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(54) [Title of the Invention] Blood Component Collecting Device

(57) [Abstract] 
[Problem] To provide a blood component collecting 
device capable of performing the appropriate blood 
component collection operations for each blood 
donor.
[Solution] The blood component collecting device 1 
shown in FIG. 1 is a device used to collect primarily 
plasma as a predetermined blood component, and 
has a blood collection needle (blood collecting 
means) 29 for collecting blood from a donor (blood 
donor), an anticoagulant supplying means (third line 
23 and second fluid supplying pump 12) for adding 
an anticoagulant to the blood, a centrifuge 20 for 
centrifuging blood collected by the blood collection 
needle 29 to which an anticoagulant had been added 
by the anticoagulant supplying means into a plurality 
of blood components, a plasma collection bag (blood 
component collection bag) 25 for collecting plasma 
mixed with anticoagulant, an input means 3 for 
inputting information about the donor, and a control 
unit (control means) for controlling the operations of 
the blood component collecting device 1. 
Predetermined conditions for the blood component 
collecting device 1 are set based on information 
about the donor. The predetermined condition is 
preferably the target collection amount of plasma 
itself, excluding the anticoagulant.
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[Claims]

[Claim 1]

A blood component collecting device for separating blood collected from a blood donor into a plurality 
of blood components and collecting the separated blood components, the device comprising:
a blood collecting means for collecting blood from a blood donor;
an anticoagulant supplying means for adding an anticoagulant to the blood;
a rotor having a blood storage space inside; 
a centrifuge for centrifuging the blood collected by the blood collecting means into a plurality of blood 
components in the blood storage space by rotation of the rotor;
a blood component collection bag connected to the blood storage space for collecting a predetermined 
blood component;
a detecting means for detecting the amount of the predetermined blood component collected;
an input means for inputting information about the blood donor; and
a control means for controlling the operations of the blood component collecting device,
wherein a predetermined condition is set for the blood component collecting device based on the 
information about the blood donor.

[Claim 2]

The blood component collecting device according to claim 1, wherein the predetermined condition is 
preferably the target collection amount of plasma itself, excluding the anticoagulant.

[Claim 3]

The blood component collecting device according to claim 2, wherein a blood component collection 
operation is performed over a plurality of cycles, the operation includes a blood component collecting 
step of centrifuging blood collected from the blood donor and transferring the predetermined blood 
component into a blood component collection bag, and a blood component returning step if returning 
the remaining blood components to the blood donor, and the number of cycles for the blood component 
collection operation is determined based on the target collection amount of the predetermined blood 
component.

[Claim 4]

The blood component collecting device according to claim 3, wherein the blood component collection 
operation is terminated when the current collection amount of the predetermined blood component 
collected in the blood component collection bag reaches 70 to 100% of the target collection amount for 
the predetermined blood component, or when the blood component collection operation has been 
performed for the predetermined number of cycles.

[Claim 5]

The blood component collecting device according to any of claims 2 to 4, wherein the collection amount 
of the predetermined blood component does not include the amount of anticoagulant mixed in.

[Claim 6]

The blood component collecting device according to any of claims 1 to 5, wherein the predetermined 
blood component is primarily plasma.

[Detailed Description of the Invention] 

[0001]

[Technical Field of the Invention]
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The present invention relates to a blood component collecting device for collecting a predetermined 
blood component from blood.

[0002]

[Prior Art]

When drawing blood, component blood collection is often performed to more effectively use blood and 
reduce the burden on blood donors. In this process, blood is separated into its various components by 
centrifuge or some other means, and only the component needed by the transfusion recipient is collected, 
while the remaining components are returned to the blood donor.

[0003]

In component blood collection, for example, to obtain a plasma product, blood collected from the blood 
donor is introduced into a blood component collection circuit, and the blood is separated into plasma, 
buffy coat, and red blood cell components using a centrifuge called a centrifuge bowl installed in a blood 
component collection circuit. The plasma is collected in a container to form a plasma product, while the 
remaining buffy coat (white blood cells and platelets) and red blood cells are returned to the donor via 
a process called blood reinfusion (return).

[0004]

In conventional component blood collection, the target amount of plasma to be collected (target plasma 
collection amount) is set without taking into consideration information about the donor (for example, 
height, weight, and gender). In this case, it is difficult to obtain an appropriate collection amount based 
on each donor.

 [0005]

Also, an anticoagulant is usually mixed into the collected plasma, and the target plasma collection 
amount is set including the amount of anticoagulant.

[0006]

As a result, the operator cannot determine the actual amount of plasma collected, and depending on 
the donor, it may be necessary to collect an amount of plasma exceeding the permissible limit or to 
terminate plasma collection at an amount far below the permissible limit, which are both undesirable.

[0007]

[Problem to Be Solved by the Invention]

An object of the present invention is to provide a blood component collecting device capable of 
performing appropriate blood component collection operations based on each blood donor.

[0008]

[Means for Solving the Problem]

This object is achieved by the present invention described in (1) to (9) below.

[0009]

(1) A blood component collecting device for separating blood collected from a blood donor into a plurality 
of blood components and collecting the separated blood components, the device comprising:
a blood collecting means for collecting blood from a blood donor;
an anticoagulant supplying means for adding an anticoagulant to the blood;
a rotor having a blood storage space inside; 
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a centrifuge for centrifuging and separating the blood collected by the blood collecting means into a 
plurality of blood components in the blood storage space by rotation of the rotor;
a blood component collection bag connected to the blood storage space for collecting a predetermined 
blood component;
a detecting means for detecting the amount of the predetermined blood component collected;
an input means for inputting information about the blood donor; and
a control means for controlling the operations of the blood component collecting device,
wherein a predetermined condition is set for the blood component collecting device based on the 
information about the blood donor.

[0010]

(2) The blood component collecting device according to (1) above, wherein the predetermined condition 
is preferably the target collection amount of plasma itself, excluding the anticoagulant.

[0011]

(3) The blood component collecting device according to (2) above, wherein a blood component collection 
operation is performed over a plurality of cycles, the operation includes a blood component collecting 
step of centrifuging blood collected from the blood donor and transferring the predetermined blood 
component into a blood component collection bag, and a blood component returning step if returning 
the remaining blood components to the blood donor, and the number of cycles for the blood component 
collection operation is determined based on the target collection amount of the predetermined blood 
component.

[0012]

(4) The blood component collecting device according to (3) above, wherein the blood component 
collection operation is terminated when the current collection amount of the predetermined blood 
component collected in the blood component collection bag reaches 70 to 100% of the target collection 
amount for the predetermined blood component, or when the blood component collection operation has 
been performed for the predetermined number of cycles.

[0013]

(5) The blood component collecting device according to any of (2) to (4) above, wherein the collection 
amount of the predetermined blood component does not include the amount of anticoagulant mixed in.

[0014]

(6) The blood component collecting device according to any of (1) to (5) above, further comprising a 
display means that displays the predetermined condition.

[0015]

(7) The blood component collecting device according to (6) above, wherein the display means displays 
the current amount of the predetermined blood component collected in the blood component collection 
bag.

[0016]

(8) The blood component collecting device according to any of (1) to (7) above, wherein the 
information about the blood donor includes at least one of the blood donor's gender, weight, and 
height.

[0017]

(9) The blood component collecting device according to any of (1) to (8) above, wherein the 
predetermined blood component is primarily plasma.
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[0018]

[Embodiment of the Invention]

The blood component collecting device of the present invention will now be described in detail based on 
a preferred embodiment shown in the appended drawings.

[0019]

FIG. 1 is a plan view of an example of a configuration for the blood component collecting device of the 
present invention, FIG. 2 is a partially cut away cross-sectional view of the centrifuge drive unit mounted 
in the centrifuge used in the blood component collecting device of the present invention, and FIG. 3 is 
a flowchart used to explain operations performed by the blood component collecting device of the 
present invention.

[0020]

The following is an explanation of the blood component collecting device 1 applied to a plasma collecting 
device that collects primarily plasma as the predetermined blood component.

[0021]

The blood component collecting device 1 shown in FIG. 1 comprises a blood collection needle (blood 
collecting means) 29 for collecting blood from a donor (blood donor) and a rotor 142 with a blood storage 
space 146 inside. The device also has a blood component collection circuit (plasma collection circuit) 2 
comprising a centrifuge 20 that centrifuges blood collected using the blood collection needle 29 by 
rotation of the rotor 142 inside the blood storage space 146, and a plasma collection bag (blood 
component collection bag) 25 that collects plasma separated by the centrifuge 20. This device is used 
to collect blood from a blood donor, centrifuge the blood to separate out the plasma, and then return 
the remaining blood components (other than plasma), primarily white blood cells, platelets, and red 
blood cells, to the blood donor.

[0022]

The blood component collecting device 1 has a rotor 142 with a blood storage space 146 inside, and an 
inlet 143 and an outlet 144 communicating with the blood storage space 146. The device also has a 
blood component collection circuit 2 comprising a centrifuge 20 that centrifuges blood introduced from 
the inlet 143 by rotation of the rotor 142 inside the blood storage space 146, a first line 21 for connecting 
the blood collection needle 29, which is the blood collecting means, to the inlet 143 of the centrifuge 
20, a second line 22 connected to the outlet 144 of the centrifuge 20, a third line 23 connected to the 
first line 21 for injecting an anticoagulant, a plasma collection bag 25 connected to the second line 22, 
and a sub-bag 32 connected to the plasma collection bag via a tube 32a.

[0023]

The blood component collecting device 1 also has a centrifuge drive unit 10 for rotating the rotor 142 
of the centrifuge 20, a first fluid supplying pump 11 for first line 21, a second fluid supplying pump 12 
for third line 23, a first flow path opening/closing means 51 and a second flow path opening/closing 
means 52 for opening and closing the flow paths of the blood component collection circuit 2, a control 
unit (control means) 55 for controlling the centrifuge drive unit 10, the first fluid supplying pump 11, 
the second fluid supplying pump 12, the first flow path opening/closing means 51, and the second flow 
path opening/closing means 52, a turbidity sensor 14, an optical sensor 15, a weight sensor (detecting 
means) 16, a first bubble sensor 17, a second bubble sensor 18, an input means 3, and a display means 
4.

[0024]
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In the present embodiment, the anticoagulant supplying means is configured to add an anticoagulant 
to the blood collected from the blood donor via the third line 23 and the second fluid supplying pump 
12.

[0025]

The configuration of each component is described below. The blood collection needle 29 can be, for 
example, a metal needle.

[0026]

The first line 21 includes a blood collection needle-side first line 21a connected to the blood collection 
needle 29, a centrifuge-side first line 21b connected to the inlet 143 of the centrifuge 20, and a first 
pump tube 21g disposed between these lines.

[0027]

The blood collection needle-side first line 21a is equipped with a chamber 21d for removing bubbles and 
microaggregates. The chamber 21d is connected to a breathable and bacteria-impermeable filter 21i.

[0028]

The one end of the second line 22 is connected to the outlet 144 of the centrifuge 20 and the other end 
is connected to the plasma collection bag 25.

[0029]

The third line 23 is connected to a connection branch connector 21c provided on the first line 21. The 
third line 23 includes a second pump tube 23a, an air bubble removal chamber 23c, and an anticoagulant 
container connecting needle 23d on the connection branch connector 21c side.

[0030]

The tubes used to form the first line 21, the second line 22, and the third line 23, the pump tubes 21g, 
23a, and the tube 32a connected to the bag are preferably made of polyvinyl chloride.

[0031]

If each tube is made of polyvinyl chloride, sufficient flexibility and pliability are obtained, making 
handling easier, and they are less susceptible to blockages caused by clamps, etc.

[0032]

Furthermore, the pump tubes 21g, 23a are made of materials that have sufficient strength to withstand 
compression by a roller pump without being damaged.

[0033]

The material used for the branch connector 21c can be the same as that used for the tubes.

[0034]

The plasma collection bag 25 is a container for collecting plasma and is connected to the centrifuge 20 
via the second line 22, thereby connecting the interior of the plasma collection bag 25 with the blood 
storage space 146 in the rotor 142.

[0035]
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The sub-bag 32 is a container for expelling bubbles (air) from the plasma collection bag 25 after the 
completion of the plasma collection operation (blood component collection operation) and storing the 
plasma. This sub-bag 32 is connected to the plasma collection bag 25 via a tube 32a so that the interiors 
of the bags are in communication with each other.

[0036]

The plasma collection bag 25 and sub-bag 32 are each formed by superimposing resin-based flexible 
sheets and sealing the peripheral edges of the sheets by fusion (such as heat fusion or high-frequency 
fusion) or bonding the peripheral edges to form a bag-shaped structure.

[0037]

The materials used for the plasma collection bag 25 and sub-bag 32 can be, for example, a soft polyvinyl 
chloride, which is particularly suitable. The plasticizer for this soft polyvinyl chloride can be, for example, 
di(ethylhexyl) phthalate (DEHP) or di-(n-decyl) phthalate (DnDP). The amount of plasticizer is preferably 
30 to 70 parts by weight per 100 parts by weight of polyvinyl chloride.

[0038]

The main portion of the blood component collection circuit 2 is configured in a cassette-type structure, 
as shown in FIG. 1. The blood component collection circuit 2 partially houses and partially holds all the 
lines (the first line 21, second line 22, and third line 23). In other words, it is a cassette housing 33 in 
which the lines are partially secured.

[0039]

The cassette housing 33 secures both ends of the first pump tube 21g and both ends of the second 
pump tube 23a, and these pump tubes 21g, 23a each protrude from the cassette housing 33 in a loop 
shape corresponding to the shape of each fluid supplying pump (for example, roller pumps) 11, 12 
described below. In this way, the first pump tube 21g and the second pump tube 23a can be easily 
attached to each fluid supplying pumps 11, 12.

[0040]

The cassette housing 33 is also provided with a plurality of openings located within the cassette housing 
33. Specifically, it includes a first opening 91 that exposes the first line 21 on the blood collection needle 
29 side of the first pump tube 21g and allows the first flow path opening/closing means 51 to enter, and 
a second opening 92 that exposes the second line 22 and allows the second flow path opening/closing 
means 52 to enter.

[0041]

The blood component collecting device 1 is equipped with a cassette housing mounting portion (not 
shown) for mounting the cassette housing 33. By mounting the cassette housing 33 on the cassette 
housing mounting portion of the blood component collecting device 1, the respective lines and tubes 
exposed via the openings 91, 92 in the cassette housing 33 are automatically mounted on the 
corresponding flow path opening/closing means 51, 52. This makes installation of the blood component 
collection circuit 2 easier and allows for quick preparation for plasma collection (blood component 
collection).

[0042]

The blood component collecting device 1 also includes two fluid supplying pumps 11, 12 positioned near 
the cassette housing mounting portion. This makes attachment of each pump tube 21g, 23a exposed in 
the cassette housing 33 to the respective fluid supplying pumps 11, 12 easy.

[0043]
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The centrifuge 20 provided in the blood component collection circuit 2 is often referred to as a centrifuge 
bowl and separates blood using centrifugal force. The centrifuge 20 shown in FIG. 2 is used.

[0044]

The first flow path opening/closing means 51 is provided to open or close the flow path of the first line 
21 on the blood collection needle side of the pump tube 21g.

[0045]

The second flow path opening/closing means 52 is provided to open and close the flow path of the 
second line 22.

[0046]

The first flow path opening/closing means 51 and the second flow path opening/closing means 52 are 
provided with an insertion portion for a line or tube, and the insertion portion is provided with a clamp 
operated by a drive source such as a solenoid, an electric motor, or a cylinder (hydraulic or pneumatic). 
Here, an electromagnetic clamp operated by a solenoid is preferred.

[0047]

The centrifuge drive unit 10, as shown in FIG. 2, comprises a housing 151 for accommodating the 
centrifuge 20, legs 152, a motor 153 serving as the drive source, and a circular securing plate 155 for 
holding the centrifuge 20. The housing 151 is mounted on and secured to the upper portion of the legs 
152.

[0048]

The motor 153 is secured to the lower surface of the housing 151 via a spacer 157 using bolts 156. The 
leading end of the motor shaft 154 of the motor 153 is inserted so that the securing plate 155 rotates 
on the same axis as the motor shaft 154, and a recessed portion is formed on the upper surface of 
securing plate 155 to accommodate the bottom of the rotor 142.

[0049]

The upper portion 145 of the centrifuge 20 is secured to the housing 151 by securing members not 
shown in the figures. In the centrifuge drive unit 10, when the motor 153 is driven, the securing plate 
155 and the rotor 142 secured to this plate rotate under predetermined centrifugal conditions set in 
advance (for example, a rotational speed of 1000 to 6000 rpm). These centrifugal conditions allow the 
separation pattern of blood inside the rotor 142 (for example, the number of blood components to be 
separated) to be established.

[0050]

The volume of the blood storage space 146 in the rotor 142 can be, for example, approximately 100 to 
350 mL.

[0051]

An optical sensor 15 for optically detecting the positions of the interfaces of the blood components (for 
example, interface B between the plasma layer 131 and the buffy coat layer 132, the interface between 
the buffy coat layer 132 and the red blood cell layer 133, and the interface between plasma layer and 
blood cell layer) separated in the centrifuge 20 (blood storage space 146) is installed and secured by a 
mounting member 158 on the inner wall of the housing 151.

[0052]
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This optical sensor 15 comprises light sources that emit light toward the shoulder portion of the 
centrifuge 20 and light receiving units that receive light reflected and returned from the centrifuge bowl. 
Specifically, light-emitting elements (such as LEDs or semiconductor lasers) and light-receiving elements 
(such as photodiodes or CCDs) are arranged in a row, and the light emitted from the light-emitting 
elements is reflected by the blood components and received by the light-receiving elements, which 
convert the received light intensities into electrical signals. Since the intensity of the reflected light 
varies depending on the separated blood component (for example, the plasma layer 131 and the buffy 
coat layer 132), the position corresponding to the photoreceiving element where the received light 
quantity changes is detected as the position of interface B.

[0053]

More specifically, the detection of the buffy coat layer 132 reaching the light-transmitting unit is 
achieved by measuring the difference in the amount of light received at the light-receiving units where 
the centrifuge 20 is filled with a transparent fluid (such as plasma or water) and where it is filled with 
the buffy coat layer 132.

[0054]

The position for detecting the buffy coat layer 132 is adjusted by changing the position where light 
passes through the centrifuge (centrifuge bowl) 20, and is usually set at the position where the light 
transmission position is determined.

[0055]

The weight sensor 16 constitutes a detecting means for detecting the amount of plasma collected in the 
plasma collection bag 25.

[0056]

The turbidity sensor 14 detects the turbidity of the fluid flowing through the second line 22 and outputs 
a voltage value corresponding to the turbidity. Specifically, it outputs a low voltage value when the 
turbidity is high and a high voltage value when the turbidity is low.

[0057]

The first bubble sensor 17 and the second bubble sensor 18 are each used to detect the flow of air inside 
the first line 21.

[0058]

The turbidity sensor 14 and the bubble sensors 17, 18 can be, for example, ultrasonic sensors, optical 
sensors, or infrared sensors.

[0059]

The first fluid supplying pump 11, to which the first pump tube 21g of the first line 21 is attached, and 
the second fluid supplying pump 12, to which the second pump tube 23a of the third line 23 is attached, 
are preferably pumps that do not come into contact with the blood, such as roller pumps.

[0060]

The first fluid supplying pump (blood pump) 11 is designed to deliver blood in either direction. 
Specifically, a roller pump capable of both forward and reverse rotation is used.

[0061]

The control unit 55 is configured, for example, using a microcomputer and, as shown in FIG. 1, is 
electrically connected to each of the centrifuge drive unit 10, the first fluid supplying pump 11, the 
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second fluid supplying pump 12, the first flow path opening/closing means 51, the second flow path 
opening/closing means 52, the turbidity sensor 14, the optical sensor 15, the weight sensor 16, the first 
bubble sensor 17, and the second bubble sensor 18.

[0062]

Detection signals from the turbidity sensor 14, the optical sensor 15, the weight sensor 16, the first 
bubble sensor 17, and the second bubble sensor 18 are inputted to the control unit 55 as needed. The 
control unit 55 controls the operations of the blood component collecting device 1, that is, the rotation, 
stopping, or rotation direction (forward/reverse) of the fluid supplying pumps 11, 12, based on the 
detection signals from the components described above in accordance with a pre-set program. It also 
controls the opening and closing of each flow path control means 51, 52 and the operation of the 
centrifuge drive unit 10 as needed.

[0063]

The control unit 55 also includes a computing unit 551 and memory 552. In addition, the control unit 
55 is electrically connected to an input means 3, such as a keyboard, and a display means 4, such as 
an LCD display.

[0064]

This control unit 55 controls the operations of the blood component collecting device 1 to collect blood 
from the blood donor and collect plasma from the blood components of the collected blood.

[0065]

Specifically, the control unit 55 controls the operations of the blood component collecting device 1 to 
perform a plasma collection process comprising a plasma collecting step (blood component collecting 
step) in which blood collected from a blood donor is infused into the centrifuge 20 (blood storage space 
146) and the plasma separated by the centrifuge 20 is collected (transferred) to a plasma collection bag 
25, and a blood component returning step for returning the blood components other than plasma 
remaining in the blood component collection circuit 2 (remaining blood components) to the blood donor.

[0066]

In the present embodiment, during the plasma collection process, plasma mixed with an anticoagulant 
is collected into the plasma collection bag 25, and the weight sensor 16 detects the weight of this plasma 
mixed with the anticoagulant.

[0067]

In the following description, the plasma mixed with anticoagulant is referred to as "apparent plasma," 
and the amount collected is referred to as the "apparent plasma collection amount." The plasma itself 
after removing the anticoagulant is referred to as "true plasma," and the amount collected is referred 
to as the "true plasma collection amount."

[0068]

The control unit 55 performs the plasma collection operations multiple times if needed. In the following 
description, the amount of plasma collected in each cycle is referred to as the "plasma collection amount 
per cycle."

[0069]

In the following description, the amount of plasma to be collected is referred to as the "target plasma 
collection amount," and the actual plasma collection amount is referred to as the "current plasma 
collection amount."
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[0070]

A method of use and the operations of the blood component collecting device 1 will now be described 
with reference to FIG. 3.

[0071]

Note that in the following description, the predetermined conditions for the blood component collecting 
device 1 are explained using an example in which the target plasma collection amount itself (excluding 
the anticoagulant) is set as the true target plasma collection amount.

[0072]

First, the operator uses the input means 3 to input the true target plasma collection amount (see Table 
1) and the apparent plasma collection amount per cycle (see Table 2). These tables are stored in the 
memory 552. Note that these tables can be pre-stored in the memory 552.

[0073]

[Table 1]
Table 1

(True target plasma collection amount D [mL])
Male Female

40 to 44 kg - 300
45 to 49 kg 350 350
50 to 54 kg 400 400
55 to 59 kg 450 450
60 to 64 kg 500 500
65 to 69 kg 550 550

70 kg and up 600 600

[0074]

[Table 2]
Table 2

(Apparent plasma collection amount per cycle A [mL])
Male Female

40 to 44 kg - 120
45 to 49 kg 130 130
50 to 54 kg 140 140
55 to 59 kg 150 150
60 to 64 kg 160 160
65 to 69 kg 170 170

70 kg and up 180 180

[0075]

The operator also uses the input means 3 to input information related to the donor blood (hereinafter 
referred to as "donor information"), such as gender, weight, height, age, hematocrit value, etc., as well 
as the addition ratio of the anticoagulant to the blood sample, as described below.

[0076]

Next, the operator primes the third line 23 and the blood collection needle 29 with the anticoagulant, 
and then inserts the blood collection needle 29 into a blood vessel of the blood donor. This completes 
the preparations for plasma collection.

[0077]
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Next, the operator turns on the collection start switch (not shown). This executes the program shown 
in FIG. 3, and plasma collection begins.

[0078]

(1) The blood component collecting device 1 first performs the condition setting process.

In the condition setting process, the control unit 55 determines the number of cycles E [iterations] 
required to collect the true target plasma collection amount D [mL] and the apparent target plasma 
collection amount G [mL] (step S101 in FIG. 3).

[0079]

(11) First, the control unit 55 determines the true plasma collection amount B [mL] per cycle.

[0080]

Specifically, the computing unit 551 in the control unit 55 obtains the apparent plasma collection amount 
A [mL] per cycle from the table (Table 2) stored in the memory 552 based on donor information (gender 
and weight), then substitutes this A into Equation (I-2) below stored in the memory 552 to calculate 
the anticoagulant admixture amount C [mL] in A, and then substitutes this A and this C into Equation 
(I-1) below to calculate the actual plasma collection amount B [mL] per cycle.

[0081]

Note that Equation (I-2) differs between the first cycle and subsequent cycles, and Equation (I-2) may 
be modified as needed.

[0082]

B = A - C … Equation (I-1)

C [1st cycle] = -0.0003A2 + 0.3A + 0.4 
[2nd cycle and subsequent cycles] = 0.2A … Equation (I-2)

[0083]

Additionally, the apparent plasma collection amount A [mL] per cycle can be calculated based on the 
donor's hematocrit value (Hct) using Equation (I-0) below.

[0084]

Note that Equation (I-0) differs between the first cycle and subsequent cycles, and Equation (I-0) may 
be modified as needed.

[0085]

A [1st cycle] = 670 – 10 × Hct
 [2nd cycle and subsequent cycles] = 530 – 8 × Hct … Equation (I-0)

[0086]

(12) Next, the control unit 55 determines the number of cycles E [iterations] required to obtain the true 
target plasma collection amount D [mL]. In other words, the control unit 55 determines the number of 
cycles E [iterations] of the plasma collection operation (blood component collection operation) based on 
the true target plasma collection amount D [mL].

[0087]

Terumo v. Haemonetics - PGR2026-00006
Petitioner Terumo Exhibit 1010-0026



(13)               JP 2002-282352 A (JP 2002-282352 A)

Specifically, the computing unit 551 in the control unit 55 obtains the true target plasma collection 
amount D[mL] from the table (Table 1) stored in the memory 552 based on donor information (gender 
and weight), then determines the number of cycles E [iterations] that minimizes the total of the true 
plasma collection amounts B[mL] per cycle while ensuring that the total is as close as possible to the 
true target plasma collection amount D[mL] without exceeding it. In other words, it determines the 
number of cycles E [iterations] that satisfies Equation (II-1) below.

[0088]]

D ≤  B [1st cycle] + B [2nd cycle] + … + B [Eth cycle] … Equation (II-1)

[0089]

The computing unit 551 in the control unit 55 may also determine the true target plasma collection 
amount D[mL] based on donor information (gender, weight, and height) using Equation (II-0) below 
stored in advance in the memory 552. Note that Equation (II-0) below differs depending on gender.

[0090]

D [Male] = (0.168 Hi3 + 0.050 Wt + 0.444) × 120
 [Female] = (0.250 Hi3 + 0.063 Wt + 0.662) × 120 

… Equation (II-0)

Hi: Height [m], Wt: Weight [kg]

[0091]

(13) Next, the control unit 55 calculates the true plasma collection amount F [mL] per cycle in the final 
cycle.

[0092]

Specifically, the computing unit 551 of the control unit 55 substitutes the true target plasma collection 
amount D [mL] and the true plasma collection amount per cycle B [mL] into Equation (III) below to 
calculate the true plasma collection amount per cycle F [mL] for the final cycle (Eth cycle).

[0093]

F = D - ΣB … Equation (III)
 
ΣB: Sum of B [1st cycle] to B [E-1th cycle]

[0094]

(14) Next, the control unit 55 calculates the apparent target plasma collection amount G [mL].

[0095]

Specifically, the computing unit 551 in the control unit 55 calculates the apparent target plasma 
collection amount G [mL] by substituting the true plasma collection amount B [mL] per cycle, the 
anticoagulant admixture amount C [mL] in A, and the true plasma collection amount F [mL] per cycle 
for the final cycle (the Eth cycle) into Equation (IV) below.

[0096]

G = Σ (B + C) + (F + C [Eth cycle]) … Equation (IV)
  Σ (B + C): Sum of (B+C) from the first cycle to the E-1th cycle
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[0097]

Note that the true target plasma collection amount D [mL] obtained in the condition setting process is 
displayed on the display means 4. This allows the operator to visually confirm the set conditions, which 
is convenient.

[0098]

Additionally, the apparent plasma collection amount A [mL] per cycle, the true plasma collection amount 
B [mL] per cycle, or the apparent target plasma collection amount G [mL] may be displayed on the 
display means 4 as needed.

[0099]

(2) Next, the blood component collecting device 1 performs the plasma collection process. In this plasma 
collection process, blood is drawn from the donor using a blood collection needle (blood collection 
means) 29 into the blood storage space 146 of the rotor 142, an anticoagulant is mixed into the blood 
by the anticoagulant supplying means, and the anticoagulant-containing plasma (apparent plasma) 
separated by centrifugation is collected in a plasma collection bag 25.

[0100]

(21) The control unit 55 performs the collection of apparent plasma from the donor (step S102 in FIG. 
3).

[0101]

Specifically, the control unit 55 opens the first fluid path control means 51 and the second fluid path 
control means 52, and controls the first fluid supplying pump 11 to operate (rotate in the forward 
direction) at a predetermined rotation speed (preferably 250 mL/min or less, and more preferably 40 to 
150 mL/min, for example, 60 mL/min).

[0102]

During blood collection, the control unit 55 also operates the second fluid supplying pump 12 to supply 
an anticoagulant such as an ACD-A solution via the third line 23 and mixing the anticoagulant into the 
collected blood.

[0103]

At this time, the rotational speed of the second fluid supplying pump 12 is controlled by the control unit 
55 to ensure that the anticoagulant is added at the predetermined ratio (addition ratio) inputted by the 
operator.

[0104]

The predetermined ratio is preferably about 1/20 to 1/6, for example 1/12.

[0105]

As a result, the blood (blood with added anticoagulant) is transferred via the first line 21 and introduced 
into the blood storage space 146 of the rotor 142 via the inlet 143 to the centrifuge 20 and a tube 141.

[0106]

At this time, air (sterile air) inside the centrifuge 20 is introduced into the plasma collection bag 25 via 
the second line 22.

[0107]
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During, before, or after blood collection, the control unit 55 activates the centrifuge drive unit 10 to 
rotate the rotor 142 at a predetermined rotational speed.

[0108]

The rotation of the rotor 142 separates the blood introduced into the blood storage space 146 into three 
layers, namely, a plasma layer (PPP layer) 131, a buffy coat layer (BC layer) 132, and a red blood cell 
layer (CRC layer) 133.

[0109]

The rotational speed of the rotor 142 is preferably 3000 to 6000 rpm, and more preferably 4000 to 5700 
rpm.

[0110]

While continuing blood collection and the supply of anticoagulant, when the amount of blood introduced 
into the blood storage space 146 exceeds the capacity of the blood storage space 146 (approximately 
270 mL), the blood storage space 146 is completely filled with blood, and apparent plasma overflows 
from the outlet 144 to the centrifuge 20.

[0111]

As a result, apparent plasma is introduced into and collected in the plasma collection bag 25 via the 
second line 22.

[0112]

Note that the weight of the plasma collection bag 25 is measured by the weight sensor 16, and measured 
weight signals are inputted to the control unit 55.

[0113]

(22) Next, the control unit 55 determines whether the apparent plasma collection amount A [mL] per 
cycle has been collected in the plasma collection bag 25 (step S103 in FIG. 3).

[0114]

Specifically, the control unit 55 calculates the apparent plasma collection amount W [mL] collected since 
the start of the cycle based on information (weight signals) from the weight sensor 16, following the 
procedure described below, and determines whether W [mL] has reached A [mL].

[0115]

Note that the apparent plasma collection amount A[mL] per cycle is obtained in the condition setting 
step.

[0116]

In step S103, if the apparent plasma collection amount A[mL] per cycle has not been collected in the 
plasma collection bag 25, the control unit 55 returns to step S102 and repeats step S102 again.

[0117]

If the apparent plasma collection amount A [mL] per cycle is collected in the plasma collection bag 25 
in step S103, the control unit 55 terminates the plasma collection process.

[0118]
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Specifically, the control unit 55 stops rotation of the rotor 142 and operation of the first fluid supplying 
pump 11 to terminate the blood component collection process.

[0119]

In this plasma collection process, the computing unit 551 in the control unit 55 calculates the apparent 
plasma collection amount W [mL] collected since the start of the cycle and the true current plasma 
collection amount Z [mL] each time the weight of the plasma collection bag 25 increases by 1 g. This 
procedure is described below.

[0120]

1: First, the computing unit 551 in the control unit 55 calculates the apparent weight of the actual 
plasma collected (current apparent plasma weight) U[g], and then substitutes this U and the apparent 
plasma weight V[g] collected up through the previous cycle into Equation (V-1) below to calculate the 
apparent plasma collection amount W[mL] collected since the start of the cycle.

[0121]

Note that in Equation (V-1), the constant "1.03" represents the specific gravity of the apparent plasma 
[g/mL].

[0122]

W = (U-V)/1.03 … Equation (V-1)

[0123]

2: Next, the computing unit 551 in the control unit 55 substitutes the apparent plasma collection amount 
W [mL] collected since the start of the cycle into Equation (V-2) below to determine the anticoagulant 
admixture amount X [mL] in W.

[0124]

Note that Equation (V-2) differs between the first cycle and subsequent cycles, and Equation (V-2) may 
be modified if needed.

[0125]

X [1st Cycle] = 0.0003W2 + 0.3 W + 0.4
 [2nd cycle and subsequent cycles] = 0.2 W … Equation (V-2)

[0126]

3: Next, the computing unit 551 in the control unit 55 substitutes the true plasma collection amount 
Y[mL] collected up through the previous cycle and the apparent plasma collection amount W [mL] 
collected since the start of the cycle, as well as the anticoagulant admixture amount X[mL] in W, into 
Equation (V-3) below to calculate the true current plasma collection amount Z[mL].

[0127]

Z = Y + (W - X) … Equation (V-3)

[0128]

Note that this true current plasma collection amount Z [mL] is displayed on the display means 4. This 
allows the operator to visually confirm the true current plasma collection amount Z [mL] in real time, 
which is convenient.
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[0129]

The display means 4 also may be configured to display the anticoagulant admixture amount X [mL] in 
W, and the calculation unit 551 in the control unit 55 may be configured to calculate the amount of 
anticoagulant to be returned to the donor and display the amount.

[0130]

(3) Next, the blood component collecting device 1 determines whether the plasma collection operation 
has been completed.

[0131]

Specifically, the control unit 55 determines whether (1) the actual current plasma collection amount Z 
[mL] has reached M [%] of the actual target plasma collection amount D [mL], or (2) whether the 
plasma collection operation has been performed over a certain number of cycles E [iterations] (step 
S104 in FIG. 3).

[0132]

Note that in (1), M is preferably 70 to 100%, more preferably 80 to 100%.

[0133]

Additionally, the termination conditions (1) or (2) for the plasma collection operation may be selected 
by the operator as needed.

[0134]

In step S104, if it is determined that condition (1) or (2) has been satisfied, the control unit 55 proceeds 
to the termination process. The termination process will be described later.

[0135]

In step S104, if it is determined that neither condition (1) nor (2) has been satisfied, the control unit 55 
proceeds to the blood component return process.

[0136]

(4) Next, the blood component collecting device 1 performs the blood component return process. In this 
blood component collection process, the remaining blood components (residual blood components) 
remaining in the blood component collection circuit 2 (primarily in the blood storage space 146 of the 
rotor 142) are returned to the donor.

[0137]

(41) First, the control unit 55 returns the remaining blood components to the blood donor (step S105 
in FIG. 3).

[0138]

Specifically, the control unit 55 keeps the first fluid path opening/closing means 51 and the second fluid 
path opening/closing means 52 open while operating the first fluid supplying pump 11 (in the reverse 
direction) at a predetermined rotation speed (preferably approximately 30 to 100 mL/min, for example 
45 mL/min).

[0139]
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As a result, the remaining blood components in the blood storage space 146 of the rotor 142 are returned 
to the donor via the centrifuge-side first line 21b, the blood collection needle-side first line 21a, and the 
blood collection needle 29.

[0140]

(42) Next, the control unit 55 determines whether the first bubble sensor 17 has detected air (step S106 
in FIG. 3).

[0141]

In step S106, if the first bubble sensor 17 has not detected air, the control unit 55 returns to step S105 
and repeats steps S105 again.

[0142]

If the first bubble sensor 17 detects air in step S106, the control unit 55 proceeds to the plasma collection 
process in the plasma collection operation of the next cycle.

[0143]

Specifically, when the first bubble sensor 17 detects the presence of air (bubbles) in the flow path of 
the second line 22, the control unit 55 reduces (changes) the rotation speed of the first fluid supplying 
pump 11 to a predetermined speed.

[0144]

Then, the control unit 55 rotates the first fluid supplying pump 11 at the predetermined rotational speed 
a predetermined number of times, and then closes the first flow path opening/closing means 51 and the 
second flow path opening/closing means 52, and stops the first fluid supplying pump 11.

[0145]

Note that the rotational speed of the first fluid supplying pump 11 is preferably about 1 to 80 mL/min, 
more preferably about 20 to 50 mL/min.

[0146]

The number of times the first fluid supplying pump 11 is rotated at the predetermined rotational speed 
is preferably about 1 to 15 times, more preferably about 5 to 12 times.

[0147]

As a result, nearly all of the remaining blood components in the blood component collection circuit 2 are 
returned to the blood donor.

[0148]

(5) If it is determined that either condition (1) or (2) has been satisfied in step S104, the control unit 
55 performs the termination process. In the termination process, the remaining blood components 
(residual blood components) in the blood component collection circuit 2 (mainly in the blood storage 
space 146 of the rotor 142) are returned to the donor.

[0149]

In other words, in this termination process (steps S107 and 108 in FIG. 3), the same steps as in the 
blood component return process (steps S105 and 106) are performed.

[0150]
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This causes almost all of the remaining blood components in the blood component collection circuit 2 to 
be returned to the blood donor, thereby completing the plasma collection operation.

[0151]

In this blood component collecting device 1, the predetermined conditions for the blood component 
collecting device 1 are set based on donor information including at least one of the donor's gender, 
weight, and height, thereby enabling the plasma collection operation to be performed properly for each 
blood donor.

[0152]

The blood component collecting device 1 is also configured to set the target plasma collection volume 
as a predetermined condition, enabling the collection of the proper amount of plasma from each donor.

[0153]

In the blood component collecting device 1 of the present embodiment, the amount of plasma to be 
collected excluding the anticoagulant (the true target plasma collection amount) is set, and based on 
termination condition (1) or (2) explained above, thus effectively keeping the plasma collection amount 
from deviating from the permissible plasma collection amount (typically 12% or less of the total amount 
of blood) and increasing safety. By collecting an amount of plasma (true plasma) close to the permissible 
collection amount from blood donors, economic efficiency can also be achieved.

[0154]

The blood component collecting device of the present invention described above is an embodiment 
provided for explanatory purposes, and the present invention is not limited to this embodiment. The 
configuration of each component may be replaced with any configuration having the same function.

[0155]

Additionally, information about the blood donor, in addition to the information mentioned above, may 
include age, race, nationality, blood type, medical history, and other relevant information when 
appropriate.

[0156]

It goes without saying that the conditions set for the blood component collecting device based on 
information about the blood donor are not limited to those explained in the embodiment.

[0157]

The blood component collecting device of the present invention does not have to be applied to a blood 
component collecting device for plasma, and may also be applied to a blood component collecting device 
for collecting platelets or platelets and plasma.

[0158]

[Effects of the Invention]

As described above, in the blood component collecting device of the present invention, the 
predetermined conditions for the blood component collecting device are set based on information about 
the blood donor, thereby enabling proper blood component collection operations for each blood donor.

[0159]
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When the target collection amount of a specific blood component is set as a predetermined condition, 
the device can collect the proper amount of the predetermined blood component for each blood donor.

[0160]

In particular, by setting a predetermined condition as the target collection amount of the predetermined 
blood component excluding the anticoagulant, the donor's extracorporeal blood circulation amount can 
be kept from deviating from the permissible extracorporeal circulation amount, thereby increasing safety. 
Since a blood component amount close to the permissible collection amount can be collected from the 
donor, economic efficiency can also be achieved.

[Brief Description of the Drawings] 

[FIG. 1]

FIG. 1 is a plan view of an example of a configuration for the blood component collecting device of the 
present invention.

[FIG. 2]

FIG. 2 is a cross-sectional view of the centrifuge drive unit used in the blood component collecting device 
of the present invention.

[FIG. 3]

FIG. 3 is a flowchart of control operations performed by the control unit during the blood component 
collection process.

[Reference Numbers] 

1: Blood component collecting device
2: Blood component collection circuit
10: Centrifuge drive unit
11: First fluid supplying pump
12: Second fluid supplying pump
14: Turbidity sensor
15: Optical sensor
16: Weight sensor
17: First bubble sensor
18: Second bubble sensor
20: Centrifuge
21: First line
22: Second line
23: Third line
25: Plasma collection bag
29: Blood collection needle
32: Sub-bag
33: Cassette housing
51: First flow path opening/closing means
52: Second flow path opening/closing means
55: Control unit
551: Computing unit
552: Memory
91: First opening
92: Second opening
131: Plasma layer
132: Buffy coat layer
133: Red blood cell layer
142: Rotor
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143: Inlet
144: Outlet
145: Upper portion
146: Blood storage space
151: Housing
152: Leg
153: Motor
154: Rotating shaft
155: Securing plate
156: Bolt
157: Spacer
158: Mounting member
21a: Blood collection needle-side first line
21b: Centrifuge-side first line
21c: Branch connector
21d: Chamber
21g: First pump tube
21i: Filter
23a: Second pump tube
23c: Air bubble removal chamber
23d: Anticoagulant container connecting needle
32a: Tube
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[FIG. 1]
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[FIG. 2]
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[FIG. 3]
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