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(57) Dispositif de prélevement de sang pourvu de moyens
de succion de la peau par dépression, de moyens de
perforation servant a appuyer un ¢lément de perforation
(2) contre la peau soumise a la succion et des moyens de
dégagement (13) servant a extraire ['¢lement de
perforation (2) de la peau. L’ mvention concerne
¢galement un autre dispositif de preélevement de sang
pourvu de moyens de perforation possédant une structure
a aiguilles multiples.

l*l Industrie Canada  Industry Canada

(57) A blood specimen collector provided with means for
sucking the skin by depressurization, puncturing means
for abutting a puncturing member (2) against the skin
thus sucked, and releasing means (13) for pulling out the
abutted member (2) from the skin; and another blood
specimen collector provided with puncturing means
having a multi-needle structure.
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ABSTRACT

A blood specimen collector provided with means for sucking the skin by
depressurization, puncturing means for abutting a puncturing member (2) against
the skin thus sucked, and releasing means (13) for pulling out the abutted
member (2) from the skin; and another blood specimen collector provided with

puncturing means having a multi-needle structure.
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BLOOD SPECIMEN COLLECTOR

Technical Field

The present invention relates to a blood-collecting

device.
Background Art

In recent years, which have seen an increase in the
number of patients suffering from various adult diseases
such as diabetes, believed to be due to changes in eating
habits and a greater level of stress, a heavy burden is
being imposed on the daily lives of the patients
themselves who must make regular visits to the hospital,
and therefore as blood sugar tests become an ever more
usual part of their daily lives, the procedure of blood
collection itself is receiving more attention as an
important topic. The problem of the pain accompanying
blood collection becomes a more significant issue in
cases where the procedure must be repeated, and it is
becoming a serious obstacle particularly for insulin-
dependent patients, which include a large number of
children. Furthermore, blood-transmitted diseases have
become a social problem in recent years, and therefore,
1n the interest of preventing especially serious diseases
such as AIDS and hepatitis, a device has been sought
which may allow patients to take repeated blood
collections by themselves without undue burden: yet, no
blood-collecting device has been realized which can
satisfy these conditions.

Conventional blood-collecting devices in common use
are devices which cause a powerful impact of a small
blade into the tip of the finger, cutting the skin and
extracting blood, but despite the mere instant of contact
between the blade and the skin, the resulting pain is
more than imagined and thus its daily use has been quite
difficult to sustain.

Incidentally, devices have been proposed which draw

blood by first suctioning the skin and then forming a
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puncture in the suctioned section with a paracentesis
needle; however, it is often the case that the amount of
blood taken is less than the amount required for the
measurement, and this has created uncertainties from the
standpoint of stably obtaining reliable blood samples
amounts.
Disclosure of the Invention

In light of these circumstances, the present
invention accomplishes reliable collection of blood in a
substantially painless manner, by a construction
comprising a combination of suction means for suctioning
the skin by decompression, paracentetic means for
dropping a paracentetic member into the skin in the
aforementioned suctioned-state to 1mpact the skin, and
removal means for drawing out the aforementioned impacted
paracentetic member from the skin.

The present invention also accomplishes reliable

collection of blood in a substantially painless manner by

way of a multiple-needle construction as the paracentetic

nears.

Brief Description of the Drawings
Figs. 1 and 2 are cross-sectional views of an

embodiment of a device according to the invention.

Figs. 3(a), 3(b) and 3(c) are illustrations of the
operation of the device of the aforementioned embodiment.
Figs. 4, 5(a) and 5(b) are illustrations of an

embodiment of paracentetic means used in a device

according to the invention.

Figs. 6, 7, 8(a), 8(b) and 8(c) are illustrations of
another embodiment of paracentetic means used in a device
according to the invention.

Figs. 9(a) and 9(b) are illustrations of an
embodiment of the paracentetic means section of a device
according to the invention, with Fig. 9(a) being a side
view showing a partial cross-section, and Fig. 9(b) being
a front view.

Fig. 10 1s an illustration of an embodiment of a
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device according to the invention.

Figs. ll(a), 11(b) and 11(c) are illustrations of
the operation of the device of the aforementioned
embodiment.

Best Mode For Carrying Out the Invention

In the above reference to substantial painlessness,
the pain is largely affected by the feelings of the
person from whom the blood is collected, i.e. by a
subjective factor, and therefore it is intended to
include small degrees of pain, though lighter than the
pain normally associated with blood collection as
described above in regard to the prior art, while
including a degreé of pain which is acceptable on a
continuous daily basis.

According to the present invention, the section of
the skin subjected to the suction is not restricted and
may be the fingertip, upper arm, lower arm, etc., but the
upper arm 1s preferred for its wider surface area.

The suction force indicates the degree to which the
skin rises upwards, and is not particularly limited as it
depends on the volume of the suction space and the degree
of decompression, but an example thereof is a
decompression of about -45 kPa to -60 kPa with a gauged
pressure where 0 i1s atmospheric pressure.

The dropping of the paracentetic member refers to
the degree of free fall, as well as to cases involving
some amount of acceleration or restriction on its drop.
The dropping distance is no more than 2 cm, but is
otherwise not restricted. Although the subject feels the
dropping impact, it is felt as nothing more than a tap or
itch. However, since that area of the subject is in a
suctioned state and under the application of other
forces, the impact is rendered painless.

After dropping, the needle may be held in that state
for a few seconds, or it may be immediately drawn out.

As a mode of termination of the paracentesis, the

paracentesis needle may be directly drawn out and




10

15

20

25

30

35

2195743

released from the skin, or its surroundings may be moved
so that 1i1ts relative position is released from the skin,
and it 1s thus removed from the skin.

After the paracentesis needled is removed from the
skin, the section of the skin which has been punctured is
still in a suctioned state. The suction causes a bodily
fluid, which is primarily blood, to be drawn out.

The amount of blood drawn out is generally about 10
ul to 15 ul, but is not restricted to this range.

The continuous operation time from the initial
suction until suction after the paracentetic member has
been drawn out may be as short as within one minute, or
it may be longer depending on other conditions such as
the simplicity Oof the suctioning construction, reduction
of the suction force, etc.

The paracentetic member is usually a needle with a
core diameter of about 0.3 mm, but it is not necessarily
restricted thereto. The member may be, instead of a
needle, a blade with an aperture size of 1 mm or less.

A multiple-needle construction used as the
paracentetic means of the device according to the
invention may consist of an arrangement of needles whose
number 1is not particularly limited, but is preferably
from 2 to 6. '

The above-mentioned paracentetic means operates in
such a manner that it impacts the skin to achieve
paracentesls and induce bleeding, or else the skin
swollen upon blood congestion caused by suction is
brought 1nto contact with the fixed paracentetic means to
achieve paracentesis and induce bleeding from the skin,
or alternatively the skin is suctioned and the
paracentetic means is impacted, or contacted, with the
skin which#has swollen by blood congestion, to achieve
paracentesis and induce bleeding from the skin.

Examples of devices according to the invention will
now be explained with reference to the accompanying

drawings.
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Figs. 1 and 2 show an embodiment of a device
according to the invention. 1In these figures, 1 is the :
body, which is divided into an upper air chamber 11 and a '
lower air chamber 12.
0

Numeral 2 is a paracentetic
needle, which has a core diameter of about 0.3 mm.

Numeral 3 1s a decompression chamber which is roughly
cone-shaped and is connected with the lower air chamber
12.

Numeral 4 is a diaphragm, and particularly one is
used which allows a long displacement of about 10 mm.
10

The diaphragm 4 is formed of a member such as a rubber

membrane or synthetic resin membrane which is resilient
and flexible.

The diaphragm 4 is positioned as a

partition between the upper air chamber 11 and lower air
chamber 12.

15 Numeral 5 is a lower decompression opening which

serves to connect with external decompression means.

Numeral 6 1s an upper decompression opening which
serves to connect with external decompression means.

Numeral 7 is an inner ring-shaped protrusion, and 10
20 1s an outer ring-shaped protrusion. This double-
protrusion construction prevents obstruction of blood

congestion by excess pressure on the skin by the body,

while also allowing rapid blood congestion in a

concentrated manner in only the very narrow region around
25 the point of paracentesis.

Numeral 8 is a support member, for sliding the
paracentetic needle, which is connected to the diaphragm

4 and allows vertical sliding of the paracentetic needle
2 .

Numeral 9 is an adjusting screw which may be turned
30

to adjust the distance between the paracentetic needle 2
and the skin via the support member 8.

Numeral 13 is a spring with a helical shape. One
end of the spring 13 is anchored to the upper air chamber

11 while 1ts other end is mounted on the support member
35

8, and its discharge force is stored and released upon
sliding of the support member 8.

The spring 13 may also be a flat spring, since it is
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sufficient that force be exhibited upon sliding of the
support member 8.

The operation of this device will now be explained
in more detail with reference to Figs. 2, 3(a), 3(b) and
3(c).

Prior to operation, since the upper air chamber 11
and lower air chamber 12 are at atmospheric pressure, the
paracentetic needle 2 is held upward by the force of the
spring 13, as shown in Fig. 1.

The body 1 is taken by hand, the decompression
chamber 3 1is contacted with the blood collecting site,
and the pressure of the upper air chamber 11 and lower
air chamber 12 is lowered to the same degree of
decompression by an equal flow acceleration. This
decompression causes suction of the skin, inducing
swelling of the skin as shown in Fig. 3(a), and thus
blood congestion.

After a prescribed period of time has passed, the
decompression of the upper air chamber 11 is abruptly
attenuated. The reduction in the degree of decompression
of the upper air chamber 11 induces a pressure change
between the top and bottom sides of the diaphragm 4, and
force 1is applied toward the lower air chamber 12, thus
moving the paracentetic needle 2 downward. The
paracentetic needle 2 moves with a force correspondingxto
the difference between the restoring force of the spring
13 and the pressure difference, and thus impacts the skin
(Fig. 3(b)).

During this time, the state of decompression of the
lower air chamber 12 is maintained. The lower air
chamber 11 is then again decompressed until it reaches
the same pressure as the lower air chamber 12. Once the
pressure difference 1s eliminated between the lower air
chamber 12 and the upper air chamber 11, the restoring
force of the spring 13 moves the support member 8 upward,
thus releasing the paracentetic needle 2 from the skin.

Here, since the lower air chamber 12 is

oy
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decompressed, further suction causes blood to be drawn
from the incision (Fig. 3(c)). The degree of
decompression of the lower air chamber 12 at this time is
-45 kPa to -60 kPa at a gauged pressure with atmospheric
pressure as the zero value.

The explanation given above regards one example of
the present invéntion; the explanation which follows
concerns a needle with a shape which induces a lower
degree of pain, and it is illustrated in Figs. 4, 5(a)
and 5(b).

The paracentetic means shown in Fig. 4 has an
inverted V-shaped surface 42 at the tip of the needle
support 43, and a paracentetic needle 41 is situated at
the center of the inverted V-shaped surface. The
paracentetic needle 41 protrudes a prescribed distance of
only 4L from the tip of the inverted V-shaped surface,
and this prescribed distance is ideally, but not
necessarily restricted to, about 0.5 mm to 1.5 mm, in
consideration of the pain during use and the amount of
blood to be drawn out.

When an incision is created in the skin by impact of
the paracentetic needle with the skin, the edge of the
inverted V-shaped surface of the needle support 43
impacts the skin almost simultaneously with the impact of
the paracentetic needle 41 with the skin, and therefore
the pain of the prick when the paracentetic needle 41
impacts the skin 1s alleviated by the mild shock caused
by the impact of the edge of the inverted V-shaped
surface of the needle support 43.

Figs. 5(a) and 5(b) are partial illustrations of the
paracentetic means 40 shown in Fig. 4, corresponding to
the example shown in Fig. 1.

~Additional paracentetic members will now be
explained with reference to Figs. 6 and 7.

F1g. 6 shows a construction wherein the tip section
44 of the needle support 43 is flat, and the paracentetic
needle 41 protrudes from the tip section 44 at a length

-ty
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of a few mm to a few tens of mm.

In this case, if the length L1 of the paracentetic
needle 44 protruding from the tip section 44 is less 1 mm
or less, the pain incurred upon puncture is minimized,
thus realizing a less painful procedure.

Specifically, the pain incurred when the incision is
produced in the skin by impact of the paracentetic needle
with the skin is proportional to the size of the
incision. The size of the incision is defined by both

the area and the depth of the incision.

The area of the incision may be adjusted with
adequate control by varying the diameter of the
paracentetic needle. However, adjustment of the incision
depth requires adjustment of a number of factors such as
the torque of the paracentetic needle when it impacts the
skin, the cutting sharpness of the paracentetic needle,
and the movable stroke of the paracentetic needle against
different degrees of the suction-induced skin swelling
depending on the person. Thus, it has been difficult in
the past to control the depth of the incision.

However, according to the present invention, when
the needle section of the paracentetic needle has a
length of 1 mm or less, the depth of the incision is
never greater than 1 mm even without high-precision
adjustment of the above-mentioned factors.

F1g. 7 shows another shape for the paracentetic
member. The paracentetic member in Fig. 7 is one with a
shortened protruding length L2 of the paracentetic needle
42 of the paracentetic section shown in Fig. 5. L2 is
preferably 1 mm or less, so that this shape provides a
substantially painless procedure.

Figs. 8(a), 8(b) and B8(c) shows an example of the
process fof taking blood using the paracentetic member
shown in Fig. 6.

F1g. 8(a) shows the process of suction, with the
blood collection site already suctioned. During the

suctioning, the paracentetic member is impacted with the

g -t
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swollen skin (Fig. 8(b)). The paracentetic needle of the
paracentetic member punctures the skin, and the
paracentesis is then terminated. The suction continues
even after the paracentesis has been terminated, : thus
drawing out blood from the punctured skin (Fig. 8(c)).

Figs. 9(a) and 9(b) are illustrations of an
embodiment of the paracentetic means section used for a
device according to the invention.

Numeral 51 indicates paracentetic needles each with
a core diameter of about 0.3 mm,‘and as shown in Fig.
I(b), 4 or them are situated at almost equal spacing on
the support 52. If the spacing M is about 1.3 mm, it is
possible to obtain a single drop of blood from the
incisions created by the paracentetic needles. The
heights L of the paracentetic needles 51 are all in the
range of about 0.5 mm to 1.0 mm. However, these are only
preterred values which are not intended to be '
restrictive, and they may be appropriately selected
depending on the degree of pain felt or the amount of
blood to be collected during paracentesis.

Fig. 10 shows the overall construction using the
paracentetic means illustrated in Figs. 9(a) and 9(b).

Numeral 1 is the body which is divided into an upper
air chamber 11 and a lower air chamber 12. Numeral 51
indicates the paracentetic needles, 4 of which are
arranged as 1illustrated in Figs. 9(a) and 9(b). Numeral
3 1s a decompression chamber, which is roughly
cylindrical and is connected with the lower air chamber
12. Numeral 4 is a diaphragm, and particularly is one
which allows a long displacement of about 10 mm. The
diaphragm 4 1s formed of a member such as a rubber
membrane’ or synthetic resin membrane which is resilient
and flexibie. The diaphragm 4 is positioned as a
partition between the upper air chamber 11 and lower air
chamber 12.

Numeral 5 1s a lower decompression opening which

serves to connect with external decompression means 17.

wwee! S
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Numeral 6 is an upper decompression opening which serves
to connect with external decompression means 16. The
decompression means 16 and upper decompression opening 6
are connected by a valve 14, and the decompression means
17 and lower decompréssion opening 5 are also connected
by a valve 15. The valves 14 and 15 are electromagnetic
valves, which are opened and closed by input of
electrical signals.

Numeral 7 is an inner ring-shaped protrusion, and 10
1s an outer ring-shaped protrusion. This double-
protrusion construction prevents obstruction of blood
congestion by excess pressure on the skin by the body.

Numeral 8 1s a support member for sliding of the
paracentetic needle, which is connected to the diaphragm
4 and supports vertical sliding of the paracentetic
needle 52. Numeral 9 is an adjusting screw which may be
turned to adjust the distance between the paracentetic
needle 51 and the skin via the support member 8.

Numeral 13 is a spring with a helical shape. One
end of the spring 13 is anchored to the upper air chamber
11 while 1its other end is mounted on the support member
8, and 1ts discharge force is stored and released upon
sliding of the support member 8.

The spring 13 may also be a flat spring, since it is
sufficient that force be exhibited upon sliding of the

support member 8.

The operation will now be explained in more detail
with reference to rFigs. 1ll(a), 1l1(b) and 1l1l(c).

Prior to operation, since the upper alr chamber 11
and lower air chamber 12 are at atmospheric pressure, the
paracentetic needle 51 is held upward by the force of the
spring 13, as shown in Figs. 9(a) and 9(b).

The body 1 is taken by hand, the decompression
chamber 3 1s contacted with the blood collecting site,
and the pressure of the upper air chamber 11 and lower
air chamber 12 is lowered to the same degree of

decompression by an equal flow acceleration. This

A np =
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decompression causes suction of the skin, inducing
swelling of the skin as shown in Fig. 11(a), and thus
blood congestion.

After a prescribed period of time has passed, the

decompression of the upper air chamber 11 is abruptly

attenuated. The reduction in the degree of decompression

of the upper air chamber 11 induces a pressure change
between the top and bottom sides of the diaphragm 4, and
force is applied toward the lower air chamber 12, thus
moving the paracentetic needle 51 downward. The
paracentetic needle 51 moves with a force corresponding
to the difference between the restoring force of the
spring 13 and the pressure difference, and thus impacts
the skin (Fig. 11(b)).

At this time, the state of decompression of the
lower air chamber 12 is maintained. The upper air
chamber 11 is then again decompressed until it reaches
the same pressure as the lower air chamber 12. Once the
pressure difference is eliminated between the lower air

chamber 12 and the upper air chamber 11, the restoring

force of the spring 13 moves the support member 8 upward,

thus releasing the paracentetic needle 51 from the skin.
Here, since the lower air chamber 12 is
decompressed, further suction causes blood to be drawn

from the incision (Fig. 11(c)). The degree of

decompression of the lower air chamber 12 at this time is

-45 kPa to -60 kPa at a gauged pressure with atmospheric

pressure as the zero value.

Industrial Applicability

According to the present invention there is provided

a highly useful blood-collecting device with which it is
possible to ensure a reliably stable amount of blood
collection/in a substantially painless manner, and which
1s simple to operate and may thus be easily used to

collect blood at home.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS :

1. A blood-collecting device which comprises:

suction means for suctioning a blood collection
site of a patient’s skin to induce swelling of the skin
by decompression,

a movable paracentetic member,

means for moving the paracentetic member toward
the swollen skin to impact and puncture the skin, and

removal means for moving the paracentetic member
away from the skin, wherein the suction means further

permits blood to be drawn from the punctured skin.

2. A device according to claim 1, wherein said
decompression is in a range of -45 kPa to -60 kPa at a

gauged pressure with atmospheric pressure as the zero

value.

3. A device according to claim 1, wherein said

paracentetic member has a multiple-needle construction.

4, A device according to claim 3, wherein said
paracentetic member includes 2 to 6 paracentetic

needles.

5. A device according to claim 3, wherein said
paracentetic member punctures skin which is in a

suctioned state due to decompression.

6. A device according to claim 3, wherein said
decompression 1is in a range of -45 kPa to -60 kPa at a
gauged pressure with atmospheric pressure as the zero

value.

WA AN P AN AIM AN & 87 A8 =33 +4 tdiessas o o cel seth o
TR v et Mifplnihl aml, el bl SR { Lad Ryt ST CLAMRA O AN G i Ao i i



2195743

EXTERNAL

DECOMPRESSION

MEANS

il ‘ 1|
PSS

A\\\ SIS NNV
\ 2 oS\ =4
\ .w.,__.,,_..m._.////////é._.v_,\\\a\z‘__m_.‘ s
AALNAEAS T 74 \“\““\ 2
I/Am.u-ﬁ NG

.s&.ﬁmf%f&. QN

EXTERNAL

DECOMPRESSION

MEANS




NSNS
T

“‘\.s\\\\\\\\n - \

=—

[ \ﬂ«v

N

<J"

S~ |
LD

O~
M\J




g — -—.c—-n—b_l—uﬂ—n—_m—.-—.‘.q‘-
” S~

2195743

-_—-—ﬂ-&—ﬂ-ﬁ—._——-——-’_.—_m—"—ﬂ-—q_




5
19574
Z

V]



2195743

X7 “é
A

I
\‘F
3




2195745

o~ W

)

C

(

- 1Q.8

BODY



2195743

] ﬂ._
|
| :
4.
F ;
— < “ p4 =" N
| ‘ © o~
o . v
(L i——t ‘
"W N gr—y——
=] & Pt
\
.

7 .;/«% y
LB TSN
&1\ MRS SR -l\l‘\\““‘ ﬁ
Vi RISOIREIOS S




A,
P77

g
L
[ )

F1g.11(c)




10

O O

BODY

EXTERNAL
DECOMPRESSION
MEANS

—

VALVE




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - abstract drawing

