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The blood component collecting circuit 2 is used for collecting the blood components, more specifically, the plate-
lets. The blood component collecting circuit 2 is provided with a blood collector such as a blood-collection needle 29
or a connector (blood collector connector) for connecting a blood collector such as a blood-collection needle 29 or a
blood pool connector, afirst line 21 (blood-collection/ returning line) having a first pump tube 21g for connection between
the blood-collection needle 29 or the blood collector connector and the inlet of the centrifugal separator 20, a second
line 22 for connection between the outlet of the centrifugal separator 20 and the first line 21, a third line (anticoagulant
injection line) 23 having a second pump tube 23a connected to a portion of the first line 21 near the blood-collection
needle 29 or the blood collector connector, a plasma collecting bag 25 having a first tube 25a connected to the portion
of the first line 21 between the blood-collection needle 29 or the blood collector connector and the pump tube 21g and
a second tube 25b connected to the second line 22, a platelet collecting bag 26 having a third tube 26a connected to
the second line 22, a buffy coat collecting bag 27 having a fourth tube 27a connected to the second line 22, and a
fourth line 24 for injecting liquid (physiclogical salt solution) connected to the second line 22. The blood component
collecting circuit 2 may employ a connector (such as a metal or plastic needle) for connecting a blood pool such as a
blood bag rather than the blood-collection needle.

The first liquid supply pump 11 for said first line is arranged at a position ( first pump tube 21g) of the first line
between said centrifugal separator and a connecting portion for connecting the first tube to said first line. The second
liquid supply pump 12 for said third line is arranged at second pump tube 23a.

Conventionally a known metal needle is used as the blood-collection needle 29, The first line 21 includes a portion
21ato which the blood-collection needle 29 is connected and a portion 21b to which the inlet of the centrifugal separator
20 is connected. The first line portion 21a closer to the blood-collection needle is formed by a plurality of soft plastic
tubes connected thereto. The portion 21a of the first line 21 closer to the blood-collection needle has such elements
arranged as viewed from the blood-collection needle side, a branching connector 21c¢ for connecting the third line 23,
a chamber 21d for removing bubbles and micro-aggregates, a branching connector 21e for connecting the second line
22, and a branching connector 211 for connecting the first tube 25a communicated with the plasma collecting bag 25.
The chamber 21d is connected to an air-permeable, germ-blocking filter 21i. The first line portion 21b closer to the
centrifugal separator 20 is connected to a branching connector 211 for connecting the first tube 25a and has a pump
tube 21g formed in the vicinity thereof,

The second line 22 for connection between the outlet of the centrifugal separator 20 and the first line 21 has an
end thereof connected to the outlet of the centrifugal separator 20 and the other end thereof connected to the branching
connector 21e for connecting the first line 21. The second line 22 has such elements arranged as viewed from the
centrifugal separator side, a branching connector 22a for connecting the second tube 25b communicated with the
plasma collecting bag 25 and the third tube 26a communicated with the platelet collecting bag 26, a branching connector
22b for connecting the fourth line 24, a branching connector 22¢ for connecting a tube having a bubble-removing filter
22f, and a branching connector 22d for connecting the fourth tube 27a communicated with the buffy coat collecting
bag 27.

The third line 23 is connected to the branching connector 21c¢ having an end thereof connected to the first line 21.
The third line 23 has such elements as a pump tube 23a, a foreign matter removing filter 23b, a bubble removing
chamber 23¢ and an anticoagulant container connecting needle 23d arranged as viewed from the connector 21c.

One end of the fourth line 24 is connected to the branching connector 22b for connecting the second line 22. The
fourth line 24 has such elements as a foreign matter removing filter 24a and a physiological salt solution container
connecting needle 24b arranged as viewed from the connector 22b.

The plasma collecting bag 25 includes a first tube 25a connected to the branching connector 21f located between
the blood-collection needle 29 and the pump tube 21g of the first line 21, and a second tube 25b connected to the
branching connector 22a of the second line 22. The platelet collecting bag 26 includes a third tube 26a connected to
the branching connector 22a of the second line 22. The buffy coat collecting bag 27 includes a fourth tube 27a connected
to the branching connector 22d of the second line 22.

The tubes and the pump tubes used for forming the first to fourth lines and the tubes connected to the bags as
described above are composed of such materials as polyvinyl chloride, polyethylene, polypropylene, polyester such
as PET or PBT, ethylene-vinyl acetate copolymer, polyurethane, polyester elastomer, thermoplastic elastomer such
as styrene-butadiene-styrene copolymer. Of all these component materials, polyvinyl chloride is the most preferable.
If all the tubes are made of polyvinyl chloride, sufficient flexibility and plasticity can be obtained for easy handiing. Also,
this material is suitably used to cope with clogging caused by a clamp and the like. Component materials similar to
these tube materials can also be used for forming the branching connectors. The pump tubes are required to have a
sufficient strength to bear the pressure applied by the roller pump.

Each of the plasma collecting bag 25, the platelet collecting bag 26 and the buffy coat collecting bag 27 is composed
of layers of flexible plastic sheets having the peripheral edges thereof fusion bonded (thermally or with high frequencies)
or adhered. Soft polyvinyl chloride is the most preferable material for forming the bags 25, 26, 27. Plasticizers used
for the soft polyvinyl chloride include, for example, di-(ethylhexyl) phthalate (DEHP), di-(n-decyl) phthalate (DnDP) and
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the like. The content of these plasticizers preferably ranges from approximately 30 to 70 wt.% to 100 wt.% of the
polyvinyl chloride.

Other sheet materials that can be used for forming the bags 25, 28, 27 may be polyolefin, that is, a polymer formed
by polymerizing or copolymerizing an olefin or di-olefin of ethylene, propylene, butadiene, isoprene or the like. More
specifically, polyethylene, polypropylene, ethylene-vinyl acetate copolymer (EVA), polymer blend of EVA and various
thermoplastic elastomers, etc. or an arbitrary combination thereof can be used. Still other applicable materials include
polyester such as polyethylene terephthalate (PET), polybutylene terephthalate (PBT), poly-1, 4-cyclohexanedimethyl
terephthalate (PCHT) and polyvinylidene chloride.

The sheet material used for the platelet collecting bag 26 is preferably superior in gas permeability for assuring
an improved platelet shelf life. Such sheel materials preferably include, for example, the above-mentioned polyolefin
or DnDP plasticized polyvinyl chloride, etc. Alternatively, using comparatively thin (say, about 0.1 to 0.5 mm thick, or
especially, about 0.1 to 0.3 mm thick) materials is further preferable. The platelet collecting bag can be preliminarily
filled with a platelet retainer such as physiological salt solution, GAC, PAS, PSM-1.

The essential portions of the blood component collecting circuit 2 are housed in a cassette as shown in Fig. 2. The
blood component collecting circuit 2 includes a cassette housing 28 for partially containing or partially holding all the
lines (first, second, third and fourth lines) and all the tubes (first, second, third and fourth tubes), that is, for partially
fixing them. The cassette housing 28 has both ends of the first pump tube 21g and the second pump tube 23a fixed
thereto, The pump tubes 21g, 23a extend from the cassette housing 28 in a loop to correspond to the shape of the
roller pump. As a result, the first and the second pump tubes 21g, 23a can be readily mounted on the roller pump 11, 12.

Further, the cassette housing 28 includes a plurality of openings located therein. Specifically, located in the cassette
housing 28 are a first opening 91 that exposes the portion of the first line 21 between the blood-collection needle and
the pump tube 21g and can be intruded by the first flow path shutter means 81 of the blood component collecting
apparatus 1, a second opening 92 that exposes the first tube 25a of the plasma collecting bag 25 and can be intruded
by the second flow path shutter means B2 of the blood component collecting apparatus 1, a third opening 93 that
exposes the second tube 25b of the plasma collecting bag 25 and can be intruded by the third flow path shutter means
83 of the blood component collecting apparatus 1, a fourth opening 94 that exposes the third tube of the platelet
collecting bag 26 and can be intruded by the fourth flow path shutter means 84 of the blood component collecting
apparatus 1, a fifth opening 95 that exposes the portion of the second line 22 between the centrifugal separator (
connector 22¢) and the connector 22d for connecting the fourth tube 27a of the buffy coat collecting bag 27 to the
second line 22 and can be intruded by the fifth flow path shutter means 85 of the blood component collecting apparatus
1, a sixth opening 96 that exposes the portion of the second line 22 between the connector of the first line 21 and the
connector of the fourth tube 27a of the buffy coat collecting bag 27 (downstream of the connector of the second line
22 and the fourth tube 27a) and can be intruded by the sixth flow path shutter means 86 of the blood component
collecting apparatus 1 and a seventh opening 97 that exposes the fourth line 24 and can be intruded by the seventh
flow path shutter means 87 of the blood component collecting apparatus 1.

Also, the above-mentioned branching connectors are fixed to the inner surface of the cassette housing 28. Further,
at least a reinforcing tube for holding the lines and tubes extended from the side of the housing and preventing the
portions thereof in contact with the housing from being bent is arranged in the vicinity of the side of the cassette housing
28. The casselte housing 28 is box-shaped and contains the parts indicated by dashed lines. The cassette housing
28 is formed of a synthetic resin having a rigidity to a certain degree.

The blood component collecting apparatus 1 includes a mount (not shown) of the cassette housing. When the
cassette housing 28 is mounted on the cassette housing mount of the blood component collecting apparatus 1, the
lines and tubes exposed from the openings of the cassette housing 28 are automatically mounted on the corresponding
flow path shutter means, respectively. As a result, the circuil can be easily mounted while performing rapid preparations
for collecting the blood components. Also, the blood component collecting apparatus 1 has two pumps adjacent to the
cassette housing mount. The pump tubes exposed from the cassette housing 28 can thus be easily mounted on the
pump.

The centrifugal separator 20 mounted in the blood component collecting circuit 2, which is usually called the cen-
trifugal bowl, separates the blood into components by centrifugal force. The centrifugal separator 20, as shown in Fig.
3, includes a tubular member 141 extending vertically and having an inlet 143 formed at the upper end thereof, and a
hollow rotor 142 sealed in fluid-tight at the upper portion 145 thereof and adapted to rotate around the tubular member
141. The rotor 142 has a flow path (blood storage space) along the bottom and the inner peripheral wall surface thereof.
An outlet 144 is formed to communicate with the upper portion of the flow path. In this case, for example, the volume
of the rotor 142 ranges from approximately 100 to 350 ml.

The rotor 142 is rotated under predetermined centrifugal conditions (rotational speed and rotation time) by the
rotor drive unit 10 of the blood component collecting apparatus 1. These centrifugal conditions are used to set a pattern
of the blood separated (the number of blood components to be separated, for example) in the rotor 142. According to
this embodiment, as shown in Fig. 3, the centrifugal conditions are set such that the blood is separated into a plasma
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layer 131, a buify coat layer 132 and a red cell layer 133 laminated from the inside within the flow path of the rotor 142.
Referring to Fig. 4, the blood component collecting apparatus 1 according to this invention will be described.
The blood component collecting apparatus 1 is provided with the centrifugal separator drive unit 10 for rotating

the rotor 142 of the centrifugal separator 20, the first liquid supply pump 11 for the first line 21, the second liquid supply

pump 12 for the third line 23, a plurality of the flow path shutter means 81, 82, 83, 84, 85, 86, 87 for opening closing
the flow paths of the blood component collecting circuit 2, and the controller 13 for controlling the centrifugal separator
drive unit 10, the first liguid supply pump 11, the second liquid supply pump 12 and the flow path shutter means. Further,
the blood component collecting apparatus 1 comprises a turbidity sensor 14 mounted on the portion of the second line

22 between the centrifugal separator and the connector 22a for connecling the second tube 25b to the second line 22,

an optical sensor 15 mounted above the centrifugal separator 20 and a weight sensor 16 for detecting the weight of

the plasma collecting bag 25.

The controller 13 includes two pump controllers (not shown) for the first liquid supply pump 11 and the second
liquid supply pump 12 respectively. The control mechanism of the controller 13 is electrically complected to the first
liquid supply pump 11 and the second liquid supply pump 12 through a pump controller. The drive controller of the
centrifugal separator drive unit 10 is electrically connected to the controller 13. The flow path shutter means 81, 82,
83, B4, 85, 86, 87 are all connected to the controller 13 for controlling the respective opening/closing operations. Also,
the turbidity sensor 14, the optical sensor 15 arranged above the centrifugal separator 20 and the weight sensor 16
for detecting the weight of the plasma collecting bag 25 are electrically connected to the controller 13 to which the
signals output from these components are applied. The control mechanism of the controller 13 is configured of, for
example, a microcomputer and the delection signals from the weight sensor 186, the optical sensor 15 and the turbidity
sensor 14 are applied to the controller 13 from time to time. The controller 13 controls the start and stop of the rotation
and rotational direction (forward/backward) of each pump based on the signals from the turbidity sensor 14, the optical
sensor 15 and the weight sensor 16 while controlling the opening/ closing operation of the flow path shutter means
and the centrifugal separator drive unit 10.

The first flow path shutter means 81 is provided for opening/closing the portion of the first line 21 between the
blood-collection needle and the pump tube 21g. The second flow path shutter means 82 is provided for opening/closing
the first tube 25a communicated with the plasma collecting bag 25. The third flow path shutter means 83 is provided
for opening/closing the second tube 25b communicated with the plasma collecting bag 25. The fourth flow path shutter
means 84 is provided for opening/closing the third tube communicated with the platelet collecting bag 26. The fifth flow
path shutter means 85 is provided for opening/closing the portion of the second line 22 between the centrifugal separator
and the connector 22d for connection between the second line 22 and the fourth tube 27a communicated with the buffy
coal collecting bag 27. The sixth flow path shutter means 86 is provided for opening/closing the portion of the second
line 22 between the connector 21e of the fist line 21 and the connector 22d of the fourth tube 27a (downstream of the
connector of the second line 22 and the fourth tube 27a). The seventh flow path shutter means 87 is provided for
opening/closing the fourth line 24. Each of these how path shutter means includes a line or tube insertion member
having a clamp adapted to be energized by, for example, a solenoid, an electric motor, a (hydraulic or pneumatic)
cylinder or other drive source. Specifically, an electromagnetic clamp operated by the solenoid is preferable. The clamp
provided with the flow path shutter means is operated based on the signal from the controller 13.

The drive unit 10, as shown in Fig. 3, includes a rotor drive unit housing 151 for containing the centrifugal separator
20, a pedestal 152, a motor 153 constituting a drive source and a circular rest 155 for holding the centrifugal separator
20. The housing 151 is mounted and fixed on the pedestal 152. Also, a motor 153 is fixed to the lower surface of the
housing 151 with a bolt 156 via a spacer 157. The forward end of the rotary shaft 154 of the motor 153 is fitted such
that the rest 155 rotates coaxially and integrally with the rotational shaft 154. The upper portion of the rest 155 has a
recess formed therein to which the bottom of the rotor 142 is fitted. Also, the upper portion 145 of the centrifugal
separator 20 is fixed to the housing 151 with a fixing member not shown. Once the motor 153 for the rotor drive unit
10 is started, the rest 155 and the rotor 142 fixed thereto are rotated at a rotational speed, for example, ranging from
3000 to 8000 rpm.

The inner wall of the rotor drive unit housing 151 has an optical sensor 15 that is fixedly mounted thereon with a
mounting member 158 for optically detecting the boundaries of the separated blood components (for example, the
boundary B between the plasma layer 131 and the buffy coat layer 132, and the boundary between the bufiy coat layer
132 and the red cell layer 133) in the rotor 142, The above optical sensor 15 is adapted to scan the outer peripheral
surface of the rotor 142 in vertical direction. This sensor 15 includes a light source for emitting a light beam toward the
shoulder of the centrifugal separator 20 and a photo-detector for receiving the light reflected and returned from the
centrifugal bowl. Specifically, a light emitting element like LED and a light receiving element are linearly arranged, The
light emitted from the light emitting element and reflected from a blood component is received by the light receiving
element, such that the amount of the received light is subjected to photoelectric conversion. The intensity of the reflected
light varies depending on the separated blood component (for example, the boundary B between the plasma layer 131
and the buffy coat layer 132). The position on the light receiving element that has changed in the received light amount,
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therefore, is detected as a corresponding position of the boundary B. More specifically, arrival of the buffy coat layer
at a light passage is detected based on the difference in the received light amount between the time when the centrifugal
separator 20 is filled with a transparent liquid (plasma or water) at a point of the light passage and the time when it is
filled with the buify coat layer at the particular point of the light passage. The point where the buffy coat layer is detected
is adjusted by changing the point of light passage in the bowl. The point of light passage, once determined, is usually
fixed there.

The turbidity sensor 14 is used for detecting the turbidity of the fluid flowing through the second line 22 and outputs
a voltage value corresponding to the detected turbidity. Specifically, a low voltage value is output when the turbidity is
high, while a high voltage value is output when the turbidity is low.

Each of the first liquid supply pump 11 mounted the pump tube 21g of the first line 21 and the second liquid supply
pump 12 mounted the pump tube 23a of the third lure 23 are preferably formed as a pump kept out of contact with the
blood such as a roller pump or peristaltic pump. Also, a pump that can supply the blood in either direction is used as
the first liquid supply pump 11 (blood pump). Specifically, a roller pump capable of rotating forward/ backward is used.

The controller 13 controls the centrifugal separator drive unit 10, the first liquid supply pump 11, the second liquid
supply pump 12 and a plurality of the flow path shutter means in order to execute a platelet collecting operation. The
platelet collecting operation includes a plurality (at least two times, preferably, twice to seventh times, more preferably,
three times to sixth times) of plasma collecting-circulation steps including a plasma collecting step for collecting blood
added anticoagulant by starting the first and the second liquid supply pumps 11, 12 and collecting a predetermined
amount of plasma in the plasma collecting bag 25 by activating the centrifugal separator drive unit, and a plasma
circulation step for temporarily suspending blood-collection subsequent to the plasma collecting step and circulating
the plasma contained in the plasma collecting bag to the centrifugal separator 20 by activating the centrifugal separator
drive unit 10; and, subsequent to a plurality of plasma collecting-circulation steps, to execute a platelet collecting step
for collecting platelets released from the centrifugal separator 20 in the platelet collecting bag 26 by accelerating the
plasma circulation rate by the first liquid supply pump 11, which is followed by a blood returning step for returning the
blood contained in the centrifugal separator 20,

Further, the controller 13 of the blood component collecting apparatus 1 according to this embodiment controls
the centrifugal separator drive unit 10, the first liquid supply pump 11, the second liquid supply pump 12 and a plurality
of the flow path shutter means such that the platelet collecting operation is executed at least twice, or specifically, twice
to fifth times, more preferably, three times.

Specifically, the first plasma collecting-circulation step including the first plasma collecting step and the first plasma
circulation step is executed. In the first plasma collecting step. the blood containing the added anticoagulant is collected
by starting the first and the second liquid supply pumps 11, 12 and the centrifugal separator drive unit 10 is activated
to collect a first predetermined amount of plasma in the plasma collecting bag 25. This step is followed by the first
plasma circulation step in which the blood-collection is temporarily suspended and the centrifugal separator drive unit
10 is activated to circulate the plasma contained in the plasma collecting bag to the centrifugal separator 20. Then a
second plasma collecting-circulation step including the second plasma collecting step and the second plasma circu-
lation step is executed. In the second plasma collecting step, the first and the second liquid supply pumps 11, 12 are
started to collect the blood added anticoagulant and the centrifugal separator drive unit 10 is activated to collect the
plasma until the amount of plasma contained in the plasma collecting bag 25 reaches a second predetermined amount
(total amount) that is larger than the first predetermined amount. The second plasma collecting step is followed by the
second plasma circulation step in which the blood-collection is temporarily suspended and the centrifugal separator
drive unit 10 is activated to circulate the plasma contained in the plasma collecting bag 25 to the centrifugal separator 20.

The controller 13 of the blood component collecting apparatus 1 according to this embodiment executes a third
plasma collecting-circulation step subsequent to the second plasma circulation step. The third plasma collecting-cir-
culation step includes a third plasma collecting step and a third plasma circulation step. In the third plasma collecting
step, the first and second liquid supply pumps 11, 12 are started to collect the blood added anticoagulant, and the
centrifugal separator drive unit 10 is activated to collect the plasma until the amount thereof contained in the plasma
collecting bag 25 reaches a third predetermined amount (total amount) that is larger than the second predetermined
amount. The above third plasma collecting step is followed by the third plasma circulation step in which the blood-
collection is temporarily suspended and the centrifugal separator drive unit 10 is activated to circulate the plasma
contained in the plasma collecting bag to the centrifugal separator 20,

Further, the controller 13 of the blood component collecting apparatus 1 executes a fourth plasma collecting-
circulation step upon completion of the third plasma circulation step. The fourth plasma collecting-circulation step in-
cludes a fourth plasma collecting step and a fourth plasma circulation step. In the fourth plasma collecting step, the
first and the second liquid supply pumps 11, 12 are started to collect the blood added anticoagulant, and the centrifugal
separator drive unit 10 is activated to collect the plasma until the amount thereof contained in the plasma collecting
bag 25 reaches a fourth predetermined amount (total amount) that is larger than the third predetermined amount. The
fourth plasma collecting step is followed by the fourth plasma circulation step, in which the blood-collection is temporarily

Haemonetics Corporation
Exhibit 2015
Page #304



20

25

30

40

45

50

55

EP 0885619 Al

suspended and the centrifugal separator drive unit 10 is activated to circulate the plasma contained in the plasma
collecting bag 25 to the centrifugal separator 20,

The second predetermined amount is larger than the first predetermined amount because the total amount of
plasma contained in the plasma collecting bag 25 is increased. Therefore, the amount of the plasma collected in the
second plasma collecting step is not necessarily larger than the that of the plasma collected in the first plasma collecting
step. Therefore, the amount of the plasma collected in the third plasma collecting step is not necessarily larger than
the that of the plasma collected in the second plasma collecting step. Therefore. the amount of the plasma collected
in the fourth plasma collecting step is not necessarily larger than the that of the plasma collected in the third plasma
collecting step. In other words, an arbitrary amount of the plasma can be collected in each plasma collecting step. For
the controlling purpose, the first, second, third and fourth predetermined amounts are stored in the controller, each of
which is compared with the weight signal detected by the weight sensor. When it is detected that the weight of the
plasma contained in the plasma collecting bag has reached a particular predetermined value, each plasma collecting
slep is terminated.

Further, the controller 13 of the blood component collecting apparatus 1 according to this embodiment executes
a fifth plasma collecting-circulation step subsequent to the fourth plasma circulation step. The fifth plasma collecting-
circulation step similarly includes a fifth plasma collecting step and a fifth plasma circulation step. In the fifth plasma
collecting step, the first and the second liquid supply pumps 11, 12 are started to collect the blood added anticoagulant,
and the centrifugal separator drive unit 10 is activated to collect the plasma contained in the plasma collecting bag 25.
The fifth plasma collecting step is followed by the fifth plasma circulation step in which the blood-collection is temporarily
suspended and the centrifugal separator drive unit 10 is activated to circulate the plasma contained in the plasma
collecting bag 25 to the centrifugal separator 20. In the fifth plasma collecting step using a boundary sensor, the weight
of the plasma bag is not detected.

Subsequent to the platelet collecting step and prior to the start of the blood returning step, the controller 13 of the
blood component collecting apparatus 1 according to this embodiment execules a buffy coat collecting step in which
the plasma circulation rate by means of the first liquid supply pump 11 is increased to exceed the final rate in the platelet
collecting step such that the buffy coat is released from the centrifugal separator 20 into a bufiy coat collecting bag 27.
The buffy coat coflecting step is not limited to the above-mentioned method. Alternatively it can be executed such that
the plasma circulation rate by means of the first liquid supply pump 11 is maintained at the final rate in the platelet
collecting step while decreasing the rotational speed of the rotor of the centrifugal separator 20. Further, the buffy coat
collecting step can be executed by increasing the plasma circulation rate by means of the first liquid supply pump to
exceed the final rate in the platelet collecting step while decreasing the rotational speed. of the rotor of the centrifugal
separator.

After completing the buffy coat collecting step, the first liquid supply pump 11 and a plurality of the flow path shutter
means are controlled such that the buffy coat returning step for returning the collected, buffy coat into the centrifugal
separator 20 is executed prior to the subsequent blood-collection step.

Specifically, an anticoagulant is added to the whole blood by a predetermined ratio (1/6 to 1/ 20, or specifically,
1/10 of the whole blood), and the resultant blood is fed to the centrifugal separator 20 through the first line 21 at a
predetermined rate (250 ml/min or less, preferably, 150 to 40 ml/min or less, or specifically, 60 ml/min or less). The
centrifugal separator 20 is rotated at a predetermined rotational speed (3000 to 8000 rpm, or preferably, 4700 to 4800
rpm) to separate the blood into components including plasma, buffy coat and red cells. The plasma that has overflowed
the centrifugal separator 20 is collected in the plasma collecting bag. At a time point when a predetermined amount
(10 to 150 ml, or preferably 20 to 30 ml) of plasma is collected, the blood supply is stopped. Then, the plasma is returned
to the centrifugal separator 20 through the first and second lines 21, 22 under predetermined conditions (at a rate
higher than that for blood-collection, i.e. 80 to 250 ml/min for 10 to 90 sec, or specifically, 200 ml/min for 30 sec. for
the first circulation, and 120 ml/min for 30 sec. for the second and subsequent circulation). Each time when the plasma
reaches a predetermined amount (not more than 150 ml collected as measured from the final circulation) before the
end of blood-collection, the plasma circulation is repeated. When the buffy coat in the centrifugal separator 20 reaches
a predetermined radius (specifically, 30 to 40 mm), the blood-collection is suspended and the plasma is returned to
the centrifugal separator 20 through the first and second lines 21, 22 under predetermined conditions (60 to 250 ml/
min for 10 to 80 sec, specifically, 120 to 140 ml/min for 30 sec.). Then, the whole blood added anticoagulant is fed
again under predetermined conditions (the amount of the collected blood : 0 to 2500/Hct% [ml], or specifically, 1200
to 1400/Hct% [ml]), after which the plasma is returned to the centrifugal separator 20 through the first and second lines
21, 22 under the predetermined conditions. The acceleration rate is increased stepwise under predetermined conditions
(stepwise acceleration ranging from 0.1 to 99 mli/min/sec, or specifically, 10 mi/min/sec) until the platelet collecting rate
reaches (60 to 250 ml/min, or actually, 200 ml/min). The platelets released irom the centrifugal separator 20 are then
collected in the platelet collecting bag 26. Further, after collecting the platelets, the blood circulation rate (at 60 to 250
ml/min., or specifically, 200 mi/min) is maintained while reducing the rotation of the centrifugal separator 20 (by about
100 to 300 rpm, or preferably down to 4500 to 4600 rpm). In this way, the released buffy coat is collected and supplied
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to the centrifugal separator 20 prior to the next blood-collection cycle. The buffy coat can alternatively be collected by
increasing the blood circulation rate to a predetermined level (not less than the platelel collecting rate, or preferably
60 to 250 ml/min., specifically, 205 mli/min.).

The blood coniponent collecting process (first platelet collecting operation) by the blood component collecting
apparatus 1 according to this embodiment will be explained with reference to Figs. 4, 5 to 10. In this embodiment, the
platelet collecting operation is repeated three times, and prior to the blood returning step, the buffy coat collecting step
is executed after each platelet collecting step other than the last one. Also, prior to the nexi blood-collection step, the
buffy coal returning step is performed to return the buffy coat to the centrifugal separator 20.

First, the third line 23 and the blood-collection needle 29 are primed with an anticoagulant and the needle is inserted
into the donor.

As shown in Fig. 5, a first plasma collecting step is executed in which the blood added anticoagulant is collected
by starting the first and second liquid supply pumps 11, 12 and a first predetermined amount of plasma obtained from
the blood is collected into the plasma collecting bag 25 by working the centrifugal separator drive unit 1.0

When the first blood-collection starts, the blood pump 11 starts collecting the blood at a predetermined rate (for
example, 60 mi/min). Atthe same time, the second pump constituting an anticoagulant pump supplies the anticoagulant
(for example, ACD-A solution) at a predetermined rate (for example, 1/10 of the blood pump rate). The blood drawn
frorn the donor is mixed with the ACD solution, flows through the first line 21, the chamber and the first flow path shutter
means B1, and enters the centrifugal separator 20. Al the above time point, the sixth flow path shutter means 86, the
fifth flow path shutter means 85, the second flow path shutter means 82, the third flow path shutter means 83 and the
seventh flow path shutter means 87 are closed. Meanwhile the first flow path shutter means 81 and the fourth flow
path shutter means 84 are open. When the blood added ACD is fed to the centrifugal separator 20, the sterilized air
that has stayed in the centrifugal separator 20 flows through the second line 22 and the flow path shutter means 84
into the platelet collecting bag 26. Simultaneously with the start of the blood-collection, the centrifugal separator 20
starts rotating at a predetermined speed (say, 4800 rpm) while being supplied with the blood added ACD. In the cen-
trifugal separator 20, therefore, the blood is centrifugally separated into a plasma layer, a buffy coat layer (BC layer)
and a red cell layer formed from the inside. When the blood added ACD is supplied in excess of (about 270 ml) the
capacity of the separator, the centrifugal separator 20 is completely filled with the blood, by which the plasma overflows
through the outlet of the centrifugal separator 20. The turbidity sensor 14 mounted on the second line 22 connected
to the outlet of the centrifugal separator 20 detects the change in the fluid flowing through the line from air to plasma.
The controller 13 thus closes the fourth flow path shutter means 84 in response to the detection signal of the turbidity
sensor 14 and opens the third flow path shutter means 83 to collect the plasma in the plasma collecting bag 25. The
weight of the plasma collecting bag 25 is preliminarily measured by the weight sensor 18, and the measurement value
has been applied to the controller 13. When the weight of the plasma collected in the plasma collecting bag 25 is
increased to a predetermined amount (for example, 10 to 150 g, or 20 g), the controller 13 closes the first flow path
shutter means 81 and opens the second flow path shutter means 82, Then the process proceeds to the first plasma
circulation step.

In the first plasma circulation step, the blood-collection is temporarily suspended and the centrifugal separator
drive unit 10 is activated, such that the plasma contained in the plasma collecting bag 25 is circulated to the centrifugal
separator 20.

Upon start of the first plasma circulation step, the controller 13 keeps the first flow path shutter means 81 closed
and the second flow path shutter means 82 opened, stops the ACD pump 12 and starts the blood pump 11 at a pre-
determined rate (60 to 250 ml/min, for example, 200 mli/min). The plasma collected in the plasma collecting bag 25
thus is fed through the second flow path shutter means 82 to the centrifugal separator 20 rotating at 4800 rpm. At the
same time, the plasma flowing from the centrifugal separator 20 enters the plasma collecting bag 25 through the
turbidity sensor 14 and the third flow path shutter means 83. With the lapse of a predetermined length of time (10 to
90 sec, for example, 30 sec) from the start of the first plasma circulation step, the controller 13 closes the second flow
path shutter means 82, opens the first flow path shutter means B1, and proceeds to the second plasma collecting step.
The first plasma circulation step is executed preferably at the flow rate of 60 ml/min or more for at least 10 seconds.

In the second plasma collecting step, the first and second liquid supply pumps 11, 12 are started to collect the
blood added anticoagulant, and the centrifugal separator drive unit 10 is activated to collect the plasma until the col-
lected amount in the plasma collecting bag 25 reaches a second predetermined amount that is larger than the first
predetermined amount (by 10 to 150 g).

Specifically, the blood pump 11 is activated to collect the blood at a predetermined rate (for example, 60 ml/min).
Al the same time, the second pump constituting an anticoagulant pump supplies the coagulant (for example, ACD-A
solution) at a predetermined rate (say, 1/10 of the rate of the blood pump). The blood drawn from the donor is mixed
with the ACD solution, and flows into the centrifugal separator 20 rotating at a predetermined speed (say, 4800 rpm)
for collecting the plasma in the plasma collecting bag 25. The weight of the plasma collecting bag 25 is measured by
the weight sensor 16 and applied to the controller 13. When the weight of the plasma collected in the plasma collecting
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bag 25 reaches the second predetermined amount (10 to 150 g larger than the first predetermined amount, or specii-
ically, the second predetermined amount may be set to 50 g), the controller 13 closes the first flow path shutter means
81, opens the second flow path shutter means 82, and proceeds lo the second plasma circulation step.

In the second plasma circulation step, the blood-collection is temporarily suspended and the centrifugal separator
drive unit 10 is activated to circulate the plasma in the plasma collecting bag 25 to the centrifugal separator 20. In the
process, the blood pump operates at a predetermined rate lower than that in the first plasma circulation step, for
example, at 120 mli/min for about 30 sec. The second plasma circulation is preferably conducted at a rate ranging from
60 to 250 ml/min for 10 to 90 seconds. In other words, the second plasma circulation is conducted preferably at the
rate of at least 60 ml/min for not shorter than ten seconds.

Subsequent to the second plasma circulation step, the third plasma collecting step is executed for collecting the
blood added anticoagulant. At the same time, the centrifugal separator drive unit 10 is activated to collect the plasma
until the collected amount of the plasma in the plasma collecting bag 25 reaches a third predetermined amount that is
larger than the second predetermined amount (by 10 to 150 g, or specifically, the third predetermined amount may be
sel to 80 g).

In the third plasma collecting step, the first liquid supply pump 11 starts blood-collecting at a predetermined rate
(say, 60 ml/min). In the process, the second pump constituting an anticoagulant pump supplies an anticoagulant (such
as the ACD-A solution) at a predetermined rate (say, 1/10 of the rate of the blood pump). The blood drawn from the
donor is mixed with the ACD solution, and flows into the centrifugal separator 20 rotating at a predetermined speed
(say, 4800 rpm) for collecting the plasma in the plasma collecting bag 25. The weight of the plasma collecting bag 25
is measured by the weight sensor 16, and the weight signal representing the measurement is applied to the controller
13. Therefore, when the weight of the plasma collected in the plasma collecting bag 25 reaches the third predetermined
amount, the controller 13 closes the first flow path shutter means 81, opens the second flow path shutler means 82,
and proceeds to the third plasma circulation step.

In the third plasma circulation step, the blood-collection is temporarily suspended and the centrifugal separator
drive unit 10 is activated to circulate the plasma in the plasma collecting bag 25 to the centrifugal separator 20. The
blood pump is operated at a predetermined rate lower than that in the first plasma circulation step, say, at 120 ml/min
for about 30 sec. The third plasma circulation is preferably performed at a rate ranging from 60 to 250 mi/min for 10
to 90 seconds. In other words, the third plasma circulation is preferably executed at the rate of at least 60 ml/min for
not shorter than 10 seconds.

Upon completion of the third plasma circulation step, a fourth plasma collecting step is executed. In this step, the
blood added anticoagulant is collected and the centrifugal separator drive unit 10 is activated to collect the plasma
until the collected amount of the plasma in the plasma collecting bag 25 reaches a fourth predetermined amount (10
to 150 g larger than the third predetermined amount, or specifically the fourth predetermined amount may be set to
120 g) larger than the third predetermined amount.

Specifically, the first liquid supply pump 11 is activated to start blood-collection at a predetermined rate (say, 60
ml/min). At the same time, the second pump constituting an anticoagulant pump supplies an anticoagulant (such as
the ACD-A solution) at a predetermined rate (for example, 1/10 of the blood pump rate, for example). The blood supplied
from the donor is mixed with the ACD solution and flows into the centrifugal separator 20 rotating at a predetermined
speed (say, 4800 rpm), by which the plasma is collected in the plasma collecting bag 25. The weight of the plasma
collecting bag 25 is measured by the weight sensor 16, and the weight signal representing the weight measurement
is applied to the controller 13. As a result, when the weight of the plasma collected in the plasma collecting bag 25
reaches the fourth predetermined amount, the controller 13 closes the first flow path shutter means 81, opens the
second flow path shutter means 82, and proceeds to the fourth plasma circulation step.

In the fourth plasma circulation step, the blood-collection is temporarily suspended and the centrifugal separator
drive unit 10 is activated to circulate the plasma in the plasma collecting bag 25 to the centrifugal separator 20. In the
process, the blood pump is activated at a predetermined rate lower than that in the first plasma circulation step, say,
at 120 mi/min for about 30 sec. The fourth plasma circulation is preferably conducted at a rate of 60 to 250 ml/min for
about 10 to 90 seconds. In other words, the fourth plasma circulation is preferably performed at a rate of at least 60
ml/min for at least ten seconds.

Upon completion of the fourth plasma circulation step, a fifth plasma collecting step is executed to collect the blood
added anticoagulant. The centrifugal separator drive unit 10 is activated to collect the plasma in the plasma collecting
bag 25. Specifically, the first liquid supply pump 11 starts blood-collection at a predetermined rate (say, 60 ml/min). At
the same time, the second pump constituting the anticoagulant pump supplies an anticoagulant (such as the ACD-A
solution) at a predetermined rate (say, 1/10 of the blood pump rate), The blood drawn from the donor is mixed with the
ACD solution and flows into the centrifugal separator 20 rotating at a predetermined speed (say, 4800 rpm), by which
the plasma is collected in the plasma collecting bag 25. Normally, when the optical sensor 15 detects the buffy coat
layer in the separator accompanied with the increase in the amount of the plasma in the bag, the detection signal is
applied to the controller 13, which in turn closes the first flow path shutter means 81 and opens the second flow path
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shutter means 82. Then the process proceeds to a fifth plasma circulation step. In the fifth plasma collecting step, the
plasma continues to be collected until the buffy coat (BC boundary : the boundary between the plasma layer and the
buffy coal layer) is detected by the sensor. In the apparatus according to this embodiment, as shown in the flowcharts
of Figs. 5, 7, 9, the BC boundary is detected in the first to fourth plasma collecting steps. Upon detection of the BC
boundary in the first to fourth plasma collecting steps, the plasma collecting operation is suspended, and the process
proceeds to what apparently is assumed to be a fifth plasma circulation step (not actually the fifth circulation step but
the final circulation step).

In the fifth plasma circulation step (final plasma circulation step), the blood-collection is temporarily suspended
and the centrifugal separator drive unit 10 is activaied to circulate the plasma in the plasma collecting bag to the
centrifugal separator 20. The blood pump operates at a predetermined rate of, for example, 120 ml/min for 30 sec.
The fifth plasma circulation is performed at a rate of 60 to 250 ml/min for 10 to 90 seconds, and preferably at a rate of
at least 60 ml/min for not less than 10 seconds. Subsequent to this circulation step, the process proceeds to the program
referred to as@in Fig. 6 to perform the blood-collection for boundary adjustment.

As shown in Fig. 6, the blood-collection step for boundary adjustment can be regarded as a step of collecting a
small amount of plasma. In this step, in order to keep the position of the bufly coat layer constant irrespective of the
donor in the subsequent platelet collecting step, the blood is collected such that only a predetermined amount of red
cells is obtained. The amount of supplied red cells is defined as the value derived from dividing the collected amount
of blood by the hematocrit value of the donor. Practically about 12 ml of the blood is collected. This blood-collection is
also started at a predetermined rate (say, 60 mi/fmin) by the first liquid supply pump 11. In the process, the second
pump constituting the anticoagulant pump also supplies an anticoagulant (such as the ACD-A solution) at a predeter-
mined rate (for example, 1/10 of the blood pump rate, for example). The blood collected from the donor is mixed with
the ACD solution and flows into the centrifugal separator 20 rotating at a predetermined speed (say, 4800 rpm) to
collect a small amount of plasma. The controller 13 calculates the blood collecting time based on the set collection
amount and the pump rate, and terminales the blood-collection when the blood collecting time expires. Then the con-
troller 13 closes the first flow path shutter means 81, opens the second flow path shutter means 82, and proceeds to
a platelet collecting step.

Upon completion of the above-mentioned steps, the platelet collecting step is executed to accelerate the plasma
circulation rate by the first liquid suppled pump 11. Then platelets are released from the centrifugal separator 20 and
collected in the platelet collecting bag 26. The platelet collecting step is also known as the acceleration step. In this
step, the controller 13 activates the blood pump so as to accelerate the blood pump from the same rate as that in the
fourth circulation step to 200 ml/min stepwise by 10 ml/min at a predetermined time interval (say, every one second).
When the rate reaches 200 ml/min, it is maintained until completion of the platelet collecting step.

Upon start of the platelet collecting step, the turbidity of the liquid passing through the turbidity sensor 14 is detected
and output as a voltage value by the sensor. The output signal is applied to the controller 13, When the blood pump
rate increases to reach a rate ranging from about 160 to 200 mi/min, the platelets contained in the buffy coat layer that
have stayed in the centrifugal separator 20 is released. Accompanied with the release of the platelets, the turbidity
value of the liquid passing through the turbidity sensor 14 becomes high. At a time point when the voltage output of
the sensor drops by 0.2 V, the third flow path shutter means 83 is closed and the fourth flow path shutter means 84 is
opened. Thus the platelet-rich plasma released from the centrifugal separator 20 is collected in the platelet collecting
bag 26. The voltage output from the turbidity sensor 14 is converted into the platelet concentration by the controller
13 to calculate the platelet concentration in the platelet collecting bag 26 during the platelet collecting operation. The
platelet concentration in the platelet collecting bag 26 drops after reaching a maximum value. At a time point when it
is detected that the maximum concentration is reached, the platelet collecting step is completed and the process pro-
ceeds to the buffy coat collecting step.

Upon completion of the platelet collecting step, the buffy coat collecting step is executed. In this step, the controller
13 closes the fourth flow path shutter means 84 and opens the fifth flow path shutter means 85. The plasma in the
plasma collecting bag 25 is fed to the centrifugal separator 20 by the blood pump 11. At the same time, the liquid that
has been released from the centrifugal separator 20 (the buffy coat layer portion that has flowed out) flows into the
buffy coat collecting bag 27. In the buffy coat collecting step, the final rate of the blood pump in the platelet collecting
step is maintained and the rotational speed of the centrifugal separator is decreased to 4600 rpm. As a resuit, the buify
coal is released from the centrifugal separator 20 and collected in the buffy coat collecting bag 27. At a time point when
the amount of the collected buffy coat reaches the value calculated based on the hematocrit value of the donor and
the amount of platelet supplied from the donor, the blood pump 11 is stopped and all the valves are closed. Thus the
centrifugal separator 20 stops rotating to complete the buffy coat collecting step.

Then, the blood returning step is executed for returning the blood in the centrifugal separator 20. The controller
13 rotates the blood pump 11 in reverse direction, opens the first flow path shutter means 81, and returns the red cell
layer remaining in the centrifugal separator 20 to the donor through the first line 21.

Thus, the first (initial) platelet collecting operation is completed.
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Then, the process proceeds to the second platelet collecting operation as shown in Fig. 7.

First, referringto Fig. 7, the buffy coat returning step is executed, in which the buffy coat collected in the first platelet
collecting step is returned to tire centrifugal separator 20 prior to the next blood-collection step. Once the process
proceeds to the buify coat returning step, the controller 13 rotates the centrifugal separator 20 at a predetermined
rotational speed (say, 4800 rpm), opens the fifth flow path shutter means 85 and the fourth flow path shutter means
84, and starts the blood pump 11 at a predetermined rate (default value : 100 mi/min). The buffy coat contained in the
buffy coat collecting bag 27 is fed through the fifth flow path shutter means 85 to the centrifugal separator 20, The air
in the centrifugal separator 20 is sent through the second line 22 and the fourth flow path shutter means 84 to the
platelet collecting bag 26. After rotating the blood pump 11 to collect the set amount of the buffy coat, the buffy coat
returning step is completed.

The process proceeds to the program referred to as(@shown in Fig. 8 after completion of the first plasma collecting
step, the first plasma circulation step, the second plasma collecting step, the second plasma circulation step, the third
plasma collecting step. the third plasma circulation step, the fourth plasma collecting step, the fourth plasma circulation
step. the fifth plasma collecting step and the fifth plasma circulation step, followed by the blood-collection step for
boundary adjustment, the platelet collecting step, the buffy coat collecting step and the blood returning step to complete
the second platelet collecting operation.

Now, explanation will be given with respect to the last platelet collecting operation as shown in Fig. 9. In this
embodiment, the third operation is assumed to be the last one. However, the fourth or subsequent platelet collecting
operation may be the last one as far as the equal effects can be obtained. Each of these platelet collecting operations
except the last one is identical to the second platelet collecting operation (Figs. 7 and 8).

First, as shown in Fig. 9, the buffy coat retuming step is executed. In this step, the buffy coat collected by the
second platelet collecting operation is returmned into the centrifugal separator 20 prior to the next blood-collection step.

When the process proceeds to the buffy coat returning step, the controller 13 rotates the centrifugal separator 20
at a predetermined rotational speed (say, 4800 rpm), opens the fifth flow path shutter means 85 and the fourth flow
path shutter means 84, and activales the blood pump 11 at a predetermined rate (default value : 100 ml/min). The buffy
coat contained in the buffy coat collecting bag 27 is passed through the fifth flow path shutter means 85 and supplied
to the centrifugal separator 20. The air in the centrifugal separator 20 is sent to the platelet collecting bag 26 through
the second line 22 and the fourth flow path shutter means 84. After rotation of the blood pump 11 to collect the set
amount of buffy coat, the buffy coat returning step is completed.

Then, the first plasma collecting step is executed in which the first and second liquid supply pumps 11, 12 are
started to collect the blood added anticoagulant, and the centrifugal separator drive unit 10 is activated to collect a first
predetermined amount of plasma obtained from the blood into the plasma collecting bag 25.

Upon start of the first blood-collection, the first liquid supply pump 11 starts blood-collection at a predetermined
rate (say, 60 ml/min). At the same time, the second pump constituting an anticoagulant pump supplies an anticoagulant
(such as the ACD-A solution) at a predetermined rate (say, 1/10 of the blood pump rate). The blood supplied from the
donor is mixed with the ACD solution, flows through the first line 21, the chamber and the first flow path shutter means
81 and into the centrifugal separator 20. In this process, the sixth flow path shutter means 86, the fifth flow path shutter
means 85, the second flow path shutter means 82, the third flow path shutter means 83 and the seventh flow path
shutter means 87 are closed. Meanwhile the first flow path shutter means 81 and the fifth flow path shutter means 85
are opened. When the blood added ACD is supplied to the centrifugal separator 20, the sterilized air that has already
been admitted into the centrifugal separator 20 flows through a line sensor and the fifth flow path shutter means 85
into the buffy coat collecting bag 27. Simultaneously with the start of the blood-collection step, the centrifugal separator
20 starts rotating at a predetermined speed (say, 4800 rpm). The centrifugal separator 20 is supplied with the ACD-
added blood during the rotation, such that the blood is centrifugally separated in the separator into, from the inside
thereof, a plasma layer, a buify coat layer (BC layer) and a red cell layer. When (about 270 ml of) the ACD-added blood
exceeding the capacity of the centrifugal separator is supplied, the centrifugal separator 20 is filled with the blood, and
the plasma overflows through the outlet of the centrifugal separator 20. The turbidity sensor 14 mounted on the second
line 22 connected to the outlet of the centrifugal separator 20 detects that the fluid flowing through the line has changed
from air to plasma. In response to the detection signal of the turbidity sensor 14, the controller 13 closes the fifth flow
path shutter means 85 and opens the third flow path shutter means 83 to collect the plasma in the plasma collecting
bag 25. The weight of the plasma collecting bag 25 is preliminarily measured by the weight sensor 16 and the weight
measurement signal is applied to the controller 13. As a result, when the weight of the plasma collected in the plasma
collecting bag 25 increases to a predetermined amount (say, 20 g), the controller 13 closes the first flow path shutter
means 81, opens the second flow path shutter means 82, and proceeds to the first plasma circulation step.

The process then proceeds to the program referred to as @in Fig. 10 after the above-menticned first plasma
circulation step, the second plasma collecting step, the second plasma circulation step, the third plasma collecting
step, the third plasma circulation step, the fourth plasma collecting step, the fourth plasma circulation step, the fifth
plasma collecting step and the fifth plasma circulation step, followed by the blood-collection step for boundary adjust-
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ment, the platelet collecting step and the blood returning step, thus completing the last platelet collecting operation.
Thedifference between the last and the second platelet collecting operations is that different bags are used for admitting
the air in the first plasma circulation step, and the blood is returned without executing the buffy coat collecling step in
the last platelet collecting operation.

It is known that in a particle suspension, the apparent viscosity of a particle suspension increases accompanied
with the increase in the particle concentration. The increased viscosity reduces the difference in sedimentation velocity
between particles having different specific gravity or specific size. When this fact is applied to the platelet collecting
step, it follows that an increased viscosity of the particle suspension in the centrifugal separator 20 increases the
probability that the white cells having higher specific gravity or specific size than that of the platelets flow out together
with the platelets. During the blood-collection, the centrifugal separator 20 is rotating and the centrifugal force is con-
stantly applied to the blood components in the centrifugal separator 20. Each blood component in the centrifugal sep-
arator 20, therefore, is progressively concentrated by the centrifugal force. As viewed from outside of the separator,
therefore, as shown in Fig. 3, the blood is separaled into a red cell layer, a buffy coat layer and a plasma layer. The
size of particles in each layer is sequentially reduced along the direction from the outside to inside.

A plurality of what is called cake layers are formed in the centrifugal separator 20. These cake layers are steadily
compressed. The newly incoming whole blood flows from the cake layer formed by the outermost cells, which are
trapped in the cake layer. Meanwhile the other components are passed to the buffy coat layer and the plasma layer.
In the case where the cell cake layers and the buffy coat cake layer are excessively compressed, however, the gap
between fine particles in each layer is reduced. This often leads to the phenomenon where platelets are trapped in the
cell cake layer of the buffy coat cake layer. The collecting efficiency of the platelets is, thus, expected to be deteriorated.

According to this invention, however, the plasma collecting step is divided into a plurality of steps and therefore
the time length of each plasma collecting step can be shortened. The cake layers, therefore, are compressed more
slowly. In addition, since a plurality of plasma circulation steps are provided, only the plasma components free of cells
enter the centrifugal separator 20 and pass through the cell cake layer and the buify coat, cake layer within a short
time. The cell cake layer and the buffy coat cake layer are thus expanded, and it is expected thal the compression, if
any, of the cake layers is eliminated. Consequently, the excessive compression of the cell cake layer and the buffy
coal cake layer is suppressed, so that less platelets are considered to be trapped in the cell cake layer or the buffy
coal cake layer.

EXAMPLES

An apparatus having a circuit configuration as shown in Fig. 4 provided with two pumps including an ACD pump
and a blood pump 11 was fabricated, and the platelet collecting performance was compared between the two pumps.
A comparison test was conducted on the same donor at an interval of two weeks or longer. An evaluated operation
flow was compared as below (n =2 examples). The number of platelets and the number of white cells of the concentrated
plasma containing platelets thus obtained was measured by Sysmex (R)NE-8000. The lower limit of WBC measurement
for Sysmex is 0.1 x 102 [cells/muL]. For the samples with WBC lower than the lower limit of measurement, therefore,
the Nageotte [1:9] method was used for the measurement. In this example, 40 ml of the platelet was collected.

(Example)

The platelet collecting operation was conducted three times using the aforementioned method. The blood-collection
rate was 60 ml/min, a first circulation after the total amount of plasma has reached 20 g was conducted under the
conditions of 200 ml/min for 30 seconds, a second circulation after the total amount of plasma has reached 50 g was
conducted at the rate of 120 ml/min for 30 seconds, a third circulation after tire total amount of plasma has reached
80 g was conducted at the rate of 120 ml/min for 30 seconds, a fourth circulation after detection of a buffy coat layer
by an optical sensor was conducted at the rate of 120 ml/min for 30 seconds. The platelets were collected under
conditions of the acceleration rate of 10 ml/min/sec and the rate of 200 ml/min up to a predetermined concentration,
and the buffy coat was collected at the rate of 205 ml/min up to 40 ml. In the second and third platelet collecting
operations, the buffy coal was returned to the centrifugal separator prior to the blood-collection. In the third platelet
collecting operation, no buffy coat was collected.

(Comparative Example)
The same apparatus as that used in the above-mentioned embodiment was employed. The platelet collecting
operation was performed three times, each of which was conducted under the following conditions. Specifically, the

blood-collection rate was set to 60 mli/min, and after detection of the buffy coat layer by the optical sensor, the first
circulation was conducted at the rate of 120 ml/min for 3 seconds and the second circulation was conducted at the
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rate of 75 ml/min for 27 seconds. The platelets were collected at the acceleration rate of 8 ml/min/sec up to 50 % of
the maximum platelet concentration.

The platelet concentration and the white cell concentration of the plasma with concentrated platelets thus collected
in the embodiment and the reference are as follows:

Table 1
Platelet concentration [cells/mul]
Ex. 1 Ex. 2
Example 160.1 x 104 128.0 x 104
Comparative Example 130.1 x 104 123.0 x 104
Table 2
White cell concentration [cells/mul]
Ex. 1 Ex. 2
Embodiment 0.4x107 0.4x102
Comparative Example 0.6 x 102 0.9x 102

The blood component collecting apparatus according to this invention is provided with only two pumps, which can
be reduced in size. The blood-collection is temporarily suspended in a given platelet collecting operation and the plasma
recirculation step for recirculating the collected plasma in the centrifugal separator is executled at least twice. Therefore,
the cell layer and the buffy coat layer are prevented from being excessively compressed in the centrifugal separator.
It is therefore possible to produce a platelet-contained liquid (the plasma containing concentrated platelets) with a
lesser amount of white cells mixed in and exhibiting high platelet collecting efficiency.

Further, the blood component collecting circuit including a cassette housing according to the invention can be
readily mounted on a blood component collecting apparatus, leading to quick preparatory work. Also, the blood com-
ponent collecting circuit can be effectively used for tire blood component collecting apparatus which executes the
above-mentioned plasma recirculation step.

Claims
1. A blood component collecting apparatus comprising

a blood component collecting circuit including:

a centrifugal separator having a rotor having an internal blood storage space, an inlet and an outlet commu-
nicating with said blood storage space for centrifugally separating the blood introduced therein through said
inlet by rotation of said rotor;

a first line for connection between a blood-collection needle or a blood-collection unit connector and said inlet
of said centrifugal separator;

a second line connected to said outlet of said centrifugal separator;

a third line connected to said first line for injecting an anticoagulant;

a plasma collecting bag having a first tube connected to a middle point of said first line and a second tube
connected to said second line; and

a platelet collecting bag connected to said second line;

said blood component collecting apparatus further comprising a centrifugal separator drive unit for rotating
said rotor of said centrifugal separator, a first liquid supply pump for said first line arranged at a position of
said first line between said centrifugal separator and a connecting portion for connecting said first tube to said
first line, a second liquid supply pump for said third line, a plurality of flow path shutter means for opening/
closing the flow paths of said blood compaonent collecting circuit; and a controller for controlling said centrifugal
separator drive unit, said first liquid supply pump, said second liquid supply pump and said plurality of flow
path shutter means;

wherein said controller controls said centrifugal separator drive unil, said first liquid supply pump, said second
liquid supply pump and said plurality of flow path shuller means so as lo execule a platelel collecling operaltion
which includes at least twice of plasma collecting-circulation steps including a plasma collecting step for col-
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lecting blood added anticoagulant by starting said first and second liquid supply pumps and collecting said
plasma obtained from said blood in said plasma collecting bag by activating said centrifugal separator drive
unit and a plasma circulation step for temporarily suspending blood-collection subsequent to said plasma
collecting step and circulating said plasma contained in said plasma collecting bag to said centrifugal separator
by activating said centrifugal separator drive unit, subsequent to said plasma collecting-circulation steps, a
platelet collecting step for collecting platelet released from said centrifugal separator into said platelet collecting
bag by accelerating a plasma circulation rate by said first liquid supply pump; and to execute a blood returning
step, subsequent tosaid platelet collecting step, for returning said blood contained in said centrifugal separator.

The blood component collecting apparatus according to claim 1, wherein said controller executes said plasma
collecting-circulation step at least three times.

The blood component collecting apparatus according to claim 1 or 2, wherein said a platelet collecting operation
which includes a small plasma collecting step for boundary adjustment, subsequent to said plasma collecting-
circulation steps and prior to said platelet collecting step, wherein said controller executes said small plasma col-
lecting step for collecting the blood added anticoagulant by starting said first and second liquid supply pumps and
collecting a predetermined amount of plasma obtained from the blood in said plasma collecting bag by activating
said centrifugal separator drive unit.

The blood component collecting apparatus according to any one of claims 1 to 3, wherein said controller executes
afirst plasma collecting-circulation step including a first plasma collecting step for collecting blood containing added
anticoagulant by starting said first and second liquid supply pumps and collecting a first predetermined amount of
plasma obtained from said blood in said plasma collecting bag by activating said centrifugal separator drive unit
and a first plasma circulation step, subsequent to said first plasma collecting step, for temporarily suspending
blood-collection and circulating said plasma contained in said plasma collecting bag to said centrifugal separator
by activating said centrifugal separator drive unit; and a second plasma collecting-circulation step including a
second plasma collecting step for collecting blood containing added anticoagulant by starting said first and second
ligquid supply pumps and collecting plasma by activating said centrifugal separator drive unit until an total amount
of plasma contained in said plasma collecting bag reaches a second predetermined amount and a second plasma
circulation step, subsequent to said second plasma collecting step, for temporarily suspending blood-collection
and circulating said plasma contained in said plasma collecting bag to said centrifugal separator by activating said
centrifugal separator drive unit.

The blood component collecting apparatus according to claim 4, wherein said controller executes a third plasma
collecting-circulation step including a third plasma collecting step, subsequent to said second plasma collecting-
circulation step, for collecting blood containing added anticoagulant by starting said first and second liquid supply
pumps and collecting said plasma by activating said centrifugal separator drive unit until an total amount of said
plasma contained in said plasma collecting bag reaches a third predetermined amount, and a third plasma circu-
lation step, subsequent to said third plasma collecting step, for temporarily suspending blood-collection and cir-
culating said plasma contained in said plasma collecting bag to said centrifugal separator by activating said cen-
trifugal separator drive unit.

The blood component collecting apparatus according to claim 5, wherein said controller executes a fourth plasma
collecting-circulation step including a fourth plasma collecting step, subsequent to said third plasma collecting-
circulation step, for collecting bloed containing added anticoagulant by starting said first and second liquid supply
pumps and collecting said plasma by activating said centrifugal separator drive unit until an total amount of said
plasma contained in said plasma collecting bag reaches a fourth predetermined amount, and a fourth plasma
circulation step, subsequent to said fourth plasrma collecting step, for temporarily suspending blood-collection and
circulating said plasma contained in said plasma collecting bag to said centrifugal separator by activating said
centrifugal separator drive unit.

The blood component collecting apparatus according to claim 6, wherein said controller executes a fifth plasma
collecting-circulation step including a fifth plasma collecting step, subsequent to said fourth plasma collecting-
circulation step, for collecting blood containing added anticoagulant by starting said first and second liquid supply
pumps and collecting said plasma in said plasma collecting bag by activating said centrifugal separator drive unit,
and a fifth plasma circulation step, subsequent to said fifth plasma collecting step for temporarily suspending blood-
collection and circulating said plasma contained in said plasma collecting bag to said centrifugal separator by
activating said centrifugal separator drive unit.
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The blood component collecting apparatus according to any one of claims 1 to 7, further comprising a weight
sensor for measuring the weight of said plasma collecting bag.

The blood component collecting apparatus according to any one of claims 1 to 8, wherein said controller controls
said centrifugal separator drive unit, said first liquid supply pump, said second liquid supply pump and a plurality
of said flow path shutter means such that said platelet collecting operation is performed at least twice.

The blood component collecting apparatus according to any one of claims 1 to 9, wherein said blood component
collecting circuit includes a buffy coat collecting bag connected to said second line, wherein subsequent to said
platelet collecting step and prior to said blood returning step, said controller executes a buffy coat collecting step
for increasing the plasma circulation rate by said first liquid supply pump to a level higher than the final rate in said
platelet collecting step and releasing the buffy coat from said centrifugal separator into said buffy coat collecting
bag.

The blood component collecting apparatus according to any one of claims 1 to 9, wherein said blood component
collecting circuit includes a buffy coat collecting bag connected to said second line, wherein subsequent to said
platelet collecting step and prior to said blood returning step, said controller executes a buffy coat collecting step
for increasing the plasma circulation rate by said first liquid supply pump to a level equal to or higher than the final
rate in said platelet collecting step while reducing the rotational speed of the rotor of said centrifugal separator to
release the buffy coat from said centrifugal separator into said buffy coat collecting bag.

The blood component collecting apparatus according to claim 10 or 11, wherein said controller controls said first
liquid supply pump and a plurality of said flow path shutter means to execute a buffy coat returning step for returning
the collected buffy coat into said centrifugal separator prior to the next blood-collection step in the case where the
platelet collecting operation is further executed subsequent to said buffy coat collecting step.

A blood component collecting circuit comprising:

a centrifugal separator having an inlet and an outlet;

a blood-collection needle or a blood-collection unit connector;

afirst line having a first pump tube for connection between said blood-collection needle or said blood-collection
unit connector and the inlet of said centrifugal separator;

a second line connected to the outlet of said centrifugal separator;

a third line having a second pump tube connected to a portion near said blood-collection needle or said blood-
collection unit connector of said first ling;

a plasma collecting bag having a first tube connected to a portion of said first line between said blood-collection
needle or said blood-collection unit connector and said first pump tube and a second tube connected to said
second line;

a platelet collecting bag having a third tube connected to said second line; and

a casselte housing for partially containing and partially holding said first line, said second line, said third line,
said first tube, said second tube and said third tube;

wherein said first pump tube and said second pump tube are fixed on said cassette housing so as to extend
therefrom;

wherein said cassette housing includes a first opening for exposing the portion of said first line between said
blood-collection needle or said blood-collection unit connector and said first pump tube and capable of being
intruded by a flow path shutter means, a second opening for exposing said first pump tube and capable of
being intruded by a flow path shutter means, a third opening for exposing said second tube and capable of
being intruded by a flow path shulter means, a fourth opening for exposing said third tube and capable of
being intruded by a flow path shutter means, a fifth opening for exposing the portion of said second line between
said centrifugal separator and a connecting portion for connecting said fourth tube to said second line and
capable of being intruded by a flow path shutter means,

The blood component collecting circuit according to claim 13, wherein said second line is connected to said first
line, and said cassette housing includes a sixth opening for exposing a portion of said second line between a
connecting portion to said first line and said connecting portion of said fourth tube and capable of being intruded
by a flow path shutter means.

15. The blood component collecting circuit according to claim 14, further comprising a fourth line connected to said
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second line, wherein said cassette housing partially contains and partially holds said fourth line and includes a
seventh opening for exposing said fourth line and capable of being intruded by a flow path shutter means.
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Fig. 6
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Fig. 8
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(54) Centrifugation bowl with filter core
(57)  Acentrifugation bow! for separating blood prod-
ucts, includes a cylindrical filter core disposed within the
bowl preferably coaxial with the bowl and preferably ro-
tating with the bowl. The centrifugation bowl (214) in-
cludes a rotating bowl! body (302) with a clesed bottom
(306) and defining an enclosed separation chamber
(304). The filter core (328) includes a filter membrane
(330) that is sized 1o block at least white blood cells, but
to allow plasma to pass through. The filter core is gen-
erally arranged within the separation chamber such that
plasma is forced to pass through the filter core radially
inwards before being removed from the centrifugation
bowl. To this end. the filter core includes at its bottom
portion a truncated conical portion (332) converging
downwardly and ending at a predetermined height
above the bowl bottom. The addition of the filter core
provides an efficient, low-cost method for recovering a
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Description

FIELD OF THE INVENTION

tained through a process called apheresis in which
whole blood is transported directly from the donor to a
blood processing machine that includes an enclosed,
rotating centrifuge bowl for separation of the blood. With

[0001] The invention relates to centrifugation bowls & this methed, only the desired blood component is col-
for separating blood components and other similar flu- lected The remaining components are retumed directly
ids. More specifically, the present invention relates to a o the donor, often allowing greater volumes of the de-
centrifugation bow! having a filter core for use in recov- sired component to be collected. For example, with plas-
ering filtered plasma fraction from whole blood. mapheresis, whole blood from the donor is transported
10 tothe bowl where it is separated inlo its constituent corn-
BACKGROUND OF THE INVENTION ponents. The plasma is then removed from the bowl and
transported to a separate collection bag, while the other
[0002] Human blood predominantly includes three components (e.qg., red blood cells and white blood cells)
types of specialized cells (i.e., red blood cells, white are retumed directly to the donor.
blood cells, and platelets) that are suspended inacom- 15 [0006] Fig. 1 is a block diagram of a plasmapheresis
plex agueous solution of proteins and other chemicals system 100 with an added filtration step. The system
called plasma. Although in the past blood transfusions 100 includes a disposable harness 102 that is loaded
have used whole blood, the current trend is to collect onto a blood processing machine 104. The harness 102
and transfuse only those blood components or fractions includes a phlebotomy needle 108 for withdrawing blood
required by a particular patient. This approach pre- 20 from a donor's arm 108, a container of anti-coagulant
serves the available blood supply and in many cases is solution 110, a temporary red blood cell (RBC) storage
better for the patient, since the patient is not exposed to bag 112, a centrifugation bowl 114, a primary plasma
unnecessary blood components, especially white blood collection bag 116 and a final plasma collection bag 118.
cells. which can transmit pathogens. Two of the more An inlet line 120 couples the phlebotomy needle 106 to
common blood fractions used in transfusions are red 25 an inlet port 122 of the bowl 114, and an outlet line 124
blood cells and plasma. Plasma transiusions, in partic- couples an outlet port 126 of the bowl 114 to the primary
ular, are often used to replenish depleted coagulation plasma collection bag 116 The blood processing ma-
factors. Indeed, in the United States alone, approxi- chine 104 includes a controller 130, a motor 132, a cen-
mately 2 million plasma units are transfused each year trifuge chuck 134, and two peristaltic pumps 136 and
Collected plasma is also pooled for fractionation into its 30 138. The controller 130 is operably coupled to the two
constituent components, including proteins, such as pumps 136 and 138, and to the motor 132, which, in
Factor VIII, albumin, immune serum globulin, etc. turn, drives the chuck 134.
[0003] Individual blood components, including plas- [0007] In operation, the inlet line 120 is fed through
ma. can be obtained from units of previously collected the first peristaltic pump 136 and a feed line 140 from
whole blood through "bag" centrifugation. With this 35 ihe anti-coagulant 110, which is coupled to the inlet line
methed, a unit of anti-coagulated whole blood contained 120, is fed through the second peristaltic pump 138. The
in a plastic bag is placed into a lab centrifuge and spun centrifugalion bowl 114 is also inserted into the chuck
at very high speed, subjecting the blood to many times 134. The phlebotomy needle 106 is then inserted into
the force of gravity. This causes the various blood com- the donor's arm 108 and the controller 130 activates the
ponents to separate into layers according to their den- 40 iwo peristaltic pumps 136, 138, thereby mixing anti-co-
sities. In particular. the more dense components, such agulant with whole blood from the donor, and transport-
as red blood cells, separate from the less dense com- ing anti-coagulated whole blood through inlet line 120
ponents, such as white blood cells and plasma. Each of and into the centrifugation bowl 114, Controller 130 also
the blood components may then be expressed from the activates the motor 132 to rotate the bowl 114 via the
bag and individually collected. 45 chuck 134 at high speed. Rotation of the bowl| 114 caus-
[0004] U.S. Patent No. 4,871,482 discloses another es the whole blood to separate into discrete layers by
method for separating blood components. In particular, density. In particular, the denser red blood cells accu-
a filter includes a stationary cylindrical container that mulate at the periphery of the bowl 114 while the less
houses a rotatable, cylindrical filter membrane. The con- dense plasma forms an annular ring-shaped layer inside
tainer and the membrane are configured soas todefine 50 ofthe red blood cells. The plasma is then forced through
only a narrow gap between the side wall of the container an effluent port (not shown) of the bow! 114 and is dis-
and the filter membrane. Blood is then introduced into charged from the bowl's cutlet port 126, From here, the
this narrow gap. Rotation of the inner filter membrane plasma is transported by the outlet line 124 to the pri-
at sufficient speed generates what are known as Taylor mary plasma collection bag 116.
vortices in the fluid. The presence of Taylor vortices ba- 55 [0008] When all the plasma has been removed and
sically causes shear forces that drive plasma through the bowl 114 is full of RBCs, the centrifugation bowl is
the membrane and sweep red blood cells away stopped and the first pump 136 is reversed to transport
[0005] Specific blood components may also be ob- the RBCs from the bowl 114 to the temporary RBC col-
2
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lection bag 112. Once the bowl 114 is emptied, the col-
lection and separation of whole blood from the donor is
resumed. At the end of the process, the BRBCs in the
bowl 114 and in the temporary RBC collection bag 112

sage (324) including an outlet (224) disposed within the
separation chamber for extracting one or more blood
fractions from the bowl, and a filter core (328) disposed
within the separation chamber (304), the filter core hav-

are returned to the donor through the phlebotomy nee- &  ing a filter membrane (330) configured to block one or
dle 106. The primary plasma collection bag 116, which more types of residual cells contained within a first blood
is now full of plasma, may be removed from the harness fraction, the filter core cooperating with the outlet such
102 and shipped to a blood bank or hospital for subse- that the first blood fraction (348) passes through the filter
quent transfusion. membrane before reaching the outlet and being extract-
[0009] Despite the system's generally high separation 10 ed from the bowl.
efficiency, the collected plasma can nonetheless contain [0014] The invention also resides in a method for col-
some residual blood cells. For example, in a disposable lecting a plasma fraction from whole blood, the method
harness utilizing a blow-maolded centrifuge bowl from comprising the steps of supplying whole blood to a ro-
Haemonetics Corporation, of Braintree, Massachusetts, tating centrifugation bowl having a separation chamber;
USA, the collected plasma typically contains from0.1to 75 centrifugally separating the whole blood into a plurality
30 white blood cells and from 5,000 to 50,000 platelets of fractions, including a plasma fraction. inside the sep-
per micro-liter. This is due, at least in part, to the 8000 aration chamber; forcing the plasma fraction radially in-
rpm rotational limit of the bow!| 114 and the need o keep wards through a filter core disposed in the separation
the bowl's filling rate in excess of 80 milliliters per minute chamber to trap nonplasma material including any ex-
(ml/min.) to minimize the collection time, causing slight 20 traneous white blood cells, red blood cells and platelets;
re-mixing of blood components within the bowl. Further- and extracting filtered plasma from an inside region of
more, it is noteworthy that many countries continue to the filter core from within the centrifugation bowl.
reduce the permissible level of white blood cells and oth- [0015] In particular, the centrifugation bowl includes a
er residual cells thal may be present in their supply of rotating bowl body defining an enclosed separation
blood components. 25  chamber A stationary header assembly that includes an
inlet port for receiving whole blood and an outlet port
Discussion of System Not Found in the Prior Art from which a blood component may be withdrawn is
mounted on top of the bowl body through a rotating seal.
[0010] It has been suggested to install cne or more The inlet port is in fluid communication with a feed tube
filters, such as filter 142, to remove residual cells from 30 that extends into the separation chamber. The outlet
the collected plasma in a manner similar to the filtration port is in fluid communication with an effluent tube dis-
of collected platelets. Filter 142 may be disposed in a posed within the separation chamber of the bow| body
secondary outlet line 144 that couples the primary and The effluent tube includes an entryway at a first radial
final plasma collection bags 116, 118 together. After position relative to a central, rotating axis of the bowl. A
plasma has been collected in the primary plasma bag 35 generally cylindrical filter core is disposed inside the
118, a check valve (not shown) may be opened allowing separation chamber and mounted for rotation with the
plasma to flow through the secondary outlet line 144, bowl| body. The filter core is sized to block one or more
the filter 142, and into the final plasma collection bag residual cells, bul to allow plasma to pass through. The
118. filter core is generally arranged at a second radial posi-
[0011] Although it may produce a "purer" plasma 40 fion that is slightly outboard of the first radial position
product, the disposable plasmapheresis harmess includ- that defines the entryway to the effluent tube.
ing a separate filter element is disadvantageous for sev- [0016] A preferred embodiment is directed to A blood
eral reasons. In particular, the addition of a filter and an- processing centrifugation bowl for separating centri-
other plasma collection bag increase the cost and com- fuged whole blocd into blood fractions, the centrifuga-
plexity of the harness. Accordingly, an alternative sys- 45 tion bowl having an axis and comprising a bow!| body
tem that can efficiently produce a "purer" plasma frac- (302) rotatable about its axis and generally defining a
tion at relatively low cost is desired. substantially enclosed centrifugal separation chamber
and having a closed base portion; a passage including
SUMMARY OF THE INVENTION a plasma outlet disposed within the separation chamber
50 for plasma separated from the centrifuged whole blood
[0012] Briefly, the present invention is directed to a to be extracted as an effluent, said plasma outlet having
centrifugation bowl with a rotating filter core disposed an entrance located at a distance Ry, from the bowl| axis;
within the bowl, an inlet port (220) which brings in blood to be processed,
[0013] The invention in its broad form resides in a said inlet port including a feed tube member (316) ex-
blood processing centrifugal bowl for separating whole 55 tending substantially to a bottom portion of the bowl
blood into blood fractions, the bowl comprising a bowl body; a filter core having a filter membrane which will
body (302) rotatable about a central axis and defining a allow blood plasma to pass through but not nonplasma
generally enclosed separation chamber (304); a pas- malerial including white blood cells, red blood cells and
3
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platelets, said filter member having a circular cross sec-
tion disposed substantially coaxial with the centrifuga-
tion bowl axis, said filter membrane including at least a
portion which is of a truncated conical configuration with

tem in accordance with an embodiment of the
present invention;

Fig. 3 is a cross-sectional side view of the centrifu-
gation bow! of Fig. 2 illustrating the rotating filter

its tapered converging end facing downwards and end- core,;
ing at a predetermined height H above the base portion Figs. 4 is a cross-sectional side view of an alterna-
of the bowl body, said truncated conical configuration tive embodiment of the centrifugation bowl of the
having an upper end with an inside radius R,, where present invention;
Ry>R,. Fig. 5 is an isometric view of a preferred support
[0017] In operation, the bowl is rotated at high speed 10 structure for the filter core used in the present in-
by a centrifuge chuck. Anti-coagulated whole blood is vention; and
delivered to the inlet port, flows through the feed tube Fig. 6 is a cross-sectional side view of the support
and is delivered to the separation chamber of the bowl structure of Fig. 5.
body. Due to the centrifugal forces generated within the
separation chamber, the whole blood is separated into 75 DETAILED DESCRIPTION OF AN ILLUSTRATIVE
its discrete components. In particular, the denser red EMBODIMENT
blood cells form a first layer against the periphery of the
bowl body. Plasma, which is less dense than red blood [0020] Fig. 2. is a schematic block diagram of a blood
cells. forms an annular-shaped second layer inside of processing system 200 in accordance with the inven-
the first layer of red blood cells. As additional whole 20 tion. Systern 200 includes a disposable collection set
blood is delivered to the separation chamber, the annu- 202 that may be loaded onto a blood processing ma-
lar-shaped plasma layer closes in on and eventually chine 204. The collection set 202 includes a phlebotomy
contacts the rotating filter core. Plasma passes through needle 206 for withdrawing blood from a donor's arm
the filtering core, enters the entryway of the effluent tube 208, a container of anti-coagulant 210, such as AS-3
and is withdrawn from the bowl! through the outlet port. 25 from Haemonetics Corp., a temporary red blood cell
Any residual cells contained in the plasma layer are (RBC) storage bag 212, a centrifugation bow! 214 and
trapped on the outer surface of the filter core and thus a final plasma collection bag 216. An inlet line 218 cou-
cannot reach the entryway of the effluent tube, which is ples the phlebotorny needle 206 to an inlet port 220 of
inside of the filter core relative to the axis of rotation. the bowl 214, and an outlet line 222 couples an outlet
Accordingly, the plasma extracted from the centrifuga- 30 port 224 of the bowl 214 to the plasma collection bag
tion bowl of the present invention is generally free of re- 216. Afeed line 225 connects the anti-coagulant 210 to
sidual cells, eliminating the need for any downstream the inlet line 218. The blood processing machine 204
filter elements. includes a controller 226, a motor 228, a centrifuge
[0018] When all of the plasma has been extracted chuck 230, and two peristaltic pumps 232 and 234. The
from the bowl, leaving primarily a volume of red blood 35 controller 226 is operably coupled to the two pumps 232
cells in the separation chamber, the bowl is stopped. In and 234, and to the motor 228, which, in turn, drives the
the absence of the centrifugal forces, the red blood cells chuck 230.
simply collect in the bottom of the bowl. To prevent the [0021] A suitable blood processing machine for use
red blood cells from contacting the inner surface of the with the present invention is the PCS®2 System from
filter core, a solid skirt extends upwardly from the bottom 40  Haemonetics Corp., which is used to collect plasma.
of the filter core. The red blood cells may be withdrawn
from the stopped bow! through the feed tube and the Configuration of the Centriluge Bowl of the Present
"inlet" port. With the red blood cells evacuated from the Invention
bowl, the bowl may be rotated again. Subsequent rota-
tion of the bowl causes any residual cells that might have 45 [0022] Fig. 3 is a cross-sectional side view of the cen-
adhered to the outer surface of the filter core during the trifugation bowl 214 of a preferred embodiment of the
filter process to be flung off of the core, essentially present invention. Bowl 214 includes a generally cylin-
"cleaning” the filter core. Thus, the centrifugation bowl drical bowl body 302 defining an enclosed separation
is ready for any subsequent blood separation cycles. chamber 304. The bow! body 302 includes a base 308,
50 an open top 308 and a side wall 310. The bowl 214 fur-
BRIEF DESCRIPTION OF THE DRAWINGS ther includes a header assembly 312 that is mounted to
the top 308 of the bowl body 302 by a ring-shaped ro-
[0018] The invention description below refers to the tating seal 314, The inlet port 220 and outlet port 224
accompanying drawings, of which: are part of the header assembly 312. Extending from
55 the header assembly 312 into the separation chamber
Fig. 1, previously discussed, is a block diagram of 304 is a feed tube 316 that is in fluid communication with
a prior art plasmapheresis system; inlet port 220. The feed tube 316 has an opening 318
Fig. 2 is a block diagram of a plasmapheresis sys- that is preferably positioned proximate to the base 308
4
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of the bowl body 302 so that liquid flowing through the
feed tube 316 Is discharged at the base 306 of the bowl
body 302. The header assembly 312 also includes an
outlet, such as an effluent passage 320, that is disposed
within the separation chamber 304. The effluent pas-
sage 320 may be positioned proximate to the top 308 of
the bowl bedy 302. In the preferred embodiment, the ef-
fluent passage 320 is formed from a pair of spaced-apart
disks 322a, 322b that define a passageway 324 whose
generally circumferential entryway 326 is located at a
first radial position, R,, relative to a central, rotating axis
A-A of the bowl 214,

[0023] A suitable header assembly and bowl body for
use with the present invention are described in U.S. Pat-

ma passing through the membrane. The filter mem-
brane may also be formed from micro-porous mem-
branes of equal or unequal pore size preferably in the
range of 0.5 to 2.0 microns. The filter membrane may
also be a combination of affinity media and micro-po-
rous membranes, The filter core 328 may also include
two or more membrane layers of varying pore size or
affinity that are spaced-apart or stacked together. Pref-
erably, the pore size of such membrane layers succes-
sively decreases toward the entryway 326 of the effluent
tube 320. In addition, one or more layers of the filter
membrane may be formed from a non-woven media or
malerial.

ent No. 4,983,158. Nonetheless, it should be under- 75 Operation of the Present Invention
stood that other bowl configurations may be utilized.
[0024] Disposed within the separation chamber 304 [0027] In operation, the disposable collection set 202
of the bowl 302 is a filter core 328 having a generally (Fig. 2) is loaded onto the blood processing machine
cylindrical side wall 330. Side wall 330 is preferably dis- 204. In particular, the inlet line 218 is routed through the
posed at a second radial position, R, that is slightly out- 20 first pump 232 and the feed line 225 from the anti-coag-
board of the first radial position, Ry, which, as described ulant container 210 is routed through the second pump
above, defines the location of the entryway 326 to the 234. The centrifugation bowl 214 is securely loaded into
passageway 324. At a bottorn 330a of the side wall 330 the chuck 230, with the header assembly 312 held sta-
there is a first sloped section 332 that extends down- tionary. The phlebotomy needle 206 is then inserted into
ward toward base 306 and is inclined toward the axis A- 25 the donor's arm 208. Next, the controller 226 activates
A. Extending upwardly from the first sloped section 332 the two pumps 232, 234 and the motor 22€. Operation
is a solid skirt 334 that is also inclined toward the axis of the two pumps 232, 234, causes whole blood from
A-A. The skirt defines a circumference 336 opposite the the donor to be mixed with anti-coagulant from container
sloped section 332 that. in the preferred embodiment, 210 and delivered to the inlet port 220 of the bowl 214.
is spaced a height, H, from the base 306 of the bowl 30 Operation of the motar 228 drives the chuck 230, which,
body 302. The filter core 328 is preferably mounted for in turn, rotates the bow! 214. The anti-coagulated whole
rotation with the bowl body 302. In particular, an upper blood flows through the feed tube 316 (Fig. 3) and enters
portion of the filter core 328 opposite the skirt 334 may the separation chamber 304, Centrifugal forces gener-
be attached to the top 308 of the bowl body 302. ated within the separation chamber 304 of the rotating
[0025] Both the side wall 330 and the first sloped sec- 35 bowl 214 forces the blood against side wall 310. Con-
tion 332 of the filter core 328 are advantageously formed tinued rotation of the bow| 214 causes the blood to sep-
from or include a filter membrane that is sized to block arate into discrete layers by density. In particular, RBCs
one or more residual cells, such as least white blood which are the densest compaonent of whole blood form
cells. but to allow plasma to pass through. In the pre- a first layer 340 against the periphery of side wall 310.
ferred embodiment, the filter membrane has a pore size 40 The RBC layer 340 has a surface 342, Inboard of the
of 2 to 0.8 microns. A suitable filter membrane for use RBC layer 340 relative to axis A-A, a layer 344 of plasma
with filter core 328 is the BTS-5 membrane from United forms, since plasma is less dense than red blood cells.
States Filter Corp. of Palm Desert, California, USA or The plasma layer 344 also has a surface 346.
the Supor membrane from Pall Corp. of East Hills, New [0028] It should be understood that a buffy coat layer
York, USA. The filter membrane may be additionally or 45 (not shown) containing white blood cells and platelets
alternatively configured to block red blood cells, plate- may form between the layers of red blood cells and plas-
lets, different types of white blood cells and/or non-cel- ma.
|lular blood components. The skirl 334 which is solid may [0029] As additional anti-coagulated whole blood is
be formed from plastic. silicone or other suitable mate- delivered to the separation chamber 304 of the bowl
rial. Accordingly, none of the blood components, includ- 50 214, each layer 340, 344 "grows" and thus the surface
ing plasma, pass through the skirt 334 portion of the filter 346 of the plasma layer 344 moves toward the central
core 328, The skirt 334 may also be truly cylindrical and axis A-A. Al some point, the surface 346 will contact the
extend upwardly inside the side wall 330, cylindrical side wall 330 of the filter core 328. Due to the
[0026] It should be understood that the filter mem- flow resistance of the filter membrane of side wall 330,
brane of the present invention may take multiple forms. 55 the surface 346 of the plasma layer 344 begins to "climb”
For example, it may be formed from an affinity media to up the first sloped section 332 of the filter core 328. In-
which one or more residual cells (but not plasma) ad- deed, the plasma will continue to climb up the sloped
heres, thereby removing the residual cells from the plas- section 332 until a sufficient pressure head is generated
5
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to "pump"” plasma through the filter element. That is, the
radial "height" of the plasma layer surface 346 relative
to the fixed radial position of the cylindrical side wall 330
of the filter core 328 establishes a significant pressure

pumps 232, 234 and the molor 228, thereby stopping
the bowl 214 Without the centrifugal forces, the RBCs
in layer 340 drop to the bottom of the bowl 214. That is,
the RBCs settle to the bottom of the separation chamber

headdue tothe large centrifugal forces generated within -~ & 304 opposite the header assembly 312. As mentioned
the separation chamber 304, For example, with an outer above, the end rim 336 of the skirt 334 is preferably po-
core radius, R,, of 20 mm and plasma at a radial "height* sitioned so that the RBCs contained within the now
of 4 mm "above" the outer core radius, a trans-mem- stopped bowl 214 do not splll over and contact the inside
brane pressure of approximately 300 mm of mercury surface of the filter membrane relative to axis A-A. For
(Hg) will be generated across the filter core 328, which 10 example, the height, H, of the end point 336 relative to
should be more than sufficient o pump plasma through the base 306 of the bowl body 302 is greater than the
the filter membrane. The height differences shown in the height of the RBCs when the bowl 214 is stopped. Thus,
figures have been exaggerated for illustrative purposes. the RBCs do not contact any inner surface portion of the
In addition, the radial "depth" of the filter core 328 is pref- filter core 328. The significance of this feature is de-
erably sized to prevent unfiltered plasma from spilling 15 scribed in greater detail below.
over the rim or circumierence 336 of the skirt 334 and [0034] After waiting a sufficient time for the RBCs to
being extracted from the bowl 214. That is, the rim 336, settle in the stopped bowl! 214, the controller 226 acti-
as defined by the radial extent of first sloped section 332 vates pump 232 in the reverse direction. This causes
and skirt 334, is positioned closer to axis A-A than the the RBCs in the lower portion of the bowl 214 to be
plasma surface 348 during anticipated operating condi- 20 drawn up the feed tube 316 and out of the bowl 214
tions of the bowl! 214, through the inlet port 220. The RBCs are then transport-
[0030] Due tothe configuration of the filter membrane ed through the inlet line 218 and into the temporary RBC
(e.g., pore size) al side wall 330 and sloped section 332, storage bag 212. It should be understood that one or
only plasma is allowed 1o pass through filter core 328, more valves (not shown) may be operated to ensure that
Any residual blood components, such white blood cells, 25 the RBCs are transported to bag 212. To facilitate the
still within the plasma layer 344 are trapped on the outer evacuation of RBCs from the bowl 214, the configuration
surface of the filter 328 core relative to axis A-A. After of skirt 334 preferably allows air from plasma collection
passing through the filter core 328, filtered plasma 348 bag 216 to easily enter the separation chamber 304.
enters the entryway 326 of the effluent tube 320 as That is, the end point 336 of the skirl 334 is spaced from
shown by arrow P (Fig. 3) and flows along the passage- 30 the feed lube 316 and the skirt 334 does not otherwise
way 326. Fromhere, thefiltered plasma is removed from block the flow of air from the effluent tube 320 to the
the bowl 214 through the outlet port 224 which is in fluid separation chamber 304. Accordingly, air need not
communication with the effluent tube 320. The filtered cross the wet filter core 328 in order to allow RBCs to
plasma is then transported through the outlet line 222 be evacuated. It should be understood that this config-
(Fig. 2) and into the plasma collection bag 216. 35 uration and arrangement also facilitates air removal
[0031] As additional anti-coagulated whole blood is from the separation chamber 304 during bowl filling.
delivered to the bow| 214 and filtered plasma removed, [0035] When all of the RBECs frombowl 214 have been
the depth of the RBC layer 340 will grow. When the sur- moved to the temporary slorage bag 212, the system
face 342 of the RBC layer 340 reaches the filter core 200 is ready to begin the next plasma collection cycle.
328, indicating that all of the plasma in the separation 40 In particular, controller 226 again activates the two
chamber 304 has been removed, the process is prefer- pumps 232, 234 and the motor 228. In order to “clean”
ably suspended. The fact that the surface 342 of the the filter core 328 prior to the next collection cycle, the
RBC layer 340 has reached the filter core 328 may be controller 226 preferably activates the motor 228 and
optically detected. In particular, the bowl 214 may further the pumps 232, 234 in such a manner (or in such a se-
include a conventional optical reflector 350 thal is 45 quence)as lorotate the bowl 214, at its operating speed,
spaced approximately the same distance (e.g., R;) from for some period of time before anti-coagulated whole
the central axis A-A as the side wall 330 of the filter core blood is allowed 1o reach the separation chamber 304.
328, The reflector 350 cooperates with an optical emitter By rotating the filter core 328 in the empty bowl 214,
and detector (not shown) located in the blood process- residual blood cells that were "trapped" on ils outer sur-
ing machine 204 to sense the presence of RBCs at a 50 face during the plasma collection process are flung off.
preselected point relative to the filter core 328 causing Thus, the filter core 328 is effectively "cleaned" of resid-
a corresponding signal to be sent to the controller 226. ual blood cells that might be adhered to its surface. This
In response, the controller 226 suspends the process. intermediary "cleaning” step ensures that the entire sur-
[0032] It should be understood that the optical com- face area of the filter membrane is available for filtering
ponents and the controller 226 may be configured to 55 during each plasma collection cycle and not just the first
suspend bowl filling at alternative conditions and/or up- collection cycle.
on detection of other fractions, [0036] With the filter cleaned of trapped cells, the
[0033] Specifically, the controller 226 de-activates the plasma collection process proceeds as described
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above. In particular, anti-coagulated whole blood sepa-
rates into its constituent compeonents within the separa-
tion chamber 304 of the bowl 214 and plasma is pumped
through the filter core 328. Filtered plasma is removed

[0040] As shown, the present invention provides an
efficient, low-cost system for collecting a filtered or "pur-
er” plasma product than currently possible with conven-
tional centrifugation bowls. In the preferred embodi-

from the bowl 214 and transported along the outlet line & ment, the systern 200 further includes one or more
222 to the plasma collection bag 216 adding to the plas- means for detecting whether the filter core 328 has be-
ma collected during the first cycle. When the separation come clogged. In particular, the blood processing ma-
chamber 304 of the bowl 214 is again full of RBCs (as chine 204 may include one or more conventional fluid
sensed by the optical detector), the controller 226 stops flow sensors (not shown) coupled to the controller 226
the collection process. Specifically, the controller deac- 10 to measure flow of anticoagulated whole blood into the
tivates the two pumps 232, 234 and the motor 228, |f bowl 214 and the flow of filtered plasma out of the bowl
the process is complete (i.e., the desired amount of plas- 214. Controller 226 preferably monitors the outputs of
ma has been donated), then the system returns the the flow sensors and if the flow of whole blood exceeds
RBCs to the donor. In particular. controller 226 activates the flow of plasma for an extended period of time, the
pump 232 in the reverse direction to pump RBCs from 75 controller 226 preferably suspends the collection proc-
the bowl 214 and from the temporary storage bag 212 ess. The system 200 may further include one or more
through the inlet line 218. The RBCs flow through the conventional line sensors (not shown) that detecl the
phlebotomy needle 206 and are thus returned to the do- presence of red blood cells in the outlet line 222. The
nor. presence of red blood cells in the outlet line 222 may
[0037] After the RBCs have been returned to the do- 20 indicate that the blood components in the separation
nor. the phlebotomy needle 206 may be removed and chamber 304 have spilled over the skirt 334.

the donor released. The plasma collection bag 216, [0041] It should be understocd that the filter core may
which is now full of filtered plasma, may be severed from have allernative configurations. Fig. 4, for example, is a
the disposable collection set 202 and sealed. The re- cross-sectional side view a cenirifugation bowl 400 hav-
maining portions of the disposable set 202, includingthe 25 ing a generally truncated-cone shaped filier core 402.
needle, bags 210, 212 and bowl 214 may be discarded. Bowl 400 includes many similar elements to bowl 214,
The filtered plasma may be shipped to a blood bank or For example, bowl 400 has a generally cylindrical bowl
hospital. body 404 having a base 406, an open top 408 and a
[0038] The significance of preventing any residual side wall 410, for defining an enclosed separation cham-
cells or non-plasma blood components from contacting 30 ber 412. A header assembly 414 is mounted to the bowl
the inside surface of the filter core 328 relative to axis body 402 via a rotating seal 416. A feed tube 418 ex-
A-A should now be appreciated. In particular, residual tends into the separation chamber 412 of the bow| 400,
cells allowed to contact the inside surface of the filter and the header assembly 414 includes an effluent tube
core 328 would not be removed by rotating the bowl 214 420 defining an entryway 422. The truncated-cone
while itis empty. Instead, these residual cells wouldsim- 35 shaped filter core 402, which includes a large diameter
ply remain stuck on the inside surface of the filer core section 424 and a small diameter section 426, also ex-
328. When the collection process is resumed, moreover, tends into the separation chamber 412, In particular, the
these residual cells would be pulled through the effluent large diameter section 424 of the filter core 402 is pref-
tube 320 along with the plasma, thereby "contaminat- erably disposed at a radial position, Rs, that is slightly
ing" the filtered plasma in the collection bag 216. Ac- <40 outboard of a radial position, Ry, of the entryway 422 of
cordingly, in the preferred embodiment, the filter core is the effluent tube 420. A solid skirt 428 is preferably
configured so thal non-plasma blood components are formed at the small diameter section 426 of the filter core
precluded from contacting the filter core's inner surface. 402. Skirt 428 preferably extends upwardly relative to
[0039] Furthermore, depending on the desired sur- the header assembly 414 and may be sloped toward the
face area of the filter membrane and the anticipated <45 central axis of rotation A-A. Skirt 428 similarly defines
height of red blood cells in the stopped bowl, it may be an end rim 430 that, in the preferred embodiment, is
possible to omit the skirt 332, That is, if sufficient filtra- spaced a height, H, from the base 406 of the bowl body
tion area can be achieved with the lowest extremity of 404, for the reasons described above. The filter core
the filter core slill above the RBCs occupying the 402, not including the skirt 428, is preferably formed
stopped bowl 214, then skirt 332 may be omitted. Inthe 50 from a filter membrane that is sized to block at least
preferred embodiment, filter core 328 has a filtration ar- white blood cells, but to allow plasma to pass through.
ea of approximately 50 cm2. Additionally, those skilled [0042] In operation, anti-coagulated whole blood is
in the art will recognize that, if only a single collection similarly delivered to the separation chamber 412 of the
cycle is performed, residual cells could be permitted to rotating bowl 400. The whole blood separates into an
contact the filter core's inner surface. More specifically, 55 RBC layer 432 and a plasma layer 434 having a surface
residual cells (such as the contents of the stopped bowl) 436. Due to the flow resistance presented by the filter
could be allowed to contact the filter core's inner surface membrane of filter core 402, the surface 436 of the plas-
during evacuation of red blood cells, ma layer 434 "climbs" up a portion of the truncated cone-
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shaped filter core 402 until a sufficient pressure head is
generated to "pump" plasma through the membrane,
creating filtered plasma 438. Furthermore, by spacing
the end rim 430 of the skirt 428 a height H from the base

from the bowl 214 or from contacting the inner surface
of the filter medium. Additionally, the opening 522 is the
skirl 520 allows the feed tube 316 (Fig. 3) to extend
through the support structure 500 and allows air to enter

406 of the bowl body 404, residual cells including BBCs & the separation chamber 304 of the bow!| 214 during re-
are prevented from contacting the inner surface of the moving of red blood cells or other components.
filter core 402 while the bowl 400 is stopped. [0046] Those skilled inthe art will understand that oth-
[0043] Figs. 5and6 are an isometric and a cross-sec- er configurations of the filter core, including the support
tional side view. respectively, of a preferred filter core structure, are possible provided that the plasma is
support structure 500. The support structure 500 has a 10 forced to pass through the filter core before reachingthe
generally eylindrical shape defining an outer cylindrical outlet.
surface 502, a first open end 504 and a second open [0047] It should be further understood that the filter
end 506. Formed in the outer surface 502 of the support core of the present invention may be stationary relative
structure 500 are one or more underdrain regions, such to the rotatable bowl body. That is. the filter core may
as underdrain region 508, which preferably encompass 75 alternatively be affixed to the header assembly rather
a substantial portion of the surface area of the support than to the bowl! body. It should also be understood that
structure 500. In the preferred embodiment, each un- the filter core of the present invention may be incorpo-
derdrain region 508 is recessed relative to outer surface rated into centrifugation bowls having different ge-
502. Disposed within each underdrain region 508 are a ometries. including the bell-shaped Latham series of
plurality of spaced-apart ribs 510, each including atop 20 centrifugation bowls from Haemonetics Corp.
surface 510a that is flush with the outer surface 502 of [0048] The foregoing description has been directed to
the support structure 500. Each underdrain region 508 specific embodiments of this invention. It will be appar-
also includes a plurality of drain holes 512 (Fig. 5) that ent, however, that other variations and modifications
provide fluid communication to the interior 514 (Fig. 8) may be made to the described embodiments with the
of the support structure 500. More specifically, the spac- 25 attainment of some or all of their advantages. Accord-
es between adjacent ribs 510 define corresponding ingly, this description should be taken only by way of
channels 516 that lead to the drain holes 512. example and not by way of limitation. For example, the
[0044] In place of sloped section 332 (Fig. 3) of filter filter membrane may actually be inboard of the entryway
core 328. support structure 500 includes an inwardly ex- of the effluent tube provided that some structure con-
tending shelf 518 (Fig. 6) that is disposed at second 30 veys the fillered plasma back out to the entryway. It is
open end 506, Support structure 500 also includes a the object of the appended claims to cover all such var-
skirt 520 that is similar to skirt 334 (Fig. 3). In particular, iations and modifications.
skirt 520, which has a truncated cone shape, is attached
to shelf 518 and extends irom second open end 506 to-
ward first open end 504 within the interior 514 of support 35  Claims
structure 500. Skirt 520 also defines an opening 522 op-
posite second open end 506 that provides fluid commu- 1. Ablocd processing centrifugation bowl for separat-
nication between first and second ends 504, 506. ing whole bloed into blood fractions, the bowl com-
[0045] Wrapped around the support structure 500 is prising:
a filter medium (not shown) configured to block cne or 40
more residual cells but to allow plasma to pass through. a bowl body (302) rotatable about a central axis
The filter medium may be attached to the support struc- and defining a generally enclosed separation
ture 500 by any suitable means, such as tape, ultrasonic chamber (304);
welding, heat seal, etc. Due to the configuration of ribs a passage (324) including an outlet (224) dis-
510, the filter medium is spaced from the respective un- 45 posed within the separation chamber for ex-
derdrain region 508. That is, in the area of the underd- fracting one or more blood fractions from the
rain region 508. the filter medium is supported by the bowl, and
top surfaces 510a of ribs 510, As plasma passes a filter core (328) disposed within the separa-
through the filter medium it enters the corresponding un- tion chamber (304), the filter core having afilter
derdrain region 508. From here, the filtered plasma 50 membrane (330) configured to block one or
flows along the channels 5186, through drain holes 512 more types of residual cells contained within a
and into the interior 514 of the support structure. Support first blood fraction, the filter core cooperating
structure 500 is preferably mounied to the bowl body with the outlet such that the first blood fraction
302 (Fig. 3) such that first open end 504 is proximate to (348) passes through the filter membrane be-
headerassembly 312, As described above filleredplas- 55 fore reaching the outlet and being extracted
ma is extracted from the bowl 214 (Fig. 3) by the outlet from the bowl.
520 (Fig. 3). Furthermore, the configuration of skirt 520
prevents unfiltered plasma either from being extracted 2. The blocd processing centrifugation bowl of claim
B
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1 wherein the filter core (328) is mounted to the bowl
body for rotation therewith, and includes pores of
0.5 to 2 microns.
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10 wherein the filter membrane further includes a
micro-porous section.

12. The blocd processing centrifugation bow! of claim

3. The blood processing centrifugation bowl of claim 1 wherein the filter membrane includes two or more
1 wherein the firstblood fraction is plasma (344) and layers.
the one or more types of residual cells include white
blood cells, red blood cells (340) and platelets. 13. The bleod processing centrifugation bowl of claim

12 wherein each membrane layer has a pore size,

4. The blood processing centrifugation bowl of claim 10 and the pore size of the layers successively de-
1 wherein the outlet is an effluent tube and wherein creases toward the outlet.
the passage includes an entryway, wherein the filter
core includes a cylindrical portion co-axially aligned 14. A method for collecting a plasma fraction from
about the central axis, and wherein at least a portion whole blood, the method comprising the steps of:
of the filter core is located radially outside of the en- 15
tryway relative to the central axis. supplying whole blood to a rotating centrifuga-

tion bowl having a separation chamber;

5. The blood processing centrifugation bowl of claim centrifugally separating the whole blood into a
4 wherein the centrifugation bowl includes a blood plurality of fractions, including a plasma frac-
inlet port (220)having a feed tube member (318) 20 fion, inside the separation chamber;
which admits blood to be processed at (2200 sub- forcing the plasma fraction radially inwards
stantially a bottom portion of the bowl, and wherein through a filter core disposed in the separation
the cylindrical filter core (328) further includes a chamber to trap nonplasma material including
sloped section (332) that is inclined and converging any exiraneous white blood cells, red blood
downwards toward the ceniral axis at a predeter- 25 cells and platelets; and
mined height above the bowl bottom portion. extracting filtered plasma from an inside region

of the filter core from within the centrifugation

6. The blood processing centrifugation bowl of claim bowl.

5 wherein the bowl bedy includes a base and the

cylindrical filter core further includes an inner solid 30 15. A blocd processing centrifugation bowl for separat-
skirt (334) extending upwards from the sloped sec- ing centrifuged whole blood into blood fractions, the
tion opposite the bowl base. centrifugation bowl having an axis and comprising:

7. The blood processing centrifugation bowl of claim a bowl body (302) rotatable about its axis and
6 wherein the solid skirt of the filter core comprises 35 generally defining a substantially enclosedcen-
plastics material and has a circumferential edge trifugal separation chamber and having a
(3386) that is spaced froem the base of the bowl body closed base portion;
such that one or more blood fractions remaining in a passage including a plasma outlet disposed
the separation chamber are blocked from spilling within the separation chamber for plasma sep-
over the skirt and contacting an inner surface of the 40 arated from the centrifuged whole blood to be
filter core relative to the central axis. extracted as an effluent, said plasma outlet

having an entrance located at a distance R;,

8. The blood processing centrifugation bowl of claim from the bowl axis;

6 wherein the solid skirt comprises a substantially an inlet port (220) which brings in blood to be
vertical cylindrical member made of silicone. 45 processed, said inlet port including a feed tube
member (316) extending substantially to a bot-

9. The blood processing centrifugation bowl of claim forn portion of the bowl body;

8 wherein the truncated-cone shaped filter core has a filter core having a filter membrane which will
a large diameter section that is disposed radially allow blood plasma to pass through but not non-
outside of the entryway to the effluent tube relative 50 plasma national including white blood cells, red
to the central axis. blood cells and platelets, said filter member

having a circular cross seclion disposed sub-

10. The blood processing centrifugation bowl of claim stantially coaxial with the centrifugation bowl
1 wherein the filter membrane is formed, at least in axis, said filter membrane including at least a
part, from a medium having an affinity for one or 55 portion which is of a truncated conical configu-
more types of residual cells. ration with its tapered converging end facing

downwards and ending at a predetermined

11. The blood processing centrifugation bowl of claim height H above the base portion of the bowl
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body, said truncated conical configuration hav-
ing an upper end with an inside radius R,
where Ry>R,.
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(57) A platelet collection apparatus (1) has a func-
tion of determining whether there is a tendency to in-
crease or decrease in the number of collected platelets
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Description

BACKGROUND OF THE INVENTION

amount more than expected. In this case, it is possible
to alter a target number of units of to-be-collected plate-
lets to a number larger than an initial target value. How-
ever, it is impossible to understand such a situation in a

[0001] The present invention relates to a plateletcol- 5  platelet collection operation. Thus an excessive amount
lection apparatus for separating blood into predeter- of platelets is collected, as described above and an extra
mined blood components. amount thereof is discarded.
[0002] To effectively utilize collected blood and re-
duce donor's burden, the collected blood is separated SUMMARY OF THE INVENTION
into various components centrifugally and compenents 10
required for a donee are collected, whereas remaining [0008] The object described above is attained by a
components are returned to the donor, platelet collection apparatus separating blood into a plu-
[0003] In obtaining a platelet product in this platelet rality of components by means of a centrifugal separator
collection process, the blocd donated from the donor is having a blood-storage space therein and collecting at
introduced to a platelet collection circuit to separate it 15 least platelets of said components which comprises a
into four compoenents of plasma, white cells, platelets, platelet collection circuit having a first line connecting
and red cells by a centrifugal separator called a centrif- an inlet of said centrifugal separator and a blood collec-
ugal bowl! installed in the platelet collection circuit. Then, tien means with each other, a second line connected
the platelets are collected in a container to produce a with an outlet of said centrifugal separator, and a platelet
platelet product, the plasma is collected in a separate 20 collection bag connected with said second line; a turbid-
container to produce a plasma product or the material ity sensor disposed on said second line; and a function
for a plasma fraction product, and the remaining plasma, of computing a number of platelet collection cycles and
the white cells, and the red cells are returned to the do- an expected number of to-be-collected platelets or a val-
nor. ue related thereto from data of a donor's hematerit val-
[0004] As methods of collecting the platelets, the 25 ue, platelet concentration data, and a target number of
method disclosed in U.S.P. 5637 082 is described be- said to-be-collected platelets, all of which are inputted
low. In the method, blood is preliminarily collected from to said platelet collection apparatus before a platelet col-
a donor before platelets are collected to obtain blood lection operation is performed, a function of determining
information (hematcrit value, platelet concentration) whether there is a tendency to increase or decrease in
from the blood preliminarily collected. Data of the blood 30 a number of collected platelets by using an estimated
information and a target number of to-be-collected number of to-be-collected platelets computed by using
platelets are inputted to the platelet collection apparatus an amount of plasma containing high-concentration
to thereby compute a necessary number of platelet col- platelets and a platelet concentration obtained from a
lection operation cycles. A platelet collection operation turbidity sensor when said plasma coentaining high-con-
is performed in a computed number of cycles. 35 centration platelets is collected or data related to said
[0005] However, an analyzing apparatus for providing platelet concentration and by using said expected
blood information from the bleod preliminarily collected number of to-be-collected platelets or said value related
may make an error in measurement or an operator may thereto; and a function of decreasing an amount of plate-
make an error in inputting information to the platelet col- lets to be collected in a subsequent platelet collection
lection apparatus. Inthis case, based on erroneous data 40 operation if said function of determining on an increase/
of blood information, the number of platelet collection decrease tendency in the number of collected platelets
operation cycles is computed. The platelet collection op- determines that there is a tendency to increase in the
eration is performed in the computed number of cycles. number of said collected platelets.
Therefore the operator think that a target number of [0009] Further, the object described above is attained
platelets |s obtained. However, an examination made af- 45 by a platelet collection apparatus separating blood into
ter collection of platelets reveals that platelets have a plurality of components by means of a centrifugal sep-
been collected more than a predetermined number of arator having a blood-storage space therein and collect-
platelets. When an excessive amount of platelets is col- ing at least platelets of said components which compris-
lected, the amount of platelets is adjusted before a blood es a platelet collection circuit having a first line connect-
transfusion is performed and an extra amount thereofis 50 ing an inlet of said centrifugal separator and a blood col-
discarded to prevent an excessive amount of platelets lection means with each other, a second line connected
from being administered to a patient. with an outlet of said centrifugal separator, and a pletelet
[0006] Accordingly, itis an object of the presentinven- collection bag connected with said second line: a turbid-
tionto provide a platelet collection apparatus capable of ity sensor disposed on said second line; a platelet-con-
preventing collection of an excessive amount of plate- 55 centration peak situation determination function of de-
lets. tecting a peak of a platelet concentration by using sig-
[0007] Depending on a blood condition of a donor, nals detected by said turbidity sensor, when high-con-
there is a case in which platelets can be collected in an centration platelets-containing plasma is collected in a
2
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platelet collection operation and determining whether
said detected peak of said platelet concentration is on
a normal level or on an excessive level; and a function
of decreasing a number of platelets to be collected in

embodiment of the present invention in the range from
the computation of the estimated number of to-be-col-
lected platelets until the blood return step.

[0021] Fig. 12 is a flowchart for describing the opera-

said platelet collecticn operation, when said platelet- 5 tion of the platelet collection apparatus according to an
concentration peak situation determination function de- embodiment of the present invention in the range from
termines that said peak of said platelet concentration is the small-amount plasma collection step until a platelet
on said excessive level. collection step.

[0022] Fig. 13 is a flowchart for describing the opera-
BRIEF DESCRIPTION OF THE DRAWINGS 10 tion of the platelet collection apparatus according to an

embodiment of the present invention in the range from
[0010] Fig. 1is aplan view showing an example of the the ROM value for computing the estimated number of
construction of a platelet collection circuit used in a to-be-collected platelets until the blood return step.
platelet collection apparatus of the present invention. [0023] Fig. 14 is a flowchart for describing the opera-
[0011] Fig. 2 is a partially cutaway sectional view 15 tion of the platelel collection apparatus according to an-
showing a state in which a drive unit is mounted on a other embodiment of the present inventicn in the range
centrifugal separator used in the platelet collection cir- from a start until an acceleration plasma circulation step.,
cuit. [0024] Fig. 15 is a flowchart for describing the opera-
[0012] Fig. 3 is a concept view showing a platelet col- tion of the platelet collection apparatus according an
lection apparatus, according to an embodiment of the 20 embodiment of the present invention in the range from
present invention, having the platelet collection circuit the small-amount plasma collection step until the plate-
mounted thereon. let collection step.
[0013] Fig. 4 is a block diagram showing a controller [0025] Fig. 16 is a flowchart for describing the opera-
used in the platelet collection apparatus of the present tion of the platelet collection apparatus according an
invention. 25 embodiment of the present invention in the range from
[0014] Fig.5is aflowchart for describing the operation the ROM value for computing the estimated number of
of the platelet collection apparatus accerding to an em- to-be-collected platelets until the blood return step.
bodiment of the present invention in the range from a [0026] Fig. 17 is a flowchart for describing the opera-
start until an acceleration plasma circulation step. tion of the platelet collection apparatus according an
[0015] Fig.6is aflowchartfordescribing the operation 30 embodiment of the present invention in the range from
of the platelet collection apparatus according to an em- the buffy coat return step until the acceleration plasma
bodiment of the present invention in the range from a circulation step.
small-amount plasma collection step until acomputation
of a ROM value for computing an estimated number of DETAILED DESCRIPTION OF THE PREFERRED
to-be-collected platelets. 35 EMBODIMENTS
[0016] Fig. 7is a flowchart for describing the operation
of the platelet collection apparatus according to an em- [0027] A plateletcollection apparatus according tothe
bodiment of the present invention in the range from the presentinvention will be described with reference to em-
computation of the estimated number of to-be-collected bodiments shown in the accompanying drawings.
platelets until a blood return step. 40 [0028] A platelet collection apparatus 1 according to
[0017] Fig. 8is aflowchart for describing an operation the present invention has a platelet collection circuit 2
of a mode, for allowing alteration of number of units of including a centrifugal separator 20 having a rotor 142
to-be-collected platelets, to be executed in the platelet having an internal blood storage space and aninlet 143
collection apparatus according to an embodiment of the and an outlet 144 both communicating with the blood
present invention. 45 internal storage space and centrifugally separating
[0018] Fig. 9is a flowchart for describing the operation blood introduced into the internal blood storage space
of the platelet collection apparatus according to an em- through the inlet 143 by a rotation of the rotor 142 into
bodiment of the present invention in the range from a components; a first line 21 for connecting a Hood col-
buffy coat return step until the acceleration plasma cir- lection needle 29 or a connector (not shown) of a blood
culation step. 50  collection instrument and the inlet 143 of the centrifugal
[0019] Fig. 10 is a flowchart for describing the opera- separator 20 with each other; a second line 22 connect-
tion of the platelet collection apparatus according to an ed to the outlet 144 of the centrifugal separator 20; a
embodiment of the present invention in the range from third line 23, connected to the first line 21, for injecting
small-amount plasma collection step until the computa- an anticoagulant to the blood; a plasma collection bag
tion of the ROM value for computing the estimated 55 25 having a first tube 25a connected with the first line
number of to-be-collected platelets. 21 and a second tube 25b connected with the second
[0020] Fig. 11 is a flowchart for describing the opera- line 22; and a platelet collection bag 26 connected with
tion of the platelet collection apparatus according to an the second line 22.
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[0029] The platelet collection apparatus 1 of the
present invention further includes a liquid supply pump
11 (first liquid supply pump) mounted on the first line 21.
The platelet collection apparatus 1 has a function of

platelet collection operation in the case where the func-
tion of altering the target number of units of to-be-col-
lected platelets has altered the target number of units of
to-be-collected platelets.

computing the number of platelet collection cycles and 5 [0032] It is preferable that the platelet collection ap-
the expected number of to-be-collected platelets or a paratus of the present invention has the function of de-
value related thereto from the data of a donor's hemat- termining whether there is a tendency to increase or de-
crit value, platelet concentration data, and the target crease in the number of collected platelets by using da-
number of to-be-collected platelets or a value related ta, related to the concentration of platelets, obtained
thereto, all of which are inputted to the plateletcollection 70 from the turbidity senscor, the expected number of to-be-
apparatus 1 before a platelet collection operation is per- collected platelets or a value related thereto and deter-
formed. The data of a donor's hematcrit value, platelet mining on a "level of tendency to increase" and a "unit-
concentration data and the target number of to-be-col- increased level" higher than the "level of tendency to in-
lected platelets or a value related thereto are inputted crease" after the plasma {PC) containing high-concen-
to the platelet collecticn apparatus 1 before a platelet 15 tration platelets is collected in the plasma collection op-
collection operation is performed. eration. The platelet collection apparatus further in-
[0030] The platelet collection apparatus of the present cludes the function of altering an inputted target number
invention has a function (hereinafter referred to as func- of units of to-be-collected platelets in the case where
tion of determining on an increase/decrease tendency the function of determining on an increase/decrease
in the number of collected platelets) of determining 20 tendency inthe number of collected platelets has deter-
whether there is a tendency to increase or decrease in minedthat the number of units of platelets is on the "unit-
the number of collected platelets after plasma (PC) con- increased level". The platelet collection apparatus fur-
taining high-concentration platelets is collected in a ther includes the function of increasing the amount of
plasma collection operation. The function of determining platelets to be collected in a subsequent platelet collec-
on an increase/decrease tendency determines by using 25 tion operation in the case where the function of altering
data, related to the concentration of platelets, obtained the target number of units of to-be-collected platelets
from a turbidity sensor when the plasma containing has altered the target number of units of to-be-collected
high-concentration platelets is collected, the expected platelets. The platelet collection apparatus further in-
number of to-be-collected platelets or a value related cludes the function of decreasing the amount of platelets
thereto And, the platelet collection apparatus 1 further 30 to be ccllected in a subsequent platelet collection oper-
includes a function of decreasing the amount of platelets ation in the case where the function of altering the target
to be collected in a subsequent platelet collection oper- number of units of to-be-collected platelets has not al-
ation in the case where the function of determining on tered the target number of units of platelets in a prede-
an increase/decrease tendency in the number of collect- termined period of time after termination of the operation
ed platelets has determined that there is a tendency to 35 of the function of altering the target number of units of
increase in the number of collected platelets. to-be-collected platelets and in the case where the func-
[0031] Also, The platelet collection apparatus of the tion of determining on an increase/decrease tendency
present invention has a function (hereinafter referred to in the number of collected platelets has determined that
as function of determining on an increase/decrease ten- the number of collected platelets is on the "level of ten-
dency in the number of collected platelets) of determin- 40 dency to increase".

ing whether there is a tendency to increase or decrease [0033] Theplatelet collection apparatus ofthe present
in the number of collected platelets after plasma (PC) invention has a platelet-concentration peak situation de-
containing high-concentration platelets is collected in a termination function of detecting a peak of the platelet
plasma collection operation. The function of determining concentration by using signals detected by the turbidity
on an increase/decrease tendency determines by using 45 sensor when the high-concentration platelets-contain-
data, related to the concentration of platelets, obtained ing plasma is collected in the platelet collection opera-
from a turbidity sensor when the plasma containing tion and determining whether the detected peak of the
high-concentration platelets is collected, the expected platelet concentration is on a "normal level" or an "ex-
number of to-be-collected platelets or a value related cessive level". The platelet collection apparatus further
thereto. And, the platelet collection apparatus furtherin- 50 includes a function of decreasingthe number of platelets
cludes a function of altering an inputted target number to be collected in the platelet collection operation, when
of units of to-be-collected platelets in the case where the platelet-concentration peak situation determination
the function of determining on an increase/decrease function has determined that the peak of the platelet
tendency in the number of collected platelets has deter- concentration is on the "excessive level".

mined that the number of units of collected platelets is 55 [0034] The platelet collection apparatus 1 has a cen-
on "unit-increased level". The platelet collection appa- trifugal separator drive unit 10 for rotating the rotor 142
ratus further includes a function of increasing the of the centrifugal separator 20; the first liquid supply
amount of platelets to be collected in a subsequent pump 11 to be used for the first line 21; a second liquid
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supply pump 12to be used for the third line 23; a plurality
of flow path shuttermeans 81, 82, 83, 84, 85, and 86 for
opening/closing flow paths of the platelet collection cir-
cuit 2, and a controller 13 for controlling the centrifugal

ity of the branching connector 21f.

[0039] The second line 22 connecting the outlet 144
of the centrifugal separator 20 and the first line 21 with
each other has an end thereof connected to the outlet

separator drive unit 10, the first liquid supply pump 11, 5 ofthe centrifugal separator 20 and the other end thereof
the second liquid supply pump 12, and a plurality of the connected to the branching connector 21e for connect-
flow path shutter means 81, 82, 83, 84, 85, and 86. ing the blood collection needle-side part 21a and the
[0035] The platelet collection circuit 2 will be de- second line 22 with each other, The second line 22 has
scribed in detail below. the following elements arranged as viewed from the side
[0036] The platelet collection circuit 2 is provided to 10 of the centrifugal separator 20: a branching connector
collect platelets. 22a for connecting the second line 22 with the second
[0037] The platelet collection circuit 2 includes a blood tube 25b of the plasma collection bag 25 and with the
collector such as a blood collection needle 29 or a con- third tube 26a of the platelel collection bag 26; a branch-
nector (connector of blood collector) connected with the ing connector 22¢ for connecting the second line 22 with
blood collection needle 29 or with a blood collector hav- 15 atube having a bubble-removingfilter 22f; and a branch-
ing a blood pool connector; the first line 21 (blood col- ing connector 22d for connecting the second line 22 with
lection/blood return line) connecting the blood collection the fourth tube 27a connected with the buffy coat col-
needle 29 or the connector of the bloed collector and lection bag 27. The third line 23 is connected with the
the inlet 143 of the centrifugal separator 20 with each branching connector 21¢c having an end thereof con-
other and having a first pump tube 21g; the second line 20 nected to the first line 21. The third line 23 has the fol-
22 for connecting the outlet 144 of the centrifugal sep- lowing elements arranged as viewed from the connector
arator 20 and the first line 21 with each other; the third 21c: a pump tube 23a; a foreign matter removing filter
line (anticoagulant injection line) 23 connected with a 23b; a bubble removing chamber 23c; and an anticoag-
position, of the first line 21, near the blood collection ulant centainer-connecting needle 23d.
needle 29 and having a second pump tube 23a; aplas- 25 [0040] The plasma collection bag 25 includes the first
ma collection bag 25 having the firsttube 25a connected tube 25a connected with the branching connector 21f
with a branch connector 21f positioned nearer to the col- located between the blood collection needle 29 and the
lection needle 29 than a pump tube 21g of the first line pumnp tube 21g of the first line 21; and the second tube
21 and the second tube 25b connected with the second 25b connected with the branching connector 22a of the
line 22; the platelet collection bag 26 having athird tube 30 second line 22, The platelet collection bag 26 includes
26a connected with the second line 22; and a buffy coat the third tube 26a connected with the branching connec-
collection bag 27 having a fourth tube 27a connected tor 22a of the second line 22. The buffy coat collection
with the second line 22. Instead of the blood collection bag 27 includes the fourth tube 27a connected with the
needle 29, the platelet collection circuit 2 may employ a branching connector 22d of the second line 22.
connector (such as a metal or plastic needle) to becon- 35 [0041] |t is preferable to use polyvinyl chloride as the
nected with a blood pool such as a blood bag. material for the tubes and the pump tubes used to form
[0038] A known metal needle is used as the blood col- the first to third lines 21, 22, and 23 and the tubes con-
lection needle 29, The first line 21 includes a blood col- nected to the bags. Materials similar to those for the
lection needle-side part 21a with which the blocd collec- tubes can be also used to form the branching connec-
tion needle 29 is connected and a centrifugal separator- 40  tors. The pump tubes strong enough to bear a pressure
side part 21b with which the inlet 143 of the centrifugal applied thereto by roller pumps are used in the embod-
separator 20 is connected, The blood collection needle- iment.
side part 21ais formed of a plurality of soft plastic tubes, [0042] Each of the plasma collection bag 25, the
The blood cellection needle-side part 21a has the fol- platelet collection bag 26, and the buffy coat collection
lowing elements arranged as viewed from the side of 45 bag 27 is composed of layers of flexible plastic sheets
the blood collection needle 29: a branching connector having the peripheral edges thereof fusion bonded
21c for connecting the blood collection needle-side part (thermally or with high frequencies) or adhered. Soft pol-
21a and the third line 23 with each other; a chamber21d yvinyl chloride is the most favorable material for forming
for removing bubbles and micro-aggregates; a branch- the bags 25, 26, and 27.
ing connector 21e for connecting the blood collection 50 [0043] Itis preferable to use a sheet material superior
needle-side part 21a and the second line 22 with each in gas permeability for the platelet collection bag 26 for
other; and a branching connector 21f for connecting the assuring an improved platelet shelf life.
firstline 21 and the first tube 25a of the plasmacollection [0044] Essential portions of the platelet collection cir-
bag 25 with each other. The chamber 21d is connected cuit 2 are housed in a cassette. The platelet collection
to an air-permeable and germ-blocking filter 211, The 55 circuit 2 includes a cassetie housing 28 partially accom-
centrifugal separator-side part 21b is connected with the meodating or partially holding all the lines (first, second,
branching connector 21f connected with the first tube andthird lines) and all the tubes (first, second, third, and
25a and has the first pump tube 21g formed in the vicin- fourth tubes). In other words, they are partially fixed to
5
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the cassette housing 28.

[0045] The centrifugal separator 20, a so-called cen-
trifugal bowl, is mounted on the platelet collection circuit
2 to separate blood into components by a centrifugal

paratus computes the number of platelet collection cy-
cles and the expected number of to-be-collected plate-
lets or a value related thereto from the data of a donor's
hematcrit value, platelet concentration data, and the tar-

force. As shown in Fig. 2, the centrifugal separator 20 5 getnumber ofto-be-collected platelets or a value related
includes a tubular member 141 extending vertically and thereto, all of which are inputted to the platelet collection
having an inlet 143 formed at the upper end thereof and apparatus 1 before a platelet collection operalion is per-
a hollow rotor 142 sealed to prevent liquid from flowing formed. Therefore the platelet collection apparatus has
thereinto from an upper portion 145 of the centrifugal a hematcrit value input portion 61, a platelet concentra-
separator 20 and rotating around the tubular member 70  tion input portion 62, an input porticn 63 of the target
141. Therotor 142 has aflow path (blood storage space) number of units of to-be-collected platelets relatedto the
formed along the bottem and the inner peripheral sur- target number of to-be-collected platelets.
face thereof. An outlet 144 is so formed as to commu- [0051] In the platelet collection apparatus of the
nicate with the upper pertion of the flow path. The vol- presentinvention, blood to be analyzed is collected from
ume of the rotor 142 ranges from 100 to 350 ml. 15 adonor before performing the platelet collection opera-
[0046] The roter 142 is rotated under predetermined tien, information of blood (hematcrit value, concentra-
centrifugal conditions (rotational speed and rotation tien of platelet) is obtained from the blood te be analyzed
time) set by the rotor drive unit 10 of the platelet collec- (preparalorily collected blood) by using a blood analyzer
tion apparatus 1. Based on the centrifugal conditions, prepared separately. The data of the blood information
patterns (for example, the number of blood compeonents 20  and the target number of to-be-collected platelets (or
to be separated) of blood separation to be made in the target number of units of to-be-collected platelets) are
rotor 142 can be set. As shown in Fig. 2, according to inputted to the platelet collection apparatus to compute
the embodiment, the centrifugal conditions are set such a necessary number of cycles of the platelet collection
that the blood is separated into a plasma layer (inner operation. Thereby the platelet collection operation is
layer) 131, a buffy coat layer (intermediate layer) 132, 25 performed in the number of cycles.
and a red cell layer (outer layer) 133 laminated in the [0052] The controller 13 includes a control part 50, a
flow path of the rotor 142. pump controller 53 for the first liquid supply pump 11
[0047] Referring to Fig. 3, the platelet collection ap- and a pump controller £4 for the second liquid supply
paratus 1 according to the present invention will be de- pump 12, an input part 80, and a display part 52 serving
scribed. 30 as an warning means. The control part 50 which is the
[0048] The platelet collection apparatus 1 includes control mechanism of the controller 13 is electrically
the centrifugal separator drive unit 10 for rotating the connectedto the first liquid supply pump 11 and the sec-
rotor 142 of the centrifugal separator 20; the first liquid ond liquid supply pump 12 through the pump controllers
supply pump 11 to be used individually for the first line 53 and 54 respectively. The turbidity sensor 14 mounted
21; the second liquid supply pump 12 to be used indi- 35 on the second liquid supply pump 22 is electrically con-
vidually for the third line 23; a plurality of the flow path nected to the control part 50. A operational amount de-
shutter means 81,82, 83, 84, 85, and B6 for opening/ tection part 56 mounted on the first liquid supply pump
closing the flow paths of the platelet collection circuit 2, 11 is electrically connected to the control part 50. As the
and the controller 13 for controlling the centrifugal sep- operational amount detection part 56, a rotational
arater drive unit 10, the first liquid supply pump 11, the 42 amount detection means can be used. More specifically,
second liquid supply pump 12, and the flow path shutter a rotary encoder can be preferably used as the opera-
means 81, 82, 83, 84, 85, and B6. The platelet collection tional amount detection part 56. The contrel part 50 is
apparatus 1 further includes a turbidity sensor 14 also electrically connected to a driving controller 55 of
mounted on the portion, of the second line 22, located a driving apparatus (rotor-driving apparatus) for driving
between the centrifugal separator 20 and the connector 45 the centrifugal separator.
22a for connecting the second tube 25b with the second [0053] The control part 50 has a memory that stores
line 22; an optical sensor 15 mounted above the centrif- necessary data, computing equations, and inputted he-
ugal separator 20; and a weight sensor 16 for detecting materit value data, and data of the platelet concentra-
the weight of the plasma collection bag 25. tion; a function of computing the number of collected
[0049] The turbidity sensor 14 detects the turbidity of 50 platelets (function of computing real time number of col-
a fluid flowing through the second line 22 and outputs a lected platelets) by using symbols, related to the platelet
voltage corresponding to the detected turbidity. Specif- concentration, detected by the turbidity sensor; a func-
ically, the turbidity sensor 14 outputs a low voltage when tion of computing the estimated number of to-be-collect-
the turbidity is high, while it outputs a high voltage when ed platelets; the function of determining on an increase/
the turbidity is low. As the turbidity sensor, an optical 55 decrease tendency in the number of collected platelets;
sensor (laser light source, LED light source, and the like) the control function for the function of decreasing the
can be preferably used. number of to-be-collected platelets; and the function of
[0050] In the embodiment, the platelet collection ap- controlling the function of increasing the number of to-
6
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be-collected platelets. The platelet collection apparatus
of the embodiment is characterized in that it has both
the function of decreasing the number of to-be-collected
platelets and the function of increasing the number of

and the amount of blood remaining in the centrifugal
bowl into consideration as the amount of treated blood.
It is also necessary to consider an increase of the
number of platelets owing to buffy ceat recycled in the

to-be-collected platelets. 5 platelet collection apparatus of the embodiment.

[0054] An input part 60 of the controller 13 has a he- [0061] The following computation is performed in the

maltcrit value input portion 61, a platelet concentration second cycle:

input portion 682, an input pertion 63 of the target number [0062] The expected number of platelets to be collect-

of units of to-be-collected platelets, a start switch 64, ed in the second cycle = amount of blood to be proc-

and a switch 65 for altering the number of platelet col- 10 essed in the second cycle * expected platelet concen-

lection cycles. tration in the second cycle x expected recovery per-

[0055] The platelet collection apparatus 1 computes centage + amount of blood to be processed in the first

the number of platelet collection cycles and the expect- cycle x expected PLT concentration in the first cycle =

ed number of to-be-collected platelets or a value related left-behind percentage < recycle percentage *»* Equa-

thereto from the data of the hematcrit value obtained 175 tion2

from the blood to be analyzed, the data of the platelet [0063] The following computation is performed in the

concentration from the blood to be analyzed, and the third cycle:

target number of to-be-collected platelets or a value re- [0064] The expected number of platelels to be collect-

lated thereto. The value related to the target number of ed in the third cycle = amount of blood to be processed

to-be-collected platelets means the target number of 20 in the third cycle x expected platelet concentration in

units of to-be-collected platelets. The value related to the third cycle x expected recovery percentage +

the expected number of to-be-collected platelets means amount of bloed to be processed in the second cycle <

the expected number of units of to-be-collected plate- expected platelet concentration in the second cycle x

lets. left-behind percentage < cycle percentage +amount of

[0056] The relationship between the number of units 25 blood to be processed in the first cycle x expected PLT

of platelets and the number of platelets is as follows: concentration in the first cycle % left-behind percentage

% recycle percentage e+ Equation 3
20-unit platelet: not less than 4> 101 [0065] In sequentially computing the expected
15-unit platelet: not less than 31011 number of platelets to be collected in the first cycle, the
10-unit platelet: not less than 2x 101 30 second cycle, and the third cycle, the number of cycles
5-unit platelet: not less than 1x101 at which the expected number of platelets exceeds the
The number of units = 5<number of platelets/1011, target number of platelets to be collected is outputted
The number of platelets = number of units x 2 = as the number of platelet collection cycles. The number
1010 of platelets collected in each cycle is outputted as the
35 expected number of platelets.

[0057] Description is made on the function of comput- [0066] The amount of the extracorporeally circulating

ing the number of platelet collection cycles and the ex- blood in the equation 1 is found by an equation shown

pected number of to-be-collected platelets or the value below:

related thereto from the data of the hematcrit value ob- [0067] The amount of the extracorporeally circulating

tained from the blood to be analyzed, the data of the <40 blood = KxB(%)+HCT(%) **= Equation 4

platelet concentration from the blood to be analyzed, [0068] In the equations 1,2,3, and 4;

and the target number of to-be-collected platelets or a

value related thereto. K: The volume (200 - 230ml) of red cells inside the

[0058] The control part 50 of the platelet collection ap- centrifugal bow! at the time of termination of blood

paratus of the embodiment computes the number of 45 collection (start of platelet collection operation),

platelet collection cycles and the expected number of B(%): Percentage (60 - 95%) of the red cells in K,

to-be-collected platelets or the value related thereto as

follows: In the embodiment, upon input of the target [0069] The value of each of K and B is experimentally

number of units of to-be-collected platelets to the control found, and a fixed value is used,

part 50, the computing portion of the control part 50 com- 50

putes the target number of to-be-collected platelets. HCT(%): hematcrit value (obtained from blood col-

[0059] The expected number of to-be-collected plate- lected for analysis),

lets in the first cycle = amount of extracorporeally circu- PLT concentration: platelet concentration (obtained

lating bloed x PLT concentration(platelet concentra- from the blood collected for analysis)

tion) x expected recovery percentage ++ Equation 1 55

[0060] The equation 1 is fundamentally used. In addi- [0070] Expected recovery percentage: the ratio of the

tion, in the second cycle and subsequent cycles thereto, number of platelets that can be taken out into the recov-

it is necessary to take extracorporeally circulating blood ery bag as thick platelets from the centrifugal separation
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container to the total platelets contained in blood sup-
plied to the centrifugal separation container in each cy-
cle. The experience value based on an experiment is
used as expected recovery percentage. It is normally 60

termination of the operation of the function of altering
the target number of units of to-be-collected platelets
and in the case where the function of determining on an
increase/decrease tendency in the number of collected

~ 85%. 5 platelets has determined that the number of collected
[0071] Target number of to-be-collected platelets: tar- platelets is on the "level of tendency to increase".
get number of units of to-be-collected platelets = 2 < [0075] The platelet collection apparatus of the em-
1010 bodiment has the function of decreasing the number of
[0072] Expected number of to-be-collected platelets to-be-collected platelets and the function of increasing
= expected number of platelets to-be-collected in first 10 the number of to-be-collected platelets in addition to the
cycle + expected number of platelets to-be-collected in function of determining on an increase/decrease ten-
second cycle + *e expected number of platelets to-be- dency in the number of collected platelets.
collected in last cycle sees Equation 5 [0076] The function of determining on an increase/de-
[0073] The platelet collection apparatus may compute crease tendency in the number of collected platelets will
the expected number of units of to-be-collected plate- 15 be described in detail below.
lets. The display part 52 has the function of displaying [0077] The platelet collection apparatus of the em-
the number of platelet collection operation cycles and bediment has a expected collection-amount-group de-
the expected number of to-be-collected platelets or the termination function of making a determination con to
expected number of units of to-be-collected platelets. which of stored expected collection-amount-groups, by
From the number of platelet collection operation cycles, 20 using the expected number of lo-be-collected platelets
the control part 50 may have the function of computing orthe value related thereto; and a function of computing
an expected time period required to perform the platelet the estimated number of to-be-collected platelets, by us-
collection operation. The controller 13 may have the ing data related to the collection amount of the high-con-
function of displaying an expected time when the plate- centration platelets-containing plasma in the platelet
let collection operation terminates. 25 collection operation and data related to the platelet con-
[0074] The platelet collection apparatus of the present centration obtained from the turbidity sensor when the
invention has the function of determining whether there high-concentration platelets-containing plasma is col-
is a tendency to increase or decrease in the number of lected. The function of determining on an increase/de-
collected platelets by using data, related to the concen- crease lendency in the number of collected platelets de-
tration of platelets, obtained from the turbidity sensor, 30 termines on an increase tendency by using the data of
the expected number of to-be-collected platelets or a the corresponding collection-amount-group determined
value related thereto and determining on a "level of ten- by the collection-amount-group determination function
dency to increase" and a "unit-increased level" higher and the estimated number of to-be-collected platelets
than the "level of tendency to increase" when the plasma computed by the function of computing the estimated
(PC) containing high-concentration platelets is collected 35 number of to-be-collected platelets.
after blood Is collected in a first plasma collection oper- [0078] The platelet collection apparatus of the em-
ation, namely, after platelets are collected in the first bediment has the collection-amount-group determina-
platelet collection operation is performed, namely, after tion function of determining on which of stored expected
the plasma containing high-concentration platelets (PC) collection-amount-groups corresponds to the number of
is collected in a first cycle. The platelet collection appa- 40 collected platelets, by using the computed number of the
ratus further includes the function of altering an inputted estimated to-be-collected platelets or the value related
target number of units of to-be-collected platelets in the thereto. More specifically, the expected collection-
case where the function of determining on an increase/ amount-groups are classified into a lower group, a me-
decrease tendency in the number of collected platelets dium group, and a higher group. In the lower group, the
has determined that the number of units of platelets is 45 expected number of to-be-collected platelets is less
on the "unit-increased level". The platelet collection ap- than a reference value + a first predetermined value (for
paratus further includes the function of increasing the example, 0.3 > 1011: PM1). The reference value is [tar-
amount of platelets to be collected in a subsequent get number of units of to-be-collected platelets x 2 x
platelet collection operation in the case where the func- 1010 - the predetermined value (for example, 0.15 x
tion of altering the target number of units of to-be-col- 50 101: PM5)]. In the medium group, the expected number
lected platelets has altered the target number of units of of to-be-collected platelets is not less than the reference
to-be-collected platelets. The platelet collection appara- value + the first predetermined value (for example, 0.3
tus further includes the function of decreasing the %1011 PM1) nor more than the reference value + a sec-
amount of platelets to be collected in a subsequent ond predetermined value (for example, 0.65 x 1011:
platelet collection operation in the case where the func- 55 PM2) with respect to the reference value. In the higher
tion of altering the target number of units of to-be-col- group, the expected number of to-be-collected platelets
lected platelets has not altered the target number of is more than the reference value + the second predeter-
units of platelets in a predetermined period of time after mined value (for example, 0.65 x 1011 PM2)). The nu-
8
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merical values of the first predetermined value (PM1),
the second predetermined value (PM2), and the prede-
termined value (PM5) are exemplified for the case
where the target number of units of to-be-collected

time period), and multiplying the platelet concentration
by the blood-feeding amountin the specified time period
to thereby obtain the number of collected platelets in
each predetermined time period. This operation is per-

platelets is 10 units and can be altered in dependence 5 formed continuously in the time period in which the plas-
on the target number of units of to-be-collected plate- ma containing the high-concentration’ platelet is collect-
lets. More specifically, it is preferable to set the values ed. The total number of the collected platelets can be
thereof to 1/2 when the target number of units of to-be- obtained by adding respective computed number of
collected platelets is five and to 3/2 when the target platelets to each other.
number of units of to-be-ccllected platelets is 15. 10 [0081] The number of collected platelets (RTM value)
[0079] The platelet collection apparatus of the em- may be computed without computing the platelet con-
bodiment has the function of computing the estimated centration. That is, the number of collected platelets
number of to-be-collected platelets, by using data relat- (RTM value) can be computed by using a stered equa-
ed to the collection amount of the high-concentration tien for computing the number of collected platelets and
platelets-containing plasma in the platelet collection op- 15 data related to the platelet concentration obtained by
eration and data related to the platelet concentration ob- converting analog data provided by the turbidity sensor
tained from the turbidity sensor when the high-concen- into digital data.
tration platelets-containing plasma is collected. [0082] An RTM-corrected value is computed from the
[0080] The platelet collection apparatus of the present computed number of collected platelets (RTM value).
invention has a function of computing a realtime 20 When the RTM value is not less than the expected
number of collected platelets for the function of comput- number of to-be-collected platelets < 1.5, the RTM-cor-
ing the estimated number of to-be-collected platelets. At rected value = the expected number of to-be-collected
the time when the plasma (PC) containing high-concen- platelets < 1.2 (case A). When the RTM value is not less
tration platelets is collected, voltage signals detected by than the expected number of to-be-collected platelets <
the turbidity sensor installed on the second line are se- 25 1.2 nor more than the expected number of to-be-collect-
quentially inputted to the control part. The amount of the ed platelets = 1.5, the RTM-corrected value = the ex-
plasma containing the high-concentration platelet is pected number of to-be-collected platelets x 1.1 (case
computed by using an operation amount of the liquid B). When the RTM value is not less than the expected
supply pump at the time when the plasma centaining number of to-be-collected platelets nor more than the
high-concentration platelel is collected and a stored 30 expected number of to-be-collected platelets > 1.2, the
blood feeding amount per unit operation amount of the RTM-corrected value = the expected number of to-be-
liquid supply pump. The control part stores data or an collected platelets (case C). When the RTM value is less
equation for computing the concentration of platelets in than the expected number of to-be-collected platelets,
the plasma containing the high-concentration platelet the RTM-corrected value = RTM value (case D). A dis-
from the voltage signal sent from the turbidity sensor. 35 play number of collected platelets is also computed. The
The control part computes the number of collected display number of collected platelets is the sum of the
platelets (RTM value) from the computed platelet con- addition of the RTM-corrected values in the first platelet
centration and the computed blood-feeding amount. collection operation through the previous platelet collec-
The number of collected platelets (RTM value) can be tion operation and the RTM-corrected value in the cur-
obtained by computing the platelet concentration in & 42 rentplalelet collection operation. In other words, the dis-
predeterminedtime period on the basis of output signals play number of collected platelets is the addition of the
of the turbidity sensor detected at predetermined inter- RTM-corrected values in a terminated platelet collection
vals (for example, 0.02 - 2 seconds) and multiplying the operation.
platelet concentration by the blood-feeding amount in [0083] The estimated number of to-be-collected
the predetermined time period to thereby obtain the 45 platelets is computed by using the corresponding case
number of collected platelets in each predetermined of the cases A - D and the display number of collected
time period This operation is performed continuously in platelets. More specifically, in the case of the cases A,
the time period in which the plasma containing the high- B, and C, the estimated number of to-be-collected plate-
concentration platelet is collected. The total number of lets is computed by the display number of collected
the collected platelets can be obtained by adding re- 50 platelets + the RTM-corrected value in the previous
spective computed number of platelets to each other. platelet collection operation x (set number of platelet
The number (RTM value) of the collected platelets can collection operation cycles - the number of platelet col-
be obtained by computing an average value of a prede- lection operation cycles when collection operation ter-
termined number of times (for example, 10 times) of out- minated). In the case of the case D, the estimated
put signals of the turbidity sensor detected at predeter- 55 number of to-be-collected platelets is computed by the
mined intervals (for example, 0.001 - 0.5 seconds), com- display number of collected platelets + the expected
puting a platelet concentration in a specified time period number of to-be-collected platelets (value obtained by
(for example, 10 times as large as the predetermined dividing the expected number of to-be-collected plate-
]
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lets by the number of cycles) < (set number of platelet
collection operation cycles - the number of platelet col-
lection operation cycles when collection cperation ter-
minated).

function of increasing the number of to-be-collected
platelets. However, the platelet collection apparatus
does not necessarily have to be provided with the func-
tion of increasing the number of fo-be-collected plate-

[0084] The function of determining on anincrease/de- 5 lets. In this case, the function of determining on an in-
crease tendency in the number of collected platelets crease/decrease tendency in the number of collected
makes a determination on to which of "level of proper platelets determines that the number of collected plate-
range (no tendency to increase or decrease), "level of lets is in the proper range (there is no tendency to in-
tendency to increase”, and "unit-increased level" the crease or decrease) or there is a tendency to increase.
estimated number of to-be-collected platelets corre- 10  In this case, the function of determining on an increase/
sponds. The function of determining on an increase/de- decrease tendency in the number of collected platelets
crease tendency in the number of collected platelets determines that the number of collected platelets is on
may determine on "level of decrease range" (there is a the level of proper range (there is no tendency to in-
tendency to decrease). crease or decrease) [1] if the reference value Clthe es-
[0085] The function of determining on anincrease/de- 15 timated number of to-be-collected platelets < the refer-
crease tendency in the number of collected platelets de- ence value + the second predetermined value (PM2:
termines that the number of collected platelets is on the specifically 0.65 < 1011), supposing that the expected
level of proper range (there is no tendency to increase collection-amount-group is "medium" or "high" and [2] if
or decrease) [1] if a reference value [ the estimated the reference value + the second predetermined value
number of to-be-collected platelets < the reference val- 20 (PM2: specifically 0.65 < 1071) Cthe estimated number
ue + a second predetermined value (PM2: specifically of to-be-collected platelets < the reference value + the
0.65 % 10), supposing that the expected collection- third predetermined value (PM6: specifically 0.9 x
amount-group is "medium" or "high" and [2] if the refer- 101), supposing that the expected collection-amount-
ence value + the second predetermined value (PM2: group is "low". The function of determining on an in-
specifically 0.65 x 10'7) CIthe estimated number of to- 25 crease/decrease tendency in the number of collected
be-collected platelets < the reference value + a third pre- platelets determines that the number of collected plate-
determined value (PM8: specifically 0.9 < 1017), sup- lets is on "level of tendency to increase" (there is a ten-
posing that the expected collection-amount-group is dency to increase) if [3] the reference value + the second
"low". predetermined value (PM2: specifically 0.65 x 1011) O
[0086] The function of determining on an increase/de- 30 the estimated number of to-be-collected platelets, sup-
crease tendency in the number of collected platelets de- posing that the expected collection-amount-group is
termines thatthe number of collected platelets is on "lev- "high" and [4] if the reference value + the third predeter-
el of tendency to increase" (there is a tendency to in- mined value (PM6: specifically 0.9 »x 1011) [ the esti-
crease) [3] if the reference value + the second predeter- mated number of to-be-collected platelets, supposing
mined value (PM2: specifically 0.65 » 101) [Ithe esti- 35 thalthe expected collection-amount-group is "medium".
mated number of to-be-collected platelets < the refer- [0089] In the case where the function of determining
ence value + the third predetermined value (PM6: spe- on an increase/decrease tendency in the number of col-
cifically 0.9 x 101), supposing that the expected collec- lected platelets has determined that there is no tenden-
tion-amount-group is "medium" or "high" and [4] if the cy to increase in the number of collected platelets, the
reference value + the third predetermined value (PM6: <40 platelet collection apparatus performs a platelet collec-
specifically 0.9 > 1011) [ the estimated number of to- tion operation on the basis of stored data of the platelet
be-collected platelets, supposing that the expected col- collection condition.

lection-amount-group is "low". [0080] In the last platelet collection operation, the
[0087] The function of determining on an increase/de- function of determining on an increase/decrease ten-
crease tendency in the number of collected platelets de- 45  dency in the number of collected platelets does not op-
termines that the number of collected platelets is on erate. That is, the determination of the tendency in the
"unit-increased level" (there is a tendency to increase) platelet collection is not made in the last platelet collec-
if [5] the reference value + the third predetermined value tion operation. However, the display number of collected
(PM6: specifically 0.9 % 10') Othe estimated number platelets is computed.

of to-be-collected platelets, supposing that the expected 50 [0091] Theplatelet collection apparatus of the present
collection-amount-group is "high". invention has the function of altering an inputted target
[0088] Inthe embodiment, the function of determining number of units of to-be-collected platelets in the case
on an increase/decrease tendency in the number of col- where the function of determining on an increase/de-
lected platelets determines on the number of collected crease tendency in the number of collected platelets has
platelets by distinguishing "level of tendency to in- 55 determined that the number of units of collected plate-
crease" and "unit-increased level" from each otherwhen lets is on "unit-increased level". The platelet collection
there is a tendency to increase. This is because as de- apparatus further includes the function of increasing the
scribed later, the platelet collection apparatus has the amount of platelets to be collected in a subsequent
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platelet collection operation in the case where the func-
tion of altering an inputted target number of units of to-
be-collected platelets has altered the target number of
units of to-be-collected platelets.

or a value related thereto.

[0096] The platelet collection apparatus has the func-
tion of decreasing the amount of platelets to be collected
in a subsequent platelet collection operation in the case

[0092] The platelet collection apparatus has adisplay 5 where the function of altering the target number of units
function of giving warning of "unit-increased level" op- of to-be-collected platelets has not altered the target
erates when the function of determining on an increase/ number of units of platelets in a predetermined period
decrease tendency in the number of collected platelets of time after termination of the operation of the function
has determined that the number of units of collected of altering the target number of units of to-be-collected
platelets is on the increase level. At this time, the func- 10 platelets,
tion of altering the target number of units of to-be-col- [0097] The platelet collection apparatus has the func-
lected platelets also operates, Hence it is possible to tion of decreasing the amount of platelets to be collected
alterthe inputted target number of units of to-be-collect- in a subsequent platelet collection operation in the case
ed platelets. The target number of units of to-be-collect- where the function of determining on an increase/de-
ed plateleis is rewritten not automatically. An altered 15 crease tendency inthe number of collected platelets has
number of units can be inputted by an operator. The al- determined that the number of collected platelets is on
teration of the number of units is inputted fram the input the "level of tendency to increase”.
pertion 63 of the target number of units of to-be-collect- [0098] That is, the platelet collection apparatus of the
ed platelets. The "unit-increased increase level" is dis- embodiment has the function of decreasing the number
played on the display part 52. 20 of to-be-collected platelets operates in the case where
[0093] When the target number of units of to-be-col- the target number of units of to-be-collected platelets
lected platelets is altered. the warning display of "unit- has not been altered in a predetermined period of time
increased level" is turned off, and the control part 50 after the function of altering an inputted target number
computes and rewrites a necessary platelet collection of units of to-be-collected platelets has start to operate
condition for collecting the target number of units of 25 andinthe case where the function of determining on an
platelets and executes subsequent platelet collection increase tendency in the number of collected platelets
operations under a new platelet collection condition, has determined that the number of collected platelets is
Specifically, the control part 50 computes and rewrites on the "level of tendency to increase".
the target collection amount of plasma containing high- [0099] The function of decreasing the number of to-
concentration platelet and a target collection amount of 30 be-collected platelets alters the stored data of the plate-
platelet-removed of plasma. It is preferable not to alter let collection termination condition to quicken the plate-
the total amount of plasma to be collected from a donor, let collection operation and decrease the collection
Because of the increase of the target number of units of amount of the plasma containing high-concentration
to-be-collected platelets, the target collection amount of platelets (type 1 of the function of decreasing the
the plasma containing high-concentration platelets has 35 number of to-be-collected platelets). The function of de-
increased. Thus the target collection amount of platelet- creasing the number of to-be-collected platelets may al-
removed of plasma is decreased by the increased ter the stored data of the platelet collection condition to
amount of the target collection amount of the plasma decrease the concentration of platelets contained in the
containing high-concentration platelets. plasma containing the high-concentration platelets
[0094] When the functioncfaltering an inputtedtarget <40 (type 2 of the function of decreasing the number of to-
number of units of to-be-collected platelets has altered be-collected platelets).
the target number of units of to-be-collected platelets, [0100] Particularly, the platelet collection apparatus of
the computing portion of the control part 50 re-computes the embodiment has both types 1 and 2.
the expected number of to-be-collected platelets or the [0101] More specifically, the platelet collection appa-
value related thereto. The function of determiningon an 45  ratus performs the platelet collection operation at least
increase tendency in the number of collected platelets three times. In the platelet collection operation except
makes a determination by using the re-computed ex- the last platelet collection cperation, the function of de-
pected number of to-be-collected platelets or the value creasing the number of to-be-collected platelets alters
related thereto. the stored data of the platelet collection termination con-
[0095] The platelet collection apparatus has a func- 50 dition to quicken the platelet collection operation and de-
tion of computing a re-computed expected number of crease the collection amount of the plasma containing
to-be-collected platelets or a value related thereto when high-concentration platelets. In the last platelet collec-
the function of altering an inputted target number of units tion operation, the function of decreasing the number of
of to-be-collected platelets alters a target number of to-be-collected platelets alters the stored data of the
units of to-be-collected platelets. The function of deter- 55 platelet collection condition to decrease the cencentra-
mining on an increase tendency in the number of col- tion of platelets contained in the plasma containing the
lected platelets makes a determination by using a re- high-concentration platelets.
computed expected number of to-be-collected platelets [0102] The decreasetype 1 of the function of decreas-
11
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ing the number of to-be-collected platelets alters the
stored data of the platelet collection termination condi-
tion by decreasing the voltage of the collection termina-
tion turbidity sensor by a predetermined value to quick-

22

doing so, itis possible to prevent an excessive reduction
in the collection of the number of platelets which is
caused by the operation of the function of decreasing
the number of to-be-collected platelets.

en the platelet collection operation. That is, thetype 1 5 [0106] In the platelet collection apparatus of the em-
alters a platelet concentration (for example, about bediment, the determination on the increase tendency
400,000/ml) in a normal platelet collection termination in the number of collected platelels is continued after
to a platelet concentration (for example, about the function of decreasing the number of to-be-collected
900,000/ml) in an adjusted platelet collection termina- platelets starts its operation. Unlike the operation to be
tion. Thereby the time period for collecting the plasma 10 made after the function of increasing the number of to-
containing the high-concentration platelets becomes be-collected platelets operates, the determination on
short. Thus the collection amount of the plasma contain- the increase tendency in the number of collected plate-
ing the high-concentration platelets becomes smaller, lets is made in accordance with the initial condition with-
This type of adjustment can be simply and reliably ac- out altering the determination condition. In other words,
complished. However, the amount of the plasma con- 75 the operation of the function of decreasing the number
taining the high-concentration platelets decreases. of to-be-collected platelets is effective only when a sub-
[0103] Thedecrease type 2 of the function of decreas- sequent platelet collection operation is made, whereas
ing the number of to-be-collected platelets alters the the determination on the increase lendency in the
stored data of the platelet collection termination condi- number of to-be-collected platelets is executed in each
tioninsuch away thatthe concentration of plateletscon- 20 platelet collection operation. Therefore when the func-
tained in the plasma containing the high-concentration tion of decreasing the number of to-be-collected plate-
platelets decreases, i.e., in such a way that the collec- lets operates because determination of "level of tenden-
tion amount of the plasma is equal to or larger than that cy to increase" and "unit-increased level" has been
at the time when the adjusting function does not operate made in the first platelet collection operation, the func-
and that the platelet concentration decreases. More 25 tion of decreasing the number of to-be-collected plate-
specifically, when the plasma containing high-concen- lets does not operate if the determination of "level of
tration platelets is collected, the type 2 decreases the proper range” has been made by the function of deter-
collection speed of the plasma containing the high-con- mining on an increase tendency in the number of col-
centration platelets to a predetermined level after plate- lected platelets in the next platelet collection operation.
lets flow out therefrom and increase the voltage of the 30 [0107] The platelet collection apparatus has a warn-
collection termination turbidity sensor by a predeter- ing function that operates when it has been determined
mined value to delay the platelet collection operation. that there is a tendency fo increase in the number of
Thatis, the type 2 alters a platelet concentration (for ex- collected platelets and an operation display function of
ample, about 400,000/ml) in the normal collection ter- informing an operator of the operation of the function of
mination to a platelet concentration (for example, about 35 decreasing the number of to-be-collected platelets.
300,000/ml) in the adjusted collection termination. [0108] In addition to the automatic type, the function
Thereby the degree of the concentration platelets in the of decreasing the number of to-be-collected platelets
plasma decreases a little, and the collection amount may be actuated by an operator's swilching operation.
thereof is more than that collected in the normal condi- [0109] Theplatelet collection apparatus of the present
tion. By operating the decrease type 2 in the last platelet 40 invention is described below in other words. It is prefer-
collection operation, the amount of the plasma contain- able that the platelet collection apparatus has the func-
ing the high-concentration platelets is almost equal to tion of automatically computing the total number of
that collected in the normal condition. platelets including the estimated number of platelets to
[0104] It is preferable to provide both the type 1 and be collected in remaining operation cycles after the op-
the type 2. However, cne of the type 1 and the type 2 45 eration cycle of each platelet collection operation termi-
may be provided. nates and the number of platelets collectedin each cycle
[0105] It is preferable that the platelet collection ap- is automatically computed, has the function of determin-
paratus has an automatic function of terminating the op- ing on which of the four stages, namely, "level of ten-
eration of the function of decreasing the number of to- dencyto decrease”, "level of proper range", "level of ten-
be-collected platelets and performing a platelet collec- 50 dency to increase" and "unit-increased level" corre-
tion operation in accordance with data of the platelet col- sponds to the number of to-be-collected platelets, and
lection condition which is used before the function of de- hasthe function of executing remaining operation cycles
creasing the number of to-be-collected platelets oper- in dependence on each case of the four stages

ates, when the function of determining on an increase [0110] There is a case where the number of collected
tendency in the number of collected platelets has deter- 55 platelets corresponds to the case of "level of tendency
mined that the number of collected platelets has “there to decrease". Thus it is preferable that the platelet col-
is notendency to increase" after the function of decreas- lection apparatus has a function of informing the oper-
ing the number of to-be-collected platelets operates. By ator of the "level of tendency to decrease” by making a
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warning display such as "collected amountis short" and/
or giving warning sound and automatically adjusting fac-
tors such as a collection amount of blood in the next cy-
cle, a blood collection speed, a centrifuging separation
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the turbidity sensor 14, the optical sensor 15, and the
weight sensor 16. The controller 13 also controls the
opening/closing of the flow path shutter means 81, 82,
83, 84, 85, and 86 and the operation (rotation of rotor)

speed, a plasma circulation speed for collection of plate- 5  of the centrifugal separator drive unit 10.
lets, and a platelet collection termination timing affecting [0112] The first flow path shutter means 81 is used to
the collection of platelets to increase the number of to- open/close the portion of the first line 21 |ocated be-
be-collected platelets, The platelet collection apparatus tween the blood collection needle 29 and the pump tube
has a function of continuing an operation condition to be 21g. The second flow path shutter means 82 is used to
applied to the start of the blood collection operation 70 open/close the first tube 25a of the plasma collection
when the tendency in the number of collected platelets bag 25. The third flow path shutter means 83 is used to
is on the "level of proper range", When the tendency in open/close the second tube 25b of the plasma collection
the number of collected platelets corresponds to the bag 25. The fourth flow path shutter means 84 is used
case of "level of tendency to increase", it is preferable to open/close the third tube 26a of the platelet collection
that the platelet cellection apparatus has a function of 15 bag 26. The fifth flow path shutter means 85 is used to
informing the operator of that by making a waming dis- open/close the portien of the second line 22 located be-
play "collected amount is excessive" and/or giving warn- tween the centrifugal separator 20 and the connector
ing sound so that the information allows the operator to 22d for connecting the second line 22 with the fourth
issue an instruction of "prevent excessive collection” tube 27a of the buffy coat collection bag 27.
and automatically adjusting factors such as the collec- 20 [0113] The sixth flow path shutter means 86 is used
tion amount of blood in the next cycle, the blood collec- to open/close the portion of the second line 22 located
tion speed, the centrifuging separation speed, the plas- downstream from the connector 21e for connecting the
ma circulation speed for collection of platelets, and the first line 21 and the second line 22 with each other to
platelet collection termination timing affecting the collec- the connector 22d for connecting the fourth tube 27a of
tion of platelets to decrease the collection the number 25 the buffy coat collection bag 27 and the second line 22
of to-be-collected platelets. When the tendency in the with each other. Each cf the flow path shutter means 81
number of collected platelets corresponds to the case through 86 has an insertion portion on which the lines
of "unit-increased level", it is preferable to inform the op- or the tubes are installed. The insertion portion has a
erater of that by making a warning display "unit has in- clamp to be operated by a drive source such as & sole-
creased" and/or giving a warning sound so that the in- 30 noid, an electric motor, and a hydraulic or pneumatic cyl-
formation allows the operator to issue an instruction of inder. A clamp to be operated by a hydraulic pressure
"prevent excessive collection" and also issue an instruc- cylinder is preferable. The clamp of each of the flow path
tion of "unit has increased". In issuing the instruction of shutter means 81 through 86 is operated based on a
"prevent excessive collection”, it is preferable that the signal transmitted thereto from the controller 13.
platelet collection apparatus has the function of auto- 35 [0114] As shown in Fig. 2. the rotor drive unit 10 in-
matically adjusting factors such as the collection amount cludes a rotor drive unit housing 151 accommodating
of blood in the next cycle, the blood collection speed, the centrifugal separator 20, a pedestal 152, a motor
the centrifuging separation speed, the plasma circula- 153 constituting the drive source, and a disk-shaped
tion speed for collection of platelets, and the platelet col- rest 1565 for holding the centrifugal separator 20. The
lection termination timing affecting the collection of <40 heusing 151 is fixedly mounted on the pedestal 152. The
platelets to decrease the number of to-be-collected motor 153 is fixed to the lower surface of the housing
platelets. In issuing the instruction of "unit has in- 151 with a bolt 156 via a spacer 157, The upper end of
creased”, it is preferable that the platelet collection ap- the rotary shaft 154 of the motor 158 is fitted in the rest
paratus has the function of automatically altering the col- 155 such that the rest 155 rotates coaxially and integral-
lection condition such as the target number of units of 45 Iy with the rotational shaft 154. The upper portion of the
to-be-collected platelets, the collection amount of plate- rest 155 has a recess formed therein into which the bot-
lets, and the collection amount of plasma to values cor- tom of the rotor 142 is fitted. The upper porticn 145 of
responding to the target number of units of to-be-col- the centrifugal separator 20 is fixed to the housing 151
lected platelets and the function of automatically releas- with a fixing member not shown. Once the motor 153 for
ing the warning of "unit has increased". 50  the rotor drive unit 10 is started, the rest 155 and the
[0111] The controller 13 has a mechanism construct- roter 142 fixed thereto are rotated at a rotational speed
ed of a microcomputer and a function of computing the ranging from 3000 to 6000 rpm.
number of rotations of the rotor. Detection signals out- [0115] Therotor drive unit housing 151 has the optical
putted from the weight sensor 16, the optical sensor 15, sensor 15 fixedly mounted on an inner wall thereof with
and the turbidity sensor 14 are applied to the controller 55 amounting member 158. The optical sensor 15 optically
13. The controller 13 controls the start and stop of the detects the boundaries between separated blood com-
rotation and rotational direction (forward/backward) of ponents (for example, the interface B between the plas-
each pump, based on the signals applied thereto from ma layer 131 and the buffy coat layer 132 and the inter-
13

Haemonetics Corporation
Exhibit 2015
Page #360



25

face between the buffy coat layer 132 and the red cell
layer 133) in the centrifugal separator 20. The optical
sensor 15 is of a type capable of vertically scanning the
peripheral surface of the rotor 142. The optical sensor
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means of the first liquid supply pump after the plasma
collection/plasma circulation step is executed and col-
lecting platelets into the platelet collection bag; and a
blood return step for returning the blood inside the cen-

15 includes a light source for emitting a light beamtoa 5 trifugal separator to a donor after the platelet collection
shoulder portion of the centrifugal separator 20 and a step is executed.
light-receiving part for receiving a light beam reflected [0120] The controller 13 of the platelet collection ap-
by the centrifugal separator 20 and returned therefrom. paratus 1 according to the embodiment controls the cen-
Thatis, a light emitting element such as an LED or laser trifugal separator drive unit 10, the first liquid supply
and a light-receivingelement are arrayed inarow. Alight 70 pump 11, the second liquid supply pump 12, and a plu-
beam emitted by the light emitting element and reflected rality of the flow path shutter means to execute at least
by a blood component is received by the light-receiving twice of the platelet collection operation including the
element, and the amount of the received light is photo- plasma collection/constant-speed circulation step, the
electrically converted. plasma collection/acceleration plasma circulation step,
[0116] Because the intensity of the reflected light var- 15  the platelet collection step, and the blood return step.
ies depending on the separated blood component (for [0121] Subsequentto the terminaticn of the execution
example, the interface B between the plasma layer 131 of a platelet collection step and prior to the start of the
and the buffy coat layer 132), a position of the light-re- execution of a blood return step, the controller 13 of the
ceiving element at which the amount of received light platelet collection apparatus 1 executes abuffy coat-col-
has changed is detected as the corresponding position 20 lection step of flowing out the buffy coat from the cen-
of the interface B. More specifically, the arrival of the trifugal separater 20 and collecting it into the buffy coat
buffy coat layer at a light passage portion is detected, collection bag 27 by setting a plasma circulation rate
based on the difference between the amount of received higher than a final plasma circulation rate in the platelet
light at the time when the light passage portion of the collection step by means of the first liquid supply pump
centrifugal separator 20 |s filled with a transparent liquid 25 11,
(plasma or water) and the amount of received light at [0122] After the execution of the buffy coat collection
the time when the light passage porticn thereof is filled step terminates and before the execution of the subse-
with the buffy coat layer. The detection position of the quent blood collection step starts, the controller 13 con-
buffy coat layer is adjusted by changing & light passage trols the first liquid supply pump 11 and a plurality of the
position in the centrifugal separator 20. Normally, the 30 flow path shutter means 81 through 86 to execute the
detection of the light passage position is unchangeably huffy coat return step of returning the collected huffy
set. coat to the centrifugal separator 20.
[0117] The turbidity sensor 14 detects the turbidity of [0123] The platelet collection operation includes a
a fluid flowing through the second line 22 and outputs a plasma collection/ circulation (preferably, constant-
voltage corresponding to the detected turbidity. Specif- 35 speed circulation) operation, the platelet collection op-
ically, the turbidity sensor 14 outputs a low voltage when eration (in other words, plasma containing high-concen-
the turbidity is high, while it outputs a high voltage when tration platelets collection operation or high-concentra-
the turbidity is low. tion platelets-containing plasmacollection operation) af-
[0118] As each of the first liquid supply pump 11 on ter a plasma collection/circulation cperation, and a
which the pump tube 21g of the first line 21 is mounted <40 blood return operation after the platelet collection oper-
and the second liquid supply pump 12 on which the ation. The platelet collection operation may include a
pump tube 23a of the third line 23 is mounted, a roller plasma collection/acceleration plasma circulation oper-
pump or a peristaltic pump which is kept out of contact ation after the plasma collection/constant-speed circu-
with the blood is preferably used. A pump that can sup- lation operation and before the platelet collection oper-
ply the blood in either direction is used as the first liquid 45 ation (in other words, plasma containing high-concen-
supply pump 11 (blood pump). A roller pump capable of tration platelets collection operation).
rotating forward/ backward is used. [0124] The platelet collection operation will be de-
[0119] Underthe control of the controller, the following scribed below with reference to Figs. 5 through 13.
steps are executed: a plasma collection/plasma circula- [0125] As shown in Fig. 5, initially, blood cell compo-
tion step, to be executed at least one time, consisting of 50 nents are measured beforehand by using sampling
a plasma collection step for collecting anticoagulant- blood collected from the donor immediately before the
added blood, separating collected blood, and collecting operator starts to collect the components of the blood.
separated plasma into the plasma collection bag and a A hematcrit value (HCT) of the donor, a platelet concen-
plasma circulation step for circulating the plasma con- tration (PLT concentration) measured at this time, and
tained in the plasma collection bag by the plasma col- 55 the target number of units of to-be-collected platelets
lection step to the centrifugal separator; a platelet col- are inputted to the platelet collection apparatus. The
lection step for flowing out platelets from the centrifugal control part of the platelet collection apparatus com-
separator by accelerating a plasma circulation speed by putes a minimum value of the target number of to-be-
14
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collected platelets, the amount of extracorporeally cir-
culating bloed, the number of platelet collection opera-
tion cycles, and the expected number of to-be-collected
platelets by using the above-described inputted values
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through the first line 21, the chamber, and the first flow
path shutter means 81, and flows into the centrifugal
separator 20, Atthe above time point, the sixth flow path
shutter means 86, the fifth flow path shutter means 85,

and data or computing equations stored therein. The 5 the second flow path shutter means 82, and the third
control part may compute the expected number of units flow path shutter means 83 are dosed. Meanwhile the
of to-be-collected platelets. Thereafter the number of first flow path shutter means 81 and the fourth flow path
platelet collection operation cycles and the expected shutter means 84 are open. When the ACD-A solution-
number of to-be-collected platelets or the expected added blood is fed to the centrifugal separator 20, ster-
number of units of to-be-collected platelets are dis- 10 ilized air that has stayed in the centrifugal separator 20
played on the display part 52. The control part 50 may flows into the platelet collection bag 26 through the sec-
have the function of computing an expected operation ond line 22 and the flow path shutter means 84
termination time, based on the number of platelet col- [0132] Simultanecusly with the start of the blood col-
lection operation cycles and displaying the results. Then lection, the centrifugal separator 20 starts rotating at a
the control part makes a determination on to which of 15 predetermined speed while it is being supplied with the
the stored expected three collection-amount-groups the ACD-A solution-added blood. In the centrifugal separa-
computed expected value of the number of to-be-col- tor 20, therefore, the bloed is centrifugally separated into
lected platelets corresponds. In other words, a group de- aplasma layer (inner layer), a buffy coat layer (BC layer,
termination is executed. In the embodiment, the control intermediate layer), and a red cell layer (outer layer).
part determines on to which of the three collection- 20 When the ACD-A solution-added blood (about 270 ml)
amount-groups "low”, "medium”, and "high" the comput- is supplied in excess of the capacity of the centrifugal
ed expected number of to-be-collected platelets, corre- separator 20, the centrifugal separator 20 is completely
sponds and results are stored. fllled with the blood, and the plasma overflows through
[0126] The expected number of to-be-collected plate- the outlet of the centrifugal separator 20. The turbidity
lets is computed by the following equation 5: The ex- 25 sensor 14 mounted on the second line 22 connected
pected number of to-be-collected platelets = expected with the outlet of the centrifugal separator 20 detects
number of platelets to-be-collecled in first cycle + ex- that the fluid flowing through the second line 22 has
pected number of platelets to-be-collected in second cy- changed from the air to the plasma. Upon receipt of the
cle + #e» expected number of platelets to-be-collected in detection signal transmitted from the turbidity sensor 14,
last cycle #ess Equation 5 30 the controller 13 closes the fourth flow path shutter
[0127] The expected number of platelets to-be-col- means 84 and opens the third flow path shutter means
lected in the first cycle is computed by the above-de- 83 to collect the plasma into the plasma collection bag
scribed equation 1, The expected number of platelets 25.
to-be-collected in the second cycle is computed by the [0133] The weight of the plasma collection bag 25 is
above-described equation 2. The expected number of 35 measured in advance by the weight sensor 16, and a
platelets to-be-collected in the third cycle is computed signal indicating the measured weight is transmitted to
by the above-described equation 3. the controller 13. Thus, when the weight of the plasma
[0128] The expected recovery percentage is 65 - collected in the plasma collection bag 25 is increased to
80%. The target number of to-be-collected platelets is a predetermined amount (for example, 10 to 150g, or
computed from the target number of units of platelets > 40 30g), the controller 13 doses the first flow path shutter
2 x 1010, means 81 and opens the second flow path shutter
[0129] First, the third line 23 and the blood collection means 82 to proceed to the constant-speed plasma cir-
needle 29 are primed with the anticoagulant. Then the culation step.
blood collection needle 29 is stuck on the donor. [0134] In the constant-speed circulation step, the
[0130] As shown in Fig. 5, the controller 13 executes 45 blood collection is temporarily suspended, and the cen-
the first plasma collection step of collecting the antico- trifugal separator drive unit 10 is activating. The plasma
agulant-added blood by starting the first and second lig- contained in the plasma cellection bag 25 is circulated
uid supply pumps 11, 12 and collecting the first prede- to the centrifugal separator 20 at a constant speed.
termined amount of the plasma into the plasma collec- [0135] Upon start of the execution of the constant-
tion bag 25 by activating the cenirifugal separator drive 50 speed circulation step, the controller 13 keeps the first
unit 10. flow path shutter means 81 dosed and the second flow
[0131] When the first blood collection starts, the blood path shutter means 82 opened, stops the ACD pump
pump 11 is rotated at a predetermined rate (for example, 12, and starts the blood pump 11 at the predetermined
60 mi/min). At this time, a second pump constituting the rate (60 to 250 ml/min, for example, 200 ml/min). The
anticoagulant pump supplies the anticoagulant (for ex- 55 plasma collected in the plasma collection bag 25 is fed
ample, ACD-A solution) at a predetermined rate (for ex- to the centrifugal separator 20 rotating at a predeter-
ample, 1/10 of the blood pump rate). The blood drawn mined speed (computed initial number of rotations of ro-
from the donor is mixed with the ACD-A solution, flows tor) through the second flow path shutter means 82, At
15
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the same time, the plasma which has flowed from the
centrifugal separator 20 flows into the plasma collection
bag 25 through the turbidity sensor 14 and the third flow
path shutter means 83. With the lapse of a predeter-
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ing a small amount of plasma for interface adjustment.
[0140] As shownin Fig. 6, in the small-amount blood
collection step for interface adjustment, to keep the po-
sition of the buffy coat layer constant, irrespective of do-

mined length of time (10 to 90 sec, for example, 30 sec- 5 nersinthesubsequentplatelet collection step, the blood
onds) from the start of the constant-speed circulation is collected in correspondence to a predetermined
step, the controller 13 closes the second flow path shut- amount of red cells to be supplied. The supply amount
termeans 82 and opens the first flow path shuttermeans of the red cells is defined as a value derived from divid-
81 to proceed to the second plasma collection step. The ing a collected amount of blood by the hematocrit value
first plasmacirculation step is executed preferablyatthe 70 of the donor. Practically about 12 ml of the blood is col-
flow rate of 60 ml/min or more for at least 10 seconds. lected. The blood collection starts by rotating the first
[0136] In the second plasma collection step, the first liquid supply pump 11 at a predetermined rate (for ex-
and secend liquid supply pumps 11, 12 are started to ample, 80 mi/min). At this time, the second pump con-
collect the anticoagulant-added blood. Upon detection stituting the anticoagulant pump also supplies the anti-
of the buffy coat layer in the centrifugal separator 20 be- 15 coagulant (such as the ACD-A solution) at a predeter-
cause of an increase in the amount of the plasma in the mined rate (for example, 1/10 of the blood pump rate).
platelet collection bag 26, a detection signal is transmit- The blood collected from the donor is mixed with the
ted from the optical sensor 15 to the controller 13. Upon ACD-A solution. The ACD-A solution-added blood flows
receipt of the signal, the controller 13 doses the first flow into the centrifugal separator 20 rotating at a predeter-
path shutter means B1 and opens the second flow path 20 mined rate (computed initial number of rotations of ro-
shutter means 82 to proceed to the acceleration plasma tor), and a small amount of plasma is collected. Based
circulation step. on a set collection amount and a set pump rotation rate,
[0137] More specifically, the first blood pump 11 is ac- the controller 13 computes a blood collection time, and
tivated te collect the blood at a predetermined rate (for terminates the blood collection when the computed
example, 60 mi/min). Atthis time, the second pumpcon- 25 blood collection time expires. Then the controller 13
stituting the anticoagulant pump supplies the anticoag- closes the first flow path shutter means 81 and opens
ulant (for example, ACD-A solution) at a predetermined the second flow path shutter means 82 to proceed to the
rate (for example, 1/10 of the rate of the blood pump). platelet collection step.

[0138] The blood drawn from the donor is mixed with [0141] Upon termination of the acceleration plasma
the ACD-A solution. The ACD-A solution-added blood 30 circulation step, the controller 13 executes the platelet
flows into the centrifugal separator 20 rotating at a pre- collection step of flowing out platelets from the centrifu-
determined rate (computed initial number of rotations of gal separator 20 and collecting them into the platelet col-
rotar), and the plasma is collected in the plasma collec- lection bag 26 by accelerating the plasma circulation
tion bag 25. Nomally, upon detection of the buffy coat rate by means of the first liquid supply pump 11. The
layer in the centrifugal separator 20 because of an in- 35 platelet collection step is called acceleration processing.
crease in the amount of the plasma in the platelet col- In this step, the controller 13 controls the rotational
lection bag 26, a detection signal is transmitted from the speed of the blood pump to increase it stepwise by 10
optical sensor 15 to the controller 13, Upon receipt of ml/min every predetermined time period (for example,
the signal, the controller 13 doses the first flow path every one second) from 60 ml/min to 200 ml/min. When
shutter means 81 and opens the second flow path shut- 40 the rotational speed of the blood pump reaches 200 mV/
ter means 82 to proceed to the acceleration plasma cir- min, itis maintained until the platelet collection step ter-
culation step. In the second plasma collection step, the minates.

plasma is collected until the optical sensor 15 detects [0142] Upon start of the platelet collection step, the
the buffy coat (BC interface: interface between plasma turbidity sensor 14 detects the turbidity of a liquid pass-
layer and buffy coat layer). 45 ing therethrough and outputs a voltage corresponding
[0139] Inthe acceleration plasma circulation step, the to a detected turbidity. The output signal of the turbidity
blood collection is temporarily suspended and the cen- sensor 14 is applied to the controller 13. When the ro-
trifugal separator drive unit 10 is activated to circulate tational speed of the blood pump increases and reaches
the plasma in the plasma collection bag 25 to the cen- a rate ranging from 160 to 200 ml/min, platelets con-
trifugal separator 20. In the processing, the blood pump 50 tained in the buffy coat layer that have stayed Iinthe cen-
operates at an initial rate, for example, at 80 ml/min low- trifugal separator 20 flow out therefrom. As a result of
er than that in the constant-speed plasma circulation the release of the platelets, the turbidiy of the liquid
step and accelerated until a final rate reaches 150 ~ passing through the turbidity sensor 14 becomes high.
200 mi/min. The acceleration of the pomp is carried out At a time point when a voltage outputted from the tur-
at 2 - 10ml/min for 14 - 70 seconds until a final rate 55 bidity sensor 14 drops by 0.2 V, the third flow path shut-
reaches 200 ml/min. Upon completion of the accelera- ter means 83 is closed and the fourth flow path shutter
tion plasma circulation step, the processing proceeds to means B4 is opened. Thus the platelet-rich plasma re-
@ of the flowchart of Fig. € showing the step of collect- leased from the centrifugal separator 20 is collected in
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the platelet collection bag 26. The controller 13 converts
the voltage outputted from the turbidity sensor 14 into a
platelet concentration to compute the number of plate-
lets collected in the platelet collection bag 26 by driving
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lets which is the sum of the addition of the RTM-correct-
ed values in an initial platelet collection operation
through a previous platelet collection operation and the
RTM corrected value in a current platelet collection op-

the liquid supply pump. The concentration of high-con- 5  eration.

centration platelets-containing plasma passing through [0144] Then the processing proceeds to (@ of Fig. 7
the turbidity sensor drops after reaching a maximum val- in which the estimated number of to-be-collected plate-
ue. At atime point when it is detected that a termination lets is computed by using the corresponding case of the
level (CRC level) is attained, the execution of the platelet cases A - D and the display number of collected plate-
collection step finishes and the processing proceeds to 10 lets. More specifically, in the case of the cases A, B, and
the buffy coat collection step. C, the estimated number of to-be-collected platelets is
[0143] As shown in Fig. 8, simultaneously with the computed by the display number of collected platelets
start of the collection of the high-concentration platelets- + the RTM-corrected value in the previous platelet col-
containing plasma (PC), computation and measure- lection operation < (set number of piatelet collection op-
ment of the collection amount of the high-concentration 15 eration cycles - the number of platelet collection opera-
platelets-containing plasma and computation of the tion cycles when collection operation terminated). In the
number of collected platelets start, Voltage signals de- case of the case D, the estimated number of to-be-col-
tected by the turbidity sensor are sequentially inputted lected platelets is computed by the display number of
to the control part. The amount of the plasma containing collected platelets + the expected number of to-be-col-
the high-concentration platelet is computed by usingan 20 lected platelets < (set number of platelet collection op-
operation amount of the liquid supply pump and a stored eration cycles - the number of platelet collection opera-
blood feeding amount per unit operation amount, The tion cycles when collection operation terminated).
control part computes the number of collected platelets [0145] The function of determining on an increase/de-
(RTM value) from the platelet concentration computed crease lendency in the number of collected platelets de-
by using the voltage signal sent from the turbiditv sensor 25 termines whether there is a tendency to increase in the
and a computed blood-feeding amountcomputed as de- number of collected platelets. As shown in Fig. 7, the
scribed above and displays the number of collected function of determining on an increase/decrease ten-
platelets. The number of collected platelets (RTM value) dency in the number of collected platelets determines
can be obtained by computing the platelet concentration on to which of the three stages, namely, "there is no ten-
in a predetermined time period from output signals of 30 dency to increase (level of proper range)”, "level of ten-
the turbidity sensor detected at predetermined intervals dency to increase”, and "unit-increased level" the esti-
(for example, 0.01 - 2 seconds) and multiplying the mated number of collected platelets corresponds. More
platelet concentration by the blood-feeding amount in specifically, the function of determining on an increase/
the predetermined time period to thereby obtain the decrease tendency in the number of collected platelets
number of collected platelets in each predetermined 35 determines on whetherthe number of collected platelets
time period. This operation is performed centinuously in has a tendency to increase or decrease, based on the
the time period in which the plasma containing the high- estimated number of platelets and corresponding
concentration platelet is collected The total number of groups ("low", "medium", and "high") determined from
the collected platelets can be obtained by adding re- the above-described computed value of the expected
spective computed number of platelets to each other. 40 number of platelets. More specifically, the function of de-
The RTM-corrected value is computed from the comput- termining on an increase/decrease tendency in the
ed number of collected platelets (RTM value). When the number of collected platelets determines that the
RTM value is not less than the expected number of to- number of collected platelets is on the proper range level
be-collected platelets = 1.5, the RTM-corrected value (there is no tendency to increase or decrease) [1] if a
=the expected number of to-be-collected platelets % 1.2 45 reference value [ the estimated number of to-be-col-
(case A). When the RTM value is not less than the ex- lected platelets < the reference value + a second pre-
pected number of to-be-collected platelets =< 1.2 nor determined value (PM2: specifically 0.65 x 1011), sup-
more than the expected number of to-be-collected plate- posing that the expected collection-amount-group is
lets % 1.5, the RTM-corrected value = the expected "medium" or "high" and [2] if the reference value + the
number of to-be-collected platelets < 1.1 (case B). 50 second predetermined value (PM2: specifically 0.65 <
When the RTM value is not less than the expected 1011y Cthe estimated number of to-be-collected plate-
number of to-be-collected platelets nor more than the lets < the reference value + a third predetermined value
expected number of to-be-collecied platelets =< 1.2, the (PM86: specifically 0.9 x 10'), supposing that the ex-
RTM-corrected value = the expected number of to-be- pected collection-amount-group is "low". The function of
collected platelets (case C). Whenthe RTM valueisless 55 determining on an increase/decrease tendency in the
than the expected number of to-be-collected platelets, number of collected platelets determines that the
the RTM-corrected value = RTM value (case D). The number of collected platelels is on "level of tendency to
control part computes display number of collected plate- increase" (there is a tendency to increase) if [3] the ref-
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erence value + the second predetermined value (PM2:
specifically 0.65 x 10'") Cthe estimated number of to-
be-collected platelets < the reference value + the third
predetermined value (PM6: specifically 0.9 < 1011),
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get collection amount of the plasma containing high-
concentration platelets, the target collection amount of
the platelets and plasma (PPP), and the collection con-
dition are re-computed. Thereafterthe message indicat-

supposing that the expected collection-amount-groupis 5 ing an increase in the number of units of collected plate-
"high" and [4] if the reference value + the third predeter- lets is erased, and the execution of the mode for allowing
mined value (PM6: specifically 0.9 > 10'") Othe esti- alteration of number of units of to-be-collected platelets
mated number of to-be-collected platelets, supposing terminates. As described above, after whether the
that the expected collection-amount-group is "medium". number of collected platelets is on the tendency to in-
The function of determining on an increase/decrease 10 crease is determined, the buffy coat is collected, as
tendency in the number of collected platelets deter- shown in Fig. 7.
mines that the number of collected piatelets is on "unit- [0148] Uponcompletion of the platelet cellection step,
increased level" (there is a tendency to increase) if [5] the huffy coat collection step is executed. In this step,
the reference value + the third predetermined value the controller 13 doses the fourth flow path shutter
(PM6: specifically 0.9 x 1011) CIthe estimated number 15 means 84 and opens the fifth flow path shutter means
of to-be-collected platelets, supposingthat the expected 85. The plasma in the plasma collection bag 25 is fed to
collection-amount-group is "high”. the centrifugal separator 20 by the blood pump 11. At
[0146] |Ifitis determined that there is "no tendency to the same time, the liquid that has been released (the
increase (level of proper range)" in the number of col- huffy coat layer that has flowed out) from the centrifugai
lected platelets, the collection condition is not changed 20 separator 20 flows into the buffy coat collection bag 27.
and the processing proceeds to a buffy coat collection In the huffy coat collection step, the final rate of the ro-
step. If it is determined that the number of collected tational speed of the bloed pump in the platelet cellec-
platelets has the "tendency to increase", whether the tion step is maintained, and the rotational speed of the
number of collected platelets is on the "unit-increased centrifugal separator 20 is increased to the predeter-
level" is determined. If it is determined that the number 25 mined speed or a speed a little higher (higher by 50 -
of collected platelets is not on the "unit-increased level", 200 rpm than the predetermined speed, for example,
it is determined that the number of collected platelets is higher by 100 rpm) than the predetermined speed. In
on the "level of tendency to increase". As aresult, a pro- this manner, the huffy coat is released from the centrif-
gram for preventing collection of an excessive amount ugal separator 20 and collected in the buffy coat collec-
of platelets {function of decreasing the number of to-be- 30 tion bag 27. At a time point when the amount of the col-
collected platelets) operates, which is displayed on the lected buffy coat reaches a value computed based on
display part 52. When the program for preventing col- the hematocrit value of the donor and the amount of col-
lection of an excessive amount of platelets operates, in lected platelet, the blood pump 11 is stopped and all the
the platelet collection operation except the last platelet valves are closed. Thus the centrifugal separator 20
collection operation, the stored data of the platelet col- 35 stops rotating, i.e., the execution of the buffy coat col-
lection condition, namely, the voltage of the collection lection step terminates.
termination turbidity sensor is dropped by a predeter- [0149] Then, the blood return step of returning the
mined value to quicken the platelet collection operation, blood in the centrifugal separator 20 to the donor is ex-
That is, the platelet concentration (for example, about ecuted. The contreller 13 rotates the blood pump 11 in
400,000/ml) in the normal platelet collection termination 40 a reverse direction, opens the first flow path shutter
is altered to the platelet concentration (for example, means 81, and returns the red cell layer remaining in
about 900,000/ml) in the adjusted platelet collection ter- the centrifugal separator 20 to the donar through the first
mination. Thereby the time period for collecting the plas- line 21.
ma containing high-concentration platelets becomes [0150] Thus, the first (initial) platelet collection oper-
short. Thus the collection amount of platelets becomes 45 ation terminates.
smaller. [0151] Then, the processing proceeds to a second
[0147] When it is determined that the number of col- platelet collection operation, as shown in Fig. 9.
lected platelets is on the "unit-increased level", a mes- [0152] Referringto Fig. 9, in the second cycle, initially
sage indicating an increase in the number of units of col- the controller 13 executes the buffy coat return step of
lected platelets is displayed on the display part 52. Then 50 returning the buffy coat ceollected in the first platelet col-
the processing proceeds to a mode for allowing altera- lection step to the centrifugal separator 20 before the
tion of number of units of to-be-collected platelets shown next blood collection step is executed. Once the
in Fig. 8. In the mode for allowing alteration of number processing proceeds to the huffy coat return step, the
of units of to-be-collected platelets, it is possible to in- controller 13 rotates the centrifugal separator 20 at a
crease the target number of units of to-be-collected 55 predetermined rotaticnal speed (computed initial
platelets. When the target number of units of to-be-col- number of rotations of roter), opens the fifth flow path
lected platelets is increased, the target number of units shutter means 85 and the fourth flow path shutter means
of to-be-collected platelets is rewritten. Thereby the tar- 84, and starts the blood pump 11 at a predetermined
18
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rate (default value: 100 ml/min). The huffy coat con-
tained in the buffy coat collection bag 27 is fed to the
centrifugal separator 20 through the fifth flow path shut-
ter means 85. The air in the centrifugal separator 20 is
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is determined that the number of collected platelets is
on the "level of tendency to increase". As a result, the
program for preventing ccllection of an excessive
amount of platelets (function of decreasing the number

sent to the platelet collection bag 26 through the second 5 ofto-be-collected platelets) operates, which is displayed
line 22 and the fourth flow path shutter means 84. After on the display part 52. When it is determined that the
the blood pump 11 rotates in an amount corresponding number of collected platelets is on the "unit-increased
to the set collection amount of the buify coat, the exe- level", the processing proceeds to the mode for allowing
cution of the buffy coat return step is completed. alteration of number of units of to-be-collected platelets.
[0153] Then, as shown in Fig. 9, the first plasma col- 10 After whether the number of collected platelets is on the
lection step and the constant-speed plasma circulation tendency to increase is determined, the buffy coatis col-
step are executed. lected, as shown in Fig. 11.
[0154] Whether the processing has proceeded to the [0158] Then the buffy coat collection step and the
mode for allowing alteration of number of units of to-be- blood return step are sequentially executed. In this man-
collected platelets is determined. If YES, the execution 75 ner, the second platelet collection operation terminates.
of the determination processing terminates. Then the [0159] Description will be made on the last platelet
program for preventing collection of an excessive collection operation with reference te Fig. 9. In this em-
amount of platelets (function of decreasing the number bodiment, the third operation is the last one. However.
of to-be-collected platelets) operates, which is displayed the fourth or subsequent platelet collection operations
on the display part 52. 20 may be the last one. Each of these platelet collection
[0155] As shown in Fig. 9, after the second plasma operations except the last one is identical to the second
collection step and the plasma circulation step are exe- platelet collection operation (Figs. 7 and 8).
cuted, the processing proceeds to the program referred [0160] Inthe last platelet collection operation, initially,
to as @ in Fig. 10 in which the small-amount plasma asshown in Fig, 9, the buffy coat return step is executed,
collection step and the platelet collection step are exe- 25 Inthis step, the buffy coat collected by the second plate-
cuted. In the platelet collection step, when the program let collection operation (previous platelet collection op-
for preventing collection of an excessive amount of eration) is returned to the centrifugal separator 20 prior
platelets is in operation, the platelet collection operation to the execution of the next plasma collection step.
terminates not when the platelet concentration reaches [0161] When the processing proceeds to the buffy
the CRC level (for example, about 400,000/mlinthe nor- 30 coat return step, the controller 13 rotates the centrifugal
mal platelet collection termination) but when the platelet separator 20 at a predetermined rotational speed (for
concentration reaches about 900,000/ml (in the adjust- example, 4800 rpm), opens the fifth flow path shutter
ed platelet collection termination). Thereby the time pe- means 85 and the fourth flow path shutter means 84,
riod for collecting the plasma containing high-concen- and activatesthe blood pump 11 ata predetermined rate
tration platelets becomes short. Thus the collection 35 (default value: 100 ml/min). The buffy coat contained in
amount of platelets becomes smaller. the buffy coat collection bag 27 passes through the fifth
[0156] At the platelet collection step, regardless of flow path shutter means 85 and is supplied to the cen-
whether the program for preventing collection of an ex- trifugal separator 20. The air in the centrifugal separator
cessive amount of platelets is in operation, similarly to 20 is sent to the platelet collection bag 26 through the
the firstcycle, computation and measurement of thecol- 40 second line 22 and the fourth flow path shutter means
lection amount of the plasma containing high-concen- 84. After the blood pump 11 rotates in an amount corre-
tration platelets and computation of the number of col- sponding to the set collection amount of the buffy coat,
lected platelets start, the number of collected platelets the execution of the buffy coat return step terminates.
(RTM value) is computed, and the RTM-corrected value [0162] Then. thefirst plasma collection step is execut-
(RTM value for computation of estimated number of to- 45 ed. That is, the first and second liquid supply pumps 11,
be-collected platelets) is computed. Then the process- 12 are started to collect the anticoagulant-added blood,
ing proceeds to @ of Fig. 11 in which it is determined and the centrifugal separator drive unit 10 is activated
whether the number of collected platelets has a tenden- to collect a first predetermined amount of plasma from
cy to increase. the blood and flow it into the plasma collection bag 25.
[0157] Ifitis determined that there is "no tendency to 50 [0163] Upon start of the first blood collection, the first
increase (level of proper range)" in the number of col- liquid supply pump 11 is rotated at a predetermined rate
lected platelets, the collection condition is not changed (for example, 60 ml/min). At this time, the second pump
and the processing proceeds to the buffy coat collection constituting the anticoagulant pump supplies the antico-
step. If it is determined that the number of collected agulant (such as the ACD-A solution) at the predeter-
platelets has the "tendency to increase", itis determined 55 mined rate (for example, 1/10 of the bloed pump rate).
whether the number of collected platelets is on the "unit- Blood supplied from the donor is mixed with the ACD-A
increased level". If it is determined that the number of solution. The ACD-A solution-added blood flows
collected platelets is not on the "unit-increased level", it through the first line 21, passes through the chamber
19
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and the first flow path shutter means 81, and flows into
the centrifugal separator 20.

[0164] At this time, the sixth flow path shutter means
86, the fifth flow path shutter means 85, the second flow
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the plasma containing high-concentration platelets, the
collection speed of the plasma containing high-concen-
tration platelets is reduced to a predetermined level after
platelets flow out. More specifically, the collection speed

path shutter means 82, and the third flow path shutter 5 of the plasma containing high-concentration platelets is
means 83 are closed. Meanwhile the first flow path shut- reduced from 200mi/min to 170mi/min. When the pro-
ter means 81 and the fifth flow path shutter means 85 gram for preventing collection of an excessive amount
are opened, When the ACD-A solution-added blood is of platelets is in operation, the platelet concentration (for
supplied to the centrifugal separator 20, the sterilized example, about 400,000/ml) in the normal platelet col-
air that has been admitted into the centrifugal separator 10 lection termination is altered to the platelet concentra-
20 flows into the buffy coat collection bag 27 through a tion (for example, about 300,000/ml) in the adjusted
line sensor and the fifth flow path shutter means 85. Si- platelet collection termination. Thereby the degree of
multaneously with the start of the blood collection step, the concentration platelets in the plasma decreases a
the centrifugal separator 20 starts rotating at the prede- little, and the collection amount thereof is more than that
termined speed. The centrifugal separator 20 is sup- 15 collected in the normal condition.
plied with the ACD-A solution-added blood during its ro- [0169] At the platelet collection step, regardless of
tation, Thus, the centrifugal separator 20 separates it whether the program for preventing collection of an ex-
centrifugally into the plasma layer (inner layer), the buffy cessive amount of platelets is in operation, similarly te
coat layer (BC layer, intermediate layer), and the red cell the firstcycle, computation and measurement of the col-
layer (outer layer). When about 270 ml of the ACD-A 20 lection amount of the plasma containing high-concen-
soluticn-added blood exceeding the capacity of the cen- tration platelets and computation of the number of col-
trifugal separator is supplied to the centrifugal separator lected platelets start, and the number of collected plate-
20, it Is filled with the blood, and the plasma overflows lets (RTM value) is computed. Then the processing pro-
through the outlet of the centrifugal separator 20. ceedsto®) of Fig. 13in which the RTM-corrected value
[0165] Theturbidity sensor 14 mountedenthesecond 25 (RTM value for computation of estimated number of to-
line 22 connected to the outlet of the centrifugal sepa- be-collected platelets) is computed, and the estimated
rator 20 detects that the fluid flowing through the line number of to-be-collected platelets is computed.
has changed from the air to the plasma. Based on the [0170] When the platelet collection step terminates,
detection signal outputted from the turbidity sensor 14, the bleod return step is executed. Thereby the last plate-
the controller 13 closes the fifth flow path shuttermeans 30 |el collection operation terminates.
85 and opens the third flow path shutter means 83 to [0171] The platelet collection apparatus has both the
collectthe plasma into the plasma collection bag 25. The function of decreasing the number of to-be-collected
weight of the plasma collection bag 25 is measured in platelets and the function of increasing the number of
advance by the weight sensor 16, and a signal indicating to-be-collected platelets. It is desirable that the platelet
the measured weight is transmitted therefrom to the 35 collection apparatus has both the functions. However.
controller 13. Thus, when the weight of the plasma col- the platelet collection apparatus may have one of the
lected in the plasma collection bag 25 is increased to a two functions.
predetermined amount (for example, 30 g), the control- [0172] More specifically, the platelet collection appa-
ler 13 doses the first flow path shutter means 81 and ratus may have cnly the function of decreasing the
opens the second flow path shutier means 82 to pro- 40 number of to-be-collected platelets. In this case, the
ceed to the constant-speed plasma circulation step. platelet collection apparatus does not determine on
[0166] Thereafter it is determined whether the "unit-increased level' in determining whether the
processing has proceeded to the mode for allowing al- number of collected platelets has a tendency to in-
teration of number of units of to-be-collected platelets. crease.
If YES, the determination processing terminates. Then 45 [0173] As shown in Fig. 15, even in the first platelet
the program for preventing collection of an excessive collection operation (first cycle), the platelet collection
amount of platelets (function of decreasing the number apparatus not having the function of increasing the
of to-be-collected platelets) operates, which is displayed number of to-be-collected platelets may have the func-
on the display part 52 tion of decreasing the number of to-be-collected plate-
[0167] After the second plasma collection step and 50 |ets by altering a set condition of the platelet collection
the acceleration plasma circulation step are executed, operation. The platelet collection apparatus of this em-
the processing proceeds to the program referred to as bodiment has the peak platelet concentration situation
® in Fig. 12 in which a small-amount plasma collection determination function of detecting the peak of the plate-
step for interface adjustment and a platelet collection let concentration by using signals detected by the tur-
step are executed. 55 bidity sensor when the high-concentration platelets-
[0168] At the platelet collection step, when the pro- containing plasma is collected in the initial platelet col-
gram for preventing collection of an excessive amount lection operation and determining whether the detected
of platelets is in cperation after start of the collection of peak of the platelet concentration is on the "normal lev-
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el or the "excessive level"; and the function of decreas-
ing the number of platelets to be collected in the platelet
collection operation, when the platelet-concentration
peak situation determination function has determined

and the target number of units of to-be-collected plate-
lets are inputted to the platelet collection apparatus. The
control part of the platelet collection apparatus com-
putes the minimum value of the target to-be-collected

that the peak of the platelet concentration is on the "ex- 5 platelets, the amount of extracorporeally circulating
cessive level". blood, the number of platelet collection operation cycles,
[0174] The platelet collection apparatus of another and the expected number of to-be-collected by using the
embodiment is described below. above-described inputted values and data or computing
[0175] The platelet collection apparatus of this em- equations stored therein. The control part may compute
bodiment has a censtruction similar to that of the em- 10 the expected number of units of to-be-collected plate-
bodiment shown in Figs. 1 through 3. lets. Thereafter the number of platelet collection opera-
[0176] The platelet collection apparatus of this em- tion cycles and the expected number of to-be-collected
bodiment has the peak platelet concentration situation platelets or the expected number of units of to-be-col-
determination function of detecting the peak of the plate- lected platelets are displayed on the display part 52. The
let concentration by using signals detected by the tur- 15 control part 50 may have the function of computing an
bidity sensor when the high-concentration platelets- expected operation termination time, based on the
containing plasma is collected in the platelet collection number of platelet collection operation cycles and dis-
operation and determining whether the detected peak playing results. The expected number of to-be-collected
of the platelet concentration is on the "normal level" or platelets that is computed by a method similar to that of
the "excessive level"; and the function of decreasingthe 20 the embodiment can be utilized.
number of platelets to be collected in the platelet collec- [0184] First, the third line 23 and the blood collection
tion operation, when the platelet-concentration peak sit- needle 29 are primed with the anticoagulant. Then the
uation determination function has determined that the blood collection needle 29 is stuck on the donor.
peak of the platelet concentration is on the "excessive [0185] Asshown in Figs. 14 and 15, between the first
level". 25 plasma collection step and the collection of the plasma
[0177] The platelet collection apparatus of this em- containing high-concentration platelets (PC) at the
bodiment has only the function of decreasing the platelet collection step, an operation similar to those of
number of to-be-collected platelets. the above-described embodiments is performed (see
[0178] The embodiment is described below with ref- Figs. 5 and 6). Thus description thereof is omitted here-
erence to Figs. 13 through 17. 30 jn.
[0179] The platelet collection apparatus of this em- [0186] Simultanecusly with the start of the collection
bodiment has the function of decreasing the collection of the high-concentration platelets-containing plasma
amount of platelets in the case where it is expected that (PC), computation and measurement of the collection
the number of platelets to be collected in each platelet amount of the high-concentration platelets-containing
collection operation is more than a predetermined 35 plasma and computation of the number of collected
amount. platelets start. The voltage signals detected by the tur-
[0180] The peak platelet concentration situation de- bidity sensor are sequentially inputted to the control
termination function of this embodiment is similar to that part. The amount of the plasma containing the high-con-
of the above-described embodiment. The function of de- centration platelet is computed by using an operation
creasing the collection amount of platelets of this em- <0  amount of the liquid supply pump and a stored blood
bodiment is similar to that of the above-described em- feeding amount per unit operation amount. The control
bodiment. part computes the number of collected platelets (RTM
[0181] Itis preferable the platelet collection apparatus value) from the platelet concentration computed by us-
has an operation display function of informing an oper- ing the voltage signal sent thereto from the turbidity sen-
ator of the operation of the function of decreasing the 45 sorandacomputed blood-feeding amount computed as
collection amount of platelets. In addition to the auto- described above and displays the number of collected
matic type, this function may be actuated by an opera- platelets. The number of collected platelets (RTM value)
tor's switching operation. can be obtained by computing the platelet concentration
[0182] The platelet collection operation to be per- in a predetermined time period from output signals of
formed by the platelet collection apparatus of this em- 50 the turbidity sensor detected at predetermined intervals
bediment is described in detail below with reference to (for example, 0.01 - 2 seconds) and multiplying the
Figs. 14 through 17. platelet concentration by the blood-feeding amount in
[0183] As shown in Fig. 14, initially blood cell compo- the predetermined time period to thereby obtain the
nents are measured beforehand by using sampling number of collected platelets in each predetermined
blood collected from the donor immediately before an 55 time period. This operation is performed continuously in
operator starts to collect the components of the blood, the time period in which the plasma containing the high-
The hematerit value (HCT) of the donor, a platelet con- concentration platelet is collected. The total number of
centration (PLT concentration) measured at this time, the collected platelets can be obtained by adding re-
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spective computed number of platelets to each other.

[0187] As shownin Fig. 15, when the collection of the
plasma containing high-concentration platelets (PC)
starts, whether the peak of the platelet concentration

42

amount blood collection step and the platelet collection
step are executed,

[0193] The platelet collection step is executed in a
manner similar to that of the first cycle. That is, in a man-

has been attained is determined, by using detectionsig- 5 ner similar to that of the first cycle, when the collection
nals sent from the turbidity sensor. After the peak of the of the plasma containing high-concentration platelets
platelet concentration is attained, the situation of the (PC) starts, computation and measurement of the col-
peak of the platelet concentration is determined, If the lection amount of the plasma containing high-concen-
peak of the platelet concentration corresponds to "ex- tration platelets and computation of the number of col-
cessive level 2", the platelet concentration (forexample, 12 lected platelets start. Computed number of collected
about 400,000/ml) in the normal platelet collection ter- platelets (RTM value: in second operation cycle and an
mination is altered to a second platelet concentration n-th operation cycle, computed number of collected
(for example, about 900,000/ml) in the adjusted platelet platelets in first operation cycle through (n-1)th opera-
collection termination. If the peak of the platelet concen- tien cycle + RTM value in n-th operation cycle: total
tration does not correspond to the "excessive level 2" 15 number of number of collected platelets) is displayed on
but to an "excessive level 1", the platelet concentration the display part 52. While the plasma centaining high-
(for example, about 400,000/ml) in the normal platelet concentration platelets is being collected, it is deter-
collection termination is altered to a first platelet concen- minedwhether the peak has been attained, by using sig-
tration (for example, about 800,000/ml) in the adjusted nals detected by the turbidity sensor. Whenitis detected
platelet collection termination. If the peak of the platelet 20 that the peak voltage has been attained, the peak plate-
concentration corresponds to neither the "excessive let concentration situation is determined by using a de-
level 2" nor the "excessive level 1", the platelet concen- tected result. As shown in Fig. 15 and as described pre-
tration (for example, about 400,000/ml) in the normal viously, according to a result obtained by a determina-
platelet collection termination is maintained. When the tion made by peak platelet concentration situation de-
peak of the platelel concentration reaches the platelet 25 termination function, the concentration of collected
concentration in the normal platelet collection termina- platelets is adjusted depending on necessity.
tion, the collection of the plasma containing high-con- [0194] Thenthe RTM value for computing the estimat-
centration platelets terminates. ed number of to-be-collected platelets is computed from
[0188] After the collection of the plasma containing the computed number of collected platelets (RTM).
high-concentration platelets terminates, the number of 30 Thereafterthe processing goes to@ of Fig. 16 in which
collected platelets (RTM value) is computed. Then the estimated number of to-be-collected platelets is com-
processing goes to® of Fig. 18 in which the RTM-cor- puted from the computed RTM value for computing the
rected value (for computing estimated number of to-be- estimated number of to-be-collected platelets. Then as
collected platelets) is computed. Then the display shown in Fig. 186, the buffy coat step and the blood return
number of collected platelets is computed. Thereafter 35 step are sequentially executed. In this manner, the sec-
the buffy coat is collected The buffy coat collection step ond platelet collection operation terminates.
can be executed by a method similar to that of the [0195] Description will be made on the last platelet
above-described embodiments. collection operation. In this embodiment, the third oper-
[0189] Then, the blood return step of returning the ation is the last one. However, the fourth or subsequent
blood in the centrifugal separator 20 to the donoris ex- 40 platelet collection operation may be the last one. Each
ecuted. The blood return step can be executed by a of these platelet collection operations except the last
method similar to that of the above-described embodi- one is identical to the second platelet collection opera-
ments. Thereby the first (initial) platelet collection oper- tion (Figs. 7 and B). The second platelet collection op-
ation terminates. eration may be the last platelet collection operation.
[0190] Then the processing proceeds to a second <45 [0196] Inthe last platelet collection operation, initially,
platelet collection operation. as shown in Fig. 17, the huffy coat return step is execut-
[0191] Referring to Fig. 17, in the second cycle, ini- ed. In this step, the buffy coat collected in the second
tially the controller 13 executes the buffy coat return step platelet collection operation (previous platelet collection
of returning the buffy coat collected in the first platelet operation) is returned to the centrifugal separator 20 pri-
collection step to the centrifugal separator 20 before the 50 or to the execution of the next plasma collection step.
next blood collection step is executed. The buffy coat The buffy coat return step is executed by a method sim-
return step is executed by a method similar to that of the ilar to that of the above-described embodiments.
above-described embodiments. [0197] Then, thefirst plasma collection step is execut-
[0192] Then, as shown in Fig. 17, the first plasma col- ed. That is, the first and second liquid supply pumps 11,
lection step, the constant-speed plasma circulation 55 12 are started to collect the anticoagulant-added blood,
step, a second plasma collection step, and an acceler- and the centrifugal separator drive unit 10 is activated
ation plasma circulation step are executed. Then the to collect a first predetermined amount of plasma from
processing proceeds to@) of Fig. 15 in which the small- the blood and flow it into the plasma collection bag 25.
22
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The first plasma collection step may be executed by a
methed similar to that of the above-described embodi-
ments,
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pendence on a platelet-collected situation, it is possible
to alter the target number of units of platelets and collect
platelets at an altered target number of units thereof,

[0198] After the second plasma collection step and [0204] Theplatelet collection apparatus of the present
the acceleration plasma circulation step are executed, 5 invention has a function of determining whether there is
the processing proceeds to the program referred to as atendency to increase or decrease in the number of col-
@ in Fig. 15 in which the small-amount plasma collec- lected platelets by using data, related to the concentra-
tion step for interface adjustiment and the platelet col- tion of platelets, obtained from a turbidity sensor, an ex-
lection step are executed. The second plasmacollection pected number of to-be-collected platelets or a value re-
step, the acceleration plasma circulation step, and the 10 lated thereto and determining on a "level of tendency to
small-amount plasma collection step for interface ad- increase" and a "unit-increased level" which is higher
justment can be executed by a method similar to that of than the "level of tendency to increase" after plasma
the first cycle or the above-described embodiments, (PC) containing high-concentration platelets is collected
[0199] The platelet collection step is executed by a in & plasma collection operation; a function of altering
method similarto that of the firstcycle. Upontermination 75 an inputted target number of units of to-be-collected
of the platelet collection step, the blood return step is platelets in the case where the function of determining
executed, Thereby the last platelet collection operation on an increase/decrease tendency in the number of col-
terminates. lected platelets has determined that the number of units
[0200] The platelet collection apparatus of the present of platelets is on the "unit-increased level"; and a func-
invention has a function of determining whetherthereis 20 tion of increasing an amount of platelets to be collected
atendency to increase or decrease in the number of col- in a subsequent platelet collection operation in the case
lected platelets by using an estimated number of to-be- where the function of altering the target number of units
collected platelets computed by using an amount of of the to-be-collected platelets has altered the target
plasma containing high-concentration platelets and a number of units of the to-be-collected platelets; and a
platelet concentration obtained from a turbidity sensor 25 function of decreasing an amount of platelets to be col-
when the plasma is collected or data related to the plate- lected in a subsequent platelet collection operation in
let concentration and by using an expected number of the case where the function of altering the target number
to-be-collected platelets or a value related thereto; and of units of the to-be-ccllected platelets has net altered
a function of decreasing the amount of platelets to be the target number of units of platelets in a predetermined
collected in a subsequent platelet collection operation 30 period of time after termination of an operation of the
in the case where the function of determining on an in- function of altering the target number of units of the to-
crease/decrease tendency in the number of collected be-collected platelets and in the case where the function
platelets has determined that there is a tendency to in- of determining on an increase/decrease tendency in the
crease in the number of collected platelets. number of collected platelets has determined that the
[0201] Therefore it is possible to prevent platelets 35 number of the collected platelets is on the "level of ten-
from being collected in an amount much larger than the dency to increase”.

target number of to-be-collected platelets. [0205] Therefore in the case where it is possible to
[0202] The platelet collection apparatus of the present increase the target number of units of platelets in de-
invention has a function of determining whether there is pendence on a platelet-collected situation, it is possible
atendency to increase or decrease inthe numberofcol- <40 to alter the target number of units of platelets and collect
lected platelets by using data, related to the cencentra- platelets at an altered target number of units thereof.
tion of platelets, obtained from a turbiditv sensor, the ex- Further it is possible to prevent platelets from being col-
pected number of to-be-collected platelets or a value re- lected in an amount much larger than the target number
lated thereto after the plasma (PC) containing high-con- of to-be-collected platelets in the case where an in-
centration platelets is collected in a plasma collection 45 crease is nol desired in the target number of units of
operation; a function of altering an inputted target platelets or in the case where the target number of units
number of units of to-be-collected platelets in the case of platelets is not on an increasable level although the
where the function of determining on an increase/de- target number of units of platelets has a tendency to in-
crease tendency inthe number of collected platelets has crease.

determined that the number of units of collected plate- 50 [0206] Theplateletcollection apparatus of the present
lets is on "unit-increased level"; and a function of in- invention has a platelet-concentration peak situation de-
creasing the amount of platelets to be collected in a sub- termination function of detecting a peak of a plateletcon-
sequent platelet collection operation in the case where centration by using signals detected by a turbidity sen-
the function of altering the target number of units of to- sor when the high-concentration platelets-containing
be-collected platelets has altered the target number of 55 plasmais collected in a platelet collection operation and
units of to-be-collected platelets. determining whether a detected peak of the platelet con-
[0203] Therefore in the case where it is possible to centration is on a "normal level" or an "excessive level";
increase the target number of units of platelets in de- and a function of decreasing the number of platelets to
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be collected in the platelet collection operation, when
the platelet-concentration peak situation determination
function has detemmined that the peak of the platelet
concentration is on the "excessive level".

[0207] Therefore in the case where it is possible to
increase the target number of units of platelets in de-
pendence on a platelet-collected situation, it is possible
to alter the target number of units of platelets and collect
platelets at an altered target number of units thereof.
[0208] A platelet collection apparatus (1) has a func-
tion of determining whether there is a tendency to in-
crease or decrease in the number of collected platelets
by using data, related to the concentration of platelets,
obtained from a turbidity sensor (14), an expected
number of to-be-collected platelets or a value related
thereto; and a function of decreasing the amount of
platelets to be collected in a subsequent platelet collec-
tion operation after plasma containing high-concentra-
tion platelets is collected in a plasma collection opera-
tion, if the function of determining on an increase/ de-
crease tendency in the number of collected platelets de-
termines that there is a tendency to increase in the
number of collected platelets.

Claims

1. Aplateletcollection apparatus separatingblood into
a plurality of components by means of a centrifugal
separator having a blood-storage space therein and
collecting at least platelets of said components,
comprising:

a platelet collection circuit having a first line
connecting an inlet of said centrifugal separator
and a blood collection means with each other,
a second line connected with an outlet of said
centrifugal separator, and a platelet collection
bag connected with said second line;

a turbidity sensor disposed on said second line;
and

a function of computing a number of platelet
collection cycles and an expected number of to-
be-collected platelets or a value related thereto
from data of a donor's hematerit value, platelet
concentration data, and a target number of said
to-be-collected platelets, all of which are input-
ted to said platelet collection apparatus before
a platelet collection operation is performed,
afunction of determining whether there is aten-
dency to increase or decrease in a number of
collected platelets by using an estimated
number of to-be-collected platelets computed
by using an amount of plasma containing high-
concentration platelets and a platelet concen-
tration obtained from a turbidity sensor when
said plasma containing high-concentration
platelets is collected or data related to said

i0

15

25

30

35

40

45

50

55

24

platelet concentration and by using said ex-
pected number of to-be-collected platelets or
said value related thereto; and

a function of decreasing an amount of platelets
to be collected in a subsequent platelet collec-
tion operation if said function of determining on
an increase/decrease tendency in the number
of collected platelets determines that there is a
tendency to increase in the number of said col-
lected platelets.

A platelet collection apparatus according to claim 1,
wherein said function of determining whether there
is atendency to increase or decrease in the number
of collected platelets determines on a level of ten-
dency to increase and a unit-increased level which
is higher than said level of tendency to increase, if
it is determined that there is a tendency to increase
in the number of collected platelets.

A platelet collection apparatus according to claim 2,
further comprising a function of altering an inputted
target number of units of to-be-collected platelets,
if said function of determining on an increase/de-
crease tendency in the number of collected plate-
lets determines that the number of units of platelets
is on the unit-increased level,

A platelet collection apparatus according to claim 3.
further comprising a function of increasing an
amount of platelets to be collected in a subsequent
platelet collection operation, if said function of alter-
ing the target number of units of to-be-collected
platelets has altered said target number of units of
said to-be-collected platelets; and

a function of decreasing an amount of plate-
lets to be collected in & subsequent platelet collec-
tion operation, if said function of altering said target
number of units of the to-be-collected platelets has
not altered the target number of units of platelets in
a predetermined period of time after termination of
an operation of said function of altering the target
number of units of the to-be-collected platelets and
if said function of determining on an increase/de-
crease tendency in the number of collected plate-
lets determines that the number of the collected
platelets is on said level of tendency to increase.

A platelet collection apparatus accerding to claim 3
or 4, wherein when said function of altering an in-
putted target number of units of to-be-collected
platelets alters a target number of units of to-be-col-
lected platelets, a computing portion of a control
part re-computes an expected number of to-be-col-
lected platelets or a value related thereto; and a
function of determining on an increase tendency in
the number of collected platelets makes a determi-
nation by using a re-computed expected number of
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to-be-collected platelets or a value related thereto.

A platelet collection apparatus according to any one
of claims 1 to 5, wherein said platelet collection op-
eration includes a plasma collection/circulation op-
eration, the plasma containing high-concentration
platelets collection operation after the plasma col-
lection/circulation operation and a blood return op-
eration after the plasma containing high-concentra-
tion platelets collection operation.

A platelet collection apparatus separating blood into
a plurality of components by means of a centrifugal
separator having a blood-storage space therein and
collecting at least platelets of said components,
comprising:

a platelet collection circuit having a first line
connecting an inlet of said centrifugal separator
and a blood collection means with each other,
a second line connected with an outlet of said
centrifugal separator, and a pletelet collection
bag connected with said second line;
aturbidity sensor disposed on said second line;
a platelet-concentration peak situation determi-
nation function of detecting a peak of a platelet
concentration by using signals detected by said
turbidity sensor, when high-concentration
platelets-containing plasma is collected in a
platelet collection operation and determining
whether said detected peak of said plateletcon-
centration is on a normal level or on an exces-
sive level; and

a function of decreasing a number of platelets
to be collected In said platelet collection oper-
ation, when said platelet-concentration peak
situation determination function determines
that said peak of said platelet concentration is
on said excessive level.

A platelet collection apparatus according to claim 7,
wherein said function of decreasing the number of
to-be-collected platelets alters stored data of a
platelet collection termination condition to quicken
a platelet collection operation and decrease a col-
lection amount of said plasma containing high-con-
centration platelets.

A platelet collection apparatus according to claim 7
or 8, wherein said platelet-concentration peak situ-
ation determination function determines whether a
peak of a platelet concentration is on a normal level,
a first excessive level or a second excessive level
higher than said first excessive level, and

said function of decreasing the number of to-
be-collected platelets alters data of a platelet col-
lection termination condition, namely, a temmination
voltage of a turbidity sensor to a first predetermined
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value, if said platelet-concentration peak situation
determination function determines that said peak of
said platelet concentration is on said first excessive
level, and alters said termination voltage of said tur-
bidity sensor to a second predetermined value, if
said platelet-concentration peak situation determi-
nation function determines that said peak of said
platelet concentration is on said second excessive
level.

A platelet collection apparatus according to any one
of claims 7 to 9, wherein said platelet collection op-
eration includes a plasma collection/circulation op-
eration, a high-concentration piatelets-containing
plasma collection operation after the plasma collec-
tion/eirculation operation and a blood return opera-
tion after the plasma containing high-concentration
platelets collection operation,
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COLLECT BLOOD

[ ATTAINMENT OF SET AMOUNT OF BLOOD _ |

|
——=>[ACCELERATE CIRCULATION | SMALL-AMOUNT PLASMA
COLLECTION STEP
RCULATION AT
MAXIMUM SPEED \
START PC COLLECTION PLATELET
__ | START COMPUTATION AND MEASUREMENT OF COLLECTION STEP
COLLECTION AMOUNT OF PC
START COMPUTATION OF NUMBER OF TO-BE-COLLECTED PLATELETS
15 SEC AFTER START OF
RPC.COLLECTION
N

N
PC CONCENTRATION VOLTAGE < CRC LEVEL

FINISH PC COLLECTION
FINISH COMPUTATION AND MEASUREMENT | _
OF COLLECTION AMOUNT OF PC
FINSIH COMPUTATION OF NUMBER OF
TO-BE-COLLECTED PLATELETS (RTM)

[
COMPUTE RTM VALUE FOR COMPUTING ESTIMATED
NUMBER OF TO-BE-COLLECTED PLATELETS FROM
COMPUTED VALUE (RTM) OF COLLECTION AMOUNT
OF PLATELETS

v

@

31

Haemonetics Corporation
Exhibit 2015
Page #378



EP 1295619 A2

FI1G. ]

@

COMPUTE ESTIMATED NUMBER OF TO-BE-COLLECTED PLATELETS

DETERMINE WHETHER NUMBER OF TO-BE-COLLECTED
PLATELETS HAS TENDENCY TO INCREASE

DISPLAY MESSAGE

N TENDENCY TO INCREASE

Y
UNIT-INCREASED LEVEL

COLLECTED NUMBER OF UNITS
Y MODE FOR ALLOWING ALTERATION OF
NUMBER OF UNITS OF TO-BE-COLLECTED
PLATELETS OPERATING

OF INCREASE IN

OPERATE PROGRAM FOR PREVENTING COLLECTION

OF EXCESSIVE AMOUNT OF PLATELETS
CORRECT OPERATION PARAMETER IN SUBSEQUENT CYCLES

(INCREASE PC COLLECTION TERMINATION CONCENTRATION
BY PREDETERMINED VALUE)

ALTER PC COLLECTION OPERATION IN LAST CYCLE
BY PREDETERMINED VALUE)

OF EXCESSIVE AMOUNT OF PLATELETS

(DECREASE PC COLLECTION TERMINATION CONCENTRATION

DISPLAY OPERATION OF PROGRAM FOR PREVENTING COLLECTION

Sle
>t

———>{  START BC COLLECTION |

—AMOUNT OF COLLECTED BC > SET VALUE

[ FINISHBCCOLLECTION |
|

[ DECELERATE CENTRIFUGAL BOWL _ |
[

[ STOPCENTRIFUGALBOWL |
|

[ BLOOD RETURNPROCESS |

32

7

~BUFFY COAT
COLLECTION STEP

}BLOOD RETURN STEP

Haemonetics Corporation
Exhibit 2015
Page #379



EP 1295619 A2

FI1G. 8
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€9 Centrifuge bowl or rotor for plasmapheresis.

@ A disposable plasmapheresis centrifuge bowl (10) has a
header and rotary seal assembly [28) enclosing an aperture
(12R) in the of the bowl {10). The bowl (10) has a one-piece
seamless bowl body (12}, and various core members (14) may
beinserted into the body (12) via the aperture {12R), to control
flow of blood constituents inside the bowl (10) and affect the
separation thereof.
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"CENTRIFUGE BOWL OR ROTOR FOR PLASMAPHERESIS"

This invention relates to blood processing and,
more specifically, plasmapheresis. More especially,

the invention relates to a centrifuge bowl or rotor
for plasmapheresis.

Background Art

A plasmapheresis process is described in U. S.
Patent 4,086,924 issued May 2, 1978 to Allen Latham,
Jr. 1In this plasmapheresis process, whole blood is
withdrawn from a donor using a phlebotomy needle and
pressure cuff, is mixed with anticoagulant and is
transported by a blood pump to a plasmapheresis
centrifuge bowl 10 in which the whole blood is
separated into a plasma and non-plasma component.

The centrifuge bowl 200 is described in
connection with Figs. 4 and 5 of U. S. Patent 4,086,
924, which are reproduced herein as Figs. 1, 2 and 3
and labelled "Prior Art". As shown therein, the
centrifuge generally comprises a multi-piece feed
tube and seal assembly with a first transverse
central input port 90 leading to a longitudinal feed
tube stem 92 through which whole blood is introduced
into the bottom 106 of the centrifuge bowl 200.

A second transverse peripheral port 94 is
provided to allow separated plasma component to flow
out of the centrifuge bowl 200. A channel leading
to peripheral port 94 is formed between upper skirt
96 and lower skirt 98, which extend outwardly from a
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point approximately opposite where the central port
90 joins feed tube stem 92.

The outlet channel formed between upper and
lower skirts 96 and 98, respectively, continues into
an annular coaxial channel around the periphery of
the longitudinal extension of central port 90 until
it joins peripheral port 94.

An elastomeric bellows 128 forms a spring
member which urges carbon ring seal 126 against
skirt 96 forming a rotary seal therebetween.

Central port 90, feed tube stem 92, peripheral
port 94 and skirts 96 and 98 are generally manu-
factured by molding or extrusion techniques using
blood compatible plastic, such as styrene, ABS,
polycarbonate, polyethylene, polyurethane, etc. The
ports and skirts are part of a feed tube assembly
which is coaxial to and remains stationary while the
centrifuge bowl rotates about its longitudinal axis.

The centrifuge bowl body 200 is of two piece
construction formed of two integrally molded pieces,
an upper piece 202 and lower piece 204, which are
joined at approximately the mid-point, where a
raised joint 108 is provided so that the upper and
lower halves of the bowl, which were separately
injection-molded, may be joined by welding. A
molded series of outer wall members comprising an
inclined upper wall member, shown generally at 100,
a substantially vertical central wall member 102,
and a lower steeply inclined wall member 104, and a
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recessed bottom wall member 106 define the exterior
walls of the cenfrifuge bowl chamber.

A tubular core 120 defines a separation channel
150 between the outer core wall 103 and the inner
longitudinal walls of the bowl body wall. As shown
in the planar view of Fig. 3, the core is provided
with vanes 122 which have steps 124 at the
extremities, which are used to accurately position
the core coaxially by seating part of the upper
housing 124 against the vanes. When they are
seated, vanes 122 serve to provide a flow channel or
opening from the sedimentation area along the
longitudinal length of the core wall 103, leading to
the outlet channel formed between skirts 96 and 98.

Weld lines X-X, Y-Y and Z-Z have been added to
Figs. 1 and 2 of the drawings to show how the
individual parts and assemblies of the prior art
bowl body 200 are joined together and assembled. AS
may be seen therefrom, the lower portion and upper
portion of the feed tube and seal assembly is welded
at two places, Z-% and ¥Y-Y, after the lower portion
is inserted through a first large intermediate
opening 105 and a second smaller opening 107 in
upper bowl body piece 202. Next, core 120 is
snapped in place on upper piece 202 by means of
vanes 122 which seat on the upper piece. Finally,
lower piece 204 is placed over the core 120 abutting
joint 108 at X-X and is welded in place.

Apart from the overall labor intensive com-
plexity of the above procedure, several basic
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periphery of the bowl body is subjected to the greatest

possible centrifugal forces when the bowl is in operation

since it is located at the furthest radial point
from the bowl axis. Rupture of the weld at this

juncture is a chief cause of bowl failure. Secondly,

the bowl construction does not permit testing of

the seal and feed tube assembly until it is permanently
integrated with the bowl. Thus, if a defect is found

in the assembly, the complete assembly must be scrapped.

Accordingly, a need exists for a more reliable,

easier to assemble, centrifuge bowl capable of mass

production with a minimum amount of labor and in

which the seal and feed tube assembly can be separately

tested.
According to the present invention, there is
provided a disposable centrifuge rotor comprising:
(a) an integral seamless, unitary bowl body

adapted for rotation about an axis and having

a single aperture therein through an outer
wall of the bowl body; and

(b) a rotary seal assembly affixed to the
bowl body and covering the said aperture.

Also according to the present invention, there
is provided a disposable centrifuge rotor comprising:

(a) a seamless bowl body adapted to rotation

about its longitudinal axis and having a single

closeable aperture concentric with said axis
at one end thereof;

(b) a core member concentric with said axis

and having an open center extending within

said bowl from said aperture about said axis;

and
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(¢) a rotary seal assembly having a cover

for sealing the said seal assembly to the outer

wall of the body about the periphery of the

said aperture.

Further according to the present invention,

_there is provided a disposable centrifuge blood processing
rotor comprising: -

(a) an integral unitary bowl body adapted

for rotation about its longitudinal axis and

having a single aperture concentric with said

axis at one end of the outer wall of the bowl
body;

(b) a core member insertable in said aperture

and having an internal central bore concentric

with said bowl body axis; and

(¢) a rotary seal assembly affixed to the

outer wall about the:periphery of the said

aperture and having an effluent port and input

port in fluid communication with the interior
of said bowl body.

The invention is described in more detail in
the five non-limitative paragraphs which follow.

The method and apparatus of the present invention
comprises a disposable centrifuge rotor or bowl formed
of two basic items. The first is a rotary seal and
header assembly; the second, a unitary, integral,
seamless, one peice bowl body. A third, optional
element comprises a series of core member or hembers
capable of being used in a standard bowl body for
different separation processes. The seal and
header assembly is capable of being assembled
on an automatic machine. The bowl body is
adapted to be manufactured by blow molding
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or injection blow molding and the core member, or
members, by injection molding or other forming
process.

The integral bowl body is adapted for rotation
about its longitudinal axis. A single aperture is
provided at one end of the bowl body concentric with
the longitudinal axis of the bowl body. Core
members of various configurations are adapted to be
insertable through the aperture in the bowl body
concentric with the longitudinal axis of the bowl.

The seal and header assembly has a first seal
or crown member which mates with the outer body wall
of the bowl member about the periphery of the bowl
body aperture to affix the seal and header assembly
to the bowl body. The seal and header assembly is
formed of a header with input and output ports, and

‘a feed tube coupled to the inlet port which extends

within the core member concentric with the longi-
tudinal axis of the bowl body and terminating a
short distance from the lower wall of the bowl body.

An effluent tube is formed about the inner feed
tube assembly with a narrow channel provided there-
between for flow of effluent, for example, plasma,
to the outlet port. A second seal member is formed
about the periphery of the effluent tube to form a
rotary seal over the first seal member which permits
the inner and outlet ports to remain stationary
while the bowl rotates about its central axis.
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The entire eentrifuge rotor thus described can
be assembled in a matter of seconds after the
outside seal and header assembly has been assembled
by automated assembly techniques. A selected core
member is inserted into the aperture in the unitary
bowl body. Next, the seal and header assembly is
placed over the aperture and the feed tube inserted
into a concentric opening in the core until the.
first seal or crown is mateably engaged with the
outer wall of the aperture and a seal is formed
therebetween.

The invention and preferred embodiments thereof
will now be explained in further detail, by way of
example only, in the following description to be read
in conjunction with the accompanying drawings, in which:

Figs. 1 and 2 are respectively front and side
cross-sectional views of the centrifuge'bowl
described in U. S. Patent 4,086,924 and labelled
"Prior Art".

Fig. 3 is a transverse cross-sectional view
along line 3-3 of Fig. 1 of the prior art.

Fig. 4 is a partial cutaway side
cross-sectional view of the centrifuge bowl of the
present invention.

Fig. 5 is a partial cut-away sectional view of
a feed tube assembly of Fig. 4.

Fig. 6 is a sectional view of the top
end of a core 14 seen in Fig. 4.

Fig. 6A is a perspective view of the core 14

- showing the slots 52 in more detail.
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Fig. 7 is a partial cutaway side cross-
sectional view of the centrifuge bowl of the
invention showing an alternate embodiment of the
core member.

Fig. 8 is a sectional view taken along lines
8-8 of Fig. 7.

Fig. 9 is a partial cross-sectional view of yet
another embodiment of the invention showing a
two-piece core construction.

Fig. 10 is a detailed view taken along line 9-9
of Fig. 9.

Referring now to Figs. 4-6, a preferred
embodiment of the invention will now be described in
connection therewith. As may be seen therein, the
apparatus of the invention comprises a disposable
centrifuge rotor, or bowl, 10. The bowl comprises:
a seal and header assembly, shown generally at 28
(Fig. 5), a one-piece, seamless, integral howl-body
shown generally at 12 (Fig. 4) and a core member 14
(Fig. 6 and Fig. 4).

The seal and header assembly 28 is capable of
being assembled utilizing automatic machine tech-
nigues. The seal and header assembly is comprised
of a header 30, an effluent tube 25, a feed tube
assembly 24, and a rotary seal 35 formed of a seal
ring 22, and a flexible member 27 and an outside
seal member or crown 16.
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The header 30 comprises an integral formed
member having a transverse inlet bore 19 extending
into a longitudinal passageway 19a coupled to the
inner bore 61 of feed tube assembly 24 and, in turn,
to feed tube stem 18, thus forming an inlet path for
anticoagulated whole blood to enter the interior of
centrifuge bowl body 12.

Header 30 also includes an outlet port, or bore
20, which extends transversely into a peripheral
channel 20Da extending in parallel relationship with
the feed tube assembly 24 and into an outlet passage-
way 62. A shield portion 32 formed on header 30
extends over the rotary seal 35.

Feed tube assembly 24 is formed with an
integral skirt 24' disposed adjacent a complimentary
effluent tube skirt 25' formed on effluent tube 25.

The rotary seal 35, as mentioned above, is
formed of a.two—piece secondary seal ring which
consists of flexible outside sealing member 27,
which is affixed about its outer periphery to the
periphery of molded ring seal 22. A seal crown 16
having internal screw threads 16', about the
internal periphery thereof, is provided with a
central opening through which effluent tube 25
extends. The inner periphery of flexible member 22
is joined to the effluent tube.

The header and seal assembly 28, as thus
described, is formed and assembled as an individual
entity and is inserted through an upper central
opening in bowl body 12, as shown in Fig. 4 and
mated with external threads 12' formed on the
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periphery of bowl body 12 after core member 14 has
been inserted through said opening and fixed in
place within the bowl body 12, as will be subse-
guently described.

The bowl body 12 is an integral body adapted to
be manufactured by blow molding or injection blow
molding and may be formed of a suitable plastic,
such as transparent styrene or equivalent.

The bowl body is formed of an upper ring
portion 12R, an upper diagonal portion 12U, a middle
central portion 12C, a lower diagonal portion 12D
and a bottom cross portion 12B. Screw threads 12°'
are formed on the outer surface of ring portion 12R
and an opening extends longitudinally from the inner
surface of the ring portion 12R into the main
portion of the bowl body 12. A groove is formed
about the peripﬁery of the bowl at 12G to form a
holding surface for a centrifuge rotor chuck (not
shown) . .

An O-Ring gasket 55 is disposed on an inner
peripheral shoulder of crown member 16 adjacent
screw threads 16'. When member 16 is threaded onto
bowl body 12, gasket 55 is compressed against the
upper wall of ring 12R forming a liquid tight seal.

A cylindrical walled core 14 is adapted to be
inserted into the upper opening in bowl body 12
through the opening in ring portion 12R. Core 14 is
an integral member having a cylindrical outer wall
50 extending longitudinally and coaxial to the axis
of bowl body 12. An upper ring portion 50R of core
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14 is adapted to abut the inner wall of the ring
portion 12R of bowl body 12 when the core is in-
serted into the upper opening of the bowl body 12.

Four L-shaped reinforcing tabs 56 are formed on
the top wall 50T of core 14 to reinforce the ring
portion 50R. Four peripheral slots extend along the
periphery of the core 14 at the juncture between the
ring portion 50R and the cylindrical wall 50, as
shown more clearly in Fig. 6A. These slots 52
provide a passageway for the exit of effluent, such
as plasma, which has been separated from the whole
blood by the operation of the centrifuge plasma-
pheresis process within the bowl body 12.

This operation may be described generally as
follows: Whole blood is coupled from inlet port 19
through the longitudinal passageway in feed tube
assembly 24 to the bottom of the spinning centrifuge
bowl. The heavier red blood cells are forced
radially outwardly from the central axis and are
retained on the inner bowl wall along the main or
central body portion 12C of the bowl. The lighter,
less dense plasma is captured on the outer surface
of cylindrical wall 50 and allowed to exit through
the slots 52 at the top wall 50T of core 14 where-
upon they pass through the channel between skirts
24' and 25' into the passageway 62 and out the
outlet port 20 of header 30.

As mentioned previously, one of the advantages
of the present invention is that the outside seal
and header assembly 28 may be separately tested.

For example, the assembly may be fastened to a test

Haemonetics Corporation
Exhibit 2015
Page #401



10

15

20

25

30

0257755

- [

bowl body and checked under pressure for leaks, etc.
Similarly, the bowl body 12 may be separately
checked for leaks while attached to a test fixture.
After testing of each, they may be assembled
manually or with the use of automatic machinery.

In the alternate embodiment shown in Fig. 7,
the bowl body 12A and header and seal assembly 28
are substantially similar to that previously
described. However, the core labelled 14' is flared
at the lower extremity and is formed of semi-rigid
plastic material, such as polyvinylchloride (PVC) to
allow the flared core to be inserted through the
upper opening in the bowl body by deflecting the
longitudinal wall 50'. This results in a core body
having skirts 50S extending parallel to the diagonal
walls 50D of the bowl body. This skirted core
configuration is similar to that shown in U. S.
Patent 4,300,717 and enables different blood flow
patterns to be formed within the bowl.

Fig. 8 shows the lower bowl body details of the
alternate embodiment of Fig. 7 in which channéls 80
are formed in the bowl body 12' during the molding
process to facilitate flow of blood from the center
of the bowl to the sides in a predetermined pattern.

Figs. 9 and 10 depict an alternate two-piece
core embodiment in which the core member 14'' is
comprised of a generally cylindrical hollow walled
core, as in Fig. 4, but includes a disc-like member
90 which provides a flared wall portion 98 adjacent
diagonal bowl wall 12D. Member 90 is made of
semi-rigid plastic which can be compressed to allow
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it to pass through the top opening in the bowl body.
Circular grooves formed around protrusions 96 on
member 90 permit cylindrical core wall 50'' to mate
with member 90 after the core is inserted into the

5 bowl body. The grooves 92 form a press-fit holding
the two pieces 90 and 50'' together during rotation
of the bowl 10. Aperture 97 permits whole blood
from feed tube stem 18 to enter the bottom of the
bowl body 12B.

10 Egquivalents
Those skilled in the art will recognize that

there are many equivalents to the specific

embodiments described herein. Such equivalents are

intended to be encompassed within the scope of the
15 following claims.
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CLAIMS:

1. A disposable centrifuge rotor comprising:

(a) an integral seamless, unitary bowl body

(12) adapted for rotation about an axis and
having a single aperture (12R) therein through

an outer wall of the bowl body; and :

(b) a rotary seal assembly (28) affixed to

the bowl body (12) and covering the said aperture.

2. The rotor according to claim 1, including
a core member (14, 14', 14") adapted to be inserted
through the said aperture prior to its being covered
by the seal assembly (28).

3. The rotor according to claim 2, wherein
the core member (14') is semi-rigid and flared at
one end.

4. The rotor according to claim 2, wherein
the core member (14") comprises a rigid member (50")
having an outer diameter small enough to enable passage
through the said aperture and a flexible member (90)
having a greater diameter which is compressed to
pass through the said aperture and thereafter expanded
and affixed to the rigid member.

5. The rotor according-to claim 1, 2, 3 or 4,
wherein the rotary seal assembly (28) is provided
with a threaded cover (32) which is screwed onto
complementary threads (12') on the bowl body (12)
to cover the aperture thereof.
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6. The rotor according to claim 5, wherein
a seal ring (55) is disposed between the seal assembly
(28) and bowl body (12) about the periphery of the
aperture.

7. The rotor according to any of claims 1
to 6, for use in processing blood components, wherein
the bowl body has shaped portions thereon, as formed,
which affect the flow of blood components.

8. A disposable centrifuge rotor comprising:

(a) a seamless bowl body (12) adapted to rotation
about its longitudinal axis and having a single
closeable aperture (12R) concentric with said

axis at one end thereof;

(b) a core member (14, 14', 14") concentric

with said axis and having an open center extending
within said bowl from said aperture about said
axis; and

(c) a rotary seal assembly (28) having a cover
(32), for sealing the said seal assembly to

the outer wall of the body (12) about the
periphery of the said aperture.

9. The rotor according to claim 8, wherein
the core member (14', 14") is at least partly flexible
at portions thereof having an outer diameter greater
than the bowl body aperture.

10. A disposable centrifuge blood processing
rotor comprising:

(a) an integral unitary bowl body (12) adapted

for rotation about its longitudinal axis and

having a single aperture (12R) concentric with

said axis at one end of the outer wall of the

bowl body;
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(b) a core member (14, 14', 1L4") insertable

in said aperture and having an internal central
bore concentric with said bowl body axis; and
(c) a rotary seal assembly (28) affixed to

the outer wall about the periphery of the said
aperture and having an effluent port (20) and
input port (19) in fluid communication with

the interior of said bowl body (12).

11. The disposable centrifuge rotor according
to claim 10 including a peripheral slit extending
at least partially about the periphery of said core
member for permitting exit of separated whole blood
constituents from said bowl body to said effluent

port.
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BACKGROUND OF THE INVENTION

Field of the Invention.

OBJECTS OF THE INVENTION

It is the principal object of the present invention
to provide an improved rotary seal for a blood proc-

The present invention relates to rotary seals for 5 essing centrifuge bowl.
an imperforate bowl centrifuge. More specifically, A more specific object is to provide an improved
the present invention relates to a rotary seal for a rotary seal of the foregoing character which is stable,
blood processing centrifuge separator bowl. does not chatter or rattle, and which provides an en-
hanced cooling effect for the rotary seal.
Description of the Prior Art. 10 Another object of the present invention is to pro-
vide a rotary seal of the foregoing characteristics
Centrifuge bowls with rotary seals are old and which is less expensive than present devices, and is
well known in the art of processing blood. In this art, lightweight, rugged, efficient in operation, and main-
blood is separated into its red cell component and tains a lower operating temperature.
plasma component by a centrifuge utilizing an imper- 15
forate bowl which is rotated about a stationary tubular SUMMARY OF THE INVENTION
shaft through which whole blood is introduced into the
bowl and blood fractions, particularly plasma and red In accordance with the foregoing objects, the
blood cells are sequentially discharged from the bowl. present invention is embodied in an improved seal
An important part of the centrifuge apparatus is the 20 ring hub for supporting a rotary seal ring of a rotary
rotary seal between the stationary shaft and rotating seal. The rotary seal includes a rotary seal ring and
bowl to prevent the leakage of blood components as a stationary seal ring for a centrifugal separator
the bowl rotates. which has an imperforate bowl as a part thereof. The
U.S. Pat. No. 4,668,214, issued May 26, 1987, to seal ring hub comprises an annular hub plate defining
G. Reeder, for Method of Washing Red Blood Cells, 25  acentral shaftreceiving opening, an axially extending
discloses a blood processing centrifuge which in- annular lip on its periphery, and an axially extending
cludes a rotating bowl and a rotary seal between the annular rib in spaced juxtaposition with the annular
bowl and a stationary shaft. The rotary seal includes opening. The rib extends parallel to the lip and defines
a rotating seal ring mounted in an annular metal plate with the plate a seal ring supporting seat adjacent the
or hub. The metal plate serves as a heatsinktocool 30  opening. A plurality of spaced apart chordally extend-
the rotating seal ring. U.S. Pat. No. 4,300,717, issued ing vanes extend between the rib and the lip. The
November 17, 1981, to A. Latham, for Rotary Centri- vanes extend axially beyond the lip and the rib and
fuge Seal, discloses a centrifuge bowl and a rotary terminate adjacent the lip and overlie the rib. The
seal between the bowl and a stationary shaft. The ro- vanes serve to stabilize the plate during rotation of
tary seal comprises an upper stationary sealringsup- 35  the seal, and provide a flow of cooling air around the
ported in a metal adaptor ring secured to the station- rotary seal.
ary shaft and a lower ceramic rotary seal ring sup-
ported in a metallic adaptor ring secured to the rotat- DESCRIPTION OF THE DRAWINGS
able imperforate centrifuge bowl. In order to conduct
heat from the seal rings, the patent describes a rotary 40 Fig. 1 is a perspective view, partially cut away, of
seal ring construction formed of a good heat conduct- a blood treating centrifuge including an imperforate
ing material such as metal which conducts heat away bowl and a rotating seal construction embodying the
from the area of contact between the stationary and present invention.
rotary rings. The use of ports in an outer shield to dis- Fig. 2 is an enlarged cross-section view of the
sipate air currents for cooling is described. This pa- 45  centrifuge bowl, seal and shaft construction taken
tent also discloses the use of vanes on the upper ex- substantially in the plane of line 2-2 on Fig. 1.
ternal surface of the imperforate centrifuge bow! for Fig. 3 is an enlarged portion of the construction
purposes of dissipating heat generated by the seal. shown in Fig. 2 specifically showing the seal con-
Some commercial blood pheresis centrifuge struction embodying the present invention.
bowls and seals utilize a metallic heat sink ring with 50 Fig. 4 is a section view taken substantially in the
the seal ring, both of which are supported on a plastic plane of line 4-4 on Fig. 2.
plate or hub secured to the centrifuge bowl. Fig. 5 is a perspective exploded view of the seal
The principal problems with the foregoing priorart construction shown in Fig. 3.
devices are a lack of efficient cooling, the rotary seal
rings tend to chatter, and the supporting hubs utilize 55 DESCRIPTION OF THE PREFERRED
expensive metals. EMBODIMENT
The present invention is embodied in a support-
3
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ing plate or hub 10 mounting a rotary seal ring 11 and
adapted to be secured to an imperforate outer bowl
12 of a centrifuge 14 suitable for the processing and
separation of bloed and blood components. The cen-

ed to be secured adjacent its outer peripheral edge to
the upstanding sleeve portion 20 of the outer centri-
fuge housing 12. The annular hub plate 50 defines a
central shaft receiving opening 51 surrounding the

trifuge 14 includes a bowl assembly 15 rotatably 5 stationary shaft assembly 16. On its upper surface,
mounted on a stationary shaft assembly 16 and util- the seal ring hub 50 defines an axially extending an-
izing arotary seal assembly 18 for preventing leakage nular lip 52 adjacent its outer peripheral edge and an
of the blood and blood components between the ro- intermediate axially extending annular rib 54 parallel
tary bowl assembly 15 and stationary shaft assembly and concentric with the lip 52 and being positioned in
16. 10 spaced juxtaposition with the central annular opening
The centrifuge assembly 14, as shown in Figs. 1 51. The rib 54 and upper surface 55 of the annular
and 2 embodies a generally bell-shaped outer imper- plate defines a seat for supporting the rotary seal ring
forate bowl 12 having an upper sleeve portion 20 de- 11 in position for rotating engagement with the sta-
fining an upper opening 21. The bottom of the bowl tionary seal ring 42 secured to the stationary shaft
12 is closed by a bottom plate 22 adapted to be op- 15  assembly 16. For purposes of cooling the rotary seal
eratively connected to a centrifuge motor (not formed by the seal rings 11, 42, a plurality of equally
shown). The bowl 12 and bottom plate 22 define a circumferentially spaced chordally arranged vanes 56
central cavity 24 into which an inlet tube 25 forming are mounted integrally with the mounting plate or hub
a part of the stationary shaft assembly 16 extends. 50 and extend between the outer lip 52 and the seat
The tube opens at the lowermost end of the cavity24 20 defining rib 54. In the modification shown, the vanes
and at its upper end is provided with an inlet tube 26 overlie the inner annular rib 54 but terminate short of
connected to an inlet line 28 extending to a pump (not the outer annular lip 52.
shown) which serves to pump whole blood into the The vanes provide both a cooling effecton thero-
separator bowl. tary seal as well as a stabilizing effect on the seal ring
For forming an outer circumferential separating 25  supporting plate 50 preventing chatter or rattling of
chamber 30, a central conical-shaped bowl or core 31 the seal rings.
is mounted within the outer shell 12. The central core While a certain illustrative embodiment of the
31 includes a central passage 32 through which the present invention has been shown in the drawings
inlet tube 25 extends. The central core 31 is provided and described above in detail, it should be under-
with a bottom plate 34 positioned adjacentbutspaced 30  stood that there is no intention to limit the invention
from the bottom plate 22 to define a separating pas- to the specific form disclosed. On the contrary, the in-
sage 35 therebetween which opens into the outer cir- tention is to cover all modifications, alternative con-
cumferential separating chamber 30. structions, equivalents, and uses falling within the
For discharge of separated blood components, spirit and scope of the invention as expressed in the
the separating chamber 30 opens atthe upperend of 35  appended claims.
the centrifuge bowl assembly 14 into an outlet cham-
ber 36 defined between the sleeve portion 20 of the
outer bowl 12 and the seal ring hub or plate 10. Claims
For exhausting blood components to an outlet
conduit 38 connected to an outlet tube 39, a station- 40 1. Inarotary seal for a centrifugal separator includ-
ary sleeve 40 defines with the inlet tube 25 an annular ing an imperforate bowl rotatable about a central
outlet passage 41. The stationary tube 40 and inlet shaft, said rotary seal embodying a rotary seal
tube 25 define a stationary shaft which is supported ring and a stationary seal ring, a seal ring hub for
on the centrifuge mounting apparatus (not shown). supporting said rotary seal ring comprising an an-
For providing a seal between the stationary shaft 45 nular hub plate defining a central shaft receiving
assembly 16 and the rotating centrifuge bowl assem- opening, an axially extending annular rib on said
bly 15 the rotating seal assembly 18 includes a sta- plate in spaced juxtaposition with said opening,
tionary seal ring 42 which is rotatingly engaged by the said rib defining with said plate a seal ring sup-
rotary seal ring 11. The stationary seal ring 42 is sup- porting seat adjacent said opening, and a plural-
ported in a stationary hub 44 mounted on the shaftas- 50 ity of spaced apart vanes extending outwardly
sembly 16 and sealed thereto by a flexible diaphragm from said rib for stabilizing said plate during rota-
45, tion of said seal and providing a flow of cooling air
Because the contacting faces of the stationary around said rotary seal.
and rotary seal rings respectively generate heat dur-
ing operation of the centrifuge, the presentinvention 55 2. Inarotary seal for a centrifugal separator includ-
provides an improved heat dissipation and seal ring ing an imperforate bowl rotatable about a central
stabilizing structure. To this end, the seal ring mount- shaft, said rotary seal embodying a rotary seal
ing hub or plate comprises an annular plate 50 adapt- ring and a stationary seal ring, a seal ring hub for
4
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supporting said rotary seal ring comprising an an-
nular hub plate defining a central shaft receiving
opening, an axially extending annular lip on the
periphery of said plate, an axially extending an-
nular rib on said plate in spaced juxtaposition with
said opening, said rib extending parallel to said lip
and defining with said plate a seal ring supporting
seat adjacent said opening, and a plurality of
spaced apart vanes extending between said rib
and said lip for stabilizing said plate during rota-
tion of said seal and providing a flow of cooling air
around said rotary seal.

In a rotary seal ring of a rotary seal for a centri-
fugal separator including an imperforate bowl ro-
tatable about a central shaft, said rotary seal em-
bodying a rotary seal ring and a stationary seal
ring, a seal ring hub for supporting said rotary
seal ring comprising an annular hub plate defin-
ing a central shaft receiving opening, an axially
extending annular lip on the periphery of said
plate, an axially extending annular rib on said
plate in spaced juxtaposition with said opening,
said rib extending parallel to said lip and defining
with said plate a seal ring supporting seat adja-
cent said opening, and a plurality of spaced apart
chordal vanes extending between said rib and
said lip, said vanes extending axially beyond said
lip and said rib for stabilizing said plate during ro-
tation of said seal and providing a flow of cooling
air around said rotary seal.

In a rotary seal for a centrifugal separator includ-
ing an imperforate bowl rotatable about a central
stationary shaft, said rotary seal embodying a ro-
tary seal ring and a stationary seal ring, a seal
ring hub for supporting said rotary seal ring com-
prising an annular hub plate defining a central
shaft receiving opening, an axially extending an-
nular lip on the periphery of said plate, an axially
extending annular rib on said plate in spaced jux-
taposition with said opening, said rib extending
parallel to said lip and defining with said plate a
seal ring supporting seat adjacent said opening,
and a plurality of spaced apart chordal vanes ex-
tending between said rib and said lip, said vanes
extending axially beyond said lip and said rib and
terminating adjacent said lip and overlying said
rib for stabilizing said plate during rotation of said
seal and providing a flow of cooling air around
said rotary seal.
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Background of the Invention

In 1968 a disposable blood processing bowl
was introduced by the inventor, Allen Latham, Jr.,
in a paper entitled "A New Approach to Automated
Centrifugal Processing of Blood" at the 21st Annual
Meeting of the American Association of Blood
Banks. Mr. Latham described a system for pro-
cessing blood using an expendable, or disposable,
centrifuge rotor in the form of a relatively inexpen-
sive bowl. The system was proposed for use in a
number of pheresis procedures, such as plas-
mapheresis and plateletpheresis. In these pro-
cesses, whole blood is taken from a donor and

10

Anticoagulated whole blood introduced to the
bowl body via the fixed input port is coupled to the
bottom of the bowl body by a fixed inlet tube
coupled to the input port and extending longitudi-
nally therefrom along a central longitudinal axis to
the bottom wall of the bowl body. Whole blood is
coupled to the separation chamber via one or more
radially —extending introduction passageways
formed between an inner surface of the lower bowl
body wall and a lower radially extending wall of the
core which extends in parallel to the lower bowl
body wall leaving a narrow entrance at the ex-
tended outer diameter of the bowl for introduction
of whole blood from the introduction chamber into

various blood components are separated from the 15 the separation chamber. Separated less dense
whole blood and harvested while some compo- whole blood component in the separation chamber
nents are returned to the donor. The system was is coupled to the collection chamber via a passage-
also suggested for use in cell washing, such as in way formed between radially inwardly extending
deglycerization, in which thawed deglycerized red wall portions of the core and bowl body leading to
cells are washed to remove the glycerine preserva- 20  the upper collector passageway and through the
tive before being infused in a patient. output port. The upper collector passageway is

In operation, the bowl is held in a chuck which formed by a pair of opposed radially outwardly
is attached to a spindle and driven by a motor. The extending members which lead to a longitudinally
bowl consists of a rotor, or bowl body portion in extending coaxial passageway coupled to the outlet
which blood component is separated and a stator 25  port. The header assembly must remain fixed,
portion consisting of an input and output port. A since the inlet and outlet tubing to, or from, a donor
rotary seal couples the stator to the rotor. One side or patient, is coupled to it. The rotary seal provides
of the input port is connected through a first peri- an appropriate interface between the fixed header
staltic pump to a source of whole blood from a and the rotating bowl body. The system, including
donor and the other side is in fluid communication 30  the bowl, interconnecting tubing and receptacles,
with a fractionation volume in the rotor. Anticoagu- are connected together and sterilized in advance of
lant is mixed with the whole blood prior to entry use, so that they arrive in sterile form ready for
into the centrifuge bowl. immediate use. All parts, other than the rotary seal

The rotor is rotated at a fixed speed and var- assembly, are generally made from blood-compati-
ious blood fractions are collected at the output port 35  ble plastic, such as polycarbonate (for the bowl), or
and directed into appropriate containers, such as polyethylene (for the tubing and receptacles). One
plastic bags, by diverting the flow through plastic of the disadvantages of the centrifuge bowls de-
tubing in accordance with the setting of three-way scribed above is that, when the last of the less
clamp/switches. dense components, i.e. plasma, platelets, etc., are

Fractionation within the centrifuge is deter- 40  being displaced by passage through the outlet port,
mined by the relative densities of the different cell the supply of an anticoagulated whole blood must
components being separated and collected. The be interrupted to prevent the outflow of the more
various cell fractions pass through the outlet port of dense components. i.e., red blood cells (RBC). The
the centrifuge bowl by progressive displacement centrifuge is stopped leaving concentrated RBC in
from the lower portion of the bowl. 45  the bowl which are then collected by suctioning out

The bowl consists of two major components. through the inlet port prior to commencing another
One is a rotatable bowl body with an inner core separation cycle. As noted by Panzani in U.S.
mounted coaxial to a central longitudinal axis 4,859,333 this interruption is particularly disadvan-
through the bowl body. The other is a rotary seal tageous in the case of intraoperative autotrans-
and header assembly, which is provided on top of 50  fusion where whole blood is washed and REC
the bowl body. separated for rapid reinfusion. Panzoni's solution to

The bowl body is divided into two chambers, this problem is to add a third port 12(a) connected
the first is an upper collection chamber adjacent an to an additional central conduit 12 which extends to
upper radially extending collection passageway the bottom of the bowl and which is sealed from
leading to the output port. The second is a separa- 55  the conventional inlet tubing by a gasket 13. (U.S.
tion chamber formed between the longitudinally 4,859,333 Col. 4, lines 9-20). A vacuum or negative
extending cylindrical wall of the core and the side pressure is applied to the third port where it is
wall of the bow! body. desired to collect RBC which are drawn up the

2

Haemonetics Corporation
Exhibit 2015
Page #425



3 EP 0 664 159 A1 4

additional conduit 12 which is in communication
with bottom passage 16, which is in the peripheral
communication with outer passage 7 where the
concentrated RBC are located (U.S. 4,859,333, Col.

fluid communication with a fractionation volume in
the rotor 14. Anticoagulant is mixed with the whole
blood prior to entry into the centrifuge bowl.

The rotor 14 is rotated at a fixed speed and

4, lines 42-54). 5 various blood fractions are collected at the output
port 18 and directed into appropriate containers
Summary of the Invention (not shown), such as plastic bags, by diverting the
flow through plastic tubing in accordance with the
In accordance with the present invention an setting of three-way clamp/switches (not shown).
additional passageway is provided at the bottom of 10 Fractionation within the centrifuge bowl is de-
the centrifuge bowl to enable collection of the den- termined by the relative densities and sizes of the
ser fraction (e.g. RBC) of whole blood component different cell components being separated and col-
separated in the bowl. lected. The various cell fractions pass through the
This additional passageway is formed by pro- outlet port 18 of the centrifuge bowl by progressive
viding a radially outwardly extending communica- 15  displacement from the lower portion of the bowl.
tion channel or passageway at the distal end of the The bowl 10 consists of two major compo-
fixed inlet tube. This radial extension is formed by nents. One is the rotatable bowl body, per se, 22
upper and lower planar disc-like members which with an inner conical core 24 mounted coaxial to a
depend from the distal end of the inlet tube and central longitudinal axis A through the bowl body.
extend outwardly to an introduction chamber 20 The other is a rotary seal and header assembly 12,
formed at the bottom of the bowl. The members which is provided on top of the bowl body 14.
extend radially outwardly the same distance as the The bowl body 14 is divided into three cham-
upper collector passageways in the conventional bers Cl, C2 and C3. The first chamber, Cl, is an
prior art centrifuge bowl described above. When annular upper collection chamber adjacent an up-
desired, more dense blood component can be col- 25  per radially extending collection passageway Pl
lected while the bowl is rotating by introducing less leading to the output port 18. The second chamber,
dense component fluid or a physiological solution C2, is a lower annular introduction chamber adja-
fluid, such as, saline into the conventional output cent a lower radially extending collector passage-
port. Fluid entering the outlet port travels in a way P2 at the distal end of an inlet tube 26 at the
reverse direction to the separation chamber which 30  bottom of the bowl. The third chamber, C3, is a
forces more dense component out the separation separation chamber formed between a tapered lon-
chamber to the introduction chamber, out the addi- gitudinally extending cylindrical wall 24a of the
tional passageway at the distal end of the input core and a side wall 22a of the bow! body.
tube, and from there out the input port for collec- Chambers C1 and C2 are interconnected to
tion or harvesting. 35  Chamber C3 by passageways P4 and P3, respec-
tively, formed between bowl body walls and core
Brief description of the Drawing walls. Anticoagulated whole blood introduced to the
bowl body 14 via the fixed input port 16 is coupled
Figure 1 is a front elevational view in section to the bottom of the bowl body by the fixed inlet
illustrating the structure of a first embodiment of 40 tube 26 which extend along central longitudinal axis
the invention: A to the lower introduction chamber C2.
Figure 2 is a front elevational view of a second Whole blood in the introduction chamber C2 is
embodiment of the invention. coupled to the separation chamber C3 via one or
more radially extending introduction passageways
Detailed Description of the Invention 45 P5 formed between an inner surface of the lower
bowl body wall 22b and a lower radially extending
A first embodiment of the invention will now be wall 24b of the core which extends in parallel with
described in connection with Figure 1. the lower bowl body wall 22b leaving a narrow
The centrifuge bowl is held in a chuck (not entrance E1 at the extended outer diameter of the
shown) which is attached to a spindle and driven  so  bowl for introduction of whole blood from the in-
by a motor (also not shown). The bowl consists of troduction chamber C2 into the separation chamber
a rotor, or bowl body portion 14 in which blood C3.
component is separated and a stator portion 12 Separated less dense whole blood component
consisting of an input port 16 and output port 18. A in the separation chamber C3 is coupled to the
rotary seal 20 couples the stator 12 to the rotor 14. 55  collection chamber Cl via passageway P4 formed
One side of the input port is connected through a between radially inwardly extending wall portions
first peristaltic pump (not shown) to a source of 24C and 22C, respectively, of the core and bowl
whole blood from a donor and the other side is in body leading toward the upper collector passage-
3

Haemonetics Corporation
Exhibit 2015
Page #426



5 EP 0 664 159 A1 6

way Pl and thence through the output port 18. The
upper collector passageway Pl is formed by a pair
of opposed radially outwardly extending and in-
clined members 30, 32 which lead to a longitudi-
nally extending coaxial passageway P5 coupled to
the outlet port 18.

Preferably, the centrifuge system, including the
bowl 10, interconnecting tubing and receptacles,
are connected together and sterilized in advance of
use, so that they arrive in sterile form ready for
immediate use. All parts, other than the rotary seal
assembly, are generally made from blood-compati-
ble plastic, such as polycarbonate (for the bowl), or
polyethylene (for the tubing and receptacles).

10

The main differences are as follows:

In the Fig. 2 bowl, the core 24’ is formed of a
thick molded cylindrical longitudinally extending
side wall 24a' and upper and lower radially extend-
ing walls 24c'and 24b’, respectively.

Lower wall 24b' extends radially outwardly from
wall 24a' and upper wall 24¢' extends radially in-
wardly from wall 24a'. The lower collective cham-
ber C2' is located at the outlet of passageway P2'
and is coupled to separation chamber C3' via pas-
sageway P5' formed between core wall 24b' and
radially outward inclined bowl wall 22d.

Separation chamber C3' is coupled to collec-
tion chamber C1' by passageway P4' formed in

In accordance with the present invention pas- 15 upwardly extending circular core wall 24e.
sageway P2 provided at the bottom of the cen- As in Fig. 1, the radial extensions R1 and R2 of
trifuge bowl, in conjunction with the adjacent in- passageways P2' and P1', respectively, are made
troduction chamber C2, enables collection of the equal to allow reverse flow of fluid through the
denser fraction (e.g. RBC) of whole blood compo- chambers while the bowl is spinning.
nent separated in chamber C3. 20 This completes the description of preferred

This additional passageway P2 is formed by embodiments of the invention.
providing a radially outwardly extended commu- Possible applications for the invention include:
nication channel or extension 38 at the distal end of a) Plasma collection, in which the extra cor-
the fixed inlet tube. This radial extension 38 is poreal volume (ECV) is minimized along with
formed by upper and lower planar disc-like mem- 25 platelet contamination.
bers 40 and 42 which depend from the distal end When the prior art bowls are used for plas-
of the inlet tube 26 and extend outwardly the same maphereses, several centrifuge collection cycles
radial distance R1' as the radial extension R2' of are required to collect about 600 ml. of plasma,
the upper collector passageway P1 in the conven- This is because the bowl volume is less than the
tional prior art centrifuge bowl described above. 30 volume of RBC's associated with 600 ml. of

When desired, the more dense blood compo- plasma. As a consequence the "buffy coat,”
nent, such as RBC, can be collected while the bowl! which is composed of platelets and white cells,
is rotating by introducing the less dense compo- reaches the collection chamber Cl several times,
nent fluid, such as, plasma or a physiclogical solu- thereby contaminating the plasma exiting the
tion fluid, such as, saline into the conventional 35 bowl.
output port 18. Fluid entering the outlet port 18 By way of contrast, in the present invention
travels in a reverse direction down coaxial pas- RBC's can be removed before the layer of plate-
sageway PS5, through radial passageway P1, lets reaches the collection chamber C1, thereby
through collection chamber CI, radial passageway minimizing contamination of the plasma and al-
P4 and into the separation chamber C3; which 40 lowing a smaller bowl to be used without mul-
forces the more dense component out of separa- tiplying the number of centrifuge braking collec-
tion chamber C3 through radial passageway P5 to tion cycles.
the introduction chamber C2. From C2, the fluid b) Platelet or leukocyte collection in which ECV
passes out the additional passageway P2 at the is minimized while allowing Buffy Coat growth.
distal end of the input tube 26 and from there out 45 With the prior art bowl! operated in a "surge"”
the input port 16 for collection or harvesting. protocol and the platelet collection is the result

In the alternate embodiment of Fig. 2 like parts of two steps: the "buffy coat" grows while the
carry the same reference numbers with a prime bowl is filling, and this buffy coat is elutriated by
suffix. In view of the general similarity between the surge process from its fixed position in the
Figs. 1 and 2 only the differences will be described 50 bowl to the effluent line through the collection
in detail. chamber. The limitations of the platelet collec-

The general bow! configuration in Fig. 2 is tion (White blood cell contamination, platelet ef-
similar to the bowl shown in U.S. Patent 4,943,273 ficiency) is in the buffy coat size at the moment
issued July 24, 1990 (and incorporated herein by of the surge. This buffy coat size is itself limited
reference). Whereas the Fig. 1 bell-shaped bowl 55 by the volume processed per cycle.
configuration is similar to that described in U.S. The new bowl allows one to process more
Patent 5,045,048 issued September 3, 1991 (also whole blood, even with a smaller bowl volume,
incorporated herein by reference). to grow a single "buffy coat”.

4
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c) Cell saving in which high hematocrit washed
RBC can be pumped out, whatever the volume
processed, so that one bowl volume design can
be used for all cell washing applications.

d) RBC collection, in which the contamination
with platelets and white blood cells could be
minimized. After the plasma collection has been
done, the RBC's could be collected without dis-
turbing the "buffy coat" by introducing preserva-
tive solution into the bowl.

Equivalents

Those skilled in the art will know, or be able to
ascertain using no more than routine experimenta-
tion, many equivalents to the specific embodiments
of the invention. For example, the difference be-
tween the so called cell collection and the introduc-
tion chambers C1 and C2 respectively is not in the
function of collecting or introducing blood product
from or into the separation chamber. The difference
is in the fact that the collection chamber C1 allows
the collection of separated components from the
less dense to the more dense, and that the in-
troduction chamber C2 allows the converse.

Another way to differentiate the collection
chamber C1 from the introduction chamber C2 is
that the entrance/exit E1 from/to passageway P5 is
at the maximum radius of the separation chamber
C3 while the entrance/exit from/to passageway P4
is at the minimum radius of the separation chamber
C3.

Also note that the volumes of the C1 and C2
chambers should be small (an order of 1/10) com-
pared to the volume of the separation chamber C3.

These and all other equivalents are intended to
be encompassed by the following claims.

Claims

1. A blood processing centrifuge bowl for sepa-
rating whole blood into more dense and less
dense components comprising:

(a) a bowl body rotatable about a longitudi-
nal axis and having:
(i) an upper wall radially extending from
said axis;
(ii) a lower wall radially extending from
said axis; and
(i) a side wall connected to the upper
and lower side walls and an aperture
formed through the upper wall;
(b) a rotary seal assembly covering said
aperture with a stator side and a rotor side,
wherein the rotor side is attached to the
bowl body;
{c) an inlet port and an outlet port each
attached to the stator side of the seal as-
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sembly;

(d) a core, within the bowl body, having a
side wall which extends longitudinally to a
distal end and upper and lower radially ex-
tending walls;

(e) a separation chamber defined by the
side wall of the bowl body and the side wall
of the core;

(f) an inlet tube extending longitudinally
from the inlet port to a distal end adjacent
the lower wall of the bowl body;

(g) an introduction chamber formed adja-
cent the upper wall of the core and the
upper walls of the bowl body;

(h) a collection chamber formed adjacent
the distal end of the core side walls and a
portion of the lower wall of the bowl body;
(i) an upper radially extending collection
passageway fluidly coupling the separation
chamber to the outlet port;

(i) a lower radially extending collection pas-
sageway fluidly coupling the introduction
chamber to the distal end of the inlet tube;
and

(k) a lower radially extending separation
passageway fluidly coupling the lower col-
lection chamber to the separation chamber.

The centrifuge bowl of Claim 1 wherein the
radial extension of the upper and lower collec-
tion passageways have the same radius.

The centrifuge bowl of Claim 2 wherein the
upper and lower passageways are each
formed of two planar annular opposed upper
and lower members.

The centrifuge bowl of Claim 3 wherein the
upper member of the lower passageway is
affixed to the distal end of the inlet tube trans-
verse thereto with an aperture formed in the
upper member into which said tube extends in
fluid communication.

The centrifuge bowl of Claim 1 wherein the
core depends from the bowl body upper wall
concentric with the aperture and includes, in
addition to said longitudinally extending cylin-
drical side wall, a radially inner wall which
extends longitudinally and concentric to said
inlet tube.

The centrifuge bowl of Claim & wherein the
lower wall of the core connects the distal ends
of the inner core wall with the cylindrical side
wall of the core.
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The centrifuge bowl of Claim 1 wherein the
lower radially extending core wall extends out-
wardly from the distal end of the core side wall
to a location proximal to the bowl body side
wall.

The centrifuge bowl of Claim 7 wherein the
bowl body includes lower inclined walls con-
necting the lower bowl body walls to the bowl
body side wall.

The centrifuge bowl of Claim 8 wherein the
lower collection passageway is disposed at a
region of the bowl body proximal to the con-
nection between the lower bowl body wall and
the bowl body side walls.

The centrifuge bowl of Claim 1 wherein the
side wall of the bowl! body is bell-shaped.

A method of processing whole blood to sepa-
rate the whole blood into more dense and less
dense components comprising the steps of:
a) introducing the whole blood into a cen-
trifuge bowl which is rotatable about a cen-
tral longitudinal axis, via an input port ex-
tending to an input tube disposed coaxial to
said axis to couple said whole blood to a
lower radially outwardly extending collection
passageway,;
b) coupling the whole blood from said lower
collection passageway to a radially adjacent
introduction chamber;
c) coupling the whole blood from said in-
troduction chamber to a radially outward
separation chamber where said whole blood
is separated into less dense and more
dense components;
d) coupling less dense components to an
upper collection chamber:
e) coupling less dense components from
the upper collection chamber to an outlet
port via an upper radially inwardly extending
collection passageway leading to said outlet
port, and;
f) when desired, reversing the flow of com-
ponents through said bowl by introducing
less dense fluid into said outlet port while
terminating step (a) and collecting more
dense component at the input port.

The method of Claim 11 wherein the more
dense component is red blood cells.

The method of Claim 11 wherein the radial
length of the extensions of said upper and
lower collection passageway is equal.
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The method of Claim 11 wherein the upper
and lower collection passageways are each
formed of two planar annular opposed upper
and lower members.

The method of Claim 11 including joining the
upper member of the lower passageway to the
distal end of the input tube transverse thereto
and forming an aperture in the upper member
into which said tube extends in fluid commu-
nication.

The bowl of Claim 1 wherein the core side wall
is conical or cylindrical.

The bowl of Claim 1 wherein the introduction
chamber and the collection chamber is much
smaller in volume than the separation cham-
ber.
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A centrifuge bow! suitable for separating blood components, in particular concentrated
red blood cells. A ceninfuge bowl 10 comprises a core 14 having an annular portion
50A and a cylindrical outer wall 50. Annular portion 50A has a thick wali for minimizing

the hoeldup volume of blood components within a collection chamber CC and the
radially inner wall of the annuigr portion is disposed radially closely adjacent to the

opening defined by skirts 24a. 25a. The outer wall 50 defines a separation chamber SC
with bow! body 12 and its upper taperad portion defines a separation region 8. Three

slit-like openings 52 are formad at the junclion between outer wall 3¢ and annuiar

portion 50A, thereby prevent back flow while permitting flow of blood components from

separation chamber SC to coliection chamber CC. The upper end of outer wall 501

S

formed with a cylindrical hub 508 extending toward the skirt member, which hub 508

serves o prevent fluid in collection chamber CC from flowing to the interior of bowi
body 12 through central opening 56.
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(54) Centrifuge bowl for blood processing

(57) A centrifuge bowl suitable for separating blood
components, in particular concentrated red blood cells.
A centrifuge bowl 10 comprises a core 14 having an an-
nular portion 50A and a cylindrical outer wall 50. Annular
portion 50A has a thick wall for minimizing the holdup
volume of blood components within a collection cham-
ber CC and the radially inner wall of the annular portion
is disposed radially closely adjacent to the opening de-
fined by skirts 24a, 25a. The outer wall 50 defines a sep-
aration chamber SC with bowl body 12 and its upper
tapered portion defines a separation region S. Three slit-
like openings 52 are formed at the junction between out-
er wall 50 and annular portion 50A, thereby prevent back
flow while permitting flow of blood components from
separation chamber SC to collection chamber CC. The
upper end of outer wall 50 is formed with a cylindrical
hub 50B extending toward the skirt member, which hub
50B serves to prevent fluid in collection chamber CC
from flowing to the interior of bowl body 12 through cen-
tral opening 56.
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Description
TECHNICAL FIELD

The present invention relates to the field of blood processing, in particular to centrifuge bowls for separating blood
components by centrifugation and cores therefor

BACKGROUND ART

Whole human blood includes blood cells such as red blood cells, white blood cells and platelets and these cells
are suspended in plasma, an aqueous solution of proteins and other chemicals. Blood transfusions were used to made
using whole blood. Recently, however, blood transfusions are widely given by transfusing only those blood components
required by a particular patient instead of using a transfusion of whole blood. Transfusing only those blood components
necessary saves the available supply of blood, and in many cases. is convenient for the patient.

Centrifugation has been widely accepted as a technique for separating blood components such as plasma and
platelets from whole blood, wherein blocd components are separated depending upon the specific gravities, Disposable
centrifuge rotors or bowls have been developed for separating blood components by such centrifugation and for wash-
ing blood cell components collected from a surgical site.

Typical examples include a centrifuge bowl of the type disclosed in U.S. Patent No. 4,300,717 ("Latham" bowl)
and a centrifuge bowl of the type disclosed in U.S. Patent No. 4,086,924 ("Grenade" bowl). The bowl in each case
comprises a rotor portion in which blood components are separated and a stator portion having an inlet port and an
outlet port, and a rotary seal combines these portions together. Anticoagulated whole blood and/or wash solution is
introduced to the interior of the rotor portion through the inlet porl. The rotor portion rolates at a fixed or variable speed
and blood components within the rotor porlion are separated by centrifugation in accordance with the specific gravities.
With blood continuously entering the bowl through the inlet port, the separated various blood components are progres-
sively displaced inwardly from the radially outward portion of the bowl and successively reach at a skirt portion which
opens radially outwardly and communicates with the outlet port. Blood components exiting through the outlet port are
retained and stored, while components remaining in the bowl after collection is complete are then returned to the patient
or doner through the outlet port, or deposited in an appropriate container for preservation. The rotor portion comprises
a generally frustoconical or cylindrical bow| body and a generally cylindrical core is coaxially disposed therein as the
stator portion. Separation by centrifugation is achieved in the space between the core and the bowl body, i.e.. a sep-
aration chamber. The rotary seal is constructed as a rotary seal assembly including the inlet port and the outlet port
and a collection chamber, which is a space for guiding the separated blood components to the outlet port, is formed
between the seal and the top of the core. Openings are provided about the core periphery for communication between
the separation chamber and the collection chamber. A central opening is formed in the core and a stem for guiding
fluid from the inlet port to the lower portion of the bowl is inserted through the central opening.

In addition to the bowls of the above constructions, U.S. Patent Nos. 4,983,158 and 4,943,273 disclose another
types of bowls which are herein referred to as "BM bowl". These bowls include an integral bowl body formed by blow
molding and cores of various shapes can be coaxially inserted into the bowl through an aperture formed in one axial
end of the bowl body. The bowl of U.S. Patent No. 4,943,273 features a diverter member, which can be fitted into the
bowl by insertion, is provided below the core so that the bowl would be suitable for washing blood cell components
collected from a surgical site.

Further, U.S. Patent No. 5,100,372 discloses an improved core adapted for insertion into a BM bowl, wherein it is
taught to provide the core with small size openings for communication between the separation chamber and the col-
lection chamber, so that any blood components remaining on the upper portion of the core can be effectively removed
by "splash back".

Moreover, International Publication WO94/08721 pamphlet (FCT/US93/09276) discloses a core for a Grenade
bowl for use in blood cell separation or washing, in which the core is provided with a plurality of radially outwardly
extending projections for minimizing formation of Coriolis waves which would otherwise cause undesirable turbulence
in the separation chamber. Furthermore, a bowl of the BM type for washing or concentrating red blood cells and having
only the upper core portion without a body that coaxially extends with the bowl body, is disclosed in International
Publication WO89/01792 pamphlet (PCT/US88/02963). Furthermore, U.S. Patent No. 5,045,048 discloses another
type of Latham type bowl. In Fig, 1 of this U.S. Patent, the radially outward periphery of skirl portions 24a and 25a
communicating the outlet port is shown closely adjacent to the inner wall of the bowl body. However, no detailed ex-
planation is given.
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OBJECT OF THE INVENTION

Conventionally, when blood components are separated using the bowls as described above, plasma and platelets
are the components of interest and red blood cells, which eventually remain in the bowl after the separation. are usually
returned to the patient or donor. However, there are occasions where red blood cells are separately needed for treatment
of diseases, just like plasma and platelets, and a need exists in the medical field for concentrated red blood cells
(plasma depleted whole blood). Concenirated red blood cells are about the half the volume of whole blood when the
number of red blood cells and the amount of hemoglobin per unit are the same, thus offer an advantage that influences
upon transfusion to patients. in particular to aged and infants. are smaller.

Conventional bowls of the types described above suffer from a disadvantage in that, when used for separating
concentrated red blood cells from whole blood, the collected concentrated red blood cells are of poor quality. In par-
ticular, while BM type bowls are suitable for the purpose of red blood cells separation due to economic reasons, one
of the problems associated with the conventional BEM type bowls is that white blood cells cannol be separated properly
and remain in the concentrated red blood cells. As has been widely known, when concentrated red blood cells con-
taminated with white blood cells are used for transfusion, there are dangers such as FNHTR (Febril Non-Hemolytic
Transfusion Reaction), production of white blood cell antibodies, virus infection carried by white blood cells. Further,
in each of Latham and BM type bowl, even if one attempted to remove white blood cells by continuing the process until
red blood cells, the component of the heaviest specific gravity, start to elute from the separation chamber, the problem
of contamination with white blood cells is still a plague and, moreover, this approach has been found to give rise to
another problem, contamination with free hemoglobin.

Accordingly, it has been conventional to resort 1o so-called dual bag system or quaternary bag system when it is
desired to collect from whole blood concentrated red blood cells substantially free from white bloed cells. In the dual
bag system, anticoagulated whole blood in a plastic bag is subjected to centrifugation for separating the blood com-
ponents and the plasma is squeezed out from the bag to obtain concentrated red blood cells, which are then diluted,
filtered through a filter for removing white blood cells by adsorption, thereby removing 99% or more of the white blood
cells (Shoni Naika 26, 6 (1994)). In the quaternary Or four bag system, on the other hand, four bags including a bag
containing red blood cell preservant (MAP) are used. By centrifugation after blood collection, blood components are
separated as layers in one of the bags in accordance with the specific gravities, and external force is applied to the
bag teo discharge out from the top portion of the bag to the other bags, in turn, platelet poor plasma, buffy coat, and a
top portion of concentrated red blood cells that contains a substantial amount of granulocytes, thereby removing ap-
proximately 90% of lymphocytes and approximately 40% of granulocytes (Kiso to Rinsho 29 (12) 3295 (1995)). How-
ever, these systemns suffer from disadvantages that a high-volume centrifuge apparatus is required and that the oper-
ations for separating blood components after centrifugation are complicated.

Accordingly, an object of the present invention is to improve conventional Latham type and BM type bowls such
that they would be suitable for collecting concentrated red blood cells depleted of white blood cells.

Another object of the present invention is to improve conventional Latham type and BM type bowls such that
separation of blood components such as platelet poor plasma can be achieved more satisfactory. The improved bowls
are provided with novel cores.

As in the case of concentrated red blood cells collection, it is required that white blood cells be removed as much
as possible when collection of concentrated platelets is desired. White blood cells are sometimes separated and trans-
fused in aid of immunctherapy. However, these components were not conveniently available in conventional BM type
bowls. Afurther object of the present invention, accordingly, is to provide a BM type bowl which is improved for achieving
better separation of components such as platelet concentrate, buffy coal and white blood cells.

A further object of the present invention is to provide a core suitable for such BM type bowl.

DISCLOSURE OF THE INVENTION

A centrifuge bowl for blood processing provided in accordance with the present invention comprises a bowl body
adapted for rotation about its axis and having an aperiure at one axial end thereof, a rotary seal assembly affixed to
the bowl body to cover the aperture and having an inlet port and outlet port in fluid communication with the interior of
the bowl body and a core disposed within the bowl body. The core includes a first portion defining a collection chamber
that is in fluid communication with the outlet port, and a second portion defining a separation chamber in fluid commu-
nication with the inlet port between the core and the inner wall of the bowl body. The core further includes means for
defining fluid passages communicating the collection chamber and the separation chamber and & central opening
formed concentric about the axis. The means for defining fluid passages may, in Latham type bowls, for example, be
projections or recesses formed around the central opening of the generally frustoconical core, which projections or
recesses define fluid passages between the outer surface of the core and the inner surface of the bowl when the core
engages the bowl body. Alternatively, such projections or recesses may be formed about the inner surface of bowl
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body which engages the core. In the case of cores for use in BM type bowls, the fluid defining means may, for example,
be a plurality of cpenings formed about the periphery of the core, the core which can be inserted into the bow! body.

According to cne aspect of the present invention, in a centrifuge bowl of the type described above, the collection
chamber is adapted to minimize the holdup volume of blood components therein, the core is provided with a barrier
member for preventing flow from the collection chamber into the central opening, and each of the fluid passages has
a minimal size for restricting back flow while permitting flow of blood components from the separation chamber to the
collection chamber. The term "holdup volume" refers to a maximum possible volume or amount of blood or separated
blood components resident in the collection chamber. Such construction enables to prevent rupture of red blood cells
inthe collection chamber, thereby preventing hemoglobins from flowing out to become free hemoglobins (FHgbs) which
are a source of contamination for concentrated red blood cells. Contamination of concentrated red blood cells due to
back flow of white blocd cells and liberated hemoglobins from the collection chamber to the interior of the bowl can
also be prevented.

The outlet port communicates with the collection chamber through a skirt member. The skirt member has a radially
outward opening, which is disposed preferably radially inwardly of the fluid passages, and has a small diameter. Typ-
ically, the diameter is equal to or less than 33mm. preferably equal to or less than 28mm and most preferably equal to
or less than 26mm. The small diameter of the skirt member enables to decrease shear force between the outer periphery
of the skirt member and the opposing surface of the core or bowl body, thereby minimizing rupture of blood cell com-
ponents in the collection chamber. The outer periphery of the small skirt is preferably disposed closely adjacent to the
upper portion, or the first portion of the core or the inner wall of the bowl! body, thereby decreasing the shear force and
minimizing the holdup volume in the collection chamber. The radial spacing between the skirt periphery, or the skirt
opening, and the surface closely adjacent thereto is preferably equal to or less than 2mm and more preferably equal
to or less than 1mm. The skirt portion usually extends straight in the axial direction. However. so long as its diameter
is maintained small, the skirt can assume other shapes such as an axially flared shape.

The fluid passages or openings are 2 or more in number, for example 2 to 8, and are formed equidistantly in the
circumferential direction. The total area of the fluid passages or openings is preferably equal to or less than 80mm?2,
so as o prevent back flow when blood components are displaced from the separation chamber to the collection cham-
ber More preferably, the total area is equal to or less than 40mm? and most preferably in the range of 20 to 40mm2,

The barrier member may be a cylindrical hub surrounding the central core opening and extending axially to a
position axially closely adjacent to the skirt member. Flow from the collection chamber into the bowl body through the
central opening is thereby prevented, thus preventing contamination of concentrated red blood cells with white blood
cells and FHgbs. The axial distance between the axial end of the cylindrical hub and the skirt member is typically 2mm
or less and preferably 1mm or less.

According to another aspect of the present invention, a core for use in a cenirifuge bowl of the described character,
in particular of the BM type, defines a separation region between the fluid passages or openings and the separation
chamber. the axial length of which decreases progressively radially inwardly. For the separation of buify coat or white
blood cells from red blood cells, it is necessary that a phase or layer of white blood cells be grown and led from the
outlet port to the exterior of the bowl. Conventional cores for use in BM type bowls assumed a substantially cylindrical
shape as a whoele, thus no area or region was available for the growth of such white blood cell phase. In the present
invention, provision of the separation region having radially inwardly decreasing axial- length between the fluid pas-
sages or openings of the core and the separation chamber allows easy separation of white blood cells in BM type
bowls. Such a separation region enables to separate platelets and white blood cells from each other, the components
which do not differ substantially from each other in specific gravity and thus forming together a buffy coat layer (including
platelets and white blood cells, i.e., lymphoeytes, monocytes and granulocytes) rather than forming separate individual
layers. Thus, it becomes possible to collect each of platelet concentrate depleted of white blood cells and white blood
cells separately. Preferably, such separation region is formed between the upper and lower cylindrical core portions,
by the lower axial end of the upper cylindrical portion and a radially inward conical taper portion of the lower cylindrical
portion,

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an axial sectional view of one embodiment of BM type centrifuge bow! of the present invention.

Fig. 2 is a partial cutaway elevational view illustrating the rotary seal assembly used for the centrifuge bowl of Fig. 1.

Fig. 3 is a diagrammatic front elevational view of the core of the centrifuge bowl of Fig. 1.

Fig. 4A is a plan view of the core of Fig. 3 and Fig. 4B is a plan view of a prior art centrifuge bow| core of Fig. 8.

Fig. 5 is an axial sectional view of one embodiment of Latham type centrifuge bowl of the present invention.

Figs. 6A and 6B are diagrammatic plan and front elevational views, respectively. of the core of the centrifuge bowl!
of Fig. 5.

Fig. 7 is a diagrammatic partial cutaway sectional view showing another core of the present invention for use in

Haemonetics Corporation
Exhibit 2015
Page #438



20

25

30

35

40

45

50

55

EP 0799 645 A1

BM type centrifuge bowl.
Fig. 8 is an axial sectional view of a prior art BM type centrifuge bowl.
Fig. 9 is an axial sectional view of a prior art Latham type centrifuge bowl.
Fig. 10 is a plan view of a core for use in the centrifuge bowl of Fig. 9.

DESCRIPTION OF PREFERRED EMBODIMENTS

Referring now to Figs. 1-4, a preferred embodiment according to BM type of the invention will be described. As
shown in Fig. 1, the centrifuge bowl of BM type according to the present invention comprises a disposable centrifuge
rotor, or bow! 10, which is used for processing whole blood from a patient or donor, in particular for obtaining concen-
trated red blood cells substantially free from white blood cells. The bowl 10 comprises a rotary seal assembly, or seal
and header assembly, shown generally at 28 (Fig. 2), a seamless one-piece bowl body shown generally at 12 and a
core 14 (Figs. 3 and 4).

The seal and header assembly 28 provides a rotary seal and fluid communication pathway between the interior
of the rotatable bowl body 12 and stationary conduits 65 and 60 connected respectively to an inlet port 19 and an outlet
port 20. The assembly 28 is comprised of a stationary header, shown generally at 30, an effluent tube 25, a feed tube
assembly, shown generally at 24, and a rotary seal, shown generally at 35. Rotary seal 35 comprises a seal ring 22,
a flexible member 27 and an outside seal member, or crown 16.

The header 30 is comprised of an integrally formed member having an inlet bore, or inlet port 19, extending radially
into an axial passageway 19a. The passageway 19a is coupled to an inner, axially extending bore 61 of feed tube
assembly 24 and. in turn, to a feed tube stem 18, thereby forming a non-rotating inlet path for anticoagulated whole
blood to enter the interior of centrifuge bowl body 12.

The header 30 also includes an oullet bore, or outlet port 20, which extends radially into a channel 20a extending
about feed tube assembly 24 in coaxial relationship. The channel 20a then couples to an outlet passageway 62. An
outer shield member 32 is formed on header 30 and extends over rotary seal 35.

The feed tube assembly 24 is formed with a lower skirt 24a integral therewith and a corresponding. complimentary
upper skirt 25a is integrally formed on effluent tube 25, thereby forming a radially outwardly opening skirt member in
the collection chamber. The skirt member is of a reduced diameter, relative to prior art skirt member of this type of bowl
structure as shown in Fig. 8.

As mentioned above. rotary seal 35 is formed of a flexible member 27, a seal ring 22 and a crown 16. Flexible
member 27 is affixed about its outer periphery to the periphery of seal ring 22. Crown 16 includes an axially open
groove 16a on its periphery and is provided with a central opening 23, through which effluent tube 25 extends. The
inner periphery of flexible member 27 is joined to effluent tube 25.

The header and seal assembly 28. as thus described, is formed and assembled as on individual unit and, after
the core 14 has been inserted through an aperture 13 formed in one axial end of bowl bedy 12 and disposed within
the bowl body 12 as shown in Fig. 1, inserted through the opening of bowl body 12 and fixed thereto by appropriate
means such as welding or threading.

The bowl body 12 is preferably an integral body adapted to be manufactured by blow molding or injection blow
molding and may be formed of a suitable plastic, such as transparent styrene resin or the like.

The bowl! body 12 comprises an upper annular portion 12A, an upper radial portion 128, a cylindrically extending
middle portion 12C, a lower stepped portion 128 and a bottom closure portion 12B. A groove 12' corresponding to the
groove 16a of crown 16 is formed on annular portion 12A and an O-ring 55 is disposed between the grooves. When
the crown 16 is fixed onto bow! body by threading, welding or the like, O-ring 55 is compressed to form a liquid tight seal.

The core 14 is generally cylindrical and is adapted to be disposed within bowl body 12 by insertion through said
aperiure 13 formed in annular portion 12A of bowl body 12. The core 14 includes a cylindrical portion, or generally
cylindrical outer wall 50, extending coaxially with bowl body 12. An upper cylindrical portion, or annular portion 50A of
core 14 is adapted to be snugly received in aperiure 13 of bowl body 12 when core 14 is inserted into bowl body 12,
thereby defining a collection chamber CC between crown 16 and annular portion 50A of core 14 for collecting separated
blood components through the skirt member. The annular portion 50A is formed 1o have a relatively thick wall and the
inner wall thereof is disposed radially closely adjacent to the opening of the skirt member, i.e., the periphery of upper
and lower skirts 25a and 24a.

Outer wall 50 of core 14 has a diameter approximately equal to that of annular portion 50A and forms a separation
chamber SC between outer wall 50 and middle and stepped portions 12C and 128 of bowl body 12, The axial ends of
outer wall 50 are tapered and the upper tapered end is joined to the inner periphery of the lower end of annular portion
50A, at which junction four slit-like openings 52 are formed equidistantly at 90 degrees intervals about the periphery
(Fig. 4A). These openings 52 serve to provide passages for blood components, such as plasma and platelets, separated
from whole blood by centrifugation in separation chamber SC in bowl body 12, to flow into collection chamber CC. The
tapered distal ends of outer wall 50 are connected with each other through an axially extending cylinder member and
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feed tube stem 18 extends through the interior of the cylinder member toward the bottom closure portion 12B of bowl
body 12.

The lower axial end 51 of annular portion 50A and the upper tapered portion, or radially inward Inclination 53 of
outer wall 50, define a separation region S, which has radially inwardly progressively decreasing axial length, between
openings 52 and separation chamber SC. The upper end of the upper tapered portion of outer wall 50 is integrally
joined to a cylindrical hub 50B which extends axially to a position axially closely adjacent to the skirt member and a
central opening 56 of core 14 is defined by the hub 50B. The cylindrical hub 50B serves as a barrier that prevents fluid
in collection chamber CC from flowing to the interior of bowl| body through central opening 56.

For better understanding of the function of the centrifuge bowl 10 shown in Figs. 1-4, in particular the novel core
14, it may be helpiul to refer to the following illustrative two protocols. These processing protocols can be executed
utilizing apheresis apparatus available from Haemonetics Corporation of 400 Wood Road, Braintree. MA 02184, U.S.
A. under the tradenames MCS, MULTI and CCS.

WBC Depleted Concentrated Red Blood Cells Collection Protocol

1. Whole blood is drawn from a patient or donor, anticoagulated and guided into bowl 10 via inlet port 19 through
conduit 65. This may be achieved by, for example, driving conduit 85 with a peristaltic pump (not shown). The
anticoagulated whole blood is led from inlet port 19 to bottom closure portion 12B of rotatable bowl body 12 through
axial passageway 19a, bore 61 and feed tube stem 18. The whole blood is forced radially outwardly from closure
portion 12B to separation chamber SC and blood components are separated by the centrifugal force in accordance
with the specific gravities. The most heavy fraction, red blood cells, form an outermost cylindrical layer along middle
portion 12C of bowl body 12 and plasma layer and buffy coat (platelets and white blood cells) are formed inside
thereof in the order of lighter to heavier specific gravities. Granulocytes, which are the most heavy fraction among
white blood cells, are however partly distributed about the radially inner side of the layer of concentrated red blood
cells. By continuing the withdrawal of whole blood and its introduction into bowl 10 via inlet port 19, the outermaost
red blood cells layer is grown and the separated blood components enter, in the order of lighter to heavier specific
gravities, into collection chamber CC from stepped portion 12S via separation region S and cpenings 52, flow
through the opening of the skirt member, i.e., between upper and lower skirl portions 25a and 24a, to outlet pas-
sageway 62, channel 20a and then to outlet port 20, and led to a blood component storage bag (not shown) through
conduit 60.

2. The process is continued until it is detected that a part of the concentrated red blood cells, obtained by centrif-
ugation, has started to flow out from outlet port 20, and rotation of bowl 10 is stopped when such detection is made.
The detection can be made automatically by monitoring conduit 60 with an optical sensor.

3. The peristaltic pump driving conduit 85 is then reversed, discharging from inlet port 19 concentrated red blood
cells remaining in bowl 10. The discharged concentrated red blood cells can be collected in a bag (not shown)
coupled to a line branched from conduit 65 by cramping the line extending from conduit 65 to the patient or donor
and by releasing a cramp in the line extending to the collection bag for concentrated red blood cells

4. After all the concentrated red blood cells in the bowl| 10 are discharged, the process can be repeated again.
Namely, by releasing the cramp in the line extending between the patient or donor and conduit 65, cramping the
line between conduit 65 and the collection bag and forward-rotating the peristaltic pump, the blood separation
process can be repeated again and concentrated red blood cells can be collected automatically. The cycle can be
repeated as several times as desired.

WBC Depleted Platelel Concentrate Collection Protocol

1. Whole blood drawn from a patient or donor is guided intc bowl 10 via inlet port 19 through conduit 65 with the
use of a peristaltic pump (not shown) and an anticoagulant is continuously added thereto. The anticoagulated
whole blood is led from inlet port 19 to bottom closure portion 12B of rotatable bowl body 12 through axial pas-
sageway 19a, bore 61 and feed tube sitem 18. As in the case of the WBC depleted concentrated red blood cells
collection protocol described above, the whole blood is separated by the centrifugal force into a layer of red blood
cells, the radially outermost layer within the bowl, and the inner, buffy coat and plasma layers. By continuing the
withdrawal of whole blood, the separated blood components enter, with the plasma layer first, into collection cham-
ber CC via separation region S and openings 52, flow through the opening of the skirt memberto outlet passageway
62, channel 20a and then to outlet port 20, and led to a blood component storage bag (not shown) through conduit
60.

2. When the front end of the buffy coat layer has approached the core openings 52, a surge step is started for
separaling platelets and white blood cells in the buffy coat layer. Collection of whole blood is stopped and a part
of the collected plasma is introduced into the bowl. While the components in the bufly coat having close specific
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gravities cannot be separated from each other only by centrifugation, if plasma is introduced radially inwardly
against the centrifugal force during spinning, platelets, which have a small diameter, are selectively carried out by
the plasma. The white blood cells, on the other hand, are retained in the separation region S. The flow rate of
plasma introduced can be adjusted, for example, to progressively increase at a predetermined increment. After
most of the platelets have been carried out and before white blood cells start to flow out, the plasma introduction
is stopped.

3. Uncollected white blood cells and concentrated red blood cells remaining in the bowl are returned to the patient
or donor by stopping rotation of the bowl 10 and reversing the peristaltic pump that drives conduit 65. The process
may be automatically repeated as desired until a sufficient quantity of platelets has been collected.

When it is desired to collect concentrated red blood cells with a bowl, it is necessary to clearly form a layer of white
blood cells and to expel all of the layer out to the exterior of the bowl. In accordance with the bowl 10 in Fig. 1 of the
present invention, separation region S, which has radially inwardly progressively decreasing axial length, is defined
by lower axial end 51 of annular portion 50A of core 14 and radially inward inclination 53 in the upper part of outer wall
50, and separated white blood cells are collected, after leaving separation chamber SC and before entering into open-
ings 52. in this separation region S in the form of a layer and thus efficiently expelled through collection chamber CC
In pricr art, insertable cores for use in BM type bowls have not been provided with such a separation region S. Such
a separation region S is also found to be useful for a conventional structure as shown in Fig. 8 which does not include
any of the thick-wall annular pertion 50A in the upper core part, the skirt member of a reduced diameter and the
cylindrical hub axially extending toward the skirt member. An illustrative example of a core 14' having such useful
structure is shown in Fig. 7. Openings 52' in this core 14' can have a slit-like form as in the case of Fig. 4A.

Further, when itis desiredto collect concentrated red blood cells with a bowl, itis important to prevent contamination
of the concentrated red blood cells remaining in the bowl by white blood cells and iree hemoglobins. In a bowl comprising
a core 14" of the conventional structure as shown in Figs. 4B and 8, blood components are radially displaced from
outward to inward in the order of lighter to heavier specific gravities, enter collection chamber CC' from separation
chamber SC' through openings 52" and guided to the outlet port via the opening in the skirt member (arrow A). Howeaver,
collection chamber CC' is not constructed to control the behavior of fluid therein. Accordingly, the white blood cells
entered into collection chamber CC' through openings 52" are allowed to return to the interior of bow! body 12 from
central opening 56' while residing in collection chamber CC' (arrow B). thereby contaminating the concentrated red
blood cells in the bowl. The area of openings 52" is relatively large and this allows back flow from collection chamber
CC' to separation chamber SC' when the components flow into collection chamber CC' from separation chamber SC',
also resulting in contamination of the concentrated red blood cells in the bowl with white blood cells.

In addition, when red blood cells are partly expelled from the bowl for complete expulsion of white blood cells and
granulocytes from the bowl, the red blood cells residing in collection chamber CC', before being guided to the outlet
port from the skirt member 24a’', 25a', are ruptured between the relatively large-diameter skirt member and the upper
core wall spinning therearound. The hemoglobins are thereby released from the cells and allowed to return to the
interior of the bowl along the arrows B and/or C, thereby causing contamination.

In accordance with the present invention, the fluid-behavior uncontrolled collection chamber of the prior art is
modified by the thick-wall annular portion 50A closely disposed adjacent to the opening of the skirt member so as to
minimize the holdup volume of blood components within the collection chamber In addition, the cylindrical hub 50B
axially extending to a position closely adjacent to the skirt member prevents return of flow from collection chamber CC
into central opening 56. The skirt member per se is of a reduced diameter for preventing rupture of blood cells and the
openings 52 are of a size that prevents back flow while permitting flow from separation chamber SC and separation
region S into collection chamber CC. The flow of separated blood components tending to return to the interior of the
bowl from collection chamber CC through central opening 56 andf/cr cpenings 52 is thus inhibited, and contamination
by free hemoglobins is also prevented because of the minimized holdup volume.

In addition, with regard to the barrier formed by the cylindrical hub 50B, when the front end of blood components
displaced radially inwardly within the collection chamber reaches the skirt opening, air cannot escape from within the
bowl and thus the collection chamber will not be overfilled with blood components. Further, blood components resident
in the collection chamber are subjected to centrifugal force. Therefore, blood components in the collection chamber
will not backflow from the central opening into the bowl! through the axial spacing between the top of hub 50B and the
bottom of lower skirt 24a, provided that the top of hub 50B is sufficiently close to the bottom of lower skirt 24a and the
diameter of central opening 56 is sufficiently small. As the top end of hub 50B axially faces the lower skirt 24a, the
diameter of hub 50B is equal to or smaller than the skirt diameter and the diameter of central opening defined by the
hub is sufficiently small.

Turning now to Figs. 6 and 6, a preferred embodiment according to Latham type of the invention will be described.
As shown in Fig. 5, the centrifuge bowl of Latham type also comprises a disposable centrifuge rotor, or bowl 110, which
has an aperture 113 at one end and comprises a rotary seal assembly 128, a bow! body 112 and a core 114, The rotary
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seal assembly 128 is substantially of the same construction as the rotary seal assembly 28 described above with
reference to Fig. 2, and thus is not detailed herein to avoid redundancy. It should be noted that in this case, too, a
radially outwardly opening skirt member having a small diameter is provided by a lower skirt 124a formed integral with
feed tube assembly 124 and a corresponding, complimentary upper skirt 125a integrally formed on effluent tube 125.

The bow! body 112 may be formed of a suitable plastic material such as transparent styrene resin or the like and
comprises an upper annular portion 112A, an upper radial portion 112R, a middle portion 112C conically extending
down from the radial portion 112R, and a separate, disc-like bottorn portion 112B. The crown 116 of rotary seal assembly
128 is affixed onto annular partion 112A by threading, welding or the like.

The core 114 disposed within bowl body 112 has a profile corresponding to the bowl body 112 and comprises a
radial portion 114R extending along radial portion 112R, a middle portion 114C extending conically down from the radial
portion 114R and a bottom portion 114B corresponding to bottom portion 112B. A cylindrical hub 150 that extends
axially to a position axially closely adjacent to the skirl portion is formed around the periphery of a central opening 156.
Annular portion 112A of bowl body 112, the portion which defines a collection chamber CC for collecting separated
blood components through the skirt member, is formed to have a relatively thick wall as shown, the radially inner wall
of which is disposed radially closely adjacent to the opening of the skirt member, i.e., the periphery of upper and lower
skirts 125a and 124a. The collection chamber CC Is thus constructed to minimize the holdup volume of blood compo-
nents.

A separation chamber SC is defined between middle portion 114C of core 114 and middle portion 112C of bowl
body 112. About the periphery of the lower end of hub 150 abutting the lower inner periphery of annular portion 112A
of bow! body 112, three recesses 152 are formed equidistantly at 120 degrees intervals as shown in Figs. 6A and 68.
These recesses 152 serve to provide passages for blood components separated within bowl body 112, such as plasma
and platelets, between separation chamber SC and collection chamber GC. The lower end of cylindrical hub 150 and
the inner periphery of the disc-like bottom portion 114B are connected with each other through an axially extending
cylinder member, and feed tube stem 118 extends through the interior of the cylinder member toward the bottom portion
112B of bowl! body 112. Instead of rec 152, rec can be formed about the lower inner periphery of annular
portion 112A of bowl body 112 to provide the fluid passages.

A separation region S, which has radially inwardly progressively decreasing axial length, is defined between radial
portion 112R of bow| body and radial portion 1141 of core 114. While such a separation region S has been conventional
in Latham type bowls as shown in Fig. 9, the region S is radially extended in accordance with the present invention,
thereby enabling better separation of blood components, in particular buffy coat and white blood cells.

The centrifuge bowl 110 shown in Figs. 5 and 6 may be used in accordance with processing protocols similar to
the protocol illustratively explained above in connection with the embediment of Figs. 1-4, employing the same apher-
esis apparatus. And the same advantages as described above can be obtained in this case as well. Namely, in a bowl
with a core of prior art structure as shown in Figs. 9 and 10. concentrated red blood cells in the bowl are contaminated
by white blood cells due to return of flow from collection chamber CC' to the interior of bow| body 112 through central
opening 156' (arrow B) and back flow through relatively large-area openings 152" (arrow C), when blood components
are guided along the arrow A from separation chamber SC to collection chamber CC' through openings 152'. In addition,
when red blood cells are partly expelled from the bowl for complete expulsion of white blood cells and granulocytes
from the bowl, the red blood cells residing in collection chamber CC', before being guided to the outlet port from the
skirt member, are ruptured between the relatively large-diameter skirt member and the upper annular wall of bowl body
spinning therearound, thus releasing hemoglobins which are allowed to return to the interior of the bowl along the
arrows B and/or C to cause contamination.

In contrast, in accordance with the present invention, the collection chamber CC is constructed to minimize the
holdup volume of blood components therein, with the use of the thick-wall annular portion 112A disposed closely ad-
jacent to the opening of the skirt member. The cylindrical hub 150 that extends axially to a position closely adjacent to
the skirt member prevents return of flow from collection chamber CC into central opening 156. The skirt member per
se is of a reduced diameter for preventing rupture of blood cells and the openings 152 are of a size that prevents back
flow while permitting flow from separation chamber SC and separation region S into collection chamber CC, The flow
of separated blood components tending to return to the interior of the bow! from collection chamber CC through central
opening 156 and/or openings 152 is thus inhibited, and contamination by free hemoglobins is also prevented owing to
the minimized holdup volume. In this case, the diameter of hub 150 is equal to or less than the skirt diameter and the
diameter of central opening 156 is thereby sufficiently small, thus preventing. together with the minimal axial spacing
between the top of hub 150 and the bottom of lower skirt 124a, backflow from collection chamber CC.
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EXAMPLES

Example 1

A centrifuge bowl of the construction shown in Fig. 1 was prepared. The bowl body 12 and seal and header as-
sembly 28 had the same structure as those available from Haemonetics Corporation of 400 Wood Road, Braintree,
MA 02184, U.S A. under the tradenames Haemonetics Multicomponent Set (Product #751, #803) and Haemonetics
Disposable Plasma Collection Set (Special) (Product #525, #525J), exceptthat the skirt member of the seal and header
assembly, i.e., upper skirt 25a and lower skirt 24a had a smaller diameter of about 25mm. The axial length of core 14
was about 100mm and included the upper cylindrical portion, annular portion 50A, a cylindrical outer wall 50 having
radially inward inclinations at its axial ends and a cylindrical hub 50B axially extending from the junction between
annular portion 50A and outer wall 50. Annular portion 50A was formed with the outer diameter of about 48mm and
the inner diameter of aboul 27mm and the diameter of outer wall 50 was about 47mm. The angle contained between
the generally radially extending lower end 51 of annular portion 50A and the upper inclination of outer wall 50 was
about 45 degrees. The cylindrical hub 508 has the outer diameter of about 25mm and the inner diameter, or the central
opening, of about 14mm. The diameter of the lower core opening opposite the central opening was about 20mm. Four
slit-like openings 52 of about 0.7mm in the radial direction were provided equidistantly in the circumferential direction,
the total area of opening was about 28mmé. The radial distance between the skirt member and the inner wall of annular
portion 50A was about 1mm and the axial distance between the lower surface of lower skirt 24a and the upper end of
cylindrical hub 50B was about 1mm.

The above centrifuge bowl was placed on an apheresis machine available from Haemonetics Carporation under
the tradename Haemonetics Multicomponent System (MCS3p). Whole blood was drawn from 23 donors and concen-
trated red blood cells were separated by centrifugation in one cycle, in accordance with the WBC depleted concentrated
red blood cells collection protocel. The centrifugation was continued until red blood cells partly flew out from outlet port
20. The rotation speed was 7000rpm for 12 donors, 6000rpm for 4 donors and 5000rpm for 6 donors. Removal rates
of white blood cells, granulocytes and lymphocytes, yield of red blood cells, and amount of free hemoglobins (FHgbs)
per unit volume in were measured in the collected concentrated red bloed cells and averaged. The results are shown
in Table 1.

Comparative Example 1

A centrifuge bowl having the structure shown in Fig. 8 was prepared. The bowl was available from Haemenetics
Corporation under the tradenames Haemonetics Multicomponent Set (Product #751, #803) and Haemonetics Dispos-
able Plasma Collection Sel (Special) (Product #525, #525J). The diameter of the skirt member of this bowl was about
41mm, the total area of four openings 52' of core 14" was about 150mm?, the radial distance between the skirt member
and the inner wall of upper core annular portion 50A" was about 3mm and the axial distance between the lowermost
end of the skirt member and the disc-like portion 50B' of the core was about 9mm. With this bowl, concentrated red
blood cells were obtained from 8 donors in the same manner as in Example 1, and the rotation speed was 7000rpm
for all of the donors. The results are also shown in Table 1

TABLE 1
WBCs Removal Rates (%) RBCs yield (%) | FHgbs (mg/dl)
Granulocytes | Lymphocytes
Example 1 65.1 426 956 83.7 12.0
Comparative Example 1 3386 245 492 86.9 67.1

Example 2

A centrifuge bowl of the construction shown in Fig. 5 was prepared. The centrifuge bowl differed from the centrifuge
bowl of Fig. 9 available from Haemaonetics Corporation under the tradenames Haemonetics Multicomponent Set (Prod-
uct #8904, #895J, #870) and Haemonetics Disposable ESP Set (Product #790, #795J) in the following points: In the
former, the skirt member, i.e., upper and lower skirts 125a and 124a, was of a reduced diameter of about 30mm, the
upper annular portion 1 12A of bowl body 112 had an inner diameter of about 32mm and the radial spacing between
the skirt member and the opposing inner wall of annular portion 112A was about 1mm. The cylindrical hub 150 extended
axially to define about 1 mm of axial distance between its upper end and the lower surface of the lower skirt 124a. In
addition, three recesses 152 were formed as shown in Fig. 8A aboul the periphery of the lower end of hub 150 abutting
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the lower inner periphery of annular portion 112A of bowl body 112, and fluid passages having the area of about 21mm?
in total were defined thereby. In contrast, in the latler, currently available bowl, the radial spacing between the skirt
member and the inner wall of annular bow! body portion was about 2mm, the axial distance between the skirt member
and the upper core end was about 7mm and the total area of fluid passages was about 87mm?2.

The centrifuge bowl of the Fig. 5 construction was placed on an apheresis machine available from Haemonetics
Corporation under the tradename Haemonetics Multicomponent System (MCS3p). Whole blood was drawn from 11
donors and concentrated red blood cells were separated and evaluated in the same manner as in Example 1. The
centrifugation was conducted at 6000rpm for all of the donors. The results are shown in Table 2.

Comparative Example 2

A centrifuge bowl having the structure shown in Fig. 9 was used and concentrated red blood cells were obtained
from 10 donors in the same manner as in Example 2. The centrifugation was conducted at 6000 for all of the donors.
The results are also shown in Table 2.

TABLE 2
WBCs Removal Rates (%) RBCs yield (%) | FHgbs (mg/dl)
Granulocytes | Lymohocytes
Example 2 80.8 69.1 97.2 73.2 15.5
Comparative Example 2 71.2 443 98.1 80.0 48.2
Example 3

A centrifuge bowl of the same type as used in Example 1 was placed on an apheresis machine available from
Haemonetics Corporation under the tradename Haemonetics Multicomponent System (MCS3p). Platelet concentrate
was collected in one cycle by centrifugation at 6000rpm in accordance with the WBC depleted platelet concentrate
collection protocol. Yields were measured in the separated platelet concentrate and the results are shown in Table 3.

Comparative Example 3

A centrifuge bowl of the same type as used in Comparative Example 1 was employed and platelet concentrate
was separated in the same manner as in Example 3, except that the bowl was rotated al 7000rpm. The results are
also shown in Table 3.

TABLE 3

Yield/Bag Blood Measurements
Platelet Before Collection (per ul)
Concentrate WBCs Volume (ml) Plateleis WBCs
Example 3 1.6x1010 2.5%10¢ 61 3.6x105 8.2x103
Comparative
Example 1.5x1010 9.4x107 111 2.1x105 4.3%x103

As explained above, novel centrifuge bowls have been provided, which are suitable for obtaining in an apheresis
machine concentrated red blood cells depleted of white blood cells. The bowls are also useful in separating blood
components such as platelet poor plasma, platelet concentrate depleted of white blood cells, buffy coat and white blood
cells more efficiently.

Claims

1. A centrifuge bowl for processing blood by centrifugation comprising:

10
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a bowl body adapted for rotation about its axis and having an aperture at one axial end thereof,
arotary seal assembly affixed to said bowl body to cover said aperture and having an inlet port and outlet port
in fluid communication with the interior of said bow! body; and
a core disposed within said bowl body and having a first portion defining a collection chamber in fluid commu-
nication with said outlet port, a second portion defining a separation chamber in fluid communication with said
inlet port between the core and the inner wall of said bowl body, means for defining fluid passages communi-
cating said collection chamber and said separation chamber and a central cpening formed concentric about
said axis, characterized in that:
said collection chamber is adapted to minimize the holdup volume of blood components therein;
said core is provided with a barrier member for preventing flow from said collection chamber into said
central opening; and
each of said fluid passages having a minimal size for restricting back flow while permitting flow of blood
components from said separation chamber to said collection chamber.

The centrifuge bowl as in claim 1, wherein said outlet port communicates with said collection chamber through a
skirt member which includes a radially outward opening disposed radially inwardly of said fluid passages, said
skirt member is of a reduced diameter.

The centrifuge bowl| as in claim 1 or claim 2, wherein said core defines a separation region between said fluid
passages and said separation chamber, the axial length of said separation region gradually decreases radially
inwardly.

The centrifuge bowl as in either of claims 2 or 3, wherein said first portion and/or the inner wall of said bowl body
is disposed closely adjacent to said skirt member for reducing the volume of said collection chamber, thereby
minimizing the holdup volume.

The centrifuge bowl as in any of claims 2 to 4, wherein said barrier member is a cylindrical hub which extends
axially from said second portion to a position axially closely adjacent to said skirt member.

A centrifuge bowl| for processing blood by centrifugation comprising:

a bowl body adapted for rotation about its axis and having an aperture at one axial end thereof;

arotary seal assembly affixed to said bowl| body to cover said aperture and having an inlet port and outlet port
in fluid communication with the interior of said bowl! body; and

a core inserted into said bowl body through said aperture and having a first cylindrical portion received in said
aperture and defining a collection chamber in fluid communication with said outlet port, a second cylindrical
portion axially extending from said first cylindrical portion and defining a separation chamber in fluid commu-
nication with said inlet port between the core and the inner wall of said bowl body, openings formed between
said first cylindrical portion and said second cylindrical portion and communicating said collection chamber
and said separation chamber and a central opening formed concentric about said axis, characterized in that:

said outlet port communicates with said collection chamber through a skirt member which is of a reduced
diameter and including a radially outward opening;

the radial inner wall of said first cylindrical portion is disposed radially closely adjacent to said opening of
said skirt member;

said second cylindrical portion is provided with a cylindrical hub which extends axially from the junction
between said first and second portions to a position axially closely adjacent to said skirt member, said
cylindrical hub defining said central opening; and

each of said openings having a minimal size for restricting back flow while permitting flow of blood com-
ponents from said separation chamber to said collection chamber.

The centrifuge bowl! as in claim 8, wherein the diameter of said skirt member is equal to or less than 33mm and
said radially outward opening is disposed radially inwardly of said openings.

The centrifuge bowl as in any of claims 2 to 7, wherein said diameter is equal to or less than 28mm.

The centrifuge bowl as in any of claims € to 8, wherein said first cylindrical portion and said second cylindrical
portion define together a separation region between said cpenings and said separation chamber, the axial length

1
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of said separation region gradually decreases radially inwardly.

The centrifuge bowl as in any of claims 6 to 9, wherein the axial spacing between said axial end of said cylindrical
hub and said skirt portion is equal to or less than 4mm.

The centrifuge bowl as in claim 10, wherein said axial spacing is equal to or less than 2mm.

The centrifuge bowl as in any of claims 1 to 11, adapted for collecting from whole blood any of platelet concentrate,
platelet poor plasma, white blood cells or buffy coat.

A core for use in a centrifuge bowl for processing blood by centrifugation, said centrifuge bowl comprising a bowl
body adapted for rotation about its axis and having an aperture at one axial end thereof and a rotary seal assembly
affixed to said bowl body to cover said aperture and having an inlet port and outlet port in fluid communication with
the interior of said bow! body,

said core being insertable into said bowl body through said aperture and having a first eylindrical portion to
be received in said aperture for defining a collection chamber in fluid communication with said outlet port, a
secend cylindrical portion axially extending from said first cylindrical portion for defining a separation chamber
in fluid communication with said inlet port between the core and the inner wall of said bowl body, openings
formed between said first cylindrical portion and said second cylindrical portion for communicating said col-
lection chamber and said separation chamber and a central opening formed to be concentric about said axis,
characterized in that:

said first cylindrical portion is adapted to minimize the holdup volume of blood components in said colleciton
chamber;

said second eylindrical portion is provided with a cylindrical hub which extends axially from the junction between
said first and second cylindrical portions for preventing flow from said collection chamber into said central
opening, said cylindrical hub defining said central opening; and

each of said openings having a minimal size for restricting back flow while permitting flow of blood components
from said separation chamber to said collection chamber.

The core as in claim 13, wherein said first cylindrical portion and said second cylindrical portion define together a
separation region between said openings and said separation chamber, the axial length of said separation region
gradually decreases radially inwardly.

The core as in either of claims 13 or 14, wherein the total area of said openings is equal to or less than 80mm2.
The core as in of claim 15, wherein said total area is equal or less than 50mm?2

The core as in any of claims 13 to 16, wherein said openings are 2 or more in number and are fermed equidistantly
in the circumferential direction.

A centrifuge bowl for processing blood by centrifugation comprising:

a bowl body adapted for rotation about its axis and having an aperture at one axial end thereof. said bow! body
conically flaring from one axial end to the other;

a rotary seal assembly affixed to said bowl body to cover said aperture and having an inlet port and outlet port
in fluid communication with the interior of said bowi body; and

a core disposed within said bow| body and having a first portion extending generally radially for defining a
collection chamber in fluid communication with said outlet port, a second portion extending from said first
portion generally radially and then conically for defining a separation chamber in fluid communication with said
inlet port between the core and the inner wall of said bowl body and a central opening formed concentric about
said axis,

means provided in said core and/or bowl body for defining fluid passages communicating said collection cham-
ber and said separation chamber, characterized in that:

said outlet porl communicates with said collection chamber through a skirt member which is of a reduced
diameter and including a radially outward opening disposed radially inwardly of said fluid passages;

said aperture of said bowl body is formed cylindrically and the radial inner wall of the cylindrical aperture is
disposed radially closely adjacent to said opening of said skirt member;
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said first portion is provided with a cylindrical hub which extends axially from the junction between said first
and second portions to a position axially closely adjacen! to said skirt member;

each of said fluid passages having a minimal size for restricting back flow while permitting flow of blood com-
ponents from said separation chamber to said collection chamber; and

said seclion of said second portion extending generally radially from said first portion is adapted to define with
the inner wall of said bowl body a separation region between said fluid passages and said separation chamber,
the axial length of said separation region gradually decreases radially inwardly.

The centrifuge bowl as in any of claims 2 to & or claim 18, wherein the diameter of said skirt member is equal to
or less than 33mm.

The centrifuge bowl as in any of claims 1 to 12 or 18 or 19, wherein the total area of said openings or fluid passages
is equal 1o or less than 80mm?2

The centrifuge bowl as in claim 20, when dependent on claims 18 or 19, wherein said total area is equal to or less
than 80mm2, or when dependent on claims 1 o 12 wherein said total area is equal to or less than 50mm?2,

The centrifuge bowl as in any of claims 1 to 12 or 18 to 21, wherein said fluid passages or openings are 2 or more
in number and are formed equidistantly in the circumferential direction.

The centrifuge bowl as in any of claims 1 to 12 or any of claims 18 to 22, wherein the axial spacing between said
axial end of said cylindrical hub and said skirt portion is equal to or less than 2mm.

The centrifuge bowl as in claim 23, wherein said axial spacing is equal to or less than 1Tmm.

The centrifuge bowl as in any of claims 6 to 12 or any of claims 18 to 24, wherein the radial spacing between said
radial inner wall of said cylindrical aperture and said opening of said skirt member is equal to or less than 2mm.

The centrifuge bowl as in any of claims 1 to 11 or any of claims 18 to 25, adapted for collecting from whole blood
concentrated red blood cells substantially free from white blood cells.

A centrifuge bowl| for processing blood by centrifugation comprising:

a bowl body adapted for rotation about its axis and having an aperture at one axial end thereof;

arotary seal assembly affixed to said bowl body to cover said aperture and having an inlet port and outlet port
in fluid communication with the interior of said bowl body; and

a core inserted into said bowl body through said aperture and having a first cylindrical portion received in said
aperture and defining a collection chamber in fluid communication with said outlet port through a skirt member
having a radially outward opening, a second cylindrical portion axially extending from said first cylindrical
portion and defining a separation chamber in fluid communication with said inlet port between the core and
the inner wall of said bowl body, openings formed between said first cylindrical portion and said second cylin-
drical portion and communicating said collection chamber and said separation chamber and a central opening
formed concentric about said axis, characterized in that:

said first cylindrical portion and said second cylindrical portion define together a separation region between
said openings and said separation chamber, the axial length of said separation region gradually decreases
radially inwardly.

A core for use in a centrifuge bowl for processing blood by centrifugation, said centrifuge bowl comprising a bowl
body adapted for rotation about its axis and having an aperlure at one axial end thereof and a rolary seal assembly
affixed to said bowl! body to cover said aperture and having an inlet port and outlet port in fluid communication with
the interior of said bowl! body,

said core being insertable into said bowl body through said aperture and having a first eylindrical portion to
be received in said aperture for defining a collection chamber in fluid communication with said outlet port, a
second cylindrical portion axially extending from said first cylindrical portion for defining a separation chamber
in fluid communication with said inlet port between the core and the inner wall of said bowl body, openings
formed between said first cylindrical portion and said second cylindrical portion for communicating said col-
lection chamber and said separation chamber and a central opening formed to be concentric about said axis,
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characterized in that:

said first cylindrical portion and said second cylindrical portion define together a separation region between
said openings and said separation chamber, the axial length of said separation region gradually decreases
radially inwardly.

29. The centrifuge bowl as in any of claims 9 to 12 or claim 27, or the core as in any of claims 14 to 17 or 28. wherein
said separation region is defined between said first cylindrical portion and said second cylindrical portion by the
axial end of said first cylindrical portion and a radially inwardly deflecting portion of said second cylindrical portion.

14
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La présente invention concerne une centrifugeuse pour le
traitement de liquides biologiques, comme le sang, avec un récipient incor-
poré dans le roter de la centrifugeuse et se composant d'uzn matériau flexi-
ble, repliagble, avec au moins trois portions pour le liquide de traitement,
le liquide biologique, les déchets, lesquelles sont relides ensemble,

On connatt déja des dispositifs pour le iavage du sang,

Il s'agit solt de dispositifs dans lesquels des pompes ecérisialtiques agis-
sent directement sur une poche flexible de sang (brevet des Etats-Unis
d'Amérique 3 351 432)soit de dispositifs dans lesquels les canaux de refoule-
ment entre une poche & sang et un récipient d'alimentation en liquide de
lavage sont comprimés par une pompe péristaltique (brevet de la République
Fédérale d'Allemagne | (17 782) ou dans lesquels le liquide est entratné

par une pompe & vitesse variable (demande de brevet publiée de la République
Fédérale d'Allemagne n* 2 039 899). La demande de brevet allemand publiée

2 039 898 consiste a rendre annulsire le récipient flexible 3 sang et la
demande de brevet allemand 2 039 827 consiste & le placer dans un rotor aveec
le récipient d'alimentation. .

Il est également connu de placer la poche & sang flexible
dans le rotor d'une centrifugeuse et d'agir hydrauliquement sur celle-ci
de fagon que le processus de lavage se réalise autohatiquement vdemande
de brevet de la République Fédérale d'Allemagne 2 la disposition du public,
n® 2 254 403). Dans cette disposition connue, tous les récipients d'alimen-
tation et unités auxiliaires se trouvent en dehors du rotor.

Le but de l'invention est de constituer une centrifugeuse
de fagon gque le voiume d'appareil soit suffisamment réduit pour que tous
les dispositif annexes puissent 8tre placés dans le carter d'une centrifu-

geuse courante de laboratoire et que les phases de travail nécessaires au

’ processus de lavage soient simplifiées.

Conformément a 1l'invention, ce bur est atteint dans une
centrifugeuse du type décrit au début par le fait que le rotor est prévu
pour recevoir un récipient d'une seule piigce en matériau flexible et pliable
avec plusieurs portions pour le liquide de traitemert, le liguide biologique
et les déchets, que les portions du récipient sont placées »n anneau les
unes autour des autres, sont reliées les unes aux autres par des canaux
obturables et sont placées dans des évidements correspondants du rotor, que
le couvercle du rotor présente un support central pour un réservoir rigide
destiné su liquide de lavage et une chambre pour la réception de poches
flexibles pour le liquide biologique et le liquide lavé, ces poches étant

raccordées par des tubulures au niveau central du récipient.
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L'avantage essentiel de 1'invention est la eréation d'un
ensemble fermé sur lui-meme pour le traitement d'un liquide biologique,
notamment pour le lavage du sang, ce qui permet une stérilité ahbsolue,
L'utilisation de bouteilles d'infusion et de poches multiples du commerce
apporte une extension du domaine d'utilisation de la centrifugeuse de
l1'invention et 1a rend d'emplci commode et agréable.

Etant donné que, dans la centrifugeuse de 1'invention, le
dispositif de commande hydraulique est disposé en dehors du rotor, il peut

eétre rapporté simplement & l'intérieur du carter d'une centrifugeuse de

laboratoire de dimensions courantes. Comme avantage essentiel de 1'inven-

~tiom, il faut cependant considérer qu'on peut placer dans le rotor de la

centrifugeuse le liquide a laver dans des réserveirs de différentes formes.
On peut utiliser notamment des poches en matigre plastique flexibles, qui
sont en une ou plusieurs pikces, de forme annulaire ou ajustée 2 celle des
éyidements du rotor & l'aide d'un adaptateur, ou qu'elles peuvent €tre
composées selon un anneau,

D'autres caractéristiques et avantages de l'invention seront
mieux compris & la lecture de la description qui va suivre d'un exemple
de réalisation et en se référant aux dessins annexés, sur lesquels

- la figure 1 représente de facon schématique un exemple de
réalisation préféré de 1'invention; et

- la figure 2 représente & une é&chelle agrandie le détail
“A'"™ de la figure 1,

Comme le montrent les figures 1 et 2, on a introduit um
réservoir 3 dans le rotor 20 de la centrifugeuse qui est fermée par un
couvercle 21 & 1'aide d'une vis 22, ensﬁite, le rotor est placé sur le
bout d'arbre 23 et il est accouplé au moteur d'entrafnement .

Le récipient 3 se compose de deux feuilles de matidre plas-
tique 1 et 2 préformées et soudées ensemble, constituées d'un matériau
flexible et pliable avec au moins trois portions pour lz liquide de traite-
ment, le liquide biologique et les déchets, chaque porticn étant reliée
avec la plus proche par des canaux obturables, le récipient ayaant au moins
une portion centrale 3 qui contient le liquide de traitement, une portion 5
annulaire entourant la portion 3 et pouvant recevoir le liquide biologique,
et une portion 6 annulaire, concentrique A la portion 5, destinée aux
déchets et se trouvant 2 une distance radiale plus grande de la portion 3.-

Les feuilles de matidre plastique pour le récipient sont

flexibles et d'une épaisseur leur permettant d'eétre pliables. La feuille
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inférieure 1 du récipient et 1z feuille supérieure 2 sont soudées ensemble
sdur le pourtour extérieur, dans la zone 7, Le récipient 3 présente une
portion centrale pour le liquide de traitement, notamment de lavage, et
deux portions moyennes annulaires 5 qui entourent la porticn centrale et
regoivent - pendant le fonctionnement - le liquide biclogique comme le séﬁg,
Une portion extérieure n est concentrique 3 la portion 5 et elle est égale-
ment annulaire. Cette portion 6 peut recevoir les déchets qui proviennent .
du traitement du liquide biologique, par exemple du lavage du sang, Entre
la feuille inférieure 1l et la feuille supérieure 2 du récipient 3 se
trouve une piéce de forme 8 qui est fixée dans les zones de paroi interme
du récipieﬁt qui sont placées entre les différentes portions, Cette piace 8
se compose de préférence é&galement d'une matigre plastique inerte et elle
est soudée aux points 9, 10 et 11, alternativement avec la feuille infé-
rieure et la feuille supérieure. La pikgce 8 est disposée dans 1'espace
creux du récipient 3, entre les feuilles soudées 1 et 2 formant une poche
a2 sang en une seule pigce, de fagon qu'il se forme des canaux sur la
partie supérieure, par exemple en 30, et sur ls partie inférieure, par %
exemple en 32, Les reperes 9 2 11 ont les significations suivantes :
9 : point de soudure de la feuille 1 avec la pi2ce 8
10 : point de soudure de la feuille 1 avec la pigce 8
11 : point de soudure de-la feuille 2 avec la pizce 8
Entre 10 et 11 et entre 11 et 9 existe une ouverture 13, 14,
comme le montre clairement la figure 2. Pour la fermeture des canaux,
on péut préveoir des soupapes courantes non représentées, le nombre et la
forme des canaux ainsi que le choix des soupapes appropriées dépendent de
chaque destination, La piéce 8 présente 2 peu pri2s la forme d'une assiette
et elle a un diamdtre extérieur qui s'étend jusqu'au diamdtre intérieur
de la portion 6, Les canaux peuvent également €tre imprimés dans la pizce 8
dés la fabrication ou 2tre préformés d'une autre manidre. La pidce B doit
bien entendu &tre placée avant la soudure de la feuille 1 avec la feuille 2.
Au cours de 1l'introduction du récipient de 1l'invention dans
le rotor de la centrifugeuse, celui-ci vient en contact, au moins par la
partie inférieure de sa portion 5, avec une membrane qui peut &tre sollicitée,
par 1'intermédiaire de canaux 19, par un liquide hydraulique pour la compres-
sion du contenu de la portion. Le bloc hydraulique est de préférence en
dehors du rotor, mais & 1'intérieur du carter de la centrifugeuse et il est

relié au rotor de fagon étanche au liquide. Il contient un circuit fermé
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de fluide qul permet de refouler le liquide dans la chambre représentée

en dessous de la membrane et de l'en retirer,

Le dispositif de circulation hydraulique se compose d'une

unité de pompage 50 avec la pompe 51 et la soupape magnétique 52. Celles-ci

sont reliées a 1'aide d'une garniture d'étanchéité 53 2 anneau de glissement,

par exemple en cuivre, au canal 19 qui ddbouche dans 1'espace au-dessous

de 1la membrane 18, L'unité de pompage 50 est, comme le moteur d'entralnement

électrique M du rotor de la centrifugeuse, fixe par rapport au carter 54.

Celui-ci comprend aussi, bien entendu, le rotor 20 et tous les éléments

tournants,

Dans le couvercle 21 du rotor, on a prévu une ouverture

centrale 46 qui est adaptée & la forme d'ume bouteille 37 3 infusion. Cette

bouteille a un col 45 qui est fermé par un bouchon au travers duquel passent

une tubulure de sortie 39 et une tubulure d'entrée 40, La tubulure 39 -

. de préférence un tuyau - sert au raccordement de la bouteille 37 a la por-

tion centrale du récipient 3, pour laisser passer, comme liquide de lavage,

1la solution salée isotonique contenue dans la bouteille 37, De telles

bouteilles correspondent & la norme DIN 58363 et permettent une vidange

gtérile avec les accessolires correspondants, notamment un filtre et

des fermetures (non représentées), ainsi qu'une soupape 38. 11 en est de

méme pour l'utilisation des poches multiples 33,34.Celles-ci sont disponi-

bles dans le commerce comme poches 3 sang, comme 1'indigque le dessin,

réunies de fagon stérile l'une & 1'autre en poche double et reliables avec

le récipient 3. Il en résulte d'une mani2re connue qu'un tuyau se termine

par une canule qui sert 3 percer, dans le récipient opposé, une membrane

qui sert de soupape. Aussi bien la canule de 1'un des récipients (poche

2 sang) que la membrane perforable sont protégées avant le raccordement

par des couvercles, tels que des feuilles,qui ne doivent etre enlevés que

juste avant le couplage.

Pour le lavage du sang ou traitement analogue de liquides

biologiques, le récipient 3 en feuille avec portion centrale et deux

portions extérieure annulaires 5 et § formant un tout est introduit dans

le rotor 20. La totalité du récipient est évacuée au début du processus

de lavage, c'est-a-dire que les feuilles minces 1 et 2 sont serrées 1'une

contre l'autre ou sur la pigce 8.

Les poches multiples 33 et 34 sont raccordées au récipient 3

par la soupape 31 de la manizre décrite précédemment. La poche 33 contient
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le liquide allaver et la poche 34 sert & la réception du liquide lavé

apreés la fin du processus de lavage. La liaison entre la poche 34 et le
récipient 33 est d'abord interrompue par le clamp 44. Apr2s enlévement du
clamp 35, le contenu de la poche 33 coule dans la portion 5 du récipient 3

et le remplit jusqu'az environ la moitié. Si la poche 33 ggp vide,le tuyau

de raccordement est également clampé en 35 ou, au choix, soudé. La poche 33
peut alors @tre coupée, mais elle peut zussi &fre placée avec la poche

vide 34 dans 1'évidement central 36 qui forme une chambre, et rester 1la avec
elle pendant le processus de lavage, La chambre 36 peut constituer un élargis-
sement de 1l'ouverture 46 du couvercle 21 et elle constitue un espace libre
pour recevoir les poches multiples 33, 34 au-dessus du récipient 3 de la zone
centrale du rotor. Au début, la soupape 31 pour le liquide biologique a laver
n'est en liaison par le canal 32 qu'avec la portion 5., Le canal 30 sur la
partie supérieure de la pikce 8, qui méne au récipient 6 2 décheés, est fermé
par un poussoir 29 de soupape qui repose sur la feuille 2. Le poussoir 29

est actionné de préférence par la force centrifuge,

La bouteille 37 contenant le liquide de lavage est raccordée
par la tubulure 39 au travers de la soupape 38 a la portion centrale du réeci-
pient 3, Par le tube ascendant 40 qui est muni d'un filtre, 1'air parvient de
la chambre 36 & l'intérieur de la bouteille 37 et permet l'écoulement d'une
partie du liquide de lavage, suivant la capacité de la portion centrale dans
le récipient 3, qui ne contient qu'environ la moitié de la capacité de 1la
portion 5,

Apres mise en route de la centrifugeuse, celle-ci est
accélérée 2 une vitesse de rotation qui est suffisamment élevée pour que

le liquide entrafné en rotation dans la bouteille 37 monte suffisamment sur

la parol intérieure de la bouteille pour libérer 1'ouverture d'écoulement du

col de Ia bouteille,
Par suite de la force centrifuge pendant le fonctionnement
du rotor 20, le contenu de la portion centrazle du ré&cipient 3 se vide dans
la portion 5 et la remplit autant que le permettent les chambres dans le
rotor en dessous de la feuilie 1 et au-dessus de la feuille 2. Le liquide
de lavage contenu dans la portion centrale du récipient 3 se mélange avec
les globules rouges du sang dans la portion 5. Le mélange ou le lavage est
aidé par le freinage violent du rotor de la centrifugeuse parce que le contenu
de la portion 5 a tendance % continuer a tourner et qu'il est brassé violem-

ment
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Le rotor est entidrement arr€té et ensuite la portion
centrale du récipient 3 se remplit 2 nouveau avec le liquide de lavage
sortant du récipient 37, Mais ce liquide, quand la centrifugeuse est redé-
marrée, ne s'écoule cependant pas dans la portion 5, parce que celle-ci est
entigrement remplie, Pour obtenir une sédimentation des globules rouges
du sang et les extraire du liquide de lavage, le rotor est amené 2 une vitesse
de rotation élevée, Ceci ouvre la soupape actionnée par la force centrifuge,
par mouvement vers le haut du poussoir 29. Aprés achévement de la sédimen-
tation et pendant la rotation du rotor, un liquide d'entrafnement est pompé
dans la chambre 47 sous la membrane 18 par le blec hydraulique signalé
au début. Le liquide d'entrafnement sollicite également le poussoir de

soupape 43 qui ferme le canal 41, ce qui exclut un retour de la portion 5

dans la portion 3. De cette portion 5, le liquide de lavage est refoulé

dans la portion 6 au travers du camal 32, du passage central 42 et du
canal 30, A 1'aide d'un dispositif de contr8le 55, 56 2 cellule photoélec-
trique, on détecte le passage dans le canal 30 vers la portion & de globules
rougesa la place du liquide de lavage incolore. La pompe 51 du circuit de ~
liquide hydraulique est ensuite arr@tée, ce qui ouvre la soupape 43, Par
suite, le liquide de lavage peut s'écouler de la portion centrale du réci-
pient 3 ﬁar le canal 41 dans la portion 5 et remplir celle-ci 2 nouveau,.
Le liquide hydraulique de la chambre annulaire 47 est ainsi refoulé,

Le déroulement de la phase de travail décrite ci-dessus est
répété jusqu'a épuisement du liquide de lavage.

Pour transférer les globules rouges lavés dans la poche 34,
on retire la bouteille 37 aprés arrét du rotor et la poche 34 repliée
(&ventuellement avec la poche 33) hors de la chambre 36. Aprés enlzvement
du clamp 44, le bloc hydraulique est remis aussit8t en fonctionnement., Le
canal 41 est alors fermé par le poussoir 43 (qui repose sur le cBté infé-
rieur de la feuille 1), A ce moment, les globules rouges lavés sont refoulés
hydrauliquement par la membrane 18 &ans la poche 34, au travers du canal 32 -
et de la soupape 31, Comme la soupape 29 est fermée 2 cet instant, les ’

globules rouges ne peuvent pas parvenir dans la portion 6.

I

Une caractéristique essentielle de 1'invention est en parti
culier la combinaison d'un récipient fermé en matériau pliable, flexible
avec plusieurs portions, pour les liquides biologiques, logé dans le rotor
d'une centrifugeuse de fagon & &tre actionné hydrauvliquement, et d'un
procédé de fonctionnement d'une centrifugeuse avec un récipient de ce type
pour le lavage du sang en utilisant des poches 2 sang et bouteilles d'infu-

sion courantes,
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Bien entendu,diverses modifications peuvent étre apportées
par l'homme de 1'art aux dispositifs ou procédés qui viennent d'étre

décrits uniquement 2 titre d'exemples non limitatifs, sans sortir du cadre

" de l'invention. C'est notamment le cas en ce qui concerne les récipients,

réservoirs et autres configurations de divers types logeables dans le rotor,
comme on l'a signalé&, On préfere une unité que 1'on peut introduire en
entier dans le rotor et qui forme ainsi un systime fermé facilement stéri-
lisable, Il est évident également qu'en cas d'utilisation d'autres réservoirs
ou récipients, les chambres de réception ou supports correspondants peuvent
etre adaptés & ceux-ci dans le rotor. La commande par cellule photoélectri-
que mentionnée dans la description est représentée schématiqﬁement a2 1'inté-
rieur de la chambre 36, Elle est cependant d'un type comnnu, avec une

source de lumidre 55 et un récepteur photeélectrique 56 qui est relié 2

un relais,
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REVENDICATIONS

1 - Centrifugeuse pour le traitement de liquides biologi-
ques, notamment pour-le lavage du sang, caractérisée par 1'ensemble des
propriétés suivantes
le rotor est prévu pour recevoir un récipient d'une seule pidce en matériau
flexible et pliable avec plusieurs portions pour le liquide de traitement,
le liquide bilologique et les déchets, les ‘portions du récipient sont
placées en anneau les unes autolr des autres, sont reliées les unes aux
autres par des canaux obturables et sont placées dans des évidements corres-
pondants du rotor, le couvercle du rotor présente un support central
pour un réservolr rigide destiné au liquide de lavage et une chambre pour
la réception de poches flexibles pour le liquide biologique et le liquide
lavé, ces poches étant raccordées par des tubulures au niveau central du
récipient . )

. 2 - Centrifugeuse selon la revendlicatlon 1, caractériaée :
en ce que, dans le couvercle du rotor, ume bouteille d'infusion est mainte-
nue dans une ouverture centrale adaptée, de facon que son col seit tourné
vers le récipient,

3 - Centrifugeuse selon 1'ume quelconque des revendications
1 ou 2, caractérisée en ce que le couvercle du rotor présente un évidement
central qui constitue, entre le support de la bouteille d'infusion et le
récipient, une chambre servant 2 la réception de poches.

4 - Centrifugeuse selon 1'une quelconque des revendica-
tions 1 2 3, caractérisée en ce gue 1'évidement central dans le couvercle
du rotor est constitué par un' élargissement de l'ouverture pour.le support
de la bouteille d'infusion, ‘

5 - Centrifugeuse selon 1'une quelconque des revendica-
tions 1 a 4, caractérisse en ce qu'on a réalisé un passage central dans la
paroi terminale supérieure du récipient, en face du col de la bouteille 2
infusion,

6 — Centrifugeuse selon I:une quelconque des revendications
précédentes, caractérisée en ce que la bouteille & infusion est reliée au
récipient dans la partie centrale de celui-ci,

7 - Centrifugeuse selon l'une quelconque des revendications

précédentes, caractérisée en ce qu'on a disposé entre la portion moyenne

.
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du récipient et sa portianlextérieure une soupape manoeuvrée par la force
centrifuge,

8 - Centrifugegse selon l'une quelconque des revendications
précédentes, caractérisée en ce qu'on a disposé entre la portion centrale
du récipient et sa portion moyenne une soupape actionnée par un fluide hydrau-
lique,

9 - Centrifugeuse selon l'une quelconque des revendications
précédentes, caractérisée en ce qu'elle présente une ou plusieurs poches,
simplés ou multiples, en mati2re plastique souple, stérilisable, biclogiquement
et chimiquement inerte, qui peuvent Btre adaptées i la forme des &videments
du rotor % 1'aide d'adaptateur(s) ou assemblées en un anneau,

10 - Procédé de lavage du sang dans une centrifugeuse,
caractérisé en ce que les globules rouges s'écoulent d'une poche 2 sang
flexible dans la portion de lavage d'un récipient flexible 2 plusieurs por-
tions, sous l'effet de la force centrifuge ou ‘d'une pression exercée sur la
poche, en ce qu'ils_sont mélangés avec le liquide de lavage sortant d'un
réservoir central, gr@ce i 1'accélération et/ou au freinage, en ce qu'ils sont
lavés, déposés et ensuite contr8lés par un dispositif 2 cellule photoélectri-

que et en ce qu'ils sont introduits dans une poche 2 sang vide a 1'aide d'un

liquide agissant hydrauliquement, directement ou indirectement, sur une paroi

du récipient,
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(57) Bloodis collected in a bag (1),
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SPECIFICATION
Blood separation system

The present invention relates to an improved
method of collecting, separating and storing blood
components. The invention also relates to a blood
bag system for use in this connection.

When collecting blood from a donor the cell
components of the whole blood are usually sepa-
rated from the plasma portion prior to storage and
use. The separation is performed by sedimentation
or, most frequently, by centrifugation, which yields
an upper plasma layer, a thinner intermediate so-
called buffy coat later containing white blood cells
and possibly thrombocytes, and a lower layer of red
blood cells. A number of various methods and
devices for collection, separation and storage of the
blood components are known. In the presently most
frequently used method a closed sterile blood bag
system of the well known “Fenwal"-type is utilized.
This system usually comprises a relatively lage
collecting bag and one or more transfer bags, which
through connection tubes are connected to an outlet
provided in the upper part of the collecting bag. After
tapping of the blood to the collecting bag viaa
tapping tube, which also opens in the upper part of
the bag, the collecting bag is centrifuged together
with the transfer bag or bags, the collecting bag then
being placed in a device for squeezing out the blood
components. A simple and frequently used device of
this kind consists of a vertical plate having a
pressure plate pivotally journalled thereto, the latter
being spring biased against the vertical plate. Thus,
in order to squeeze out the contents of the collecting
bag the bag is placed between the vertical plate and
the spring biased pressure plate, blood plasma
being pressed out through the outlet opening to one
of the transfer bags via the connecting tube. The
connecting tube to a possibly present second trans-
fer bag is kept closed. When the buffy coat layer has
reached the top edge of the collecting bag, the
connection to the transfer bag with blood plasma is
closed and the buffy coat layer is pressed outto the
second transfer bag (after the tube connection has
been opened) or the buffy coat layer is taken out
through the tapping tube (which, however, may
involve a contamination risk since the system then is
not completely closed). Since the buffy coat layer
has a tendency to stick to the bag walls, itis in most
cases necessary to assist in the squeezing operation
using the fingers. After the buffy coat layer has been
squeezed out as much as possible the compression
is interrupted, the blood plasma then being in one of
the transfer bags, the red blood cells in the collecting
bag and the buffy coat layer in the second transfer
bag or other container.

The above described method has several dis-
advantages. Thus, squeezing out the blood compo-
nents occupies the laboratory staff for a compara-
tively long time, since the squeezing operation must
be monitored continuously and the squeezing of the
buffy coat layer also requires manual assistance.
Further, itis in practice only possible to get out 50 to
60% of the white blood cells due to the above
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mentioned adherence to the bag walls. A more
automatized squeezing method is therefore desir-
able. The presently used blood bag systems and
squeezing devices are, however, difficult to make
more automatic. The present invention therefore
aims to provide an improved procedure using a
modified blood bag system for eliminating the
above mentioned disadvantages.

According to one aspect of the invention, whole
blood is tapped to a collecting bag having outlets
both at the top and at the bottom, and after
centrifugation, the blood plasma is pressed out
through the upper outlet and the red blood cells
through the lower outlet while keeping the buffy coat
layer in the collecting bag. Hereby a system is
obtained, which is suitable for automation and
simultaneously results in a considerably improved
separation of the white blood cells.

Simple automation is made possible in that blood
plasma and red blood cells can be pressed out
simultaneously through the upper and lower outlets
respectively of the collecting bag. The collecting bag
is then preferably squeezed by uniform compression
long the whole bag area, e.g. between two vertical,
substantially parallel plates. A suitable such device is
described in more detail in the simultaneously filed
Swedish Patent Application 7902760-3. Because the
red blood cells have a greater viscosity than the
plasma layer, the latter will leave the collecting bag
faster than the red blood cells. Therefore, suitable
means, e.g. a photocell, are provided for sensing
when the blood cell layer has reached a suitable,
predetermined level in the collecting bag, and said
sensing device is made to activate shut-off means
for the outlet tube from the top outlet of the
collecting bag. The bag contents are then pressed
out only through the lower outlet and are automatic-
ally stopped at a predetermined residual volume in
the collecting bag, corresponding to the volume of
the buffy coat layer plus a small volume of red blood
cells. The interruption of the compression of the
collecting bag can easily be achieved, e.g. by
suitable preadjustable spacing means for the plates
between which the collecting bag is compressed.

In a variant the sensing means (one or more
photacells or the like) are positioned essentially at
the level of the buffy coat layer already from the start
of the squeezing operation, and the sensing means
are arranged to maintain the buffy coat layer at
essentially the same level during the entire squeez-
ing operation. In this embodiment the sensing
means will alternatingly shut off and open the top
outlet of the blood bag in response to the move-
ments of the buffy coat layer. Thus, the sensing
means will shut off the top outlet (leaving the bottom
outlet open) when the buffy coat layer moves
upwards. Correspondingly, the sensing means will
open the top outlet when the buffy coat layer falls
below the sensed level. An important advatage
obtained when using this embodiment is that there
will be only insignificant contact between the red
blood cells and the white blood cells sticking to the
bag wall, resulting in a greater degree of purity of the
separated red blood cell layer.

A blood bag system according to the invention
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therefore comprises a blood collecting bag having

outlets both at the top and at the bottom, which

outlets are connected to at least one additional blood

bag via conduits which can be shut-off.
5 Asuitable closed blood bag system for blood
tapping/blood storage comprises a collecting bag
and two possibly interconnected transfer bags. The
bags are preferably coupled in “circle”, i.e. such that
each of the upper and lower outlets of the collecting
bag is connected to a transfer bag, and that the two
transfer bags are interconnected. Preferably, the
upper outlet of the collecting bag is connected to the
top portion of the first transfer bag, the bottom
portion of this transfer bag is connected to the top
portion of the second transfer bag, and the bottom
portion of the last-mentioned transfer bag is con-
nected to the lower outlet of the collecting bag. After
collection of whole blood in the collecting bag the
same is centrifugated in conventional manner
together with the transfer bags. In order to squeeze
out the blood components it is then only necessary
to place the collecting bag in a suitable squeezing
device operating automatically according to the
above described principle, and to activate the com-
pression mechanism. It is then possible to leave the
apparatus, which sutomatically squeezes out the
blood plasma laye- to one of the transfer bags and
the red blood cells to the other, with the buffy coat
layer remaining in the collecting bag. The blood
components separated into the different blood bags
can then be used or stored as desired. A third
transfer bag may optionally be connected to the
transfer bag intended for the blood plasma, in case
the primary centrifugation is adjusted such that the
top layer consists of thrombocyte-rich plasma. After
repeated centrifugation the plasma is squeezed into
the third transfer bag, leaving a thrombocyte con-
centrate in the original plasma bag.

The method according to the invention can also
advantageously be used for leucapheresis, wherein
white blood cells are separated from the blood and
the remainder is recycled to the patient. A blood bag
system according to the invention used for this
purpose suitably consists of two basically identical
blood bags, the upper and lower outlets of one of the
blood bags being connected to the corresponding
outlets of the other. After collecting blood in one of
the bags the two blood bags are centrifugated,
whereupon the contents are squeezed out as above.
Then only the buffy coat layer with the white blood
cells remains in the collecting bag, whereas the
blood plasma and the red blood cells have been
transferred to the other blood bag. The buffy coat
layer is then collected for further separation or direct
use, while the eontents of the second blood bag are
retransfused to the patient. Since up to 95% of the
white blood cells can be separated from the whole
blood the required number of blood tappings is
considerably reduced in comparison with conven-
tional techniques. This, of course, is both labour-
saving and more comfortable for the patient or the
donor. i

The above described blood bag system for
lucapheresis having two blood bags connected in a
65 closed circuit can also advantageously be used for
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plasmapheresis (wherein the blood plasma is sepa-
rated from the other blood components) and throm-
bopheresis (wherein the thrombocytes are sepa-
rated from the other blood components).

In order to avoid coagulation of the blood and to
increase the shelf life the blood is on tapping mixed
with a solution containing an anti-coagulantand a
nutritent agent. Normally, this solution is presentin
the collecting bag from the start of the blood s
tapping. According to a preferred embodiment of the
invention, however, at least the anti-coagulant is :
originally present in a transfer bag and is mixed with ¢
the blood in the collecting bag on tapping. By
making the tapped blood meet a suitable amount of s
anti-coagulant, chosen with regard to the tapping
flow and supplied by gravity of pumping, a more
gentle treatment of the blood components is
obtained.

The method and the blood bag system according
to the invention will now be described more in detail
with reference to some special embodiments thereof
in connection with the accompanying drawings,
wherein

Figure 1is a schematic representation of a blood
bag system suitable for blood tapping and blood
separation, and

Figure 2 is a schematic representation of a blood
bag system suitable for use in leucapheresis, plas-
mapheresis and thrombapheresis.

The blood bag system shown in Figure 1 compris-
es a collecting bag 1, two transfer bags 2 and 3 and
optionally a further transfer bag 4. The blood bag 1is
in conventional manner provided with an inlet port5
for a cannula-equipped blood tapping tube 6, an
upper outlet port 7 and, in the shown case, pierce-
able tube connections 8 and 9. According to the
invention the collecting bag 1 is also provided with a
lower outlet port 10. The transfer bag 2 has an upper
port 11, which through a tube 12 is connected to the
upper port 7 of the collecting bag. Through a lower
port 13 and a tube 14 the transfer bag 2 communi-
cates with the transfer bag 3 by means of an upper
port 15 of the [atter. The transfer bag 3 is in turn
connected to the lower port 10 of the collecting bag 1
via a lower port 16 and a tube 17. In the same way as
the collecting bag 1 the transfer bags 2 and 3 are, in
the shown case, provided with convntional pierce-
able tube connections 18, 19 and 20, 21 respectively.
The optional third transfer bag 4 is via an upper port
22 and a tube 23 connected to an upper port 24 of the <
transfer bag 2. Also the transfer bag 4 is in the shown
case provided with pierceable tube connections 25
and 26.

The above described blood bag system for collec-
tion, separation and storage of blood components
may e.g. be used in the following way. Blood is
tapped to the collecting bag 1 through the tapping
tube 6 in conventional manner. The tube connec-
tions 12, 14 and 17 and, when a third transfer bag 4 is
used, also the tube connection 23 are then shut off,

e.g. by a tube clamp. A sterile anti-coagulant and
nutrition solution can in conventional manner from
the start be contained in the collecting bag, but
according to the invention it is preferred that the
anti-coagulantinitially is in the transfer bag 2 for
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being fed into the collecting bag 1 through the
conduit 12 by gravity or pumping simultaneously
with the tapping of blood through the conduit 6.
Since the blood which is tapped at the beginning of
the process is not subjected to a large volume of the
anti-coagulant solution, itis possible to achieve
considerably milder treatment of those components
of the blood which can be adversely effected by too
great amounts of such a solution is achieved. In this
variant the tube connection 12 between the collect-
ing bag 1 and the transfer bag 2 is, of course, open
when tapping the blood. By actuating those portions
of the tube conduits 6 and 12 which are closest to the
collecting bag 1 by means of any suitable pumping
device, e.g. a properly designed segment or peristal-
tic pump with different pumping speeds for the two
conduits, a suitable mixed flow (e.g. 1:7) of blood
and anti-coagulant containing solution from the
transfer bag 2 to the collecting bag 1 can be
obtained. The blood tapping tube 6is in this case
preferably provided with a “cushion’ portion 27,
which can be affected by the pressure of the blood
flow and which is monitored by a pressure sensor.
The latter then controls the pumping speeds, so that
the pumping of blood and anti-coagulant corres-
ponds to the blood flow through the conduit 6, while
maintaining a constant mixing proportion of blood
and anti-coagulant solution. By operating as de-
scribed above when tapping the blood it is not
necessary to agitate the collecting bag, e.g. by
rocking as is usual in conventional blood tapping, for
obtaining good mixing of the blood and the added
solution.

After completed blood tapping the conduit6 is
shut off, e.g. by welding, and the conduit 12 is shut
off temporarily by a tube clamp, whereupon the
whole bag system is centrifugated to form inthe
collecting bag an upper layer of blood plasma
(normally about 60% of the blood volume), an
intermediate comparatively very thin layer contain-
ing white blood cells and possibly thrombocytes -
the so-called buffy coat layer - and a lower layer
mainly containing red blood cells. For separation of
the layers the collecting bag is introduced into a
suitable squeezing or pressing device to squeeze out
the contents through the upper and lowr ports 7 and
10. A suitable device is, as mentioned above,
described in the simultaneously filed application No.
7902760-3 In this device the collecting bag is intro-
duced between a vertical wall and a pressure plate,
which is movable essentially prpendicularly thereto.
The connecting conduits 12 and 17 are opened for
passage of liquid, and the driving of the pressure
plate, which is effected by suitable driving means, is
activated. Blood plasma will then be pressed out
from the collecting bag 1 via the tube conduit 12 to
the transfer bag 2, and at the same time red blood
cells are pressed out to the transfer b'ag 3 through
the lower port 10 and the tube conduit 17. Because
the layer of red blood cells has greater viscosity than
the blood plasma the level of the red blood cells will
slowly move upwards as the bag is compressed. For
partial automation of the process the device is
provided with e.g. a photocell, preferably provided
on the pressure plate, sensing the upper level of the
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red blood cells in the collecting bag 1 when the same
has reached such a level that substantially all blood
plasma has been pressed out from the bag. The
photocell is arranged to activate suitable shut-off
means, such as a solenoid valve, blocking the
connection between the collecting bag 1 and the
transfer bag 2 by pinching the tube 12. The discharge
from the collecting bag 1 then only takes place
through the port 10 and the tube 17. The squeezing
device is further preferably provided with appropri-
ate means for preventing further compression of the
collecting bag 1 when the lower level of the buffy
coat layer approaches the port 10. This may e.g. be
achieved by one or more pre-adjustable spacing
means, which prevent further displacement of the
pressure plate towards the wall portion when the
volume of the collecting bag 1 corresponds to the
volume of the buffy coat layer plus a marginal
volume of red blood cells. After the means for
compressing the collecting bag 1 have been acti-
vated, the operator can leave the device unattended,
since the continued separation of blood components
will be continued and completed automatically. A
pr-requisite is of course that the transfer bag 3 is
held in such a position that the liquid levels in the
two bags are at approximately the same level when
the separation is completed, since otherwise further
discharge from the collecting bag can take place.
Thus, after completed separation the blood plasma
is in the transfer bag 2 and the red blood cells in the
transfer bag 3, while the buffy coat layer remains in
the collecting bag 1.

In an alternative embodiment of the above de-
scribed automated procedure the photocell is posi-
tioned in the vicinity of the initial level of the buffy
coat layer. As in the above embodiment the sensing
means will shut off the connection between the
collecting bag 1 and the transfer bag 2 when the
buffy coat layer (or possibly the top level of the red
blood cell layer) moves upwards and enters the level
sensed by the sensing means. Conversely, the
connection between the bags 1 and 2 will be
re-opened when the buffy coat layer falls below the
sensed level. As a result the buffy coat layer will
move up and down past the photocell with a
comparatively small amplitude of the movement.
Thus, there will be a continuous flow from the
collecting bag 1 to the transfer bag 3, and an
intermittent flow from the said bag 1 to the transfer
bag 2, the levels of the buffy coat layer and the red
blood cell layer being essentially constant all the
time. As a result only the uppermost portion of the
red blood cell layer will get in contact with the white
blood cells adhering to the all of the bag. This in turn
results in higher purity of the separated red blood
cell layer.

As mentioned above the added nutrient solution,
whose main function is to permit extended storage
of the red blood cells, can initially be contained in the
collecting bag 1, but this solution is preferably from
the beginning contained in the transfer bag 3. In this
manner the solution will not be diluted by the blood
plasma, and the composition of the solution can be
optimized for storage of red blood cells.

After completed separation as above the connec-

Haemonetics Corporation
Exhibit 2015
Page #478



4 GB 2047 110 A

tion through the tubes 12 and 17 is blocked, e.g. by

welding, and the collecting bag 1 is possibly sepa-

rated from the transfer bags for storage or further

processing of the blood components.
5 The above described blood bag system offers a
high degree of flexibility. For instance, a thrombo-
cyte concentrate may be prepared in the transfer bag
2 if the primary centrifugation is adjusted such that
the upper layer will consist of thrombocyte rich
plasma. After repeated centrifugation the plasma
separated from the transfer bag 2 can be transferred
to the third transfer bag 4 connected via the tube 23,
whereby a closed system is obtained. Alternatively
the plasma may be pressed out from the transfer bag
2 for industrial fractionation, e.g. through the inlet
tube 12 or through the tube 23 without the transfer
bag.

If the centrifugation is adjusted such that the
transfer bag 2 after the separation contains cell-poor
plasma, the latter can be separated, deep-frozen, and
stored, suitably at temperatures below —50°C. The
transfer bag 2 can also be maintained in association
with the transfer bag 3. The twin-bag 2, 3 is then
stored in a refrigerator with the tube connection 14
temporarily blocked, and it forms a system for the
preparation of microaggregate-poor whole blood, if
this should be desirable. The two bags can also at
any time during the storage be repeated for indi-
vidual use or storage.

As mentioned above the transfer bag 3 preferably
from the beginning contains substances for opti-
mum storage of red blood cells. When preparing a
thrombocyte-rich plasma as above, a suitable
amount of this storage solution can, if desired, be
transferred from the transfer bag 3 to the transfer
bag 2 before the separation process is started. In this
way itis possible to adjust the pH-value to a desired
level in the transfer bag 2.

As appears from the above the novel method
according to the invention is labour-saving by
allowing partial automation of the separation pro-
cess. A considerable advantage is further the high
degree of separation of the white blood cells (about
95%) which can be achieved because the buffy coat
layer is maintained in the collecting bag 1 during
separation. This can be utilized in so-called
leucapheresis, i.e. separation of white blood cells
and thrombocytes from the blood, as described
below in connection with Figure 2.

The blood bag system for leucapheresis of Figure
2 comprises as a basic unit two interconnected blood
bags 28 and 29, whose design essentially corres-
ponds to the blood bag 1 of Figure 1. The blood bag
28 is connected via an upper port 30 and a connec-
tion tube 31 to a port 32 at the top of the blood bag
29. Similarly the bottom of the blood bag 28 is
connected to the bottom of the blood bag 29 through
lower ports 33 and 34 respectively ang a connecting
tube 35. The blood bag 28 is further provided with a
blood tapping tube 36, opening at the top of the bag.
For reasons explained further below the basic sys-
tem is doubled, corresponding reference designa-
tions in the Figure being provided with prime marks.
The refernce numeral 37 indicates a combined
65 tapping and transfusion assembly, which in a way
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known per se comprises a blood tapping cannula
and a tube connection having a drip chamber for the
introduction of electrolyte solution and re-
transfusion of blood.

In use the double twin-bag system is connected to
the tapping/transfusion assembly 37 via the blood
tapping tube 36. The connecting conduit 35 between
the two blood bags 28 and 29 as well as the
connection 36’ are initially shut off by means of a
tube clamp or the like. As in the system shown in
Figure 1 a suitable amount of anti-coagulant solution .
is preferably placed n the blood bag 29 from the
beginning. The anti-coagulant solution is then added
continuously from the blood bag 29 to the blood bag
28 in the course of the tapping, conveniently by
means of a tube pump as mentioned in connection
with Figure 1 (the reference numerals 38 and 38’
indicate “pressure cushions” corresponding to 27 in
Figure 1).

After completion of the blood tapping the blood
bag system 28, 29 is separated by sealing and
cutting the tube 36 below the branching point
thereof. The upper connection 31 between the bags
28 and 29 is shut off by means of a tube clamp, and
the system is centrifugated. Similarly as above one
obtains an upper plasma layer, an intermediate buffy
coat layer and a lower layer with red blood cells. The
coponents are squeezed out from the blood bag 28
in the same way as described above in connection
with Figure 1 after opening of the tube connections
31 and 35. Blood plasma and red blood cells are
pressed over to the blood bag 29 through the upper
and lower tube connections 31 and 35 respectively,
while the buffy coat layer remains in the collecting
bag 28. The intermediate cell layer remaining in the
blood bag 28 is collected for further separation or for
direct use, whereas the contents of the blood bag 29
is re-transfused to the patient. Another tapping of
blood is then performed in the same way using the
blood bag system 28, 29,

Thanks to the high degree of separation of the
white blood cells the amount of blood to be tapped
can be reduced considerably, which besides being
labour-saving results in reduced strains on the
patient or the blood donor.

The above described blood bag system can'prefer-
ably also be used for such techniques as plas- v
mapheresis and thrombapheresis. In the case of
plasmapheresis blood tapping is made in the same
way as above. After centrifugation there is obtained .-
in the blood bag 29 an upper layer containing
thrombocyte-poor plasma, an intermediate layer
containing white blood cells and thrombocytes, and
a lower layer, mainly comprised of red blood cells.

During the squeezing procedure the lower tube
connection 35 is blocked by means of a tube clamp or
the like, so that blood plasma is transferred to the
blood bag 29 via the upper tube connection 31, while
the buffy coat layer and the red blood cells remain in
the blood bag 28. The contents of the blood bag 28
are then transfused back into the blood donor.

In thrombapheresis blood tapping is made in the
same way as in leucapheresis and plasmapheresis,
followed by centrifugation to form an upper layer of
thrombocyte-rich plasma. This upper layer is then
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pressed into the blood bag 29 in the same way asin
the above described plasmapheresis process. After
repeated centrifugation an upper layer of thrombo-
cyte-poor plasma is obtained in the blood bag 29,
and this plasma layer is then transferred from the
blood bag 29 into the blood bag 28, after which the
contents of the blood bag 28 are re-transfused to the
patient or the blood donor.

An alternative thrombapheresis procedure is to
start from the thrombocyte/leucocyte concentrate
obtained in the above described leucapheresis and
to separate the latter by centrifugation.

The method and the blood bag system according
to the invention are, of course, not restricted to the
above specially described and shown embodiments,
but many variations and modifications are possible
within the scope of the subsequent claims. This is
especially true concerning the specific design of the
individual blood bags, the number of tube connec-
tions, the design of the connecting tube systems, the
temporary blocking of the tubes during the process,
etc.

CLAIMS

1. A method of separating blood components
contained in a blood sample, characterized by the
steps of:

a) collecting a blood sample in a blood bag
having at least one top portion outlet, and at |east
one bottom portion outlet

b) centrifuging said blood for separating said
blood sample into an upper layer, a lower layer, and
an intermediate layer; and

¢) squeezing out said upper layer through said
top outlet and said lower layer through said bottom
outlet so as to leave essentially only said intermedi-
ate layer in said bag.

2. The method of claim 1, characterized by
squeezing out said upper and lower layers through
the respective outlets of the blood bag by compress-
ion of the latter over substantially the entire area
thereof, and stopping the compression of the blood
bag when a pre-determined residual volume re-
mains in the blood bag.

3. The method of claim 1 or 2, chaacterized by
the step of controlling the discharge of said upper
layer from said blood bag so as to maintain said
intermediate layer essentially at the same level in the
blood bag during the squeezing operation.

4. The method of claim 3, characterized by the
steps of continuously sensing a pre-determined level
in said blood bag and closing said top outlet when
said intermediate layer, or the top portion of said
lower layer, reaches said pre-determined level, and
opening said top outlet when said intermediate
layer, or the top portion of said lower layer, falls
below said pre-determined level.

5, The method of claim 1 or 2, characterized by
stopping the flow of said upper layer when said
intermediate layer, or the top portion of said lower-
layer, has reached a pre-determined level, and
continuing the squeezing out of said lower layer until
a pre-determined residual volume remains in said
blood bag.
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6. The method of any one ofclaims 1to5
characterized in that said blood sample is whole
blood, and in that the whole blood sample is
centrifuged to form an upper layer containing blood
plasma, a lower layer containing red blood cells, and
an intermediate layer containing white blood cells.

7. The method of claim 6, characterized by
discharging the upper layer containing blood plasma
into a first transfer bag, and discharging the lower
layer containing red blood cells into a second
transfer bag, which may be connected to the first
transfer bag.

8. The method of claim 6, characterized by
discharging the upper layer containing blood plasma
and the lower layer containing red blood cells into a
common transfer bag.

9. The method of claim 6, 7 or 8, characterized by
simultaneously adding an anti-coagulant to the
whole blood when tapping the same to the blood
bag, said anti-coagulant being supplied from a
separate bag connected to said blood bag.

10. A bloed bag system for separating blood
components from a whole blood sample, com-
prising:

a) ablood bag arranged to receive the whole
blood sample for separation of the same by centrifu-
gation into an upper layer containing blood plasma,
a lower layer containing red blood cells, and an
intermediate layer containing white blood cells, said
blood bag having at least one outlet at the top
portion thereof, an at least one outlet at the bottom
portion thereof;

b) afirsttransfer bag connected to said top
portion outlet of the blood bag arranged to receive
said upper layer containing plasma upon compress-
ion of the blood bag, and

¢) asecond transfer bag conncted to said bottom
portion outlet of the first blood bag and arranged to
receive said lower layer containing red blood cells
upon compression of the blood bag.

11. The blood bag system of claim 10, characte-
rized in that said top and bottom outlets of the blood
bag are connected to a common transfer bag.

12. The blood bag system of claim 10, characte-
rized in that said top and bottom outlets of the blood
bag are connected to first and second transfer bags
respectively, said top outlet of the blood bagbeing
connected to a top inlet of the first transfer bag and
the bottom outlet of the blood bag being connected
to a bottom inlet of the second transfer bag, said first
and second transfer bags optionally being intercon-
nected.

Printad for Her Majesty’s Stationery Office by Croydon Printing Company
Limited, Croydon Surrey, 1980
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Abstract of JPHOZ52868 (A}

FURPOSE: To reduce the size and weight of the device by providing clamps to both
inside and cutside biood feed lines, both inside and culside bicod return fines and &
physiological salt soln. line respectively and providing a bubble sensor to the bloed line
on the side ouder than a biood pump. CONSTITUTION: The outer bicod return clamp 13
is provided {o the outer binod feeding iine 5 and an anticoaguiant pump 15 is provided
to an anticoagulant line 6. The blood pump 18 which can be operated forward and
backward is provided on the biood line ¥ and the bubble sensor 17 18 mounted to the
position outer than the pumip 18, Further, the inner blood return clamp 18 is provided to
ihe nner blood fesd line 8 and the inner blood return clamp clamp 20 is providad io the
inner plood retumn line & The ouler blood return olamp 22 is provided o the outler bloed
return line 10 and the physiclogical salt soln. clamp 24 is provided to the physiciogical
sait soln. line 11. The required pumps are decraased to 2 pleces in such a manner and
the reduction of the size and weighi of the system is possible
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METHOD AND DEVICE FOR CONTROLLING BLOODR PUMP IN EXTERNAL
CIRCULATION BY SINGLE NEEDLE DEVICE

Inventor(s): HANSUUDEIITORIHI PORASHIETSUKU + (HANSUUDEIITORIHI
PORASHIETSUKU, ; HANSUUDEIITORIHI HORASHETSUKU)
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(IPC1-7): A61M1/10; ABTM1/14; A61M1/30
- cooperative: AB1M1/30; A61M1/302; A61M1/306
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Priority number DE19893923836 19890719

(s):
Also published DE3923836 (C1) EP0408955 (A2) EP0408955 (A3)
as: EP0408955 (B1) JP2925259 (B2) more

Abstract of JPHU3131268 (A}

PURPOSE: To aveid influence of recirculation and heighten the efficiency by operating
an artery pump and a vein pump al a higher transport efficiency at the time of starting
the raspective pump phases. CONSTITUTION: A pressure sensor 31 provided in an
artery leg 35 or a vein leg 35 is connected 1o a control unit 25 through an adjusting
device 37 for adjusting the making connection of each pump 30, 49, The adjusting
device 37 is operalional-connected to the pumps 30, 40 disposed opposite {0 each
other. Accordingly, the adiusting device 37 is aperated with the maximum transpor
capability ai the time of starting the making connection operation, and subsequently the
making connecting operation of the pump can be adjusted o lower lower the transport
capability {o keep constant transport capacity. Thus, an effective blood flow from a
patient or to a patient can be enlarged to the maximum 1o remarkably heighten the
efficiency.
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Bibliographic data: JP2002291872 (A) — 2002-10-08 |

BLOOD COMPONENT COLLECTOR

Inventor(s): TAKAGI YOSHIMI; KIMURA SHIGEYUKI + (TAKAGI YOSHIMI, ;
KIMURA SHIGEY UKI)

Applicant(s):  TERUMO CORP + (TERUMO CORP)

Classification: - international:A61M1/02; A61M1/34; A6TM1/36; A61M1/38;
B01D35/02; (IPC1-7): A61M1/02; A81M1/34;
B01D35/02

- cooperative: AG1M1/0218; A61M1/0231; A61M1/024;

AB1M1/3693; AG1M1/3696; A61M1/38;
AB1M2205/12

Application JP20010094102 20010328

number:

Priority number JP20010084102 20010328

(s):
Also published EP1374927 (A1) EP1374927 (A4) EP1374927 (B1)
as: JP4050477 (B2) US2004112808 (A1) more

Abstract of JP2002281872 (A}

o

FROBLEM TO BE SOLVED: To provide a §
bigod component collector capable of PP
collecting high quaility desired blood Sl
components. SOLUTION: The blood :
cornponent coilector 1 has a centrifugal
separator 20 separating blood inte a
piurality of blood componentis, a first line
21 introducing blood inio the centrifugal
separator 20, a second iing 22
discharging blood compenants from the
centrifugal separalor 20, a temporarily
storing bag 28' connectad o the second
ine 22 and lemporarily storing thick platelet plasma, a leucocyte removing filter 261
separating and removing leucocyies, and a platelet coilecting bag 26 storing the thick
plateiet plasma after passing through the lsucocyie removal filter 201, and the plataiet
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plasma concentrate in the temporarily storing bag 28° is fransporied o the piatelet
collecting bag 26 through the leucocyte removal filter 261, plasma is supplied, and
platelets {thick piatelel piasms afler ieucocyies are separated and removead) remaining
in leucooyte removal filter 261 are collected in the platelet collection bag 28 together

with plasma.
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Bibliographic data: JP2008506424 (A) — 2008-03-06

BLOOD COMPONENT SEPARATION SYSTEM WITH STATIONARY SEPARATION
CHAMBER

Inventor(s):
Applicant(s):

Classification: - international:A671M1/02; A61M1/36; B01D43/00
- cooperative: A61M1/30; A61M1/302; AB1M1/303; A61M1/308;
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Application JP20070519311 20050627 Global Dossier
number:

Priority number LS$20040583929P 20040628 ;, WO2005US22608 20050627
(s):

Also published CN101304781 (A) CN101304781 (B) EP1765228 (A2)
as: EP1765228 (A4) JP4699457 (B2) more

Abstract not available for JPZ008508424 {A)
Absiract of corresponding document: WQO200801 2382 {AZ)

Provided is a bicod processing system having a stationary component separation
chamber. Individual blood components as well as other parlicles and contaminates are
separagted from blood flowing through the separation chamber by optical traps
configured to manipulate apecific components are projected into the flow field of the
charnber. Celis or pariicies of the seiscied components that are manipuiated by the
optical traps then may be directad from the flow fisld to individual reservoirs to coliect
guaniities of the selected components.
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Espacenst

Bibliographic data: JPHO775746 (A) — 1995-03-20 |

ROTATING SEALING MEMBER FOR CENTRIFUGAL SEPARATOR

Inventor(s): RON SHIIGAAZU; ROBAATO SUKAMERU + (RON SHIIGAAZU, ;
ROBAATO SUKAMERU)

Applicant(s): ELECTROMEDICS INC + (EREKUTOROMEDEIKUSU INC)

Classification: - international: A61M1/02; B04B1/02; B04B15/02; B04B5/04;
B04B9/12; (IPC1-7): AB1M1/02; B04B1/02
- cooperative: B04B15/02; B04B5/0442; B04B9/12;
B04B2005/0464
Application JP19930328065 19931224
number:

Priority number US519930043436 19930405
(s):

Also published EP0619145 (A2) EP0619145 (A3)
as:

Abstract of JPHUTTET4E (A}

PURPOSE: To obtain a seal member which has stability, doss not generate noises and
has an sxecelient cooling effect by forming an annular nib and annular plate, the front
surfaces of which delineale a seatl for supporting a rotary seai nng to a home position,
rotationally engaging the ring with a stationary seal ring and disposing choral vanes for
cocling the rotary seal member. CONSTITUTION: This rotary seal member has the
rofary seal ring 11 and the stationary seal ring 42. The seai ring hub 44 for supporting
the rotary seal ring 11 has an annular hub piate 50 which delineates a central shaft
receiving opening 51, the annular nib 54 which is an axially extending annular rib 54
aranged in spaced juxtaposition with respect to the opening 51 on the plate 50 and
defines a seal ring supporting seat in proximity o the opening 51 fogether with the plate
50 and vanes 56 which are spaced-apart plural vanes 58 exiending cutwardly from the
rib 54, slabilize the plaie 50 al the time of rolation of the seal member and are adaptad
to fluidize cooling air at the circumferance of the rotary seal member. Consequantly, the
rotary seal member which has siability, does not generate noises and has the excelient
cooling effect is obtained.
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BLOOD COMPONENT SEPARATING DEVICE, AND BLOOD PLATELET
EXTRACTION METHOD

Inventor(s): KAWAZU SHUNJI; SUZUKI ATSUSHI + (KAWAZU SHUNJI, ;
SUZUKI ATSUSHI)

Applicant(s): TERUMO CORP + (TERUMO CORP)

Classification: - international:A61K35/14; A61M1/02; (IPC1-7). A61K35/14;

AB1M1/02

- cooperative:

Application JP19940303043 19941111

number:

Priority number  JP19940303043 19941111
(s):

Also published JP3715338 (B2)
as:

Abstract of JPHUS131838 (&)

PURPOSE: To improve a bicod platelet vield of a separation device by supplying buffy
coat among blood components centrifugally separated in a blood storing space to a
buffy coat container, discharging the other components from the blood sioring space lo
be transferred, returning buffy coat {o the blood storing space, and performing
centrifugal separation again for recovering blood platelss. CONSTITUTION: Bivod in &
biood bag 104 is introduced inlo a rolor 42 in a centrifugal bowl 4 through tubes 101,
103 to be centrifugally separatad into piural blood components and collected in @ blood
storing space. A separated blood plasma layer is recoversd from an upper part of the
storing space to a bicod plasma bag 21, Buffy coal is recovered from an cutflow port 44
into a buffy coat bag 25 Next, a pump is inversely rotated o retum red bood
corpuscies lefl in the centrifugal pow! 4 into the blood bag 104, Buffy coatin the bufly
coat 25 is then retumed o the blood storing space, and i is processed with blood in the
binod bag 104.

https://worldwide espacenet.com/publicationDetails/biblio?1I=0& ND=3&adjacent=true&loc... 1/4/2019
Haemonetics Corporation
Exhibit 2015
Page #544



(19) AARERHTT (J P)

2 ABEHFAEOW

(D) ReaTHBEAB &

ReBAE8 — 131539

43)ABHE AR 8 4 (1996) 5 A28H

(51 Int.CL® BRARLT TR F1I By =R T
AB1IM 1/02 520
AB61K 35/14 Z 7431—4C
C 7431—4C
EEMR KR #REOK7 FD (£ 16 H)
21) HERES $EFEIZ6 — 303043 (71) HHEEA. 000109543
FIEHRR S
(22) (e Fpk64E (199D 117118 HRUREARE - 2 TEHME LS
(72) 5HIFE  TE #K
HFHREETEH=MES1sEM FIEHK
B
(72)FHHA &K B
HHEETEH=MES18E M FILEHR
Retw
(TA)fRBEA PRl HE SR
(54) [REIDLFR] MRS REERE B L U/ MRS

(57) [%i9]

UREER ] MUk - /i 1 Al SCRrLa L | #
D|arEREIETE S X | SR A l2mifEs LU m s
AT LM T4 > 2k | RO S P ik 5 %
EUF 2E2DIA>3E, NZ4—a—FXw 225
LN 4—aA— b ERBETRAEIOIA 8L, NFE
TrP—61. 6 2L HHIFEL . MEHET106
EHTABIDIA10L . BLDOIA > 2(2EES
IR 791 L2 F5 5, ZOE] T, maEhre
i1 065 5TE% 3 LA M E B 7L A TR LD
HEL . 6N 7 4 —a— &7 4 —O— kNN
25(—HEFEELTHE, #/7\7 + —a—F&fdzicl
Mzef 4 6 L | EOnEE L 20T i L ) ImiEs dtis
LTl MREFEESE . SVMRER2D74 > 3 %1+
LT/ Ny 271 TiCmEi 3 4,

(DR ] VTSR T P Rl S s 8 o
M HERFA TS LD

Haemonetics Corporation
Exhibit 2015
Page #545



[FFErakaOFEH ]

[GE:kmE1 ] Mz ESolkscoid s L b
VZArHBE SRR/ 2§53 37 & MR S oriEeiE T8
o i
ISR L2 lsl 2 59 2 M HEle o — 2 — 2 . #iachs
MmZeficiEs s mA NS LUtz 270 . fiadn

— & —alfilz X V) FIECHA L X DA SRz I & i
ST I ZE BN TR O ML 3 238 Ui HE T 2 08 s
e

BRLMAMCER SIS 1 OTI4 > L |

UG MIRE 73 Sl N b i S

INT7 4 —2—Z2EETHERL.

—HAEN A o iR S, iRl 1 o4 o8B
XU ZIFE2DTA4 RS NZEIDTA =
#fL.

WIELES 1 DT A > &1 L CiacBr i Zehi t Mg & 2 A4
B EUITHEIR—F —&Eir L | §iEc i 2 55 O e
L THEEBDMAR S I HEL . KT, ZHcE DS
NIzINT7 1 —aA—FEHFEIE 3D T A 24 LTHiRSE
FNFEET A E 2 LIZ, INT o —— ISR
et irin Z=rele SPEH . BBk L . otk miEtaE N
OUNT 4 ——h EZECE 3 DT A > & LTt irim
ZERINRL . 3587 4 — O — F &S Mgk s L
RO HER L TN 4 — 21— bR LI E i S0
2054 &L CEIRT 2 k5 E8d-2 =2 L &5 s

BRSNSy &
[(GERkmE2] FEEH3D7A L. BB 1D74 >~

LR SILT B Y . Z oL siscoi A L = olalooT
HELDOTA ol 7 EE ST WA RE
1 (S0 S MR - R

[GERmE3 ] Bt 1 o7 A ok ds LURREEE 3
DFA rogils, FhEh, K7 AREST WA
SR 1 IS0 MR o B

(GEkH4]  ARCirizEEriml s iveo—s —%
3 A B0 EERR & vy, M & M & sl | 4R
M4 2 M MR ETH - T

Arir M ZEEN i 27 3% L L LICHiGEn—9 —%
[alit; L . WEC LT % 55 O oy L C 8o ek ol st
TABE1IIRE.

BIacss 1 TR T HE S AU S 5 5 BN 7 4 —
O — I ZRiscirizEEs SHE L . R —-HiEr 32
L Lz, N7 4 —1— RIS 7 % iiFc By m e
[ErSHEE L . MEFAFE%T 252 TIR .

DA SN 7« —— | ZRiciF Ze Bz 755 3
B e

HiaCHT 2N RIEEIN 7 4« — 21— | 2 ST LR i
L. iEto—2 —Z L CGROraEF L | SHES
NI B 284 TREZHEL .,

Alacas 1 TEBIURIEH 2 ITRBE <261 MiT-
otk AGCH 3 TESLUNEGER4AO TS T L%

(2)

FAFE8-131539

R L 94 )RR .

[§5km5 ] Wit 4d TRICBWT ., §isdo—37—a
1 R T it 11 4 i 0 O e g L < DO 1| 14
3 L ST ENLT A FRIA A SRl Ekeo M MR

(ke ]  MED#F5HEEF 1 0~9 Onl ~nin &
32 5RIA 5 (250 M MR .

(GekI7 ) HEdH S LREICEWT, N7 4 —2—]
ZRTOHTIN ZEEC R Lot e dss LUy o —2a
— b OGEREFF L . T OREIC I S Ui gisc e m
b e [ P 1 P TR IO GR 7 T o R s 22 A
.

{ FEMAOZFAlZ- 5 ]

(0001

(FESE EOFIHSEF ) AGEBE . ik b & FfSEO LI
I % Syt d A MTERR 7 st e &5 L OV Mt b & s
P ARINS A M RIS B 34 .

[0002]

[Beskontiifs ] BRIMA 475 #5& . HMETIL . MikDHE
FIFAE KO MAE D OB, X Oty 6 | BRIMLIITE
IR S X D B IR s L Sl e
TR R RILL | Z Ot (i TR
AR MATHhAT WA,

(0003] 2L I ARAIRMIZE VT | MRS
2GRl SR L7 ML F MR 5 s )
FRIZIFAL | SAMUER o7 st el R 2558 S 7z ol 7
L EBHEAZ RO AEERHC L D L IR, ek . /N
B EURIMER A i lZmaE L . F DML MR E &g
VZIEl LT M ESE = L R D oomEE. BmERE XX
FRlEREE . fhinERINd 2 2 L Thbits . FLT.
B L 92 i/ # R 92 /002 . kot . Hin
M7 ot . DB L USRI L 1) 7 A —3
DM TREER m T4 s

(0004 ) Lipladedie, . Zoo et FULEk & 1
N L DRI ETHAE Z e, ZRGDOR
AN CIZZe < . BMER & M/ = 2 & —RD/ 7
s—a—REE LTEREE N E . MRS i) R
hOBEMER CRRlz V) > /58R) ORREFEHRI LD £D
FER . FomMENE 2 ER LB, R, =4
Z . GVHDEDBSOMERFE < L d 2 v [elfEs s
4,
[0005]) 22T, @LENIO TR L DEIZELIL
Al A e LTI IMR # 77 E S iR % [
A (=) SRS ICT WA 1 MonELy
BETIRHNAEINT « —a— bOBLA L BT IL
WTONT 4 —2— REDESHELA D, Lt M
RO HERG S R ESE ( 20 Onl nin DILE) TH
A7z Ll M/ METhoOBmMERRRESEA < . LR
RHAFR S AT Wi,

[0006]

Haemonetics Corporation
Exhibit 2015
Page #546



[FERAEER L & 5 =3 230E) AFEOH BN, 50
SrEEC X DS S MRS Z Aol 3 S MR R o
M ER e 32450 IR 25 B S L TN M BRI
FEERETAZLIZH S,

[0007)]

[RAZ RS 2 7200FE ] Zo X 2 Z4HmE. Tad
(1) ~ (11) OARFHIC L DRSS,

[0008] (1) L EHOMARTIZHEET S
b L L S S AU MR o % 8523 2 LR - o
EBTH->T. PMEIZEMZERZ 4T 2 B —F
— L . AracHriZE RS 2 G A 8 LUt e k &
FL. fisdn—2 —oMEc X Dt AL L HEA S
AP ML A a1 ZE R P TR Mt n o (5 U e
FAHBLTEEF S . ECTA DICER S IZE LD 74
k. PRI EEE SN 2054 e, N7 4
—a—hEFIET AR . IR AR S R S

., AHIEE 1 DT 4 v B 2B 2D T4
ATHERS IR 3D IA v L E2F L. BBl T4
A L CiEC B MZERIC itk 25 A3 5 & & LISHiEd

=% —%alifn L FiECMLTE & RO EE L e maE
RO EEL . KT, SR VLN T —2

—hEHES3DIA 2N LTS AT L L
Lz, N7 g —a— R RIFh oo M i % miac B Zem
aHEH . Rl | 208, BEEELENONT 4 —a—

FEROE 307 A %A L CHEer i s E L | 3%
INT 4 —— k2 ET M ol L REE O 0 EE 256
LCI87 4 —2— FRDIIMRZ RTGEE 2905 4 > %4
LTENRS 2 X5 E8d 2 2 L 255 L 95 maknk no
BEVEE

[0009]) (2) WHECH3IDTA L. FiadB 1D
FA Y EERSILTEY . ZoEET L iadai Al Lo
FOHTEIEE 1 DT A iR > 7HRE ST WA
Fa0) (ZECHR MR i dfE b,

[D010] (3) WEEH1DFA > oifdds L U]
S DTA yomplz, Fhfih, Rr7hakiEsSh
Tvad EEE (1) (SEARED M FER 7l R0

[0011] (4) A< L LRREgA > 7OMES) %0
S 2HMTFEREETA L (2) F220E (3) 1250
DIMLTER ST S .

[0012] (53) FEHE1OF4> . B 207
ABLUVREB3IDTA v D3 bob7el L1
=, ZOFiRt% PP L 154 iR T EEA 5508 S . i
SCHlPI=FRE: . Tac A 7o tedh = & L (CHTacoii PR
FEOMESZ RIS 2 L0 (4) (RO ke
P,

[0013] (6) FREEH1DOIA okl d—
flla . AiscRrIZE 8l ~OIMHAL o RE T L M AT L (23
MZits Fad (1) Z0nl (5) aodvvilFiubeIicadikaom
HEHR Ay S pifden .

[0014] (7) WLEEH2DTA k. TihvEhy

(3)

FAFE8-131539

70 A MR o1 % [T A 88RO = A &2 H/3 5 L3l
(1) Zovil (6) @WFRuic O Mk 55 HEss
i,
[0015]) (8) &M ZERPIER S/ —
& —FATT AR OISR T L I S N 2 S
L. S 2 /NI E T H - T BlatiFin iz
Mg %H AT A L L LIZHFle— & —% ol L | iEdm
Wiz R O L T B oML T 2 551 158
Lo ORIE0 1 TR THEES Ve B ik 5o 5 oz

¢ —— bk EZpiEcIrmERs SRS L . FERic— B
T hH L Lz, 8T 4 —— LIS LR A & T
HnZedl S HER L | BRAFEE S 22 TR | Airids
FRIONT ¢ — 22— b ZiEEr I 2R 8 3 T
. miEtEF M ZERIAO IR/ N 7 ¢ — 22— b & EH IR
oL . Aado—2 —F M L GROTEEE L .
HEs M E 4 A4 TREZFL, miEdEl
THREES LUNRCE 2 TR L L LERT»721%, 6
O3 IESIUMRB4DTIE2ITH Z L 241
Z M MR .

[0016] (9) fiEdEd TRICBWT, [isda—
& — [ T CHTEHT M 2SR 7 X D e % dEs L .
M2 3 ST 4 ERd (8 ) (Z3dikenin/ i
PRIA .

[(0017]) (10) IM¥EOEEHES 1 0~90nl~
min L35 Fid ( 9) (Cat#EOMTREU .

(0018] (11) WHECE3 ILRICEWT, N7 14—
b Sl Ol 1o 11 5 [ B S ok S8 SR A A
£ —— OB ETRG L . TOEACHES U E
sCEFMZERCES Fad (8) vl (10) edvviiubele
stk M MR s .

(0019]

(RG] LT . AFEUAMLTER o Jriseid b L oo
i =8 e b 111 G S T S8 i e - 2 T e
IZaRET 4

(0020]) B, A<FEHAOIMITRL 7 At EE s 1
b S 1107 ey a1 2 O G G I W ey e 11735, 1
FEEOHMAREZRIT Vo 2H-THE . JHSDRISR
T h S, MRS rEEEE 1 AL, BRIV (GRG
Siear) Ak, TOEREREESE S £ | ELR L4
13 L TR MR 2 SR8 321074 > 2 (1l
WEIATNMIBE 74 > ) L B4 [2ThEEs
Mg & 4 28205 4 > 3 (Mg sraie
FGAY) N7 4 —a—ERIFFTLEGETHL N
4 =A=' 25 FNT74—a—FRNNw Y25
PIINT 4 —A— b ERLEIINANEATLIEINT
A28L . HEk>H—61. 6 2L . HIFERT L.
HGEHFETHR 1 0 6 2 /T 5H4 74 > (HEimEEEE
L7zt - BEm74>) 102, 1D74 > 202588 S
el 791 L 2HT5,

(0021 ) BN IDRT LS. HADTA > 10U,

Haemonetics Corporation
Exhibit 2015
Page #547



¥z, F2—7101k, F2—710 1DFH
Fonaxr 51 0 2% L TERSF2—71
03k, F2—7101. 103D&MICFNFIIE
SRFME/ N> 2104, 105 THESITWS,
MLiE/ S » 2104 . 105Xk D IiEHEEsE1 06
R ST WA .

[0022] F2—710 1DFNHL. TEWRDmTIE
FZ2Z1 224 LTFa—713BLU0200—4xLE
AT WA, Fa—71 0 10@EPCiE, F2—71
0 1 PEGig = =W - Al L1545 GingFRATRTH 5
PV T 8 3HEESITNAE

[0023])WB1DF4 2% Fa—T713BLUE
D—IiciESR SN2 2 1 21 X DS T
Vi, Fx—7 1 3OfthEgis . ESOaR L ADE A4
s, Fa—7 1 3omdicis. Fl2ifo—3
R 7 E N2 ERAOR 70 1 HFERESINT VA,

[0024]) H3IzmET L, @b 4ld, |5
IZEiA 4 35k S AU siE s U 2 8 R 4 1
L. HEERA LoOE)TEMEL . &4 5 ITh LEc
el B —y—4 2 TSR TWE, O—¥
—4 2Ozl . a—2 — SR - TRk OF
MZEf 4 6 BRI T WA, ZOFmERM4 6lx. X
S EEA S FEZmTT FOMSMELS T A L 5%
Bk (F—2%08) 2L Twa, BriZEE4 6 T 56
3. @—2—4 2DIEE0SH - TR S Fuz i ZIF R
DR A T 2L TERA 1 OTHEAN =858 L | By
284 6O LG, B4 8 AL CHihi 4 4 (s
LTwa, 2/, Zoo—F—4 2BwWT., KL%
A6NFEMIZ. MZE. 100~350mEEESH
A,

[0025]) 2ok 5%n——4 2\, MEERBHEEE
52k D ThFE S iE DELLGE M ([EIfnEREELS K
KEEER) TEESAS, ZombdEthc k), a—
& —4 2NDIMGRDFHE ST — > (B2, EET 510
TR 2RETLEIEHTEL, RERATIEZ. H
SR X Sz, MM zEil 4 6 TR L D msE
B31. "7 —a—E3 25 LU5RRE S 324
FESILA X S ISR LR RESRA,

[0026] EEEREEEES L. R3CRTLIT, &
LA LA ZGT 2N 2751 WS 2- .
IFEETHLHE—F 53 BLAIL 4 25321
BIRDEES S 5 LTRSS TWwa,

[0027) 12V 275 113, MRS 20 Liic#
. EESATGWS, 2, NP5 1 aTFmiz
F. BLF36ICLEN 2AN—F—5 T2 LTE—%5
SHPEPES TG, B—4 5 30N RS 4 Odimi
23, EES 5 58S 4 L R0 — Ry izm
B35 L) CRASITED ., BERAS 5D EFICIE.
O—% —4 20IEHH/ET 205 5 1 8BRS T
Wi, I LA 40 4 5iE . BRL Al

(4)

FAFE8-131539

FEMFzE DNV 75 LICRIESRTWA,
[0028]) 2k 5 %LMEEiREIFEES Tz, €—25
3EFHET AL, @ESS 5B LU FRICEE ST
—H—A 2K @A, BEHR3000~6000rpm
THHET 4 .

[0029]) 22271 OANEEICIE, o—%—4 2
P4t S PRI Ot d70hbB, /7 4—2
— g3 2 LORmER GRIZRIER) &3 3 L ofmBa
(Il 2P T B o —6 148, ISR
58IcknEEE. MEShTnid, ZOXFELe—6
12 LT, o—F—4 2o/MNamcis-> T E Tz
EELGD T4 e y—Hwsha, $%b5, L
EDOLSHRRETFLE 74 YA A—RDE IR
FTEDHRCHIES v, RIS E LIl
DUMHEE T TORMIEEZZHRFTICLDIZL . TOFE
WHRE BTS2 L5 SR SIATWE, HFESi
P2N7 4——FE3 2 LARMERE 3 3 = TGO
WA e 2 feih | R T b B IR L L
FREFTHIGT A IES, FHIBOMEE: L THHS
na.

[0030]) BRI LIz, iBLA 7L 4 dihd
44z, Fa—7 1 AD—EHBERSI., F2—T1
ADfhEs . TROEIF 7 51 5% L TF 2—
T16BLU1 8O—HMEERSIAT WA,
(0031] Fo2—71 60, MMy 1 7
IS, Fa—71 6@zl F2—716MH
DTG EFAT /0L 78 54RE ST WA, 2/,
Fa—71 8flElL . FuEkEHOF v 23 —1 9(2
ERSiL, F2—71 8@EhiziE, F2—7 1 8HD
i 2L Y S 6 ESNT WA,
(0032]) sy 21 20CHEESATWAS
F2—7 2 0Dflid . SGUMEFDF» > /3—1 912
RS, Fa—7 200, F2—7 20/
Tt PR3 220U 7 8 4 EE S T wa

(003 3] =GR/ Ny 772 212, —ED Bz
BNy 72 1L T—%8 L. ChElETA:
DO ZTHY | Folsh, WSy 221 B LN
SNy Z 2208, Fa—T 230 EREINTE
DREFEEASEBEL TViA, /2, méE Ny 22114
3. Fa—T7240—8PERSHL. Fo—7 2401
WL SEREEROF w81 OCHEE R LT WA,
(0034] ZAHXILHRIZEWT, F2—714,
16. 18. 20, 23, 24, a4 7#215_
T N—=19BIXUN»Z17,. 21, 220 8
2HFA Y IBWRINTVWE, 2DHIB, F2—71
8. FrrN—19, F2—723_ 248057
21, 220, Mm% O 2 2z o MR IR 5 5
A rEHERL. F2—714, 1 6BXMMAMINy 7
1745, W% [ 32 A m oo i IR [T FH i =7 A
T D,

Haemonetics Corporation
Exhibit 2015
Page #548



[0035] 4k, BEER3INTWWG, M Ny 72
13, Fo—7 2 4 ooBallini e By /20T 7
REQZATA Z LB TEAREE (/3 ZHEEEEE) ok
w FERTWTL LW,

[(0036]) Fao—7 1 ADFEHI4 4 OEHEZIZ. &
2422 280&%E3H, Jopa4274 28Iz
iE, F2—726 00— ERINATWS, 2z, F=
— T2 600lE. N7 4 —0— Ny ZF25(CHEES
. Fa—T260ERICIE. Fao—T 2 6 NOHMHE
FEAT 2/0L 78 THFREINT WA, ZDF2—72
6HLVHIEI AR #2282 LDB3DF A > QIHHEK
ST WA,

[0037] ZHEH3%N7 4a—a—bNy 725105,
ERFREE SN TWTL L. TOERI/NY— LIS
RsES vy, T2, N7 4 —a— RN w7 250%H
i, BCPRsE S v, GEE. SEMFERA100~8
O OmlFEEHIFE L <. 400~500mFEEHL DL
FLw, i BRSOV WG, N7 4—a—FaX
272 5k, fiEd kRN v FEEEREEICE Y R 3R
TWwT Lk,

[0038]) /. Fo—7 140z, F2.—7
1 AP E LA MR O M/ MEO#EE L Ml L 152
KL —6 2HBREINTWE, ZDNFL T —
6 2. Fao—7 14 %24 L TrfmEls S Aok
(FER) 638BLUEXR (74 ¥ 14A—F) 64T
RS TWa, #1086 36T (M2
L—F—3) i, Fo—714%FRLTHEAFA4T
EREBI. FOTNHRICIGLABERES ARSI
B Fa—T 1 4 ME LA MRS Th O s Rl
U T BRI L | ZHSR6 4 TOZEN KR ZEE)
T aAiE . ZOEMEZHAG A satihEEOEL
LLTMETAZLETES,
[0039])iiEd&/ T8 3~8T7I%. MZlE. YL
J4 R, BEIE—F—. 3032 GhES A lds
L) SFOBRENE TR L SEERENEIE . ki A il
TFEE 7 P SHOEFIZIESWTREIT 2. B, AT
BT, FEHEAFRE, @7 (29 2) 1IZRS
B PR T L — TR R L T E oA PR L
BEIZLYATH-TL LN,

[0040]) WiEEH N NvZ17. 21, 22, 25_ 1
04. 1053, #h &, MiEMoTTHERZ T2
— i EEL, TOMREE RS (P . SRR
&) FRIHEESE L TERCLLLOTHS.
(0041) &K Z717. 21, 22, 25,10
4, 1OSEMRF S —PFHOMRHE L LT, @
ZAE . ER DB E LSRR S0, o)
HRUBEREZAZBITATER S LT, fl2E. &
(ZFIAFLIL) 7PL—F (DEHP) _ ¥— (n
—F) 72— (DnDP) EpdHI L, 2
ZokS5HhmiRoe Rz, KUELE=ZL10

da
<32 .

(5)

FAFE8-131539

OFEFEUZFIL . 30~7 0O ERHBREEL T 20503
[

(00421 F7. &Ny 717, 21, 22, 25,
104, 1050 — MHOMORBRHEL LT, &
UAL 7+ >, ThbbrsL >y 7oLy 7Y
Ty, AVTLEDFL 74 2 HEWNNIVAL T 4>
FEGZ/GHESGLESGEEAWAZESTE  #)
. R xzFLr, KUTaElLy . TFL ik
EoAHESK (EVA) | EVA R SBHETEMEE S
A= OR)T—T7 LYy % HAWE, ZhbE
FEICHASECLOHBETFLRS, 3521 YT
FLrFL 72—k (PET) . #YUTFL>FL 7
ZL—k (PBT) . KYU—1, 4d—3y2usFHry
AFNFL 7FL—hk (PCHT) X 575K L2F
e, FUBILEZY Fr2HWaA I LLTE5,
(004 3] %k, MMy 271 7TEHBRTAL—F
M. MR E M 27200, A 2 A fE
NHLOPFE L, Fofebiz. PIAE, >—RHE
L. WEeREY AL 7 4 »%Dn D Paf@fRigly
DRV D | E7r . L — O X F <
(F[ZIE. 0. 1~0. Smf2E . iz, 0. 1~0.
3unfEE) F2DHUFE L,

(0044]) MifE/Ny 2104, 1050574 EL—
HOMNEIZIE . TOMFESIFE S AT S . ol
Izi3. MIZiE. ACD—Aji. CPDi{fi. CPD—A1
Wi, ~INY ok b U AHEFEOMSERG S 00w
LOMFE L, . MEEE 1 0 6 I2EAES LA
Mg s Zodld. 1 2233 ETH-TL LS. &
DS RNy = LITEHRETH A . IZIE.
K6 - 2687 7TEMnRECHHMEINTVEF 2 —
TR LD 1 2003 20 Eoolinis N o 2 %
AR, LTI A Z L4 TE 5. /2, Mo
By 71 T, ZBOWRRETEL Lvvis, 218, Arf
ik, GAC, PAS, PSM— 19X 5 %I/ MR
W TFHIANLENTVWTL kwn,

[0045) #2—7101. 103 13,14, 1
6. 18, 20, 23, 24, 26, 2 TOHRME -
LTl M2, RuEke=L . HUZFL>, K
7Ly . PETSPBTOL 34K LATIL, T
FL r—EEREC A HEESK, KUTLF U
FINEFANY—, AFL -5 1xy— AFL 4L
HEESFDOMO YT 5 2 b v—5 BT L b, #
DHRTLHC,. RUELE2PFE LW, SFa—T
BRVELE BT R, a4t Rty
FENBDOTHNBNELELS . 72, 2L X AFICk
LRHRICLETZPLTHL, /2. HE2AZ2 10
2.12. 15, 28, Z90H#EHEz>WTL . #
T 2 — T OB E RO L OEMWE Z LHTE
4,

(0046 ] H2RT LI, MERTITRERREL A

Haemonetics Corporation
Exhibit 2015
Page #549



(6) HES-131539
. MlziE= A 700 22— TR SNAHIMTE (0048] LLEDE 5 74BLuR 7L 4 & vz Mk
TEHL. FHEEETICE. SR> 7o, T SR 1 ATIE. Ny TR E RO S
83~87. KFELIT—6 1. 628 XUEIIEERES)E S RSN MAMEDNL - B L (BRE 7
WS FNZNESINER ST, ZE) BT A nwE S RlSERER A,
(004 7] Y —06 1pantEiliEs (Fmhi (004 9] iz, BISRT MM mHidEE 1 A%
ERHATR) B XUk —6 2 sofmiliES FH AT B I ARIY Sy o0t 57 St Pl o0 T
(MR (3. Shh, SR 7 kA BT S, DIFORETRICHBITIA2/0L783~87 . 17
h3id. WMFEERTIZ. EPerY—61, 6 205 —Z—4 2B LUK 79 1 DEPHES . Tad&k11(2
DERUIFIZESS | 470 1 OFME k. THE  RL. Bk 1 2B OO 2.
i (iR 3% ) B LNl e dlMa A 2 2 Lz, [0050]
REZIEL . #2078 3~ 8 7 O U RS (#1]
FEE S OIEE) 2 BT 5 .
# (MRS REEE 1 A)
_— ;Jb%’ ror a—p—|# w7
MNH—> |83 B4 B 86 BT| 42 91
[1a]l [2a] (1) |C x O x x s
[3a} (2) |O x x O x| Es (2.3
[4a] (3) |O % x x O] E i3
[Bal (4) [C x O x x| Wt b
[6a] (8) |x C x O x| fk Ek
[7Tal [Ba] () [O x O x x| b ik
[9a] (M |[x O x x o Eg ¥z
[10al (8) [O x x O x 13 =
[11a] (9) |]O x x x O EE&E fi5 '3
[12a] (1) | x O x x O| E i
[13a] (11) |x O O x x| ElE I
[14a] 2) |0 x x O x| BN i3
[15a] 1 |x O C x x| EHE Nz
[16a] 14) |1C x x O x| ¢t il
[1Tal (18) |x O x O x| Mk 131
[18a] {16) |O x O x x| =k il
F7O : B R T IER : BORNUBROF 20458
AV Y] R il - ORI MBRRRLFE
[0051])] [la] mES>»2Z104. 105MAIc il o W it o 4 T

3. FhFiu, FlAE4 0 0nl ORI TEE S 0T
BN, Fa—7103%2L ATHEL 2L 7HHIEA
NF—ERIPD (1) LT, K79 1 Z2(EH)

(IEHE) 372, ZHUSE D #2771 0 4 Ao
i3, Fa2—7101BL1 324 LTESESL, ED
AL ADFAN A3 L ERA 1 E#RFTO—Y—42
PUCE A S A, Zods. 770 1 omEmdE s ik
BEHE i eEs I ) 3 243 0~8 Oml “min 7

(0052] [2a] Fi. wiadlIE [1 al ol
ik L |Wplz . MEEEREEEE S 2 E# T, o—%—4
2RFZLULB3000~6000rpm (A2ZIE. 48
O Orpm } THHET 2. &iRkd 1 OTHREOE DHHL
follil:. O—F—4 20085z L AR 0N ED . B
o R o 3 L AN L e N e OO 1 5 R
(ZEReh s, EIFMZERE 4 6 S WU NE L D e 5
1. 37 4 —2—FE3 28 L0RINERE 3 3R

Haemonetics Corporation
Exhibit 2015
Page #550



na,

[0053] [3a] #rclEl1al. [2a]z
L oo, MEEE3 1A MmaER4 6 o izl
28, SLTREEANY — % (2) 43, Zhuck
N . g—%—4 2NoldEAEL4 4 KD A—28—7
o—L, Fa—714. 18, F4213—19, Fa—
T 2A %L TS Sy 22 1 ACEN S,
[0034]) [4a] B—%—42MsnlEodE
HilzfFEwn, N7 s —a2—1E3 2 25MERES 3 -t
HBLECLERTE, ZoRmBIE. XFELT—6
1z k DEEEH ST D . SmBATFREL L . §
ebBHmd 4 4 587 « —2—RAEH LiEH L8
EOL UUZEREL7:Z s s & FIHTEET
3. ZzofbEs (FmEiEmttgR) (cESs . e
TN =% (3) 232 L50HTS. chick
N, PiE. w04 dss5mBLANT s —a— R,
Fa2—714, 26FHLT/IZ4—a—bNyZ 25
AFER, MRS,

[0D055] [5a] XFELYY—6 1LY, Fib
BAHTEL ~UL, TbbBiFMERf6 45561 TFeTH
N7 4 —a— RS A TRIED L AULIZEREL 22
LA Eas L GITEETIZ, fOmEES (FH
() (23T % | o IRERENEE S A L . N
WITHEAN Y —> % (4) L L K70 1 &gy
LLo5Md 5, ZidckD | BLHEILA MK T
FEMERAS. R4 1. F2—713, 101%44LT.
My 271 0 4 NISEML S AL,

[0056]) [6a] 2 7FENZ—>%F (5) &
L. & r791%8) (IFE) LT, MmNy 2721HW
DIIED SR E AT 2 F 2 —724 . Fo225—1
9. F2—720, 132 LTa—2—4 2Nz A
5,

[0057) [Tal #&WT. L 7HEEANY—>%
(6) 2L, 7ol ZWmMs LT, MHE/ w221
PEFBELIZRLE I ANOMmEEE . k41l . o
—713. 101%4LT. M sy 2 1 0 4P
5,

[0058] [8a] HEazkrs?102EMmifE/ Ny
7104 LDROF2—71 01Dk H 2 IFFEE 1
EDFHEL | 35 0FIETE R, ST 5. Zi
(2 | RMHZ lNRIE A D) ol S+ 271 0 4957
BaiE . My 2 1 04 POZI Mk, 28
[ TP 5| B e 9 | R

(0059]) Zcds . MIRTZFHDSy Z7EPnfl (n=
3LLEOFER) THAEHE. n— 1 {{Z THIMHE/ Xy 7
ol BiEE T [1al~[8al #&DELITV.
nilEl B oM Sy 2zl . LT TRZ21T5.
[0060]) [9a] [EMEEMEEES E(EHLTo—
Z—4 2%FEZIFE3000~600 0rpn THEEd 2 &
ELIC, N7 4—O— N9 25DF 2—7 2608

FAFE8-131539

Bl & TN ARRE T, SV TN — &
(7)Y 2L, Ry791 2§35, Jduckn,
ZA—O—FN Z25MCIFESATVWA N 1—2
—hli. F2—726_. 14, @44, Gitgd 8%
fr L THFLZE 4 6 AUSEES LA

[0061]) [10a]l ZLrAl2)sdF2—710
SOFAZEE R . LTRSSy —> % (8) L.
R0 1 FHEELIE [ 1 al L EZEETES) (IEdE)
Fh. ZHUzE Y sy 21 0 SHONMLRELE, T
—7103. 10181 3% LTHEASR, B
ForndogAld4 3 LDER4 1 2ETo—9—42
P S AL, IFIMZE 4 6 (S8 VTS g X D 1L
BE3 1., N7 —a—FE32BXUFMERES 32
MRESIA .

(0062) ClE. N7 4—O—hRE3 213, HE
[ElOFRMIZH] Y A EHOMT N » 7 (FrROFK Tl
Mg/ s 2104, 105) ADEEFOMEEL DELIL
BN T 4 —a— TR SIS0, FOREIERIE
L&D, ke A r—TRIZEWT . IVMEOFE L.
WAED X D IR ICAT DAL, VIR OOIEES X U EL S
f i MR O LER O R0 L34

[0063] [11a] HmdEO44LDmeEsEEL
fxo . Z3°, NILTRHBANRSY —2 % (9) 94, Zh
2k, wd4 4 X0l Loy Fa—71
4. 26FHLTUNT7 4 —O— RN 25 MM S
N, F2—714. 26DHRBELUNT +—a—FN
v 7 25ONLTERENL, ZoEE N7 4 —O—
RSy 72 5SS YL L . FONEROTEEFIRE
£0. hFE L,

[0064]) [12a] N724—a—rNw2250
Fa—7 2 6 G MR E T N mid kBT, Siv
THBANY =% (10) £ L. K> 779 1 &%E)iEs
A, ZiUuc kD, N7 4 —T0—FNw 72 5SEORSG
IZHES FUCIE (PEHE) 48, Fo—726, 14 6
4 4 . §ifg4 8% L ThrMZER4 6 MIZES
L, 0B, N7 4—O—bFNNw 725 %0HNES . &
WG ERENL T —IRE BikiT. FEE=CLDINT7 14—
a— by 72 SAOTEREZ BFMZER4 6 A LT
LS, HAWT, NTZ4—a— RN\ Z 25 &H 2
—t ORI X D P, i L Takim E PR . R
ELTH X,

[0065]) ZDLk37%, N7+ —a—FNRNuZ25R
FNPETE LU FOPtidiori ZeB 4 6 <ML %E 17
LD, MAMEEINT 4 —a— RNy 22 5
VFRAEE . MRS L34 .

[0066) [13a]l JNL7THESZ—>% (11)
L. #r7ro1 EF () 374, J4azkh. m
Ny 72 1 NOMEEL ., F2—724, Frri—1
9. Fa—T720. 1 38BLE R4 1 2L To—%
—4 2MIcHEE 3L, 3L F -7 14 1 6%0

Haemonetics Corporation
Exhibit 2015
Page #551



. —YERPMETT 74 373015,
[0067) [14a] &WT, 2L THHEIN Y —>
#(12) 95, ZUzkD . 0—2—4 2RDMEES
mEd44E05iEL. F2—714, 18, Fx 23
—19. Fa2—7 24 %L TN 22 1 AUZENY
b,

[0068] [15a] XFELIV—61l12LD, F
W BAFAED Y — PPHEEL ~OL . 370 h BHTINZERI4 6
DEFUHT LR MZEE 4 6 PUSTRET 4 aRIERE 3 3
OO E L IET0~96%., I L
(385~94%ELALEDLAUVICERELAZ LA
[ R L. BIEERE T . folh{Es (Yming
M) (cSE . LTRSS — 2% (13)
HXOHIMT A, ZhiuckD | MmNy 72 1 o
W, Fa—T724, FxyNN—19_ Fa2—720_.1
3BELVEFRALEfLTO—F—4 2RICG 3N
A, R4 1O TFHHAOLDGEH LzmEEs, v—9—
4 2oMiEEiz X 200k D, Fikgd 7 29ME b
T Rz E AL, BPMZERT A 6 o FE AR Ir e
Ma46M%= FR$A, ik, N7 4—a—+E3
2R M MAE LTI L T EL (BRb kD ) |
T Ad 8EFRTHHEO44 L VEHEL., F2—7148
I8l 6 2P LTINSy 2 1 T EP S i s (9
—YTR) . L. WMRoOFEE, ¥ferv—62
X2 MGRIED ERIC X DmSitd,

[0069] ZOWV—2 TRIZEWT., HIHTEETIE.
AV 770 1 DEEHEE (MU R T2 Z L
kD, g—F—4 2N \OMEOEIGHIEF TS L <X
10~90m. min . EDHFFELUZL O~7 Ol mi
n {Z3%5E3 A . MARAESHUES 1 Onl min AR§ETIE,
M RPN FebGE 2L . 9 0nl “nin 282 2

L MM 2 = b ICEmMERODE LA 2 | [\ S
MM h OB MERDMBEREHE T T 20 56THA,
[0070]) &/, WMRDMIRAEZE T | LgEe ik
HEElE . 1 0~90m “min OFEFEACEEZHELT
L X, @2, BlcmigE e THaL . R
TEIEVEETHE S 20 A 202070 24 1 [T
Sk SLHEFETLNL, ZOk I TEE. MEEOR
HALFEHEEIL. 25~90n] min | FZ30~7 Oml
‘min = FAHOMBFE L, 2ok 5 MRS ED
Zemld, 2. ITFERE T IS S s & 4 v —|odk
ST BHEVEFER T —6 21k DEE SR AT
ANGBERFRIZIE U TIT S Z 2975 5,

[0071])] [16a] FHEeH—62ckEl
SIA MR A TORRE SIzIEE@MLI F 272 -7
B M2 S 271 T Aol MR T Lic b o
LA L HEERT . ZoBilEs (MR Ess
Y ACHDE | [EEREEE S F Eak L . 2L RERAN
F—rF (14) L L, #7901 232 L 5 HlE
4, JHUCk D . RO LA IS - RIEE. B

(8)

FAFE8-131539

MERS LM, FiFkd4l, F2—713, 101%
LT, M S 21 O SCIEM S s .
[0072) [17al »L7REANY—% (15)
LL Ry ZO1 %8 (1FkKE) LT, méE/ Ny 221
M- EF2—TF 24 Fx28—19_ F=
—720. 132frLTa—%—4 2Nz 5.
[0073]) [18a] #W\WT., I7TRANY—>
F16) L L. AN 70 1 e LT ISy 22
1k LR 4 NoidEs | Eik4 1 .+
2—713. 101%4L T, MifE/v» 71 05HISE
35,

[0074]) [19a] Fa—71030FPEHRL
IFREEIC X DEhkL . A ZoRNEEE U SEET
B, ZdUCT XY | R A R ITE A Y OO S o
10545 5115 . [ 271 0 5 AOZ [ RILTE
i, BTG | (EMElEmE s,

[0075]) [20a] Mu/NE/NwZ 17 EDF
— 71 6FMAEMFICENHIEL . 3522
FUMT, HEETAZ 22X D LY ool M
INw 721 TR GHILA.

(0076]) Lok 5z, AFEITIZ. EEOILHE Y
w7 (FROM T3 s> 2104, 105) IO
GEOMME L DIGSHAROINT 1 —a—F 28D =
FUSH L2 — S TIE 24T 5 fodh . — L olEolly
MZEf 4 6 Mz 237 « —2—HE 3 20 EIEHIE
LY. LT, N7 4 —a—RE3 20 SOl ME
DOFFEE . B L DEREIZIT DI, VMRS LY
R 3 Fufz Hi R o Bk o bR 538 m L35
(007 7 )4, T—YTRICEWT . MO
FEF10~90ml min 29252 LIk MWoF
FEEBICEEEL . L oT. AEROMRERS RO TE
WESED M MRS 62 . Lk | EEe
—6 12XV, S hvemigkrofme L . #
FUTEES T IMAEESS OGO T ) Do A
ARG Az AEkE L LICX D ERTEOH]
ATAIEEL 70 1) o iR EPREEE L S Az i)
Wb EROEERS B SHI2m ET S, 20X 5%Z
Ehrs | HBMMERE ERAVWiEHE. R, n4 X G
VHDFOBERE L O @OIEETHLE$4 Z 28T,
FetEivE v, 2. =Y TREAIATID . 4
{ROMIRRS B2 8T 5 Z VT E 5.

(007 8] F4is, &FBHADMITEL I rFtkEs 2
EhtafAlo Rk 2 AR FEETH S . FECRT
MLFERR 54 HESERE 1 Bl . B3 5 4 > SO 17,
ZHLIIMNE . WL i sEiE 1 AL AR TH S .
(007 9] MRS SRS 1 BICBWT . N2 4 —
A—FNNw 225213, 2HRDF2—T 26, 2TH—
EOEERISNT WA, F2—7 2 6 DfitEid . fistE M
. AR 2728 FMLTF o—T7 1 A0iEdhizE
BENTHY, Fo—7 2708, o h2 42

Haemonetics Corporation
Exhibit 2015
Page #552



QFHLTF2—7130K>791:HAO043LD
EloIERSHT WS, o, F2—7 2 6 Dz,
F2—T 26 MDFIREEREAST 5/ UL 7 8 TARRESIL
Twd, LD T2—726, 2TEIUNEaAY
F28. 290 LNEIDTA R INT WA,
[0080]) Zk 5Lk i 1 BE 2
Mo MEFRI S, oD THY , TR [12a] L
S, AT SCIHR o EEEE 1 ALZ L 2 [ /MR
&L ARTH L.
[0081])] [1b]l~[11b]
L ATHELLCRET. fiid[1a]
Al TIEZ 475 .

(0082] [12b] Kr7ol1onfEl (Fig) T
T, LT 838 X086 2Bk, ToftbensaL 72
FL/PRELETE, BLIC. Fa—T2TD7L 2Rz
X APAZEARRL . N7 4 —O— /N 25 50N
HX ot dT 2—7 2 6 DfERNSE A T Ao m
b, EEIZE DN T 4 —a— NN 7 2 SO HTE
Fa—T 275 LTHLDTA 2545, i
kY. B, EaARZFZ20MZEBWT . Ky

Fa—F2T%7
~[11al&

(9

)

fMES8-131

A3 iL4

[0083) [13b]~[20b] Fa—7
2Ly ATHUAELZIET, WiEd [13a]
Oa ] “FAROIEREIT.

[0084]) Zk 5 ZeliMERIEETIZ. TR 1
2 b1 (B2 8k (M2 St ) ok F | L
Brsi 1l 0 66— — 4 2INNDILTEOFHEE L
FTHIELLITO LTI LOT, £ika e %
BT A LTI L 2O HEFE S,

(0085 ] H51E. AFEHDMIE ) HAtEEDH 3
FffifAlo Rk % AR ITFmETH S . FECRT
MLHERR Ao BESEE 1 Cld . 2779 1 DL AL
FhE. R MR e iE 1 B L AR TH 4.
(0086 ] 37bb | MFTITHEEE 1 Clzbwn
T. K270 1F. Fo—7130HEIH 25208
AN 3 -oficEEESATWAE, 2ok 5 2ot
GROTHEEE 1 C & Az MR . R T
BhH, FTREBITALT83~87. o—4%—42
BXURY 70 1 OFEREE | FElkR2(1R0 . 343k
2EBIFLSOFFT 2,

791 kRS NTR ML RASI, F2—7 1 (0087
3. MANA 3B XUERFA 1 &4 LTImZER6 4/ [%&2]

&£ 2 (¥t | C)

£ @ r}.;”% A% P g—s—|F v 7
MP—2 83 84 85 86 8T| 4z 91
[1e]l [2e] (1) (O x O x x| [ s
[3c] (2) |O x x O x| @=Hi I
[4c-] (3) |O x x x O] HE %
[5¢] (4) |C x O x x| fuk iz
(6¢] (3) |x O x O x| #uk bR
[7c] [8c] (6) |C x O x x| @k i
[9e¢] [woel (8) /O x x O x| Hi i3
[1le] (9) |O x x x O [l IEd
[12e] {10) |O x x O x| Eé iz
[13c] ) |x © C x x| EHiE ¥z
[l4ac] (12) |[C x x C x| EiE iz 3
[15¢] (13) |x ©C O x x| @% =
[16¢] (14) -() X % O x| @wmE s
[17¢] (8} [x O x C x| f®t IEdz
[18¢] (18) |O x O = x| f#& fuis
NNTO : A 7l OFER G 2 LA
FOLT % : B F 71 « oA AT

Haemonetics Corporation
Exhibit 2015
Page #553



[0088]) [lc]~[8c¢c] Fa2—T727%7L
CATHELIRET Aid [1al~[8a] LAk
DIREELTS .

[0089] [9c] [CIMZEKENEE S % (FEL To—
F—4 2EFEONERTHET 2L L Lz, 2L A
2k 2F2—71 0 3OAELERREL . /L 7HHFN Y
—>FR2%HMD (8) L. K¥r7ol 25t Tf [ 1
al Z[FSEFTES (IEdE) §2. Zfuck D, [ies
w1 O SNollil:, F2—7103. 101 BLF
13%4r LTS, Bl 4o@mAnda3 Ly
B4 1 FRTo—2—4 2CEA S, Iz 4
GIZHEWTILEFFE L DMEE3 1, N7 4—a2—h
B3 2B XUMERE3 3IchEishs.

[(0090] [10c] WHEHIEL9c] 2R,
INT 4 —A— IV Z 2 5D F 0 — 7 2 6 OFEEsENEE
B FHNARRET, 22— 270710 A 2L A
PAEE bR 2. Ziuc kD, N7 4—a—knw 272
SHMICHFESIATWVSNT s —I—RE. Hr7ro91d
FENC LD F2—T2TE2NLTHBLDTA 25
X, A2 Z20McBWT . MERSEE 1L 06
Bl SRS I KL MPE L RESIL, F2—71 3,
WAOA 3B XU R4 1 2 L THIFMZER 6 4G4
S, ELERCEInG, N7 —a—knw 725
IBINT 4 ——FolRiFeEsPPRE S T s . U
a—T2T7% 7Ly ATHET S,

[0091] BFMZERA 6 lcBWwWTid, Mif/sy 2710
SInEDOMHEINT 4 —A— RN\ P25 LDINT 4
—I— b ESRESIL. BOTEES SIS, TEER
N7 ¢ —a—RE3 2. BEEORMmzHY S5
RO N 7 (EUROMR T S~ 2771 0 4,
105 ) MOESDILH L D IS5 ROINT 4 —O—
FTHIR S AT, FOBENELLN . v—2 T
lZBWT . M MROFE ., Efas L DI T4, m
ANEONREE L O IR S AU MR FLLER OB 242
PR e

[0092] [11c] &FHHOA4LDMEEFFTHL
el NIVTHHEIS S —2F (9) T4, JiUz)

D, mEO44 X0 L migEs. Fa—714. 2
6EMLTNTZ ¢+ —a—FrNRu 2 25RISBAZH, +
2—=714, 26DHBEBLUNT 4 —d— Ny 2
SONEBHGRESHL ., ZOLE N7 4—ad—FkNwy
F2S5EERSEL L FONEOEFHREEE D .

FAFE8-131539

Iz Ly,

[0093) [12c¢] N71s—a—kNRNuZ260
F2—7 2 6 ORI E T AR T L
TREANS —2% (10) L. 2L R k392
— 727 ORI A, SHUZED . N7 4 —a—
FX oy 272 BN EES IU IR (Jeii) 5.
BEC TR [ 1 0] &Mool chimzsEi4 6 iR
=3 (<

[0094]) Zn)k5%, IN7 4 —a2—FRNw 27265
TGS LT DOBEFROMZER 4 6 D El =47
G EELED . MMREINT 4 —a— RNy Z 2 5N
VAR MRS BT 4

[0095]) [13¢c]~[20c] F2—72T7%
PV ATHUOHRELZARET, i [13a]~[2
Oa] LREFEDTERETS.

[0096]) 2ok 5 7MuIMERIFETIE, TR L1
OclizBiTANT 1 —a—bDOEEB I TR[12
c 1 zBiF 2k (MR ZE &) oiRi%E |
HWH 10 6HH0—F—A 20 DIMEOFEN AT 5
T EMTE B, N7 ¢ —3— B XUBEFEOE®
79 1 OERENC L D RER,IGERICAT D Z 25T
ERHOT, SROYHHERTE S SICHEET A Z L ATE
A,

(0097 ] H6IE. AFEHDILHEL 7 it 5 4
FhEA R 2 R TH A . BRI
AR T ft S 1 DI, F2—7 2 Tl > 7
O 2 % LAz LIME . Atk e A HE e 1 B L [E
FTHD, Br792 TR, MAEO—FEK 78
Mvisiv, B2l TR 7 12 X D Z OERENAHIH =
HhH., ZORF7O 20, —HEOANEER L Loy T
HiuF kv, ZoOMKTIZ, K79 2588 ELTwS
LB, Fa—T2T7005E. AESHTWAD,
F2—7 2 T gz &R & Mk L 7 (Bt
) 2IRITTH L,

[0098] 2k 7 MmEpsr HEsE 1 D& vz
MR L. RO THA . FTRICBITAN
NWTE3I~87 . O—F—42BIUKr91, 92
DOIERTER . FRlR3 oL . k342l L o258
U3 2 .

[0099]

[#3]

Haemonetics Corporation
Exhibit 2015
Page #554



(11) HAFE8-131539

* (iineni s il 1 D)

T ® gﬂff AT Pl o—%— (R > F|£ 7
NH— |83 84 85 80 87| 42 a1 92

(1d] [24d] (1) [O x O x x| B iEf Lk
[3d] (2) |[O x x C x| B iE¥E Pk
[44d] (8) 1O x x x Of E §12. 75 &1
[54] (4) 1O x O x x| @t fis i i
[64d] (8) [x O x C x| &k 1z -
1 [Tal [8al (8) |[O x O x x| &t HERE &)=

(9] moal | ® |0 x x O x| w& | =& | =& |
1 [114d] (9) |[C x x x O| Eik b
l124d] ) |C x x O x| [Eig i3 3 %
[13d] any |x © QO x x| E¥ % ik
{144d] (2) |C x x O x| B&E i fHE
[15d] (13) {x O C x x [z i =11

[184d] a4) 1O x % O x| @k frc -1;11-.“
[174d] (18) [x O x O x| &k IE#: ik
[184d] (16) [O x © x x| Wk e i

PTO - Wi F 7R : EOFHU LR 2 VAT
LT X : F 7 : BOTHIEMARTRERST)

(0100]) [1d]~[8d] KRr792%# L
FeET Wi [1al ~[8al LEROTEZIT

b 1%

[0101]) [9d] [|EiEERENERE S Z(FE L To—
F—A 2FFEDEERTHIET AL LIZ, 7L X
2k dF2—7"1 0 3OMAELFIL . 2L 7HHRN Y
—>ER3IPD(8) L. K791 &higd TR L1
a ] FZEFTES OFE) 354, sk b, miy
w21 05HMDOIMENE. F2—7103, 1018BLIY
13%rLTHESHR, BLFEILADGEANOA43 LD
ka1 ZTn—2—4 2MIZFEA S, BrimzEf4
GIZBLTLEEAHEE DSEES 1. N7 4—2— )
B3 2B LUFRIERE 3 3 I2hfEsihia.,

[0102] [10d] @ETEL[Od] 2Rz,
INT 4 —A— N Z 2 50 F 0. —7 2 6 ORI
T HNENTCHRRET . K779 2% (k8 (1) 5

A, iUk N7 s—a—rRy F 2 5Pcirg s
NTVENRT7 4 —a—ME. Fa2—72 7ML THI
DFA 2N S, A2 F 2 9RICEWT,
M 1 0 6 SRS NTRA M= RE S

., Fa—713 BALO4A3BLIEKRA1 24T
WFIZEefE] 6 4 AFEIR S, BOSEEICHESING, N7 4

—a—bNw 725687 4 —a—FOIITERHHE
Hahis Ko7 2% 34,

(0103]) [11d]  #HH44 X9 isEsm L
Tz, 23, NLTRHFANY— %2 (9) 94, Zi
kD, GHO44 L DEH L mdEsy, F2—71
4. 26FGLTN 74 —0— w250 |CEI S
N, F2—714, 26DFELVNT 4 —aA—FIN
w Z25DONESRFENDS, ZDHEE NT—O—
RNy 25 #RE) S35 L FONETOWITEI S
FH. FE LW

[0104]) [12d] N7 4—a—ENy 7250
Fo2—7 2 6 OFEAEER L T hNmi o RET . L
TR/ NS —2F (10) L L, K79 2% E8h (IE
M) +4, ZHuck), N7 —a—kNe 22 58%
OPEECHE S AU (Jeii) . B T 10
d ] kOB TIIMZER4 6 MCKESILE, 2Dk
DRI LD L R & FIER . IS Rl (TR

3 FORENNET .

[0105]) [13d]~[20d] E792%H
IEL7RET diid [13al~[20a] EFEEHOLT
B2,

(0106] 2@k 52l NMERIUETIE, TR 1

Haemonetics Corporation
Exhibit 2015
Page #555



(12)

0d] IZBFAN7 4+ —O0—FOEEBIUTIRE [ 12
d ] (B0 2dmiE (MR Ete) otz |
W1 0 650 —2—A 2RADILTEDTEENAT S
ZEHTE, T, N7 4 —a— b B LUBEHERDER
#7°9 2 X DREFDIGHITIT O Z L AT
EEDT, EIROIMIPRHEZ 2 6298 5 2 TS
(01 07] s, MHRRD TR 1 DiCBWT, F
2—7 200 HEHMIA7 1 2 LT, B
L7Zwwirlga 2 # = fAWT I 2—7 2 7 oihlzi%6
LAzkgpkE LTo Xvy, s . ARFER%E Bk SbEml
FDNWT B HIZEHIUCHENT 5,

(01081 (SEhEM 1) B 18 X0 2127 T ko
MR S7 AEeiE 1 A% v, ikl 7zTf# [1a] ~
[20alzkh . IFiLE4 O Onldliliks S 75 Eltz
of LMoL & 41w, M MERFIO (FR 24772, &1
TRt FaiRkalTTnT,

[0109]
[*4]
& 4
~RE2ye M 48. 4 %
£ A& Jili gt 2 27x10* B ul
SFHER 2000 ml
[La] ~[4a] 4800 rpm
5 B
o —>—ClEL [9a] ~ [l14a] 4800 rmm
ke
[15a] 4800 rpo
[lal] ~[Ta] 60 nl /%
[9a] ~ [4a] 60 nl /%
i
A TNHHR (5a] (208) 40 nl/ %
2
[lIEa] (80#) 14 ml 7%
[16a] ~ [18al 80 w9

(01 10]) (FEiEF2) B5E LU0 2153 ko
MR AEEEE 1 CEfv . gipkL7zTfE [1ce ] ~
L20c ] ickh . B4 O Onldies s~ 2 5 iz
LML A 4T v i MRS ERLZ 4T s AR
TAETETORME. L&A (R IRFzERE L
7z,

[011 1] (SE5ERA3) 362 LU 2 2nd ik

FHFE8-131539

(72721 . R 770 20LHIHITEE 7 (24558 ) O mifek s
HEEE 1 DEHv, AL TE [1d] ~T120
dl izt . FFmE4d O Onl DM, s 7 5 itz L
AT MRS EN 7 -7z, DG T 2%
TIRTOZEMN% L& S ORIt Aigs L,

(0112]
[%£5]
= 5
ARMZYoME 48. 4 %
{= Al 0 [ 27x10' @rul
A 2000 m1
[1d] ~ [44d] 4800 rpm
2
a5 —[EE [9d] ~ [144d] 48C0 rm
=
[15d] 4800 rpm
[14] ~[Td] 6C ml %
[94d] ~ [14d] 80 nl/ %
L
H o TR [15d] (208 40 w5
7
{15d] (80#) 14 wl/%
[16d] ~ [18d] 80 7%
T| [9d] ~ [10d] 80 ml/ /%
2 FYUT R
| [124] B0 ml/ %

(0113]) (HEm) RLISTRTESICEWT, N2
4—=A—hN\wZ25BIPEINT L 8FH3 4w
FaRRoMIE & vy, BRILE 4 O O nl DILHE N 2 5 i)
FhFR NS 28 -V TR TV, —35
Bl M E SO M H = Uiz, &l §9—
TRz 80T 2 MRS 1L . Av 2 Bb U (il HEfERS i
) 2200l /min T4 0fE Lz,

(O114]) [EHE] M 1~ 345 XUHMTEs
AU NRESR DT L AR . REL . FIER
o mMRENEER S X OO R AR . FodER A
FRURO IR, Zeds. M EEiE. MERGHECERE (R
TR Sysmex K-2000 #) 2HWTAH7 ML,
CHERE S . Negeotted 4 > N—iElC X DEBE L.
[0115]

[#£6)

Haemonetics Corporation
Exhibit 2015
Page #556



(13) HFE8-131539
% 6
SHafA 1 S 2 SHtI 3 sy
mmlll\ﬁME}M% 210 220 215 230
m
MvEE E wl) [150x10% | 167T%10% [163xX10* [ 122x10°
OmEE (B ul) | 500 600 300 1100
MMBERE (%) | 58. 0 68. 0 65. 0 52. 0
SRt O3 64 B2 59 67

[0116] EEkoelrT LI, FEhnf1~3ig,
sz b vt i MR SRS LU mIR S
nrz MR OB MEROMESAE <. L, a5t
B L iV,

(011 7] LLE. ARFERHE S HAEAIC DTGB L
Feif . AFEHAORETEE LU IR S LA [EIRERT R
3. BmoLOIES U, WA, s dan 4
> 1 03, fEiF oA SE RT3 258 Et 243 2 % -
B A > TH->TE L, F7, HiEC M )L s
T4 > 8 X UHIERC MR B i A > ovviihuh—
F W Th->Th v, o, STk 572
EERHHFES . F—71 3 /42032 4 ofspiziRiT 5
NTWTLEw, 2 B2DFA L3 20IEA4DT
A 21 Oz 7T STt d Ly,

[0118]) 4. Ny s—a— % -HIrEI 258
&, BT s\ 2R &, MR RLD XS
LWEDELTH->TL v, F72, RFESHoOM/ R
BE#ECSWT, EE& TR 3 LOFED TIRDIN
WERL->TWTh L, (EEOIRMNEMSATL X
<L ERWSEOTR (FZ1E, N7 4—a—kNw 20
Jeids LUk onRE TTR ) MEE ST WTL X
vy,

[0119]) /87 s —a—F /Ny ZSDEild. Bz
By B3P 2 XM AEEAREORETHEIC X DT> T L X
Vi, ZOBE. FORSESIR SN EIRSNT 4 —
A— by ZSERT 2 L DRI DT A sk
[t S TWwT L v, s REHONLHER T e
TEE S LU MEIRI e . A LA R oo
RS NABHGICRL W 2. S32TL%
by,

(0120]

[FERADZNT] L) E3brz & 51z, AFEHHD MR 7 77
HERETE B L OO IER U sl kAU L EEOOLHR
INOSHES LML RS 2 AT O (2L . LD &t
FEOIrHE . Bk nfHEL 70 1) | Rl BUSHRMICEF L
oA RO e < L MRS fuz i MR ey
FUILER CREIZ Y 258k @b lid TanEiE o

MTEHIA S S s, TR, k., =1 X, GVH
DEOEE LN EWERTHET 22 248TS | %2
iy, F7z . ARETIE, /MR E—E T
STz RO ERET A LTE A,

(0121]) F/z. B4 TRRICBWT, IFZEEDT N
X0 MR s LTl M A & ST 2 hidE
WA L7254 . FHoMmEHEES 1 0~9 Oml "nin
ELEziz, b ReomiRssss LU Pl ekl
BELICMmETE, 2/ NTo—a—+ERTAE
AL | Ao SR E I m R E S
HlolE. MMEAETE3, RO MRS S & (20
=

[ Ao HizcEiing ]

(Ed1 ) AFEEAD IR 5 BERS WS 1 Skl f
SNSRI R ThH S .

(F12 ] AFPED MR rEE e EOH#HR 2 ~d 70
wZHTHS.

(13 ] ARFEEUZ BT 25RO 718 X U MRS S
DR Z o35 TN EEE T B S |

(FA4 ) AFRHAD MR 5 FrEEREiE O Es 2 Fhlf i
FRA R TR TR S .

(15 ] AFEIAOMTLR b i BEREiE s 3 EhERE
AN R PEETH S .

(6 ) AFEENO LT R 55 BERE W 003 4 TR ik
AR PEETH A .

[FF5FA]

1A~1D LR 7 raefs ik s
2 Wl1oa4
3 B2OHIA
4 LA
41 23N

42 —%—
43 AL

44 Firia kN

15 |-

47, 48 byitieid

Haemonetics Corporation
Exhibit 2015
Page #557



51

52

53

54

55
551
56

57
58

61. 62
63

64

7

8
83~87
91, 92
10
101
102
103

(=] P B Pl
N
B

=%

(] i
[El5EH

[

ALk
A—H—
T A
K H—
FEANGER
SEH

il T
WIDTA >~
M7

b g
VR B
Fa—7
i A2 &
F o —7

(14)

104
106
1.2
:2x
15
16

gy
(Vo Jly N |

[N
o

[SSI SO SO o8
oUW

0w W w N
Wl =

14

o hd

29

105

FEES

Mg, S 77
Ll R
Srlg o A2 &
Fa—7
Sl F 7
Fa—7
[ |52 S vy 27
Fa—77
Fxr 2 I—
Foa—F
[ILHE2 S w27
LR R N
Fra—7
INT 4 —Td— /N &
a7
N i S
111673
INT 4 —— g
ARIERSE
L]

131539

Haemonetics Corporation

Exhibit 2015
Page #558



PP P g

PAV g

T

ogg

Al

o}

PAY P s

FEES

(42 (3]
1A~1C

7 /

\ s

‘ 61

il 62

i

q-: 21

5

EFE AR
5

\
™
N
52 ‘-—*\\\
N
\
N
\
\
N

(4]

21

Jl
]
O

1.4

(v

1

Haemonetics Corporation

Exhibit 2015
Page #559



(v
Jl
]
O

(16) HAFES8-131°

Haemonetics Corporation
Exhibit 2015
Page #560



Espacenet - Bibliographic data Page 1 of 1

Espacenst

Bibliographic data: JPH09192215 (A} — 1997-07-29 |

CENTRIFUGAL BOWL

Inventor(s): NAKANE TAKAHARU + (NAKANE TAKAHARU)
Applicant(s): NAKANE TAKAHARU + (NAKANE TAKAHARU)
Classification: - international:A61M1/02; B04B5/04; (IPC1-7): A61M1/02

- cooperative: A61M1/3693; A61M1/3696; B04B5/0442;
AB1M2202/0415; AB1M2202/0429, B04B2005/0464

Application JP19960024587 19960117
number:

Priority number JP19960024587 19960117
(s):

Abstract of JPHOMISI2E (&)

PROBLEM 7O BE SOLVED: To provide a centrifugal bow! for use in an infermuttent
blood fiow cenirifugal type blood component separating device, in which out-of-body
circulation time is reduced along with the amount of blood that circulates outside the
body and measwres are taken o prevent ieakage from a rotary seal member.
SOLUTION: inside a ceninfugal bowl 18, a first sampling space 53 into which
erythrecytes flow, a second sampling space 52 into which plasmas flow, and a third
sampling space 54B into which buffy coats flow are provided in positions criented to &
roiation axis F1 from a separaiing space 51, and are communicated o the separating
space 51 so that the erythrocytes, the plasmas, and the buffy coats are sampled
separately without stopping of rotation of the cenirifugal bow! 18, Also, compressed,
sterilized air is supplied to a supply port provided in a port member 5B, so as o force
teaks from mechanical seal ¢ out from inside a centrifugal bow! main body.
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Bibliographic data: JPS5986952 (A) - 1984-01-14 §

ROTARY SEAL STRUCTURE FOR FLOWING SAMPLE INTO ROTARY
CONTAINER AND DISCHARGING THE SAME THEREFROM

Inventor(s): NAKAGAWA TAKASATO + (NAKAGAWA TAKASATO)
Applicant(s): HITACHI KOKI KK + (HITACHI KOKI KK)
Classification: - international:B04B1/02; BO4B5/00; GOTN33/48;

(IPC1-7): BO4B5/00; GO1N33/48
- cooperative: B04B2005/0464

Application JP19820115868 19820702
number:

Priority number  JP19820115868 19820702
(s):

Abstract of JPBEBG8SE (A)

PURPOSE: To prevent the rising in the temp. of blood componerts, by a method
witerein a siide surface inlerposed between a stationary part and a rotary confainer is
formed into an anti-wear structure hoelding airtightness during siding and a passage for
ceninfugally separated biood components is provided at a position avoiding a slide
part. CONSTITUTION:In a centrifugal separator container, an anti-wear seal plate 7 is
interposed between a staticnary part having an inlet 2 and an outlei 3 for a sample
{e.g., blood) from the cutside and a rotary container 4 {o be siid therewith. Blood
introduced from the inlet 2 is freely fallen {0 a sump part 11 and enters the conlainer 4
through an opening part 5 by centrifugal foree {o be sublected o centrifugal separation.
As the result, a separated layer is formed successively in the order of erythrocyte,
teukocyte and serum from the outer peripheral surface. Corresponding to the amount of
biood entering from the inlet 2, serum is at first discharged from the outlet 3 through an
opening part 8, vertical grooves 13, 14 and a ring groove 12 This passage is provided
at a position avoiding the vicinity where friction heat is generated by sliding. By this
mechanism, ihe rising i the lemp. of blood components is prevented.
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CENTRIFUGAL SEPARATING BOWL

Inventor(s): TAKEUCHI ATSUSANE; NODA TOSHIAKI; AIZAWA TAKESHI +
(TAKEUCHI ATSUSANE, ; NODA TOSHIAKI, ; AIZAWA TAKESHI)

Applicant(s):  NIKKISO CO LTD + (NITSUKISOU KK, ; NIKKISO CO LTD)

Classification: -international:A61M1/02; BO1D15/00; B04B1/02; B04B11/00;
B04B11/02; B04B7/12; BO4BT/14; B04B7/18;
(IPC1-7): B04B11/00; BO4B7/12
- cooperative: B04B2005/0464
Application JP19820179257 19821013
number:

Priority number JP19820179257 19821013
(s):

Also published JPS644820 (B2)
as:

Abstract of JP35868188 (&}

PURPOSE: To obtain a centrifugal separating bowi which is capable of executing
continuously and effectively blood plasma separation and biood plasra purification, by
providing the second centrifugal separating chamber on the cutside of the first
centrifugal separating chamber, and separating further bicod plasma separated from
bicod o a polymer substance and purified blood plasma. CONSTITUTION: Blood is led
into a centrifugal separating bowl from a leading-in pipg 12 and is ied 1o the first
centrifugal separating chamber through a conduit 13, When a rotating vessel 14
rotates, the blood is separated into a blood corpuscle component and biood plasma.
The separated biood plasma flows by an overfiow inio the second centrifugal
separating chamber 16, and Is separated into a high polymer substance and purified
biood plasma.; The separated punfied blood pilasma passes through a path 17 of the
botlom part of the rotating vessel 14 and flows {0 a leading-oul pipe consisting of a
double pipe formed concentrically with the leading-in pipe 12, and an outlet port 19,
When the guantity of the biood corpuscle component increases in the first centrifugal
separating chamber 15, it flows out scon to the leading-oul pipe 18 and the outlst port
19 from the second centrifugal separating chamber 18,
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COtO3 COBETCHMX
COUMA IMCTUHECHMNX
PECNYB/MH

roOCYAAPCTBEHHbLIM HOMUTET CCCP
NO AENAM U3OBPETEHAA WU

ONUCAHUE UBOBPETEHUS/

H ABTOPCHOMY CBUAETENLCTBY

(19)_S_U_u.|l1='l 146998 i A

4¢s1)_B_04 B 5/00

‘ sﬂiyiﬂajﬁ ;
Ay ey, *  f
TE‘X{;‘;"H: e - /

5 -Jlr’

; ‘Hs -ﬂ Qﬁ,‘ H‘-}‘H . ; n

(21) 3590453/28-13

"(22) 11.05.83
(46) 23.03.85. Biom. & 11

.(72) B.A. Hruatose, 3.A. lepriHOBA,
B.Jl. TwpuH, I'.E. lUumapkuHa
u 10.A. JloTy
(71) CneumanbHoe KOHCTPYKTOPCKOE
Giopo GHodHIHYecKOH annapaTrypbl
(53) 66.067.57(088.8)

(56)

" g 762982, xn. B 04 B 5/00, 1978.

2. Aprtopckoe csHoeTenbcTBo CCCP
B 1061333, kn. B 04 B 5/00, 1981
(nporoTun) .
(54)(57) POTOP [JI1 PA3NEJEHHA KPOBH
U NMPOMBIBKM TAKENON OPAKIMH, comepxa-—-
Ui XOoprnyc CoO CBheMHbBM JHHBEeM, pas-—

' MemeHHYW B HeM c obGpas’oBaHHEM KOJIb—
nesoil paboueil NoOMoOCTH KOHYCOOGpPA3IHYI0
BCTaBKY, COCTOANMYW HS KOJmaka, CBA=
3HOro C HHM AHMmA CO cToWko#, pac—

1. ABTtopckoe ceHuerTenbcTBo CCCP .

MoNoxeHHO! BepTHKAaJNIBHO MO OCH poTOpa, .

YyCTPOHCTBO IUIA MORBONA XHAKOCTH H
OTBONA pasmeneHHbX ppaKuuid U yOmoT-—
HHTENMbHYI 3MTACTHUHYKW BTYJIKY, ycTa-
HOB/TEeHHYI0 B BepxHeHW 4acTH Koprnyca,
OTNHUYUAWMWHHWCHA Tem, UYTO, .
¢ umenplo npefoTBpameHus nedopMauHH
peTanel poTopa NMpH CTepHIH3alMH H
noBbIEHHA HaJeXHOCTH poropa B paboTte,
HWKHAA 4acTh BTYJIKH BLIIONHEHA XKOHY-
coob6pasHoii U pasMemeHa BHYTDH CTOH=
KH, NMPH 3TOM rOpJOBHHA KONNaka BCTAaB—
KM pacnojioxeHa ¢ 34a30DPOM OTHOCHTEJIb—
HO CTOHKH, NMPHYEeM TOPLOBAR MOBEPX—
HOCTH MocliefiHed U TOpPlLOBaf NOBEPK—
HOCTE BTVYIKH O6GpPasvwT KONbUEeBoll Ka-~
Haj, a4 B TeJjle BTYKI BbIOMHEHb C006-—
MAWIM2CHA © MOCiefilHHM CKBO3HbIe KaHAalbl
ONA OoTBOXA W NOABOAA BO3NYyXa H3
aTMocdepn BO BHYTPEHHWK MOMOCTh
BCTAaBKH . »

(61)
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1

HzobpereHHe OTHOCHTCA K MeMULMN—
CKOH TexHHKe, B YaCTHOCTH K YCTpoOii—
¢TBaM, NpelHA3HAYEeHHbIM JUIA pa3nesie—
'HMA KPOBH Ha Nerkywo H TAXeNnvw hpak—
LHM H OTMBIBKH THAXemoil dpakuuu orT
KpHODHIAKTHKOB nocne ee OJIHTENBHOrO
XpaHeHH B 3aMOPOXEHHOM COCTOMHHH.

HspecTeHn porop ana pasgeneHus
KPOBHM M TPOMBIBKH TAXKeNOH dpaxiumu,
CoAepXauMi KOpHYyC ¢ MHHWEM, pasMe-—
MEeHHYI0 MeXIY HHMH KOHYyCcooOpaanyw
BCTABKY, TPYyOGKY [na nolBoda KpoeM,
NPOMBIBHOH XHU/IKOCTH E OTBOMA JIerkKoi
dpakiH ¥ 3aTsOpa poTopa, KOTODbIH
MOXeT MenonbsosaTbes Muorokparuo [171. 45

Onnako Gonbmoe umcio merasneit
YCJIOXHAET COOPKY H IpelcTepHnH3aim—
OHHYI0 0Opaborky poTOpa, KpOME TOro,
H3MHYHEe 3aTROpa, TPebywilero cMaskH
TPYWHXCH TOREPXHOCTEH B NpoLecce BDPa= 50
WeHHA poTopa, HEHU30EexHO NPHBOJHT K
nonagaHdw cMaskd B pabouyi 30HY
poTOpa, UTO CHUXAEeT ero HagexHOCTh
B paﬁo're H KayeCoTBO pasjieJieHHhX KOoM—
NOHEeHTOB . i . =

HanBonee BiH3KHM K H306peTeHHIO
O TEXHHYECKOI1 CYNHOCTH H JOCTHIAe—
MOMY "PEsyiALTATY ABNAETCA POTOD WA
pasgelieHHa KPOBRH M IIPOMBIBKH T SXKeJTon
dpakuHH, comepkamuui Kopnyc co Cchem-—
HbiM JHHUIEM, Pa3MEUEeHHYI0 B HeM C obpa-
30BAHHEM KONbIleBoH pabGouell 1TOMOCTH
KOHYCOQOBPA3HYK BCTABKY, COCTOHNIVIO
H3 Konmnaka, CBS3IaHWOIo ¢ HHM [Hda
CO CTOMKOM, PACNONOKEHHOl RepTHKAllh—
HO 110 OCH [OTOPAa, YOTPOHCTRO JNA
MOoABO/Ia XHJ/IKOCTH H OTBONA pa3fencH—
HbIX hpakipiii ¥ VIJIOTHHTeNnLHYK 35ac-
THYHYK BTYNKY, VCTAHORMEHHVH B BEDX—
Helt wacTH kopnyca [# 7.

HepocrarTkami HM3IBECTHOIO YCTPOM-
CTBAa ARBINAKTCH HEeMOCTATOYHASH }Ic’U'!.E‘!?K"“
HOCTB POTOPA JIPH MAKCHMAJLIOM QaKkTo—
pPe pasfiesicHHA H3I—3a pazrepMetTviauud
paGodyeHd 30HB POTOPA W MONAAHUN 45
XKHOKOCTH BO BHYTPeHHWW TTOAVCTER BCTaAB-—
KH 4Yepe3 BepTHKanbHBI KaHal c%mﬁku,
HeNoNroBeyHoCThH MPH CTEepHINneIamiu
ABRTOKIMIABHPULUNRAHHEM B ﬂﬁﬂll-‘.I‘I[)HHﬂ'T()M
PexMmMe, YTO Bh3hBaeT [AehopMalin HITH
cepebpeHHe (pacrpeckuapaHmne) peraned
BCTABKH .

10

25

35

40

Henbio H306peTerHa ABINReTCA
npeloTBpamenre nedbopMalliy jletTanei
poTopa NnpH CTepHNd3aAUHH H HOBLIEeHUe
HAZIOKHOCTH pOTOPa B PaGOTe.

[locrasnennans wens JnocTHraeTcs
TEM, UYTO B POTOPE [OAF pa3lefeHHA

55

1146098

2

KPOBH H_ﬂpOMMHKM:TﬂmeHOﬂ.¢DaKuHH,
COnepxaeM KOprnyc Co CheMHbiM JIHHIEeM,
Pa3MEeWeHHYI0 B HEM ¢ obpasoBpatueM
KONMbUPPOH pafoyell MOMOCTH KOHYCO—
obpaszuyw BCTABKY, COCTOAWYH H3 KO-
faKa, CBA3AHHOID C HHM JIHHLA CO
CTOMKON, PACHONOKEHHOR REPTHKAABLHO
Mo OCH poTopa, ycTpolicTBO A noia—
BOAA XHOKOCTH H OTBOMJA pa3fielleHHLIX
PPAKUHME M YNIOTHHTENbHYI AMACTHIIHVIO
BTYJIKY, VCTAHORIEHHYIO B BepxHel
HACTH KOpnyca, HHXHAS YaoTh BTVIIKH
BLNIONHEHa KOHYCOoOOpasHoi u pasaMeme—
Ha BHYTPH CTOHKH, MPH 3TOM IOpIHOBH-
HAa KONMAaKa BCTABKH pPACIIONOXeHa
3430POM OTHOCHTENBHO CTOHKH, MOpHYeM
TOPUOBAA MOBEPXHOCTEL NOCiienHeill W
TOPLOBAA NMOBEPXHOCTL BTYIKH 06GpasylT
KONBUEBOW KaHaM, a B Tene®BTVYIKH
BRITONHEHb coobuamumecs ¢ nocnenHuM
CKBO3HhE KaHambl AN OTBOAA H NofBona
BO3JIYXa H3 arTMmocdeps BO BHVTPEHHWW

HONOCTEH HCTABKH.
Ha dur. 1 pano YCTPOHCTBO, OONMA
BH/l; HA ¢ur. 2 - ysen [ na dwur. 13

Ha d¢ur. 3 — paspes A-A Ha dur. 2.

PoTop nns. pasnenesus kKporm | npo-
MBIBKH TAXeNnoil bpakiMH cocTOHT HU3
Kopnyca 1, npeacTaBlawmero co6oil
MONLIA YCevyeHHbH KOHYC, KOTOPRIIA ycTa-—
HOBJI€H DPacCWHpeHHOH YacThbiw HA CheM-—
HOM nHMmE 2 ¢ npoxnaaxoit 3 Mexdy
HuMi . BuyTpm kopniyca 1 pasmemena c
o6pa3soBaHHeM KOJhIleBOH pabouep
ToNocTH KoHycoobpassasa BeTanka 4, yo
TAHOBNEHHAA Ha [QHHUWE, HMenmeM 3a
BepXHEH IMMOCKOCTH pafHanbHie BHCTY—
nel 5 U yuopw 6.«

BeraBka 4 cocTtouT M3 kounaxa 7
H CTOHKH 8, npHueMm roprnosvina xosmna-
Ka 7 BcTaBkH 4 pacrnosyioxena ¢ KONbIEe—
BbiM 3230pOoM 9 OTHOCHTENLHO CTOHKH 8,
4 B HHXHEH 4acTH pa3sMeueHa npokianka
10 nna repmerHsaumu BHYTPEHHEero
o6breMa BcTaBku 4. Croitka 8 pasmencHa
BEPTHKAJIILHO MO OCH poTopa.

B Bepxmue# uacTH poTopa Mexiy Kop-— -
nycoM 1 u Becrapkoil 4 pasmeuncun yer-—
POHCTBO [AJIi OTBOAA MErKoil ¢pakilHu
H TOABHXHLIA 3JI€MEHT 3ATROpA poTopa,
BbITOJIHEHHBIE 3a OJIHO 1e/10e B BHIE
BTYNKH 11- U3 snacTHYHOrO MaTtepuana,
UEHTPANbhHO YCTaAHORIECHHONW Hall BCTaB—
Kol 4, B WEHTPaNIbHOM uYACTH KOTGEPoi
PaCMofoXeHsl panHanbiibie kanangnm 12
IJ1d oTBOO3 Jlerko# gpaxioug.

Brynka 11 nnorHo BXOHNUT B Iopno-—
BHHY Kosnmaka 7 BCTarxM & ¢ ofpazopa-
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3 1146098 4

HHeM Komnbluesoro 3sasopa 13 Mexny
TopioBoil nomepxHocThi BTYAKH 11 M
topuom croiku 8. B Tene BrTynku 11
BEIINJIHEHB CKBOSHble KaHamne 14, xoto—
peie MPOXOAAT uYepea BTYaky 11 pna
coeqMHeHHA BHYTPEHHEH nonocTH BCTaB-—
ku 4 ¢ BHewHe#R cpenoil ONA OTROAA

M nomBona Bozayxa W3 armocheps. Ko—
NMUYEecTBO OTBEPCTHH AOOMKHO OBITH He
MeHee ABYX, H pacrnonoxeHbl OHH HA
onHoM panuyce. Huwxuas uwacrts 15
Brynku 11 BemonHena konycooGpasHoH
H nﬂo?nof BCTABNEeHAa B BepTHKAaJIRHBIH
kaHan crtoika 8.

Bepknaﬁ yacTh BTYNKH 11 - ynnor-=
HHTENbHEIT 3JIEMEHT 3aTROpa — BLCTY™
paeT HAQO POTOPOM H 3a CHeT MPOTOYKH
16 duUKCHpPOBAHA H MJOTHO pa3MeneHa
B ropioBHHe kopnyca 1 poTtopa, repme-
THIHPYSA BHYTpeHHWOK pabouyw nonocTh
17 portopa. Buyrpu BTynku |1 Bumon-
HEHA XOnbleBasd xkamepa 18 nnsa cbGopa
nerkoil ¢pakuuM, coenHHeHHas ¢ pa-
nuaneHbMH kaHanamu 12 Brynku 11.

3arsop 19 poTopa, 3aKperieHHL
HETOABHKHO KOHLUEHTPHYHO BCTABKE 4,
cpoeil HWKHel uacThw pasMedeH BO
erynke 11 Tak, uTo Tpyb6ka 20 nonsBo-—
na KpoOBH, MPOMBIBHOH XHJIKOCTH H OTRO™
na TAXenoi GpakiMn pacromoxeHa rno
oCH BCTaBKHM fo nHuma 2 poropa. Jle— «
Tanu poTopa CoelHHEeHn BMecTe BHHTAa~
M 21, pasMelleHHbMH 10 TieprbepuH
HUKHel wacTH Kopnyca 1 ® nuHwa 2 po-
Topa. [AHHIE 2 cuu3y uMeerT KON bUEBOH
BhiCTYN 22, KOTOPbIM POTOP YCTaHaAB™
AHUBAKWT H 3aKperyifguT Ha nnaHmanbe
NPUBOHOIO YCTPOHCTBA (He noka3aHo).
Porop HMeeT Habop KOINAaKOB 75
nna KoHycooOpa3Hoil BCTAaBKH 4, oOTNH-
yaluMXCA YI'MOM HAKIOHA KOopnyca, 4To
noapanAeT npH HeofXOAHMOCTH HIMEHATE
obbeM BHYTpeHHell patoueid nonocTH
17 poropa. [lpa 3TOoM Ma KCHMAIT BHLIE
obbwem poropa Ha 100 M1 npesnumaeT
ofibeM H3IBECTHOro poTopa. .
Potop pafoTaeT cClleayiupM oBpa3oM.
Cof6panubli poTop C ocnabneHdHbiMH
HHHTAMH NOJBEpPrawT CTEepPHIH3alHH B
napoBOM CTEpHNH3IATOPE R oBWENPUHATOM
pexinMe TipH 120°C (non naBneHHeM
1,2 aTM) . TlpM cTepuix3auuy Hanbonee
HE\TIPK*&!HH[»I‘M Y3nomM poTopa ABNAEeTCH
reTaBka 4. IMon Bo3jedcTBHeM TeMnepa-
Typhl BO3OYX, HAXOOAUMACH BHYTDH
peTapku 4, pacwHMpAeTCA H M3OWTOK ero
yoanfercA uepes 3a30phbl 9 u 13 n
ckpoanpe kauanm 14.

10
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B mepHOn OXJaxAeHHA pOoTopa BMeLTe
CO CTepHNH3aTopoM (aBToxnaBoM) BO3QYX
CcMMAaeTCH H HeJoCTaToOK ero BO BCTae—
ke 4 NONONHAETCH H3 OKpyXawle
cpenst (Boanyx u3 ABTOKI/IaBa) 4yepes
kaHamne 14 u sasope 9 u 13,

Taxkum obpa3loM, NMpH CTEPHIIH3aUHH
B nepHoAb HATPeBaHHWA H OXNaxfeHHd
e BOAHHKAeT M3MeHEeHHN JaBNeHHUd BHYT-
pH BCTaBku 4, a cnéjlosaTenbHo, pe-
GhOpMALMH KOMMAK& W CTOHKM 8.

Mocne CcTepHNTMSALHH BHHTH pPOTOpPa
3aTATHRANTCA W POTOpP YCTaHaBAWBa-—
‘eTcH Ha nnaHmaiibe MPUBOOHOTO YCTPOHCT—
Ba, MpH 2TOM HEMOMBhAHLIH 3ITeMeHT
saTpOPA POTOpa 3AaKPEernnAeTcds MNpH NOMO-
uM creuynanebHoro déukcatopa (He moka-
sano). K wryiuepaM HenoxpiikHOro sne-
MeHTa 3atnopa 19 noncoegHusAwTCH
TpyBKH: K 1eHTpankHOMYy = OT Hacoca
ftonavK KPOBRH (WM 3PHTPOIMTHOA Mac—
Ll TIPOMBIRHOI KMIKOCTH) H orBopa '
Takenoll hpakudd, kK GoKOROMY — OT
eMKOCTH Jina cOopa Nerkol dpakiHH.

IIpit mpauneuHHd poropa ¢ 3a/1aHHOM
YACTOTOIl HACOCOM B HEro nopaetrTcs
KpORh HIAOH paAIMOPOXKEHHAA IPHTPOIMTHAaAR
Macca © NpOMLBBLME pacTropamit. [IpH
s10oM Kpopbk o TpyGike 20, nonanas Ha
nuime 2 poropa, tentpoGexnon cHnoit
orTbpacepae. L K nepidpepHd W pasnena=
eTcA Ha bparkuUHHI TAXKENYW (apurpo-
HWHTHYKH MIACCY) M JIETKYW (naaMy Wnu
OTMHRHOIT PACTROP) , PACHONATAWIYWCH
6mike K IeHTpy poropa. llo mepe 3a-
MONHEeHHA pPOTOPAa BHORBL TOCT VIIAKIHMH
MOPUMAMH KPOBH JierkKas ppaKiptn RBI=
TecHAETCA K LEeHTPY poTepa W ono ka-
wany 12 srynxu 11 nocrviaer B KOIAR=
nesyi kamepy 18 n1yiukn 11, oTkhyna
OTBOIHUTCA R CTHe A bLuYHR EeMEOCTh.

‘Tlocne pazfiefICcHHA JIO3W KPORH
HIAM GOOAYH BCEro HeobxolnMoro ko=
JHUYEeCTRAa TMPOMBIBHOT O pAcCTBODAa DPOTOP
OCTAHARIHHBAKT M J2PHTPOUMTHYO MACCY
oTHHpAKT 10 TRYDKE 20 r cuenHANLHYIO
eMKOCTh ofpaTiuiM XOj/lOM Hacoca.

HaoGpeTeile no3iponseT npenoTepa=
THTH fehopMalyin aeraneit poropa 1pH
CTEePHITH3AIMH B CAMUY KCCTHKHX YyCno—
BHAX ABTOKJABIPOBANMA 34 CHET HANH™
YHA 3a30poB, OOHECHCUIHBAIHK COCIH™
HeHMEe BHYTPEeHHEel 110J0CTH BCTAaBRKH
¢ BHOWHEH Cpueioit, UTO IPHBO/HT K
MOCTOAHIOMY CTAaGHNHIIOMY JIdBIICHHIO
BHYTPH BCTaBKH B NEpHOJiLl HATpeBAHHA.
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|

Hzobpetenne oTHocHTEA K 06J18CTH MEAHILHH-
CKOH TeXHMKH, a8 HMEHHO K pOTOpam, fnpeaHas-
HaueHHbIM [LAA pa3iefieHust KPoBM Ha naasmy
H GOpPMEHHBIE 3JI€MEHTHl H NIPOMBIBKH THMKEN0H
(hpakilHy KPOBH (3IPHTPOUKHTHON MaCChl) OT KpH-
QAreHTOB 10CJe €€ AJMUTENbHOrO XpardeHWs.

HMasected poTop Ann pasieneHdsl KPOBH H
NPOMBIBKH TAKENOH (pakiui, BKIIOYAOWMAHA
KOpNyc ¢ AHHILEM, Pa3MelleHHYI0 B HEM KOHY-
cooGpa3HyIo BCTaBKYy ¢ 00pa3oBaHHeM MexXay
HHMH KOJbleBol pabouelil NoJOCTH H COCTOS-
Y0 W3 CBA3AHHBIX MeKily coboil Koanaka
AHWILA M CTONKH, PACTIOJOMKEHHOH BEDTHKANLHO
M0 OCH poTopa, YKPenjeHHy1o HeNnoABHAKHO, KOH-
IUEeHTPHUYHO CcTolKe, TPpYOKY i1 N04BOAE Kpo-
BH, MPOMBIBHOH JKHIKOCTH W OTBOAA OTMBITOH
TsKenol¥ @GpakunH, YCTPOHCTBO AJsi OTBOAA

AerKoH (hpakuuu, CMOHTHPOBAHHOE Ha NoOCJel- 1§

Hel Hal BCTABKOM, 3aTBOP POTOp, coAeprKallHi
HEMOMBHIKHYIO BTYAKY € naTpybkoMm 14s OTBO-
fa  Jerkol (ppakuHH.

B n3asecTtHoM potope Kopnyc © AHHILEM H
BCTABKA HEPAIBEMHO CKPEMIEHb MEeMAy cOo-
Goit [1].

HeaocTaTkom H3BeCTHOro poTopa ABNAETCH
HEBO3MOMHOCTL €10 MHOFOKPAaTHOIO HCNONb30-
BAHHUA, 4TO YIAOPOKaeT CTOMMOCTb OTMBIBHOH

20

2
103kl KPOBH W yXVAlAeT KauecTBO pa3jelife-
MbIX pakuni.
Lleabto Hacrtosulero H306PETEHHUA ABISETCH

MOBLILEHHE KauyecTBa H BbIXOAA pa3iefeHHbIX
(PpaKkUHi KPOBM NMPH COXPAHEHHH HX OHOJOTH-
YECKOH aKTHBHOCTH.

IlocTasaenHas Ueab NOCTHraeTCA TEM, 4TO 3a-
TBOpP pPOTOpPa CHAGMEH HMEIOWHM N0 BHYTPEH-
HeMy mnepHmeTpy OOPTHK AHCKOM, pa3MelleH-
HbIM Ha Kopnyce potopa Ha aeMmndupylolem
VNAOTHEHHH, H KOJbUOM, »ECTKO CBA3AHHbIM
CO BTYJKOH ¢ o6pasoBaHHemM Mex1y HHMH no-
JOCTH AJ5 NOABOLA OXJa)1alouleld MXHIAKOCTH
H HMEUIHM OTBEPCTHA S Mpoxojla nocjaei-
Hel Ha TPVILHECA NOBEPXHOCTH, MPH 3TOM KOJ-
NaK BCTABKH VKPenJeH Ha CTOHKe ¢ NoMOolLblo
raexk M BTYJKH C OTBEDCTHEM, CBA3LIBAIOILHM
BHYTPEHHHE NOJOCTH BCTAaBKH W poTOpa, NpH-
4yem JHHUIE BCTABKH H KOPNYca BhINOJHEHbI
KOHYCOOOPa3HbIMH H ChEMHbIMH.

Ha 4yeprerke npeactasaes obulvi BHA poTopa
B paspese.

Potop Bbinoauen pasftopHbiM H CONEPIKHT KOp-
nyc | ¢ AxuileM 2, K KOTOPOMY BHHTOM 3 npHkpen-
neria KokycooOpasHaa BCcTaBka 4, COCTORLLARA
H3 cTOHKH 5 W Koarnaka 6, repmMeTHYHO coelu-
HeHHBLIX Mexay cofoil ¢ nomoulbio raek 7 u 8,
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Jns repMEeTHUHOCTH BHYTPEHHEN NMOMOCTH BCTAB-
KH MPeLyCcMOTPEHbl ABA VIJIOTHHTEALHBIX KOJb-
ua 9 u 10. Crofika 5 B HuxHeldl cBoell uacTtn
umeeT pebpa »xectkoctu 1l st coxpaHeHHs
FeOMETPHUECKOH (hopMbl KOHYyCcoOOpa3HoH BCTas-

4 .

(nmazmy), pacnojaraoniyiocs GNHKe K LeHTpY
poropa. [lpu noctuxenun cjoem niasmbl Ha-
PYACHBIX BTYJOK 24 # 25 naasva nocTynaieuimx
B POTOpP MNOCAEAYIOWMX NOpPUMi KpoBH GyaeT
BEITECHATHCS B LLEJeBH/HOE IPOCTPAHCTBO BHY-

KH 4 NpH yBeJHueHHH A14BJCHHA BO3JAYXa B HEH 5 Tpu BTYJKM 16 M oTBOAMTBLCA natpybkom 17 B
NpH aBTOKJIaBUpOBaHUM. B raiike 8 Brinonue- crelnqanbiyio eMkocTe. [locae 3anoaHenus pa-
HO oTBepcTHe 12, cBH3BIBAIOILCE BHYTPEHHIOW Goueit NMoJoCTH POTOpPa 3PHTPOUHTHOH MAaccoH,
noJocTh BCTABKM 4 H KOJblUEBYIO pabouyio no- COOTBETCTBYOULEH OAHOH 1N03¢ KPOBH, nojaua
JNOCTL poTopa, obpasoBaHHyio Koprnycom | u KPOBH MpeKpallaeTcs, pOTOP OCTaHaBIHWBAeT-
konnaxkom 6. CHapy:ku kopnyca | paameutena esfl, MOCJe 4ero Hacoc MoAaqyd (hH3HOAOrHYec-
MoABHKHAS uacTh 3atsopa — auck 13 ¢ 6op- 9 koro pacTBOpa OTKIOHAETCH H SPHTPOUMTHAR
THKOM |4 10 BHYTpeuHeMy HEPHUMETpY Ha jem- Macca CTeKaeT B HHJKHIOW 4acTb poTopa, oT-
npHpywowem yaotsenuu 15, Bopruk 14 npen- Kyna obDpaTHbBIM X0J0M HAcoca Nojadvd KPOBH
HasHayeH IJisi NPENOXPaHeHHA KOJbLeBOH pa- no Tpybke |9 orbupaerca B cneuHadbHYIO eM-
Gouell NONOCTH OT NONalaklus B Hee CMa3oUHOMN KOCTh.

PKHKOCTH  10CJE OCTAHOBKH poTtopa. [las 15  OTmbIBKA KJAETOK KPOBH OT KPHOArSHTOR Mpo-
yMeHbllleHHs Ko3duuuenta Tpedua auck 13 H3BOAUTCA aHANOTHYHBIM CnocoboM, nocje no-
BLIUIOAHEH H3 HH3KOMPHKUHOHHOrO MaTepuana. Aadd B poTtop no Tpybre 19 pazmoporKeHHbIX
Henoasurkuag wacth 3aTBOpPA, BHINOJHEHHASN IPHTPOLLUTOB HACOCOM HEMNPEPBhIBHO NOAATCA
B BMae BTYAku 16 ¢ nartpyGkom 17, 3akpende- U1 OTMBIBKH PacTBOPLI ONpPeAeseHHOro cocTa-
Ha rafikof 18 wa Tpv6ke 19 aas noasona KpoBH, Ba. OTMBITHE KJIETKH KPOBH OTOHpAlOTCs nociie
NPpOMBIBHOH HAKOCTH H OTBOAA OTMBITOH T#- 20 OCTaHOBKH POTOpa 06PATHLIM XOA0M Hacoca no-
seqof dhpakuun. B wudHel uactu BTyaKu 16 JAaul KpPOBH.

JKECTKO 3aKpernvieHo Koabio 20 tak, uTo Mexiay Baaroaaps BbIMOJHEHMIO MOABHMKHOH dacTH
HHUM M BTYJKOW |6 oGpa3soBana KoablleBas no- 3aTBOPA B BH/E AHCKA ¢ GOPTHKOM NO BHYTPEH-
Jd0¢Th 21 ana noasoaa oxaaxaaniel Kuaxoc- HEMY TepHMeTpPY, YCTAaHOBJGHHOrO Ha aemihu-
TH yepes wTyuep 22. B koabue 20 BbINOAHEHb 25 PYIOLIEM YIAOTHEHHH, & ero HeroABHKHOI uac-
HECKOJbLKO KanuaiApHbIX oTBEPCTHE 23 nns npo- TH — B BH/E BTYJKH, pa3MelieH#ol Ha Tpyoke
X044 OoxJaxAaloulel MHAKOCTH Ha TPYLLHeCs A0A NOABOAE KPOBH M COAEPAKAULEH KOIbUEBYHD
MOBEPXHOCTH 3aTBOpA. MOAOCTL VI OXJaXKAA0LLEeH MHAKOCTH, COEILH-

Ilas oTBOA nNerkoil GpaxkilHd KpoBH npe- HEHYIO KanWJiAPHBIMH OTBEPCTHAMH A0S NPO-

JLYCMOTPEHLl BCTABJEHHBIE APYT B APYra BTy.- XO[# KHIKOCTH Ha  TPYLLHECH MOBEPXHOCLTH
K 24 u 25, cMoHTHpOBaHHBble Ha Tpybke 19 30 3arBopa, obecneudBaeTCs CHUXKEHHE Temnepa-
Ha/ BCTABKOA 4 Takum 00pazom, uTO MexI1y TYpbl AeTaJiei, KOHTAKTHPYIOUIHX C KOMIIOHEeH-
HHMH 0DPA30BAHO V3KOE LUEJEeBHIHOE MpoCT- TaMH KPOBH, 4TO, B CBOK Ouepeib, MOBbILLIAET
paHcTBO, HayWHawouleecsi B paboded MOJOCTH KauecTBO W BbIXOJ pa3ziensemMbiX ¢ppakilneil npu
POTOPA H 34KAHUMBAIOULEECS] B BEPXHEH 4aCTH COXPAHEHHH HX GHOJIOrHUECKOW aKTHBHOCTH.
BTy KK 16 natpy6iom 17. duuine 2 poropa Bbi- Kpome TOro, sbilloJiHeHHEe BCTaBKH POTOpa H3
MOJHEHO KOHYCOOGPA3ZHLIM H CLEMHBLIM, 35 AByx uacrell — CTONKHM M KOnaxa, repMeTuUny-
Pabora portopa 3axmodaercss B chelyiollem. HO CKpenJdeHHblX Mexiav coboit rafikoit c or-
CobpanHblit H3 4HCTBIX AETAJEH POTOP C He- BEPCTHAMH, NO3BOJAAET CHHU3HTL JaB/eHHe BO3-
NOAHOCTBIO 3aTAHYTBIM BHHTOM 3 M rafikoil 18 AyXa NPH HArpese poTopa W Tem CamblM HC-
crepransyerca s asrtokjaase. [locne oxnamkae- KAIOUAET BO3MOMKHOCTL 1ePOPMALUH BCTABKH
HHA poTopa BUHT 3 U rakika |8 zararusaworcs 49 NpH TEIIOBOH CTEPHIH3ALMH.
10 ynopa. Porop MOMEIAeTCH Ha [LIdHWAaHy [MosTomy, 6aaroiaps KOHCTPYKTHBHBLIV OCO-
IIPHBOAHOTO YCTPOHCTBA (HA YepTexKe He NOoKa- OEHHOCTAM NMPeanaraeMoro poTopa, NnosiBHAACH
34H0), a K wryuepam 22 MNOACOEAHHSIOTCSH BO3MOMHOCTL MHOFOKPATHOTO €ro HCHoab3o-
TpyOKK 0T Hacoca nonauu (PU3HOIOrHUECKoro BAHUS, YTO CHH/KAET CTOHMOCTb OTMbIBKH M
PACTBOPA H €MKOCTH /IS CAMBHOM OXJamialo- pa3feseHHn O/HON 103bl KPOBH 10 CPABHEHHIO
wiedt xuakoctu. K tpybke noasoaa 19 noaco- 45 ¢ yapectHuiv. PasGopHOCTh KOHCTPYKILHH POTO-
CAHHAIOTCH KOMMYHHKAUKW OT Hacoca noAauu pa 1O3BOJSAET POBOAHTE TILATEIbHYIO 0GpaboT-
KPoBH, a K matpyOky |7 — emkocTs aast cbopa Ky BCEX NOBEPXHOCTEH €10, CONPHKACAIOILHXCS
naasmel. [lepen Bpaulenwem potopa no wTy- C KPOBBIO, YTO HCKIIOUAET BO3MOMHOCTE WH-
uepy 22 nopaercs npH HeGOALWIOM AaBJACHHH (PHUHPOBAHHS PA3NEIEHHLIX KOMIOHEHTOB W ra-
CTEPH/bBHBIA (PH3HONOTHUCCKHE pACTBOD, nocae 5o PAHTHPYET NOJHYIO GE30NaCcHOCTL s 3:10-
yero BKJIOYAETCH MPHBOAHOE YCTPOHCTBO poTo- POBLS PEIHIHEHTA.

pa.

Tpu Bpawennu potopa no TpyGke noasona 19 Popmyaa uszobpererus

fofaeTcsl HACOCOM KPOBb, KOTOpas, nocrynas

B8 HHIKHIOIO 4acTh KOJblieBOH paGouei nosoctu <5

poropa, UeHTpoGeXHOH cuiioi oTBpachiBaercs
K nepudieprn €ro M pasjensercs Ha Gpaxinu:
TAAKENYIO (IPUTPOLHUTHYIO Maccy) H Jerkyio

PoTtop a4si pa3snenedusi KPOBH U TNPOMbBIBKH
THKENOH (hpakuMK, BKIAOUAWOWHI Kopnyc ¢
AHHMILEM, pa3MelleHHyl0 B HEeM KOHycooOpas-
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HYI0O BCTABKY ¢ 00pazoBaHMeM Meiy HHMH
KOABUEBOH paboueii NOJOCTH H COCTORIVIO H3
CBAZAHHLIX MeMay coboit Koanaka, anHia u
C‘TUHKH. PEICI'IGHU'}KEHH()I:T BG‘pTHKFJ.'IbHi'J 10 OCH
poTOpa, VKPEIJACHHYIO HENOILBHAKHO, KOHILEHT-
pHUHO cTOWKe, TPYOKY 15 HO1BO1A KPOBH, NPO-
MBIBHOH KHIAKOCTH H OTBOAA OTMBITOH TsKe-
J0# hpakuul, VCTPORCTBO 11§ 0TBOAA erkoi
)pakiMK, CMOHTHpOBAHHOE Ha TpyOKe HAal
BCTABKOH, W 3aTBOp  pOTOpa. COIepKaluni
HEMOJABHAHYIO BTYJIKY © MaTpyoKow 1JIs1 0TBO-
12 Jerko#t (PpakumM, OTAUYQIOUACH TeM. uTo.
C UENBI0 MOBLILIEHHS KAUeCTBA PA3LCIeHHbIN
hpakiinif, 3aTBOpP pOTOpa cHalKeH HNEK UL
MO BHYTPEHHEMY HepPHMEeTpPY OGOPTHK AMCKOM,

10

22

650718 .

L]

pasMelleHHbIN Ha XKOPNYCe POTOP2 Ha deMidu-
PYIGILEM VILTOTHEHHI, H KONLILOM, JXECTKO CB5-
3aHHBIM €O BTYVIKOH ¢ 06pE30BaHiied Memay
HUAMI MOJOCTH  AAS MoABOAZ ONJga)iaaouiedl
HUAKOCTH 1 HMEO UM OTBEPCTHR 1S HPONOAA
HocsieaHell Ha TPVILLHeCE NOBEPXHOCTH npiu
STOM KOJANAaK BCTaBKM VKPEILieH Ha cToiike ©
MOMOILLIO F4eK 1 BTIWIKE © OTBepeTHeM, CBR:
ALIBAWONLIIN  BHYTPEHHHE M0JOCTH BCTaBKH U
poropza, [PHYCM AHIUIE BCTaRKH W KOphycd
BLIIGAHCHBL  KOHVCOOOPAIHBIMIE il CheMHbBIMH.
ook HHBOPMALHH, TPHUATBIE BO BHI-
MAHHE NP IKCHEePTH3EE

|. Buomwennasn sanska Opanitnu Ne 2294757,
k1. B 04 B 15/00. 1976.
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(54) POTOP /Ui PABIENEHWA KPOBH ¥ TIPOMHEKH rsoxesion | ey el

OPAKLIHK i
- B n
1 ) 2
HsoGpeTeHHe OTHOCHTCA K o6nacT¥ NEeHHY HemnoOABHXHO KOHIIeHTPHYHO CTORKE
MeOHUHHCKON TEXHHKH, a MMeHHO K PpOTO— TpYORY na nopsona KpPOBH pOMHEHOR
pamM, npenHa3lHadYeHHEM 1A pa3spelfleHus KMOKOCTHM H OTBOna oTMETOR TAXENnOf
KpOBM Ha nnasmy H dopMeHHHEe 3JIeMeHTH . PPAKLHH , ycTpoficTBO VA orBOoza ner-
¥ TIDOMHEBKM THAXEIOH dpakuHH KPOBH (apn- kot bpaKUHH, CcMOHTHpOBaHHOEe Hal BCTaAB~

_Tpcuurnoﬂ Macce) OT KpHOAreHTOB nocne  xofp, W 3aTBOP poT

ONUTenBHOTI'o XpaHeHHHA .

HaBecTHH POTOPH I paszneneHud Kpo- CIIOXHOCTL COBOPKH
BM ¥ MpOMHBKM THXEJIOR dpakuuu, COOEP-|g cneuuanbHEX raex

xamuMe Koprnyc C OHWmeM, pasMemeHRY©0 mei, YTO sHauuTeNnbHO 3aTPYRHAEST ctop=
MexIy HHMH KOHYC

Tpy6KY A NOon
AUAKOCTH OTBOL
uHu, YCTPOHCTBO

a oTMHTOR Taxenof ¢$paK-
ansa oTBona nerxo#

coBpasHYyn BCTAaBKY s Ky u pa3bopKy poT
BOna KPOBH, npoOMHBHOR BpeMs CTEepHIH3auHH pcTaBKH. KpoMe TOTrO,
na-3a pasauyHEX Ko9dPHUUHEHTOB Tero=
POr'C pACHHpeHHs mMeTanna ¥ macTMaccH

opa \31-

HenoCTaTKOM Takoro poTopa ABIAAETCH

pCcTaBKM H3—3a2 HAJIHYHA
H YHHOTHHTEHBHHR KO+

opa ® YBGHHHHBEET

¢paxiiuu ¥ 3aTBOP POTOPA 1lui2). 15 nHO CTORKHM MOCTe TennoBOR CTepHIMSauun
STH POTOPH npenHasHadyeHs ona paso- ne@opmnpyercs, Hapyuana YNINOTHEHHEe Memx=
poro MCHONb3OBaHUA, UTO 3HAYNTENIBHO Oy KonmaxKkoMm ™ nHoM CTORKH, 4TO npHeo—-
ynopoxaeT CTOUMOCTD oﬁpaﬁorauuon nuT_ﬁ nonagaHvn KpPOBH BO BHYTPEHHNIDO

no3H KPOBH.

20 NnonocTe BCTABKH .

. ' TMeTHTB, 9TO GonbmOe
BnuxafumyM TEXHHUYECKHMM pelleHHeM X HeoGXOXUMO O :

npeanoXeHHoMYy H3Oo6peTeHn ABIASTCH

poTOop OJA pasueyieHnd KPOBH H NPpOMHB~

KONMUYeCTBO neTaneft poTopa ynopoxaeT
ero CTOMMOCTE, TPH sTOM NOBHIAETCH

KM TAXeJon dpakuuyn, BKMOYaMMA KOPNYC TPYIOEMKDCTE H cHumaeTCH xawecrnq

cO 'CheMHEM NHMEM, PasMeMeHHy®o B nan 25 COOPKE POTOPA. i

c ofpasoOBaHHeM KonbieBofl patouefi NOIOC—. llenso W3OOpeTEeHHA aBNAETCA yhnpoue—
TH KOHYCcooOpa3Hyw BCTABKY, cocTosmyw .  HHe KOHCTPYKIHH , MOBHEHHE HanexHOC=
M3 CBA2IAHHHX Mexny cofof Konnaka, ™ paBoTH H cHUXEeHHe CTOHMOCTH.
CHEMHOID OHHmMA H CTORKH, pacrnosoxeH= - Iina sTOTO B npennoxeHHOM poTOpEe B

* yof BEpPTHKaNBHO IO OCH pPOTOPA, yxp_an-;w paGouefi NoOgOCTH H

HXHAA 4YacTh xopnyca
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