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(57) Abstract: A plasma concentrator (2) of this inven-
tion having a concentrator chamber (20) , concentrator gel
beads (26) , a filter (24) and an agitator (12) . The agita-
tor has agitator blades (34) extending outwardly from the
lower end. The agitator end is positioned in the concen-
trator chamber (20) and supported for rotation about its
central axis and for reciprocal movement along its cen-
tral axis. The method concentrates plasma by removing
water without significantly denaturing the fibrinogen in
the plasma. The plasma is introduced into the concen-
tration chamber (20) containing a plurality of dehydrated
concentrator gel beads (26) and the agitator (12) . Then
water is removed from the plasma while stirring the beads
to reduce plasma polarization and breaking up clumps of
beads that form during the agitation.
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TITLE OF THE INVENTION
PLASMA CONCENTRATOR DEVICE

FIELD OF THE INVENTION
This invention relates to an apparatus and method for preparing a
plasma concentrate that can be used as a tissue sealant and a hemostat.
Then plasma concentrate is preferably free of cells.

BACKGROUND OF THE INVENTION

Blood can be fractionated, and the different fractions of the blood can be
used for different medical needs. Under the influence of gravity or centrifugal
force, blood spontaneously sediments into three layers. At equilibrium, the top
low-density layer is a straw-colored clear fluid called plasma. Plasmais a
water solution of salts, metabolites, peptides, and many proteins ranging from
small (insulin) to very large (complement components).

The bottom, high-density layer is a deep red viscous fluid comprising
anuclear red blood cells (erythrocytes) specialized for oxygen transport. The
red color is imparted by a high concentration of chelated iron or heme that is
responsible for the erythrocytes’ high specific gravity. The relative volume of
whole blood that consists of erythrocytes is called the hematocrit, and in normal
human beings this can range from about 37% to about 52% of whole blood.

The intermediate layer is the smallest, appearing as a thin white band
above the erythrocyte layer and below the plasma layer; this is called the buffy
coat. The buffy coat itself has two major components, nucleated leukocytes
(white blood cells) and anuclear smaller bodies called platelets (or
thrombocytes). Leukocytes confer immunity and contribute to debris
scavenging. Platelets seal ruptures in blood vessels to stop bleeding, and
deliver growth and wound healing factors to a wound site. Slower speed or
shorter duration centrifugation permits separation of erythrocytes and
leucocytes from plasma, while the smaller platelets remain suspended in the
plasma, yielding platelet rich plasma (PRP).

A major improvement in making plasma concentrate from whole blood
for use in wound healing and as a tissue sealant was described in U.S. Patent
No. 5,585,007 this patent is hereby incorporated by reference in its entirety.
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This device, designed for placement in a medical laboratory or surgical
amphitheatre, with an integral centrifuge used a disposable cartridge for
preparing tissue sealant. The device was particularly applicable for stat
preparations of autologous tissue sealants. Preparation in the operating room
of 5 mi of sealant from 50 mi of patient blood required less than 15 minutes and
only one simple operator step. There was no risk of tracking error because
processing can be done in the operating room. Chemicals added could be
limited to anticoagulant (e.g., citrate) and calcium chloride. The disposable
cartridge could fit in the palm of the hand and was hermetically sealed to
eliminate possible exposure to patient blood and ensure sterility. Adhesive and
tensile strengths of the product were comparable or superior to pooled blood
fibrin sealants made with precipitation methods. Use of antifibrinolytic agents
(such as aprotinin) was not necessary because the tissue sealant contained
high concentrations of natural inhibitors of fibrinolysis from the patient's blood.
This new tissue sealant also optionally contained patient platelets and
additional factors that promote wound healing, healing factors that are not
present in commercially available fibrin sealants.

The patented device used a new sterile disposable cartridge with the
separation chambers for each run. Since the device was designed to be used
in a normal medical setting with ample power, the permanent components,
designed for long-term durability, safety and reliability, were relatively heavy,
using conventional centrifuge motors and accessories.

Disposable plasma concentrating devices suitable for concentrating PRP
according to this invention are described in commonly assigned, co-pending
application Serial No. 10/394,828 filed March 21, 2003, the entire contents of
which are hereby incorporated by reference. The cell-free plasma fraction is

removed and discarded.

Summary of the Invention

The disposable device of this invention is suitable for preparing a highly

valuable autologous plasma concentrate from cell-free plasma fractions.
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The concentrating phase requires only simple manual manipulation
(rotating the agitator shaft with reciprocal movement to disrupt gel bead
clumping). The device is then spun with a conventional centrifuge to separate
the plasma concentrate from the desiccated beads, moving the plasma
concentrate from the concentrating zone into a plasma concentrate reservoir,
from which it can be removed by a conventional applicator syringe.

The plasma concentrator of this invention comprises a concentrator
chamber, a plurality of concentrator gel beads in the concentrator chamber, a
filter, and an agitator. The agitator comprises an actuator stem having an
upper agitator end and a lower agitator end, agitator blades extending
outwardly from the lower end. The lower agitator end is positioned in the
concentrator chamber, and mounted or supported for both rotation about its
central axis and for reciprocal movement along its central axis. The
concentrator has a top with an upper opening through which the upper end of
the actuator stem extends, and a lower opening in which the filter is positioned.
The concentrator chamber can have a cylindrical inner wall, and the agitator
blades can have an outer edge in close proximity to the inner wall with the
space between the outer edge and the inner wall being less than the diameter
of the gel beads.

The upper opening of the concentrator can include a stop sleeve
extending from the top of the concentrator into the concentrator chamber, the
stop sleeve having a lower abutment surface. The agitator stem can have stop
projections that extend outward beyond the diameter of the strop sleeve, the
upper surfaces of the stop projections constituting abutment surfaces
positioned to stop upward axial movement of the agitator when contacting the
lower abutment surface of the stop sleeve.

The filter has an upper surface and the agitator blades can have a lower
portion that contacts the upper surface of the filter and is positioned for
sweeping the upper surface during rotation of the agitator and for making
impact with the upper surface during downward movement of the agitator along
its central axis. The downward motion of the blades during the reciprocal
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movement of the agitator can be arrested by abutment with the upper surface
of the filter.

The filter is selected to block effective flow of plasma therethrough under
ambient gravity conditions and permits plasma concentrate flow therethrough
under centrifugal forces above 10 g's and up to at least as high as the
separation gravity.

The plasma concentrator can be combined with a plasma concentrate
outlet conduit and a plasma concentrate reservoir with an upper opening in
communication with the filter and positioned to receive plasma concentrate
passing through the filter. The plasma concentrator can have a sloping floor
and a sump at the lowest end of the floor, one end of the plésma concentrate
outlet conduit communicating with the sump.

The method of this invention for concentrating plasma by removing
water without significantly denaturing the fibrinogen in the plasma can include
introducing the plasma into a concentration chamber containing a plurality of
dehydrated concentrator gel beads and an agitator. Then water is removed
from the plasma until the plasma has a protein concentration greater than 1.5
times the protein concentration of the untreated plasma.

While the water is being removed, the agitator can be rotated to stir the
beads to reduce plasma polarization and moved to break up clumps of beads
that form during the agitation. Then centrifugal force can be applied to the
concentrated plasma in an amount sufficient to separate a substantial portion of
the plasma concentrate from the beads.

When the concentration chamber contains an agitator having agitator
blades extending outwardly from its lower end, wherein the agitator is
supported for rotation about its central axis and for reciprocal movement along
its central axis, the agitator can be rotated to stir the beads while they are
absorbing water from the plasma to reduce plasma polarization, and the
agitator can be moved along its central axis in a reciprocal motion to break up
clumps of beads that form during the agitation.

If the agitator blades rest on the upper surface of a filter, the agitator

blades can have a lower portion that sweeps the upper surface of the filter
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during rotation, and impacts the upper surface of the filter during reciprocal
motion of the agitator along its central axis. Then the agitator can be rotated to
sweep the upper surface of the filter and stirring beads resting thereupon to
reduce plasma polarization, and the agitator can be moved in a reciprocal
motion to impact the upper surface of the filter and bead clumps forming on the
surface during the stirring.

When the filter has pores that block effective flow of plasma
therethrough under ambient gravity conditions and permits plasma and plasma
concentrate therethrough at more than 10 g’s and up to the separation gravity.
The plasma can be maintained in contact with the beads by the filter during the
water removal and plasma concentrate can be caused to flow through the filter
when the mixture is subjected to centrifugal forces in the direction of the filter of

as high as the separation gravity.

Brief Description of the Drawings

Fig. 1 is a front view of the plasma concentrating device of this invention.

Fig. 2 is a top view of the plasma concentrating device shown in Fig. 1.

Fig. 3 is a cross-sectional drawing of the plasma concentrating device
shown in Fig. 1 taken along the line 3—3 of Fig. 2.

Fig. 4 is a front view of the agitator component of the plasma
concentrating device of this invention.

Fig. 5 is cross-sectional view of the agitator component show in Fig. 4,
taken along the line 5—5.

Fig. 6 is a cross-sectional drawing of the plasma concentrating device
shown in Fig. 3, taken along the line 6—6.

Fig. 7 is a cross-sectional drawing of the plasma concentrating device
shown in Fig. 3 after plasma has been introduced into the device.

Fig. 8 is a cross-sectional drawing of the plasma concentrating device
shown in Fig. 7 after the gel beads have removed water from the plasma,
swelling the beads.
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Fig. 9 Is a cross-sectional drawing of the plasma concentrating device
shown in Fig. 8 after centrifuging, wherein the plasma concentrate has flowed

into the plasma concentrate reservoir.

Detailed Description of the Invention

The term “separation gravity” is a centrifugal force that is sufficient to
separate plasma concentrate from the surface of the concentrator gel beads
and to cause separated plasma concentrate to flow through the filter.

‘The device is one component of an improvement over the complex
plasma separating and concentrating device described in U.S. Patent
5,585,007. A simple, disposable device described in commonly assigned,
copending application Serial No. 10/394,828 filed March 21, 2003, rapidly
separates plasma from blood using a conventional medical laboratory
centrifuge. The device of this invention converts the plasma into an autologous
concentrate highly useful as a tissue sealant and hemostat.

Referring to the drawings, Fig. 1 is a front view of the plasma
concentrating device of this invention, and Fig. 2 is a top view of the plasma
concentrating device shown in Fig. 1. This small compact device is suitable for
processing up to 50 ml of plasma. The concentrator 2 has an upper
concentrator housing 4 and a lower concentrate reservoir housing 6. The
upper concentrator housing 4 has a top 8 through which the agitator stem 10 of
a gel bead agitator 12 (See Figs. 3-5) extends. The top 8 also has a plasma
inlet port 14 that extends through the top 8 and communicates with the
concentration chamber 20 (Fig. 3) enclosed by the upper concentrating housing
4. A plasma concentrate outlet port 16 communicates with a plasma
concentrate conduit 18 shown in greater detail in Fig. 3.

Fig. 3 is a cross-sectional drawing of the plasma concentrating device
shown in Fig. 1 taken along the line 3—3 of Fig. 2. Fig. 3 shows internal details
of this device. The upper concentrator housing 4 encloses a concentrating
chamber 20. The floor of the concentrating chamber 20 is filter 24, the upper
surface of which supports desiccated concentrating gel beads 26.
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The desiccated concentrating gel beads 26 can be insoluble beads or
disks that will absorb a substantial volume of water and not introduce any
undesirable contaminant into the plasma. They can be dextranomer or
acrylamide hydrogel beads that are commercially available (Debrisan from
Pharmacia and BIO-GEL P™ from Bio-Rad Laboratories, respectively).
Alternatively, other concentrators can be used, such as SEPHADEX™ moisture
or water absorbents (available from Pharmacia), silica gel, zeolites, cross-
linked agarose, etc., in the form of insoluble inert beads. The beads are used
in their desiccated state.

Gel bead agitator 12 is positioned with its bottom edge 28 resting on the
top surface of filter base 24, Agitator stem 10 extends upward through a
cylindrical stop sleeve 30 in the housing top 8. The stop sleeve 30 extends
downward into the concentrating chamber 20 and service to support the
agitator stem in a vertical orientation. The bottom edge surface 31 of the stop
sleeve 30 constitutes a lower abutment surface. Integral projections 32 extend
radially outward from the stirrer agitator stem 10 to a diameter larger than the
inner diameter of the stop sleeve 30. The upper surfaces 33 of the projections
32 constitute upper abutment surfaces. As will be described in greater detall
hereinafter, the gel bead agitator is rotated about its vertical axis and moved
upward and downward in a reciprocal movement to stir the gel beads 26 during
the water removal step. The contact of the low abutment edge 31 with the
upper abutment surface 33 limits upward movement of the agitator blades or
paddles 34 when they are raised during this reciprocal vertical movement of the
stem10.

Referring to Figs. 3-5, the agitator comprises a plurality of paddles
blades 34 extending radially outwardly from the central chamber stem 41. The
outer vertical edge of the agitator blades are sized to make a sliding
engagement with the inner surface 38 of the chamber housing 4 (Fig. 3). The
distance between the outer edge of the paddles 34 and the inner surface 38 of
the chamber housing should be smaller than the diameter of the individual gel

beads to prevent individual gel beads from wedging between the agitator and
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the wall surface. Rotation of stem 10 about its central axis rotates the paddles
34 and stirs the beads 26.

Fig. 4 is a front view of the agitator component of the plasma
concentrating device of this invention, and Fig. 5 is cross-sectional view of the
agitator component show in Fig. 4, taken along the line 5—5.

The upper end of the stem 10 can optionally have a plurality of splines
39 that can mate with an optional agitator handle (not shown) or that can
function as friction surfaces, facilitating manual rotation of the stem.

Referring to Fig. 3, the lower concenirate chamber housing 6 encloses a
concentrate chamber 40 with a sloped bottom 41 leading to a sump or
depression 42. The concentrate conduit 18 has a conduit end 44 that extends
into the depression 42 to draw in most of the liquid concentrate (not shown)
through the concentrate outlet 16 when the pressure in the conduit 18 is
reduced.

The construction and function of the filter 24 is described in greater
detail with respect to Fig. 6. Fig. 6 is a cross-sectional drawing of the plasma
concentrating device shown in Fig. 3, taken along the line 6—6.

The filter 24 is supported by a flat circular ring 46 and flat radial spokes
48. The openings in the support are designed to permit liquid flow through the
filter under the pressure of centrifugal force. The filter must retain the plasma
above the filter under ambient gravity during the water removal phase and
permit plasma concentrate flow therethrough at centrifugal pressures used in
the separation. Therefore the filter should retain fluid for at least up to 10 g’s
and permit flow at the separation gravity. The separation gravity is created
when the system is spun in a centrifuge, the centrifugal force being directed in
the axial direction through the filter. The higher the centrifugal force applied is
during the plasma concentrate separation, the more effective the recovery of
the plasma concentrate.

The concentration process has as its critical objective, the removal of
water from the plasma without significantly denaturing the fibrinogen
component of the plasma. This component provides effective the clotting
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action of blood and provides the sealing, adhesive and homeostatic properties
of the concentrate.

The process is illustrated in Figs. 7-9 wherein Fig. 7 is a cross-sectional
drawing of the plasma concentrating device shown in Fig. 3 after plasma has
been introduced into the device; Fig. 8 is a cross-sectional drawing of the
plasma concentrating device shown in Fig. 7 after the gel beads have removed
water from the plasma, swelling the beads; and Fig. 9 is a cross-sectional
drawing of the plasma concentrating device shown in Fig. 8 after centrifuging,
wherein the plasma concentrate has flowed into the plasma concentrate
reservoir.

In the first step of the process, blood plasma 52 (preferably cell free) is
introduced into the concentrating chamber 20 through the plasma inlet port 14.
The plasma 52 entering the chamber 20 flows to the bottom of the chamber
where it contacts the gel beads 26_as shown in Fig. 7.

As the gel beads 26 remove water from the plasma, the plasma
contacting each bead ‘s surface thickens, creating gel polarization that it
impedes water absorption by the bead. Furthermore, as the thickened plasma
becomes more viscous, the beads tend to clump. To disrupt the thickened
plasma layer forming on each bead, the agitator stem 10 is rotated around its
central axis, moving the agitator blades 34 through the beads and stirring the
beads. To break up bead clumps, the agitator blades 34 can be raised and
lowered by reciprocal motion of the agitator stem 10 along its central axis, the
bottom edges 28 of the blades (Fig. 3) impact the bead clumps against the filter
surface disrupting the clumps. The vertical movement of the agitator blades is
limited to a range established by the upper surface of the filter 24 range of
movement is defined by the floor 4 of the chamber and impingement contact
between the abutments 31 and 33. The water swollen beads 53 and the
concentrated plasma 54 are shown in Fig. 8. During this concentration stage,
the plasma and its components can be concentrated to a concentration of from
1.5-3 times or higher than its original concentration.

The device of this invention is then placed in the cup receptors of a

conventional laboratory centrifuge (not shown) and spun at a speed that will
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create a separation gravity, that is, a centrifugal force that will remove plasmas
concentrate from the surface of the gel beads,and cause the plasma
concentrate to flow through the filter. The filter can be constructed to allow flow
of liquid therethrough at pressures above 10 g’s. The centrifugal pressure
forces of the plasma concentrate to flow from the bead surface through the filter
24 and into the plasma concentrate reservoir 40. The higher the centrifugal
force applied, the more effective will be the stripping of the plasma concentrate
from the surface of the gel beads. After centrifugation is completed, the device
is removed from the centrifuge.

Fig. 9 shows the device with the plasma concentrate in the reservoir.
The plasma concentrate is then drawn from the plasma concentrate reservoir

through conduit to the plasma concentrate outlet.
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THE INVENTION CLAIMED IS:

1. A plasma concentrator comprising a concentrator chamber, a plurality of
concentrator gel beads in the concentrator chamber, a filter, and an
agitator,

5 the agitator comprising an actuator stem having an upper agitator end
and a lower agitator end, agitator blades extending outwardly
from the lower end, the lower agitator end being positioned in the
concentrator chamber and supported for rotation about its central
axis and for reciprocal movement along its central axis, and

10 the concentrator having a top with an upper opening through which the

upper end of the actuator stem extends, and a lower opening in
which the filter is positioned.

2, The plasma concentrator of Claim 1 wherein the concentrator chamber
has a cylindrical inner wall, agitator blades having an outer edge in close

15 proximity to the inner wall with the space between the outer edge and
the inner wall being less than the diameter of the gel beads.

3. The plasma concentrator of Claim 1 wherein the upper opening of the
concentrator includes a stop sleeve extending from the top of the
concentrator into the concentrator chamber, the stop sleeve having a

20 lower abutment surface, and the agitator stem has stop projections that
extend outward beyond the diameter of the strop sleeve, the upper
surfaces of the stop projections constituting abutment surfaces
positioned to stop upward axial movement of the agitator when
contacting the lower abutment surface of the stop sleeve.

25 4. The plasma concentrator of Claim 3 wherein the filter has ah upper
surface and the agitator blades have a lower portion that contacts the
upper surface of the filter and is positioned for sweeping the upper
surface during rotation of the agitator and for making impact with the
upper surface during downward movement of the agitator along its

30 central axis, the downward motion of the blades during the reciprocal
movement of the agitator being arrested by abutment with the upper
surface of the filter.
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The plasma concentrator of Claim 1 wherein the filter blocks effective
flow of plasma therethrough under ambient gravity conditions and
permits free plasma concentrate flow therethrough under centrifugal
forces at the separation gravity.
The plasma concentrator of Claim 5 wherein the separation gravity is
greater than 10 ¢'s. '
The plasma concentrator of Claim 1 wherein the plasma concentrator is
combined with a plasma concentrate outlet conduit and a plasma
concentrate reservoir with an upper opening in communication with the
filter and positioned to receive plasma concentrate passing through the
filter, the plasma concentrator having a sloping floor and a sump at the
lowest end of the floor, one end of the plasma concentrate outlet conduit
communicating with the sump.
A method for concentrating plasma by removing water without
significantly denaturing the fibrinogen in the plasma, the method
including the steps of
a) introducing the plasma into a concentration chamber containing a
plurality of dehydrated concentrator gel beads and an agitator,
b) removing water from the plasma until the plasma has a protein
concentration greater than 1.5 times the protein concentration of
the untreated plasma while:

i) moving the agitator to stir the beads while they are
absorbing water from the plasma to reduce plasma
polarization, and

i) moving the agitator to break up clumps of beads that form
during the agitation; and

d) applying centrifugal force to the concentrated plasma in an
amount sufficient to separate a substantial portion of the plasma
concentrate from the beads.

The method for concentrating plasma of Claim 8 wherein the

concentration chamber contains an agitator having agitator blades
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extending outwardly from its lower end, wherein the agitator is supported
for rotation about its central axis and for reciprocal movement along its
central axis,
wherein the agitator is rotated to stir the beads while they are
absorbing water from the plasma to reduce plasma polarization,
and the agitator is moved along its central axis in a reciprocal
motion to break up clumps of beads that form during the agitation.
The method for concentrating plasma of Claim 9 wherein the agitator
blades rest on the upper surface of a filter, the agitator blades have a
lower portion that sweeps the upper surface of the filter during rotation,
and impacts the upper surface of the filter during reciprocal motion of the
agitator along its central axis,
wherein the agitator is rotated to sweep the upper surface of the
filter and stirring beads resting thereupon to reduce plasma
polarization, and the agitator is moved in a reciprocal motion to
impact the upper surface of the filter and bead clumps forming on
the surface during the stirring.
11. The method for concentrating plasma of Claim 10 wherein the
filter has a pores that block effective flow of plasma therethrough under
ambient gravity conditions and permits plasma and plasma concentrate
therethrough under forces of the separation gravity.
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