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(57) Abstract

The present invention relates to a method and to a device for separating blood present in a blood container (1) into compo-
nents (34, 36, 35) by centrifuging the blood, and for transmitting at least one of three stratified components (34, 35) obtained by
centrifugation in sterile fashion to a respective side container (2, 3) connected to the blood container (1) via a respective hose (4,
5). The fluid-actuatable displacement body (17) and the blood container (1) are placed in a cassette (12, 13) which, in turn, can be
placed in a centrifuge cup (25). The displacement body (17) is in direct abutment with the blood container (1). The displacement
body (17) surrounds half the blood container (1) and when fluid is delivered to the body, it will preferably expand, firstly at its
lower part and then successively upwards. The cassette (12, 13) is preferably placed in one of two compartments (27) of an inter-
mediate container (24), the other compartment (41) being intended to accommodate the side container (2 and 3 respectively).
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METHOD AND MEANS FOR BLOOD SEPARATION

Conventionally, blood is separated into its various com-
ponents by collecting blood batches in sterile plastic
containers that contain an anticoagulant, to a total volume
of about 500 ml, whereafter the containers, together with
ccxmponent containers connected thereto, are lowered into
outwardly swingable cups in centrifuges and centrifuged until
the blood present in the containers has been stratified in
layers of cell concentrate, plasma and an intermediate layér,
buffycoat, with a specific weight between the specifically
heaviest component, the cell concentrate, and the specifical-
ly lightest component, the plasma, to the desired degree of
purity. One serious problem with this conventional method
resides in transferring the stratified components to the
component containers connected to said blood container
without slurrying or mixing the components.

When practicing conventional methods, the blood con-
tainers connected to the component containers are lifted
carefully from the cups and placed in presses with the
connected component containers positioned free from the
press. According to the original method, which is the method
most practiced today, the plasma is pressed first into the
plasma container, through a hose connected to the top of the
blood container, whereafter the buffycoat, when it enters the
hose, is passed to a buffycoat container. The cell con-
centrate remains in the blood container. The drawbacks with
this method are that re-slurrying of the blood components
cannot be avoided when lifting the blood container from the
centrifuge cup and placing the container in the press, and
that considerable manual work is required in constantly moni-
toring the transfer process.

According to one alternative method, there is used a
blood container which is provided with a bottom connection
and which is placed in a press that is provided with a
photocell at approximately the level of the buffycoat in the
blood container when the blood container is pléced in the
press, in order to detect the interface between plasma and
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buffycoat. The process of pressing plasma and cell con-

centrate from the bag into respective component containers is

controlled electronically in such a way that upon completion
of the transfer process solely buffycoat will remain in the
blood container, mixed with some of the other components.
Although this method is labor-saving, since it is not
necessary to monitor the transfer process, the transfer
apparatus is several times as expensive as those normally
used and the risk of re-slurrying of the blood components
when removing the blood container from the centrifuge cup
remains.

According to both methods the blood containers are
usually not inserted directly into the centrifuge cups but in

an insert therein. Since the blood container must be taken

out of the insert this fact does not affect the given
description.

One object of the present invention is to provide a
method which will prevent re-slurrying of the stratified
blood components prior to transferring said components to
respective component containers.

Another object of the invention is to provide a cassette
which can be used to accommodate the blood container during
the process of centrifugation and thereafter to transfer at
least one blood component to a component container in a
sterile fashion and therewith to avoid re-slurrying.

Still another object of the invention is to provide a
method for separating thrombocytes from the buffycoat
interlayer obtained subsequent to centrifugation, and to
transfer the thrombocytes to a component container intended
herefor, in a sterile fashion.

These and other objects of the invention will be ap-
parent from the following description.

The aforementioned drawbacks are alleviated in accor-
dance with the invention in the following manner.

Blood contained in a collapsible container is separated
into blood components by centrifugation, wherein, subsequent
to the process of centrifugation, at least one of three

stratified components is transferred in sterile fashion to a
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component container which is connected by means of an open or
openable hose to the upper part of the container, and wherein
the container is placed in a cassette that can be removed
from the centrifuge, together with a fluid-actuable component
displacement body which extends along and parallel with one
side of said container.

According to one preferred embodiment, fluid is de-
livered to the displacement body and the displacement body is
constructed such that when fluid is delivered thereto first
the lower end of said body will expand, followed by gradual
expansion of the body in an upward direction, thereby
compressing the container first at its lower part and then
successively in an upward direction, wherein the connection
between said container and said component container is broken
subsequent to having transferred a predetermined quantity of
component, and optionally ceases with the delivery of said
fluid.

According to another preferred embodiment in which the
container is connected to a second component container by
means of a second openable hose, the second hose includes a
first extension which extends through a given distance in the
container, taken from an upper container defining surface,
down towards the bottom of the container, wherein, subsequent
to breaking the connection between said container and said
component container, the connection to the second component
container is opened while continuing to deliver fluid to the
displacement body, wherein the lower component layer is
transferred to the second component container, and wherein
the delivery of fluid ceases simultaneously or in sequence
herewith when a second predetermined quantity of the lower
component layer has been transferred to the second component
container and the connection between the container and the
component container is broken.

According to still another embodiment of the invention,
the fluid is removed from the displacement body and a PSM-
solution, i.e. a thrombocyte-suspending medium, is taken from
a third component container and delivered to the intermediate
fraction remaining in the container. This third component
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container is connected to the blood container via a third
openable hose which opens into the first hose upstream of the
connection-breaking location or into the upper end of the
container, wherein the container is again centrifuged, this
time at a low speed, and fluid is then delivered to the
displacement body, so as to transfer an upper layer obtained
by said blood centrifugation to the third component con-
tainer, whereafter the supply of fluid is interrupted and the
connection between said container and the third component
container is broken.

According to an alternative method, blood is centrifuged
in a collapsible container so as to separate the blood into
component layers, and, subsequent to centrifugation, at least
one of three stratified or layered components is transferred
in sterile fashion to a component container which is con-
nected to the upper part of the blood container by means of
an open or openable hose, wherein the container is placed in
a cassette which can be removed from the centrifuge, together
with a fluid-actuable displacement body disposed along and
parallel with one side of the blood container, wherein fluid
is delivered to the displacement body, which has a construc-
tion such that when fluid is delivered thereto, said body
will expand first at its lower end and then gradually
upwards, such as to compress the container first at its lower
end and then successively in an upwards direction; wherein
the connection between the container and the component
container is broken subsequent to having transferred a
predetermined quantity of component to the component con-
tainer and to the displacement body is optionally ceased with
the delivery of fluid. In this case, the hose includes a
second extension which extends in the container, towards the
bottom thereof, through a second, predetermined distance
which is greater than said first predetermined distance, for
the transfer of the lower of said three component layers to
the cell component container in response to fluid delivery.

When the blood container is connected to a plasma-
component container by means of a second openable hose which
opens into the upper defining surface of the blood container,
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the connection between said blood container and the cell-com-
ponent container is broken and the connection to the plasma-
component container is opened and delivery of fluid to the
displacement body is continued. As a result, the wupper
component, i.e. the plasma, is transferred to the plasma-
component container and the delivery of fluid is interrupted
when a second predetermined quantity of plasma has been
transferred to the plasma container, whereafter the connec-
tion between the blood container and the plasma-component
container is broken.

Fluid is removed from the displacement body and a PSM-
solution is taken from a third component container and added
to the intermediate fraction that remains in the blood
container, this third component container being connected to
the blood container by means of a third openable hose which
opens into the second hose upstream of the breaking location
or into the upper end of the container, whereafter the blood
container is again centrifuged, at a low speed, and fluid is
again delivered to the displacement body so as to transfer
the upper layer obtained by centrifugation to the third
component container, whereafter the delivery of fluid is
interrupted and the connection between the blood container
and the third component container is broken.

The invention also relates to a device which can be
placed in a centrifuge vessel and which functions to trans-
fer, in a sterile fashion, at least one component in a
stratified liquid obtained subsequent to centrifuging liquid
(blood or blood fraction) present in a collapsible container,
to a component container which is connected to the upper part
of the blood container by means of an open or openable hose,
said device including a container cassette and a fluid-
actuable displacement body which is disposed parallel with
and along one side of the container and which functions to
reduce the container volume when fluid is delivered to said
body, thereby effecting transfer of the container content to
the component container in open communication with said blood
container, wherein the displacement body is in direct
abutment with the container, and wherein said device can be
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The wall of the displacement body preferably has a
resistance to expansion which varies in a manner such that
displacement of the container contents will take place from
the bottom of said container.

It is particularly preferred that the displacement body
abuts the container over an area which is essentially equal
to half the area of the container, and that the displacement
body has a smallest wall thickness at its lower end and that
said wall thickness increases with distance from said end.

According to another embodiment of the invention, only
that side of the displacement body which faces the container
has a varying wall thickness.

According to one embodiment, the displacement body is
made of an elastic material of a kind which will return to
its original form when no longer influenced by fluid pres-
sure. The displacement body and the blood container may also
have a common partition wall.

The blood container is placed in a surrounding, rigid or
semi-rigid enclosure, i.e. a cassette, in which it is lowered
into an outwardly swingable centrifuge cup and centrifuged,

P

and is not removed from the cassette until the plasma and

cell concentrate have been transferred to respective con-
nected component containers. The components are transferred
to respective component containers with the aid of an elastic
bladder which can be pressurized and abuts, either directly
or indirectly, the blood container during the process of
centrifugation and component transfer. By pressurizing the
bladder subsequent to centrifugation, the blood container is
subjected to an overpressure which forces the intended parts

of the container content through hoses connected to said _

container. The plasma is pressed into the plasma container
through a connection provided at the top of the blood
container. The cell concentrate can be pressed into its
component container in a number of different ways. Firstly,
the plasma content can be transferred through a hose which is
connected internally to the top of the blood container and
which extends to a level beneath the buffycoat layer formed

P
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during the process of centrifugation, and secondly, and also
preferably, through a hose which is connected internally to
the top of the blood container and which has a short léngth
such as to prevent the hose from reaching the buffycoat layer
formed during the process of centrifugation.

When practicing the first of these methods, it makes no
real difference which of the aforesaid blood components is
transferred first to its respective container, or whether the
blood components are transferred simultaneously. When
practicing the preferred method, however, it is necessary to
transfer the plasma first. When the plasma is transferred to
its respective container, in accordance with the present
invention, the buffycoat layer will rise so that the mouth of
the cell-concentrate hose will be located beneath the
buffycoat layer. When subsequently the cell concentrate is
transferred to its respective container, it will not contain
buffycoat. The preferred method has the following advantages
over the first mentioned method. The cell concentrate has a
greater flow resistance and consequently it is important to
use a short transfer hose, and the preferred method uses the
shortest hose. In both methods the cell concentrate hose is
filled with blood upon commencing the centrifugation process,
if not earlier. When practicing the first method, a buffycoat
layer is formed in the hoses during the process of centri-
fugation, this buffycoat layer subsequently being transferred
to the cell-concentrate container and contaminating the cell
concentrate. When practicing the preferred method, the blood
drains from the hose during the process of centrifugation and
is replaced with plasma which is free from buffycoat.

In addition to obtaining pure blood components, it is
also highly important to be able to separate the largest
possible quantities of said blood components in individual
containers inexpensively. This can be effected in accordance
with the present invention in the following manner, taking
into account the particular simplicity of the equipment used.
By placing the component containers in volume-limiting
cassettes prior to the transfer of said components, the
quantity to be transferred can be determined without the use
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of expensive electronic devices. However, the optimal
quantities of the components that can be obtained from a
blood unit is determined by the hematocrit of the blood'(the
cell concentration), which varies from one individual to
another. The widest variation, however, depends on the sex of
the blood donor, and a good result can be obtained by using
separate cassettes for men and women (volumetrically adjus-
table).

Another advantage afforded by the inventive system is
that blood can be drained or tapped at a constant volume
without the use of expensive electronic, weight-constant

blood-draining cradles. The volume-constant cassette in which

the blood is centrifuged can also be used for blood-collec-
ting purposes in combination with a simple rocking device.

The invention will now be described in more detail with
reference to exemplifying embodiments thereof illustrated in
the accompanying drawings, in which

Figure 1 is a front view of a container unit comprising
a blood container provided with a blood-tapping connection
and plasma and cell-concentrate containers connected to the
blood container by means of hoses;

Figure 2 illustrates a collapsible cassette intended for
a blood container and adapted to fit into an intermediate
container (into an outwardly swingable centrifuge cup
provided with a partition wall), and shows one cassette
section provided internally with an elastic bladder that is
fitted with a fluid connector;

Figure 3 illustrates the unit shown in Figure 1 with a
full blood container in side view and with the container
placed in a closed cassette according to Figure 2 and
inserted in one of the compartments defined by an inner
container equipped with a partition wall and adapted to fit
into an outwardly swingable centrifuge cup, wherein the
component containers are located in the other compartment;

Figure 4 illustrates the unit shown in Figure 3 subse-

"quent to centrifugation and subsequent to having removed the

inner container from the centrifuge cup and connecting the
container to a pressure device, with the component containers
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placed outside the intermediate container;

Figure 5 illustrates a unit according to Figure 4 during
the final stage of a component transfer operation, the blood
container being provided with a 1long extension in the
container;

Figure 6 is a front view of a container unit comprising
a blood container fitted with a blood~draining connection and
hose-connected cell-concentrate, plasma and thrombocyte
containers; and

Figure 7 illustrates an intermediate container according
to Figures 2-4, in which each compartment is divided into two
subcompartments in which two blood bags are centrifuged
simultaneously for thrombocyte separation.

Figure 1 illustrates a container unit comprising a blood
container 1 which contains an anticoagulant and which is
connected to a blood-tapping needle 7 by means of a hose 11.
The blood container 1 is also connected by means of a top-
connected hose 4 to a plasma-component container 2, the hose
4 being closed at a location adjacent the container 1 by
means of an openable closure device 10, for example a shear
pin. The upper part of the blood container 1 is connected to
a cell-concentrate container 3 by means of a hose 5, said
container containing a nutrient solution. The hose 5 includes
an extension part 8 which extends into the blood container 1
and which has a side opening 9. The extension part 8 is
preferably fairly rigid, although it may also consist of a
thin, pliable material. The opening 9 may also be disposed in
the longitudinal direction of the extension 8. The hose 5 is
fitted with an openable closure device 6 adjacent the
container 3, for example a shear pin similar to the closure
device 10.

In Figure 2, the reference numerals 12 and 13 identify
two cassette halves which are hinged together, e.g., by a
hinge 16. The cassette half 13 is lined internally with an
expandable displacement body 17, for instance a rubber
bladder, which is provided with a fluid connector 18 in the
upper part of the cassette holder 13. When assembled, the
cassette halves define an inner space 14 + 15 which cor-
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responds to a filled blood container 1 both in configuration
and volume. The halves are locked together by means of a
locking bar or strap 20 which engages a pin or stud 21.
Provided in the upper defining surface of the cassette halves

12, 13 is an aperture 19 which accommodates the hoses

connecting the blood container to the side containers, and
optionally also other hoses.

Figure 3 illustrates the unit shown in Figure 1 with the
blood container 1 filled with a predetermined quantity of
blood 33 and placed in the cassette 12, 13. The needle 7 has
been welded-off and the end of the hose 11 (not shown) remote
from the blood container has been closed. The cassette 12, 13
is placed in an intermediate container 24, which in turn is
placed in a centrifuge cup 25. The centrifuge cup 25 is
divided into two compartments 27, 28 by a partition wall 26.
The intermediate container 24 has three compartments 29, 30,
31, wherein the shape and size of the cassette 12, 13
corresponds to the shape and size of the compartment 29 and
the cassette is placed in this container compartment and

located in the compartment 27 of the centrifuge cup. The
compartments 30 and 31 of the intermediate containers are

disposed in the compartment 28 of the centrifuge cup and are
mutually separated by an intermediate wall 32. The plasma
container is located in compartment 31 and the cell-con-
centrate container, containing said nutrient solution, is
placed in compartment 30. The hoses connecting the blood
container to respective side containers extend through the
aperture 19 provided in the cassette 12, 13. The unit
illustrated in Figure 3 is now ready for centrifugation,
although has not yet undergone centrifugation.

Figure 4 illustrates the intermediate container 24 with

its contents subsequent to having been removed from the
centrifuge body 25, upon completion of the centrifugation
process. The blood 33 has been divided by centrifugation into
plasma 34, cell concentrate 35 and buffycoat 36. The side
containers, or component containers 2, 3 that are intended
for plasma and blood concentrate have been placed in separate
respective compartments 37 and 38. A fluid source, for

4 it
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instance an air source, is connected to the connector 18 of
the displacement body 17 by means of a hose 40. In this
embodiment, the intermediate container 24 has only two
compartments, i.e. compartment 29 for the cassette 12, 13 and
compartment 41 for the component containers 2, 3. The source
of fluid 39 may be an air compressor or a container for
pressurized gas.

Figure 5 illustrates the same arrangement or unit as
that shown in Figure 4, but with the exception that fluid has
been delivered to the displacement body 17, such that the
component holder 2 is filled with plasma and the component
holder 3 is almost filled with cell concentrate. When fluid
is delivered to the displacement body 17, the body first
expands at its lower part and then continues to expand
successively upwards. The intermediate layer 36, buffycoat
and residues of plasma and cell concentrate, remain in the
blood bag. The displacement body 17 is made of an elastic
material, preferably a material which will return to its
original shape and form when the fluid has been removed from
the body. The body also has a thinnest wall thickness at its
lower part, with the wall thickness of said body gradually
increasing in value. Alternatively, the body 17 may be
provided with parallel, transversely extending thinner parts
which are disposed more densely in the lower part of the body
and more sparsely in the upper part thereof. The displacement
body 17 preferably encloses half the filled blood container
1 in the cassette 12, 13, optionally with the exception of
the uppermost part of said container 1.

Figure 6 illustrates a container unit 42 which includes
the container unit shown in Figure 1. The container unit 42
includes a thrombocyte container 43 which includes a throm-
bocyte-suspending medium. The container 43 is connected, by
means of a hose 47, to a branch tube 44 mounted in the hose
extending between the blood container and the plasma com-
ponent container 2. In the case of this embodiment, the
plasma container 2 is connected by means of a hose 45 to the
branch tube 44, and the hose 5 is connected to the third
outlet of the branch 2. An openable closure device is mounted
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in the hose 47 at a location adjacent the upper defining
surface of the container 43. This closure device may be of
the same kind as the closure devices 6 and 10 of the Figure
1 embodiment. The hose 11 by means of which blood is deliv-~
ered to the container 1 is not shown. All hoses 4, 5, 11, 45
and 47 are made of a pliable material.

Figure 7 illustrates an intermediate container 50
inserted in the centrifuge cup 25. The intermediate container
50 has two compartments 51, 52, each of which is divided into

two subcompartments 55, 56 and 57, 58 respectively by means

of two partition walls 53, 54. Arranged in each subcom-
partment 55, 56 of the compartment 51 is a respective
displacement body 61 and 62 and a respective buffycoat-
containing blood bag 1' and 1". A thrombocyte~component
container 63, 64 is arranged in respective subcompartments

57, 58 of the compartment 52. The blood bag 1' is connected

to the thrombocyte container 64 by means of a hose 66, while
the blood bag 1" is connected to the thrombocyte container 63
by means of hose 65. The displacement bodies 61, 62. are

connected to a fluid source by means of a hose 67. The Figure .

illustrates the arrangement subsequent to completing a second
centrifuging process at a lower speed than the first centri-
fuging process, and with the component containers for plasma
and cell concentrate removed.

A unit of blood is drained or tapped into the blood
container 1 in a conventional manner, said container con-
taining a predetermined quantity of anticoagulant, whereafter
the blood-tapping needle 7 is welded-off. The component
container 3 for cell concentrate contains a predetermined
quantity of nutrient solution. The blood container 1 is then
placed in the cassette 12, 13, provided with the displacement
body 17, and the cassette is closed and lowered into one
compartment 29 of the intermediate container 24. The com-
ponent containers 2 and 3 are placed, together with their
connecting hoses, into two respective second compartments 31
and 30 in the intermediate container. The intermediate
container 24, together with its contents, is then placed in
the outwardly swingable centrifuge cup 25 of a centrifuge and

-y
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then centrifuged. In order to achieve rapid and more effec-
tive separation of the blood components, it is beneficial to
suspend the centrifuge cup eccentrically in the centrifuge,
so that during a working revolution of the centrifuge, the
centrifuge cup will form an angle of from 30 to 45 degrees
with the vertical. Alternatively, the cassette 12, 13 can be
constructed so that the blood bag will define the aforesaid
angle during centrifugation. The blood 33 present in the
blood container 1 is therewith divided into the components
plasma 34, cell concentrate 35 and an intermediate buffycoat
36. The extension 8 shown in Figures 1, 3 and 4 and extending
down in the container 1 is so short that its laterally
directed orifice 9 will now be located in the plasma space.

When taking blood from a blood donor, the hose extension
8 will become partially filled with blood, but when the
buffycoat layer is formed during the process of centrifuga-
tion, this blood will be caused to run from the extension, by
the forces of centrifugation, and will be replaced with
plasma. In order to utilize the centrifuge effectively, the
intermediate container, with the cassette 12, 13 and com-
ponent containers 2, 3, is lifted from the centrifuge body 25
and placed on a flat surface. A pressure source, for instance
a compressed air source 39, is connected to the fluid con-
nection 18 of the displacement body 17. The closure device 10
provided for opening the connection to the plasma container
2 is opened and fluid is then delivered to the displacement
body 17. The displacement body 17 is so constructed, through
its varying wall thickness, that said body will first
compress the lower part of the blood container 1, the
displacement body 17 being expanded from the bottom and
upwards, as indicated in Figure 5. The container 1 is emptied
so that the upper layer 34 (Figure 4), i.e. the plasma, flows
into the plasma container 2. Subsequent to transferring a
predetermined quantity of plasma, i.e. when the plasma
container is full, the closure device 10 of the cell con-
centrate container 3 is opened, this container containing
nutrient solution for the blood cells. As the plasma is
displaced upwards in the container 1, the buffycoat layer 36
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will pass the orifice 9 in the extension line 8. As the
closure device is opened, any connection to the plasma con-
tainer is closed, e.g. with the aid of a hose clamp. When
switching from plasma to cell concentrate, the delivery of
fluid may be interrupted temporarily. When delivery of said
fluid is continued, cell concentrate, which is now located
around the orifice 9 of the extension 8, will flow over into

the container 3. Subsequent to having transferred said

predetermined quantity of cell concentrate and the con-
centrate container is full, the delivery of fluid is inter-
rupted and the connection between the containers 1 and 3 is
broken. The component containers 2 and 3 are then removed
from the intermediate container 24 and the hoses 4 and 5 are

welded-off and sealed permanently. The cassette containing

the blood container 1, which now contains solely buffycoat
and residues of plasma and cell concentrate, is removed from
the cassette for subsequent separation of thrombocytes. The
afore described procedure can also be carried out in the
centrifuge cup, although with the disadvantage that in that
case the centrifuge cannot be used during the transfer.

According to one alternative method, the intermediate
container 24 is removed from the centrifuge cup 25 upon
completion of the centrifugation process and placed on a
supporting surface. Instead of being left in the intermediate
container 24, the component containers are removed and placed
into separate compartments, as shown in Figures 4 and 5.

The embodiment illustrated in Figure 5 differs from the
embodiments shown in Figures 2, 3 and 4, in that the blood
bag has an extension 70 which extends far into the blood
container 1, at least to a location beneath the buffycoat
layer 36 formed upon centrifugation. The transfer of the
blood-components plasma and cell concentrate can therewith be
effected in the same order or in the reverse order, or even
at one and the same time.

The container unit 42 illustrated in Figure 6 is used
when thrombocytes are separated from buffycoat in conjunction
with transferring plasma and cell concentrate to their
respective containers 2, 3. Upon completion of the plasma and

*
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cell-concentrate transfer, the hose 45, which connects the
plasma container with the branch pipe 44, is welded-off
instead of the hose 5. The thrombocyte-suspending medium, the
PSM-solution, in the container 43 is delivered to the blood
container 1, and the blood container 1 is placed in the
intermediate container 50, in accordance with Figure 7. In
the case of the illustrated embodiment, two blood containers
1 can be placed in respective subcompartments 55, 56, whereas
the associated component containers 43 are placed in respec-
tive subcompartments 57 and 58. A further centrifugation
process is carried out subsequent to having placed the inter-
mediate container in the centrifuge body 24, although this
time at a lower speed than that at which the first centri-
fugation process was carried out. By lower speed is meant in
the present description and claims that the blood container
is subjected to less g-forces to which the container is sub-
jected. Subsequent to centrifugation, a displacement sequence
similar to that described with reference to Figures 3 and 4
in the case of plasma displacement takes place.
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CLATIMS

1. A method of separating blood into components by centri-
fuging blood present in a collapsible container, comprising
the steps of transferring in sterile fashion at least one of
three components stratified by said centrifugation process to
a side container connected to the upper part of the blood
container by means of an open or openable hose, characterized
by the further step of placing the container in a cassette
that can be removed from the centrifuge, together with a
fluid-actuable displacement body arranged along and parallel
with one side of the container.

2. A method according to Claim 1, characterized by deliver-
ing fluid to said displacement body, said body having a
construction such that when fluid is delivered thereto, said
body will expand first at its lower end and then gradually
upwards, whereby the container is compressed first at its
lower part and such that said compression will propagate in
an upward direction; breaking the connection between the
blood container and the side container when a predetermined

quantity of component has been transferred to said side

container; and optionally stopping the fluid delivery.

3. A method according to Claim 2, in which the blood
container is connected to a second side container by means of
a second openable hose, wherein the second hose includes an
extension part which extends towards the container bottom
through a predetermined distance, taken from the upper
defining surface of said container, wherein the orifice of
said extension part is located above the center layer of said
three layers subsequent to centrifugation, characterized by
the further steps of opening the connection to the second
side container subsequent to breaking the connection between
said container and the first side container; continuing to
deliver fluid to the displacement body, such as to transfer
the lower component to the second side container; interrup-
ting the delivery of fluid, simultaneously or in sequence,
when a second predetermined quantity of the lower component
has been transferred to the second side container; and
breaking the connection between the blood container and the
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side container.

4. A method according to Claim 3, characterized by removing
the fluid from the displacement body; adding a PSM-solution,
i.e. a thrombocyte-suspending medium, to the remaining
intermediate fraction in said container, said PSM-solution
being taken from a third side container which is connected to
said container by means of a third openable hose which opens
into the first hose upstream of the location at which said
connection is broken, or opens into the upper end of said
container; centrifuging the container again, at a low speed;
delivering fluid to the displacement body such as to transfer
the upper layer obtained by centrifugation to the third side
container; interrupting the delivery of fluid; and breaking
the connection between the container and the third side
container.

5. A method according to Claim 1, in which the container is
connected to a second side container by means of a second
openable hose which includes an extension hose which extends
into the container towards the bottom thereof through a first
predetermined distance, taken from the upper defining surface
of said container, wherein the orifice of said extension hose
is located beneath the center layer of the three layers
subsequent to centrifugation, characterized by optionally
opening the hoses to both side containers and delivering
fluid to the displacement body, said displacement body having
a construction such that when fluid is delivered thereto,
said body will expand first at its lower end and thereafter
gradually upwards, such as to compress the container first at
its lower end and then successively upwards, thereby filling
both side containers simultaneously; and by breaking the
connection between the container and respective side con-
tainers when a predetermined quantity of the component has
been transferred to the side container, whereafter the
delivery of fluid is interrupted.

6. A method according to Claim 2, in which the container is
connected to a second side container by means of a second
openable hose which includes an extension hose and which
extends into the container, towards the bottom thereof,
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through a first predetermined distance, taken from the upper
defining surface of said container, the orifice of said
extension hose being located beneath the center layer of the
three layers subsequent to centrifugation, characterized by
transferring the lower of the three components to the side
container in response to said fluid delivery.

7. A method according to Claim 2, in which the container is
connected to a second side container by means of a second
openable hose which includes an extension hose that extends
in the container, towards the bottom thereof through a first
predetermined distance, the orifice of said extension hose
being located beneath the centermost of the three 1layers
subsequent to centrifugation, characterized by opening the
connection to the second side container; continuing to
deliver fluid to the displacement body, such as to transfer
the upper component to the second side container; simul-
taneously or in sequence herewith, interrupting the delivery
of fluid when a second predetermined quantity of the upper
component has been transferred to the second side container;
and breaking the connection between the blood container and
the side container.

8. A method according to Claim 3, characterized by removing
the fluid from the displacement body and adding to the
intermediate fraction remaining in the container a PSM-
solution taken from a third side container which is connected
to the blood container by means of a third openable hose
which opens into the second hose upstream of the connection-
breaking location or into the upper end of the blood con-
tainer; again centrifuging the container, at a low speed;
delivering fluid to the displacement body, to transfer to the

third side container an upper component layer obtained by ‘

centrifugation; interrupting the delivery of fluid; and
breaking the connection between the blood container and the
third side container.

9. A method according to Claim 1, characterized by causing

the longitudinal axis of the blood container to define an
angle of between 30 and 45 degrees with the vertical during
the centrifugation process at stationary speed.

s
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10. A device which can be placed in a centrifuge vessel for
the sterilé transfer of at least one component of a strati-
fied liquid obtained subsequent to centrifuging a liquid
(blood or blood fraction) present in a collapsible container
to a side container connected to the upper part of the blood
container by means of an open or openable hose, said device
including a container cassette and a fluid-actuable displace-
ment body which is arranged parallel with and along one side
of the blood container and which when fluid is delivered
thereto functions to reduce the volume of said container,
thereby effecting transfer of the blood in the blood con-
tainer to the side container in open communication therewith,
characterized in that the displacement body is in direct
abutment with the blood container; and in that the device can
be removed from the centrifuge.

11. A device according to Claim 10, characterized in that
the resistance of the wall of the displacement body to
expansion varies in a manner such that displacement of the
blood container contents begins from the bottom of said
container. '

12. A device according to Claim 10 or 11, characterized in
that the area over which the displacement body abuts the
blood container is substantially equal to half the area of
said container.

13. A device according to one more of Claims 10-12, char-
acterized in that the displacement body has a thinnest wall
thickness at its lower end and in that said wall thickness
increases with distance from said end.

14. A device according to one or more of Claims 10-13, char-
acterized in that only the side of the displacement body
that faces the blood container has a varying wall thickness.
15. A device according to one or more of Claims 10-14,
characterized in that the displacement body is made of an
elastic material of a kind which will return to its original
form when no longer influenced by fluid pressure.

16. A device according to one or more of Claims 10-15,
characterized in that the displacement body and the blood

container have a common defining wall.
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AMENDED CLATMS
[received by the International Bureau on 22 November 1991 (22.11.91);
original claims 1-16 replaced by amended claims 1-14 (5 pages)]

1. A method of separating blood into components by centri-
fuging blood present in a collapsible container, and in ster-
ile fashion transferring at least two of three components
stratified by said centrifugation process to separate side
containers connected to the upper part of the blood container
by means of a first open or openable hose and a second open-
able hose, respectively, wherein the second hose includes an
extension part which extends towards the container bottom
through a predetermined distance, taken from the upper defin-
ing surface of said container, wherein the orifice of said
extension part is located either above or below the center
layer of said three layers subsequent to centrifugation and
breaking the connection between the blood container and the
side containers subsequent to the transfer of the blood

component to the respective side container, characterized by

the steps of

placing, before centrifugation, the blood container and
a fluid actuable displacement body in a cassette enclosing
said container and displacement body and having an opening
for a fluid connection to the displacement body and the hoses
connecting the blood container with the side containers, said
displacement body being arranged in direct contact with the
container, along and parallel with one side thereof;

actuating, after centrifugation, the displacement body
with a fluid in order to transfer the first component to the
first side container, in case of an openable hose, after
opening the connection between the container and the side
container;

opening the connection between the blood container and
the second side container subsequent to the completion of the
transfer of the first component;

continuing the delivery of fluid to the displacement
body such as to transfer the lower component to the second
side container;

interrupting the delivery of fluid when a second
predetermined quantity of the lower component has been
transferred to the second side container.

A
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2. A method according to Claim 1, characterized in that
said displacement body is given such a construction that,
when fluid is delivered thereto, said body will expand first
at its lower end and then gradually upwards, whereby the
container is compressed first at its lower part and such that
said compression will propagate in an upward direction.
3. A method according to Claim 2, characterized by removing
the fluid from the displacement body; adding a PSM-solution,
i.e. a thrombocyte-suspending medium, to the remaining
intermediate fraction in said container, said PSM-solution
being taken from a third side container which is connected to
said container by means of a third openable hose which opens
into the first hose upstream of the location at which said
connection is broken, or opens into the upper end of said
container; centrifuging the container again, at a low speed;
delivering fluid to the displacement body such as to transfer
the upper layer obtained by centrifugation to the third side
container; interrupting the delivery of fluid; and breaking
the connection between the container and the third side
container.
4, A method of separating blood into components by centri-
fuging blood present in a collapsible container, and in ster-
ile fashion transferring at least two of three components
stratified by said centrifugation process to separate side
containers connected to the upper part of the blood container
by means of a first open or openable hose and a second open-
able hose, respectively, wherein the second hose includes an
extension part which extends towards the container bottom
through a predetermined distance, taken from the upper defin-
ing surface of said container, wherein the orifice of said
extension part is located below the center layer of said
three layers subsequent to centrifugation and breaking the
connection between the blood container and the side contain-
ers subsequent to the transfer of the blood component to the
respective side container, characterized by the steps of
placing, before centrifugation, the blood container and
a fluid actuable displacement body in a cassette enclosing
said container and displacement body and having an opening
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for a fluid connection to the displacement body and the hoses
connecting the blood container with the side containers, said
displacement body being arranged in direct contact with the
container, along and parallel with one side thereof;

opening, after centrifugation, the second connection and
in case of an open first hose closing the first connection
and actuating the displacement body with a fluid in order to
transfer the heavier component to the second side container;

opening the connection between the blood container and
the first side container subsequent to the completion of the
transfer of the heavier component;

continuing the delivery of fluid to the displacement
body such as to transfer the lighter component to the first
side container;

interrupting the delivery of fluid when a second
predetermined quantity of the lighter component has been
transferred to the second side container.
5. A method according to Claim 1, characterized in that
said displacement body is given such a construction that,
when fluid is delivered thereto, said body will expand first
at its lower end and then gradually upwards, whereby the
container is compressed first at its lower part and such that
said compression will propagate in an upward direction.
6. A method according to Claim 2, characterized by removing
the fluid from the displacement body; adding a PSM-solution,
i.e. a thrombocyte-suspending medium, to the remaining
intermediate fraction in said container, said PSM-solution
being taken from a third side container which is connected to
said container by means of a third openable hose which opens
into the first hose upstream of the location at which said
connection is broken, or opens into the upper end of said
container; centrifuging the container again, at a low speed;
delivering fluid to the displacement body such as to transfer
the upper layer obtained by centrifugation to the third side
container; interrupting the delivery of fluid; and breaking
the connection between the container and the third side
container.
7. A method of separating blood into components by centri-

oy
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fuging blood present in a collapsible container, and in ster-
ile fashion transferring at least two of three components
stratified by said centrifugation process to separate side
containers connected to the upper part of the blood container
by means of a first open or openable hose and a second open-
able hose, respectively, wherein the second hose includes an
extension part which extends towards the container bottom
through a predetermined distance, taken from the upper defin-
ing surface of said container, wherein the orifice of said
extension part is located below the center layer of said
three layers subsequent to centrifugation and breaking the
connection between the blood container and the side contain-
ers subsequent to the transfer of the blood component to the
respective side container, characterized by the steps of
placing, before centrifugation, the blood container and
a fluid actuable displacement body in a cassette enclosing
said container and displacement body and having an opening
for a fluid connection to the displacement body and the hoses
connecting the blood container with the side containers, said
displacement body being arranged in direct contact with the
container, along and parallel with one side thereof;
opening, after centrifugation, the second connection and
in case of an openable first hose also the first connection
and actuating the displacement body with a fluid in order to
simultaneously transfer the heavier and lighter component to
the respective side container.
8. A device which can be placed in a centrifuge vessel for
centrifugation and thereafter sterile transfer of at least
two components of a stratified liquid obtained subsequent to
centrifuging a liquid (blood or blood fraction) present in a
collapsible container to side containers connected to the
upper part of the collapsible container by means of hoses,
characterized in that said device includes a rigid or semi-
rigid container cassette enclosing said container and a
fluid-actuable displacement body being arranged in direct
abutment, parallel with and along one side of the container,
said cassette having an opening for connections to the
displacement body and the container with its side containers,
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in that one of the connections of the collapsible container
includes an extension part which extends towards the con-
tainer bottom through a predetermined distance, taken from

the upper defining surface of said container, and in that the

device can be removed from the centrifuge before the transfer
of the components from the container.

9. A device according to Claim 8, characteriged in that the
area over which the displacement body abuts the blood
container is substantially equal to half the area of said
container.

10. A device according to Claim 8 or 9, characterized in
that the resistance of the wall of the displacement body to
expansion varies in a manner such that displacement of the
blood container contents begins from the bottom of said
container.

11. A device according to one more of Claims 8-10, char-
acterized in that the displacement body has a thinnest wall
thickness at its lower end and in that said wall thickness
increases with distance from said end.

12. A device according to one or more of Claims 8-11, char-
acterized in that only the side of the displacement body
that faces the blood container has a varying wall thickness.
13. A device according to one or more of Claims 8-12,
characterized in that the displacement body is made of an
elastic material of a kind which will return to its original
form when no longer influenced by fluid pressure.

14. A device according to one or more of Claims 8-13,
characterized in that the displacement body and the container
have a common defining wall.
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