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Claim
1. A method for separating blood inteo constituents,

comprising the steps of:

providing a first tubing portion having a first
blood separator and a phlebotomy needle;
applying said first tubing pcrtidn to an
apheresis instrument;

connecting the needle to a blood donor to supply
whole blood to the first tubing portion;
overating the instrument to flow whole blood to
the separator;

separating from the whole blood in the first
separator a first-blood-constituent-rich plasma;
providing a second tubing portion having a second
blood separator;

disconnecting the phlebotomy needle from the
donor;

removing the first tubing portion from the
./2
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12. A

instrument;

applying the second tubing portion to the
instrument

operating the instrument to supply the first-
blood-constituent-rich plasma to the second
separator; and

separating the first-blood-constituent from the
first-blood-constituent-rich plasma to provide a

first-blood-constituent concentrate.
method for separating blood into constituents,

comprising the steps of:

o

providing a tubing set having first and second
blood separatcrs and a phlebotomy needle;
applying part of said tubing set including the
first separator to an apheresis instrument;
connecting the needle to a blood donor;
operating the instrument to flow blood from the
donor to the first separator;

separating from the whole blood in the first
separator a first-blood-constituent-rich plasma;
thereafter applying another part of said tubing
set including the second blood separator to the
instrument;

operating the instrument to supply the first-
blood-constituent-rich plasma to the second
separator; and

separating in the second separator the first-

blood-constituent from the first-blood-

../3
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constituent-rich plasma to provide a first-blood-
constituent concentrate.

21. A harness set for application to a blood donor for
sequentially generating platelet rich plasma from the donor's
whole blood and platelet concentrate from the platelet rich

plasma using the same apheresis instrument, comprising

first and second separators for separating whole
blood into platelet-rich plasma and packed cells)
a pnlebotomy needle;

a discrete platelet-rich plasma collection
container;

first tubing means connected to said phlebotomy
needle, said first separator and said container
for supplying whole blood from a donor to said
first separator for separation into platelet-rich
plasma and for supplving the platelet-rich plasma
to said container;

a reservoir connected by said first tubing means
petween said needle and said first separator
whereby said first tubing means enables delivery
of whole blood from the donor to said reservoir
and from said reservoir to said first separator,
third tubing means connecting between said first
separator and said reservoir for receiving packed
cells from said first separator, means for
reinfusing the packed cells from said reservoir
to the donor through said needle;

a discrete platelet concentrate collection

.../q.
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container;

second tubing means connected to said platelet-
rich plasma collection container, said second
separator and said platelet concentrate
collection container for supplying the platelet-
rich plasma in said platelet-rich plasma
collection container to said second separator for
separation into platelet concentrate and for

supplying the concentrate to said concentrate

container.
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(57) Abstract . r

A tubing or harness set (10) |
is provided having first and sec- l
ond portions sequentially appli-
cable to a microprocessor-con- I
trolled hemapheresis instrument
(H) for generating platelet con-
centrate. The first portion in- AJ
cludes a reservoir (22) having dual
compartments (24, 26) and a se- I
parator (46). The instrument (H)
and the first portion of the har- |
ness set alternately collect whole
blood from the donor and rein-
fuse packed cells into the donor |
while simultaneously continuous-
ly separating whole blood into |
packed cells and platelet-rich
plasma. Upon collection of a I
predetermined quantity of plate-
let-rich plasma, the donor is dis- |
connected from the phlebotomy
needle (12) of the harness (10), the |
first harness portion is removed
from the instrument (H) and the
second harness portion is applied
to the instrument (H). The second

harness portion includes a separator (62) for receiving platelet-rich plasma from the collection container(60) of the first
harness portion and separating such plasma into platelet concentrate and platelet-depleted plasma.
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APPARATUS AND METHODS FOR
GENERATING PLATELET CONCENTRATE

BACKGROUND OF THE INVENTION

The present invention relates generally to
apparatus and methods for separating constituents of
blood and particularly relates to apparatus and

methods for generating platelet concentrate from
whole blood.

There are a number of automated, on-line donor
hemapheresis systems for the separation of whole
blood into two or more of its constituents. Such
systems are designed to collect a predetermined
volume of plasma from a donor using a fully automated
processing program in conjunction with a hemapheresis
instrument and a disposable tubing set or harness
packaged separately from the instrument. In U.S.
patent application Serial No. 644,032, filed
August 24, 1984, there is disclosed a two-needle
system for the continuous separation of platelet
concentrate from whole blood. In that system, whole
blood is first separated into platelet-rich plasma
and packed cells, the latter being returned to the
donor by way of the separate second needle. The
platelet-rich plasma is then separated into
platelet-poor or depleted plasma and platelet
concentrate. While the two separations are performed

sequentially, the system is continuous in that
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platelet concentrate is generated continuously while

the system is connected with the donor.

Another automated system for separating blood
into components, including platelet-rich plasma, is
the CS-300® centrifugal separator sold by Baxter
Healthcare Corp. of Deerfield, Illinois, .U.S.A.

There has also been developed an instrument
which provides for alternate blood collection and
packed cell reinfusion cycles through a single
needle, while simultaneously and continuously
separating whole blood into packed cells and
platelet-rich plasma. Such platelet-rich plasma has
a platelet count of approximately 600,000 platelets
per microliter. To further concentrate the
platelet-rich plasma, it has been the practice to
send the container having the platelet-rich plasma to
another location, i.e., a laboratory, where another
separator is used to separate platelet concentrate
from the platelet-poor plasma. The platelet
concentrate, following a period of incubation, rest
and then resuspension would then be stored until
use. Such platelet concentrate has about 1.8 million

platelets, or more, per microliter of plasma.

As will be appreciated, there is little world
market for platelet-rich plasma directly inasmuch as
clinicians do not transfuse platelet-rich plasma

directly but do transfuse platelet concentrate.
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Thus, platelet concentrate is the more sigﬂificant
product. However, the logistics of the secondary
senaration of platelet-rich plasma into platelet
concentrate is significant inasmuch as generation of
platelet-rich plasma from whole blood and
concentrating those platelets into platelet
concentrate is usually performed by different people,
with different objectives. The latter requires a
significant amount of attention and talent and there
are many aspects of the .procedure where error could
affect the quality of the results. Thus, it is
desirable to generate the platelet concentrate
generally at about the time whole blood is taken from
the donor and first separated into platelet-rich

plasma, and heve one person responsible for preparing
the concentrate.

According to the present invention, the
platelet-rich plasma is concentrated into platelet
concentrate and platelet-poor plasma using the same
instrument designed for producing platelet-rich
plasma immediately following the taking of whole
blood from the donor. Additionally, the procedure of
the present invention for producing platelet
concentrate does not subtract from or add to the
critical donor connect time on the instrument as
compared with the time on the instrument for
producing platelet-rich plasma. That is, when
producing platelet-rich plasma, there is usually a

time period after the donor is disconnected from the
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instrument during which the donor rests in the donor
chair next to the instrument and the instrument is
not used. This time period is used to advantage in
the present invention to further process the
platelet-rich plasma to platelet concentrate by using
the otherwise idle instrument. Consequently, the
present invention concentrates platelet-rich plasma
into platelet concentrate and platelet-poor or
platelet-depleted plasma discontinuously with the
initial collection and separation of whole blood into
blatelet-rich plasma and packed cells and after the
donor has been disconnected from the collection and
reinfusion harness set. Advantageously, platelet
concentrate may be produced in accordance with this
invention in conjunction with a novel tube set or

harness which enables-single-needle alternate

collection of whole blood and reinfusion of packed
cells while the separator continuously separates

platelet-rich plasma from the whole blood.

To accomplish this, the harness set has first
and second integrally connected tubing portions, each

containing a separator. The first tubing portion

contains a reservoir having dual compartments. After

the first tubing portion is applied to the instrument

and venepuncture is accomplished, collection of
platelet-rich plasma is effected by alternately
collecting anticoagulated whole blood and reinfusing
packed cells. Simultaneously, the instrument and

first tubing portion cooperate to continuously
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separate platelet-rich plasma and packed cells. Once
a sufficient quantity of platelet-rich plasma is
obtained, the first tubing portion is sealed, severed
from the second tubing portion and disconnected from
the instrument. The donor is also disconnected from
the harness set. Thereafter, the second. tubing
portion is applied to the instrument for processing
the platelet-rich plasma to generate platelet
concentrate. It will be appreciated that the
foregoing is accomplishéd in an entirely closed
system thereby maintaining system sterility
throughout. Moreover, the same operator who
performed the venepuncture and obtained the initial
separation of anticoagulated whole blood into
platelet-rich plasma and packed cells also performs
the platelet concentration. The latter may be
effected during the time subsequent to blood
collection when the donor is resting and the
instrument is otherwise idle. Improved guality and

control of this quality is thus achieved.

In accordance with a specific preferred
embodiment of the present invention, there is

provided a method for separating blood into

"-—-1 i

constituents, comprising the steps of providing a

"ok

first tubing portion having a first blood separator
and a phlebotomy needle, applying the first tubing
portion to an apheresis instrument, connecting the
needle to a blood donor to supply whole blood to the

first tubing portion, operating the instrument to
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flow whole blood to the separator, separating from
the whole blood in the first separator a
first-blood-constituent-rich plasma, providing a
second tubing portion having a second blood
separator, disconnecting the phlebotomy needle from
the donor, removing the first tubing portion from the
instrument, applying the second tubing portion to the
instrument, operating the instrument ‘to supply the
first-blood-constituent-rich plasma to the second
separator and separating the first-blovod-constituent
from the first-blood-constituent-rich plasma to

provide a first-blood-constituent concentrate.

In accordance with another aspect of the present
invention, there is also provided a method for
separating blood into constituents, comprising the
steps of providing a tubing set having first and
second blood separators and a phlebotomy needle,
applying part of the tubing set including the first
separator to an apheresis instrument, connecting the
needle to a blood donor, operating the instrument to
flow blood from the donor to the first separator,
separating from the whole blood in the first
separator a first-blood-constituent-rich plasma,
thereafter applying another part of the tubing set
including the second blood separator to the
instrument, operating the instrument to supply the
first-blood-constituent-rich plasma to the second
separator and separating in the second separator the
first-blood-constituent from the

‘
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first-blood-constituent-rich plasma to provide a

first-blood-constituent concentrate.

In a further embodiment of the present
invention, there is provided a harness set for
application to an apheresis instrument, comprising
first and second separators for separating blood into
constituent parts, a phlebotomy needle, a
first-blood-constituent-rich plasma collection
container, first tubing means connected to the
phlebotomy needle, the first separator and the
container for supplying whole blood from a donor to
the first separator for separation into a
first-blood-constituent-rich plasma and for supplying
the first-blood-constituent-rich plasma to the
container, a first-blood-constituent concentrate
collection container, second tubing means connected
to the first-blood-constituent-rich plasma collection
container, the second separator and the concentrate
collection container for supplying the
first-blood-constituent-rich plasma in the
first-blood-constituent-rich plasma collection
container to the second separator for separation into
a first-blood-constituent concentrate and for

supplying the concentrate to the concentrate
container.

Accordingly, it is a primary object of the
present invention to provide novel and improved

apparatus and methods for generating platelet
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concentrate wherein a single microprocessor
controlled hemapheresis instrument is used in
conjunction with an integrated harness set having
first and second tubing portions sequentially applied
to the instrument to first produce platelet-rich
plasma from the donor's anticoagulated whole blood
and, thereafter generate platelet concenfrate from
the platelet-rich plasma after the donor has been

disconnected from the harness set and instrument.

These and further objects and advantages of the
present invention will become more apparent upon
reference to the following specification, appended
claims and drawings.

BRIEF DESCRIPTION OF THE DRAWING FIGURES

Figure 1 is a schematic view of a tubing or
harness set for use in the generation of platelet

concentrate in accordance with the present invention;

Figure 2 is a front elevational view of a
hemapheresis instrument illustrating a first tubing
portion of the harness set of Figure 1 applied to the
instrument; and

Figure 3 is a view similar to Figure 2
illustrating the hemapheresis instrument with a

second tubing portion of the harness set applied to
the instrument.
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DETAILED DESCRIPTION OF THE DRAWING FIGURES

Reference will now be made in detail to the
present preferred embodiment of the invention, an

example of which is illustrated in the accompanying
drawings.

Referring now to the drawings, particularly to
Figure 1, there is illustrated a tubing or harness
set, generally designated 10. 1In accordance with the
present invention, harness set 10 may be applied to a
microprocessor controlled hemapheresis instrument,
for example, the instrument H illustrated in Figures
2 and 3, in a manner to effect collection of whole
blood from a donor through a single needle,
separation of the whole biood into packed blood cells
and platelet-rich plasma, reinfusion of the packed
blood cells to the donor, and subsegquent separation
of platelets from the platelet-rich plasma to provide
platelet concentrate. While the present invention is
described in conjunction with a single needle
venepuncture set with its attendant features and
advantages, it will be appreciated that the invention

is also applicable to two-needle systems.

Tubing set 10 is provided with a single
venepuncture needle set 12 fcr alternately receiving
whole blood from a donor and reinfusing packed cells
into the donor. Venepuncture needle set 12

communicates with a blood line 14. An anticoagulant
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line 16 has an anticoagulant spike 18 at one end for
reception in an anticoagulant supply container 20,
illustrated in Tigure 2. At the opposite end,
anticoagulant line 16 joins blood line 14 in a
Y-connection closely adjacent the single venepuncture
needle 12,

Tubing set 10 also includes a reservoir 22.
Reservoir 22 is divided into a pair of side-by-side
compartments 24 and 26. Outlet ports 28 and 30 are
provided at the lower ends of compartments 24 and 26,
respectively. Draw tubes 32 and 34 are disposed in

compartments 24 and 26, respectively, in

communication with respective outlet ports 36 and 38
at the upper end of reservoir 22. Blood line 14
branches, at a Y-connection 40, into branch line 42
"connecting blood line 14 with inlet port 28 of
compartment 24, and a branch line 44 which connects
blood line 14 with outlet port 38 of compartment 26.
Tubing set 10 additionally includes a separator 46
tor separating platelet-rich plasma and packed cells
from anticoagulated whole blood. A separator of this
type is described and illustrated in co-pending U.S.
patent applicatior. Serial No. 002,804, entitled
"Continuous Centrifugation System and Method for

Diractly Deriving Intermediate Density Material from

a Suspension."” Suffice to say for present purposes,
separator 46 has a whole blood inlet port 48, a
packed cell outlet port 50 and a platelet-rich plasma
outlet port 52. Line 54 connects the lower whole

blood outlet port 30 of reservoir compartment 26 with
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the inlet port 48 of separator 46. Line 56 connects
the packed czll outlet port 50 of separator 46 with
inlet port 36 for supplying packed cells to
compartment 24 of reservoir 22. Tubing 58 connects
between the platelet-rich plasma outlet port 52 of
separator 46 and a platelet-rich plasma collection
container 60.

The foregoing described portion of harness set
10 is, for convenience hereafter, identified as the
first tubing portion, whereas the following
description of the remaining portions of tubing or
harness set 10 is identified as the second tubing
portion. It will be appreciated from this
description that the first and second tubing portions
form an integral or unitary harness set 10 which is
packaged and sold for one-time use with the

instrument H disclosed in Figures 2 and 3 hereof.

The second tubing portion of harness set 10 also
includes in use the platelet-rich plasma container 60
which serves as the platelet-rich plasma supply from
which platelets are concentrated upon application of
the second tubing portion to instrument H, as
described hereinafter. The second tubing portion
also includes a separator 62 of the rotary filter
membrane type, such as described and illustrated in
U.S. application Serial No.591,925 filed March 21,1984.
Suffice to say, this separation chamber 62 filters

the platelet-rich plasma received from container 60
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to provide platelet concentrate and platelet-poor or
depleted plasma filtrate. Separator 62 has a
platelet-rich plasma inlet port 64, a platelet-poor
or depleted plasma outlet port 66 and a platelet
concentrate outlet port 68. Container 60 has a
platelet-rich plasma outlet port 70 in communication
with inlet port 64 of separator 62 via tubing 72. A
platelet-poor plasma collection'container 74
communicates with the outlet port 66 of separator 62
via tubing 76. Finally, platelet concentrate outlet
port 68 of separator 62 communicates with a platelet

concentrate collection container 78 via tubing 80.

As an alternative, the platelet-rich plasma
tubing 72 may be connected to the lower tangential
port 68 of separator 62 and the platelet concentrate
tubing 80 may be connected to the upper tangential
port 64 of separator 62. The separator will operate
to provide platelet concentrate using this alternate
connection. However, the illustrated embodiment is
preferred because it facilitates ready removal of the

final aliquot of blood product from separator 62 at
the end of the procedure.

As indicated previously, harness set 10 is
disposable and preferably each of the first and
second tubing portions are separately provided in
discrete flexible plastic containers or pouches
indicated by the dashed lines designated A and B,

respectively, in Figure 1. Thus, when the first

PCT/US88/04191 _
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tubing portion is used in conjunction with the
instrument illustrated in Figures 2 and 3, as
hereinafter described, the second tubing portion may
be retained in its plastic container or pouch B and
disposed on an available hook on the instrument until
the first tubing portion is removed from the
instrument and the second tubing portion is applied
thereto. It will be understood, however, that the
first and second tubing portions are integrally
connected one to the other and comprise a single
closed blood collection, reinfusing and separation
system. Accordingly, while the first and second
tubing portions may be provided in discrete pouches A
and B, they are interconnected and their provision in
discrete pouches is for convenience of use only as

will be apparent from this description.

Turning now to Figures 2 and 3, the relevant
operating components of the hemapheresis instrument H
will now be described. The instrument is provided
with various pumps, detectors, clamps, and the like,
under control of a microprocessor, for cocdperation
with harness set 10 when applied to the imnstrument.
As illustrated in Figure 2, and in relevant part,
there are provided pumps P1l, P2, P3 and P4 on the
front face of instrument H. These pumps are
preferably of the peristaltic type and cooperate with
the various tubings of the harness set to flow blood ‘
in the desired directions between the various

elements of the harness set. Also, a series of

PCT/US88/04191
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clamps are provided which receive various tubings of
harness set 10. The clamps are movable between open
or closed positions and thus operate to open or close
the tubings disposed in the clamps. For present
purposes, only clamps C2 and CS5 need be identified.
The face of the instrument also contains a pressure
transducer 82, a hemoglobin detector 84, an air
detector 886, sensors, not shown, for determining the
levels of liquid in reservoir 22, and a mount or
lower holder 88 for the separators 46 and 62 of
harness set 10. The face of instrument H also
includes a motor cup 90 for mounting motor magnets
which, in turn, drive the separator rotors. Thus,
separators 46 and 62 may be installed sequentially on
lower mount 88 with their upper ends in the motor
cup, whereby magnetic connection is effected between
the magnetic drive motor and the rotor of the
installed separator.

In accordance with the method of separating
blood into constituent parts according to the present
invention, the first tubing portion of harness set 10
is applied to the instrument face, while the second
tubing portion is preferaplyAretained in its pouch B
and hung from an available hook on the instrument.
Under control of the microprocessor, instrument H
operates the pumps, clamps, detectors and the like in
conjunction with the first tubing portion of harness
set 10 to separate platelet-rich plasma from whole
blood and reinfuse packed cells into the donor. The

——— e e m e e
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first tubing portion 10 is then removed from the
instrument, severed from the second tubing portion
and discarded. The donor is also disconnected from
the harness set and the instrument. The second
tubing portion is then applied to the instrument to
generate platelet concentrate from the platelet-rich
plasma previously generated. The procedure for
ultimately providing platelet concentrate will now be

described in detail.

The various tubings of the first tubing portion
are applied to instrument H as follows: blbod line 14
is disposed.in blood pump P1l; lines 42 and 44 are
disposed in clamps C5 and C2, respectively; line 54
is applied to pump P3 and line 56 is applied to pump
P4. Reservoir 22 is mounted on the face of the
instrument, by means not shown, and separator 46 is
disposed on mount 88 with its upper end disposed in
motor cup 90 such that the drive rotor of separator
46 is coupled magnetically to the drive motor of the
instrument. Platelet-rich plasma line 58 is disposed
in hemoglobin detector 84 and platelet-rich plasma
container 60 is hung from a weight scale on a lower
part of the instrument. Anticoagulant line 16 is
connected at one end to a supply of anticoagulant,
i.e., supply container 96, for supplying
anticoagulant via line 16 to blood line 14 adjacent
the venepuncture needle 12. The blood line 14 is

.also passed through air detector 86. The second

tubing portion is retained in its individual pouch B

PCT/US88/04191
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which is hung from an available hook on the

instrument in an out-of-the-way location.

In operation, various procedures are followed
under control of the microprocessor for performing
certain instrument functions which need not be
described herein. Suffice to say, that after set-up
and following wvenepuncture perfofmed'on the donor and
priming of the separator and reservoir, the
instrument, in cenjunction with the first tubing
portion, is ready to alternately collect whole blood
from the donor and reinfuse packed red cells into the
donor while whole blood is simultaneously and
continuously supplied to the separation device to
produce platelet-rich plasma and packed cells. Thus,
clamp C2 is opened, clamp C5 is closed and pumps Pl,
P2, P3 and P4 are actuated. Whole blood therefore
flows through the single venepuncture needle 12 and
blood line 14, past open clamp C2, and into whole
blood compartment 26 via branch line 44 and inlet
port 38 of reservoir 22. Anticoagulant is added to
the whole blood by pump P2 via line 16 at its
Y-connection with blood line 14. Closed clamp C5
prevents flow of anticoagulated whole blood into
reinfusion line 42. Pump P3 pumps whole blood from
compartment 26 through outlet port 30 via line 54
into separator 46 via inlet port 48. Packed cells
are pumped from separator 46 through outlet 50 via
line 56 by pump P4 into reservoir compartment 24
through inlet port 36. Platelet-rich plasma flows
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from separator 46 via line 58 into collection
container 60. Thus, during collection,
anticoagulated whole blood is supplied compartment 26
and separator 46 while packed cells are supplied

compartment 24 and platelet-rich plasma is supplied
container 60.

The system hereof provides for the alternate
collection of whole blood from the donor and
reinfusion of packed cells or platelet-depleted
plasma into the donor wnhile separator 46
simultaneously and continuously receives
anticoagulated whole blood for separation into the
platelet-rich plasma and packed cells. To accomplish
this, sensors, n: %t shown, on the instrument face
detect the level of fluids in the compartments of the
reservoir. When the compartments are full, the
microprocessor, in response to the detected signals,
causes instrument H to change from its blood
collection cycle to its reinfusion cycle. In the
reinfusion cycle, clamp C2 is closed and clamp C5 is
opened, pump P2 is stopped, and pump Pl is reversed
to pump packed cells from compartment 24 of reservoir

22 into the donor through venepuncture needle 12.

) Pumps P3 and P4, however, continue to operate to

(j“ respectively provide anticoagulated whole blood from
the compartment 26 of reservoir 22 to separator 46
and supply packed cells from separator 46 to
compartment 24 of reservoir 22. When the packed

cells and the supply of whole blood are substantially
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depleted from compartments 24 and 26, respectively,
these low liquid levels are sensed. At that time,
the microprocessor causes instrument H to change from
its reinfusion cycle to its blood collection cycle.
Thus, clamp C2 is opened, clamp C5 is closed, pump P2
is started, and pump Pl is reversed to again flow
anticoagulated whole blood to the whole bloéd
compartment 26, which has been substantially depleted
of whole blood during the reinfusion cycle. It will
be appreciated that during the alternate collection
and reinfusion cycles, whole blood is continuously
pumped from reservoir compartment 26 to separator 46‘
by pump P3 whereby separation is effected
continuously. Thus, platelet-rich plasma flows
continuously from separator 46, while anticoagulated
whole blood is continuously supplying separator 46.
When the desired quantity of platelet-rich plasma has
been collected in container 60, the microprocessor
controls the instrument to purge the system of blood
products. At this time, it will be appreciated that
the venepuncture needle 12 is withdrawn from the

donor and the donor is otherwise disconnected from

instrument H.

Having collected the desired quantity of
platelet-rich plasma in collection container 60, the
first tubing portion of harness set 10 is removed
from the instrument. The platelet-rich plasma line
58 is then heat-sealed just above the inlet port to

container 60. The first tubing portion may then be
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cut away above the seal and discarded. The second
tubing portion, including container 60 with the
platelet-rich plasma therein, is thén applied to
instrument H, as illustrated in Figure 3. It will be
appreciated that in the preferred embodiment, the
same instrument H is used, although it will be

recognized that this separate operation to produce

the platelet concentrate may be performed on a
separate instrument. To accomplish this, container
60, the platelet-poor plasma bag 74 and the platelet
I concentrate container 78 are hung from hooks

! conveniently disposed along the underside of the

instrument. Separator 62 is disposed on mounting 88

and its upper end is disposed in mounting cup 90 for
magnetic coupling with the drive motor of the
instrument. Tubing 72 interconnecting platelet-rich
plasma container 60 and separator 62 is disposed in
pump Pl and the ultrasonic air detector 86. Tubing
76 is disposed about pump P3, while tubing 80 is
disposed in the hemoglobin detector 84.

To produce platelet concentrate, the

microprocessor controls the instrument to actuate

pump Pl to pump platelet-rich plasma from container
60 into séparator 62. The rotary membrane filter of
ﬁ; separator 62 causes the platelet-rich plasma to
separate into platelet-poor plasma and platelet
concentrate. The platelet-poor plasma is pumped by
pump P3 from separator 62 for flow via line 76 for

collection in container 74. The desired platelet
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concentrate flows from separator 62 via line 80
through the hemoglobin detector 84 into platelet
concentrate container 78.

The instrument is programmed such that it knows
the weight of the platelet-rich plasma collected in
the first cycle. Additionally, the phlebotbmist has
input the instrument with the desired guantity of
platelet concentrate. The pumps are controlled by
the microprocessor such that the desired gquantity of
product is provided platelet concentrate collection
container 78. At the end of the procedure, the
platelet~rich plasma bag is sensed for air in the
tube 72 in ultrasonic air detector 86, indicating the
end of the platelet concentration cycle. 1If the
final weight of platelet concentrate is .ow, the
instrument can pump platelet-poor plasma back through
the device and into the platelet concentrate bag. If
the final weight of the platelet concentrate is high,
the instrument can pump more platelet concentrate
back through separator 62 into the platelet-rich

plasma container and reprocess.

Significantly, the platelets separated by
separation device 62 regquire no incubation period or
resuspension procedure to produce infusable
platelets. This greatly reduces labor and improves

the quality of the product.

Consequently, it will be appreciated that, in

PCT/US88/04191 .
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accordance with the present invention, there has been
provided apparatus and methods for producing platelet
concentrate from platelet-rich plasma in a
discontinuous process after the donor is disconnected
from the harnzss set. The instrument retains all of
the advantages of alternating collection and
reinfusion cycles with continuous flow of whole blood
through the first separator for continuous
separation, with the additional advantage that the
platelet concentration procedure may take place
immediately subsequent to the platelet-rich plasma
collection procedure on the same instrument while the
donor is disconnected from the harness set and
instrument and is at rest. Platelet concentration is
achieved without effectively increasing instrument or
donor time because both donor and the instrument
would normally be at rest immediately subsequent to

the platelet-rich plasma collection procedure.

While the invention has been described in
connection with what is presently considered to be
the most practical and preferred embodiment, it is to
be understood that the invention is not to be limited
to the disclosed embodiment, but on the c¢ontrary, is
intended to cover various modifications and
equivalent arrangements included within the spirit
and scope of the appended claims.

PCT/US88/04191



—-20-

THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:
1. A method for separating blood into constituents,
comprising the steps of:

providing a first tubing portion having a first
blood separator and a phlebotomy needle;
appiving said first tubing portion to an
apheresis instrument;
connecting the needle to a blood donor to supp.ly
whole blood to the first tubing portion;
operating the instrument to fiow wnhole blood to
the separator;
separating from the whole blood in the first
separator a first-biood-constituent-rich pliasma;
providing a second tubing portion having a second
biood separator;
disconnecting the phiebotomy needie from the
donor;
removing the first tubing portion from the
instrument;
applving the second tubing portion to the
instrument
operating the instrument to supply the first-
blood~constituent-rich pliasma to the second
separator; and
separating the first-blood-constituent from the
first-blood-constituent-rich plasma to provide a

first-blood-constituent concentrate.
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2. A method according to claim 1 including providing
first and second tubing portions integral one with the other
as part of a unitary tubing set.

3. A method according to claim 1 or claim 2 wherein

irst

i

said instrument has a pump, the step of applyving the
tubing portion to the instrument inciuding applying a tube
thereof to the pump for pumping whole blood to the first
separator, and wherein the step of appiying the second tubing
portion to the instrument includes applying a tube thereof to
the pump for pumping the first-biood-constituent-rich piasma
to the second separator.

4. A method according to any one of cliaims 1 to 3
wherein each of said separators has a rotary eliement to
faciiitate the respective separation, said instrument having

at least one drive means for driving said elements, wherein

the step of applying the first and second tubing portions to
the instrument includes applying the first and second

separators thereof sequentially to the same drive means such
that the rotatable element of each separator is driven by the

same drive means.

5. A method according to any one of the proceeding

claims including providing said first and second tubing

portions integral one with the other as part of a unitary
tubing set, providing a container for receiving the first-
blood-constituent-rich plasma from the first separator and

sealing the container from the first tubing portion after the
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first-blood-constituent-rich plasma has been separated, and
before the instrument is operated to provide the first-blooa-
constituent-rich plasma to the second separator.

6. A method according to cliaim & incliuding, after
sealing, severing the first tubing portion from the second
tubing portion.

7. A method according to cliaim 5 wherein the first and
second tubing portions constitute a closea system for
retaining the blood constituents, and incliuding the further
steps of separating the first tubing portion from the seconad
tubing portion after sealing the container such that the
separated blood constituents remain in a closed system.

8. A method according to claim 1 wherein each of said
separators has a rotary element to facilitate the respective
separation, said instrument having a pump and a single means
for driving said elements, the step of appiying the first
tubing portion to the instrument including applving a tubing
thereof to the pump for pumping wholie blood to said first
separator, the step of applying the second tubing portion to
the instrument including applying a tubing thereof to the
pump for pumping the first-blood-constituent-rich plasma to
the second separator, the step of applying the first and
second tubing portions to the instrument including applying
the separators thereof sequentially to the single drive means
such that each separator is driven by the same drive means.

9, A method according to claim 8 inciuding providing

said first and second tubing portions integral one with the
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other as part of a unitary tubing set, providing a container
for receiving the first-bliood-constituent-rich piasma from
the first separator, and sealiing the container from the first
tubing portion after the first-blood-constituent-ricr p.asma
has been separated, and before thne instrument is operated to
provide the first-blood-constituent-rich plasma to the second

separator, said first and second tubing portions constituting

a ciosed system for retaining the blood constituents, and
inciuding separating the first tubing portion from the second
tubing portion after sealing the container such that the
separated blood constituents remain in a closed system.

10. A method according to ciaim 1 including
continuously separating the first-blood-constituent-rich
plasma while alternating collecting whole bliood from the
donor and reinfusing first-blood-constituent-depleted plasma
into the donor.

il. A method according to claim 1 including separating
packed ceils from the whole blood in the first separator, anc
wherein the first tubing portion inciudes a reservoir for

receiving the packed cells from the first separator and whole

blood from the donor and further including the step of

éf alternately collecting whole blood from the donor in said

“ reservoir and reinfusing the packed cells from the reservoir
into the donor while simultaneously and continuousily
separating the first-blood-constituent-rich plasma from the

whole blood in the first separator.
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A method for separating blood into constituents,

comprising the steps of:

13.

providing a tubing set having first and second
blood separators and a phlebotomy needle;
applying part of said tubing set including the
first separator to an apheresis instrument;
connecting the needle to a blood donor;
operating the instrument to flow blood from the
donor to the first separator;

separating from the whole blood in the first
separator a first-blood-constituent-rich plasma;
thereafter applying another part of said tubing
set including the second blood separator to the
instrument;

operating the instrument to supply the first-
blood-constituent-rich plasma to the second
separator; and

separating in the second separator the first-
blood-constituent from the first-blood-
constituent-rich plasma to provide a first-blood-

constituent concentrate,

A method according to claim 12 including
disconnecting the needle from the donor after the first-

blood-constituent-rich plasma has been separated and before
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the first-blood-constituent is separated in the second
separator to provide the first-blood-constituent concentrate.

14, A method according to claim 12 including separating
packed cells from the whole blood in the first separator and
reinfusing into the blood donor through said needle the
packed cells separated from the whole blood in the first
separator.

15. A method according to claim 12 including
continuously separating the first-blood-constituent-rich
plasma while alternating collecting whole blood from the
donor and reinfusing first—blodd—constitunet—depleted plasma
into the donor.

16. A méthod according to claim 12 wherein said
instrument has a pump, the step of applying the tubing set
including the first separator to the instrument including
applying a tube thereof to the pump for pumping whole blood
to the first separator and wherein the step of applying the
tubing set includes the second separator to the instrument
includes applying a tube thereof to the pump for pumping the
first-blood-constituent-rich plasma to the second separator.

17. A method according to claim 12 wherein each of said
separators has a rotary element to facilitate the respective
separation,‘said instrument having a single means for driving
said elements, wherein the step of applying the tubing set to
the instrument includes applying the first and second

separators thereof sequentially to the single drive means




P

-

Y X

caan

-28-

such that the rotatable element of each separator is driven
by the same drive means.

18. A method according to claim 12 including providing
a container for receiving the first-blood-constituent-rich
plasma from the first separator and sealing the container
from the first separator after the first-blood-constituent-
rich plasma has been separated, and before the instrument is
operated to provide the first-blood-constituent-rich plasma
to the second separator.

19. A method according to claim 12 including separating
packed cells from the whole blood in the first separator, and
wherein the part of the tubing set including the first
separator also includes a reservoir for receiving the packed
cells from the first separator and whole blood from the donor
and further including the step of alternately collecting
whole blood from the donor in said reservoir and reinfusing
the packed cells from the reservoir into the donor, while
simultaneously and continuously separating the first-blood-
constituent-rich plasma from the whole blood in the first
separator.

20. A method according to claim 12 wherein the first-
blood-constituent-rich plasma constitutes platelet-rich
plasma and the first-blood-constituent concentrate
constitutes platelet concentrate.

21. A harness set for application to a blood donor for
sequentially generating platelet rich plasma from the donor's
whole blood and platelet concentrate from the platelet rich

plasma using the same apheresis instrument, comprising
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first and second separators for separating whole
blood into platelet-rich pliasma and packed cells)
a phlebotomy needle;

a discrete plateiet-rich plasma collect:ion
container;

first tubing means connected to said pniepotomy
needlie, said first separator and said container
for suppiying whole blood from a donor to said
first separator for separation into plateiet-rich
plasma and for supplving the platelet-rich piasma
to said container;

a reservoir connected by said first tubing means
between said needle and said first separator
whereby said first tubing means enables delivery
of whole blood from the donor to said reservoir
and from said reservoir to said first separator,
third tubing means connecting between said first
separator and said reservoir for receiving packed
cells from said first separator, means for
reinfusing the packed cellis from said reservoir
to the donor through said needilie;

a discrete platelet concentrate collection
container;

second tubing means connected to said platelet-
rich plasma collegtion container, said second

separator and said platelet concentrate
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collection container for supplying the platelet-
rich plasma in said platelet-rich plasma
collection container to said second separator for
separation into platelet concentrate and for
supplying the concentrate to said concentrate
container.

22. A harness set according to claim 21 including a
reservoir connected by said first tubing means between said
needle and said first separator whereby said first tubing
means enables delivery of whole blood from the donor to said
reservoir and from said reservoir to said first separator,
third tubing means connecting between said first separator
and said reservoir for receiving a second-blood-constituent
from said first separator.

23. A harness set according to claim 22 wherein said
reservoir has first and second compartments for receiving
whole blood from the donor and packed cells from the first
separator, respectively.

24. A harness set according to claim 21 including a
collection container for receiving a platelet-poor plasma,
said second tubing, means connecting between said second
separator and said platelet-poor plasma collection container
for supplying the platelet-poor plasma from said second

separator to sald platelet-poor plasma collection container.
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25. A method for separating blood into constituents
substantially as hereinbefore described with references to
the accompanying drawings.

26. A harness as hereinbefore described with reference

to the accompanying drawings.

DATED this 2nd July, 1991.

BAXTER INTERNATIONAL INC.

Patent Attorneys for the Applicant:

.. PETER MAXWELL & ASSOCIATES.

/com/891066
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