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1. A blood sample collecting device comprising:
a vacuum blood sampling chamber having a blood 

container disposed therein;
a vacuum pump communicating with said vacuum blood 

sampling chamber for evacuating the vacuum blood 
sampling chamber to collect a blood sample into the 
blood container under a vacuum developed in said vacuum 
blood sampling chamber;

measuring means disposed in said blood sampling 
chamber for measuring the amount of collected blood in 
said blood container; and

means coupled to said measuring means for 
calculating a rate of increase in the measured amount of 
collected blood; and

to \ o

■for lowering\ the vacuum in saidcontrol means
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vacuum blood sampling chamber below a preset pressure

-2-

when said r’cAcu-ArxVfs A rate of increase in the measured
amount of collected blood is less than a predetermined 
normal rate of increase.
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The present invention relates to a vacuum blood
sample collecting device for collecting a blood sample in a
blood container.

One known vacuum blood sample collecting device is
5 disclosed in Japanese Patent Publication No. 51-3153. The 

disclosed vacuum blood sampler has a blood container dis­
posed in a vacuum blood sampling chamber which is evacuated 
by a vacuum pump. The vacuum pump develops a vacuum that 
acts in the blood container to produce a suction force in a

'0 blood sampling needle connected to the blood container 
through a tube or the like for thereby drawing blood from a 
blood vessel in a blood donor or patient. The vacuum or 
negative pressure after the blood starts being sampled is 
required to be kept at a suitable level for facilitating the 

•15 blood sampling operation and reducing the burden on the
‘ blood donor. To regulate the pressure in the vacuum blood 

sampling chamber to an adequate level, a pressure regulating 
valve is disposed in a vacuum pipe which interconnects the 
vacuum pump and the vacuum blood sampling chamber. When the 

lo pressure in the vacuum blood sampling chamber reaches a 
desired target level, a spring-loaded leakage mechanism in 
the pressure regulating valve is operated to keep the pres­
sure in the vacuum blood sampling chamber at the target 
level.

1q - 



With the above prior arrangement, even after the
pressure in the vacuum blood sampling chamber has reached
the target level, the vacuum pump is continuously operated.
Therefore, the vacuum blood sampler is of poor electric

5 efficiency and generates heat. During operation of the vac­
uum blood sampler over a relatively long period of time, the 
seals and spring of the leakage mechanism in the pressure 
regulating valve are deteriorated to vary a control 
pressure, thus making it difficult to maintain the desired 

<0 target pressure in the vacuum blood sampling chamber. The 
desired target pressure cannot easily be varied and set 
since it is controlled by a skilled operator through 
adjustment of the resiliency of the spring of the leakage 
mechanism.

,(5 When the vacuum level is quickly lowered toward a
0

final target level, the force tending to draw blood from the 
blood vessel is rapidly varied to put an excessive burden on 
the blood donor, and a blood vessel wall is attracted to the 
blood sampling needle under the large suction force

7.0 developed in the hole of the blood sampling needle. If the 
blood vessel in the blood donor is narrower than normal, the 
needle hole may be closed by the blood vessel wall, making 

' it difficult or impossible to effect continued blood sam­
pling operation. Accordingly, the efficiency of blood sam- 

χ5 pling is lowered.
SUMMARY OF THE INVENTION

2
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It is a first object of the present invention to 
provide a vacuum blood sample collecting device capable 
of stably sampling blood from blood vessels of different 
diameters .

5 It is a second object of the present invention to
provide a vacuum blood sample collecting device which 
can develop a constant vacuum in a vacuum blood sampling 
chamber with increased electric efficiency, can maintain 
a stably controlled vacuum in the vacuum blood sampling 

10 chamber over a long period of time, and can easily vary
the level of a vacuum developed in the vacuum blood 
sampling chamber.

It is a third object of the present invention to 
provide a vacuum blood sampler which reduces the burden 

15 on a blood donor or patient and increases the efficiency
of blood sampling operation while a blood sample is 
being collected into a blood container under a vacuum 
developed in a vacuum blood sampling chamber.

In accordance with the present invention there is
20 provided a blood sample collecting device comprising:

a vacuum sampling chamber having a blood container 
disposed therein;

a vacuum pump communicating with said vacuum blood 
sampling chamber for evacuating the vacuum blood 

25 sampling chamber to collect a blood sample into the
blood container under a vacuum developed in said vacuum
blood sampling chamber;

measuring means disposed in said blood sampling 
chamber for measuring the amount of collected blood in

bc/10/tkk.spe 91 8 16
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said blood container; and
means coupled to said measuring means for

calculating a rate of increase in the measured amount of
collected blood; and

control means for lowering the vacuum in said 
vacuum blood sampling chamber below a preset pressure 
when said predetermined rate of increase in the measured 
amount of collected blood is less than a predetermined 
normal rate of increase.

The above and other objects, features and 
advantages of the present invention will become more 
apparent from the following description when taken in 
conjunction with the accompanying drawings in which a 
preferred embodiment of the present invention is shown 
by way of illustrative example.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a front elevational view of a vacuum 

blood sample collecting device according to the present 
invention;

FIG. 2 is a side elevational view of an internal 
mechanism of the vacuum blood sample collecting device 
shown in FIG. 1;

FIG. 3 is a plan view of the vacuum blood sample 
collecting device illustrated in FIG. 1;

FIG. 4 is a plan view of the internal mechanism of 
the vacuum blood sample collecting device shown in FIG.

-MX
.'7 \'■/ υή 
y θ)

F-l

» v

1;

FIG. 5 is a perspective view of the internal
mechanism of the vacuum blood sample collecting device

bc/10/tkk.spe 91 8 16
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shown in FIGS. 1 through 4;
FIG. 6 is a block diagram of a vacuum circuit and 

a control system in the vacuum blood sample collecting 
device;

5 FIG. 7 is a detailed block diagram of a controller
in the vacuum blood sample collecting device shown in 
FIG. 1;

bc/10/tkk.spe 91 8 16



FIGS. 8(A) and 8(B) are graphs showing the manner
in which a vacuum pump is turned on and off and the pressure 
in a vacuum blood sampling chamber;

FIGS. 9(A) and 9(B) are graphs showing the manner
5 in which a vacuum pump is turned on and off and the pressure 

in a vacuum blood sampling chamber; and
FIG. 10 is a graph showing a pattern of a rate of 

increase in the amount of collected blood.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

10 FIGS. 1 through 7 show a vacuum blood sample col­
lecting device 10 according to the present invention. The 
vacuum blood sample collecting device 10 has a display panel 
12 (FIG. 1) on the front wall of a housing 11 which accommo­
dates a vacuum blood sampling chamber 13 (FIGS. 2, 3, and 4)$

le5 therein. The vacuum blood sampling chamber 13 can be opened 
and closed by a cover 14 pivotally mounted on the housing 11 
by means of hinges 15. The vacuum blood sampling chamber 13 
is sealed by a rubber seal 16. The cover 14 has a grip 14A 
(FIG. 1) which is to be gripped by the operator when the

zo cover 14 is to be opened and closed. The vacuum blood sam­
ple collecting device 10 also has a vacuum pump 17 and a 
controller 18 disposed in a lower portion of the housing 11, 
as shown in FIG. 2.

The vacuum blood sampling chamber 13 communicates
ZS with an inlet port 17A (FIG. 6) of the vacuum pump 17 and 

can be evacuated by the vacuum pump 17. The vacuum blood

6



sampling chamber 13 houses a bag tray 19 (FIGS. 2, 3, and 4)
for supporting a blood bag (blood container) 1 which is made
of polyvinyl chloride or the like. When the vacuum blood
sampling chamber 13 is evacuated, a predetermined vacuum is

5 developed on the blood bag 1 supported on the bag tray 19 
for collecting a blood sample into the blood bag 1. While 
blood is being sampled into the blood bag 1, the bag tray 19 
is oscillated back and forth to agitate the collected blood 
and an anticoagulant such as heparin which has been placed

io in the blood bag 1, and at the same time measures the weight 
of the blood bag 1 containing collected blood.

A mechanism for oscillating the bag tray 19 and a 
mechanism for measuring the weight of the collected blood in 
the blood bag 1 will be described below.

<5 As shown in FIGS. 2, 4, and 5, a mount base 20 is
disposed on the bottom wall of the vacuum blood sampling 
chamber 13. An oscillating frame 22 which is swingable is 
supported on the mount base 20 by means of support shafts 
21 which are pivotally supported on arms fixed to the mount 

2.0 base 20. An oscillating motor 23 is fixedly mounted on the 
mount base 20 and has a drive shaft 24 on which a toothed 
pulley 25 is mounted. A toothed belt 27 is trained around 
the pulley 25 and another toothed pulley 26 mounted on a 
drive shaft 24. On one end of the drive shaft 24, there is 

χ5 mounted a crank wheel 28 having an eccentric pin coupled to 
one end of a link 29, the other end of which is coupled by a

7



pin to a connector 30 integrally joined to the oscillating
frame 22.

A pair of scale attachment blocks 31 is fixed to 
the upper surface of the oscillating frame 22, and a scale

5 (means for measuring the amount of collected blood) 33 is 
supported in a cantilevered fashion on a support plate 32 
attached to ends of the scale attachment blocks 31. The 
scale 33 has a pair of strain gages 34 attached to the upper 
surface thereof at two respective positions and serving as 

IC weight sensors constituting a Wheatstone bridge. The bag 
tray 19 is fixedly mounted on the distal end of the scale 33 
through a weighing base 35 and a receiver plate 36. The 
scale 33 is prevented by a stopper 37 from jiggling 
laterally. An amplifier unit 38 is electrically connected

15 to the weight sensors or strain gages 34.
When the oscillating motor 23 is energized, the 

drive shaft 24 and the crank wheel 28 are rotated through 
the pulley 25, the toothed belt 27, and the pulley 26 to 
displace the link 29 for thereby oscillating the oscillating 

2.0 frame 22 about the support shafts 21. Therefore, the bag 
tray 19 supported on the oscillating frame 22 through the 
scale 33 is also oscillated. The bag tray 19 is supported 
on the scale 33 which is supported in a cantilevered manner 
on the oscillating frame 22 through the attachment blocks 31

2.5 and the support plate 32. The weight of the blood bag 1
containing collected blood is measured according to the fle-

8



xural deformation of the scale 33, and the amount of col­
lected blood is calculated from the measured weight.

The angular position of a detector cam 39 mounted 
on the other end of the drive shaft 24 is detected by an 
optical sensor 40. In response to a detected signal from 
the optical sensor 40, the oscillating motor 23 is con­
trolled to temporarily stop the bag tray 19 in its lowermost 
position (bottom dead center) and keep the bag tray 19 in a 
certain attitude while at the same time the weight of the 
blood bag 1 is measured.

As shown in FIG. 6, the inlet port 17A of the vac­
uum pump 17 and the vacuum blood sampling chamber 13 are 
connected to each other by means of a vacuum pipe 41 which 
has a discharge valve 43 that can be closed when a discharge 
solenoid 42 is turned on and opened by gravity when the dis­
charge solenoid 42 is turned off. By actuating the vacuum 
pump 17, a certain vacuum is developed in the vacuum blood 
sampling chamber 13 to collect a blood sample. After the 
blood sample has been collected, the discharge valve 43 is 
opened to vent the vacuum blood sampling chamber 13 to 
atmosphere.

A tube holder 44 (FIG. 3) is disposed on an upper 
portion of the front wall of the housing 11 and adjacent to 
the vacuum blood sampling chamber 13. A blood sampling tube 
2 connected to the blood bag 1 housed in the vacuum blood 
sampling chamber 13 can be pulled through the tube holder

9



44. The tube holder 44 is associated with a tube clamp
(blood sampling stop means) 46 which is actuatable by a tube
clamp solenoid 45. The tube clamp 46 serves to clamp and
close the blood sampling tube 2 to stop the flow of sampled

5 blood into the blood bag 1. The tube clamp 46 can be 
released by depressing a tube unclamping button 47, and can 
be operated in an emergency by a tube clamping button 48.

The display panel 12 has an amount-of-blood/vacuum 
selector lamp 49, an amount-of-blood/vacuum selector switch 

10 50, a 400ml/200ml selector lamp 51, a 400ml/200ml selector
switch 52, a stop switch 53, a start switch 54, a bag indi­
cation lamp 55, a bag selector switch 56, and an amount-of- 
blood/vacuum display 57. The vacuum blood sample collecting 
device 10 also has a power supply switch 58 and a fuse

15 holder 59 on a lower portion of the front wall of the hous­
ing 11, and a power supply connector 60 on a lower portion 
of the rear wall of the housing 11. ’

The controller 18 of the vacuum blood sample col­
lecting device 10 will be described below. As shown in FIG. 

•2-0 7, the control unit 18 generally comprises a main control
circuit 61, a driver circuit 62, and a display circuit 63.

The main control circuit 61 includes a CPU (central 
’ processing unit) 65, a memory 66, an input/output control 

unit 67, a LED (light-emitting diode) driver 68, a buzzer 
69, and a fail-safe control circuit 70. The input/output 
control unit 67 is supplied with a detected signal from the

10



optical sensor 40 which detects the angular position of the
bag tray 19, and a detected signal from a blood leakage sen­
sor 71 which detects a blood leakage from the blood bag 1.

The memory 66 comprises a nonvolatile memory such
5 as an EA-ROM, EEP-ROM, or the like. Data stored in the mem­

ory 66 can be rewritten and read out, and remains stored even 
when there is no power supply voltage applied thereto. The 
data stored in the memory 66 include, for example:

1) the vacuum to be developed in the vacuum blood
10 sampling chamber 13;

2) the amount of blood to be collected in the blood 
bag 1; and

3) the time for which the bag tray 19 is to be 
oscillated after a blood sample has been collected.

,.,j,5 The buzzer 69 is energized to produce differentQ ,
buzzer sounds when:

1) the collection of a blood sample is completed;
2) the vacuum developed in the vacuum blood sam­

pling chamber 13 is wrong;
ΪΟ 3) the oscillating motor 23 rotates erroneously;

and
4) the blood leakage sensor 71 detects a blood

" leakage.
The fail-safe control circuit 70 monitors the CPU

X5 65 for its runaway condition, and de-energizes the vacuum 
blood sample collecting device 10 safely when CPU 65 suffers 
from runaway.

11



The driver circuit 62 is connected to the main con­
trol circuit 61 and has an A/D converter 72. To the A/D
converter 72, there are connected the amplifier unit 38 and
a pressure sensor 73 through an amplifier circuit 74, the

5 pressure sensor 73 being disposed in the vacuum pipe 41 for 
detecting the vacuum which is developed in the vacuum blood 
sampling chamber 13.

The driver circuit 62 also includes a solenoid
driver 75 for controlling operation of the tube clamp sole­
noid 45, a solenoid driver 76 for controlling operation of
the discharge solenoid 42, a pump driver 78 for turning on 

,0/, and off a power supply switch 77 of the vacuum pump 17, and
koi' - a motor driver 80 for turning on and off a power supply

switch 79 of the oscillating motor 23.
-J '! ,

is Based on the detected pressure from the pressure
0 O v
,r O -

° sensor 73 and the pressure setting stored in the memory 66

for the pressure in the vacuum blood sampling chamber 13,
O > . -I

° the CPU 65 turns on or off the power supply switch 77 of the
«.■ o o

vacuum pump 17 so that the detected pressure will coincide
O f

U» with the preset pressure. The vacuum in the vacuum blood
sampling chamber 13 is thus varied within a certain range 
until it reaches a constant pressure.

The driver circuit 62 also has a mode selector
switch 81 for selecting one of various modes of operation of

25 the CPU 65. The modes which can be selected by the mode
selector switch 81 include:

12
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1) a first blood sampling mode;
2) a second blood sampling mode;
3) an amount-of-blood setting mode;
4) a vacuum setting mode;

2 5) a specific gravity setting mode;
6) an extended oscillation time setting mode;
7) a detected weight calibration mode; and
8) a detected pressure calibration mode.
In an embodiment which is designed to achieve the

TO third object described above,
9) a mode for setting a rate of increase in the

,amount of collected blood is selected.
' In the first blood sampling mode, a pre-registered

’ value stored in the memory 66 is read out as an empty weight 
’>5 of a blood bag 1 which is to be used in the present blood 

sampling cycle, and the amount of collected blood is meas­
, ured using the pre-registered value. In the second blood

sampling mode, the empty weight of a blood bag 1 which is 
to be used in the present blood sampling cycle is measured,

lo and the amount of blood of collected blood is measured using 
the measured empty weight. In the amount-of-blood setting 
mode, the amount of blood to be collected is set to a dif­
ferent amount. In the vacuum setting mode, the vacuum to be 
developed is set to a different vacuum level. In the spe-

<15 cific gravity setting mode, the specific gravity of blood to 
be collected is set to a different specific gravity. In the

13



extended oscillation time setting mode, the extended oscil­
lation time is set to a different time. These settings can
be changed by turning on the mode selector switch 81 to dis­
play a present setting on the display 57, turning on the

5 stop switch 54 to reduce the setting or turning on the start 
switch 50 to increase the setting, writing the new setting 
into the memory 66 by turning on the selector switch 50, and 
confirming the completion of the writing of the data with 
the energization of the buzzer 69.

i0 In the detected weight calibration mode, the weight
detected by the scale 33 is calibrated. In the detected 

o r pressure calibration mode, the pressure detected by the
., pressure sensor 73 is calibrated.

The display circuit 63 is connected to the main
A C :

i5 control circuit 61, and has various display elements such as
0

the lamp 49 and various switches such as the selector switch 
50 on the display panel 12.

, A procedure for collecting a blood sample using the
c

vacuum blood sample collecting device 10 is as follows:
7.Q  (i) The power supply switch 58 is turned on.

(2) A blood sampling mode is selected, i.e., either 
the first or second blood sampling mode is selected by the 
mode selector switch 81.

(3) An amount of blood to be collected is selected
2.5 by the 400ml/200ml selector switch 52. The selected amount 

is displayed on the selector lamp 51.

14



(4) A blood bag to be used is selected by the bag 
selector switch 56, and the selected bag is displayed on the 
bag indication lamp 55. Blood bags that can be used include 
a single bag (S) which comprises only a parent bag, a double

5 bag (D) which has one or more small bags, a triple bag (T), 
and a quadruple bag (Q).

(5) The process of the first blood sampling mode:
(a) A blood sampling needle attached to the end of 

the blood sampling tube 2 is inserted into a blood vessel in
i0 a blood donor or patient, and a certain amount of blood is 

sampled .
(b) The blood bag 1 is placed in the vacuum blood

o0 sampling chamber 13 and put on the bag tray 19, and the
blood sampling tube 2 is set in the tube holder 44.

C ' G

' ,5 (c) The start switch 54 is turned on. The CPU 65
° energizes the vacuum pump 17 and the oscillating motor 23 to

evacuate the blood sampling chamber 13 to collect a bloodΌ ■ I Cc
°\ sample and to oscillate the bag tray 13. When the bag tray

, 3
C- ?-· ·

19 is temporarily stopped at its lowest position, the CPU 65
o r

χθ detects the amount of collected blood in the blood bag 1 in 
response to an output signal from the amplifier unit 38, and

A calculates an amount of blood which is still to be
collected, using the preset amount of blood to be collected,
the specific gravity of blood, and the pre-registered weight
of the blood bag 1, all stored in the memory 66, according
to the following equation:

15

L



The amount of blood to be still collected (ml) = 
[the preset amount of blood to be collected (g) + the pre­
registered weight (g) - the amount of collected blood (g)]/ 
the specific gravity (g/ml) ···(].)

5 (d) When the calculated amount of blood to be
stilled collected reaches zero, the CPU 55 closes the blood 
sampling tube 2 with the tube clamp 46 to stop the blood 
flow into the blood bag 1. At this time, the CPU 65 inacti­
vates the vacuum pump 17 and opens the discharge valve 43 to 

io vent the vacuum blood sampling chamber 13 to atmosphere.
(e) After the blood sample has been collected, the 

CPU 56 still energizes the oscillating motor 23 over an 
extended period of time to oscillate the bag tray 19. 
Thereafter, the buzzer 69 announces the end of the blood

'15 sampling process.
(f) The tube unclamping button 47 is turned on, 

the blood sampling tube 2 is removed from the tube holder 
44, and the blood bag 1 is taken out of the vacuum blood 
sampling chamber 13.

20 (6) The process of the second blood sampling mode:
(a) The blood bag 1 is placed in the vacuum blood 

sampling chamber 13 and put on the bag tray 19, and the 
blood sampling tube 2 is set in the tube holder 44.

(b) A blood sampling needle attached to the end of
15 the blood sampling tube 2 is inserted into a blood vessel in 

a blood donor or patient.

16



(c) The start switch 54 is turned on. The CPU 65 
measures the empty weight of the blood bag 1 in response to 
an output signal from the amplifier unit 38, and stores the 
measured empty weight into the memory 66 (or a memory in the

5 CPU 65 ) ·
(d) The start switch 54 is turned on again. The 

CPU 65 energizes the vacuum pump 17 and the oscillating 
motor 23 to evacuate the blood sampling chamber 13 to col­
lect a blood sample and to oscillate the bag tray 13. When

io the bag tray 19 is temporarily stopped at its lowest
■· position, the CPU 65 detects the amount of collected blood

" in the blood bag 1 in response to an output signal from the
’ amplifier unit 38, and calculates an amount of blood which

. 000 is still to be collected, using the preset amount of blood
v O '

o 15 to be collected, the specific gravity of blood, and the 
measured weight of the blood bag 1, all stored in the memory

0 ; j «

/ 66, according to the following equation:
a :>

The amount of blood to be still collected (ml) =
» o [the preset amount of blood to be collected (g) + the meas-

2.0 ured weight (g) - the amount of collected blood (g) ]/
a the specific gravity (g/ml) ···(2)

-<·
(e) This step is the same as the step (d) in the

above process (5).
(f) This step is the same as the step (e) in the

X5 above process (5).
(g) This step is the same as the step (f) in the

above process (5).

17



In both of the above processes 5) and 6), the 
amount of blood being collected and the vacuum are displayed 
on the display 57 to allow the operator to monitor the meas­
uring operation. The displayed values can be selected by

5 the selector switch 50.
The vacuum blood sample collecting device 10 which 

is designed to achieve the first through third objects, 
described above, is basically constructed as described 
above. An additional arrangement for achieving the first

iO object, its operation and advantages will be described
o C· - ,■ below.

c
C O ·
0 O " ■

The vacuum blood sample collecting device 10 has an
0 . ability or function to adjust the vacuum level in the vacuum

0 - i"

© o c r blood sampling chamber 13 as follows:
The CPU 65 of the controller 18:
(a) controls the pressure in the vacuum blood sam­

0 J ■ o
O'O'

0 © ■

c <
Ο O

Ο O

pling chamber 13 so that the pressure detected by the pres­
sure sensor 73 will be equalized to the preset pressure

> stored in the memory 66; and
2$ (b) reduces the vacuum in the vacuum blood sampling

chamber 13 according to the control process (1) or (2),
,. described below, on the condition that the rate of increase 

in the amount of collected blood measured by the scale 33 
does not reach a predetermined normal rate of increase

15 (i.e., the amount of collected blood does not substantially
vary) while the pressure detected by the pressure sensor 73
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reaches the preset pressure in the memory 66. The rate of
increase in the amount of collected blood is indicated by a
rate of increase with respect to time, and, in this
embodiment, calculated as an increase in the amount of col-

5 lected blood measured when the bag tray 19 reaches the low­
est position in the present oscillating cycle, from the 
amount of collected blood measured when the bag tray 19 
reaches the lowest position in the preceding oscillating 
cycle.

lO (1) The memory 66 stores a secondary preset pressure
’ p2 lower in vacuum level than a preset reference pressure
• Pj, and the CPU 65 lowers the vacuum in the vacuum blood 

sampling chamber 13 from the preset reference pressure Pl to 
the secondary preset pressure P2 under the condition given

15 in (b) above (see FIG. 8(A)).
At this time, the CPU 65 opens the discharge valve

’ 43 in the vacuum pipe 41 to reduce the vacuum in the vacuum
blood sampling chamber 13 from the preset reference pressure 
P, to the secondary preset pressure P2. In this manner, the 

7.0 vacuum pressure in the vacuum blood sampling chamber 13 can 
quickly be lowered (see FIG. 8(B)).

The CPU 65 turns on or off the vacuum pump 17 to 
control the vacuum in the vacuum blood sampling chamber 13 
so as to reach the preset reference pressure Pi or the sec- 

zS ondary preset pressure P2. Therefore, the vacuum pressure 
in the vacuum blood sampling chamber 13 can be controlled so
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as to be maintained at a constant level without having to
continuously operate the vacuum pump 17, with the result
that the electric efficiency of the vacuum pump 17 can be
increased and the pressure can be controlled stably with

5 respect to time.
(2) Under the condition given in (b) above, the CPU 65 

may lower stepwise the vacuum pressure in the vacuum blood 
sampling chamber 13 from the preset pressure until the rate 
of increase in the amount of collected blood as measured by 

|0 the scale 33 reaches the normal rate of increase.
According to the embodiment which achieves the

first object of the invention, the target level for the vac­
uum pressure in the vacuum blood sampling chamber 13 is 
stored as a preset pressure in the memory 66, the actual

(5 pressure in the vacuum blood sampling chamber 13 is detected 
by the pressure sensor 73, and the CPU 65 controls the pres­
sure in the vacuum blood sampling chamber 13 so that the 
detected pressure will coincide with the preset pressure.
At the same time, the amount of collected blood in the blood 

io bag 1 is measured, and on the condition that the rate of 
increase in the amount of collected blood does not reach a 
predetermined normal rate of increase while the detected 
pressure reaches the preset pressure, the CPU 65 determines 
that the hole of the blood sampling needle is closed by a

2.5 blood vessel wall attracted thereto, and then reduces the
vacuum pressure in the vacuum blood sampling chamber 13 so
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as to be lower than the preset pressure. Thus, the suction
force applied to draw blood from the blood vessel is auto­
matically adjusted to a level capable of sampling blood
(e.g., a level capable of sampling blood of its own accord

5 without an external pressure applied). Accordingly, irre­
spective of the diameter of the blood vessel from which 
blood is sampled, blood can stably be collected, and blood 
can smoothly be collected from a blood donor even if the 
blood vessel is thin, though a somewhat longer time may be

10 needed to collect a desired blood sample.
• According to the process (1) above for reducing the
. vacuum level, the suction force applied to collect blood can 

automatically be adjusted immediately to a level which is 
capable of sampling blood.

According to the process (2) above for reducing the 
vacuum level, the interval or extent by which the suction

· force to collect blood is lowered can be held to a minimum
' range reguired.
\ In this embodiment, the CPU 65 may determine that
X0 the hole of the blood sampling needle is closed by a blood

■ vessel wall attracted thereto, and may reduce the vacuum
' pressure in the vacuum blood sampling chamber 13, only on 

the condition that the rate of increase in the amount, as 
measured, of collected blood in the blood bag 1 does not

7,5 reach a predetermined normal rate of increase.
The above embodiment is widely applicable to vacuum 

blood sample collecting devices no matter how the amount of
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collected blood may be measured and the pressure in the vac­
uum blopd sampling chamber may be regulated, and allows
blood to be stably collected from blood vessels having
different diameters.

5 An additional arrangement for achieving the second
object, its operation and advantages will be described 
below.

In this embodiment, a target level for the vacuum
to be developed in the vacuum blood sampling chamber 13 is

iO stored as a preset pressure in the memory 66, the actual 
pressure in the vacuum blood sampling chamber 13 is detected 
by the pressure sensor 73, and the CPU 65 turns on and off 
the vacuum pump 17 as shown in FIG. 9(A) so that the 
detected pressure will coincide with the preset pressure.

15 The vacuum, pressure in the vacuum blood sampling chamber 13 
varies slightly within a constant preset pressure range, and 

■> is thus held at a substantially constant level, as shown in 
FIG. 9(B).

■■ According to the embodiment designed to accomplish
2.0 the second object, therefore, the vacuum pump 17 is not con­

tinuously operated, the electric efficiency thereof is
; increased, and the problem of undesirable heating is 

avoided. Even if the seal in the vacuum pipe may be deteri­
orated with time, the CPU 65 can develop a desired target

15 vacuum pressure in the vacuum blood sampling chamber 13 by 
automatically adjusting the on- and off-times of the vacuum
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pump 17, and hence the pressure can be controlled stably
with respect to time.

The vacuum in the vacuum blood sampling chamber 13 
can easily be changed by rewriting the data stored in the

5 memory 66. Since the memory 66 is nonvolatile, the preset 
pressure stored in the memory 66 is not erased even when the 
power supply Is cut off due to a power failure, and the same 
preset pressure can be maintained unless the data thereof is 
rewritten.

10 An additional arrangement for achieving the third
; , object, its operation and advantages will be described
. <, below.
”, According to this embodiment, a rate a of increase
*” in the amount of blood collected in the blood bag 1 is con­

trolled in the manner described below during the blood sam­
pling process described above, and the mode (9) for setting 

:, a rate of increase in the amount of blood is added by the 
selector switch 81.

The CPU 65 controls the rate a of increase in the
10 amount of collected blood measured by the scale 33 while

0o blood is being collected. The rate of increase in the
« amount of collected blood is indicated by a rate of increase ··> ‘0

with respect to measuring time. In this embodiment, the 
rate of increase in the amount of collected blood is repre- 

15 sented as an increase in the amount of collected blood meas­
ured when the bag tray 19 reaches the lowest position in the
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present oscillating cycle, from the amount of collected 
blood measured when the bag tray 19 reaches the lowest posi­
tion in the preceding oscillating cycle.

After blood starts being collected, the amount of
5 collected blood in the blood bag 1 is measured by the scale

33, and the collection of a blood sample is continued while 
the rate a of increase in the amount of collected blood as
measured is being controlled by the CPU 65.

Therefore, blood can be sampled from a blood donor
10 at a rate a of increase which will not place a burden on the 

blood donor. Since the rate a of increase is controlled,
„ the rate of increase is prevented from being reduced below a

normal level due to the hole of the blood sampling needle 
being closed by a blood vessel wall attracted thereto, and

a . '>15 it is not difficult or impossible to collect blood from a 
thin blood vessel of a blood donor. The efficiency of col­

o’ “ ‘ ■ lecting blood is thus increased.
\ , The rate a of increase in the amount of blood can
» . be controlled in either of the following processes (A), (B),

IG and (C) :
(A) The CPU 65 continuously reduces the vacuum level in

I 0' O s

I ‘

increase in the amount of collected blood goes higher than a 
preset rate a of increase. According to this control

7.5 process, by setting the measured rate a of increase in the 
amount of collected blood to an appropriately preset rate a

e

3 the vacuum blood sampling chamber 13 until the measured a of
e
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of increase, the burden on the blood donor can be reduced,
and the efficiency of sampling blood is improved. More
specifically, one of the following control processes (1) and
(2) is employed:

5 (1) The vacuum level in the vacuum blood sampling
chamber 13 is controlled to maintain a vacuum level P in the 
vacuum blood sampling chamber 13 when the measured rate a 
reaches the preset rate a.

(2) The vacuum level Px in the vacuum blood sam-
lO pling chamber 13 is controlled to keep the measured rate a 
..., as the preset rate a.

In the process (A), the preset rate a is stored in
·„ the memory 66 or may be stored in a memory in the CPU 65.

. (B) The CPU 65 continuously reduces the vacuum
0·Ι5 level in the vacuum blood sampling chamber 13 until the

measured rate a reaches a saturated rate amax which no
ί longer varies. According to this control process, by set­

ting a final value of the rate a of increase in the amount
-, of collected blood as the saturated rate amax, the burden on
2.0 the blood donor can be reduced while blood is being

.,, collected, and the efficiency of sampling blood is0
o increased. More specifically, one of the following control

... .·. 0
0

processes (1) and (2) is selected:
(1) The vacuum level in the vacuum blood sampling

1.5 chamber 13 is controlled to maintain a vacuum level P in the 
vacuum blood sampling chamber 13 when the measured rate a 
reaches the saturated rate amax.
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(2) The vacuum level Px in the vacuum blood sam­
pling chamber 13 is controlled to keep the measured rate a 
as the saturated rate amax.

(C) The CPU 65 controls the vacuum level in the
5 vacuum blood sampling chamber 13 to allow the preset rate a 

is maintained according to a certain rate-of-increase pat­
tern which is predetermined with respect to blood sampling 
time t. According to this control process, blood can be 
collected from a blood donor according to a certain rate-of- 

IL increase pattern which is determined in advance with a view 
to reducing the burden on the blood donor and increasing the 

;; blood sampling efficiency. For example, a rate-of-increase
.pattern shown in FIG. 10 may be employed. According to the 

pattern of FIG. 10, the amount of collected blood is gradu-
; 1 .'15 ally increased during an initial blood sampling period up to 

a time tx, thus lessening the burden on the blood donor and
ό preventing the occurrence of hemolysis, and the amount of 

’ collected blood is gradually reduced during a final blood
? , sampling period after a time ty, thereby increasing the

χο accuracy of the amount of collected blood.
o <·,·» In each of the control processes (A), (B), and (C),

. : O C 3

Ί ,the vacuum level in the vacuum blood sampling chamber 13 can
be reduced stepwise or continuously with respect to time. 
When the vacuum level is reduced stepwise, the CPU 65

χ5 derives a measured rate a of increase each time the vacuum 
level reaches one of the pressure steps.
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In each of (1) and (2) of the process (A), (1) and
(2) of the process (B), and the process (C) , the vacuum 
level in the vacuum blood sampling chamber 13 may be con­
trolled by a) turning on and off the vacuum pump 17 or b)

5 turning on and off or continuously controlling (in an analog 
manner) the pressure control valve in the vacuum pipe 41. 
More specifically, the power supply switch 77 of the vacuum 
pump 17 is turned on and off in a) above or the pressure 
control valve is turned on and off or continuously con-

>0 trolled in an analog manner in b) above so that the pressure 
, detected by the pressure sensor 73 will be equalized to the 

target pressure stored in the memory 66.
, According to the embodiment which is designed to
‘ accomplish the third object, therefore, when blood is col-
>5 lected into the blood container under the vacuum developed 

in the vacuum blood sampling chamber, the burden on the 
blood donor is reduced, and the blood sampling efficiency is 
increased .

This embodiment is widely applicable to vacuum
TO blood sample collecting devices irrespective of how the 

amount of collected blood may be measured and the pressure 
in the vacuum blood sampling chamber may be regulated, and 
allows blood to be stably collected from blood vessels hav­
ing different diameters.

15 Although certain preferred embodiments have been
shown and described, it should be understood that many
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changes and modifications may be made therein without
departing from the scope of the appended claims.

The claims form part of the disclosure of this specification.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:
1. A blood sample collecting device comprising:
a vacuum blood sampling chamber having a blood 

container disposed therein;
a vacuum pump communicating with said vacuum blood 

sampling chamber for evacuating the vacuum blood 
sampling chamber to collect a blood sample into the 
blood container under a vacuum developed in said vacuum 
blood sampling chamber;

10 measuring means disposed in said blood sampling

15

chamber for measuring
said blood container;

means coupled
calculating a rate of
collected blood; and

the amount
and
to said
increase in

\o

of collected blood in

measuring means for
the measured amount of

^the vacuum
vacuum blood sampling chamber below a preset

Oo.\c_u.\o>\=ex\
when said -predet«rm*ned-yrate of increase in the measured

control means in said
pressure

amount of collected blood is less than a predetermined 
normal rate of increase.

2. A blood sample collecting device according to 
claim 1, further comprising:

a pressure sensor for detecting the pressure in 
said vacuum blood sampling chamber; and

memory means for storing the preset pressure to be 
developed in said vacuum blood sampling chamber, and 
wherein said control means comprises:

means responsive to the pressure detected by said

bc/10/tkk.spe 91 8 16



- 30 -

pressure sensor, the preset pressure stored in said 
memory means, and the measured amount from said 
measuring means, for controlling the pressure in said 
vacuum blood sampling chamber so that the pressure 

5 detected by said pressure sensor will coincide with the
preset pressure stored in said memory means, and for 
lowering the vacuum in said vacuum blood sampling 
chamber below said preset pressure on the condition that 
the calculated rate of increase in the measured amount

10 of collected blood does not reach a predetermined normal
rate of increase while the pressure detected by said 
pressure sensor reaches the preset pressure stored in 
said memory means.

3. A blood sample collecting device according to
15 claim 2, wherein said control means comprises means for

turning on and off said vacuum pump when controlling the 
vacuum in said vacuum blood sampling chamber so as to be 
equal to said preset pressure.

4. A blood sample collecting device according to
20 any one of claim 2 or 3, wherein said memory means

comprises:
means for storing a preset reference pressure and 

a secondary preset pressure lower in vacuum level than 
said preset reference pressure, and wherein said control 

25 means comprises:
means for lowering the vacuum in said vacuum blood

sampling chamber from said preset reference pressure to 
said secondary preset pressure on said condition that 
the calculated rate of increase in the measured amount
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of collected blood does not reach said kpredetermined 
normal rate of increase.

5. A blood sample collecting device according to 
any one of claims 2 or 3, wherein said control means

5 comprises:
means for lowering the vacuum in said vacuum blood 

sampling chamber stepwise from said preset pressure on 
said condition that the calculated rate of increase in 
the measured amount of collected blood does not reach

10 said predetermined normal rate of increase and until
said rate of increase in the measured amount reaches 
said normal rate of increase.

6. A blood sample collecting device according to 
any one of claims 1 through 5, further including a 

15 vacuum pipe interconnecting said vacuum pump and said
vacuum blood sampling chamber to each other and having
a discharge valve, said control means comprising means 
for opening said discharge valve to lower the vacuum in 
said vacuum blood sampling.

20 7. A blood sample collecting device substantially
as hereinbefore described with reference to the 
accompanying drawings.

DATED this 16 August, 1991
CARTER SMITH & BEADLE

25 Fellows Institute of Patent Attorneys of Australia
Patent Attorneys for the Applicant:

TERUMO KABUSHIKI KAISHA
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