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A blood sensor includes a base (12), a detection part (16) 
disposed on the base (12), a blood collection needle (13) 
disposed at a front end (12a) of the base (12), a negative 
pressure generation part (17) for applying negative pressure 
to a portion of the blood collection needle (13), and a supply 
path (15) for supplying blood collected by the blood collec 
tion needle (13) to a detection pait (16). 
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BLOOD SENSOR, BLOOD TESTING 
APPARATUS, AND METHOD FOR 
CONTROLLING BLOOD TESTING 

APPARATUS 

[0001] This application is a continuation of application Ser. 
No. 11/545,468, ?led Oct. 11,2006. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a blood sensor, a 
blood testing apparatus, and a method for controlling the 
blood testing apparatus. 

BACKGROUND OF THE INVENTION 

[0003] Hereinafter, a conventional blood sensor and a 
blood testing apparatus using the blood sensor Will be 
described With respect to a sensor and a testing apparatus used 
for diabetes testing. 
[0004] A diabetic patient measures his/her blood glucose 
level periodically, and injects insulin on the basis of the blood 
glucose level to keep a normal blood glucose level. Conven 
tionally, in order to measure blood glucose level, a small 
amount of blood is collected from a ?nger tip or the like of a 
patient using a puncture unit, and then the blood glucose level 
of the collected blood is measured using a measurement unit. 

[0005] More speci?cally, as shoWn in FIG. 14, initially a 
puncture needle port 2 of a puncture unit 1 is applied to a 
?nger tip or the like of a patient. Thereafter, a button 3 is 
pressed. Then, a needle protrudes from the puncture needle 
port 2 at high speed and goes back instantly, Whereby the 
needle makes a minute Wound on the ?nger tip or the like. The 
patient squeezes blood from this Wound to collect the same. 
[0006] Next, using a testing unit 4 for measuring blood 
glucose level shoWn in FIG. 15, the patient applies the col 
lected blood onto a blood attachment part 511 of a sensor 5 that 
is inserted in the testing unit 4. Thereby, the testing unit 4 
calculates blood glucose level of the attached blood, and 
displays the result of calculation on a display unit 6. 
[0007] As prior art document information relating to the 
invention of this application, for example, Japanese Pub 
lished Patent Application No. 2002-219114, and a brochure 
of International Publication No. 2005/ 054840 are knoWn. 

[0008] In the conventional testing of blood glucose level, 
hoWever, it is necessary to use tWo units, i.e., the puncture unit 
1 and the testing unit 4. That is, it is necessary for the patient 
to make a Wound on his/her skin at a ?nger tip or the like, 
squeeze blood from this Wound, and apply the blood onto the 
blood attachment part 511 of the sensor 5. This operation is 
very complicated. 

SUMMARY OF THE INVENTION 

[0009] The present invention is made to solve the above 
described problems and has for its objective to provide a 
blood sensor and a blood testing apparatus With Which blood 
testing can be easily carried out, and a method for controlling 
the blood testing apparatus. 
[0010] Other objects and advantages of the invention Will 
become apparent from the detailed description that folloWs. 
The detailed description and speci?c embodiments described 
are provided only for purposes of illustration since various 
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additions and modi?cations Within the scope of the invention 
Will be apparent to those of ordinary skill in the art from the 
detailed description. 
[0011] According to a ?rst aspect of the present invention, 
a blood sensor comprises a base, a holloW needle for blood 
collection Which is disposed at a front end of the base; a 
detection part for detecting a component of blood collected 
by the blood collection needle and a blood supply path for 
supplying the blood collected by the blood collection needle 
to the detection part, Which are provided in the base, and a 
negative pressure generation part for applying negative pres 
sure to the holloW part of the blood collection needle through 
a negative pressure supply path, Which is provided in approxi 
mately the center of the base. 
[0012] Therefore, it is possible to provide a blood sensor 
Which can supply the blood collected by the blood collection 
needle to the detection part Without intervening manual Work, 
and detect the blood. 
[0013] According to a second aspect of the present inven 
tion, in the blood sensor according to the ?rst aspect, the 
blood supply path shares a portion With the negative pressure 
supply path that forms the negative pressure generation part, 
and the detection unit is provided at an end of the blood supply 
path that shares a portion With the negative pressure supply 
path. 
[0014] Therefore, it is possible to fabricate a blood sensor 
in a simple construction. 
[0015] According to a third aspect of the present invention, 
in the blood sensor according to the ?rst aspect, detection 
electrodes are disposed on the detection part, and contact 
electrodes connected to the detection electrodes are disposed 
on an end surface of the base. 

[0016] According to a fourth aspect of the present inven 
tion, in the blood sensor according to the ?rst aspect, the 
blood collection needle comprises plastic. 
[0017] Therefore, the blood collection needle can be easily 
fabricated, and needle-stick accidents can be reduced. 
[0018] According to a ?fth aspect of the present invention, 
in the blood sensor according to the ?rst aspect, the holloW 
blood collection needle has a circular cross section. 

[0019] Therefore, the blood collection needle can easily be 
set on the blood sensor, and thereby fabrication is facilitated. 
[0020] According to a sixth aspect of the present invention, 
in the blood sensor according to the ?rst aspect, the holloW 
blood collection needle has a triangular cross section. 

[0021] According to a seventh aspect of the present inven 
tion, in the blood sensor according to the ?rst aspect, the 
holloW blood collection needle has a polygonal cross section. 

[0022] Therefore, the thickness of the tip of the blood col 
lection needle is increased, Whereby the strength of the needle 
tip can be increased. 
[0023] According to an eighth aspect of the present inven 
tion, in the blood sensor according to the ?rst aspect, a blood 
collection needle cover that covers the blood collection 
needle is formed integrally With the base. 
[0024] Therefore, it is possible to provide a safe and pref 
erable blood sensor. 

[0025] According to a ninth aspect of the present invention, 
in the blood sensor according to the ?rst aspect, a plurality of 
the blood collection needles are provided inparallel With each 
other at the front end of the base. 

[0026] Therefore, it is possible to provide a highly reliable 
and safe blood sensor. 
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[0027] According to a tenth aspect of the present invention, 
in the blood sensor according to the ?rst aspect, at least one 
surface of the detection part comprises a transparent material. 
[0028] Therefore, the scale of the blood sensor can be 
reduced. 
[0029] According to an eleventh aspect of the present 
invention, a blood testing apparatus comprises a cylindrical 
casing, a slider that is forWard or backward movably provided 
in the cylindrical casing, a blood that is attached at a front end 
of the slider; a ?rst negative pressure generator for supplying 
negative pressure to a negative pressure generation part pro 
vided in the blood sensor, and a blood collection button for 
instructing the slider to move forWard. 
[0030] Therefore, it is possible to provide a blood sensor 
Which can supply the blood collected by the blood collection 
needle to the detection part Without intervening manual Work, 
and detect the blood. 
[0031] According to a tWelfth aspect of the present inven 
tion, in the blood testing apparatus according to the eleventh 
aspect, a cylindrical cap is provided at a front end of the 
casing. 
[0032] Therefore, the blood collection needle is not 
exposed, Whereby safety is secured, and the patient is not 
scared by the needle. Furthermore, even When the blood test 
ing apparatus is dropped to the ?oor, accidents such as break 
age of the blood collection needle are avoided. 
[0033] According to a thirteenth aspect of the present 
invention, the blood testing apparatus according to the elev 
enth aspect further includes a second negative pressure gen 
erator for supplying negative pressure, Which is provided in 
the casing. 
[0034] Therefore, a measurement site of a patient can be 
easily punctured With the blood collection needle. 
[0035] According to a fourteenth aspect of the present 
invention, in the blood testing apparatus according to the 
eleventh aspect, forWard movement of the slider is given 
momentum by a coil spring. 
[0036] Therefore, puncture to a measurement site of a 
patient can be carried out more easily. 
[0037] According to a ?fteenth aspect of the present inven 
tion, the blood testing apparatus according to the eleventh 
aspect further includes a vibration generator for vibrating the 
blood collection needle. 
[0038] Therefore, blood collection can be carried out more 
easily. 
[0039] According to a sixteenth aspect of the present inven 
tion, a blood testing apparatus comprises a cylindrical casing, 
a slider that is forWard or backward movably provided in the 
cylindrical casing, a blood sensor that is attached at a front 
end of the slider, a ?rst negative pressure generator for sup 
plying negative pressure to a negative pressure generation 
part provided in the blood sensor, a blood collection button for 
instructing the slider to move forWard, contact terminals to 
Which the contact electrodes provided in the blood sensor are 
connected, the contact terminals being provided on the slider, 
and a measurement unit for measuring a component of blood 
that is collected and detected by the blood sensor, the mea 
surement unit being connected to the contact terminals. 
[0040] Therefore, the blood collected by the blood collec 
tion needle can be supplied to the detection part Without 
intervening manual Work to measure components of the 
blood. 
[0041] According to a seventeenth aspect of the present 
invention, in the blood testing apparatus according to the 
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sixteenth aspect, the measurement unit comprises an l/V con 
verter connected to the contact terminals, an A/D converter to 
Which an output of the UV converter is connected, an opera 
tion unit having an input to Which an output of the A/D 
converter is connected, and the other input to Which an output 
of a control unit is connected, and a display unit to Which an 
output of the operation unit is connected. 
[0042] Therefore, the components of the collected blood 
can be measured and displayed. 

[0043] According to an eighteenth aspect of the present 
invention, the blood testing apparatus according to the sev 
enteenth aspect further includes a transmission unit for trans 
mitting the result of operation obtained by the operation unit, 
the transmission unit being connected to the control unit. 

[0044] Therefore, the result of operation obtained by the 
blood testing apparatus can be transmitted to another appa 
ratus to set a value based on the result of operation of the 
apparatus, and thereby a setting error on the apparatus can be 
avoided. 
[0045] According to a nineteenth aspect of the present 
invention, a method for controlling a blood testing apparatus 
comprises an attachment step of attaching the blood sensor to 
the blood testing apparatus, a puncture preparation step of 
applying the blood testing apparatus to a measurement site, 
after the attachment step, a puncture operation step of punc 
turing the measurement site With the blood collection needle, 
after the puncture preparation step, a blood collection step of 
applying negative pressure to the holloW part of the blood 
collection needle by the ?rst negative pressure generator to 
collect blood from the measurement site, after the puncture 
operation step, and a measurement step of detecting and 
measuring a component of the collectedblood, after the blood 
collection step. 
[0046] Therefore, the blood collected by the blood collec 
tion needle can be supplied to the detection part Without 
intervening manual Work to measure components of the 
blood. 

[0047] According to a tWentieth aspect of the present inven 
tion, in the method for controlling a blood testing apparatus 
according to the nineteenth aspect the blood collection needle 
is vibrated by the vibration generator in the blood collection 
step. 
[0048] Therefore, blood collection can be facilitated. 
According to a tWenty-?rst aspect of the present invention, in 
the method for controlling a blood testing apparatus accord 
ing to the nineteenth aspect, in the attachment step, a cap is 
put on the front end of the casing of the blood testing appa 
ratus after a blood collection needle cover that covers the 
blood collection needle of the blood sensor is removed. 

[0049] Therefore, the blood collection needle is prevented 
from scaring the patient, and accidents such as breakage of 
the needle can be avoided. 

[0050] According to a tWenty-second aspect of the present 
invention, in the method for controlling a blood testing appa 
ratus according to the tWenty-?rst aspect, in the puncture 
preparation step, the cap is applied to a measurement site, and 
negative pressure is added into the casing the blood testing 
apparatus including the cap by the second negative pressure 
generator. 
[0051] Therefore, the measurement site of the patient can 
be easily punctured With the blood collection needle. 
[0052] According to tWenty-third aspect of the present 
invention, in the method for controlling a blood testing appa 
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ratus according to the nineteenth aspect, after the measure 
ment step, the measured data are transmitted to an injection 
unit for a curative drug. 
[0053] Therefore, a dose of insulin to be administered to the 
patient can be automatically set on the injection unit, Whereby 
the patient is saved from the trouble of setting the dose of 
insulin on the injection unit. Further, the dose of insulin can be 
set on the injection unit Without intervening manual Work, 
thereby avoiding setting error. 

EFFECTS OF THE INVENTION 

[0054] The blood sensor according to the present invention 
is provided With the base; the detection part disposed in the 
base, the holloW blood collection needle provided at the front 
end of the base, the negative pressure generation part for 
applying negative pressure to the blood collection needle, and 
the supply path for supplying the blood collected by the blood 
collection needle to the detection part. Since the blood sensor 
itself has the blood collection needle, the skin of the patient 
can be punctured With the blood collection needle, and simul 
taneously, blood can be collected With the needle. 
[0055] Moreover, the collected blood is guided as it is to the 
detection part Without intervening manual Work to be tested 
as it is. 

[0056] Accordingly, in the blood testing apparatus pro 
vided With the above-mentioned blood sensor and the method 
for controlling the blood testing apparatus, there is no burden 
of using a puncture apparatus and a measurement apparatus 
separately, and blood collection and testing can be easily 
carried out. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0057] FIG. 1 is a plan vieW ofa blood sensor according to 
a ?rst embodiment of the present invention. 
[0058] FIG. 2 is a cross-sectional vieW of the blood sensor 
according to the ?rst embodiment. 
[0059] FIGS. 3(a)-3(d) are exploded plan vieWs of the 
blood sensor according to the ?rst embodiment, and FIG. 3(a) 
is a plan vieW ofa cover ofthe blood sensor, FIG. 3(b) is a plan 
vieW ofa spacer ofthe blood sensor, FIG. 3(c) is a plan vieW 
of a substrate of the blood sensor, and FIG. 3(d) is a plan vieW 
of an assembled blood sensor. 

[0060] FIGS. 4(a)-4(d) are front vieWs and side vieWs of a 
blood collection needle according to a second embodiment, 
of the blood sensor according to the ?rst embodiment, and 
FIG. 4(a) is front and side vieWs of a needle having a triangle 
side surface, FIG. 4(b) is front and side vieWs of a needle 
having a circular side surface, FIG. 4(c) is front and side 
vieWs of a needle having a rectangle side surface, and FIG. 
4(d) is front and side vieWs of a needle having a hexagonal 
side surface. 
[0061] FIGS. 5(a)-5(d) are plan vieWs before disconnec 
tion of blood collection needle covers according to a third 
embodiment of the present invention, and FIG. 5(a) is a plan 
vieW before disconnection of the needle cover for a cover, 
FIG. 5(b) is a plan vieW before disconnection of the needle 
cover for a spacer, FIG. 5(c) is a plan vieW before disconnec 
tion of the needle cover for a substrate, and FIG. 5(d) is a plan 
vieW of an assembled blood sensor. 

[0062] FIG. 6 is a fabrication process chart of a blood 
sensor according to a fourth embodiment of the present inven 
tion. 
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[0063] FIG. 7 is a plan vieW ofa blood sensor according to 
a ?fth embodiment of the present invention. 
[0064] FIG. 8 is a plan vieW ofa blood sensor according to 
a sixth embodiment of the present invention. 
[0065] FIG. 9 is a transparent plan vieW of a blood sensor 
inserted into a blood testing apparatus according to a seventh 
embodiment of the present invention. 
[0066] FIGS. 10(a)-10(e) are cross-sectional vieWs of a 
blood testing apparatus according to the seventh embodi 
ment, and FIG. 10(a) is a cross-sectional vieW of the appara 
tus shoWing attachment of a blood sensor, FIG. 10(1)) and 
FIG. 10(c) are cross-sectional vieWs of the apparatus during 
puncture preparation, FIG. 10(d) is a cross-sectional vieW of 
the apparatus during puncture operation, and FIG. 10(e) is a 
cross-sectional vieW of the apparatus during blood collecting 
operation. 
[0067] FIG. 11 is a block diagram of the blood testing 
apparatus according to the seventh embodiment. 
[0068] FIG. 12 is a ?oWchart for explaining a blood testing 
process according to the seventh embodiment. 
[0069] FIG. 13 is a block diagram ofa blood testing appa 
ratus according to an eighth embodiment. 
[0070] FIG. 14 is a perspective vieW of a conventional 
puncture apparatus. 
[0071] FIG. 15 is a plan vieW of a conventional measure 
ment apparatus. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0072] Hereinafter, embodiments of the present invention 
Will he described With reference to the draWings. 

Embodiment l 

[0073] FIG. 1 is a plan vieW illustrating a blood sensor 11 
according to a ?rst embodiment of the present invention. 
[0074] With reference to FIG. 1, a base 12 of the blood 
sensor 11 has a bell shape, and a holloW needle for blood 
collection is attached to a front end 1211 of the base 12. A 
blood supply path 16a for supplying the blood component 
collected by the blood collection needle 13 to a detection part 
16 is led from a attachment part 14 to Which the blood col 
lection needle 13 is attached, and this blood supply path 16a 
shares a portion With a negative pressure supply path 170 that 
forms a negative pressure generation part 17 for applying 
negative pressure to the folloW portion of the blood collection 
needle 13. In order to simplify the folloWing description, it is 
assumed that the negative pressure supply path 170 and the 
blood supply path 16a constitute a supply path 15. 
[0075] The detection part 16 includes detection electrodes 
18, 19, 20, and 21 comprising a conductive material. The 
detection electrodes 18, 19, 20, and 21 are led to the other end 
12b of the base 12, thereby forming contact electrodes 18a, 
19a, 20a, and 21a, respectively. 
[0076] FIG. 2 is a cross-sectional vieW ofthe blood sensor 
11 according to the ?rst embodiment. With reference to FIG. 
2, the base 12 comprises a substrate 22, a spacer 23 that is put 
on the upper surface of the substrate 22, and a cover 24 that is 
put on the upper surface of the spacer 23. The blood collection 
needle 13 is attached to the front end 1211 of the base 12, and 
the supply path 15 extends toWard the other end 12b of the 
base 12 from the attachment part 14 to Which the blood 
collection needle 13 is attached. The detection part 16 is 
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disposed in the middle of the supply path 15, and a reagent 25 
is disposed on the detection part 16. 
[0077] Further, at an end of the supply path 15, the negative 
pressure generation part 17 is disposed toWard the surface 
side of the cover 24, and negative pressure is supplied from 
the negative pressure generation part 17 to the blood collec 
tion needle 13. 
[0078] FIGS. 3(a)-3(d) are exploded plan vieWs of the 
blood sensor 11 according to the ?rst embodiment. FIG. 3(c) 
is a plan vieW of the substrate 22, and its Width 22a and length 
22b are 12 mm and 5 mm, respectively. 
[0079] Further, a front end 220 of the substrate 22 is semi 
circular in shape, and a radius of the semicircle is 2.5 mm. The 
substrate 22 comprises polyethylene terephthalate (PET) 
having a thickness of 0.5 mm (ranging from 0.1 to 0.6 mm). 
[0080] A conductive layer is formed on the upper surface of 
the substrate 22 by depositing gold, platinum, orpalladium by 
sputtering or vapor deposition, and the conductive layer is 
subjected to laser processing to integrally fabricate the detec 
tion electrodes 18~21 and the contact electrodes 18a~21a 
Which are connected to the detection electrodes 18~21, 
respectively. 
[0081] FIG. 3(b) is a plan vieW of the spacer 23 included in 
the blood sensor 11 according to the ?rst embodiment, and its 
Width 2311 and length 23b are 9 mm and 5 mm, respectively. A 
front end 230 of the spacer 23 is semicircular in shape, and a 
radius of the semicircle is 2.5 mm. The spacer 23 comprises 
polyethylene terephthalate (PET) having a thickness of 0.1 
mm (ranging from 0.05 to 0.25 mm). 
[0082] A slit 15a is formed from the front end 230 so as to 
be connected to a hole 1711 that forms the negative pressure 
generation part 17, and a Width 15b and a length 150 of the slit 
1511 are 0.5 mm and 4.35 mm, respectively. Accordingly, this 
slit 15a, the substrate 22, and the cover 24 form the supply 
path 15 having a thickness of0.l mm, a Width of0.5 mm, and 
a length of 4.35 mm. Therefore, When a ?uid such as blood is 
applied to the supply path 15, capillary phenomenon occurs. 
[0083] Further, an attachment concave part 1411 that forms 
the attachment part 14 is disposed betWeen the front end 230 
and a beginning end of the slit 1511, While an attachment 
convex part 14b that ?ts the attachment concave part 1411 is 
formed in the blood collection needle 13. Accordingly, the 
blood collection needle 13 is ?rmly ?xed to the attachment 
part 14 of the spacer 23. 
[0084] FIG. 3(a) is a plan vieW ofthe cover 24 included in 
the blood sensor 11 according to the ?rst embodiment. The 
cover 24 has a Width 2411 of 9 mm, and a length 24b of 5 mm. 
A front end 240 of the cover 24 is semicircular in shape, and 
a radius ofthe semicircle is 2.5 mm. 

[0085] Further, a hole 17b having a diameter of lmm is 
formed in the cover 24, and this hole 17b is communicated 
With the hole 17a formed in the spacer 23, thereby forming the 
negative pressure generation part 17. 
[0086] The cover 24 comprises polyethylene terephthalate 
(PET) having a thickness of 0.1 mm (ranging from 0.05 
mm~0.2 mm). A portion of the cover 24 corresponding to a 
ceiling of the supply path 15 is subjected to hydrophilic 
processing to make blood ?oW into the supply path 15 
smoothly by capillary phenomenon. 
[0087] FIG. 3(d) is a plan vieW ofthe base 12 ofthe blood 
sensor, and a Width 120 and a length 12d ofthe base 12 are 12 
mm and 5 mm, respectively. A front end 1211 of the base 12 is 
semicircular in shape, and a radius of the semicircle is 2.5 
mm. 
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[0088] The contact electrodes 1811-2111 are exposed in a 
region of the base 12 corresponding to a length 12e from the 
other end 12b of the base 12. 
[0089] Further, the spacer 23 and the cover 24 are disposed 
back by the length 12e from the other end 12b. 
[0090] A spacing 12fbetWeen the detection part 16 and the 
negative pressure generation part 17 is about 1 mm. This 
spacing prevents blood from leaking out of the negative pres 
sure generation part 17 When the negative pres sure is stopped. 
[0091] The base 12 is obtained by laminating and adhering 
the substrate 22, the spacer 23, and the cover 24. Since poly 
ethylene terephthalate (PET) is used as a material of these 
components, it is easy to manage the base 12. 
[0092] Further, a reagent 25 is disposed on the detection 
part 16. The reagent 25 is produced by preparing a reagent 
solution by adding such as PQQ-GDH and potassium ferri 
cyanide into CMC aqueous solution, dropping the reagent 
solution onto the detection electrodes 18 and 20 of the sub 
strate 22, and drying the reagent solution. 
[0093] According to the ?rst embodiment of the present 
invention, since the blood sensor 11 itself has the blood col 
lection needle 13, it is possible to simultaneously perform 
puncture of needle into the skin as Well as blood collection, 
using the blood collection needle 13. 
[0094] Moreover, since the collected blood is guided to the 
detection part 16 Without intervening manual Work, the blood 
can be tested as it is. 
[0095] Accordingly, blood testing can be easily carried out 
Without the troubles in the conventional apparatus. 
[0096] Further, since the blood collection needle 13 has the 
negative pressure generation part 17 for applying negative 
pressure to the needle, blood collection can be carried out 
speedily and reliably. 

Embodiment 2 

[0097] FIGS. 4(a)-4(d) are front vieWs and side vieWs of 
various shapes of blood collection needles 13 according to a 
second embodiment of the present invention. The same com 
ponents are given the same reference numerals to simplify the 
description. 
[0098] As a material of the blood collection needle 13 
shoWn in FIGS. 4(a)-4(d), metal (SUS304) or plastic (PEEK: 
polyether ether ketone) may be used. When metal is adopted, 
a strong and easy-to-puncture blood collection needle 13 can 
be produced. 
[0099] When plastic is used, the blood collection needle 13 
can be easily fabricated by extrusion molding, and further, the 
needle 13 has elasticity that reduces needle-stick accidents to 
the patient. 
[0100] In FIG. 4(a), a blood collection needle 1311 has a 
triangular side surface, and its length 2611 and height 2711 are 
1 mm and 0.155 mm, respectively. An angle 28a at the front 
end is 15°. A diameter 29a ofthe side surface is 0.2 mm, and 
a through-hole having a diameter 30a of 0.05 mm is formed in 
the center of the diameter 29a, and the collected blood ?oWs 
into the through-hole. 
[0101] As shoWn in FIG. 4(a), since the blood collection 
needle 13a of the blood sensor 11 according to the second 
embodiment has the triangular side surface, the thickness of 
the front end portion 3111 increases, Whereby the strength of 
the needle tip of the blood collection needle 1311 can be 
increased. 
[0102] Further, since the apex of the triangular shape cor 
responds to the front end portion 31a, the needle tip becomes 
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sharper, and thereby the needle can easily run into the skin. 
Further, incorporation of the blood collection needle 1311 into 
the spacer 23 constituting the sensor 11 is also facilitated. 
[0103] With reference to FIG. 4(b), a blood collection 
needle 13b has a circular side surface, and its length 26b and 
height 27b are 1 mm and 0.2 mm, respectively. An angle 28b 
of a front end portion 31b is 15°. A diameter 29b of the side 
surface is 0.2 mm. A through-hole having a diameter 30b of 
0.05 mm is formed in the center of the diameter 29b, and the 
collected blood ?oWs into the through-hole. 
[0104] As shoWn in FIG. 4(b), since the blood collection 
needle 13b of the blood sensor 11 according to the second 
embodiment has the circular side surface, it is possible to 
incorporate the blood collection needle 13b into the spacer 23 
constituting the blood sensor 11, Without the necessity of 
paying attention to the rotation direction, and further, fabri 
cation of the needle 13b is facilitated. 
[0105] With reference to FIG. 4(c), a blood collection 
needle 130 has a rectangle side surface, and its length 260 and 
height 270 are 1 mm and 0.2 mm, respectively. An angle 28c 
ofa front end portion 310 is 15°. A diameter 290 of the side 
surface is 0.2 mm. A through-hole having a diameter 300 of 
0.05 mm is formed in the center of the diameter 290, and the 
collected blood ?oWs into the through-hole. 
[0106] As shoWn in FIG. 4(c), since the blood collection 
needle 130 of the blood sensor 11 according to the second 
embodiment has the rectangular side surface, the thickness of 
the front end portion 310 increases, Whereby the strength of 
the tip of the blood collection needle 130 can be increased. 
[0107] Further, since the apex of the rectangular shape cor 
responds to the front end portion 310, the needle tip becomes 
sharper, and thereby the needle can easily run into the skin. 
Further, incorporation of the blood collection needle 130 into 
the spacer 23 constituting the sensor 11 is also facilitated. 
[0108] With reference to FIG. 4(d), a blood collection 
needle 13d has a hexagonal side surface, and its length 26d 
and height 27d are 1 mm and 0.2 mm, respectively. An angle 
28d ofa front end portion 31d is 15°. A diameter 29d of the 
side surface is 0.2 mm. A through-hole having a diameter 30d 
of 0.05 mm is formed in the center of the diameter 29d, and 
the collected blood ?oWs into the through-hole. 
[0109] As shoWn in FIG. 4(d), since the blood collection 
needle 13d of the blood sensor 11 according to the second 
embodiment has the hexagonal side surface, incorporation of 
the blood collection needle 13d into the spacer 23 constituting 
the sensor 11 is facilitated. 

[0110] According to the blood sensor 11 of the second 
embodiment, metal (SUS304) or plastic (PEEK: polyether 
ether ketone) is used as a material of the blood collection 
needle 13. Therefore, When metal is used, a strong and easy 
to-puncture blood collection needle 13 can be obtained. On 
the other hand, When plastic is used, an elastic blood collec 
tion needle 13 can be obtained as Well as the needle 13 can be 
easily fabricated by extrusion molding, Whereby needle-stick 
accidents to the patient can be reduced. 
[0111] Further, When the side surface of the blood collec 
tion needle is triangular in shape, the thickness of the front 
end portion 31a is increased, Whereby the strength of the tip 
of the blood collection needle 1311 can be increased. Further, 
since an apex of the triangular shape of the side surface 
corresponds to the front end portion 31a, the needle tip 
becomes sharper and easy to run into the skin, and moreover, 
incorporation of the needle 1311 into the spacer 23 constituting 
the sensor 11 can be facilitated. 
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[0112] When the side surface of the blood collection needle 
is circular in shape, it becomes unnecessary to pay attention to 
the rotation direction When the blood collection needle is 
incorporated in the spacer 23 constituting the blood sensor 1 1, 
and further, fabrication is facilitated. 
[0113] When the side surface of the blood collection needle 
is rectangular in shape, the thickness of the front end portion 
310 is increased, Whereby the strength of the tip of the blood 
collection needle 130 is increased. Further, since an apex of 
the rectangular shape of the side surface corresponds to the 
front end portion 310, the needle tip becomes sharper and 
easy to run into the skin, and moreover, incorporation of the 
blood collection needle into the spacer 23 constituting the 
blood sensor 11 is facilitated. 
[0114] When the side surface of the blood collection needle 
is hexagonal in shape, incorporation of the blood collection 
needle 13d into the spacer 23 constituting the blood sensor 11 
is facilitated. 

Embodiment 3 

[0115] FIGS. 5(a)-5(d) are plan vieWs ofa substrate 22, a 
spacer 23, and a cover 24 Which constitute a blood sensor 11 
according to a third embodiment of the present invention, 
before disconnection of a blood collection needle cover. The 
same components are given the same reference numerals to 
simplify the description. 
[0116] FIG. 5(a) is a plan vieW ofa cover 24 and a blood 
collection needle cover 32 connected to the cover 24, before 
disconnection of the needle cover 32, in the blood sensor 11 
according to the third embodiment. The blood collection 
needle cover 32 is formed of the same material as and inte 
grally With the cover 24. 
[0117] To be speci?c, the blood collection needle cover 32 
is formed so as to cover a front end portion 240 of the cover 
24, and is connected to the cover 24 at both ends 3211 and 32b 
of the circular front end portion 240 of the cover 24. 
[0118] Further, a notch 320 is formed at a position in the 
blood collection needle cover 32 corresponding to the blood 
collection needle 13 so that the needle 13 is inserted into the 
notch 320 With clearance. The notch 320 is a part of the blood 
collection needle cover 32 that protects the blood collection 
needle 13. 
[0119] FIG. 5(b) is a plan vieW ofa spacer 23 and a blood 
collection needle cover 33 connected to the spacer 23, before 
disconnection of the needle cover 33. The blood collection 
needle cover 33 is formed of the same material as and inte 
grally With the spacer 23. 
[0120] To be speci?c, the blood collection needle cover 33 
is formed so as to cover a front end portion 230 of the spacer 
23, and is connected to the spacer 23 at both ends 3311 and 33b 
of the circular front end portion 230 of the spacer 23. 
[0121] Further, a notch 330 is formed at a position in the 
blood collection needle cover 33 corresponding to the blood 
collection needle 13 so that the needle 13 is inserted into the 
notch 330 With clearance. The notch 330 is a part of the blood 
collection needle cover 33 that protects the blood collection 
needle 13. 
[0122] FIG. 5(c) is a plan vieW ofa substrate 22 and a blood 
collection needle cover 34 connected to the substrate 22, 
before disconnection of the needle cover 34, in the blood 
sensor 11 according to the third embodiment. The blood 
collection needle cover 34 is formed of the same material as 
and integrally With the substrate 22. 
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[0123] To be speci?c, the blood collection needle cover 34 
is formed so as to cover a front endportion 220 of the substrate 
22, and is connected to the substrate 22 at both ends 3411 and 
34b of the circular front end portion 220 of the substrate 22. 
[0124] Further, a notch 340 is formed at a position in the 
blood collection needle cover 34 corresponding to the blood 
collection needle 13 so that the needle 13 is inserted into the 
notch 340 With clearance. The notch 340 is a part of the blood 
collection needle cover 34 that protects the blood collection 
needle 13. 
[0125] The substrate 22 before disconnection of the blood 
collection needle cover 34, the spacer 23 before disconnec 
tion of the blood collection needle cover 33, and the cover 24 
before disconnection of the blood collection needle cover 32 
are laminated and adhered to each other, resulting in a blood 
sensor 11 having a blood collection needle cover 35 With a 
notch 350 as shoWn in FIG. 5(d). 
[0126] The blood collection needle cover 35 is discon 
nected just before use of the blood sensor 11 to expose the 
blood collection needle 13. 
[0127] Accordingly, the patient is not punctured With the 
blood collection needle 13 before use of the blood sensor 11, 
and Whereby safety is secured. 
[0128] According to the blood sensor 11 of the third 
embodiment, the blood collection needle cover 32 is formed 
of the same material as and integrally With the cover 24 as 
shoWn in FIG. 5(a), the blood collection cover 33 is formed of 
the same material as and integrally With the spacer 23 as 
shoWn in FIG. 5(b), and further, the blood collection needle 
cover 34 is formed of the same material as and integrally With 
the substrate 22 as shoWn in FIG. 5(c), and a notch is formed 
in a portion of each blood collection needle cover 13 corre 
sponding to the blood collection needle 13 so that the blood 
collection needle 13 is inserted into the notch With clearance, 
Which notch is a part of a blood collection needle cover unit 
that protects the blood collection needle 13. Since the blood 
collection needle cover unit is disconnected just before use of 
the blood sensor 11 to expose the blood collection needle 13, 
the patient is not punctured With the needle 13 before use of 
the blood sensor 11, resulting in a safe and favorable blood 
sensor. 

Embodiment 4 

[0129] FIG. 6 is a diagram illustrating a production process 
of a blood sensor 11 according to a fourth embodiment of the 
present invention. The same components are given the same 
reference numerals to simplify the description. 
[0130] In FIG. 6, reference numeral 36 denotes a reagent 
application step of applying a reagent 25 on the substrate 22 
Where the detection electrodes 18~21 are disposed. 
[0131] Reference numeral 37 denotes a bonding step of 
bonding the spacer 23 and the cover 24 to each other. 
[0132] Reference numeral 38 denotes a blood collection 
needle attachment step of attaching the blood collection 
needle after the bonding step 37. 
[0133] Finally, reference numeral 39 denotes a completion 
step of bonding the substrate 22 on Which the reagent 25 is 
applied in the reagent application step 36 to the spacer 23 and 
the cover 24 to Which the blood collection needle 13 is 
attached in the blood collection needle attachment step 38. 
[0134] In these steps, the operations are carried out in the 
state Where the blood collection needle covers 32, 33, and 34 
described in the third embodiment are connected. 
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[0135] As described above, the blood sensor fabrication 
method according to the fourth embodiment comprises the 
reagent application step 36 of applying the reagent 25 on the 
substrate 22 Where the detection electrodes 18~21 are dis 
posed, the bonding step 37 of bonding the spacer 23 and the 
cover 24 to each other; the blood collection needle attachment 
step 38 of attaching the blood collection needle after the 
bonding step 37, and the completion step 39 of bonding the 
substrate 22 on Which the reagent 25 is applied in the reagent 
application step 36 to the spacer 23 and the cover 24 to Which 
the blood collection needle 13 is attached in the blood collec 
tion needle attachment step 38. Therefore, it is possible to 
easily fabricate the blood sensor 11. 

Embodiment 5 

[0136] FIG. 7 is a plan vieW ofa blood sensor 41 according 
to a ?fth embodiment of the present invention. In FIG. 7, the 
same reference numerals as those shoWn in FIGS. 1 to 6 
denote the same components, and therefore, repeated descrip 
tion is not necessary. 
[0137] The blood sensor 41 according to the ?fth embodi 
ment is different from the blood sensor 11 according to the 
?rst embodiment in that tWo blood collection needles 13 are 
attached to a front end portion 410 of the blood sensor 41 side 
by side and in parallel With each other. 
[0138] A supply path 42 is connected to the tWo blood 
collection needles 13, respectively. 
[0139] According to the blood sensor 41 of the ?fth 
embodiment, since the tWo blood collection needles 13 are 
disposed side by side and in parallel With each other, the time 
for blood collection can be reduced. 
[0140] Further, even When there occurs insuf?cient aspira 
tion of blood or clogging of one needle, the blood can be 
supplied from the other needle, resulting in a safe and highly 
reliable blood sensor. 

Embodiment 6 

[0141] FIG. 8 is a plan vieW ofa blood sensor 45 according 
to a sixth embodiment of the present invention. In FIG. 8, the 
same reference numerals as those shoWn in FIGS. 1 to 7 
denote the same components, and therefore, repeated descrip 
tion is not necessary. 
[0142] The blood sensor 45 is a kind of an optical sensor, 
and the degree of color change in a detection part 46 is 
converted into a blood glucose level by measuring an absor 
bance. 
[0143] For this purpose, at least one of an upper surface and 
a loWer surface of the detection part 46 is formed of a trans 
parent material, and detection light is applied to the detection 
part 46 through the transparent material, and the degree of 
light change is read from the re?ected light. 
[0144] As described above, since the blood sensor accord 
ing to the sixth embodiment reads the degree of light change 
from the re?ected light, the contact electrodes 18a to 2111 
described for the ?rst embodiment can be dispensed With. 
[0145] Accordingly, the siZe of the blood sensor 45 can be 
reduced by just that much. 

Embodiment 7 

[0146] FIG. 9 is a perspective plan vieW ofa blood sensor 
11 according to a seventh embodiment of the present inven 
tion. In FIG. 9, the same components as those described With 
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respect to the ?rst embodiment are given the same reference 
numerals to simplify the description. 
[0147] On the substrate 22, the detection electrodes 18, 19, 
20, and 21 are disposed, and these detection electrodes 18~21 
function as, for example, a Working electrode, a sensing elec 
trode, a counter electrode, and a hematocrit electrode, respec 
tively. 
[0148] These detection electrodes 18, 19, 20, and 21 are 
connected to the contact electrodes 18a, 19a, 20a, and 2111 
that are disposed on the other end 22d of the substrate 22, 
respectively. While in the following description the detection 
electrode 21 is used for detecting a Hct (hematocrit) value, the 
detection electrode 21 may be used for measuring, not only a 
Hct value, but also an amount of interfering substance that 
adversely affects the analytical value. 
[0149] Next, a description Will be given of the construction 
of the blood testing apparatus 50 according to the seventh 
embodiment, With reference to FIGS. 10(a)-10(e) and 11. 
[0150] FIGS. 10(a)-10(e) are cross-sectional vieWs speci? 
cally illustrating the blood sensor 11 and the blood sensor 
insertion part of the blood testing apparatus 50 according to 
the seventh embodiment, and FIG. 11 is a block diagram 
illustrating the entire structure of the blood testing apparatus 
50. Id these ?gures, the same components are given the same 
reference numerals to simplify the description. 
[0151] In FIG. 10(a), reference numeral 61 denotes a cylin 
drical casing, and the casing 61 includes a slider 62 that is 
disposed slidably in an anteroposterior direction (horizontal 
direction in the ?gure). Reference numeral 63 denotes a coil 
spring that is ?xed to the casing 61, and the coil spring 63 
pushes the slider 62 forWard. Reference numeral 64a denotes 
a blood sensor insertion port, and this insertion port 6411 is 
disposed at a front end of the slider 62. An insertion path 64 is 
connected to the insertion port 6411. Further, contact terminals 
65, 66, 67, and 68 to be connected to the contact electrodes 
18a, 19a, 20a, and 21a provided on the blood sensor 11 are 
disposed in the inner part of the insertion path 64. 
[0152] Reference numeral 35 denotes a blood collection 
needle cover that covers the blood collection needle 13 of the 
blood sensor 11. 

[0153] Reference numeral 69 denotes a cylindrical cap that 
covers the blood sensor 11, and its front and rear ends are 
opened. The cap 69 is put on the front end of the casing 61. 
Reference numeral 70 denotes a holloW tube having elasticity. 
An end of the tube 70 is connected to an upper portion of the 
insertion path 64 so that it is attached tightly to the inlet of the 
negative pressure generation part 17 provided on the upper 
surface of the blood sensor 11 When the blood sensor 11 is 
inserted. 
[0154] Reference numeral 71 denotes an O ring formed of 
rubber having elasticity. This 0 ring 71 ?xes an end of the 
tube 70 to the slider 62, and also improves the degree of 
attachment to the inlet of the negative pres sure generationpart 
17. The other end of the tube 70 is connected to a ?rst negative 
pressure generator 72. The ?rst negative pressure generator 
72 has a function of reducing the pressure in the holloW 
portion of the blood collection needle 13. 
[0155] Reference numeral 73 denotes a tube an end of 
Which is ?xed to the casing 61, and the other end of this tube 
73 is connected to a second negative pressure generator 74. 

[0156] The second negative pressure generator 74 has a 
function of reducing the pressure in the casing 61 including 
the cap 69. Reference numeral 75 denotes a Lansing button 
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(used as an example of a blood collection button) that makes 
the slider 62 protrude forWard. 
[0157] Further, reference numerals 65~68 denote contact 
terminals to be connected to the contact electrodes 18a~21a 
of the blood sensor 11, respectively. 
[0158] As shoWn in FIG. 11, the contact terminals 65~68 
are connected to a sWitching circuit 101, and an output of the 
sWitching circuit 101 is connected to an input of a current/ 
voltage converter (I/V converter) 102. 
[0159] An output of the UV converter 102 is connected to an 
input of an operation unit 104 through an analog/ digital con 
ver‘ter (A/ D converter) 103. 
[0160] An output of the operation unit 104 is connected to 
a display unit 105 comprising liquid crystal. 
[0161] Further, a reference voltage supply 108 is connected 
to the sWitching circuit 101. The reference voltage supply 108 
may be a ground voltage. 
[0162] Reference numeral 106 denotes a control unit, and 
an output of the control unit 106 is connected to a control 
terminal of.the sWitching circuit 101, the operation unit 104, 
a timer 109, the ?rst negative pressure generator 72, the 
second negative pressure generator 74, and a vibration gen 
erator 77. 

[0163] An output of the vibration generator 77 is connected 
to the slider 62. The vibration generator 77 vibrates the slider 
62, thereby to vibrate the blood collection needle 13 of the 
blood sensor 11. 

[0164] Hereinafter, a description Will be given of the opera 
tion of the blood testing apparatus 50 according to the seventh 
embodiment constituted as mentioned above, With reference 
to FIGS. 10~12. FIG. 12 is a ?owchart illustrating a sequence 
of operations of the blood testing apparatus according to the 
seventh embodiment. 
[0165] With reference to FIG. 12, initially, step 81 of 
attaching the blood sensor 11 to the bloodtesting apparatus 50 
Will be described. 
[0166] The attachment step 81 corresponds to FIG. 10(a). 
[0167] That is, the attachment step 81 includes step 82 of 
removing the cap 69 from the casing 61. 
[0168] In step 83 that folloWs step 82, the blood sensor 11 is 
inserted in the insertion path 64 of the slider 62. 
[0169] In this insertion step 83, the blood sensor 11 is 
inserted against the force applied by the coil spring 63, 
Whereby the slider 62 is pressed into an inner part 6111 of the 
casing 61. 
[0170] That is, the slider 62 is set in a shoot position. 
[0171] It is possible to detect Whether the slider 62 is set at 
the shoot position or not, by checking Whether the slider 62 is 
locked by the Lansing button 75 or not. 
[0172] That is, When the slider 62 is locked, the hand of the 
user that pushes the slider 62 feels no resistance by the coil 
spring 63, Whereby the user can sense that the slider 62 is set 
at the shoot position. 
[0173] Further, it is possible to detect that the blood sensor 
11 is attached to the slider 62, by detecting that the contact 
electrodes 18a~21a of the blood sensor 11 contact the contact 
terminals 65~68, respectively. 
[0174] When the blood sensor 11 is attached to the slider 
62, an end of the tube 70 is closely attached to the inlet of the 
negative pressure generation part 17. 
[0175] Since the tube 70 connected to the ?rst negative 
pressure generator 72 is closely attached to the inlet of the 
negative pressure generation part 17, it is possible to facilitate 
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blood collection by reducing the pressure in the folloW part of 
the blood collection needle 13. 

[0176] As described above, in step 83, the blood sensor 11 
is attached to the slider 62, and the slider 62 is set at the shoot 
position, and thereafter, the operation goes to step 84. 
[0177] In step 84, the blood collection needle cover 35 of 
the blood sensor 11 is removed. Thereby, the blood collection 
needle 13 is exposed for the ?rst time. Since the blood col 
lection needle 13 has been covered With the blood collection 
needle cover 35 up to step 83, safety is ensured. 

[0178] Next, the operation goes to step 85. In step 85, the 
cap 69 is attached to the casing 61. 
[0179] In this state, the blood collection needle 13 is posi 
tioned behind the front end opening 69a of the cap 69. 
[0180] The attachment step 81 of attaching the blood sensor 
11 to the blood testing apparatus 50 is completed in step 85. 
[0181] Since the cap 69 is put on the blood sensor 11 When 
the attachment step 81 is ended, the blood collection needle 
13 is not exposed, Whereby safety is secured and the patient is 
not scared by the needle 13. 

[0182] Moreover, since the cap 69 is attached, even When 
the blood testing apparatus 50 is dropped to the ?oor or the 
like, there occurs no accident such as breakage of the blood 
collection needle 13. 

[0183] Next, a description Will be given of puncture prepa 
ration step 86. FIG. 10(b) corresponds to the puncture prepa 
ration step. 
[0184] That is, in the puncture preparation step 86, initially, 
the front end opening 69a of the cap 69 is pressed against skin 
76 of a measurement site so that the cap 69 closely contact the 
skin 76, in step 87. Next, in step 88, the pressure in the cap 69 
is reduced by using the second negative pressure generator 
74. 

[0185] Thereby, the skin 76 is tensed and plumped up. 
[0186] At this time, it is possible to perform the pressure 
reduction by using both the ?rst negative pressure generator 
72 and the second negative pressure generator 74. The pres 
sure reduction is performed to reach a predetermined pres sure 
level, thereby completing the puncture preparation step 86. 
[0187] Next, a description Will be given of puncture opera 
tion step 89. FIG. 10(c) corresponds to the puncture operation 
step 89. 
[0188] That is, in the puncture operation step 89, the Lan 
sing button 75 is pressed. Then, the lock mechanism is 
released, and the blood sensor 11 that is pushed back by the 
coil spring 63 is sWiftly shot toWard the plumped-up portion 
76a of the skin 76, together With the slider 62. 
[0189] At this time, since the plumped-up portion 76a of 
the skin 76 is tensed by the second negative pressure genera 
tor 74, even When a plastic needle 13 having elasticity is used, 
the needle 13 can easily run into the skin 76. 

[0190] At this time, the front end of the blood collection 
needle 13 protrudes from the front end opening 69a of the cap 
69. 

[0191] Next, a description Will be given of blood collection 
step 90. FIG. 10(d) corresponds to this blood collection step 
90. 

[0192] That is, in the blood collection step 90, initially, the 
skin 76 of the patient is punctured With the blood collection 
needle 13 in step 91, and in this state, the vibration generator 
77 is driven and the ?rst negative pressure generator 72 is also 
driven, Whereby the pressure in the holloW part of the blood 
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collection needle 13 is reduced from the negative pressure 
generation part 17 of the blood sensor 11 to perform aspira 
tion of blood. 
[0193] In this Way, since the ?rst negative pressure genera 
tor 72 is driven, the holloW part of the blood collection needle 
13 is depressuriZed, Whereby blood collection is facilitated. 
Further, since the vibration generator 77 is driven, blood 
collection is further facilitated. 

[0194] Furthermore, in the blood testing apparatus 50, the 
sWitching circuit 101 is controlled according to an instruction 
of the control unit 106 so that the detection electrode 18 that 
serves as a Working electrode to measure an amount of blood 

component is connected to the UV converter 102 through the 
contact terminal 65, and the detection electrode 19 that serves 
as a sensing electrode to sense a How of blood is connected to 
the reference voltage supply 108 through the contact terminal 
66. 
[0195] A constant voltage is applied betWeen the detection 
electrode 10 and the detection electrode 19. 
[0196] In this state, When the blood reaches the detection 
electrode 19 of the blood sensor 11, current ?oWs betWeen the 
detection electrodes 18 and 19. The current ?oWing betWeen 
the detection electrodes 18 and 19 is converted into voltage by 
the UV converter 102, and the voltage value is converted into 
a digital value by the A/D converter 103 to be outputted to the 
operation unit 104. 
[0197] Then, the operation unit 104 detects that the blood 
?oWs into the blood sensor 11, on the basis of the digital 
value. 
[0198] Also in the folloWing step 92, collection of blood 
from the skin 76 is easily carried out due to aspiration by the 
negative pressure generating operation and vibration by the 
vibrating operation. 
[0199] Further, the blood collected from the blood collec 
tion needle 13 is introduced to the detection part 16 through 
the supply path 15 due in part to capillary phenomenon. 
[0200] When the blood introduced to the detection part 16 
reaches the detection electrode 19 as a sensing electrode, the 
current that ?oWs betWeen the detection electrodes 18 and 19 
is detected by the operation part 104 as described above, 
Whereby it is judged that a su?icient amount of blood to be 
measured is introduced, folloWed by step 93. 
[0201] Since blood collection is stopped When the collected 
blood reaches the detection electrode 19, collection of excess 
blood is prevented, i.e., a minimum necessary amount of 
blood is collected, Whereby the burden on the patient is mini 
miZed. 
[0202] In step 93, the operations of the ?rst negative pres 
sure generator 72, the second negative pressure generator 74, 
and the vibration generator 77 are stopped. 
[0203] When the ?rst negative pressure generator 72 is 
stopped, the blood that ?oWs inWard from the blood collec 
tion needle 13 is prevented from ?oWing from the negative 
pressure generation part 17 toWard the tube 70. 
[0204] That is, the collected blood is prevented from leak 
ing out of the blood sensor 11. 

[0205] When the second negative pressure generator 74 is 
stopped to open the inside of the cap 69 to atmosphere pres 
sure, the plumped-up portion 76a of the skin 76 disappears, 
and the skin 76 turns back. 

[0206] After the skin 76 turns back, the blood collection 
needle 13 is removed. On the other hand, if the collected 
blood does not reach the detection electrode 19 that senses 








