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(57) Claim
1 . A method for separating blood into blood components,

comprising the steps of:

(a) providing blood collector means fluid*'tightly 

connected to filter means for removing leukocytes or remov

ing leukocytes and platelets from whole blood, said filter 

means being fluid-tightly connected to a primary bag 

through sealable, cuttable conduit means;

(b) collecting, from, a donor, whole blood comprising 

plasma, erythrocytes, leukocytes and platelets;

(c) passing the whole blood through said filter means 

to produce a filtered blood concaining the plasma, the 

erythrocytes and the platelets or containing the plasma and 

the erythrocytes;

(d) discharging the filtered blood from said filter 

means into said primary bag through said conduit means;

(e) sealing said conduit means at least at one portion 

intermediate ends thereof;

.../2
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(f) cutting ~aid conduit means portion to separate

said conduit means into a filter means-side unsealed or

sealed condui't portion and a primary bag-side sealed 

conduit portion to thereby disconnect from said filter 

means said primary bag containing the filtered blood, said 

disconnected primary bag being sealed by virtue of said 

primary bag-side sealed conduit portion connected to said 

primary bag; and

(g) centrifuging the filtered blood in said primary

bag.

8. A blood components separator unit comprising;
means for collecting blood comprising plasma, erythrocytes, leukocytes and platelets; 
filler means for selectively removing leukocytes while passing plasma, erythrocytes

and platelets therethrough, or removing leukocytes and platelets while passing 
plasma and erythrocytes therethrough, said filter means having an Inlet for blood 
collected through said means for collecting blood and a filtrate outlet for filtered 
blood comprising plasma, erythrocytes and platelets substantially free from 
leukocytes, or comprising plasma and erythrocytes substantially free from 
leukocytes and platelets;

first conduit means for connecting the means for collecting blood to the inlet of said filter 
means;

a primary bag;
second conduit means for connecting the filtrate outlet of said filter means to said

primary bag, said second conduit means being sealable and cuttable;
a satellite bag system; and
additional conduit means for connecting the satellite bag system to said primary bag, the

additional conduit means being sealable and cuttable,
wherein connections of the first conduit means between the means for collecting blood and 

the Inlet of said filter means, connections of the second conduit means between the 
filtrate outlet for filtered blood and primary bag and connections of the additional 
conduit means between the primary bag and satellite bag system are fixed, 
thereby providing unified connections.
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21. A blood components separtor unit comprising: ·
means for collecting blood comprising plasma, erythrocytes, 

leukocytes and platelets;
filter means for selectively removing leukocytes while 

passing plasma, erythrocytes and platelets 
therethrough, or removing leukocytes and platelets 
while passing plasma and erythrocytes therethrough, 
said filter means having an inlet for blood 
collected through said means for collecting blood 
and a filtrate outlet for filtered blood comprising 
plasma, erythrocytes and platelets substantially 
free from leukocytes, or comprising plasma and 
erythrocytes substantially free from leukocytes and 
platelets;

first conduit means for connecting the means for collecting 
blood to the inlet of said filter means;

a primary bag;
second conduit means for connecting the filtrate outlet of 

said filter- means to said primary bag, said second 
conduit means being stalable and cuttable;

an erythrocyte preservative-containing bag;
seventh conduit means for connecting said erythrocyte 

preservative-containing bag to at least one of said 
primary bag, said satellite bag Ληή said third 
conduit means; and

third valve means in said seventh conduit means for 
controlling flow therethrough, said third valve 
means being operable by manual manipultion outside 
of said seventh conduit means;

a satellite bag system; and
additional conduit means for connecting the satellite bag 

system top said primary bag, said additional 
conduit means being sealable and cuttable;

Wherein connections of the first conduit means be*’/ ien the 
means for collecting blood and the inlet of said 
filter means, connections of the second conduit 
means between the filtrate outlet for filtered 
blood and primary bag, connections of the seventh 
conduit means between the erythrocyte
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preservative-containing bag and at least one of the_ 
primary bag, satellite bag system and additional 
conduit means and connections of the additional 
conduit means between the primary bag and satellite 
bag system are fixed, thereby providing unified 
connections <■
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Background of the Invention

Field of the Invention

The present invention relates to a method for 

separating blood into blood components aseptically 

in a closed system, which is useful for separately 

collecting leukocyte-removed blood components, par

ticularly leukocyte-removed erythrocytes, leukocyte- 

removed plasma, leukocyte-removed platelets, etc., 

from the whole blood of a healthy human. The 

present invention is also concerned with a blood 

components separator unit, which can advantageously 

be used in practice of the above-mentioned method. 

Discussion of Related Art

In recent years, with the progress in medical 

science, particularly in immunology, there has been 

an increase in demand for transfusions of blood 

components. The blood component to be transfused is 

suitably chosen according to the purpose of therapy. 

In practicing the transfusions of blood components, 

leukocytes must be removed from the blood components 

for the following reason. The number of types of 

leukocytes is very large, differing from that of 

erythrocytes which, for example, is only 4 types, 

namely types A, B, 0 and AB under the ABO blood 

grouping system. Therefore, it is extremely diffi-25
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cult to match the blood type of leukocyte present in 

a blood component to be used for transfusion to the 

blood type of leukocyte of a patient who will be 

subjected to blood transfusion. Therefore, when 

blood components from others are transfused into a 

patient without removing leukocytes therefrom, an 

antibody against the surface antigen present in the 

transfused leukocyte is produced in the body of the 

patient since such leukocytes contained therein, in 

most cases, are foreign substances to the body of a 

patient. The repeated transfusion of blood contain

ing such foreign leukocytes causes the antigen

antibody reaction to occur between the produced 

anti-leukocyte antibody and the surface antigen of 

the transfused leukocytes, so that an adverse ef

fect, such as fever and headache, is caused. In 

recent years, various filter* means have been 

developed for removing leukocytes from blood compo

nents to be used for transfusions. Such filter 

means can remove leukocytes efficiently from whole 

blood or various blood components. Therefore, by 

the use of the filter means for removing leukocytes, 

the above-mentioned adverse effect can be sup

pressed.

Generally, in practicing the removal of leuko



cytes from whole blood or blood components by means 

of filter means, the filtering means is connected to 

a bag containing whole blood or blood components.

However, it is difficult to connect the filter means
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aseptically to the bag unless a specific apparatus 

is used. Therefore, conventionally, in the removal 

of leukocytes, the leukocyte-removed blood or the 

leukocyte-removed blood components would be likely 

to be contaminated with various germs. Accordingly, 

it has been obligatory to use the leukocyte-removed 

blood or blood components within 24 hours after the 

prepar tion thereof. Therefore, it is earnestly 

desired in the art to develop an aseptic system for 

removing leukocytes from whole blood or blood compo

nents ?

In U.S. Patent No. 4,596,657, one aseptic 

system for removing leukocytes is disclosed. Illus

tratively stated, a multiple-blood bag system 

comprising a primary bag, at least two satellite 

bags connected to the primary bag through conduit 

means, and a filter means for removing leukocytes 

integrally disposed between the primary bag and one 

of the satellite bags is disclosed. The bag system 

is used in the following manner. Blood is collected 

in the primary bag and subjected to centrifugation25
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so as to be separated into a plasma layer and an 

erythrocyte concentrate layer. The separated plasma 

layer is then transferred from the primary bag into 

a first satellite bag through conduit means which is 

fluid-tightly disposed between the primary bag and 

the first satellite bag. The erythrocyte concent

rate layer is caused to pass through the filter 

means to remove by filtration leukocytes from the 

erythrocyte concentrate and the resultant leukocyte- 

removed erythrocyte concentrate is collected in the 

second satellite bag which is connected to the 

primary bag through the filter means. With this bag 

system, leukocytes present in the erythrocyte 

concentrate are removed, but leukocytes present in 

the separated plasma disadvantageously cannot be 

removed. Further, this bag system has the following 

disadvantages. That is, when the blood collected in 

the primary bag is separated by centrifugation, the 

filter means must be placed in a centrifuge together 

with the primary bag and the satellite bags, leading 

to a danger that the filter means and the bags are 

likely to be destroyed due to the centrifugal force 

and the friction between the bags and the filter 

means during the centrifugation. Therefore, this 

bag system have not been widely used.25

5



European Patent Application Publication No.

0 266 683 A2 discloses another bag system as a blood 

components collector unit. This unit comprises a 

cannula, a blood collection bag, a filter means for

5 removing leukocytes and a filter membrane type blood

components separator which are connected through 

tubes. The unit also comprises a plasma collection 

reservoir and a blood cell collection reservoir, 

both of which are connected to the blood components
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separator through tubes, wherein each connection

through each tube is in a fixed fashion, thereby 

providing a unified connection. By the use of this 

Unit; whole blood collected from a donor can be 

separated into leukocyte-removed plasma and leuko

cyte-removed blood cell-enriched blood by filtra

tion, using a combination of the filter means and 

the membrane type blood components separator. 

However, this unit has disadvantages in that the 

plasma collection ratio, i.e., the ratio of the 

amount of the filtration-separated plasma to the 

amount of the collected whole blood is small as 

compareci to the plasma collection ratio obtained by 

centrifugal separation; that proteins having rela

tively high molecular weight which are present in 

plasma are likely to be prevented from passing25
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through the filter membrane of the separator so that 

the recovery of such proteins in the separated plas

ma is low; that by the contact of whole blood with

the membrane, complement components in the blood are 

unfavorably activated, causing the quality of the 

blood to be lowered; and that the membrane type 

blood components separator is expensive.

Summary Of The Invention

The present inventors have made extensive and 

intensive studies with a view toward developing a 

method and a unit for separating blood into blood 

components aseptically, which are free from the 

above-mentioned drawbacks. As a result, it has been 

found that when whole blood is first filtered by 

filter means for removing leukocytes to collect the 

leukocyte-removed blood in a primary bag and the 

primary bag is then aseptically disconnected from 

the filter means and subjected to centrifugation. 

Blood components, such as plasma, erythrocytes and 

platelets in leukocytes-free form can be aseptically 

and readily obtained without the danger of damage to 

the filter means and the primary bag. Based on the 

above-mentioned finding, the present invention has 

been completed.

Accordingly, it is an object of the present

7
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invention to provide a method for aseptically sepa

rating blood into at least two blood components, for 

example, leukocyte-removed erythrocyte, leukocyte- 

removed plasma, leukocyte-removed platelets and the 

like, without the danger of damage to the filter 

means and the bag.

It is another object of the present invention 

to provide a novel blood components separator unit 

which is advantageously used in the above-mentioned 

method for separating blood into blood components. 

Further scope of applicability of the present 

invention will become apparent from the detailed 

description given hereinafter. However, it should 

be understood that the detailed description and 

specific examples, while indicating preferred 

embodiments of the invention, are given by way of 

illustration only, since various changes and modifi

cations within the spirit and scope of the invention 

Will become apparent to those skilled in the art 

from this detailed description.

Brief Description of the Drawings

The present invention will become more fully 

understood from the detailed description given here

inbelow and the accompanying drawings which are 

given by way of illustration only, and thus, are not25

8



!:
limitative of the present invention, and wherein:

4 Fig. 1 is a diagrammatic view of one form of

the blood components separator unit of the present 

invention comprising blood collector means 1, filter

5 means 2 for removing leukocytes or removing leuko

cytes and platelets, primary bag 3 and satellite bag 4;

Fig. 2 is a diagrammatic view of another form 

of the blood components separator unit of the 

present invention comprising blood collector means 

1q 1, filter means 2 for removing leukocytes, primary

bag 3 and two satellite bags 4 and 5;

Fig. 3 is a diagrammatic view of still another

, ,,,, form of the blood components separator unit of the
:684.-

present invention comprising blood collector means
« tl «.

• ’ °’xs 1, filter means 2 for removing leukocytes or remov

ing leukocytes and platelets, primary bag 3, satel- 
c a

’ lite bag 4 and physiologically isotonic solution-
’ft ::

ί '■ « e ,

’ ” containing bag 6;

· Fig· 4 is a diagrammatic view of a further form

20 of the blood components separator unit of the

, , present invention comprising blood collector means

.J 1, filter means 2 for removing leukocytes or leuko-

cytes and platelets, primary bag 3, satellite bag 4 

and erythrocyte preservative-containing bag 7;

Fig. 5 Is a diagrammatic view of still a

- 9 -
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further form of the blood components separator unit 

of the present invention comprising blood collector 

means 1, filter means 2 for removing leukocytes, 

primary bag 3, two satellite bags 4 and 5 and 

physiologically isotonic solution-containing bag 6;

Fig. 6 is a diagrammatic view illustrating one 

form of the blood collector means 1 to be used In 

the blood separator unit of the present invention, 

which comprises cannula 16 and blood collection bag 

17, shown together with filter means 2;

Fig. 7 is a diagrammatic cross-sectional view 

of filter means 2 used In Example 1; and

Fig. 8 is a diagrammatic view of still a 

further form of the blood components separator unit 

of the present invention comprising blood collector 

means 1, filter means 2 for removing leukocytest 

primary bag 3 and three satellite bags 4? 5 and 24.

In Figs. 1 through 8, like parts pj portions 

are designated by like numerals.

Detailed Description of the invention

According to the present invention? a method 

for separating blood into blood components is 

provided? which comprises the steps of:

(a) providing blood collector means fluid·* 

tightly connected to filter means for removing

10
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leukocytes or removing leukocytes and platelets from 

whole blood, said filter means being fluid-tightly 

connected to a primary bag through sealable, cut

table conduit means;

(b) collecting, from a donor, whole blood 

comprising plasma, erythrocytes, leukocytes and 

platelets;

(c) passing the whole blood through said filter 

means to produce a filtered blood co.'/'aining the 

plasma, the erythrocytes and the playlets or 

containing the plasma and the erythrocytes;

(d) discharging the filtered blood from said 

filter means into said primary bag through said 

conduit means;

(e) sealing said conduit means at least at one 

portion intermediate ends thereof;

(f) cutting said conduit means to separate said 

conduit means into a filter means-side unsealed or 

sealed conduit portion and a primary bag-side sealed 

conduit portion to thereby disconnect from said 

filter means said primary bag containing the 

filtered blood, said disconnected primary bag being 

sealed by virtue of said primary bag-side sealed 

conduit portion connected to said primary bag; and

£g) centrifuging the filtered blood in said

11



5

10

© 0 β
Ο ο- 

α

©
Ο Ο Ο ■> · £ 

ο a

η #
α ο
© ο ·.’ > :

© α ο 
Q & ϋ

Ο <3 .3 Ο

Ο Π 0 0 
ο ο ο -
© © 15

Ο ο©

© ο α
© 0 0 

ο (■ ©

V © ©
Ο Ο 9

Ο V «

25

primary bag.

Referring now to Fig. 1 , the method of the 

present invention will be explained below.

Tn step (a), blood collector means 1 is 

provided. Blood collector means 1 is fluid-tightly 

connected to filter means 2 for removing leukocytes 

or removing leukocytes and platelets, which filter 

means 2 in turn is fluid-tightly connected to 

primary bag 3 through sealable, cuttable conduit 

means 9. The blood collector means generally has a 

cannula. In one embodiment, the blood collector 

means comprises cannula 16 and blood collection bag 

17 containing anticoagulant 18 as shown in Fig. 6. 

The whole blood collected contacts the anticoagulant 

in the blood collection bag, thereby preventing the 

coagulation of whole blood, In this embodiment, the 

blood collection bag 17 is fluid-tightly connected 

to cannula 16.

Examples of suitable anticoagulants include 

compositions, such as an "ACD" solution and a "CFD" 

solution. The ACD solution comprises glucose, 

trisodium citrate and citric acid. The composition 

of the ACD solution varies according to country. In 

Japan, an ACD solution is generally employed 

containing 22.0 g trisodium citrate, 8.0 g citric

- 12 -
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acid and 22.0 g of glucose per 1000 ml,. The CPD 

solution generally contains 26.30 g of trisodium 

citrate, 3.27 g of citric acid, 23.20 g of glucose 

and 2.51 g of sodium dihydrogen phosphate per 

1000 ml.

The anticoagulant is placed in the blood col

lection bag in an amount sufficient for preventing 

the quantity of whole blood, which is intended to 

collect in the blood collection bag, from coagulat

ing. The amount of the anticoagulant varies not 

only according to the quantity of whole blood which 

is intended to be collected but also according to 

the type and composition of the anticoagulant. Fot 

example, in the case of an ACD solution adopted ir. 

Japan, the amount of the anticoagulant may generally 

be 15 ml per 100 ml of whole blood. In the case Of 

a ChD solution adopted in Japan, the amount of the 

anticoagulant may be 14 ml pet 100 ml.

In step (b), whole blood comprising plasma, 

erythrocytes, leukocytes and platelets is collected 

from a donor by blood collector means. Particular

ly, the vein of a donor is punctured by means of the 

cannula and whole blood is collected from the vein 

through the cannula. The blood collection operation 

may be conducted utilising gravity. The blood col-

- 13
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lection operation may also be conducted using pump

ing means, etc.

In order to remove leukocytes or remove leuko

cytes and platelets from whole blood stably without 

causing blood coagulation, it is preferred that an 

anticoagulant is added to the whole blood before 

passing the whole blood through the filter means. 

The addition of an anticoagulant to whole blood may 

be conducted by passing an anticoagulant from an 

anticoagulant’-containing bag into conduit means 8 

which connects blood, collector means 1 with filter 

means 2. This method is advantageous in that the 

blood collection operation, the mixing operation of 

blood with an anticoagulant and the blood filtration 

operation by the filter means can be continuously 

conducted. In this method, in order to ensure the 

mixing of the whole blood with an anticoagulant, 

mixing means, such as a drip chamber, may be 

aseptically inserted in conduit means 8. On the 

other hand, when blood collector means 1 comprises 

blood collection bag 17 containing an anticoagulant 

18 as mentioned above, the whole blood collected 

through cannula 16 is mixed with the anticoagulant 

in blood collection bag 17¼ This method is most 

preferred from the standpoint of secure mixing of25
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the whole blood with an anticoagulant.

When a filtration medium having excellent 

compatibility with blood is used for filter means 2, 

the collected blood need not be mixed with an anti

coagulant before being subjected to filtration. 

This is advantageous in that blood collection means 

1 may have only a cannula so that the blood compo

nent collector unit becomes simple. In this case, 

primary bag 3 may contain an anticoagulant to 

prevent the coagulation of the filtered blood.

In step (c), the collected whole blood is 

passed through filter means 2 to produce a filtered 

blood. The filter means may suitably be chosen from 

two types of filter means, that is, filter means for 

removing leukocytes and filter means for removing 

leukocytes and platelets according to the types of 

blood components whiah are intended to be obtained 

by filtration in this step. When filter means for 

removing leukocytes is used, the filtered blood 

contains the plasma, the erythrocytes and the plate

lets, substantially free from leukocytes. When 

filter means for removing leukocytes and platelets 

is used, the filtered blood contains the plasma and 

the erythrocytes, substantially free from leukocytes 

and platelets.

- 15 -
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Examples of filtration media for use in the 

filter means include a fibrous medium, a porous 

medium and a particulate medium. Of these, a 

fibrous medium is most preferred from the standpoint 

of leukocyte removal efficiency. The fibrous medium 

may be in any form, that is, it may be in the form 

of a woven fabric or a non-woven fabric, or in, 

entangled mass form. Of these, the most preferred 

is a non-woven fabric from the standpoint of blood 

permeability through the medium. The diameter of 

the fibrous medium for use in the filter means is 

generally in the range from about 0.3 pm to about 

20 pm. From the viewpoint of leukocyte removal 

efficiency, it is preferred that the diameter be in 

the range from about 0.3 to about 10 pm. More 

preferably, the diameter is in the range from about 

0.3 to about 3 pm,

Examples of fibrous media for use in the filter 

means Include synthetic fibers such as polyester 

fibers, for example, polyethylene terephthalate 

fiber and polybutylene terephthalate fiber, 

polyamide fibers, polyacrylonitrile fibers, 

polymethylmethacrylate fibers, polyethylene fibers 

and polypropylene fibers; semi-synthetic fibers such 

as cellulose acetate fibers; regenerated fibers such 25

16



as cuprammo...’.urn rayon fibers, viscose rayon fibers, 

and viscose staple fibers; natural fibers such as 

cotton fibers, silk and wool; inorganic fibers such 

as glass fibers and carbon fibers. Of these, 

5 synthetic fibers are preferably employed from the 

standpoint of ease in controlling the diameter of 

the fiber, ease in producing on a commercial scale 

and the like.

When it is intended to remove leukocytes and

10 platelets by the filter means, it is preferred that 

ί
I

the filter means be comprised of the above-mentioned 

« if
filtration medium, the surface of which has been 

rendered hydrophobic, or comprised of the above

mentioned filtration medium and positive charges

15 bonded to the surface thereof. The above-mentioned

filtration medium can be rendered hydrophobic by a
e s < a

S O ® 
M Q

a β & .
■ e e
Ϊ «5

customary method,

phobic polymer on

20

25

for

the

example, by coating a hydro-

surface of the filtration

medium or by graft-polymerizing a hydrophobic

monomer. On the other hand, bonding of positive

charges

tration

Which a

to the surface of the above-mentioned fil-

medium can be accomplished by a method in

polymer having a nitrogen-containing basic 

functional group is coated on the surface. Examples

of nitrogen-containing basic functional groups in-

- 17 -
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elude a primary amino group, a secondary amino 

group, a tertiary amino group, and a quaternary 

ammonium group, and also include nitrogen-containing 

aromatic ring groups such as a pyridyl group and an 

imidazolyl group. The polymer having a nitrogen

containing basic functional group may be prepared 

from at least one monomer having a nitrogen-contain

ing basic functional group by a customary polymeri

zation method. Examples of monomers containing 

nitrogen-containing basic functional groups include 

allyl-amine; (methJacrylic acid derivatives such as 

dimethylaminoethyl (meth)acrylate, diethylaminoethyl 

(meth)acrylate, dimethylaminopropyl (meth)acrylate, 

3-dime thylamino-2-hydroxypropyl (me th) aeryla te; 

styrene derivatives such as p-dimethylaminomethyl- 

styrene, p-diethylaminoethylstyrene; vinyl deriva

tives of nitrogen-containing aromatic compounds such 

as 2-vinylpyridine, 4-vinylpyridine, 4-vinyl- 

imidazole; and derivatives thereof, such as obtained 

by converting the above-mentioned vinyl compounds to 

a quaternary ammonium salt using a halogenated alkyl 

or the like. Of these monomers, dimethylaminoethyl 

(meth)acrylate and diethylaminomethyl (meth)aerylate 

are preferably employed from the viewpoints of 

availability, ease in handing in the polymerization, 25

- 18



and blood filtration performance of the resulting 

surface portion of the filtration medium.

Further, the bonding of positive charges to the 

surface of the filtration medium can also be accom-

5 plished by a method in which a monomer of the type

mentioned above having a nitrogen-containing basic 

functional group is graft-polymerized onto the sur

face of the filtration medium in a manner as 

described in, for example, "Surface Modification of

10 Polymer", Fumio Ide, 1987, published by Kindai

J 4 / Henshu Ltd., Japan. Still further, such bonding can
t : : :

’J”‘i be accomplished by a method in which the surface is
I « ■ ■
« «
‘ *·* treated with a chemical. The above-mentioned
♦ ««
« · >

J*’’ methods for bonding positive charges to the surface
? t t . . : '
it : '15 of the filtration medium are described in, for exam

it pie, European Patent Application Publication No.
•it

0267286.

When it is not intended to remove platelets, 

but intended to remove only leukocytes in step (c),

20 it is preferred that an anti-thrombotic material be

coated On the surface of the above-mentioned filtra

tion medium in order to improve platelet passage 

therethrough. Examples of anti-thrombotic materials 

include a polyether urethane, a polyhydroxyethyl

25 methacrylate, a silicone, a collodion, a heparinized

19
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hydrophilic polymer, a urokinase-immobilized 

material, a Flurbiprofen-Beuzalkonium complex and 

the like. The coating method is described in, for 

example, Japanese Patent Application Laid-Open 

Specification No. 55-129755. Moreover, from the 

viewpoint of attaining excellent platelet passage 

and leukocyte removal, it is preferred that both a 

hydrophilic group and a nitrogen-containing basic 

functional group be bonded to the surface of the 

filtration medium. The bonding of a hydrophilic 

group and a nitrogen-containing basic functional 

group to the surface of the filtration medium may be 

conducted substantially according to the method 

described in European Patent Application Publication 

No. 0267286. Examples of hydrophilic groups include 

hydroxyl groups and amido groups. Examples of 

nitrogen-containing basic functional groups are the 

same as mentioned above. In this case, it is 

requisite that the portion which contains hydro

philic groups and nitrogen-containing basic func

tional groups have a basic nitrogen atom content of 

from 0.2 to 4.0 % by weight. The term "basic 

nitrogen atom" used herein means a nitrogen atom in 

the above-mentioned nitrogen-containing basic func

tional groups. If the basic nitrogen atom content25

20



is less than 0.2 % by weight, the filtration medium 

becomes less adhesive not only to platelets but also 

to leukocytes, thereby rendering it impossible to 

selectively remove leukocytes. On the other hand, 

if the basic nitrogen atom content is more than 

4.0 % by weight, the filtration medium becomes 

adhesive not only to leukocytes but also to plate

lets, thus rendering it impossible for leukocytes to 

be selectively removed. The more preferable range 

of the basic nitrogen atom content is from 0.3 to 

1.5 % by weight. With respect to the most suitable 

contents of the basic nitrogen atoms in various raw 

materials for the filtration medium of the present 

invention- they vary according to the types of the 

functional groups contained in these raw materials 

and the conditions under which the filtration medium 

would be used (e.g. they vary a lot depending on the 

type of an anticoagulant to be added to the blood).

In the present invention, molar amount of the 

ionic hydrophilic group may preferably be at least 

equal to, more preferably at least three times as 

large as the molar amount of the basic nitrogen 

atom.

The amounts of the nitrogen-contalning basic

functional groups and the ionic hydrophilic groups, 

-21 -



and the basic nitrogen atom content can be measured 

by known methods such as an infrared absorptiometric 

method using a multiple total reflection infrared 

spectrometer, and elementary analysis.

The capacity of the filtration medium of the 

filter means for blood introduced thereinto is not 

specifically limited. When the capacity of the 

filter medium for blood is too large, a large volume 

of blood is left in the filtration medium so that

10 the volume of filtered blood is decreased, leading

to a lowering of the yield of the ultimately 

obtained blood components. Therefore, the capacity 

of the filter medium for blood is generally adjusted 

to 40 % or less, preferably 20 % or less, and more

15 preferably 10 % or less by volume, based on the

volume of the collected blood.

By passing whole blood through the filter 

means, filtered blood is produced. When filter 

means for removing leukocytes is used, a filter

20 blood is produced containing the plasma, the

erythrocytes and the platelets, substantially free 

from leukocytes. When filter means for 'iemoving 

leukocytes and platelets is used, a filtered blood 

is produced containing the plasma and the erythro-

23 cytes, substantially free from leukocytes and plate*

22



lets.

In order to complete the filtration of the

Whole blood, it is preferred that following step (d) 

and prior to step (e), a physiologically isotonic

5 solution be passed through the filter means. As a

physiologically isotonic solution, any conventional 

solutions may be used which avoid damage to the 

blood components and do not adversely affect a 

living body. Examples cf physiologically isotonic

10 solutions include a physiological saline, a physiol

ogical Salt solution such as Ringer's solution, and 

the like. In this connection, however, it should be 

noted that passing the physiologically isotonic 

solution through the filtration medium is, on one

15 hand, pi .^erred from the viewpoints of filtration of

ell of thi%- collected whole blood as described above, 

but, an the other hand, it has a drawback in that 

the filtered blood is disadvantageously caused to be 

diluted with a physiologically isotonic solution.

20 In order to decrease such dilution, the amount of a

physiologically isotonic solution passing through 

the filtration medium should be reduced, in view of 

the above, it is preferred that the volume of the 

physiologically isotonic solution be in the range of

25 from 50 % to iso %, based on the capacity of the

23 -
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filtration medium for blood.

As shown in Figs. 3 and 5, the physiologically 

isotonic solution to be passed through the filter 

means may be contained in auxiliary bag 6 (herein

after referred to as "physiologically isotonic solu

tion-containing bag") which is fluid-tightly con

nected to filter means 2 through conduit means 12 

branched from conduit means 8 so that the physiolo

gically isotonic solution can be supplied aseptical

ly to the filter means.

Xn step (d)? the filtered blood is passed from 

filter means 2 into primary bag 3 through sealable? 

cuttable conduit means 9 (see Fig. 1).

In step (e)f after the filtered blood is col* 

lected in primary bag 3? sealable? cuttable conduit 

means 9 is sealed at least at one portion inter

mediate the length thereof. The sealing of the 

sealable? cuttable conduit means can be performed by 

press-sealing by means of? for example? a deformable 

metal (e.g* aluminum) ring or by heat-sealing by 

means of a heat sealer.

in step (f)? sealable? cuttable conduit means 9 

which has been sealed is cut to separate conduit 

means 9 l^to two sections or portions. That is? a 

filter means-side unsealed or sealed conduit portion25
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and a primary bag-side sealed conduit portion are 

formed. The filter means 2 is thereby separated 

from primary bag 3 containing the filtered blood. 

The disconnected primary bag 3 is sealed by virtue 

of the primary bag-side sealed conduit portion con

nected to the primary bag.

In step (g), the filtered blood in primary bag

3 is subjected to centrifugation. Referring tn 

Fig. 1 t primary bag 3 containing the filtered blood, 

which is fluid-tight'ly connected to satellite bag 4 

through conduit means 10, is placed in a centrifuge, 

fol lowed by centrifugation. During the centrifuga

tion, conduit means 10 connecting primary bag 3 and 

satellite bag 4 is pinched by a clip or the like to 

seal the conduit means temporarily so that the 

filtered blood in primary bag 3 may not be trans

ferred into satellite bag 4.

When the whole blood is passed through the 

filter means for removing leukocytes and platelets, 

the filtered blood containing the erythrocytes and 

the plasma is produced. The filtered blood is 

separated into an erythrocytes layer consisting 

substantially of the erythrocytes and a plasma layer 

consisting substantially of the plasma by centri

fugation. The centrifugation may be conducted under

- 25 -
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powerful conditions, that is, at 4,800 x g (accele

ration of gravity), at 4 to 6 °C for 3 to 4 minutes 

or at 3,000 x g, at 4 to 6 °C for 5 to 7 minutes. 

By the centrifugation, the filtered blood is 

separated into two layers, that is, an upper plasma 

layer and a lower erythrocytes layer.

After centrifugation, the plasma in the upper 

layer is transferred into satellite bag 4 which is 

fluidtightly connected to primary bag 3 through 

sealable, cuttable conduit means 10. The transfer 

of the plasma into the satellite bag can be 

performed by externally applying pressure to the 

primary bag 3 using a conventionally used apparatus, 

such as a commercially available separation stand. 

Alternatively, the erythrocytes in the lower layer 

may be transferred into the satellite bag. Tn this 

case, conduit means 10 connecting primary bag 3 and 

satellite bag 4 is pinched by a clip or the like to 

seal the conduit means temporarily, and primary bag 

3 and satellite bag 4 are then placed in a centri

fuge so that the portion of primary bag 3 at which 

primary bag 3 is connected to satellite bag 4 

through conduit means 10 is directed downward, fol

lowed by centrifugation. Then, satellite bag 4 is 

suspended below primary bag 3 and the clip is
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removed from conduit means 10 so that the lower 

erythrocytes layer in the primary bag flows into the 

satellite bag through conduit means 10 by the force 

of gravity.

After the transfer of the plasma or the 

erythrocytes into satellite bag 4, conduit means 10 

disposed between primary bag 3 and satellite bag 4 

is sealed at a portion intermediate the length 

thereof by means of a heat sealer or the like and 

cut at a position in the sealed portion to separate 

conduit means 10 into a primary bag-side sealed 

conduit portion and a satellite bag-side sealed 

conduit portion and to thereby disconnect primary 

bag 3 from satellite bag 4. The sealing of the 

conduit means connecting the primary bag and the 

satellite bag may alternatively be conducted at two 

portions intermediate the length thereof, followed 

by cutting the conduit means at a position between 

the two sealed portions. The thus disconnected 

primary bag aseptically contains one of the blood 

components, i.e., the erythrocytes or the plasma and 

the satellite bag aseptically contains the remainder 

of the blood components.

When filter means for removing leukocytes is 

used to obtain a filtered blood containing the 25



erythrocytes, the plasma and the platelets ana the 

filtered blood is then subjected to centrifugation, 

the filtered blood may be separated, for example, 

into two fractions, namely, an erythrocytes layer

5 consisting substantially of the erythrocytes and a

mixture layer of the plasma and the platelets (here

inafter referred to as "platelet-rich plasma") , or a 

platelets-containing erythrocyte layer and a plasma 

layer consisting substantially of the plasma (plate-

10 let-poor plasma). In this case, one satellite bag

·*> needs to be connected to the primary bag through

sealable, cuttable conduit means as shown in Fig. 1.
Q 5 :

J ‘When the erythrocytes and the platelet-rich plasma
* «< 
ft f f ■
·“* are intended to be obtained, the centrifugation Ls

* t t « .
< « « .

* * 15 conducted under gentle conditions, that is, at 1,100

x g, at 4 to 6 °C for 5 to 6 minutes or at 300 x g,
t « I « ■ ' '

' at 4 to 6 °C for 15 to 20 minutes. By the centri

fugation, the filtered blood is Separated into two 

layers, that is, an upper platelet-plasma layer and 

20 a lower erythrocytes layer. After centrifugation,

the platelet-rich plasma in the upper layer is 

transferred into satellite bag 4. On the other 

hand, when the platelet-containing erythrocytes and 

the platelet-poor plasma are intended to be ob-

25 tained, the centrifugation is conducted under power-

28 -



ful conditions, that is, at 4,800 x g, at 4 to 6 °C 

for 3 to 4 minutes or at 3,000 x g, at 4 to 6 °C for 

5 to 7 minutes. By the centrifugation, the filtered 

blood is separated into two layers, that is, an

5 upper platelet-poor plasma layer and a lower plate

let-containing erythrocytes layer. After centri

fugation, the platelet-poor plasma as the upper 

layer is transferred into satellite bag 4. The 

filtered blood may alternatively be separated into

10 three fractions, that is, an erythrocytes layer 

consisting substantially of the erythrocytes, a 

plasma layer consisting substantially of the plasma 

and a platelets layer consisting substantially of 

the platelets by centrifugation. In this case, at

15 least two satellite bags need to be connected to the 

primary bag through sealable, cuttable conduit means 

aS shown in Fig. 2. In Fig. 2, first satellite bag

4 and second satellite bag 5 are connected to 

primary bag 3 through conduit means 10 and 11, res

20 pectively. Conduit means 11 is branched from 

conduit means 10. The separation of the filtered 

blood by centrifugation into three blood component 

layers, namely, the erythrocytes layer, the plasma 

layer and the platelets layer, can be conducted in

25 various manners.

29



For example, the filtered blood maybe 

separated into three blood components in the follow

ing manner. First, the filtered blood is separated 

into two layers in the primary bag, namely a lower

5 erythrocytes layer and an upper mixture layer of the

plasma and the platelets. The upper mixture layer 

or the lower erythrocytes layer is transferred into 

one of the first and second satellite bags. Next, 

the transferred mixture is subjected to centrifuga-

10 tion to separate the mixture into a plasma layer and

a platelets layer, one of which, namely, the plasma 

layer or the platelets layer, is transferred into

, the other satellite bag remaining empty. Before

subjecting the mixture layer to centrifugation, thei 9 :
i :

‘ 15 bag containing the erythrocytes layer may be discon

nected from the two other bags, one of which
i i ' ■ '

contains the mixture layer of the plasma and the 

platelets and the other of which is empty, by seal

ing and cutting the conduit means in the same manner

20 as mentioned above.

In the above method in which the filtered blood 

is separated into three layers, the centrifugation 

is conducted under powerful conditions, for example, 

at 4,800 x g, at 4 to 6 °C for 3 to 4 minutes or at

25 3,000 x g, at 4 to 6 °C for 5 to 7 minutes. Tn the

30



above method in which the filtered blood is sepa

rated into two layers, the first centrifugation for 

separating the filtered blood into an erythrocytes 

layer consisting substantially of the erythrocytes

5 and a mixture layer of the plasma and the platelets 

is conducted under gentle conditions, for example, 

at 1,100 x g, at 4 to 6 °C for 5 to 6 minutes or at

300 x g, at 4 to 6 °C for 15 to 20 minutes, and the 

second centrifugation for separating the mixture

10 layer into a plasma layer consisting substantially 

of the plasma and a platelets layer consisting 

substantially of the platelets is conducted under 

powerful conditions, that is, at 4,800 x g, at 4 to 

6 °C for 3 to 4 minutes or at 3,000 x g, at 4 to

IS 6 ?C for 5 to 7 minutes.

After the erythrocytes layer, the plasma layer 

and the platelets layer have been separately 

collected respectively in the primary bag and the 

first and second satellite bags, the three bags are

20 disconnected from one another by sealing and cutting 

the conduit means connecting them in the same manner 

as mentioned above.

In a preferred mode of the method for separat

ing whole blood into three blood component layers,

25 namely the erythrocytes layer, the plasma layer and

31



the platelets layer, the filtered blood is separated 

into an erythrocytes layer, a plasma layer and a 

platelets layer, and following step (g), two of the 

layers are individually separated from the remainder

5 to obtain the separated erythrocytes layer, the

separated plasma layer and the separated platelets 

layer so that the separated platelets layer contains 

a small amount of the plasma and a small amount of 

the erythrocytes, but the separated erythrocytes 

j_q layer and the separated plasma layer consist

substantially of the erythrocytes and the plasma, 

respectively, and the separated platelets layer 

containing a small amount of the plasma and a small 

amount of the erythrocytes is separated into the

15 erythrocytes and a platelet concentrate containing

the platelets and the plasma. In practicing this 

mode, three satellite bags are employed. As shown

■ in Fig. 8, primary bag 3 is fluid-tightly connected

to first satellite bag 4 through conduit means 10, 

20 which in turn is fluid-tightly connected to second

satellite bag 5 through conduit means 11, which in 

turn is fluid-tightly connected to third satellite 

bag 24 through conduit means 25. In this mode, the 

blood having passed through filter means 2 which is 

25 capable of removing leukocytes but allowing plate-

- 32 -
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lets to pass therethrough is collected in primary 

bag 3. Primary bag 3 is disconnected from filter 

means 2 in the manner as mentioned above.

Primary bag 3 and satellite bags 4, 5 and 24 

are set in a centrifuge, followed by centrifugation 

under the powerful conditions. As a result, the 

blood contained in primary bag 3 is separated into a 

lower erythrocytes layer, an intermediate platelets 

layer and an upper plasma layer. Two of the three 

layers are separately transferred into first satel

lite bag 4 and second satellite bag 5. The transfer 

of the two layers is conducted in a manner such that 

the platelets layer contains a small amount of the 

plasma and a small amount of the erythrocytes, but 

each of the erythrocytes layer and the plasma layer 

does not contain the other blood components. The 

bag in which the erythrocytes are contained and the 

bag in which the plasma is contained are discon

nected from the other bags. The disconnection is 

conducted by sealing and cutting conduit means in 

the same manner as mentioned above. The platelets, 

a small amount of the plasma and a small amount of 

the erythrocytes are mixed homogeneously by, for 

example, gently pressing the bag by hand. The 

resultant mixture in the bag is centrifuged at25

33
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1,170 x g, at 20 to 24 °C for 5 minutes to thereby 

separate the mixture into a platelet concentrate 

layer and an erythrocytes layer. Then, the platelet 

concentrate is transferred into the other bag 

(empty), leaving the erythrocytes. The bag contain

ing the platelet concentrate is disconnected from 

the bag in Which the erythrocytes are left, in the 

same manner as mentioned above.

According to this method, the platelets are 

obtained in the form of the platelet concentrate. 

This is advantageous in that the collected platelets 

are unlikely to suffer from damage. With respect to 

the blood components separation to be conducted 

subsequent to the disconnection of the filter means 

from the primary bag and the three satellite bags in 

the preferred mode mentioned above, reference may be 

made to, for example, Yuketsugakkaishi (Journal of 

Blood Transfusion, Japan, Vol. 32, p. 237 and 

p, 303, 1986.

If desired, a preservative for erythrocytes may 

be added to the separated erythrocytes. Examples of 

reservatives for erythrocytes include a physiologic

ally isotonic solution containing at least one 

erythrocyte preservative such as adenine; mannitol, 

sorbitol and guanosine. The amount of the preserva-

34 -
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tive to be added to the erythrocytes is not speci-

fically limited. Generally, the preservative is

added in an amount of about 50 to 100

the volume per 400 to 500 ml of whole

shown in Fig. 4, the preservative for

ml in terms of

blood. As

erythrocytes

may preferably be supplied from an erythrocyte pre

servative-containing bag 7 to an erythrocytes-

containing bag through conduit means 13 fluid-tight- 

ly connecting the former to the latter. With

respect to the preservative for erythrocytes, refer-

ence may be made to, for example, Transfusion , Vol.

27, pp. 178-182, 1987.

With respect to the operation to be conducted

subsequent to the disconnection of the

from the primary bag and the satellite

reference

Standards

Technical

filter means

may be made to, for example,

of Operations in

Division", 1985,

Enterprise Department, the

bag system,

"The

Red cross Blood Center:

published by the

Japanese Red Cross

5

25

In another aspect of the present invention, a 

blood components separator Unit is provided which is 

advantageously used in pra, icing the above

mentioned method for separating blood into blood 

components. That is, according to the present

35 -
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invention, a blood components separator unit is 

provided comprising:

means for collecting blood;

filter means for removing leukocytes or remov

ing leukocytes and platelets, said filter means 

having a filtrate outlet;

first conduit means for connecting the means 

fox collecting blood to the filter means;

a primary bag;

second conduit means for connecting the 

filtrate outlet of said filter means to said primary 

bag, said second conduit means being sealable and 

cuttable;

a satellite bag system; and

additional conduit means for connecting the 

satellite bag system to said primary bag? the addi

tional conduit means being sealable and cuttable, 

wherein connections of the first conduit means 

between the means for collecting blood and filter 

means, connections of the second conduit means be

tween the filtrate outlet and primary bag and con

nections of the additional conduit means between the 

primary bag and satellite bag system are fixed, 

thereby providing unified connections.

Referring now to Fig. 1 , a diagrammatic view is

■ ' . - 36' - . · ■ '
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shown of one form of a blood components separator 

unit of the present invention which is useful for 

obtaining the plasma layer and the erythrocytes 

layer as blood components. Blood collector means 1

5 is connected to filter means 2 for removing both

leukocytes and platelets through first conduit means 

8. Blood collector means 1 may be a cannula only. 

Alternatively, as shown in Fig. 6, blood collector 

means 1 may comprise cannula 16 and blood collection 

10 bag 17 which is connected to cannula 16 through

fifth conduit means 19. As the cannula 16, a hollow 

needle which is customarily used for collecting 

blood from a Vein is generally employed.

As is shown in Fig. 6, blood collection bag 17

15 may contain anticoagulant 18 to prevent coagulation

of whole blood which is collected in the blood col

lection bag 17 from a vein of a donor through the 

cannula ΐ6 and conduit means 19. Examples of suit

able anticoagulants and the amount of the anti-

20 coagulant to be used are as described above, in

Fig. 6, filter means 2 is connected to blood collec

tion bag 17 on its side remote from cannula 1. 

However, a portion of blood collection bag 17 bo 

which filter means 2 is to be connected through

25 first conduit means 8 is not critical and filter

- 37
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means 2 may be connected to blood collection bag 17 

at any portion thereof other than the portion to 

which cannula 16 is connected, as long as filter 

means 2 is so designed as to conform to the intended 

5 connection.

When blood collector means 1 comprises cannula

1 and blood collection bag 17 containing anticoagu

lant 18, first valve means 20 is provided in conduit 

means 8 so that a predetermined quantity of whole

,,. 10 blood may be collected and temporarily pooled in bag
<1·

17 before whole blood is passed Into filter means 2. 

The valve means is designed to be aseptically oper- 

able by manual manipulation from outside of the

’ first conduit means, various types of valve means

, 15 which ate aseptically operable have been proposed in

the art. Examples of valve means are described in,

W.' for example, European Patent Application publicationI . '
■ No. 0266683, U.S. Patent No. 4,294,247 and the like.

Ell ter means 2 has a f il trate out let from which

20 filtered blood Is discharged. The filter means may

| suitably be chosen from two types of filter means,

J that is, filter means for removing leukocytes or

filter means for removing both leukocytes and plate

lets according to the type of blood components which 

25 are Intended to be obtained by filtration* When 
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filter means for removing leukocytes is used, the 

filtered blood contains the plasma, the erythrocytes 

and the platelets. When filter means for removing 

leukocytes and platelets is used, the filtered blood 

contains the plasma ■ nd the erythrocytes. Examples 

of filtration media for use in the filter means are 

as described above.

Primary bag 3 is connected to the filtrate 

outlet of filter means 2 through second conduit 

means 9. Second conduit means 9 is sealable and 

cuttable. The sealing of second conduit means 9 may 

he conducted, for example, by heat-sealing by means 

of a heat sealer or by press-sealing by means of, 

for example, a deformable metal (e.g. aluminum) 

ring. The material of second conduit means 9 is not 

critical and any material used for tubes of a con

ventional blood collection apparatus may be used as 

long as the second conduit means is sealable and 

cuttable. Generally// polyvinyl chloride is used as 

a material for the second conduit means.

A satellite bag system is connected to the 

primary bag through conduit means. When filter 

means for removing leukocytes and platelets is used 

so that two blood component layers, namely the 

erythrocytes layer aid the plasma layer may be

- 39 -



obtained, one satellite bag 4 is connected to 

primary bag 3 through third conduit means 10 (see 

Fig. 1). However, it is noted that even when filter 

means for removing leukocytes is used, the blood

5 components collector unit having one satellite bag 4 

as shown in Fig. 1 can also be used when two blood 

component layers, that is, the erythrocytes layer 

and the platelet-rich plasma layer, or the plate

let-containing erythrocytes layer and the platelet-

10 poor plasma layer, are intended to be obtained. 

When filter means for removing leukocytes is used 

and three blood component layers, namely the 

erythrocytes layer, the plasma layer and the plate

lets layer are intended to be obtained, at least two

15 satellite bags 4, 5 are used (see Fig's. 2 and 8).

In Fig. 2, a diagrammatic view is shown of another 

form of a blood component.? separator unit having two 

satellite bags, that is, first satellite bag 4 and 

second satellite bag 5. In Fig. 2, first satellite

20 bag 4 is connected to primary bag 3 through third 

conduit means 10, and first satellite bag 4 in turn 

is connected to second satellite bag 5 through 

fourth conduit means 11 . When the erythrocytes 

layer, the plasma layer and the platelet concentrate

25 layer are intended to be obtained as blood compo-
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nents as described hereinbefore, a four-bag system 

is preferably used comprising first satellite bag 4, 

second satellite bag 5 and third satellite bag 24 

(see Fig. 8). As shown in Fig. 8, third satellite 

bag 24 is connected to second satellite bag 5 

through eighth conduit means 25.

The blood components separator unit may 

comprise physiologically isotonic solution-contain

ing bag 6 which is connected to filter means 2 

through sixth conduit means 12 branched from first 

conduit means 8 as shown in Figs. 3 and 5, so that 

after passing whole blood through filter means 2, 

the physiologically isotonic solution may be passed 

through filter means 2 to complete the filtration of 

whole blood. Second valve means 14 is provided in 

sixth conduit means 12 so that the physiologically 

isotonic solution is prevented from flowing downward 

to filter means 2 before the operation of filtration 

of whole blood through filter means 2 is finished. 

Second valve means is operable by manual manipula

tion from outside of sixth conduit means 12. The 

same type of valve means as first valve means 20 

mentioned hereinbefore can be used as second valve 

means 14. With respect to the physiologically 

isotonic solution, the Same type of solution as
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described hereinbefore can be used.

The blood components separator unit of the 

present invention may comprise erythrocyte preserva

tive-containing bag 7 (see Fig. 4). As t? e preser

vative for erythrocytes, the same type of preserva

tive as described hereinbefore can be used. In Fig. 

4, erythrocyte preservative bag 7 is connected to 

primary bag 3 and satellite bag 4 through seventh 

conduit means 13 and third conduit means 10. In 

operation, a suitable portion of conduit means 10 is 

pinched, for example by means of a clip so that the 

preservative may enter only the bag containing 

erythrocytes. Erythrocyte preservative bag 7 may 

alternatively be connected directly to primary bag 3 

or satellite bag 4, which is used for collecting the 

erythrocytes. Third valve means 15 of the same type 

as first valve means 20 mentioned hereinbefore is 

provided in conduit means 13 so that the preserva

tive is prevented from flowing downward before the 

blood is separated into blood components because the 

addition of the preservative to the bag containing 

blood components other than erythrocytes must be 

avoided. Third valve means 15 is operable by manual 

manipulation from outside of the seventh conduit 

means.
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In the blood components separator unit of the 

present invention, each connection through each of 

the first to eighth conduit means 8, 9, 10, 11, 19, 

12, 13 and 25 at both ends thereof is in a fixed 

fashion, thereby providing unified connections. 

Each connection may be attained by a customary 

method, for example, heat treatment, ultrasonica

tion, adhesion by means of an adhesive, and the 

like. The connection may also be attained by form

ing the entire unit of the present: invention 

integrally by molding as described, for example, in 

U.8. Patent No. 3,946,731 and Japanese Patent Appli

cation Laid-Open Specification No. 54-113998.

The materials for primary bag 3, satellite bags

15 4,5 and 24, blood collection bag 17, physiological-
oaoe

S 0-0
CC G

o a«
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S ί ®

ly isotonic solution-containing bag 6, erythrocyte 

preservative-containing bag 7 are not critical, but
«. ■: 
» 8

β t t ‘3
it is preferred that each bag be made of a flexible 

material. Generally, polyvinyl chloride is used as

, 20 a material. If the platelet-rich plasma or a plate-
δ ή t

t i :

s, < let concentrate is intended to be collected as one
4 « ■

a I ? . :

of the blood components, it is preferred that at 

least the bag for collecting the platelet-rich 

plasma or a platelet concentrate be made of a

25 material which well keeps the function of the plate
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lets. Examples of such materials include a non- 

rigid polyvinyl chloride which has been treated with 

glow discharge, a material having high air-perme

ability and a polyolefin type elastomer. Especial

ly, a material containing as a plasticizer a 

phthalic ester having a relatively large number of 

carbon atoms is preferred.

The shapes of the' bags are also not critical. 

Generally, the shape of each bag may be rectangular, 

oval or the like. The capacities of blood collec

tion bag 17, primary bag 3 and satellite bags 4, 5 

and 24 are also not critical. Generally, the capa

cities of blood collection bag 17 and primary bag 3 

may be about 200 to 600 ml, and the capacities of 

satellite bags 4, 5 and 24 may be about 100 to 

400 ml.

The material of sealable, cuttable second con

duit means 9 is as described hereinbefore. It is 

preferred that third conduit means 10, fourth con

duit means 11 and eighth conduit means 25 also be 

made of the same sealable, cuttable material similar 

to the material of second conduit means 9. The 

materials of first conduit means 8 and fifth to 

seventh conduit means 19, 12 and 13 are not critical 

and any material used for tubes in a conventional

- 44 -
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blood collection apparatus may be employed. 

Generally, polyvinyl chloride is used as a material 

for the conduit means. The conduit means may be 

flexible or rigid, which is appropriately chosen 

depending on the manner of operation of the unit.

The blood components separator unit of the 

present invention in in a sterile state. Such a 

sterile state may be attained by a conventional 

method. For example, the unit is sterilized by heat 

treatment, for example, by using an autoclave. 

Alternatively, the blood collector means, filter 

means, bags and conduit means are separately 

sterilized in the manner as described above and, 

then, they are aseptically connected by a conven

tional method to compose the blood components 

collector unit. With respect to the method for the 

aseptic connection, reference may be made to, for 

example, Japanese Patent Application Laid-Open 

Specification No. 62-8765 and the abstracts of the 

lectures published in The XXth Congress of The 

International Society of Blood Transfusion held on 

July 11-15, 1988, Nos. P-T-3-118 and P-T-3-122.

The blood components separator unit of the 

present invention is of a substantially clc .sed 

system in which only the blood collector m<ans is 

- 45



open to the outside at its open end, and the unit is 

sterilized entirely. Therefore, the unit can be 

used immediately without any preparatory operation.

According to the method of the present inven-

5 tion, whole blood taken from a donor can be aseptic

ally and efficiently separated into two or more 

leukocyte-free blood components, such as leukocyte- 

free erythrocytes, leukocyte-free plasma, leuko

cyte-free platelets, leukocyte- and platelet-free

10 erythrocytes and leukocyte- and platelet-free

plasma. Therefore, the danger of not only the 

occurrence of hemolysis but also the formation of a 

microaggregate due to the presence of leukocytes can 

be avoided during the storage,

15 Further, according to the method of the present

invention, the separation operation using a centri

fuge is performed after the primary bag and the 

satellite bag system have been disconnected from the 

filter means for removing leukocytes or removing

20 both leukocytes and platelets. Therefore, there is

no danger that the filter means will be broken by 

the centrifugal operation or that the bags are 

ruptured by the friction between the filter means 

and the bags during the centrifugal operation.

25 The blood components separator unit of the
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present invention can advantageously be used for 

practicing the above-mentioned method for separating 

whole blood into blood components. By the use of 

the unit of the present invention, the above

mentioned method can be. conducted aseptically with 

simple operation.

The present invention will now be described in 

more detail with reference to the following Examples 

which should not be construed to limit the scope of 

the present invention.

Detailed Description Of The Preferred Embodiments

In the following Examples, the leukocyte remai

ning ratio, the erythrocyte recovery and the plate

let recovery after separating whole blood into blood 

components are determined by the following method.

Predetermined quantities of whole blood to be 

separated into blood components and respective blood 

Components separated therefrom are taken as samples. 

An aliquot of each sample is diluted with Turk's 

solution and then subjected to a measurement of the 

leukocyte concentration by using a hemocytometer. 

Another aliquot is diluted 50,000 times with a dilu

tion liquid (Cell pacl^®, sold by Toa Iryodenshi 

K.K., Japan) and subjected to a measurement of the 

erythrocyte concentration and the platelet concen-25
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tration by using a microcell counter (Model F-800, 

sold by Toa Iryodenshi K.K., Japan). The leukocytes 

remaining ratio, the erythrocyte recovery and the 

platelet recovery are determined by the following 

equations .

Q x S 
Leukocyte remaining ratio (%) = —---------  x 100

P X R

wherein P is the volume of the whole blood, Q 

is the volume of each blood component, R is the 

leukocyte concentration of the whole blood and 

S is the leukocyte concentration of each blood 

component.

Q x U 
Erythrocyte recovery (%) = .. x 100

P x T

wherein P and Q have the same meanings as 

defined above, T is the erythrocyte concentra

tion of the whole blood and U is the erythro

cyte concentration of each blood component.

Q x W
Platelet recovery (%) = ———— x 100

P x V 

wherein p and Q have the sam$ meanings as 

defined above, V is the platelet concentration 

of the whole blood and W is the platelet 

concentration of each blood component.
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Example 1

A blood components separator unit comprising 

blood collector means 1 , filter means 2 for removing 

both leukocytes and platelets, primary bag 3 and one 

satellite bag 4 as shown in Fig. 1 is used. Filter 

means 2 comprises three filtration media A, B and C, 

which are piled up to form a laminate. In filter 

means 2, the laminate is disposed in casing 21 to 

provide a first partition having blood inlet 22 and 

a second partition having blood outlet 23 as shown 

in Fig. 7 .

The effective area of the laminate is 45 cm^ 

(6.7 cm x 6.7 cm). The effective area used herein 

means the area of a portion of the laminate through 

which the blood flows. Casing 21 of filter means 2 

is made of an acrylonitrile-styrene copolymer resin. 

Filtration media A, B and C are each made of a non

woven fabric of polyester fibers. The fiber of 

filtration medium a has an average diameter of 

1 .65 um. Filtration medium A has an average dis

tance between two adjacent fibers of 3.1 pm and a 

thickness of 5.3 mm. The fiber of filtration medium 

B has an average diameter of 4 pm. Filtration 

medium B has an average distance between two adja

cent fibers of 6.6 pm and a thickness of 2.5 mm.25
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The fiber of filtration medium C has an average 

5

diameter of 25 pm. Filtration medium C has an 

average distance between two adjacent fibers of 

40 Um and a thickness of 2.5 mm.

The average distance between two adjacent 

fibers (y) is determined by the following equation:

o 
fi a a ϋ & © 

a g

10

20

« 1 R
® 0 J-fJ
« . e c o

s fl e 

s e e e

wherein y is the average distance between two 

adjacent fibers in microns; x is the average 

diameter of the fibers in microns; P is the 

density of the fibers in g/cm3; P is the bulk 

density of the filtration medium in g/cm3; and 

ir is the ratio of the circumference of a circle 

to Its diameter.

Blood collector means 1 comprises cannula 16 

having a needle and, connected thereto through con

duit means 19, blood collection bag 17 containing 

56 ml of a cpd solution (anticoagulant 18), as shown 

in Fig. 6.

As primary bag 3 and satellite bag 4, polyvinyl 

chloride-made bags (manufactured and sold by 

Kawasumi Kagaku k.k., Japan) are used.

Using the above-mentioned blood components 25
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separator unit, whole blood is separated into blood 

components as follows.

First, 400 g of whole blood is collected from a 

donor into blood collection bag 17 through cannula

5 16 and conduit means 19. During the blood collec

tion operation, first conduit means 8 disposed 

between blood collector means 1 and filter means 2 

is closed by means of valve means 20 (see Fig. 6). 

The valve means is operable by manual manipulation

10 from outside of first conduit means 8 for opening

the valve means, thereby enabling the collected 

blood in blood collection bag 17 to flow down into 

filter means 2. After 400 g of whole blood is col

lected from the donor into blood collection bag 17,

15 cannula 16 is taken off from the vein of the donor,

and then the tip of the cannula is sealed with a cap 

(which is not shown la Fig. 6). The collected whole 

' blood is mixed with 56 ml of the CPD solution con

tained in blood collection bag 17. To mix the anti-

20 coagulant and blood cells, blood collection bag 17

is manually shaken or inverted,

Then, valve means 20 is opened, thereby allow

Ing the CPD-containing whoia blood in blood collec

tion bag 17 to flow downward into filter means 2 by 

25 the force of gravity. The leukocytes and platelets
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in the whole blood are removed by filter means 2 and 

the filtered blood passes into primary bag 3. Com

pletion of filtration of the collected whole blood 

by filter means 2 takes about 20 minutes.

Then, conduit means 9 is sealed at two portions 

intermediate the length thereof by a heat sealer. 

Next, conduit means 9 is cut at a portion between 

two sealed portions by means of scissors to thereby 

disconnect from filter means 2 primary bag 3 con

taining the filtered blood and satellite bag 4 which 

is connected to primary bag 3 through conduit means 

10, The thus separated primary bag 3 containing the 

filtered blood and satellite bag 4 are subjected to 

centrifugation at 30nO x g, at 4 °c for 6 minutes by 

means of a centrifuge. Then, primary bag 3 and 

satellite bag 4 are taken out of the centrifuge and 

the upper plasma layer is transferred into satellite 

bag 4 from primary bag 3 by externally applying 

pressure to primary bag 3 using a separation stand 

(manufactured and sold by Terumo corp., japan).

Thus, the leukocvfe- and platelet-removed 

erythrocytes are obtained In primary bag 3 and the 

leukocyte- and platelet-removed plasma is obtained 

in satellite bag 4. The erythrocyte recovery and 

the leukocyte remaining ratio are determined in the
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manner mentioned above.

As a result, it is found that the erythrocyte 

recovery and the leukocytes remaining ratio in the 

erythrocytes collected tn primary bag 3 are 90 % and 

0.9 %, respectively. In satellite bag 4, 168 ml of 

the plasma are collected.

During the blood components separation opera

tion, the primary bag, the satellite bag and the 

conluit means of the blood components separator unit 

are not damaged.

Example 2

A blood componen collector unit comprising 

blood collector means 1, filter means 2 for removing 

leukocytes, primary bag 3 and two satellite bags 4 

and 5 is used (see Fig. 2).

Filter means 2 for removing only leukocytes is 

prepared as follows. A copolymer of 2-hydraxyethyl 

methacrylate (hereinafter referred to as "HEMA") and 

diethylaminoethyl methacrylate (hereinafter referred 

to as "DEAMA") (ilEMA: DEAMA = 95:5, by mole) is 

synthesized by a customary solution radical poly

merization. That is, the HEMA and DEAMA are dis

solved in ethanol in amountE; of 0.95 mole/2 and 0.05 

mole/£, respectively. To the resultant mixture, 

1 /200 mole/f of azoisobutylonitrile is added a&' an

-S3 -
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initiator. Polymerization is conducted at 60 °C for 

8 hours to form a copolymer. Then, the reaction 

mixture is dropped into distilled water to precipi

tate the copolymer and the precipitated copolymer is

5 lyophilized, to thereby obtain a purified copolymer.

The thus obtained copolymer is dissolved in ethanol 

at a concentration of 1 g/d£ to obtain a copolymer

solution.

On the other hand, a non-woven fabric of

10 polyethylene terephthalate fibers having an average

diameter of 1.8 pm is cut into squares having a size 

of 67 mm x 67 mm to form square shrj-.s. A plurali- 

t! ty of square sheets are piled up to form a laminate
t *

, so that the thickness of the laminate is 7 mm, and
• 0 ft 0 9

¢- ©

»«5 is the laminate sheets are packed in the same casing 21
β o a o

; as shown in Fig. 7. Then, the above-obtained co

polymer solution is passed through the laminate

‘ sheets in the casing and the surplus of the copoly

met solution contain*4 in the laminate sheets is

·/.,· 20 removed by blowing tri sheets with dry nitrogen gas

. s to dryness. The laminate sheets are dried well for

16 hours in vacuo, to thereby obtain filter means 2 

for removing leukocytes. The filtration medium of
• ft « ' ■

» G C ■ ' : '

*f \ the thus prepared filter means has an effective
♦ ft i .

25 cross-sectional area of 3600 mm^ (60 mm x 60 mm), a
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thickness of 7 mm and a weight of 4.2 g.

Blood collector means 1 comprises cannula 16 

having a needle and, connected thereto, a blood 

collection bag 17 containing 56 ml of a CPD solution 

as shown in Fig·. 6. As primary bag 3 and satellite 

bags 4 and 5, polyvinyl chloride-made bags (manufac

tured and sold by Kawasumi Kagaku K.K., Japan) are 

used.

Using the above-obtained blood components col

lector unit, whole blood is separated into blood 

components as follows.

First, 400 g qf whole blood is collected in 

blood collection bag 17 to mix whole blood with an 

anticoagulant in substantially the same manner as in 

Example 1 . The collected whole blood is passed 

downward into filter means 2 for removing leuko

cytes. The leukocyte-removed filtered blood is 

passed into primary bag 3. Completion of filtration 

takes about 20 min.

Then, conduit means 9 is sealed at two portions 

Intermediate the length thereof by means of a heat 

sealer. Then, conduit means 9 its cut at a portion 

between the sealed two portions by means of scissors 

to disconnect, from filter means 2, primary bag 3 

containing the filtered blood and satellite bags 4 

- 55
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and 5 which are fluid-tightly connected to primary 

bag 3. Bags 3, 4 and 5 are subjected to centrifuga

tion at 300 x g, at 22 °C for 18 minutes using a 

centrifuge. Thus, the filtered blood in primary bag 

3 is separated into the erythrocytes which assumes a 

lower layer and a mixture of the plasma and the 

platelets which assumes an upper layer.

Bags 3, 4 and 5 are taken out of the centrifuge 

and the upper layer in primary bag 3 is transferred 

into satellite bag 4 by externally applying pressure 

to primary bag 3 using a separation stand (manufac

tured and sold by Terumo Corp,, Japan). Then, 

primary bag 3 and satellite bags 4 and 5 are sub

jected to centrifugation at 3000 x g, at 22 °C for 6 

minutes by a centrifuge. Thus, the mixture is sepa

rated into the plasma which assumes an upper layer 

and the platelets which assume a lower layer in 

satellite bag 4. Primary bag 3 and satellite bags 4 

and 5 are taken out of the centrifuge and a major 

portion of the plasma in satellite bag 4 is trans

ferred into satellite bag 5 by applying pressure 

satellite bag 4 using a separation stand (manufac

tured and sold by Terumo Corp., Japan), leaving 

20 ml of the plasma in satellite bag 4.

With respect to the thus obtained blood cornpo-
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nents, the leukocyte remaining ratio, the erythro- 

cyue recovery and the platelet recovery are deter

mined in the same manner as described hereinbefore.

As a result, it is found that the erythrocyte 

recovery and the leukocytes remaining ratio in the 

separated erychrocytes collected in primary bag 3 

are 91 % and 0.8 %, respectively. The platelet 

recovery and the leukocytes remaining ratio in the 

separated platelets collected in satellite bag 4 are 

62 % and 0.9 %, respectively. In satellite bag 5, 

164 ml of the plasma are collected.

During the blood components separation opera

tion, the primary bag, the satellite bags and 

condui4'. means of the blood components separator unit 

are not damaged.

Example 3

A blood components separator unit as shown in 

Fig. 3 is used. The unit is substantially the same 

as the unit used in Example 1 except that physio

logically isotonic solution-containing bag 6 is 

connected to filter m&ans 2 through conduit means 12 

branched from conduit means 8. Physiologically 

isotonic solution-containing bag 6 is made of poly

vinyl chloride and contains 50 ml of a physiological 

saline.

. 1/
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Using the blood components separator unit, 

substantially the same procedure as in Example 1 is 

repeated except that the physiological saline in 

physiologically isotonic solution-containing bag 6

5 is passed through filter means 2 to complete the

filtration of the whole blood.

With respect to the thus obtained blood compo

nents, the leukocyte remaining ratio and the 

erythrocyte recovery are determined in the same 

10 manner as described hereinbefore.

As a result, it is found that the erythrocyte 

recovery and the leukocytes remaining ratio in the 

separated erythrocytes-collected in primary bag 3 

are 96 % and 0.7 %, respectively. In satellite bag 

15 4, 180 ml of the plasma are collected.

During the blood components separation opera

tion, primary bag 3, satellite bag 4 and conduit 

means 10 of the blood components separator unit are 

not damaged.

20 AS apparent from the results, by passing the

physiologically isotonic solution through the filter 

means, the erythrocyte recovery and plasma recovery 

are increased as compared to those in Example 1 . 

Example 4

25 A blood components separator unit as shown in
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Fig. 5 is used. The unit is substantially the same 

as the unit used in Example 2 except that physio

logically isotonic solution-containing bag 6 is 

connected to filter means 2 through conduit means 12 

branched from conduit means 8. Physiologically 

isotonic solution-containing bag 6 is made of poly

vinyl chloride and contains 30 ml of a physological 

saline.

Using the blood components separator unit, 

substantially the same procedure as in Example 2 is 

repeated except that the physiological saline in 

physiologically isotonic solution-containing bag 6 

is passed through filter means 2 to complete the 

filtration of the whole blood.

With respect to the thus obtained blood compo

nents, the leukocyte remaining ratio, the 

erythrocyte recovery and the platelet recovery are 

determined in the same manner as described herein

before.

As a result, it is found that the erythrocyte 

recovery and the leukocytes remaining ratio of the 

separated erythrocytes-collected in primary bag 3 

are 96 % and 0.8 %, respectively. The platelet 

recovery and the leukocytes remaining ratio of the 

separated platelets collected in satellite bag 4 are
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66 % and 0.9 %, respectively. In satellite bag 5, 

178 ml of the plasma are collected.

During the blood components separation opera

tion, primary bag 3, satellite bags 4 and 5 and

5 conduit means 10 and 11 of the blood components

separator unit are not damaged.

As apparent from the results, by passing the 

physiologically isotonic solution through the filter 

means, the erythrocyte recovery, platelet recovery

10 and plasma recovery are increased as compared to

those in Example 2.

The invention being thus described, it will be 

obvious that the same may be varied in many Ways. 

Such variations are not to be regarded as a depar-

15 ture from the spirit and scope of the invention, and

all such modifications as would be obvious to one 

skilled in the art are intended to be included with

in the scope of the following claims*
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' . THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method for separating blood into blood components, 

comprising the steps of:

(a) providing blood collector means fluid-tightly 

connected to filter means for removing leukocytes or remov

ing leukocytes and platelets from whole blood, said filter

; means being fluid-tightly connected to a primary bag

through sealable, cuttable conduit means;

(b) collecting, from a donor, whole blood comprising 

plasma, erythrocytes, leukocytes and platelets;

(c) passing the Whole blood through said filter means 

to produce a filtered blood containing the plasma, the 

erythrocytes and the platelets or containing the plasma and 

the erythrocytes;

(d) discharging the filtered blood from said filter 

means into said primary bag through said conduit means;

(e) sealing said conduit means at least at one portion 

intermediate ends thereof;

(f) cutting said conduit means portion to separate 

Said conduit means into a filter means-side unsealed or 

sealed conduit portion and a primary bag-side sealedΊ .......
conduit portion to thereby disconnect from Said filter 

means said primary bag containing the filtered blood, said 

disconnected primary bag being sealed by virtue of said 

primary bag-side sealed conduit portion connected to said

L
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primary bag; and

(g) centrifuging the filtered blood in said primary 

bag.

2. The method according to claim 1, wherein in step (c), 

the whole blood is passed through said filter means for 

removing leukocytes, and in step (g), the filtered blood is 

separated into an erythrocytes layer and a mixture layer of 

the plasma and the platelets, and following step (g), said 

mixture layer is subsequently subjected to centrifugation 

to Separate said mixture layer into a plasma layer and a 

platelets layer..

3. The method according to claim 1, wherein in step (c), 

the whole blood is passed through said filter means for 

removing leukocytes, and in step (g), the filtered blood is 

separated into an erythrocytes layer, a plasma layer and a 

platelets layer, and following step (g), two of said layers 

are individually separated from the remainder to obtain the 

separated erythrocytes layer, the separated plasma layer 

and the separated platelets layer so that the separated 

platelets layer contains a small amount of the plasma and a 

small amount of the erythrocytes, but the separated erythro

cytes layer and the separated plasma layer consist sub

stantially of the erythrocytes and the plasma, respective

ly, and the separated platelets layer containing a small



amount of the plasma and a small amount of the erythrocytes 

is separated into the erythrocytes and a platelet concen

trate containing the platelets and the plasma.

4. The method according to claim 1, wherein in step (c), 

the whole blood is passed through said filter means for 

removing leukocytes and platelets, and in step (g), the 

filtered blood is separated into the erythrocytes and the 

plasma,

5. The method according to any one of claims 1 to 4, 

wherein said blood collector means comprises a blood col

lection bag containing an anticoagulant, so that step (b) 

further comprises the step of mixing the whole blood with 

said anticoagulant.

6. The method according to any one of claims 1 to 4, 

further comprising, following Step (d) and prior to step 

(e), the step of passing a physiologically isotonic solu

tion through said filter means to complete filtration of 

the whole blood by said filter means.

7. The method according to any one of claims 1 to <J, 

further comprising, following step (g), the step of adding 

a preservative for erythroaytes to the separated
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erythrocytes.

8, A biood components separator unit comprising:

means for collecting blood comprising plasma, erythrocytes, leukocytes and platelets; 

filter means for selectively removing leukocytes while passing plasma, erythrocytes

and platelets therethrough, or removing leukocytes and platelets while passing 

plasma and erythrocytes therethrough, said filter means having an inlet for blood 

collected through said means for collecting blood and a filtrate outlet for filtered 

blood comprising plasma, erythrocytes and platelets substantially free from 

leukocytes, or comprising plasma and erythrocytes substantially free from 

leukocytes and platelets;

first conduit means for p'' ’ acting the means for collecting blood to the inlet of said filter 

means;

a primary bag;

second conduit means for connecting the filtrate outlet of said filter means to said 

primary bag, said second conduit means being sealable and cuttable;

a satellite bag system; and

additional conduit means for connecting the satellite bag system to said primary bag, the 

additional conduit means being sealable and cuttable,

wherein connections of the first conduit means between the means for collecting blood and 

the inlet of said filter means, connections of the second conduit means between the 

filtrate outlet for filtered blood and primary bag and connections of the additional 

conduit means between the primary bag and satellite bag system are fixed, 

thereby providing unified connections.

9 . The blood components separator unit according to claim 8, wherein said satellite 

bag system comprises one satel-
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lite bag and third conduit means for connecting the one 

satellite bag to said primary bag.

10. The blood components separator unit according to claim

8, wherein said satellite bag system comprises a first 

satellite bag and a second satellite bag, and further 

comprising:

third conduit means for connecting said first satel

lite bag to said primary bag; and

fourth conduit means for connecting said second satel

lite bag to said first satellite bag or said third conduit 

means.
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11. The blood components separator unit according to 
any one of claims 8 to 10, whertxn said filter means 
selectively removes leukocytes while passing plasma, 
erythrocytes and platelets therethrough, and said filtered 
blood comprises plasma, erythrocytes and platelets 
substantially free from leukocytes.

12. The blood components separator unit according to 
any one of claims 8 to 10, wherein said filter means 
selectively removes leukocytes and platelets while passing 
plasma and erythrocytes therethrough, and said filtered 
blood comprises plasma and orythrocytes substantially free 
from leukocytes and platelets..

13. A blood components separator unit comprising: ',ί.ί’
means for collecting blood comprising plasma, erythrocytes,

leukocytes and platelets, said means for collecting 
blood comprising a cannula and a blood collection 
bag containing an anticoagulant;

filter means for selectively removing leukocytes while <· «
passing plasma, erythrocytes and platelets "’J*
therethrough, or removing leukocytes and platelets '··’ » 
while passing plasma and erythrocytes therethrough, ° 
said filter means having an inlet for blood © 
collected through said means for collecting blood » .o a o 
and a filtrate outlet for filtered blood comprising ” ” 
plasma, erythrocytes and platelets substantially 
free frpmn leukocytes, or comprising plasma and 
erythrocytes substantially free from leukocytes and 
platelets; ■

first conduit means for connecting the means for collecting 
blood to the inlet of said filter means;

a primary bag;

i
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second conduit means for connecting the filtrate outlet of 
said filter means to said primary bag, said second 
conduit means being sealable and cuttable;

fifth conduit means for connecting said blood collection bag
to said cannula, said blood collection bag also 
being connected to said filter means through said 
first conduit means;

first valve means in said first conduit means for
controlling flow therethrough, said first valve 
means being operable by manual manipulation outside 
of said first conduit means;

a satellite bag system; and
additional conduit means for connecting the statellite bag 

system to said primary bag, said additonal conduit 
means being sealable and cuttable;

wherein connections of the first conduit means between the ’· »*’» : ■ ' ; ■ ♦ · ♦ i
means for collecting blood and the inlet of said 5..4.■ 0 
filter means, connections for the second conduit 
means between the filtrate outlet for filtered 
blood and primary bag, connections of the fifth 
conduit means between the blood collection bag and » »
cannula and connections of the additional conduit ’* **: ' W V ® >

: β G #
means between the primary bag and satellite bag “ ·

- ' . , «4 ♦ O

system are fixed, thereby providing unified ’4
connections. 5..4.

14. The blood components separator unit according to 4.5 
claim 13, wherein said satellite bag system comprises one ” ” 
statellite bag and third conduit means for connecting the
une satellite bag to said primary bag.
15, The blood components separator unit according to
claim 13, wherein said satellite bag system comprises a 
first satellite bag and a second satellite bag, and further 
comprising: '
third conduit means for connecting said first satellite bag 

to said primary bag; and
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fourth conduit means for connecting said second satellite 

bag to said first satellite bag or said third 
conduit means.

16. The blood components separator unit according to 
claim 13, wherein said satellite bag system comprises a 
first satellite bag, a second satellite bag and a third 
satellite bag, and further comprising:
third conduit means for connecting said first satellite bag 

to said primary bag;
fourth conduit means for connecting said second satellite 

bag to said first satellite bag or said third 
conduit means; and

eighth conduit means for connecting said third satellite bag 
to said second satellite bag or said fourth conduit " 
means .

17. A blood components separator unit comprising:
means for collecting blood comprising plasma, erythrocytes, °osc

■ e
leukocytes and platelets;

filter means for selectively removing leukocytes while 
passing plasma, erythrocytes and platelets 
therethrough, or removing leukocytes and platelets o« s 
while passing plasma and erythrocytes therethrough, **„ 
said filter means having an inlet for blood ”

* . : 9 ®«

collected through said means for collecting blood ’
and a filtrate outlet for filtered blood comprising 
plasma, erythrocytes and platelets substantially · .
free fronm leukocytes, or comprising plasma and “ ”
erythrocytes substantially free from leukocytes and 
platelets;

first conduit means for connecting the means fcr collecting 
blood to the inlet of said filter means;

a primary bag;
second conduit means for connecting the filtrate outlet of 

said filter means to said primary bag, said second 
conduit means being sealable and cuttable;

s « « 
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a physiologically isotonic solution-containing bag;
sixth conduit means for connecting said physiologically 

isotonic solution-containing bag to said filter 
means, said sixth conduit means being branched from 
said first conduit means; and

second valve means in said sixth conduit means for
controlling flow therethrough, said second valve 
means being operable by manual manipulation outside 
of said sixth conduit means;

a satellite bag system; and ,.
additional conduit means for connecting the statellite bag

System to said primary bag, said additional conduit 
means being sealable and cuttable;

wherein connections of the first conduit means between the
means for collecting blood and the inlet of said

s 
filter means, connections of the second conduit r,,/
means between the filtrate outlet for filtered !.»»!»
blood and primary bag, connections of the sixth 
conduit means between the physiologically isotonic 
solution containing bag and first conduit means and 
connections of the additional conduit means between * . · 
the primary bag and satellite bag system are fixed,

* * * ® thereby providing unified connections. ee ’
V · ft ft

18. The blood components separator unit according to
claim 17, wherein said satellite bag system comprises one 
satellite bag and third conduit means for connecting the one « «ft ft ft 
satellite bag to said primary bag. ”
19. The blood components separator unit according to 
claim 17, wherein said satellite bag system comprises a 
first satellite bag and a second satellite bag, and further 
comprising:
third conduit means for connecting said first satellite bag

to said primary bag; and · 
fourth conduit means for connecting said second satellite 

bag to paid first satellite bag or said third 
conduit Means.
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20. The blood components separator unit according to
claim 17, wherein said satellite bag system comprises a 
first satellite bag, a second satellite bag and a third 
satellite bag, and further comprising:
third conduit means for connecting said first satellite bag

to said primary bag;
fourth conduit means for connecting said second satellite 

bag to said first satellite bag or said third 
conduit means; and

eighth conduit means for connecting said third satellite bag 
to said second satellite bag or said fourth conduit 
means.

21. A blood components separtor unit comprising:
means for collecting blood comprising plasma, erythrocytes, 

leukocytes and platelets;
filter reans for selectively removing leukocytes while 

passing plasma, erythrocytes and platelets 
therethrough, or removing leukocytes and platelets 
while passing plasma and erythrocytes therethrough, 
said filter means having an inlet for blood 
collected through said means for collecting blood 
and a filtrate outlet for filtered blood comprising 
plasma, erythrocytes and platelets substantially 
free from leukocytes, or comprising plasma and 
erythrocytes substantially free from leukocytes and 
platelets;

first conduit means for connecting the means for collecting 
blood to the inlet of said filter means;

a primary bag;
second conduit means for connecting the filtrate outlet of 

said filter· means to said primary bag, said second 
conduit means being stealable and cuttable;

an erythrocyte preservative-containing bag;
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seventh conduit means for connecting said erythrocyte 

preservative-containing bag to at least one of said 
primary bag, said satellite bag and said third 
conduit means; and 

third valve means in said seventh conduit means for 
controlling flow therethrough, said third valve 
means being operable by manual manipultion outside 
of said seventh conduit means;

a satellite bag system; and 
additional conduit means for connecting the satellite bag 

system top said primary bag, said additional 
conduit means being sealable and cuttable;

wherein connections of the first conduit means between the 
means for collecting blood and the inlet of said 
filter means, connections of the second conduit 
means between the filtrate outlet for filtered ’t3<,
blood and primary bag, connections of the seventh 
conduit means between the erythrocyte 
preservative-containing bag and at least one of the 
primary bag, satellite bag system and additional 
conduit means and connections of the additional .· s j
conduit means between the primary bag and satellite » ft 8 
bag system are fixed, thereby providing unified * *
connections.

22. The blood components separator unit according to
claim 21, wherein said satellite bag system comprises one ,· e :

. ' . ' I | S 4satellite bag and third conduit means for connecting the one 
satellite bag to said primary bag.

23. The blood components separator unit according to
claim 21, wherein said satellite bag system comprises a 
first satellite bag and a second satellite bag, and further 
comprising: ·
third conduit means for connecting said first satellite bag 

to said primary bag; and
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fourth conduit means for connecting said second satellite

24.

bag to said first satellite bag or said third 
conduit means .
The blood components separator unit according to 

claim 21, wherein said satellite bag system comprises a 
first satellite bag, a second satellite bag and a third 
satellite bag, and further comprising:
third conduit means for connecting said first satellite bag 

to said primary bag;
fourth conduit means for connecting said second satellite

bag to said first satellite bag or said third 
conduit means; and

eighth conduit means for connecting said third satellite bag
to said second satellite bag or said fourth conduit 
means .

DATED this 26th day of April, 1991

ASAHI MEDICAL CO,, LTD.

WATERMARK, PATENT & TRADEMARK ATTORNEYS 
2ND FLOOR, 'THE ATRIUM',
290 BURWOOD ROAD, HAWTHORN
VICTORIA 3122, AUSTRALIA
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