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& (57) Abstract: A method for obtaining an intermediate fraction (18) from a fluid includes the steps of introducing the fluid to a first
container (2) and centrifuging the fluid to separate a first fraction (14) from the fluid. The remainder of the fluid is then transferred
to a second container (20) and placed in a centrifuge such that the intermediate fraction (18) will form adjacent a discharge port (22)
of the second container (20). The intermediate fraction (18) may then be expressed easily. A kit according to the invention includes
g the two containers.



WO 2005/087292 A1 1IN N0 A0VOH0 T 0000 000

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.



WO 2005/087292 PCT/US2005/008175

METHOD FOR OBTAINING AN INTERMEDIATE FRACTION
IN THE CENTRIFUGAL SEPARATION OF BLOOD

TECHNICAL FIELD

[0001] This invention relates to the art of fluid fractionalization. In particular,
this invention relates to a system for obtaining blood fractions of intermediate density.

BACKGROUND ART

[0002] Tt is known to separate blood centrifugally into several fractions. In
the system described in United States Patent 5 ,707,331, blood is placed in one chamber of e;
disposable unit that has two adjacent chambers. The disposable unit is then placed in a
centrifuge, and the centrifuge operated to separate the blood into fractions. The disposable
unit is then tilted to allow lighter fractions to decant into the second chamber. In the
preferred embodiment, the lighter fractions comprise plasma and a buffy coat, which includes
the platelets and white blood cells. The buffy coat lies at the interface of the lighter plasma
and the heavier red blood cells and is, thus, an intermediate fraction. In the Wells system, the
plasma and buffy coat fractions that have been decanted into the second chamber are
subjected to a second centrifugation whereby the buffy coat is caused to lie at the bottom of
the second chamber.

[0003] In the Wells system, the buffy coat can be removed from the second
chamber after the second centrifugation by passing a cannula through the upper layer
containing only plasma and into the buffy coat and withdrawing the buffy coat into a syringe.

[0004] The above process requires sophisticated hardware capable of
performing several complicated steps and also requires significant human interaction in the
withdrawing of the buffy coat.

SUMMARY OF THE INVENTION

[0005] In accordance with the invention, fractions of intermediate density are

easily separated from a mixture by using two containers, each of which is capable of
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expressing one or more fractions in such a manner that the desired fraction of intermediate
density can be obtained.

[0006] In the preferred embodiment, whole blood is obtained from a patient,
and the desired fraction to be separated from the whole blood is the buffy coat, the fraction of
blood that includes platelets, among other components. The buffy coat is obtained from the
whole blood by introducing the whole blood into a first container, preferably a first syringe,
from which a separated fraction may be expressed into a second container. The first syringe
is placed in a centrifuge in an orientation whereby the heavier fraction containing 'red blood
cells is caused to accumulate adjacent the end of the syringe having a plunger. The lighter
fractions containing plasma and the buffy coat then accumulate in the region adjacent the
input/discharge end of the syringe. It is also preferred that a separator of appropriate density
be employed, which separator automatically positions itself at the interface between the buffy
coat and the red blood cells and reduces mixing of these layers after centrifugation.

[0007] A syringe is a preferred container because its input/discharge end is
conical, which is advantageous during discharge because it provides increased control over
discharge of fluids in the region of the interface between plasma and red blood cells.
Containers other than a syringe may be employed, such as an evacuated tube that draws fluid
into the tube under reduced pressure.

[0008] The first centrifugation of the whole blood is just enough to separate
plasma from red blood cells. This first spin provides mainly two separated fractions, platelet
rich plasma and red blood cells. As is known, however, intermediate fractions begin to form
even during the first spin. Thus, the buffy coat begins to form during this first spin but is not
large or well formed. After the first centrifugation of the whole blood, the syringe plunger is
actuated to express the platelet rich plasma and the initial layers of the intermediate fractions,

including the buffy coat, into a second container, preferably a syringe. This is accomplished
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in the preferred embodiment by connecting the input/oﬁtput ends of the two syringes together
with a Luer connector.

[0009] The second syringe is then placed in a centrifuge such that the heavier
buffy coat accumulates in the region immediately adjacent the discharge end and the platelet
poor plasma accumulates adjacent the plunger. This allows the buffy coat and any desired
quantity of plasma to be expressed by actuation of the plunger.

[0010] It will be appreciated that the process is sterile because the syringes are
sterile and the fluids are not exposed to the ambient during the process.

[0011] It is therefore an object of the invention to provide a simple, sterile
process for the separation of an intermediate fluid fraction by centrifugation.

[0012] It is a further object of the invention to provide a process for obtaining
an intermediate fluid fraction by centrifugation, wherein a fluid is placed ina first container,
a first fraction containing the intermediate fraction is separated by centrifugation and
transferred to a second container, the intermediate fraction is separated from the first fraction
by centrifugation such that it is positioned adjacent the outlet of the second container, and the
intermediate fraction is then expressed from the second container.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Figure 1 is a side view of the first syringe illustrating the first step in a
preferred method according to the invention.

[0014] Figure 2A is a side view of two syringes connected to each other at the
beginning of a further step in the preferred method according to the invention.

[0015] Figure 2B is a side view of the two syringes shown in figure 2A at the
completion of the further step in the preferred method according to the invention.

[0016] Figure 3 is a side view of a second syringe showing a still further step

in the preferred method according to the invention.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0017] With reference to the drawings, figure 1 illustrates a syringe 2 into
which a quantity of whole blood has been drawn. Syringe 2 may be a known syringe having
a plunger 4 and a plunger handle 6 or may be a custom container into which the quantity of
blood is placed. In the embodiment shown, the whole blood is drawn into the syringe by
moving the plunger away from the tip 8 of the syringe. The tip 8 is preferably attached
directly to a needle through which the blood is drawn from the patient. As well, the tip 8 may
be inserted into a separate container having blood previously drawn from the patient. It will
be appreciated that the syringe 2 includes a conical section 10 adjacent the tip 8, and that the
tip 8 is the input/discharge port of the syringe and generally includes a Luer-type connector
for detachable connection to another syringe, as will be described below, or to tubes and the
like.

[0018] The syringe 2 includes a floating element 12, which is configured and
made of material having a density whereby it assumes a position wherein the surface closest
the tip lies just below the interface of the platelet rich plasma and the red blood cells after a
first centrifugation of the blood. The syringe 2 may be a known syringe modified by addition
of the floating element 12.

[0019] In accordance with a first step of a method according to the invention,
the syringe 2 having whole blood therein is placed in a centrifuge (not illustrated) such that
the forces arising from centrifugation are in the direction illustrated by the “G force” arrow in
the figure. The centrifuge is then operated in a “soft spin” to separate the whole blood into a
red-blood-cell fraction 14, a platelet-rich-plasma fraction 14, and an initial, thin layer of the
buffy coat fraction 18. It will be appreciated that the syringe 2 is placed in the centrifuge in
an orientation whereby the plasma layer 16 forms adjacent the input/discharge end of the

syringe 2 during centrifugation.



WO 2005/087292 PCT/US2005/008175

[0020] A known centrifuge may be used for the processes described herein,
the only major change being that its diameter be large enough to accommodate the handle 6.
Alternatively, the syringe is constructed such that the handle is connected to the plunger by a
detachable connector, such as a screw thread, a clip, or the like whereby may be removed or
placed in an orientation that does not extend appreciably from the end of the syringe.

[0021] Figures 2A and 2B illustrate a further step of the preferred process
according to the invention. As shown in figure 2A, the input/discharge end of first syringe 2
is connected to the input/discharge end of a second syringe 20 by connecting the tip 8 of the
first syringe to the tip 22 of the second syringe by a connector 24, e.g., 2 Luer connector.
Then, as illustrated in figure 2B, the plunger 4 of syringe 2 is actuated by pushing on handle 6
to force the plasma 16 and buffy coat 18 into the syringe 20, leaving the red blood cells 14 in
syringe 2. Tt will be appreciated that the initial buffy coat layer may mix with the platelet rich
plasma during the transfer illustrated in figures 2A and 2B. The important separation at this
stage is between the red blood cells and the remaining fractions, and it may be desirable to
intentionally mix the initial buffy coat layer with the plasma, as by shaking the syringe, to
ensure that the majority of the cells of the buffy coat are transferred to the second syringe
with the plasma.

[0022] The floating disc 12 reduces mixing between the red blood cells and
the plasma during handling of the syringe after the first centrifugation. It will be appreciated
further that friction with the side of the syringe tends to cause the central portion of the fluid
to be expressed first but that the presence of the disc 12 will prevent the red blood cell layer
from pushing through the plasma layer during expression of the plasma. Also at the end of
the expression of the plasma fraction, the disc 12 will engage the conical end of the syringe 2,
and it is preferable that the disc be configured to provide a passage between its periphery and

the inside wall of the syringe, e.g., by providing flattened sections on the edge of the disc.
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This allows cells to pass in both directions during centrifugation but also allows red blood
cells to pass toward the discharge end after engagement between the disc and the conical
portion to ensure expression of the entire plasma layer by filling the conical portion with red
blood cells. Because the tapered configuration allows control over the expression this is
easily accomplished.

[0023] Figure 3 illustrates a further step in the process wherein syringe 20 is
placed in a centrifuge in an orientation whereby the buffy coat will accumulate adjacent the
input/discharge end 30 of syringe 20. This is accomplished, in essence, by placing syringe 20
in the centrifuge in an orientation that is opposite to the orientation of syringe 2 in the
centrifuge. The centrifugal forces on syringe 20 are illustrated in figure 3 by the “G Force”
arrow.

[0024] After centrifugation as illustrated in figure 3, a buffy coat layer 18
forms adjacent the discharge tip 22, and this may be expressed along with a desired volume
of plasma by actuation of the plunger 26. If the buffy coat is discharged with a desired
yolume of plasma platelet-rich plasma having a desired increase in concentration over native
levels is obtained. .

[0025] Modifications within the scope of the appended claims will be apparent

to those of skill in the art.
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We claim:

1. A method for separating a blood fraction containing platelets from whole
blood comprising the steps of:

introducing said whole blood into a first syringe,

subjecting said first syringe to centrifugation such that plasma accumulates adjacent a
discharge end of said first syringe,

transferring said plasma and a buffy coat fraction into a second syringe,

subjecting said second syringe to centrifugation such that said buffy coat accumulates

adjacent a discharge end of said second syringe.

2. A method according to claim 1 further comprising the step of expressing said
buffy coat.
3. A method according to claim 2 further comprising the step of expressing a

predetermined volume of plasma with said buffy coat.

4, A method according to claim 1 wherein said step of transferring comprises
connecting a discharge port of said first syringe to an input port of said second syringe.

5. A kit for obtaining an intermediate fraction from a fluid by centrifugation
comprising, a first container forming a cavity and having a discharge port for expressing
fluids from said cavity, said first container having a floating disc therein for assuming a
position during centrifugation near the boundary of first and second fractions of said fluid
during centrifugation, a second container having an input port and a discharge port for
discharging said intermediate fraction after centrifugation, and a connector for connecting
said discharge port of said first container to said input port of said second container.

6. A kit according to claim 5 wherein said first and second containers are

syringes.
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