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METHOD AND APPARATUS FOR SEPARATING A MATERIAL

FIELD

[0001] The present disclosure relates to methods and apparatuses for

separating biological materials, such as a selected fraction from a multiple

component biological material.

BACKGROUND

[0002] This section provides background information related to the

present disclosure, which is not necessarily prior art.

[0003] Various cellular or biological materials can be used to facilitate

the healing or recovery process in a human patient. Selected cell types, such as

stromal cells, pluripotent or multipotent stem cells, or fully differentiated cells can

be applied therapeutically to the patient. For example, stem cells can be applied

to an affected area of the patient, such as an area that may be damaged due to

injury, chemotherapy, or radiation therapy, to assist in healing the area through

differentiation of the stem cells and regeneration of the affected cells.

[0004] In performing a therapeutic procedure on a human patient using

undifferentiated cells, such as stem cells or stromal cells, the undifferentiated

cells can be obtained from various sources, including the patient's own anatomy.

Accordingly, certain autologous cells can be applied to or injected into various

portions of the patient's anatomy. Generally, a whole tissue, such as adipose

tissue, or whole blood sample, can be obtained from the patient during a first

procedure, selected cells can be separated from the whole tissue or blood

sample, and the selected, separated cells can be reapplied to or injected into the

patient during a subsequent procedure.

SUMMARY

[0005] This section provides a general summary of the disclosure, and

is not a comprehensive disclosure of its full scope or all of its features.

[0006] The present teachings provide for a separation system for

separating a multiple component material into at least two fractions. The



separation system includes a separation device having a first end, a second end

opposite to the first end, and a sidewall that extends between the first end and

the second end to define a separation chamber having an interior volume. The

system also includes a valve moveable between an open position and a closed

position, the valve is mounted at a fixed location within the separation chamber

at a position that is closer to the second end than to the first end and is spaced

apart from the second end, the valve is operable to isolate a first fraction of the

multiple component material having a first density on a first side of the valve from

a second fraction having a second density on a second side of the valve that is

opposite to the first side.

[0007] The present teachings further provide for a separation system

for separating a multiple component material into at least two fractions that

includes a separation device and a valve. The separation device has a first end,

a second end opposite to the first end, and a sidewall that extends between the

first end and the second end to define a separation chamber having an interior

volume. The valve is mounted at a fixed positioned within the separation

chamber at a position that is closer to the second end than to the first end and is

spaced apart form the second end. The valve includes a screen, a flexible valve

actuation member, and a sealing member. The flexible valve actuation member

is movable in response to gravitational forces applied to the separation device.

The sealing member is supported by the flexible valve actuation member. The

flexible valve actuation member and the sealing member extend in a plane

perpendicular to a longitudinal axis of the separation chamber and the sealing

member contacts the screen to prevent the passage of materials through the

screen when the valve is in a closed position. The flexible valve actuation

member and the sealing member bend toward the second end when the valve is

in an open position in response to gravitational forces exerted upon the

separation device such that the sealing member is spaced apart from the screen

to permit the passage of material through the screen.

[0008] The present teachings also provide for a method for isolating at

least two fractions of a multiple component material. The method includes the

following: loading the multiple component material into a separation chamber of



a separation device between a valve mounted at a fixed position in the

separation chamber and a first end of the device, the first end is opposite to a

second end and a sidewall extends between the first end and the second end to

define the separation chamber having an interior volume; centrifuging the

separation device such that the valve moves to an open position in response to

gravitational forces exerted on the device to permit a first fraction of the multiple

component material of a first density to pass through the valve toward the

second end; ceasing centrifugation of the separation device to permit the valve

to move to a closed position, thus isolating the first fraction of the first density

between the valve and the second end and isolating a second fraction of a

second density that is less dense than the first density between the valve and

the first end; and withdrawing at least one of the first fraction and the second

fraction from the separation chamber for use in a subsequent procedure.

[0009] Further areas of applicability will become apparent from the

description provided herein. The description and specific examples in this

summary are intended for purposes of illustration only and are not intended to

limit the scope of the present disclosure.

DRAWINGS

[0010] The drawings described herein are for illustrative purposes only

of selected embodiments and not all possible implementations, and are not

intended to limit the scope of the present disclosure.

[001 1] Figure 1 is a side view of a separation device according to the

present teachings;

[0012] Figure 2 is a side cross-sectional perspective view taken along

line 2-2 of Figure 1 illustrating a valve according to the present teachings in a

closed position;

[0013] Figure 3 is a side cross-sectional perspective view of the valve

of Figure 2 in an open position;

[0014] Figure 4 is an exploded perspective view of the valve;

[0015] Figure 5 is a side cross-sectional perspective view of another

valve according to the present teachings;



[0016] Figure 6 is a partially cut-away side view of the separation

device being filled with a multiple component material, such as adipose tissue,

for separation into at least two fractions;

[0017] Figure 7 is a perspective view of a centrifuge for spinning the

device in order to separate the multiple component material into at least two

fractions, such as cellular material and purified fat when the multiple component

material is adipose tissue;

[0018] Figure 8 is a partially cut-away side view of the separation

device with the valve open, thus permitting passage of at least one fraction of the

multiple component material there through, such as cellular material where the

multiple component material is adipose tissue;

[0019] Figure 9 is a partially cut-away side view of the separation

device showing separated fractions being extracted from the separation device;

[0020] Figure 10 illustrates delivery of one or more of the separated

fractions being delivered to a selected site in a patient;

[0021] Figure 11 illustrates extraction of the multiple component

material directly from a patient into the separation device using a vacuum pump;

[0022] Figure 12 is similar to Figure 11, but includes the use of a

disruption chamber attached to the separation device; and

[0023] Figure 13 is a cross-sectional view of Figure 12 taken along line

13-1 3 of Figure 12 .

[0024] Corresponding reference numerals indicate corresponding parts

throughout the several views of the drawings.

DETAILED DESCRIPTION

[0025] Example embodiments will now be described more fully with

reference to the accompanying drawings.

[0026] With initial reference to Figures 1-3, a separation device in

accordance with the present teachings is illustrated at reference numeral 10 .

The separation device 10 generally includes a first end 12 , a second end 14 that

is opposite to the first end 12 , and a sidewall 16 that extends between the first

end 12 and the second end 14 . The sidewall 16 defines a separation chamber



be cylindrical. As illustrated, the first end 12 and the second end 14 can be

positioned in spaced apart, parallel planes that are perpendicular to a

longitudinal axis A of the separation chamber 17 . The separation chamber 17

can have an interior volume of any suitable size, such as 90 ml, with any suitable

diameter, such as 1.35 inches.

[0027] With additional reference to Figure 4 , a valve 18 is mounted at

a fixed position within the separation chamber 17 . Thus, the valve 18 does not

move along the longitudinal axis A of the chamber 17 . The valve 18 includes a

grate or screen 20. The grate 20 is generally cylindrical and includes a center

opening 22 with a series of radially extending spokes 24 extending therefrom.

Each of the spokes 24 define an opening or passageway 25 therebetween. The

spokes 24 terminate at a cylindrical outer wall 26. As illustrated, the

passageways 25 are pie-shaped. However, the openings can be of any suitable

shape, such as square or circular, as described below.

[0028] The grate 20 is surrounded by an annular insert 28 having a

conical surface 30 that is angled toward the grate 20 to direct materials on the

conical surface 30 toward the grate 20. The insert 28 has an outer diameter 32

that approximates an inner diameter of the separation chamber 17 , such that no

material can pass around the insert 28. The grate 20 and the opening 22

defined by the grate 20 provide support and alignment for a second extraction

tube 72, which is further described herein. In place of the grate 20, any suitable

screen with or without an opening therein can be used. Further, the grate 20

may be optional and the device 10 can be provided with the grate 20 removed

and an opening provided in its place.

[0029] The valve 18 further includes a sealing member 34 and a

support or valve actuation member 36. As illustrated, the sealing member 34

and the valve actuation member 36 can be aligned along the longitudinal axis A

of the separation chamber 17 . The sealing member 34 is generally shaped as a

cylindrical disk and includes an opening 38 at its axial center. The sealing

member 34 can be made of any suitable material, including a flexible material,



such as a silicone rubber material. The sealing member 34 is sized to seal the

plurality of passageways 25.

[0030] The valve actuation member 36 can include a cylindrical disk 40

and a mounting tube 42 extending therefrom along a longitudinal axis of the

valve actuation member 36. The cylindrical disk 40 has a circumference that is

substantially similar to that of the sealing member 34. The cylindrical disk 40

includes an opening 44 at its axial center. As further described herein, the

cylindrical disk 40 provides support for the sealing member 34 to position the

sealing member 34 against the grate 20 and prevent the passage of materials

through the passageways 25 when the valve 18 is in the closed position.

Further, the cylindrical disk 40 is flexible in response to gravitational forces, such

as those experienced during centrifugation, to move the sealing member 34 from

contact with the grate 20 and permit the passage of materials through the

passageways 25 when the valve 18 is in the open position.

[0031] The mounting tube 42 extends from the cylindrical disk 40 along

the axial center of the cylindrical disk. The mounting tube 42 has a

circumference that is generally smaller than the circumference of the cylindrical

disk 40. Proximate to a distal end 46 of the mounting tube 42 is at least one

aperture 48. As illustrated, the distal end 46 includes four of the apertures 48,

which are spaced evenly about the mounting tube 42 at approximately 90°

intervals. A through port 50 extends between the apertures 48 and the opening

44 to provide fluid communication through the valve actuation member 36.

[0032] The cylindrical disk 40 of the valve actuation member 36 can be

formed of any suitable material that can flex when a force is applied to it, such as

a centrifugal force or a pressure differential force. For example, the disk 40 can

be any resilient member operable to bias the valve 18 in a closed position such

that the sealing member 34 blocks the passage of materials through the

passageways 25. Material selected for the cylindrical disk 40 can include acrylic,

polycarbonate, and any other appropriate resilient, flexible, and substantially

inert material. The sealing member 34 can be mounted to the cylindrical disk 40

in any suitable manner, such as by using a suitable adhesive. Alternatively, the

sealing member 34 can be a coating on the disk 40 and/or integral with the disk



40. The sealing member 34 can also be a separate component that is not

secured to the disk 40, but rather sits thereon and is supported by the disk 40.

[0033] The assembled valve 18 is positioned within the separation

chamber 17 such that the distal end 46 of the mounting tube 42 abuts the

second end 14 of the chamber 17 , which may include a funnel 52 as further

described herein. The grate 20, the sealing member 34, and the valve actuating

member 36, are each positioned such that the center opening 22, the opening

38, and the opening 44 respectively are all aligned along the longitudinal axis A .

When the valve is in the closed position as illustrated in Figure 2 , the cylindrical

disk 40 supports the sealing member 34 against the grated portion 20 of the

insert 28 to block and seal the passage of materials through the passageways

25 or openings defined by the spokes 24. The insert 28 including the grate 20

can be fixedly mounted within the separation chamber 17 using any suitable

fastening device, method or system. For example, the insert 28 can be mounted

to an interior of the sidewall 16 using a suitable adhesive or a press fit.

[0034] With additional reference to Figure 3 , the valve 18 is illustrated

in an open position. In the open position, the cylindrical disk 40 is not

perpendicular to the longitudinal axis A of the separation chamber 17 , as it is in

the open position, but rather its perimeter is flexed downward toward the second

end to space the sealing member 34 apart from the grate 20 and permit the

passage of materials through the openings 25 between the spokes 24. As

further described herein, movement of the cylindrical disk 40 between the closed

position of Figure 2 , for example, and the open position of Figure 3 , for example,

can be caused by centrifugal force or pressure exerted against the sealing

member 34 and the cylindrical disk 40 when the separation chamber 17 is

loaded with a multiple component composition and inserted in a centrifuge.

[0035] The funnel 52 at the second end 14 of the chamber 17

generally includes a base portion 54 at the longitudinal axis A of the separation

chamber 17 . Extending from the base portion 54 is an angled cylindrical

sidewall 56. The sidewall 56 is angled such that it slopes from the sidewall 16 of

the separation chamber 17 toward the base portion 54. Thus, the funnel 52

directs material along the angled cylindrical sidewall 56 toward the base portion



54 where the apertures 48 of the mounting tube 42 are positioned. The funnel

52 can be secured at the second end 14 in any suitable manner, such as with a

suitable adhesive or a press fit. The funnel 52 can include a counterbore or

recess 55 on its undersurface facing the second end 14 of the device 10 . The

recess 55 accommodates a dimple 57 at the second end 14 of the device 10 .

Cooperation between the dimple 57 and the recess 55 can retain the funnel 52

centered in the separation chamber 17 . The dimple 57 can cooperate with a

corresponding feature in a centrifugation device to properly position the device

10 in the centrifuge.

[0036] The separation chamber further includes a loading port 58, a

first extraction port 60, and a second extraction port 62. The loading port 58 can

be any suitable port that extends into the separation chamber 17 to permit the

introduction of materials into the separation chamber 17 . As illustrated, the

loading port 58 is at the first end 12 and extends there through. The loading port

58 can also be offset from the longitudinal axis A , as illustrated. The loading port

58 can include a loading port cap 64 that can be fastened to the port 58 using

any suitable connection, such as a Luer lock connection. The Luer lock

connection can also cooperate with a device for delivering the multiple

component material to the separation chamber 17 , such a syringe.

[0037] The first extraction port 60 can be any suitable port that extends

into the separation chamber 17 to permit the withdrawal of one or more

components of a multiple component material from within the separation

chamber 17 . As illustrated, the first extraction port 60 is at the first end 12 and

extends there through. The first extraction port 60 can include a cap 66 that can

be fastened to the first extraction port 60 using any suitable connection, such as

a Luer lock connection. The Luer lock connection can also cooperate with a

device for withdrawing the components from within the separation chamber 17 ,

such as a syringe. Extending from the first extraction port 60 can be a first

extraction tube 68. As illustrated, the first extraction tube 68 extends from the

port 60 to a position proximate to a first side 69 of the valve 18 that faces the first

end 12 . However, one skilled in the art will recognize that the extraction tube 68

can be of any suitable length to extract a desired component of the multiple



component composition of a specific density. For example, if the composition

includes adipose tissue and purified fat is desired for extraction, then the

extraction tube 68 can extend approximately 1.5 inches from the first end 12 ,

such as in applications where 60 ml of adipose tissue is loaded for separation in

the separation chamber 17 having a diameter of about 1.35 inches and a volume

of about 90 ml. This is because purified fat is typically one of the least dense

fractions of adipose tissue. Alternatively, if one or more of the more dense

fractions of adipose tissue is desired for extraction, such as oil or

excess/tumescent fluid, then the extraction tube 68 can extend from the first end

12 to a distance that is about 0.25 inches from the valve 18 . Such a longer

extraction tube 68 can also be use to extract purified fat by drawing off the more

dense fractions prior to drawing the purified fat.

[0038] The second extraction port 62 can be any suitable port that

extends into the separation chamber 17 to permit the withdrawal of one or more

components of the multiple component material from within the separation

chamber 17 . As illustrated, the second extraction port 62 is at the first end 12

and extends there through. The second extraction port 62 can include a cap 70

that can be fastened to the second extraction port 62 using any suitable

connection, such as a Luer lock connection. The Luer lock connection can also

cooperate with a device for withdrawing the components from within the

separation chamber 17 , such as a syringe.

[0039] Extending from the second extraction port 62 can be the

second extraction tube 72. As illustrated, the second extraction tube 72 extends

from the second extraction port 62 along the longitudinal axis A to the valve 18 .

At the valve 18 , the second extraction tube 72 extends through the center

opening 22 of the grate 20, through the opening 38 of the sealing member 34,

through the opening 44 of the valve actuation member 36, and the through port

50 to a position proximate to the apertures 48. Thus, the second extraction tube

72 provides fluid communication between the apertures 48 and the second

extraction port 62. The second extraction tube 72 can sit on a shoulder 73 of the

mounting tube 42 and can be secured within the valve 18 , such as within the



through port 50, in any suitable manner, such as with a press-fit or a suitable

adhesive.

[0040] One skilled in the art will appreciate that the grate or screen 20

can be provided in a variety of different configurations in addition to those

illustrated. Accordingly and with additional reference to Figure 5 , the grate or

screen 20 can include round cutouts 74 in place of the spokes 24. Any other

shaped opening or cutout can also be used that will permit passage of select

fractions of a multiple component material.

[0041] With additional reference to Figures 6 - 9 , use of the separation

device 10 to separate adipose tissue into different fractions including cellular

material, purified fat, and tumescent fluid is described below. This description is

for exemplary purposes only because the separation device 10 can be used to

separate fractions of a wide variety of different multiple component materials.

[0042] With initial reference to Figure 6 , the multiple component

composition, such as adipose tissue, is loaded into the separation chamber 17

through the loading port 58. The adipose tissue can be delivered to the

separation chamber 17 using any suitable transfer device, such as a syringe 80.

The adipose tissue is loaded with the valve 18 in the closed position of Figure 2 .

Thus, the adipose tissue will initially be seated atop the valve 18 on the first side

69 of the valve 18 proximate to the first end 12 . Any suitable amount of adipose

tissue can be used, such as about 60 ml. when a 90 ml. separation chamber

having a diameter of 1.35 inches is used.

[0043] Prior to being loaded in the separation chamber 17 , the adipose

tissue, or any multiple component composition, can be optionally subject to

mechanical disruption. Mechanical disruption loosens the adipose tissue to

facilitate separation of the different fractions during further processing. Any

suitable disruptor can be used, such as the disruptors described in United States

Application No. 12/395,085 titled "A System For Separating A Material," which

was filed on February 27, 2009 and is assigned to Biomet Biologies, LLC, which

is incorporated by reference herein. This type of disruptor includes a screen or

grate that the multiple component material is forced through to loosen the

interaction between the different fractions.



[0044] After the adipose tissue is loaded, a suitable anticoagulant,

such as citrate phosphate dextrose ("CPD"), can be added as well as through

the loading port 58. Any suitable amount of CPD can be added, such as about

8.5cc for 60cc of adipose tissue. The separation device 10 can then be

incubated at about 37°C for about five minutes. Any suitable device or method

can be used to perform the incubation, such as by placing the separation device

10 in a heat bath or wrapping the device 10 in a heat pack.

[0045] The separation device 10 containing the adipose tissue is then

spun in a suitable rotational device, such as the centrifuge 90 illustrated in Figure

7 . As illustrated, multiple separation devices 10 can be spun simultaneously.

The separation device 10 can be initially spun at about 100 to about 1,500 x

gravity for about 5 minutes to allow for initial separation of fat layers, including

oil, fatty tissue, excess/tumescent fluid, etc. The speed of the centrifuge can

then increased to about 1,500 to about 3,000 x gravity for about an additional 12-

15 minutes. Alternatively, the separation device 10 can be subject to a single

centrifugation at about 1,500 to about 3,000 x gravity and 3,200

revolutions/minute for about 15 minutes.

[0046] During centrifugation, gravitational forces act on the valve 18 to

cause the valve 18 to move to the open position of Figure 3 . Specifically and

with additional reference to Figure 8 , gravitational forces cause the valve

actuation member 36 and the sealing member 34 mounted thereto to bend

downward along the longitudinal axis A such that the outer diameter of both the

valve actuation member 36 and the sealing member 34 move toward the second

end 14 . The valve actuation member 36 and the sealing member 34 bend at the

portions proximate to the longitudinal axis A to provide a "flap valve." This

separates the sealing member 34 from the grate 20 to create a space

therebetween through which components of the multiple component

composition, such as cellular material where the multiple component material is

adipose tissue, can pass and collect at the base portion 54 of the insert 52,

which along with the angled cylindrical sidewall 56 defines a sump on a second

side 7 1 of the valve 18 .



[0047] With additional reference to Figure 9 , centrifugation causes the

different fractions of the multiple component material to separate according to

density such that fractions with the greatest density settle at the second end 14 .

The least dense fractions settle proximate to the first end 12 or most distal to the

second end 14 . After centrifugation, the valve 18 returns to the closed position,

illustrated in, for example, Figure 9 . When closed, the valve 18 separates the

multiple component material such that at least one fraction of a first density is

separated between the valve 18 and the second end 14 , and a second fraction

having a second density that is greater than the first density is separated on an

opposite side of the valve 18 , which is proximate to the first end 12 .

[0048] The valve 18 is positioned within the separation chamber 17

along the longitudinal axis A such that after centrifugation the two fractions of the

multiple component material that are most desirable are separated on opposite

sides of the valve 18 . One skilled in the art will recognize that the position of the

valve 18 along the longitudinal axis A will depend on the densities of the most

desired fractions.

[0049] For example, when the multiple component material is adipose

tissue, the valve can be positioned from about 0.5 inches to about 1.5 inches,

such as about 0.75 inches, from the second end 14 in applications where the

separation chamber 17 has a diameter of about 1.35 inches and a volume of

about 90 ml. As a result, the fractions of adipose tissue of the greatest density,

including cellular material 92 having a typical density of about 1.06 g/ml to about

1. 1 g/ml, will be isolated proximate to the second end 14 on the second side 7 1

of the valve 18 . Conversely, the fractions of adipose tissue of the least density,

including purified fat having a density of about 0.95 g/ml, excess water or other

fluid having a density of about 1.0 g/ml, oil, etc. at 94 are isolated on the first side

69 of the valve 18 . A tumescent fluid layer 95 will be isolated on both sides of

the valve 18 between the cellular material 92 and the purified fat.

[0050] To provide higher cell yields, the diameter of the separation

chamber 17 can be increased and/or the volume of adipose tissue can be

decreased. This increases the surface area of the adipose tissue, thus making it



easier for the cells to travel through the fat and extra cellular matrix (ECM)

toward the second end 14 .

[0051] Increased cell yields can also be provided by subjecting the

fractions 94 isolated on the first side 69 of the valve 18 , such as purified fat,

excess fluid, oil, etc., to a second disruption and/or centrifugation process. For

example, after the one or more fractions 94 are isolated through centrifugation,

the fractions 94 can again be passed through the disruptor 120 to loosen the

interaction between the materials and then again be centrifuged in the

separation chamber 17 to permit isolation of cellular material 94 on the second

side 7 1 of the valve 18 that was not previously isolated. Both the disruption and

centrifugation processes are further described below.

[0052] With additional reference to Figure 9 , the isolated fractions can

be withdrawn as desired using a suitable extraction device, such as a syringe.

For example, the purified fat, excess fluid, oil, etc. 94 can be withdrawn through

the first extraction port 60 using a suitable syringe 96. Similarly, the cellular

material 92 can be withdrawn through the second extraction port 62, via the

aperture 48 and the second extraction tube 72 using a suitable syringe 98. The

angled cylindrical sidewall 56 and the base portion 54 act as a sump to direct the

cellular material 92 toward the apertures 48 of the distal end 46 of the mounting

tube 42 to facilitate withdrawal of the cellular material 92 through the second

extraction port 62. Prior to withdrawing the purified fat through the first extraction

port 60 and subsequent to withdrawing the cellular material 92 through the

second extraction port 62, the tumescent fluid layer 95 can be withdrawn through

the first and the second extraction ports 60 and 62.

[0053] The isolated fractions can be used for a variety of different

purposes. For example, the cellular material 92 can be used to facilitate wound

healing, such as by directly injecting the cellular material 92 to a wound site of a

patient 100, as illustrated in Figure 10 . The purified fat can be used in a variety

of different types of reconstructive and cosmetic surgery, such as facial

reconstruction, breast reconstruction, and in most any area in which a fat filling is

desired.



[0054] With additional reference to Figure 11, a suction tube 102 with a

suitable impingement device attached to an end thereof, such as a cannula 104,

can be used to draw the multiple component material directly from a patient into

the separation device 10 . The end of the suction tube 102 opposite to the

cannula 104 can be secured to the loading port 58 using any suitable

connection, such as a Luer lock. The cannula 104 can be inserted directly into

an area 106 of the patient from where the adipose tissue is desired to be

removed.

[0055] To facilitate withdrawal of the adipose tissue from the desired

area 106 of the patient, a suitable extraction device, such as a vacuum pump

110 , can be used. The vacuum pump 110 can be connected to a separate

vacuum port 112 at the first end 12 of the separation chamber 17 that provides

fluid communication with the interior volume of the separation chamber 17 . The

vacuum pump 110 can be connected to the vacuum port 112 using a suitable

suction tube 108. The vacuum pump 110 can be any suitable vacuum pump 110

operable to withdraw the multiple component material out of the suitable area

106 of the patient to within the separation chamber 17 . After the multiple

component composition is drawn into the separation chamber 17 , the vacuum

pump 110 can be disconnected from the vacuum port 112 and the vacuum port

112 can be closed with a suitable cap.

[0056] With additional reference to Figure 12 , the separation device 10

can include a suitable disruptor, such as the disruptor 120. The disruptor 120

generally includes a disruptor chamber 122, a plunger 124, a disruptor inlet port

126, a disruptor vacuum port 128, a disruption screen 130, and a disruptor outlet

port 132.

[0057] The disruptor inlet port 126 provides fluid communication

between an exterior of the disruptor 120 and the disruptor chamber 122. The

suction tube 102 with the cannula 104 attached thereto can be connected to the

disruptor inlet port 126 using any suitable connection, such as a Luer lock

connection.

[0058] The disruptor vacuum port 128 also provides fluid

communication between an exterior of the disruptor 120 and the disruptor



chamber 122. The vacuum pump 110 can be connected to the disruptor vacuum

port 128 using any suitable connection, such as a Luer lock connection, to draw

the multiple component composition into the disruptor chamber 122.

[0059] After a suitable amount of the multiple component material,

such as adipose tissue, is drawn into the chamber 122, the pump 110 can be

stopped and the plunger 124 can be depressed to drive the multiple component

material through the disruption screen 130, which is also illustrated in Figure 13 .

The disruption screen 130 can be any suitable disruption screen known in the

art, such as those described in U.S. Application No. 12/395,085 incorporated by

reference herein. As illustrated, the disruption screen 130 includes a plurality of

round openings 13 1 , however any suitably shaped openings or grated surface

can be provided to disrupt a material to be passed therethrough. As the material

is pushed through the disruption screen, it is softened and its fractions are

loosened to facilitate separation of the fractions during the centrifugation

process.

[0060] The disruptor outlet port 132 is connected to an inlet port 134 of

the separation device 10 . As illustrated, the inlet port 134 extends through the

first end 12 and is similar to the loading port 58. The inlet port 134 can be

connected to the disruptor outlet port 132 in any suitable manner, such as

through a Luer lock connection, to provide fluid communication between the

disruptor chamber 122 and the interior volume of the separation chamber 17 .

Thus, as the plunger 124 is depressed, the multiple component composition is

pushed through the disruptor screen 130 and into the interior volume of the

separation chamber 17 where it is separated into its different fractions through

centrifugation as described above. The separate inlet port 134 for the disruptor

120 is optional as the disruptor 120 can also be connected to the loading port 58.

[0061] The inlet port 134 can be located at the axial center A of the

first end 12 to facilitate introduction of the adipose tissue into the separation

chamber 17 , however, the inlet port 134 can be located at any suitable location

and can be eliminated altogether because the disruptor 120 can also be

connected to the loading port 58. When the inlet port 134 is located at the axial

center A , the second extraction port 62 can be moved offset from the axial center



A . Accordingly, the second extraction tube 72 does not extend entirely along the

axial center A as described above, but can be offset with an elbow portion 136.

The inlet port 134 can be in addition to, or can take the place of, the loading port

58.

[0062] While the disruptor screen 130 is illustrated as being integral

with the disruptor 120, the disruptor screen 130 can also be a separate

component that is connected to both the disruptor inlet port 126 and the disruptor

120 using suitable fastening devices, such as Luer lock connections. Further,

the disruptor screen 130 can be integral with the separation device 10 and the

disruptor 120 can be connected to the disruptor screen 130 with a suitable

connection.

[0063] While the disruptor 120 is illustrated as being connected to a

single separation device 10 , the disruptor 120 can be connected to multiple

separation devices 10 through the use of a suitable connection device, such as a

branch connector, that will provide fluid communication between the disruptor

120 and inlet ports of multiple separation chambers.

[0064] The present teachings further provide for a sterile method of

using the separation device 10 . With reference to Figures 11 and 12 , the

cannula 104 and the suction tube 102 can be sterilized and passed into a sterile

field where the cannula 104 can be connected to a first end of the suction tube

102. A second end of the suction tube 102 can be connected to either the

loading port 58 of the separation device 10 (Figure 11) or the disruptor inlet port

126 of the disruptor 120 (Figure 12). The separation device 10 and the disruptor

120 may be inside or outside of the sterile field depending on the procedure.

The suction tube 108 is then connected to the vacuum pump 110 , which is

outside of the sterile field, and either the first extraction port 60 (Figure 11) or the

disruptor vacuum port 128 (Figure 12). Thus, the separation device 10 need not

ever enter the sterile field, thus allowing it to be handled by non-sterile personnel

for processing in the centrifuge 90. Use of the device 10 outside of the sterile

field is advantageous because it frees up space in the sterile area. Use of the

device 10 inside of the sterile area decreases the possibility of contamination.



[0065] To facilitate collection of the multiple component composition,

multiple cannulas 104 can be inserted into area 106 of the patient from where

the composition is to be removed and multiple suction tubes 102 can be

connected to the cannulas 104. The suction tubes 102 can then be connected to

the loading port 58 or the disruptor inlet port 126 using a suitable connecting

device, such as a suitable branch connector. Also, multiple vacuum pumps 110

can be used to increase the vacuum force. The pumps 110 can be connected to

the first extraction port 60 or the disruptor vacuum port 128 using multiple

suction tubes 108 connected by, for example, a branch line.

[0066] The foregoing description of the embodiments has been

provided for purposes of illustration and description. It is not intended to be

exhaustive or to limit the invention. Individual elements or features of a

particular embodiment are generally not limited to that particular embodiment,

but, where applicable, are interchangeable and can be used in a selected

embodiment, even if not specifically shown or described. The same may also be

varied in many ways. Such variations are not to be regarded as a departure from

the invention, and all such modifications are intended to be included within the

scope of the invention.



CLAIMS

What is claimed is:

1. A separation system for separating a multiple component material

into at least two fractions comprising:

a separation device having a first end, a second end opposite to

the first end, and a sidewall that extends between the first end and the second

end to define a separation chamber having an interior volume; and

a valve moveable between an open position and a closed position,

the valve is mounted at a fixed location within the separation chamber at a

position that is closer to the second end than to the first end and is spaced apart

from the second end, the valve is operable to isolate a first fraction of the

multiple component material having a first density on a first side of the valve from

a second fraction having a second density on a second side of the valve that is

opposite to the first side.

2 . The separation system of Claim 1, further comprising a sump base

having angled walls at the second end of the separation device, the valve is

between the first end of the separation device and the sump base.

3 . The separation system of Claim 1, wherein the valve includes an

insert having a conical surface that extends between the sidewall and a

longitudinal axis of the separation chamber, the conical surface is angled

downward toward the second end of the separation chamber.

4 . The separation system of Claim 1, wherein the valve defines

openings that are one of circular and pie-shaped.

5 . The separation system of Claim 1, wherein the valve includes a

flexible activation member having a seal that is one of the following: fastened to

the activation member, integral with the activation member, and separate from

the activation member.



6 . The separation system of Claim 1, wherein the valve includes a

screen, a valve activation member, and a seal, each of the screen, the valve

activation member, and the seal define a through hole at an axial center thereof;

wherein the through hole is in fluid communication with apertures

at an end of the valve activation member proximate to the second end; and

wherein an extraction tube is seated in the through hole and is

connected to an extraction port of the separation device.

7 . The separation system of Claim 5 , wherein the cylindrical disk is

movable between a closed position and an open position, in the closed position

the cylindrical disk and the sealing member extend along a plane that is

perpendicular to a longitudinal axis of the separation chamber and the sealing

member contacts a grated portion of the valve to prevent the passage of material

through the valve, in the open position the cylindrical disk and the sealing

member are flexed toward the second end and the sealing member is spaced

apart from the grated portion of the valve to permit the passage of material

through the valve.

8 . The separation system of Claim 1, further comprising a disruptor

and a vacuum pump in communication with the separation chamber.

9 . The separation system of Claim 1, wherein the multiple component

material includes adipose tissue;

wherein the first fraction is isolated between the valve and the

second end, the first fraction includes cellular material;

wherein the second fraction is isolated between the valve and the

first end, the second fraction includes fat; and

wherein a third fraction is isolated between the valve and the first

fraction and between the valve and the second fraction, the third fraction

includes tumescent fluid.



10 . A separation system for separating a multiple component material

into at least two fractions comprising:

a separation device having a first end, a second end opposite to

the first end, and a sidewall that extends between the first end and the second

end to define a separation chamber having an interior volume; and

a valve mounted at a fixed positioned within the separation

chamber at a position that is closer to the second end than to the first end and is

spaced apart form the second end, the valve includes:

a screen;

a flexible valve actuation member that is movable in

response to gravitational forces applied to the separation device; and

a sealing member supported by the flexible valve actuation

member;

wherein the flexible valve actuation member and the sealing

member extend in a plane perpendicular to a longitudinal axis of the separation

chamber and the sealing member contacts the screen to prevent the passage of

materials through the screen when the valve is in a closed position; and

wherein the flexible valve actuation member and the sealing

member bend toward the second end when the valve is in an open position in

response to gravitational forces exerted upon the separation device such that the

sealing member is spaced apart from the screen to permit the passage of

material through the screen.

11. The separation system of Claim 10 , wherein the valve is operable

to isolate a first fraction of the multiple component material having a first density

on a first side of the valve from a second fraction having a second density on a

second side of the valve that is opposite to the first side, and the valve is

operable to isolate a third fraction including tumescent fluid between the valve

and the first fraction and between the valve and the second fraction.



12 . The separation system of Claim 10 , further comprising a first

extraction tube extending from the valve to a first extraction port of the

separation chamber positioned at the first end.

13 . The separation system of Claim 10 , further comprising a second

extraction tube extending from a position that is proximate to a side of the valve

facing the first end to a second extraction port of the separation chamber.

14 . The separation system of Claim 10 , further comprising a disruptor

and a vacuum pump in fluid communication with the separation chamber.

15 . The separation system of Claim 10 , wherein, with adipose tissue

present in the separation chamber, the valve moves to the open position when

the device is spun to permit cellular material to pass through the valve; and

wherein after the device is spun the valve moves to the closed

position to isolate the cellular material between the valve and the second end,

the cellular material can be withdrawn from the separation device for further use.

16 . The separation system of Claim 10 , wherein the screen, the flexible

valve, and the sealing member are aligned along a longitudinal axis of the

separation chamber.

17 . A method for isolating at least two fractions of a multiple

component material comprising:

loading the multiple component material into a separation chamber

of a separation device between a valve mounted at a fixed position in the

separation chamber and a first end of the device, the first end is opposite to a

second end and a sidewall extends between the first end and the second end to

define the separation chamber having an interior volume;

centrifuging the separation device such that the valve moves to an

open position in response to gravitational forces exerted on the device to permit



a first fraction of the multiple component material of a first density to pass

through the valve toward the second end;

ceasing centrifugation of the separation device to permit the valve

to move to a closed position, thus isolating the first fraction of the first density

between the valve and the second end and isolating a second fraction of a

second density that is less dense than the first density between the valve and

the first end; and

withdrawing at least one of the first fraction and the second fraction

from the separation chamber for use in a subsequent procedure.

18 . The method of Claim 17 , further comprising loading adipose tissue

into the separation chamber to isolate the first fraction including cellular material,

the second fraction including purified fat, and a third fraction including tumescent

fluid;

incubating the separation device with the adipose tissue loaded

therein for about five minutes at about 37°C; and

centrifuging the device at a speed of about 3,200

revolutions/minute for about fifteen minutes.

19 . The method of Claim 17 , further comprising loading the multiple

component material directly into the separation device using a vacuum pump.

20. The method of Claim 17 , further comprising subjecting the multiple

component material to disruption prior to loading the multiple component

material into the separation chamber.
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