 that the blood has been not sampled, it is decided whether or not the predetermined
time has elapsed (step S207 in FIG. 21).

[0229] Ifitis decided in step S207 that the predetermined time has not elapsed, the process is returned to step S206,
and steps S206 and S207 are executed again. At this time, if it is decided in step S207 that the predetermined time has
elapsed, a notice about an error is given to the operator (step S208 in FIG. 21), and at the same time, the pump 8 is
stopped and the electromagnetic valve 26 is opened once to release the evacuation state and is closed again.

[0230] In step S208, the notice that an error has occurred during operation is given in the form of written words
displayed on the display unit 12 or in the form of audio words outputted from the audio outputting unit 32. It is to be noted
that the notice may be of course given via both the display unit 12 and the audio outputting unit 32.

[0231] Such a notice about an error allows the operator (user) to comprehend that an error (trouble) has occurred
during operation.

[0232] Ifitis decided in step S206 that the blood has been sampled, the pump 8 is stopped, and more specifically,
the suction of air in the bore portion 52 by the pump 8 is stopped (step S209 in FIG. 21).

[0233] The electromagnetic valve 26 is opened to release the evacuation state (step S210 in FIG. 21).

[0234] The control means 11 causes the measuring means 7 to measure the degree of coloring of the test paper 18,
executes arithmetic operation based on the data thus obtained, and performs correcting calculation such as temperature
correcting calculation or hematocrit value correcting calculation, to quantify the blood sugar level (step S211 in FIG. 21).
[0235] The blood sugar level thus calculated is displayed on the display unit 12 (step S212 in FIG. 21).

[0236] The operator can thus confirm his or her blood sugar level from the value displayed on the display unit 12.
[0237] In addition, after the evacuation state is released in step S210, the electromagnetic valve 26 is closed again
for the next measurement.

[0238] According to the body fluid component measuring apparatus 1, it is possible to obtain the same effect as that
obtained by the above-described the body fluid component measuring apparatus 1 according to the first embodiment.
[0239] A third embodiment of a body fluid component measuring apparatus according to the second aspect of the
present invention will be described below.

[0240] FIG. 22 is a flow chart showing a control operation of a control means for the body fluid component measuring
apparatus according to the third embodiment of the present invention. The following description will be made about main
different points from the above-described body fluid component measuring apparatus according to the first embodiment,
with the description of the common points thereto omitted.

[0241] The configuration of the body fluid component measuring apparatus 1 according to the third embodiment is
the same as that of the body fluid component measuring apparatus 1 according to the first embodiment, and therefore,
the description thereof is omitted, and the operations of the body fluid component measuring apparatus 1 according to
the second embodiment will be described with reference to a flow chart shown in FIG. 22, principally, about different
points from the body fluid component measuring apparatus 1 according to the first embodiment.

[0242] In the body fluid component measuring apparatus 1, when the operating button 222 is depressed, a program
shown in FIG. 22 is executed.

[0243] Prior to puncture, the control means 11 starts the suction of air in the bore portion 52 (including the interior of
the chip 13) of the housing 5 (step S301 in FIG. 22).

[0244] The pressure in the bore portion 52 (including the interior of the chip 13) of the housing 5 is detected by the
pressure sensor 27 (step S302 in FIG. 22).

[0245] The control means 11 decides, on the basis of information supplied from the pressure sensor 27, whether or
not the bore portion 52 (including the interior of the chip 13) has been evacuated, and specifically, whether or not the
pressure in the bore portion 52 has been reduced to a predetermined pressure (step S303 in FIG. 22).

[0246] Ifitis decided in step S203 that the pressure has been not sufficiently reduced, it is decided whether or not a
predetermined time has elapsed (step S304 in FIG. 22).

[0247] Ifitis decided in step S304 that the predetermined time has not elapsed, a notice about positional correction
is given to the operator (step S305 in FIG. 22).

[0248] In step S305, the notice that the position of the finger touched to the finger touch portion 3 should be corrected
is given in the form of written words displayed on the display unit 12 or in the form of audio words outputted from the
audio outputting unit 32. It is to be noted that the notice may be of course given via both the display unit 12 and the
audio outputting unit 32.

[0249] Such a notice about positional correction allows the operator (user) to comprehend the circumstance, and on
the basis of such information, the operator may move the finger to a suitable position and take an appropriate attitude
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of the finger so as to make the leakage of air as small as possible.

[0250] After step S305is executed, the process is returned to step S302, and steps S302, S303 and S304 are executed
again. At this time, if it is decided in step S304 that the predetermined time has elapsed, a notice about error is given to
the operator (step S306 in FIG. 22), and at the same time, the pump 8 is stopped and the electromagnetic valve 26 is
once opened and closed again.

[0251] In step S306, the notice that an error has occurred during operation is given in the form of written words
displayed on the display unit 12 or in the form of audio words outputted from the audio outputting unit 32. It is to be noted
that the notice may be of course given via both the display unit 12 and the audio outputting unit 32.

[0252] Such a notice about an error allows the operator (user) to comprehend that an error (trouble) has occurred
during operation.

[0253] Itisdecidedin step S303 thatthe pressure has been sufficiently reduced, the pump 8 is stopped, and specifically,
the suction of air in the bore portion 52 by the pump 8 is stopped (step S307 in FIG. 22).

[0254] The electromagnetic valve 26 is once opened, to release the evacuation state (step S308 in FIG. 22). It is to
be noted that after the evacuation state is released in step S308, the electromagnetic valve 26 is closed again.

[0255] The surface of the finger tip 200 is then punctured (step S309 in FIG. 22).

[0256] The pump 8 is operated, to start the suction of air in the bore portion 52 (including the interior of the chip 13)
of the housing 5 (step S310 in FIG. 22).

[0257] The control means 11 drives the measuring means 7, to monitor the coloring of the test paper 18 via the
measuring means 7, thereby deciding whether or not the blood has been sampled (step S311 in FIG. 22).

[0258] Ifitis decided in step S311 that the blood has been not sampled, it is decided whether or not the predetermined
time has elapsed (step S312 in FIG. 22).

[0259] Ifitis decided in step S312 that the predetermined time has not elapsed, the process is returned to step S311,
and steps S311 and S312 are executed again. At this time, if it is decided in step S312 that the predetermined time has
elapsed, a notice about an error is given to the operator (step S313 in FIG. 22), and at the same time, the pump 8 is
stopped and the electromagnetic valve 26 is opened once to release the evacuation state and is closed again.

[0260] In step S313, the notice that an error has occurred during operation is given in the form of written words
displayed on the display unit 12 or in the form of audio words outputted from the audio outputting unit 32. It is to be noted
that the notice may be of course given via both the display unit 12 and the audio outputting unit 32.

[0261] Such a notice about an error allows the operator (user) to comprehend that an error (trouble) has occurred
during operation.

[0262] If it is decided in step S311 that the blood has been sampled, the pump 8 is stopped, and more specifically,
the suction of air in the bore portion 52 by the pump 8 is stopped (step S314 in FIG. 22).

[0263] The electromagnetic value 26 is opened to release the evacuation state (step S315 in FIG. 22).

[0264] The control means 11 causes the measuring means 7 to measure the degree of coloring of the test paper 18,
executes arithmetic operation based on the data thus obtained, and performs correcting calculation such as temperature
correcting calculation or hematocrit value correcting calculation, to quantify the blood sugar level (step S316 in FIG. 22).
[0265] The blood sugar level thus calculated is displayed on the display unit 12 (step S317 in FIG. 22).

[0266] The operator can thus confirm his or her blood sugar level from the value displayed on the display unit 12.
[0267] In addition, after the evacuation state is released in step S315, the electromagnetic valve 26 is closed again
for the next measurement.

[0268] According to the body fluid component measuring apparatus 1, it is possible to obtain the same effect as that
obtained by the above-described the body fluid component measuring apparatus 1 according to the first embodiment.
[0269] According to this body fluid component measuring apparatus 1, when the evacuated state is detected, the
evacuation state is once released and then the puncture is performed. Accordingly, although a difference in swelled
amount of the skin of the finger tip by the pressure occurs among individuals because of a difference in rigidity of the
skin of the finger tip among individuals, it is possible to make such a difference in swelled amount of the skin of the finger
tip as small as possible, and hence to puncture the finger tip with the puncture depth kept highly constant irrespective
of a difference among individuals.

[0270] It is to be noted that according to the present invention, steps S304 and S305 may be omitted.

[0271] A fourth embodiment according to the second aspect of the present invention will be described with reference
to FIG. 13.

[0272] A body fluid component measuring apparatus 1 according to the fourth embodiment is the same as the above-
described body fluid component measuring apparatus 1 according to each of the first, second and third embodiments
except for the configuration of the evacuation releasing means, and therefore, the overlapped description thereof is
omitted.

[0273] In this body fluid component measuring apparatus 1, as shown in FIG. 13, a fine tube 83 is provided in place
of the electromagnetic valve 26 of the body fluid component measuring apparatus 1 according to each of the first, second,
and third embodiments.

23



10

15

20

25

30

35

40

45

50

55

EP 1776 924 B1

[0274] The fine tube 83 is formed of a cylindrical member and internally has an orifice (flow passage) 831. The fine
tube 83 is connected to an end portion of the tube 82, and the tip of the fine tube 83 (orifice 831) is opened to the outside
of the main body 2.

[0275] The orifice 831 of the fine tube 83 is required to be narrow enough to keep a large passing resistance of air.
The diameter of the orifice 831 is not particularly limited but is preferably in a range of about 0.01 to 0.3 mm. The length
of the orifice 831 is not particularly limited but is preferably in a range of about 5 to 15 mm. By setting the diameter of
the orifice 831 within the above range, it is possible to certainly keep the necessary passing (flow) resistance of air.
[0276] An evacuation releasing means is composed of the tubes (flow passage) 81, 82 and the fine tube 83.

[0277] Itis to be noted that the fine tube 83 is not limited to that shown in the figure, and although only one fine tube
83 is provided in this embodiment, a plurality of fine tubes (orifices) may be provided if needed.

[0278] In operation of the body fluid component measuring apparatus 1 according to this embodiment, since the flow
rate of air sucked by the pump 8 is larger than the flow rate of outside air (atmospheric air) flowing from the orifice 831
of the fine tube 83, when the pump 8 is operated in step S2, the suction of air in the bore portion 52 of the housing 5 is
started, whereby the pressure in the bore portion 52 (including the interior of the chip 13) is reduced, to thereby bring
the bore portion 52 into an evacuation state.

[0279] When the pump 8 is stopped in step S6, outside air (atmospheric air) flows in the bore portion 52 (including
the interior of the chip 13) and the puncture site 210 via the orifice 831 of the fine tube 83, the tubes 82 and 81, and the
ventilation passage 54, to release the evacuation state of the bore portion 52 (including the interior of the chip 13) and
the puncture site 210. The pressure in the bore portion 52 (including the interior of the chip 13) and the puncture site
210 is thus returned to atmospheric pressure.

[0280] The body fluid component measuring apparatus 1 according to this embodiment can obtain the same effect
as that obtained by the above-described body fluid component measuring apparatus 1 according to each of the first,
second, and third embodiments.

[0281] While the body fluid component measuring apparatus according to the second aspect of the present invention
has been described on the basis of the first and second embodiments shown in the figures, the present invention is not
limited thereto. For example, the configuration of each of the constituent elements described in the embodiments may
be replaced with any configuration exhibiting the same function.

[0282] In the above-described embodiments according to the second aspect, the body fluid to be sampled is repre-
sented by blood; however, according to the present invention, the body fluid to be sampled is not limited thereto but may
be exemplified by sweat, lymph, cerebrospinal fluid, or the like.

[0283] The component to be measured is represented by glucose (blood sugar level) in the embodiments; however,
according to the present invention, the component to be measured is not limited thereto but may be exemplified by
protein, cholesterol, uric acid, creatinine, alcohol, or ions of an inorganic matter such as sodium.

[0284] The measuring means in the embodiments is configured to measure an amount of a specific component;
however, according to the present invention, the measuring means may be configured to measure a property of a specific
component, or to measure both an amount and a property of a specific component.

[0285] According to the presentinvention, a suction force generated by the pump 8, that is, the pressure in the puncture
needle housing space (bore portion 52) at the time of sampling blood may be kept constant or changed (with elapsed time).
[0286] FIGS. 23 and 24 each show a pressure pattern in the puncture needle housing space (bore portion 52) at the
time of sampling blood.

[0287] According to the present invention, as shown in FIG. 23, the pressure in the puncture needle housing space
(bore portion 52) may be alternately changed between a low pressure and a high pressure; or as shown in FIG. 24, the
pressure in the puncture needle housing space (bore portion 52) may be gradually increased. In this case, the puncture
timing is not particularly limited.

[0288] An amount, necessary and adequate for measurement, of blood can be more certainly sampled for a shorter
time by changing the pressure in the puncture needle housing space (bore potion 52).

[0289] The pressure detecting means in the embodiments is represented by the pressure sensor; however, according
to the present invention, the pressure detecting means is not limited thereto but may be exemplified by a position sensor.
[0290] In the case of using a position sensor as the pressure detecting means, a mark may be attached to the housing
5 and a photo-interrupter representative of the position sensor be provided on the housing body 21 of the main body 2.
With this configuration, when the housing 5 is drawn in the chip withdrawing mechanism 6 along with a change in
pressure, the position of the housing 5 can be detected by the position sensor.

[0291] The means (called "measuring means") used as not only as the blood sampling detecting means for detecting
the sampling of blood but also as the measuring means for measuring an amount of a specific component in blood is
provided in the embodiments; however, according to the present invention, the blood sampling detecting means and
the measuring means may be separately provided.

[0292] The blood sampling means is represented by the means for optically detecting the sampling of blood in the
embodiments; however, according to the present invention, the blood sampling means is not limited thereto but may be
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configured as a means for electrically detecting the sampling of blood.

[0293] In the case of adopting the blood sampling detecting means for optically detecting the sampling of blood, the
detection of the sampling of blood is not necessarily based on the manner described in the embodiments, that is, the
manner of detecting the coloring (color development) of the test paper due to reaction between the component in blood
and the reagent but may be based on a manner of detecting the introduction of blood in the blood passage (blood flow
passage) for supplying blood to the test paper provided on the chip.

[0294] In the case of adopting the manner of detecting the introduction of blood in the blood passage, a portion, at
leastin the vicinity of the blood passage, of the chip may be formed of a member having a light permeability (transparency),
and further, the blood sampling detecting means may be configured to emit light to the blood passage via the transparent
member, receive the reflected light or transmitted light, and convert the light into an electric signal, and the control means
may be configured to monitor a voltage outputted from the blood sampling detecting means. If blood is introduced in the
blood passage, the color of a portion, through which the blood passes, of the blood passage is changed into nearly dark-
red, to change the quantity of the reflected light or the transmitted light thereat, thereby changing a voltage outputted
from the blood sampling detecting means. As a result, the sampling of blood can be detected on the basis of the change
in voltage (quantity of light) outputted from the blood sampling detecting means.

[0295] The blood sampling detecting means for electrically detecting the sampling of blood is exemplified by a sensor
(electrode) for detecting (measuring) an impedance of the blood passage or the like of the chip, or a bio-sensor.
[0296] In the case of adopting the bio-sensor, since a current outputted from the bio-sensor is changed if blood is
introduced in the blood passage, the sampling of blood can be detected on the basis of the change in current (current
value) outputted from the bio-sensor.

[0297] In the case of adopting the sensor for detecting an impedance of the blood passage, since an impedance
between the electrodes of the sensor, provided across the blood passage, is changed if blood is introduced in the blood
passage, the sampling of blood can be detected on the basis of the change in impedance of the blood passage.
[0298] The body fluid component measuring apparatus in each of the embodiments is configured by optically measuring
the degree of the coloring of the test paper caused by reaction between the component in blood and the reagent, and
converting the measured result into a value to be displayed on the display unit; however, the present invention is not
limited thereto. For example, the measuring apparatus may be configured by electrically measuring a change in potential
caused depending on an amount of a component in blood (specimen), and converting the measured result into a value
to be displayed on the display unit.

[0299] The measurement method in each of the embodiments is configured so as to release the evacuation state prior
to measurement; however, according to the present invention, the method may be configured so as to relieve the
evacuation state prior to measurement.

[0300] According to the present invention, the actions of the evacuation means, the puncturing means, and the chip
withdrawing mechanism may be started either in a manual manner or in an automatic manner, respectively.

[0301] A body fluid component measuring apparatus according to a third aspect of the present invention will be
hereinafter described in detail on the basis of preferred embodiments shown in the accompanying drawings.

[0302] Itisto be noted that FIGS. 2 and 9 used for the following description are the same drawings as those used for
description of the body fluid component measuring apparatus according to the first aspect of the present invention.
[0303] FIG. 25, equivalent to FIG. 1 used for description of the first aspect, is a perspective view typically showing a
first embodiment of the body fluid component measuring apparatus according to the third aspect (hereinafter, the word
"third aspect” is omitted); FIGS. 26 and 27 are vertical sectional views showing configuration examples of a puncturing
means and a housing for housing the puncturing means, which are equivalent to FIGS. 3 and 4 used for description of
the first aspect except that the chip withdrawing mechanism 61 is replaced with a supporting portion 600, respectively;
FIGS. 28 to 31 are vertical sectional views showing configuration examples of essential portions of the body fluid
component measuring apparatus according to the first embodiment, which are equivalent to FIGS. 5, 6, and 8 and FIG.
10 except that the chip withdrawing mechanism 61 is replaced with the supporting portion 600, respectively.

[0304] FIG. 32is a flow chart showing a control operation of a control means for the body fluid component measuring
apparatus according to the first embodiment. In these figures, parts corresponding to those shown in the previous figures
are denoted by the same reference numerals.

[0305] Itis to be noted that these drawings are depicted with the "base end side" of the apparatus taken as the right
side and the "tip side" of the apparatus taken as the left side.

[0306] As shown in FIGS. 25, 28 and 9, a body fluid component measuring apparatus (blood component measuring
apparatus) 1 according to the first embodiment includes a main body 2, a finger touch portion 3 disposed on the main
body 2, a puncturing means 4 housed in a housing 5, a measuring means 7 for detecting the sampling of blood (body
fluid) and measuring a specific component in the sampled blood (body fluid), a pump 8 for evacuating the interior of the
housing 5, an electromagnetic valve 26 for releasing, relieving, or holding an evacuation state of the interior of the
housing 5, a pressure sensor (pressure detecting means) 27 for detecting the pressure in the housing 5, a solenoid
(drive source) 28, a switch 29, a battery (power source) 9, a control means 11 and a memory 33 provided on a circuit
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board 10, a display unit (notifying means) 12, an audio outputting unit (notifying means) 32, and an externally outputting
unit 34.

[0307] Attime of use, the chip 13 is mounted to the body fluid component measuring apparatus 1. Each of constituent
elements of the apparatus 1 will be described below.

[0308] The main body 2 is composed of a housing body 21 and a lid body 22, which are disposed opposite to each
other. The main body 2 internally has a housing space 23, in which the puncturing means 4, the housing 5, the measuring
means 7, the pump 8, the electromagnetic valve 26, the solenoid 28, the switch 29, the battery 9, the circuit board 10,
the control means 11, the memory 33, the display unit 12, the audio outputting unit 32, and the externally outputting unit
34 are housed. The pressure sensor 27 is disposed in the housing 5.

[0309] A wall portion 211 on the tip side of the housing body 21 has an opening 212 passing through the housing body
21. The opening 212 has a circular shape in cross-section. The chip 13 is mounted (held) to the housing 5 (to be described
later) via the opening 212.

[0310] The finger touch portion 3 (to which the epidermis is to be touched) is provided on a plane on the tip side of
the wall portion 211 so as to surround the outer periphery of the opening 212. The finger touch portion 3 has a shape
corresponding to that of the finger tip (finger). A finger touch plane 31 is formed on the tip side of the finger touch portion
3. The operator (user) operates the body fluid component measuring apparatus 1 while touching the finger tip to the
finger touch portion 3 (finger touch plane 31). With such an operation of the apparatus 1, the finger tip is punctured,
blood is sampled therefrom, and an amount of a specific component (represented by glucose in this embodiment) of the
sampled blood is measured.

[0311] The upper surface of the lid body 22 has a display window (opening) 221 passing through the lid body 22. The
display window 221 is covered with a plate member made from a transparent material.

[0312] The display unit 12 is disposed in the containing space 23 at a position corresponding to that of the display
window 221. Accordingly, various kinds of information displayed on the display unit 12 can be checked via the display
window 221.

[0313] The display unit 12 is composed of, for example, a liquid crystal display device (LCD) or the like. Various kinds
of information associated with ON/OFF of the power source, power voltage (remaining capacity of the battery), measured
value, measurement date & hour, error indication, positional correction indication, operation guidance, and the like can
be displayed on the display unit 12.

[0314] The audio outputting unit 32 is typically composed of a buzzer (device for generating a specific sound, melody,
or the like) or a speaking device.

[0315] The notifying means is not limited to those described above but may be exemplified by a light emitting device
such as a light emitting diode (LED) or an EL device, a lamp, or an EL display device.

[0316] The externally outputting unit 34 is adapted to output data such as the resultant blood sugar level to an external
unit such as a personal computer.

[0317] An operating button 222 is provided on the upper surface of the lid body 22. In the body fluid component
measuring apparatus 1, when the operating button 222 is depressed, the switch 29 is turned on along with the operation
of the operating button 222, and a signal is inputted from the switch 29 to the control means 11.

[0318] The circuit board 10 is disposed under the display unit 12 in FIG. 25. The control means 11 in the form of a
microcomputer and the memory 33 are mounted on the circuit board 10. The control means 11 controls various operations
of the body fluid component measuring apparatus 1, for example, an operation to decide whether or not blood has been
sampled. The control means 11 incorporates a calculating portion for calculating an amount of glucose (blood sugar
value) in blood on the basis of a signal from the measuring means 7.

[0319] The pump 8 is disposed as the evacuating means (sucking means) under the left half of the circuit board 10
in FIG. 25. The pump 8 is electrically operated, and is connected to a ventilation passage 54 formed in the housing 5
(to be described later) via a tube 81. The tube 81 is flexible, and is made from a polymer material selected, for example,
from polyolefines such as polyvinyl chloride, polyethylene, polypropylene, and ethylene-vinyl acetate copolymer (EVA),
and other polymers such as polyamide, polyester, silicon rubber, and polyurethane.

[0320] The pump 8 is operated to suck and discharge air in a bore portion 52 of the housing 5 and thereby evacuate
the bore portion 52 of the housing 5.

[0321] The pump 8 may be any pump insofar as it can evacuate both the bore portion 52 of the housing 5 and the
puncture site of the finger tip to a degree of vacuum allowing suction of blood from the puncture site of the finger (for
example, about 100 to 600 mmHg).

[0322] The battery 9 is disposed as the power source under the right half of the circuit board 10 in FIG. 25. The battery
9 is electrically connected to the pump 8, the electromagnetic valve 26, the solenoid 28, the control means 11, the display
unit 12, the audio outputting unit 32, and the like for supplying a necessary power to each of these constituted elements.
[0323] The measuring means 7 is disposed in front of the pump 8 in FIG. 25. The measuring means 7 is adapted to
optically detect the supply (sampling) of blood to a strip of test paper 18 provided for the chip 13 (to be described later),
and to optically measure an amount of glucose in the blood diffused in the test paper 18. The measuring means 7 is
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located in the vicinity of a side portion, at which the test paper 18 is positioned, of the chip 13 in a state that the chip 13
is mounted to and held by the housing 5.

[0324] In this way, the measuring means 7 has both the function of detecting the sampling of blood and the function
of measuring an amount of glucose (specific component) in blood diffused in the test paper 18. As a result, in comparison
with an apparatus in which two means having the above-described two functions are separately provided, the apparatus
1 including the measuring means 7 is advantageous in reducing the number of parts, simplifying the configuration of the
apparatus 1, and reducing the number of steps of assembling the constituent elements into the apparatus 1.

[0325] The measuring means 7 has a light emitting device (light emitting diode) 71 and a light receiving device (pho-
todiode) 72.

[0326] The light emitting device 71 is electrically connected to the control means 11, and the light receiving device 72
is electrically connected to the control means 11 via an amplifier 24 and an A/D converter 25.

[0327] The light emitting device 71 is operated for emission of light on the basis of a signal from the control means
11. The light emitted from the light emitting device 71 is preferably pulse light emitted intermittently at specific time intervals.
[0328] When the light emitting device 71 is turned on in a state that the chip 13 is mounted to the housing 5, the test
paper 18 is irradiated with the light emitted from the light emitting device 71. The light is reflected from the test paper
18 and is received by the light receiving device 72. In the light receiving device 72, the light is subjected to photoelectric
conversion. An analogue signal corresponding to the quantity of light is outputted from the light receiving device 72, and
is suitably amplified by the amplifier 24. The amplified analogue signal is converted into a digital signal by the A/D
converter 25, to be inputted in the control means 11.

[0329] The control means 11 decides, on the basis of the inputted signal, whether or not blood has been sampled,
that is, whether or not blood has been diffused in the test paper 18 of the chip 13.

[0330] The control means 11 performs a specific calculating operation on the basis of the inputted signal, and further,
a correcting calculation if needed, to determine an amount of glucose (blood sugar level) in the blood. The blood sugar
level thus obtained is displayed on the display unit 12.

[0331] Thehousing5inwhichthe puncturing means 4 is housed is disposed in front of the measuring means 7 in FIG. 25.
[0332] As described above, at time of use of the body fluid component measuring apparatus 1, the chip 13 is mounted
to the housing 5. As is shown in FIG. 2, the chip 13 includes a puncture needle 14, a first housing 15 for slidably housing
the puncture needle 14, a second housing 16 disposed on the outer periphery of the first housing 15, a test paper fixing
portion 17 disposed on an outer peripheral portion of the second housing 16, and the test paper 18 fixed to the test
paper fixing portion 17.

[0333] The puncture needle 14 is composed of a needle body 141 and a hub 142 fixed to the base end side of the
needle body 141. The puncture needle 15 is housed in a bore portion 152 of the first housing 15.

[0334] The needle body 141 is formed of a hollow member or a solid member made from a metal material such as a
stainless steel, aluminum, an aluminum alloy, titanium, or a titanium alloy. A sharp edge (needle tip) is formed at the tip
of the needle body 141. The surface (skin) of the finger tip is punctured by the cutting edge of the needle body 141.
[0335] The hub 142 is formed of an approximately columnar member. The hub 142 is slid with its outer periphery
being in contact with an inner peripheral surface 151 of the first housing 15.

[0336] A small-diameter portion 143 is formed on the base end side of the hub 142. The small-diameter portion 143
is fitted in a needle holder 411 of a plunger 41 constituting part of the puncturing means 4 (to be described later).
[0337] The first housing 15 is formed of a cylindrical member with its bottom closed with a wall portion 153, and
internally has a bore portion 152.

[0338] An approximately central portion of the wall portion 153 has a hole 154 formed into a circular shape in cross-
section. At the time of puncture of the finger tip (finger), the needle body 141 passes through the hole 154. The diameter
of the hole 154 is set to be smaller than the outer diameter of the tip of the hub 142. Accordingly, after the puncture
needle 14 is moved in the bore portion 152 in the direction toward the tip side until the tip of the hub 142 comes in contact
with the base end of the wall portion 153, the puncture needle 14 is no longer moved in the direction toward the tip side.
As a result, at the time of puncture of the finger tip, the length of a portion, projecting from the tip of the chip 13, of the
needle body 141 can be kept constant. This is advantageous in that the finger tip can be more certainly prevented from
being too deeply punctured with the cutting edge of the needle body 141.

[0339] The puncture depth of the cutting edge of the needle body 141 in the finger tip may be adjusted by providing
a mechanism for adjusting a movement distance of the plunger 41 (to be described later).

[0340] The second housing 16 is fixed to the outer periphery of the first housing 15.

[0341] The second housing 16 is formed of an approximately cylindrical member, and internally has a bore portion 161.
[0342] A ring-shaped contact portion 163 is formed at the tip of the second housing 16 in such a manner as to project
outwardly therefrom. The contact portion 163 is a portion to which the finger tip is to be touched, and internally has a tip
opening (opening) 162 through which the bore portion 161 is opened. The outer peripheral edge of the tip of the contact
portion 163 is formed into a shape suitable for stimulating, when the finger tip is touched thereto, the neighborhood of
the puncture site to moderate pain caused by puncture, and also suitable for suppressing, when the bore portion 161 is
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evacuated, the flow of air between the tip of the contact portion 163 and the surface of the finger tip as much as possible.
Itis to be noted that the contact portion 163 is not necessarily provided at the tip of the second housing 16. For example,
the tip surface of the second housing 16 may be flattened in place of provision of the contact portion 163 at the tip of
the second housing 16.

[0343] In the second housing 16, a ring-shaped flange 164 is formed on an outer peripheral portion near the base end
of the contact portion 163 in such a manner as to project outwardly therefrom. When the chip 13 is mounted to the
housing 5 (to be described later), the base end of the flange 164 is brought into contact with the tip of the housing 5, to
determine the position of the chip 13 to the housing 5.

[0344] An outer peripheral portion of the second housing 16 has a recess 165. The test paper fixing portion 17 on
which the disk-like test paper 18 has been fixed is mounted in the recess 165.

[0345] A blood introducing guide 166 is formed on an inner peripheral surface of the second housing 16 in such a
manner as to project inwardly therefrom in the bore portion 161. The blood introducing guide 166 has a function of
receiving, after puncture of the finger tip, the blood (specimen) having flown from the tip opening 162 into the bore portion
161.

[0346] In such a chip 13, a blood passage 19 communicating the bore portion 161 of the second housing 16 to the
outside of the chip 13 via the second housing 16 and the test paper fixing portion 17 is formed. The blood passage 19
is a flow passage for introducing the blood obtained by puncture of the finger tip to the test paper 18. The blood passage
19 has both a passage opening 191 opened to the bore portion 161 and a passage opening 192 opened to the outside
of the chip 13. It is to be noted that the passage opening 192 is located at a center portion of the test paper 18.

[0347] The blood introducing guide 166 is formed near the passage opening 191. Accordingly, the blood received by
the blood introducing guide 166 is efficiently introduced from the passage opening 191 to the blood passage 19. The
blood flowing in the blood passage 19 reaches the passage opening 192 due to a capillary phenomenon, and is supplied
to the center portion of the test paper 18 disposed to cover the passage opening 192, to be thus radially diffused in the
test paper 18.

[0348] The test paper 18 is configured by supporting a reagent on a carrier capable of absorbing and diffusing blood
therein.

[0349] The carrieris formed of a sheet-like porous member such as a non-woven fabric, a woven fabric, or an expanded
sheet. The porous member preferably has a hydrophilic property.

[0350] The reagent to be supported on the carrier is suitably determined depending on a component, to be measured,
in blood (specimen). For example, a combination of glucose oxidase (GOD), peroxidase (POD), and a color coupler
(coloring reagent) such as 4-aminoantipyrin or N-ethyl-N-(2-hydroxy-3-sulfopropyl)-m-toluidine may be used as areagent
for measurement of a blood sugar level. A combination of a material reactive with a blood component, for example,
ascorbate oxidase, alcohol oxidase, or cholesterol oxidase and the above-described color coupler (coloring reagent)
may be also used depending on a component to be measured. The reagent may contain a buffer such as a phosphate
buffer. It is to be noted that the kind of reagent and a component to be measured are, of course, not limited to those
described above.

[0351] Such a chip 13 is removably fitted in the housing 5 (fitting portion 53) via the opening 212 of the housing body
21 as described above.

[0352] As shown in FIGS. 25, 26, and 27, a cylindrical supporting portion 600 with its bottom closed is fixed on the
base end side of the housing body 21. The base end side of the housing 5 is fitted in the supporting portion 600.
[0353] As shown in FIGS. 26 and 27, the housing 5 is formed of a cylindrical member with its bottom closed with a
wall portion 51, and internally has a bore portion (housing space) 52. The housing 5 internally has, on the tip side, a
small-diameter fitting portion 53. To be more specific, the inner diameter of the fitting portion 53 is set to correspond to
the diameter of the outer periphery of the chip 13. The chip 13 is inserted and fixedly fitted in the fitting portion 53. It is
tobe notedthatin FIGS. 26 and 27, the chip 13 is depicted with its structure simplified for easy understanding of description.
[0354] A side portion of the housing 5 has the ventilation passage 54 for communicating the bore portion 52 to the
outside. The ventilation passage 54 is connected to the pump 8 via the tube 81. Air in the bore portion 52 is sucked via
the ventilation passage 54 and the tube 81 by the pump 8, to evacuate the bore portion 52 (including the interior of the
chip 13).

[0355] As shown in FIG. 28, one end of a tube 82 is branched from a middle point of the tube 81, and the other end
of the tube 82 is opened to the outside of the main body 21. The tube 82 is flexible, and may be made, for example,
from the same material as that for forming the tube 81.

[0356] The electromagnetic valve 26 is provided in a middle point of the tube 82 for opening/closing the flow passage
of the tube 82.

[0357] When the electromagnetic valve 26 remains closed (OFF state), the evacuation state of the bore portion 52
(including the interior of the chip 13) is kept. On the other hand, when the electromagnetic valve 26 is opened (ON state),
air (atmospheric air) is introduced from the outside into the bore portion 52 having been kept in the evacuation state via
the tubes 82 and 81 and the ventilation passage 54, to release or relieve the evacuation state of the bore portion 52.
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[0358] Accordingly, an evacuation releasing means is composed of the tubes (flow passage) 81 and 82 and the
electromagnetic valve 26.

[0359] A pressure adjusting means for adjusting the pressure in the bore portion 52 (including the interior of the chip
13) is composed of the evacuation releasing means and the pump 8.

[0360] A ring-shaped seal ring (sealing member) 55 is fitted in the tip surface of the housing 5. With this provision of
the seal ring 55, when the chip 13 is mounted to the housing 5, the base end of the flange 164 of the chip 13 is brought
into contact with the seal ring 55, to keep the air-tightness of the bore portion 52.

[0361] The seal ring 55 is made from an elastic material selected, for example, from various kinds of rubber materials
such as natural rubber, isoprene rubber, butadiene rubber, styrene-butadiene rubber, nitrile rubber, chloroprene rubber,
butyl rubber, acrylic rubber, ethylene-propylene rubber, hydrin rubber, urethane rubber, silicone rubber, and fluorocarbon
rubber, and various kinds of thermoplastic elastomers such as a styrene based elastomer, a polyolefine based elastomer,
a polyvinyl chloride based elastomer, a polyurethane based elastomer, a polyester based elastomer, a polyamide based
elastomer, a polybutadine based elastomer, and a fluorocarbon rubber based elastomer.

[0362] The puncturing means 4 is housed in a portion, on the base end side from the fitting portion 53, of the bore
portion 52 of the housing 5. The puncturing means 4 is adapted to move the puncture needle 14 mounted thereto in the
direction toward the tip side for puncturing the surface of the finger tip with the edge of the needle body 141.

[0363] The puncturing means 4 is composed of the plunger 41, a coil spring (urging member) 42 for urging the plunger
41 in the direction toward the tip side, and a coil spring (urging member) 43 for urging the plunger 41 in the direction
toward the base end.

[0364] A cup-shaped needle holder 411 is provided at a tip portion of the plunger 41. The small-diameter 143 of the
puncture needle 14 is removably fitted in the needle holder 411. An elastically deformable elastic piece 412 is provided
on a base end portion of the plunger 41. The elastic piece 412 has, at its tip, a locking portion 413 having the shape of
a projecting arm.

[0365] In a state before the chip 13 is mounted to the housing 5, that is, in a state before the puncture needle 14 is
mounted to the plunger 41 (see FIG. 26), the locking portion 413 is urged upwardly in FIG. 26 by the elastic force of the
elastic piece 412, to be brought into contact with the inner peripheral surface of the housing 5. On the other hand, in a
state that the chip 13 is mounted to the housing 5, that is, in a state that the puncture needle 14 is mounted to the plunger
41 (see FIG. 27), the locking portion 413 is inserted in an opening 57 formed so as to pass through the housing 5, to be
locked with an edge portion of the opening 57. In this case, the movement of the plunger 41 in the direction toward the
tip side is restricted. In addition, the opening 57 is closed with a flat seal sheet (sealing member) 58 to keep the air-
tightness of the bore portion 52. The seal sheet 58 may be made from the same material as that for forming the above-
described seal ring 55.

[0366] The coil spring (spring for puncture) 42 is disposed on the base end side of the plunger 41 in a state that both
ends thereof are in contact with the plunger 41 and the wall portion 51. On the other hand, the coil spring (spring for
return) 43 is disposed on the tip side of the plunger 41 in a state that both ends thereof are in contact with the plunger
41 and the fitting portion 53.

[0367] The pressure sensor 27 is disposed in the housing 5 for detecting the pressure in the bore portion 52 (including
the interior of the chip 13) of the housing 5. Information from the pressure sensor 27, more specifically, the pressure
(data) detected by the pressure sensor 27 is inputted in the control means 11.

[0368] As shown in FIGS. 26 and 27, the solenoid 28 as the drive source for electrically driving the locking portion
413 is provided outside the housing 5. The solenoid 28 is disposed in such a manner as to inwardly move the locking
portion 413 in the bore portion 52 (in the direction shown by an arrow in the figure) by a plunger 281 of the solenoid 28.
[0369] Inthe state that the locking portion 413 is locked with the opening 57, the coil spring 42 remains as compressed,
to urge the plunger 41 in the direction toward the tip side. When the plunger 281 of the solenoid 28 is moved in the
direction shown by the arrow in the figure to release the locking state of the locking portion 413 from the opening 57,
the coil spring 42 is extended to move the plunger 41 in the direction toward the tip side, to allow the edge of the needle
body 141 to puncture the surface (skin) of the finger tip. In this way, an operation starting means for starting the operation
of the puncturing means 4 is composed of the solenoid 28.

[0370] At the time, the coil spring 43 is compressed to urge the plunger 41 in the direction toward the base end side,
that is, to return the plunger 41 in the direction toward the base end side. Thereafter, the movement of the plunger 41
is attenuated, and the plunger 41 is rested at a position where the elastic force of the coil spring 42 is balanced against
the elastic force of the coil spring 43.

[0371] In the state that the plunger 41 is rested, the cutting edge of the needle body 141 is in a state being housed in
the chip 13.

[0372] In the body fluid component measuring apparatus 1, when the chip 13 is inserted in the fitting portion 53 of the
housing 5 and the small-diameter portion 143 of the puncture needle 14 is fitted in the needle holder 411, the tip of the
contact portion 163 is nearly aligned to the finger touch plane 31 or slightly projects from the finger touch plane 31 (see
FIGS. 27 and 28). As a result, when the finger tip 200 is touched to the finger touch portion 3, the surface of the finger
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tip 200 is certainly brought into contact with the contact portion 163, to block the tip opening 162.

[0373] According to the body fluid component measuring apparatus 1 described above, at the time of sampling blood
from the puncture site, the drive of the pump 8 and the electromagnetic valve 26 is controlled, on the basis of information
supplied from the pressure sensor 27, in such a manner as to evacuate the bore portion 52 (including the interior of the
chip 13) with the pressure fluctuated (changed) with elapsed time.

[0374] The pressure pattern in the bore portion 52 at the time of sampling blood is not particularly limited insofar as
the bore portion 52 is evacuated with the pressure fluctuated with elapsed time. One example of the pressure pattern
in the bore portion will be described below.

[0375] FIG. 33 is a graph showing one example of the pressure pattern in the bore portion 52 at the time of sampling
blood.

[0376] As shown in the figure, according to the body fluid component measuring apparatus 1, at the time of sampling
blood, the drive of the pump 8 and the electromagnetic valve 26 is controlled in such a manner as to alternately change
the pressure in the bore portion 52 between a first pressure P1 lower than atmospheric pressure and a second pressure
P2 higher than the first pressure P1.

[0377] By setting the pressure pattern in the bore portion 52 as described above, it is possible to certainly sample an
amount, necessary and adequate for measurement, of blood for a short time.

[0378] The second pressure P2 is preferably set to be nearly equal to or lower than atmospheric pressure.

[0379] By setting the second pressure P2 as described above, it is possible to more certainly sample an amount,
necessary and adequate for measurement, of blood for a shorter time.

[0380] The first pressure P1 is preferably set in a range of about 100 to 600 mmHg, more preferably, in a range of
about 400 to 600 mmHg.

[0381] By settingthefirstpressure P1 as described above, itis possible to more certainly sample an amount, necessary
and adequate for measurement, of blood for a shorter time.

[0382] A difference between the second pressure P2 and the first pressure P1 is preferably set in a range of about
100 to 600 mmHg, more preferably, in a range of about 300 to 600 mmHg.

[0383] By setting the pressure difference as described above, it is possible to more certainly sample an amount,
necessary and adequate for measurement, of blood for a shorter time.

[0384] A period T in the pressure fluctuation pattern is preferably set in a range of about 1 to 30 sec, more preferably,
in a range of about 1 to 5 sec.

[0385] By setting the period T as described above, it is possible to more certainly sample an amount, necessary and
adequate for measurement, of blood for a shorter time.

[0386] According to the presentinvention, the shapes of respective waveforms shown in FIG. 33 may be nearly equal
to each other, or be partially or wholly different from each other.

[0387] Actions of respective constituent elements and control operations of the control means in the case of puncturing
the finger tip, sampling blood therefrom, diffusing the blood in the test paper, and measuring a blood sugar level by using
the body fluid component measuring apparatus will be described below with reference to the configurations of the
constituent elements shown in FIGS. 2 and 9 and FIGS. 26 to 31, and further a flow chart shown in FIG. 32.

[1] The chip 13 is inserted in the fitting portion 53 of the housing 5 via the opening 212 of the housing body 21, and
the small-diameter portion 143 of the puncture needle 14 is fitted in the needle holder 411 (see FIG. 27).

The chip 13 is further pressed in the direction toward the base end side, to push the plunger 41 against the urging
force of the coil spring 42 in the direction toward the base end side. Along with the movement of the plunger 41, the
locking portion 413, which is in contact with the inner peripheral surface of the bore portion 52 while being urged by
the elastic force of the elastic piece 412, is moved in the direction toward the base end side. When reaching the
position of the opening 57, the locking portion 413 is inserted in the opening 57 (see FIG. 27). In this state, even if
the pressing force of the chip 13, which force is applied to the plunger 41 in the direction toward the base end side,
is released, the movement of the plunger 41 in the direction toward the tip side is restricted by locking of the locking
portion 413 with the opening 57. At this time, the coil spring 42 is in the compression state. The preparation of
puncturing the finger tip with the puncturing means 4 and the preparation of sampling blood (specimen) are thus
accomplished.

[2] The power switch (not shown) is turned on, to activate the constituent elements of the body fluid component
measuring apparatus 1, thereby bringing them into measurable states. In this state, the electromagnetic valve 26
remains closed.

[3] The finger tip (finger) 200 is touched to the touch portion 3, so that the finger tip 200 is brought into press-contact
with the contact portion 163 of the chip 13. At this time, the tip opening 162 may be blocked with the finger tip 200
in such a manner as to make the leakage of air as small as possible (see FIG. 28).

[4] The operating button 222 is depressed, to operate the body fluid component measuring apparatus 1, thereby
executing a program shown in FIG. 32.
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The surface of the finger tip 200 is first punctured with the needle body 141 of the puncture needle 14 (step S407
in FIG. 32).

To be more specific, when it is decided that the pressure has been sufficiently reduced, the control means 11 outputs
a signal for applying a current to a coil of the solenoid 28. The plunger 281 of the solenoid 28 thus energized is
moved in the direction shown by the arrow in FIG. 27, to be brought into contact with the locking portion 413, whereby
the locking portion 413 is pushed down in the bore portion 52 by the plunger 281. As a result, the locking of the
locking portion 413 is released, so that the plunger 41 is moved in the direction toward the tip side by the elastic
force of the compressed coil spring 42. Along with the movement of the plunger 41, the needle body 141 projects
from the tip opening 162, to puncture the surface of the finger tip 200 (see FIG. 29). Blood flows out of the puncture
site 210 punctured by the needle body 141.

After the finger tip 200 is punctured by the needle body 141, the plunger 41 is pushed back in the direction toward
the base end side by the elastic force of the coil spring 43. The movement of the plunger 41 is attenuated, and finally
the plunger 41 is rested at the position where the elastic force of the coil spring 43 is balanced against the elastic
force of the coil spring 42 (see FIG. 30). At this time, the edge of the needle body 141 is in the state being housed
in the chip 13. In this way, the cutting edge of the needle body 141 does not project from the tip opening 162 except
that it is used for puncture of the finger tip, to thereby eliminate erroneous damages of the skin of the finger tip and
preventing infection via the needle body 141. The body fluid component measuring apparatus 1 is thus advantageous
in carrying out the sampling of blood with a high safety.

The control means 11 then starts the control of drive of the pump 8 and the electromagnetic valve 26 (step S402 in
FIG. 32).

To be more specific, the control means 11 controls the drive of the pump 8 and the electromagnetic valve 26 in such
a manner as to alternately change the pressure in the bore portion 52 (including the interior of the chip 13) between
the first pressure P1 and the second pressure P2 as shown in FIG. 33. Itis to be noted that the pressure at a portion,
in the vicinity of the puncture site 210 punctured by the needle body 141, of the finger tip 200 is fluctuated along
with the fluctuation of the pressure in the bore portion 52.

In this case, first, in a state that the electromagnetic valve 26 is closed, the pump 8 is operated to suck air in the
bore portion 52 until the pressure in the bore portion 52 is reduced to the first pressure P1, and to keep the pressure
in the bore portion 52 at the first pressure P1 for a specific time.

The pump 8 is then stopped, and the electromagnetic valve 26 is opened to discharge air in the bore portion 52 until
the pressure in the bore portion 52 is reduced to the second pressure P2, and to keep the pressure in the bore
portion 52 at the second pressure P2 for a specific time. Such an operation is then repeated.

As a result, the blood 220 is sucked from the puncture site 210 (see FIG. 30). In particular, as compared with a case
where the pressure in the bore portion 52 is kept constant, a necessary amount of blood can be certainly sampled
for a short time.

As described above, according to the body fluid component measuring apparatus 1, the puncturing operation and
the evacuation operation are performed by only one depressing operation of the operating button 222, and the
evacuation releasing operation (to be described later) is automatically performed. Accordingly, the apparatus 1 is
very excellent in operability.

[5] The blood 220 raised in a granular shape from the puncture site 210 as a result of the operation described in the
item [4] is sucked in the chip 13, to be brought into contact with the blood introducing guide 166 formed in the chip
13. The blood 220 is then introduced to the test paper 18 via the blood passage 19, being supplied to the center
portion of the test paper 18, and is diffused radially in the test paper 18 (see FIG. 2).

Along with the supply and diffusion of the blood 220 on and in the test paper 18, glucose (component to be measured)
in the blood 220 reacts with the reagent supported by the test paper 18, with a result that the test paper 18 is colored
to a degree depending on the amount of glucose.

On the other hand, after executing step S402 shown in FIG. 32, the control means 11 drives the measuring means
7, to monitor the coloring of the test paper 18 via the measuring means 7, thereby deciding whether or not the blood
has been sampled (step S403 in FIG. 32).

In step S403, if the voltage level of a signal inputted from the light receiving device 72 of the measuring means 7 is
more than a predetermined threshold value, it is decided that the blood has been sampled, and if the voltage level
of the above signal is equal to or less than the threshold value, it is decided that the blood has been not sampled.
The threshold value is set to a value sufficiently larger than a voltage level of the signal before coloring of the test
paper 18 and sufficiently smaller than a voltage level of the signal at the time of coloring of the test paper 18.

If it is decided in step S403 that the blood has been not sampled, it is decided whether or not the predetermined
time has elapsed (step S404 in FIG. 32).

If it is decided in step S404 that the predetermined time has not elapsed, the process is returned to step S403, and
steps S403 and S404 are executed again. At this time, if it is decided in step S404 that the predetermined time has
elapsed, error processing is performed (step S405 in FIG. 32).
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In step S405, the pump 8 is stopped and the electromagnetic valve 26 is opened to release the evacuation state,
and further, the notice that an error has occurred during operation is given in the form of written words displayed
on the display unit 12 or in the form of audio words outputted from the audio outputting unit 32. It is to be noted that
the notice may be of course given via both the display unit 12 and the audio outputting unit 32.

Such a notice about an error allows the operator (user) to comprehend that an error (trouble) has occurred during
operation.

If it is decided in step S403 that the blood has been sampled, the pump 8 is stopped (step S406 in FIG. 32).

The electromagnetic valve 26 is opened to release the evacuation state of the bore portion 52 (including the interior
of the chip 13) (step S407 in FIG. 32).

When the electromagnetic valve 26 is opened, outside air (atmospheric air) flows in the bore portion 52 (including
the interior of the chip 13) and the puncture site 210 via the tubes 82, 81 and the ventilation passage 54, whereby
the pressure in the bore portion 52 (including the interior of the chip 13) and the puncture site 210 is returned to
atmospheric air (see FIG. 31).

When the operator becomes insensible of suction at the portion, around the puncture site 210, of the finger tip 200
and thereby recognizes that the internal pressure is returned to atmospheric pressure, he or she separates the
finger tip 200 from the contact portion 163 of the chip 13.

[6] After executing step S407 shown in FIG. 32, the control means 11 causes the measuring means 7 to measure
the degree of coloring of the test paper 18, executes arithmetic operation based on the data thus obtained, and
performs correcting calculation such as temperature correcting calculation or hematocrit value correcting calculation,
to quantify the blood sugar level (step S408 in FIG. 32).

[0388] In this case, since the evacuation state of the bore portion 52 (including the interior of the chip 13), that is, the
evacuation state of the housing space of the test paper 18 is released, a component (for example, oxygen, carbon
dioxide, or water vapor) in atmospheric air necessary for reaction between glucose (component to be measured) in the
blood 220 and the reagent supported by the test paper 18 can be sufficiently supplied to the test paper 18, whereby the
blood sugar level can be accurately measured.

[0389] The blood sugar level thus calculated is displayed on the display unit 12 (step S409 in FIG. 32).

[0390] The operator can thus confirm his or her blood sugar level from the value displayed on the display unit 12.
[0391] In addition, after the evacuation state is released in step S407, the electromagnetic valve 26 is closed again
for the next measurement.

[0392] As described above, according to the body fluid component measuring apparatus 1, it is possible to certainly
sample a sufficient amount of blood necessary for measurement for a short time and to accurately, certainly measure
the blood sugar level (amount of a specific component in blood).

[0393] Since the test paper 18 is provided on the chip 13, it is possible to continuously perform the puncture of the
finger tip, sampling of blood, diffusion of blood in the test paper 18, and measurement (quantitative determination) of
blood, and hence to easily measure the blood sugar level (component) in blood for a short time.

[0394] Since the preparation for operating the body fluid component measuring apparatus 1 is facilitated, the apparatus
1 is advantageous for periodical or repeated use thereof.

[0395] According to the body fluid component measuring apparatus 1, itis possible to prevent occurrence of an accident
such as erroneous puncture of the skin of the operator again after puncture necessary for sampling of blood, and hence
to sample blood with a high safety. The apparatus 1 is also advantageous in that the operator can use the apparatus 1
with less sensation of fear against puncture because the puncture needle 14 is out of the eyeshot of the operator.
[0396] Accordingly, the body fluid component measuring apparatus 1 is suitable for the operator (patient) to measure
his or her blood sugar level.

[0397] The body fluid component measuring apparatus 1 is advantageous in terms of simple configuration, small size
and light weight, low cost, and suitability for mass-production.

[0398] Asshownin FIG. 33, according to this embodiment, the puncture is performed before the operation of the pump
8 is started (at a time point t1); however, according to the present invention, the puncture may be performed nearly
simultaneously with the operation of the pump 8 (at a time point t2), or the puncture may be performed after the operation
of the pump 8 is started (at a time point t3). In other words, according to the present invention, the puncture may be
performed when the pressure in the bore portion 52 (including the interior of the chip 13) is equal to either atmospheric
pressure or the first pressure P1.

[0399] A second embodiment of the body fluid component measuring apparatus of the present invention will be
described below.

[0400] FIG. 34 is a vertical sectional view showing configuration examples of essential portions of the second embod-
iment of the body fluid component measuring apparatus according to the present invention. The following description
will be made, principally, about different points from the above-described body fluid component measuring apparatus 1
according to the first embodiment, with the common points thereto omitted. It is to be noted that FIG. 34 is depicted with
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the "base end side" of the apparatus taken as the right side and the "tip side" of the apparatus taken as the left side.
[0401] The body fluid component measuring apparatus 1 according to the second embodiment is different from the
body fluid component measuring apparatus 1 according to the first embodiment in configuration of the pressure adjusting
means.

[0402] In this body fluid component measuring apparatus 1, as shown in FIG. 34, a fine tube 83 is provided in place
of the electromagnetic valve 26 of the body fluid component measuring apparatus 1 according to the first embodiment.
[0403] The fine tube 83 is formed of a cylindrical member and internally has an orifice (flow passage) 831. The fine
tube 83 is connected to an end portion of the tube 82, and the tip of the fine tube 83 (orifice 831) is opened to the outside
of the main body 2.

[0404] The orifice 831 of the fine tube 83 is required to be narrow enough to keep a large passing resistance of air.
The diameter of the orifice 831 is not particularly limited but is preferably in a range of about 0.01 to 0.3 mm. The length
of the orifice 831 is not particularly limited but is preferably in a range of about 5 to 15 mm. By setting the diameter of
the orifice 831 within the above range, it is possible to certainly keep the necessary passing (flow) resistance of air.
[0405] An evacuation releasing means is composed of the tubes (flow passage) 81, 82 and the fine tube 83. The
pressure adjusting means is composed of the evacuation releasing means and the pump 8.

[0406] Itis to be noted that the fine tube 83 is not limited to that shown in the figure, and although only one fine tube
83 is provided in this embodiment, a plurality of fine tubes (orifices) may be provided if needed.

[0407] According to the body fluid component measuring apparatus 1, at the time of sampling blood from the puncture
site, the drive of the pump 8 and the electromagnetic valve 26 is controlled, on the basis of information supplied from
the pressure sensor 27, in such a manner as to evacuate the bore portion 52 (including the interior of the chip 13) with
the pressure fluctuated (changed) with elapsed time.

[0408] The pressure pattern in the bore portion 52 at the time of sampling blood is not particularly limited insofar as
the bore portion 52 is evacuated with the pressure fluctuated with elapsed time. One example of the pressure pattern
in the bore portion will be described below.

[0409] FIG. 35 is a graph showing one example of the pressure pattern in the bore portion 52 at the time of sampling
blood.

[0410] As shown in the figure, according to the body fluid component measuring apparatus 1, at the time of sampling
blood, the drive of the pump 8 is controlled in such a manner as to reduce the pressure in the bore portion 52. once to
the first pressure P1 lower than atmospheric pressure and then gradually increase the pressure in the bore portion 52.
[0411] As aresult, it is possible to certainly sample an amount, necessary and adequate for measurement, of blood
for a short time.

[0412] The first pressure P1 is preferably set in a range of about 300 to 600 mmHg, more preferably, in a range of
about 400 to 600 mmHg.

[0413] As a result, it is possible to more certainly sample an amount, necessary and adequate for measurement, of
blood for a shorter time.

[0414] The increasing rate (pressure intensifying rate) of the pressure in the bore portion 52 from the first pressure
P1 is preferably set in arange of about 100 to 300 mmHg/sec, more preferably, in a range of about 200 to 250 mmHg/sec.
[0415] As a result, it is possible to more certainly sample an amount, necessary and adequate for measurement, of
blood for a shorter time.

[0416] The pressure intensifying rate may be arbitrarily set by, for example, adjusting the number of the fine tubes 83,
the number of the orifices 831, and the diameter of each orifice 831.

[0417] According to the body fluid component measuring apparatus 1, since the flow rate of air sucked by operating
the pump 8 is larger than the flow rate of outside air (atmospheric air) flowing from the orifice 831 of the fine tube 83,
the air in the bore portion 52 of the housing 5 is sucked by operating the pump 8. As a result, the pressure in the bore
portion 52 (including the interior of the chip 13) is reduced to the first pressure P1, and therefore, the bore portion 52
(including the interior of the chip 13) is brought into an evacuation state.

[0418] When the pump 8 is stopped, outside air (atmospheric air) flows in the bore portion 52 (including the interior
of the chip 13) via the orifice 831 of the fine tube 83, the tubes 82 and 81, and the ventilation passage 54, so that the
pressure in the bore portion 52 (including the interior of the chip 13) is gradually increased from the first pressure P1.
As a result, the evacuation state of the bore portion 52 (including the interior of the chip 13) and the puncture site 210
is released. In other words, the pressure in the bore portion 52 (including the interior of the chip 13) and around the
puncture site 210 is returned to atmospheric pressure.

[0419] As shown in FIG. 35, the puncture may be performed before the start of operation of the pump 8 (at a time
point t1), nearly simultaneously with operation of the pump 8 (at a time point t2), or after the start of operation of the
pump 8 (at a time point t3). In other words, the puncture may be performed when the bore portion 52 (including the
interior of the chip 13) is either in the atmospheric pressure state or in the evacuation state.

[0420] The pressure increasing rate (pressure intensifying rate) of the pressure in the bore portion 52 from the first
pressure P1 may be kept constant or fluctuated (changed) with elapsed time.
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[0421] According to the body fluid component measuring apparatus 1, the cycle (shown in FIG. 35) of reducing the
pressure in the core portion 52 once to the first pressure P1 lower than atmospheric pressure and then gradually
increasing the pressure in the bore portion 52 may be performed by only one time or repeated by a plurality of times.
[0422] The body fluid component measuring apparatus 1 according to this embodiment can obtain the same effect
as that obtained by the above-described body fluid component measuring apparatus 1 according to the first embodiment.
[0423] While the body fluid component measuring apparatus according to the third aspect of the present invention
has been described on the basis of the first and second embodiments shown in the figures, the present invention is not
limited thereto. For example, the configuration of each of the constituent elements described in the embodiments may
be replaced with any configuration exhibiting the same function.

[0424] According to the present invention, the specific configurations of the above-described embodiments may be
appropriately combined with each other.

[0425] In the above-described embodiments according to the second aspect, the body fluid to be sampled is repre-
sented by blood; however, according to the present invention, the body fluid to be sampled is not limited thereto but may
be exemplified by sweat, lymph, cerebrospinal fluid, or the like.

[0426] The component to be measured is represented by glucose (blood sugar level) in the embodiments; however,
according to the present invention, the component to be measured is not limited thereto but may be exemplified by
protein, cholesterol, uric acid, creatinine, alcohol, or ions of an inorganic matter such as sodium.

[0427] The measuring means in the embodiments is configured to measure an amount of a specific component;
however, according to the present invention, the measuring means may be configured to measure a property of a specific
component, or to measure both an amount and a property of a specific component.

[0428] The means (called "measuring means") used as not only as the blood sampling detecting means for detecting
the sampling of blood but also as the measuring means for measuring an amount of a specific component in blood is
provided in the embodiments; however, according to the present invention, the blood sampling detecting means and
the measuring means may be separately provided.

[0429] The blood sampling means is represented by the means for optically detecting the sampling of blood in the
embodiments; however, according to the present invention, the blood sampling means is not limited thereto but may be
configured as a means for electrically detecting the sampling of blood.

[0430] In the case of adopting the blood sapling detecting means for optically detecting the sampling of blood, the
detection of the sampling of blood is not necessarily based on the manner described in the embodiments, that is, the
manner of detecting the coloring (color development) of the test paper due to reaction between the component in blood
and the reagent but may be based on a manner of detecting the introduction of blood in the blood passage (blood flow
passage) for supplying blood to the test paper provided on the chip.

[0431] In the case of adopting the manner of detecting the introduction of blood in the blood passage, a portion, at
leastin the vicinity of the blood passage, of the chip may be formed of a member having a light permeability (transparency),
and further, the blood sampling detecting means may be configured to emit light to the blood passage via the transparent
member, receive the reflected light or transmitted light, and convert the light into an electric signal, and the control means
may be configured to monitor a voltage outputted from the blood sampling detecting means. If blood is introduced in the
blood passage, the color of a portion, through which the blood passes, of the blood passage is changed into nearly dark-
red, to change the quantity of the reflected light or the transmitted light thereat, thereby changing a voltage outputted
from the blood sampling detecting means. As a result, the sampling of blood can be detected on the basis of the change
in voltage (quantity of light) outputted from the blood sampling detecting means.

[0432] The blood sampling detecting means for electrically detecting the sampling of blood is exemplified by a sensor
(electrode) for detecting (measuring) an impedance of the blood passage or the like of the chip, or a bio-sensor.
[0433] In the case of adopting the bio-sensor, since a current outputted from the bio-sensor is changed if blood is
introduced in the blood passage, the sampling of blood can be detected on the basis of the change in current (current
value) outputted from the bio-sensor.

[0434] In the case of adopting the sensor for detecting an impedance of the blood passage, since an impedance
between the electrodes of the sensor, provided across the blood passage, is changed if blood is introduced in the blood
passage, the sampling of blood can be detected on the basis of the change in impedance of the blood passage.
[0435] The body fluid component measuring apparatus in each of the embodiments is configured by optically measuring
the degree of the coloring of the test paper caused by reaction between the component in blood and the reagent, and
converting the measured result into a value to be displayed on the display unit; however, the present invention is not
limited thereto. For example, the measuring apparatus may be configured by electrically measuring a change in potential
caused depending on an amount of a component in blood (specimen), and converting the measured result into a value
to be displayed on the display unit.

[0436] The measurement method in each of the embodiments is configured so as to release the evacuation state prior
to measurement; however, according to the present invention, the method may be configured so as to relieve the
evacuation state prior to measurement.
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[0437] According to the present invention, the operation of the puncturing means and the pressure adjusting means
may be started either in a manual manner or automatic manner.

[0438] According to the present invention, a chip withdrawing mechanism for moving the housing 5 and the chip 13
mounted thereto in the direction apart from the finger (toward the base end side) may be provided. The chip withdrawing
mechanism may be the same as the chip withdrawing mechanism 61 described in each of the embodiments according
to the first or second aspect.

[0439] According to the present invention, the body fluid component measuring apparatus in the first aspect may
include the pressure detecting means and the notifying means specified in the second aspect and/or the pressure
adjusting means specified in the item (25) in the third aspect.

[0440] Each of these means added to the first aspect is the same as that described in each of the embodiments in
the second and third aspects, and therefore, the overlapped description thereof is omitted.

[0441] To be brief, the body fluid component measuring apparatus according to the first aspect may be configured to
include the pressure detecting means for detecting the pressure in the housing space and the notifying means for notifying
specific information, wherein the pressure in the housing space be reduced by the evacuating means and a notice be
given to an operator (user) on the basis of the information from the pressure detecting means by the notifying means.
[0442] Alternatively, the body fluid component measuring means according to the first aspect may be configured to
include the pressure adjusting means for adjusting the pressure in the puncture needle housing space.

[0443] The body fluid component measuring apparatus according to the first aspect, which is configured to include
the pressure detecting means for detecting the pressure in the housing space and the notifying means for notifying
specific information, wherein the pressure in the housing space be reduced by the evacuating means and a notice be
given to an operator (user) on the basis of the information from the pressure detecting means by the notifying means,
may further include the pressure adjusting means for adjusting the pressure in the puncture needle housing space.

INDUSTRIAL APPLICABILITY

[0444] As described above, according to the present invention, it is possible to provide a body fluid component meas-
uring apparatus capable of accurately and certainly measuring, at the time of sampling a body fluid (for example, at the
time of sampling blood from a puncture site), a specific component in the body fluid (for example, blood) for a short time.
[0445] In particular, itis possible to prevent an epidermis of a patient from being uselessly punctured, thereby reducing
the burden of the patient.

[0446] In the case of the body fluid component measuring apparatus having a pressure adjusting means, since a
space (for example, a puncture needle housing space) is evacuated with the pressure fluctuated with elapsed time, it
is possible to certainly sample an amount, necessary and adequate for measurement, of blood for a short time, and
hence to certainly measure a specific component in the blood for a short time.

[0447] In the case of the body fluid component measuring apparatus in which a strip of test paper is provided on a
chip, it is possible to continuously perform the puncture of a finger, the sampling of blood, the diffusion of the blood in
the test paper, and the measurement (quantitative determination) of a specific component in the blood, and hence to
easily perform the measurement of a body fluid for a short time.

[0448] Since the preparation for operating the body fluid component measuring apparatus is easy, the apparatus is
advantageous for periodical or repeated use thereof.

[0449] According to the body fluid component measuring apparatus, it is possible to prevent an accident such as
erroneous puncture of the skin of a patient again after puncture for sampling blood, and hence to sample blood with a
high safety. The apparatus is also advantageous in that a patient can use the apparatus with less sensation of fear
against puncture because the puncture needle is out of the eyeshot of the patient.

[0450] The body fluid component measuring apparatus of the present invention, therefore, is suitable for a patient to
measure his or her blood sugar level or the like.

[0451] The body fluid component measuring apparatus of the present invention is also advantageous in terms of
simple configuration, small size and light weight, low cost, and suitability for mass-production.

Claims

1. A body fluid component measuring apparatus (1) comprising a chip (13) adapted to be mounted thereto,
said chip (13) comprising:

a chip housing (15, 16), a puncture needle (14) and a strip of test paper (18) disposed on said chip housing

(15, 16), said chip housing (15, 16) possessing a contact portion (163) at a tip side thereof, and said contact
portion (163) internally possessing a tip opening (162),
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said body fluid component measuring apparatus (1) further comprising:

a touch portion (3) to which an epidermis to be punctured is touched;

a housing space (23) for holding said chip (13);

puncturing means (4) for operating said puncture needle (14) when said chip (13) is mounted to said
apparatus (1) so as to puncture the epidermis touched to said touch portion (3);

evacuating means (8) for evacuating a puncture site of the epidermis to be punctured by said puncture
needle (14) as well as said housing space (23);

measuring means (7) for measuring an amount of a specific component of a body fluid sampled from the
puncture site and diffused in said test paper (18);

body fluid sampling detecting means (7) for detecting the sampling of the body fluid; and

evacuation releasing means (81, 82, 86) for releasing or relieving the evacuation state of at least said
housing space (23);

wherein when the sampling of the body fluid is detected by said body fluid sampling detecting means (7), the
evacuation state of at least said housing space (23) is released or relieved, and then the amount of the specific
component in the sampled body fluid is measured by said measuring means (7).

2. A body fluid component measuring apparatus (1) according to claim 1, wherein the measurement of the amount of
the specific component in the body fluid requires a specific component in atmospheric air.

3. Abody fluid component measuring apparatus (1) according to claim 1 or 2, wherein said evacuation releasing means
(81, 82, 86) has a flow passage (81, 82) for communicating said housing space to the outside and a valve (86) for
opening/closing said flow passage (81, 82).

4. Abody fluid component measuring apparatus (1) according to claim 1 or 2, wherein said evacuation releasing means
(81, 82, 86) has a flow passage (81, 82) for communicating said housing space (23) to the outside, and at least part
of said flow passage (81, 82) has a portion in which an air passing resistance is relatively high.

5. Abody fluid component measuring apparatus (1) according to any one of claims 1 to 4, wherein at least part of said
measuring means (7) and at least part of said body fluid component sampling detecting means (7) are used commonly
to each other.

6. A body fluid component measuring apparatus (1) according to any one of claims 1 to 5, said housing space (23) for
holding said chip (13) further holds said puncturing means (4).

7. A body fluid component measuring apparatus (1) according to any one of claims 1 to 6, wherein the operation of
said puncturing means (4) and the operation of said evacuating means (81, 82, 86) are allowed to be nearly simul-
taneously started.

8. Abody fluid component measuring apparatus (1) according to any one of claims 1 to 7, wherein said test paper (18)
is specialized for measurement of a blood sugar level.

Patentanspriiche

1. Messgerat (1) fur Kérperflissigkeitsbestandteile, welches einen Chip (13) aufweist, der angepasst ist, um an diesem

montiert zu werden,

wobei der Chip (13) Folgendes aufweist.

ein Chipgehause (15, 16), eine Punktionsnadel (14) und einen Testpapierstreifen (18), der an dem Chipgehause
(15, 16) angeordnet ist, wobei das Chipgehause (15, 16) einen Kontaktabschnitt (163) an seiner Endstiickseite
aufweist und der Kontaktabschnitt (163) intern eine Endstlickéffnung (162) aufweist,

wobei das Messgerat (1) fur Korperflussigkeitsbestandteile des Weiteren Folgendes aufweist:

einen Berlhrungsabschnitt (3), mit dem eine zu durchstechende Epidermis in Beriihrung gebracht wird;
einen Gehauseraum (23) zum Halten des Chips (13);

eine Punktionseinrichtung (4) zum Betatigen der Punktionsnadel (14), wenn der Chip (13) an dem Gerat (1)
montiert ist, um die den Beriihrungsabschnitt (3) beriihrende Epidermis zu durchstechen;
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eine Evakuiereinrichtung (8) zum Evakuieren einer Punktionsstelle der durch die Punktionsnadel (14) zu durch-
stechenden Epidermis sowie des Gehauseraums (23);

eine Messeinrichtung (7) zum Messen einer Menge eines spezifischen Bestandteils einer aus der Punktionsstelle
gewonnenen und in das Testpapier (18) diffundierten Korperflissigkeit;

eine Korperflissigkeitsproben-Erfassungseinrichtung (7) zum Erfassen der Probe der Korperflissigkeit; und
eine Evakuierungsfreigabeeinrichtung (81, 82, 86) zum Freigeben oder Entspannen des Evakuierungszustands
von zumindest dem Gehauseraum (23);

wobei dann, wenn die Probe der Kérperflissigkeit durch die Korperflissigkeitsproben-Erfassungseinrichtung (7)
erfasst ist, der Evakuierungszustand von zumindest dem Gehauseraum (23) freigegeben oder entspannt wird, und
dann die Menge des spezifischen Bestandteils in der gewonnen Kdérperflissigkeit von der Messeinrichtung (7)
gemessen wird.

2. Messgerat (1) fur einen Korperflissigkeitsbestandteil gemal Anspruch 1, wobei die Messung der Menge des spe-
zifischen Bestandteils in der Kérperflissigkeit einen spezifischen Bestandteil in der Umgebungsluft benétigt.

3. Messgerét (1) fir einen Korperflissigkeitsbestandteil gemafl Anspruch 1 oder 2, wobei die Evakuierungsfreigabe-
einrichtung (81, 82, 86) einen Strdmungskanal (81, 82), um den Gehauseraum mit der AuRenseite in Verbindung
zu bringen, und ein Ventil (86) zum Offnen/SchlieRen des Strdmungskanals (81,82) hat.

4. Messgerat (1) fur einen Korperflissigkeitsbestandteil gemaf Anspruch 1 oder 2, wobei die Evakuierungsfreigabe-
einrichtung (81, 82, 86) einen Strémungskanal (81, 82) hat, um den Gehduseraum (23) mit der Auf3enseite in
Verbindung zu bringen, und mindestens ein Teil des Strdmungskanals (81, 82) einen Abschnitt hat, in dem ein
Luftdurchgangswiderstand relativ hoch ist.

5. Messgerat (1) fir einen Korperflissigkeitsbestandteil gemal einem der Anspriiche 1 bis 4, wobei zumindest ein
Teil der Messeinrichtung (7) und zumindest ein Teil der Kérperfliissigkeitsbestandteilproben-Erfassungseinrichtung
(7) gemeinsam miteinander verwendet werden.

6. Messgerat (1) fiir einen Kérperflissigkeitsbestandteil gemaf einem der Anspriiche 1 bis 5, wobei der Gehauseraum
(23) zum Halten des Chips (13) zudem die Punktionseinrichtung (4) halt.

7. Messgerét (1) fur einen Korperflussigkeitsbestandteil gemal einem der Anspriiche 1 bis 6, wobei der Betrieb der
Punktionseinrichtung (4) und der Betrieb der Evakuierungseinrichtung (81, 82, 86) nahezu gleichzeitig gestartet
werden kénnen.

8. Messgerat (1) fur einen Korperflissigkeitsbestandteil geman einem der Anspriche 1 bis 7, wobei das Testpapier
(18) fiir ein Messen eines Blutzuckerspiegels spezialisiert ist.

Revendications

1. Appareil (1) de mesure d’'un composant d’un fluide corporel, comportant une fiche (13) adaptée pour étre montée
dessus,
laquelle fiche (13) comprend un boitier de fiche (15, 16), une aiguille a piqlre (14) et une bande de papiertest (18),
disposée sur ledit boitier de fiche (15, 16), lequel boitier de fiche (15, 16) présente, au niveau d’'une extrémité, une
partie a contact (163) qui présente une ouverture interne d’extrémité (162),
lequel appareil (1) de mesure d’un composant d’un fluide corporel comporte en outre :

- une touche (3), a laquelle on fait toucher un épiderme a piquer ;

- un espace logement (23), destiné a tenir ladite fiche (13),

- des moyens de piqare (4) congus pour faire fonctionner ladite aiguille a piqire (14) quand ladite fiche (13) est
montée sur ledit appareil (1), de maniére a piquer I'épiderme touché par ladite touche (3) ;

- des moyens de mise sous vide (8), congus pour mettre sous vide le site de piqlre de I'épiderme a piquer avec
ladite aiguille a pigare (14), ainsi que ledit espace logement (23) ;

- des moyens de mesure (7) congus pour mesurer la quantité d’'un composant particulier dans un échantillon
d’un fluide corporel qui a été prélevé au niveau du site de piqre et qui a diffusé dans ledit papier-test (18) ;

- des moyens de détection d’échantillon de fluide corporel (7) congus pour détecter un échantillon de fluide
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corporel ;
- et des moyens de relachement de vide (81, 82, 86) congus pour relacher ou réduire au moins le vide établi
dans ledit espace logement (23) ;

et dans lequel appareil, quand un échantillon de fluide corporel est détecté par lesdits moyens de détection d’échan-
tillon de fluide corporel (7), au moins le vide établi dans ledit espace logement (23) est relaché ou réduit, puis la
quantité d’'un composant particulier dans I'échantillon de fluide corporel est mesurée par lesdits moyens de mesure

).

Appareil (1) de mesure d’un composant d'un fluide corporel, conforme a la revendication 1, dans lequel la mesure
de la quantité du composant particulier dans le fluide corporel nécessite un composant particulier de I'air ambiant.

Appareil (1) de mesure d’'un composant d’un fluide corporel, conforme a la revendication 1 ou 2, dans lequel lesdits
moyens de relachement de vide (81, 82, 86) comportent un passage (81, 82) qui fait communiquer ledit espace
logement avec I'extérieur, ainsi qu’une vanne (86) qui permet d’ouvrir et de fermer ce passage (81, 82).

Appareil (1) de mesure d’'un composant d’un fluide corporel, conforme a la revendication 1 ou 2, dans lequel lesdits
moyens de relachement de vide (81, 82, 86) comportent un passage (81, 82) qui fait communiquer ledit espace
logement (23) avec I'extérieur, et au moins une partie de ce passage (81, 82) comporte une zone ou la résistance
opposée au passage de l'air est relativement grande.

Appareil (1) de mesure d’'un composant d’un fluide corporel, conforme a I'une des revendications 1 a 4, dans lequel
au moins une partie desdits moyens de mesure (7) et au moins une partie desdits moyens de détection d’échantillon
de fluide corporel (7) servent en commun a l'une et I'autre taches.

Appareil (1) de mesure d’'un composant d’un fluide corporel, conforme a I'une des revendications 1 a 5, dans lequel
ledit espace logement (23), qui tient ladite fiche (13), tient en outre lesdits moyens de piqlre (4).

Appareil (1) de mesure d’'un composant d’un fluide corporel, conforme a I'une des revendications 1 a 7, dans lequel
on fait en sorte que lesdits moyens de piqlre (4) et lesdits moyens de mise sous vide (8) commencent a fonctionner

presque en méme temps.

Appareil (1) de mesure d’'un composant d’un fluide corporel, conforme a I'une des revendications 1 a 6, dans lequel
ledit papier-test (18) est spécialement congu pour la mesure du taux de sucre dans le sang.
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