
US 20100260815A1 

(19) United States 
(12) Patent Application Publication (10) Pub. N0.: US 2010/0260815 A1 

Kyle et al. (43) Pub. Date: Oct. 14, 2010 

(54) FLUID CONCENTRATOR,AUTOLOGOUS A61K 35/12 (2006.01) 
CONCENTRATED BODY FLUIDS, AND USES A61K 35/14 (2006.01) 
THEREOF A61K 35/16 (2006.01) 

A61K 35/22 (2006.01) 
(75) Inventors: Matthew R. Kyle, Plymouth, MN A61 K 35/37 (200601) 

(US); Thomas Coull, Rancho Palos A61 K 35/26 (200601) 
Verdes, CA (US) A61K 35/48 (2006.01) 

C12N 5/078 (2010.01) 
Correspondence Address: C12N 5/077 (201001) 
MERCHANT & GOULD PC A611) 43/00 (200601) 
P-O- BOX 2903 B01D 63/00 (2006.01) 
MINNEAPOLIS, MN 55402-0903 (US) B01D 61/20 (200601) 

_ _ _ _ B01D 61/14 (2006.01) 

(73) Asslgnee: Circle Blologlcs , LLC, B01D 21/26 (200601) 
Mme/21130115’ MN (Us) B01D 21/02 (2006.01) 

_ (52) US. Cl. ................. .. 424/422; 435/283.1; 435/288.7; 
(21) Appl' NO" 12/666’131 435/325; 424/520; 424/529; 424/531; 424/530; 

210/257.1; 210/257.2; 210/806; 210/651; 
(86) PCT N0.: PCT/US2008/067677 210/787; 210/804 

§ 371 (6X1), (57) ABSTRACT 
(2), (4) Date: Jun. 28, 2010 The present invention provides devices and methods for con 

centrating a ?uid and for treating a patient With the concen 
Related US. Application Data trated ?uid. The concentrator apparatus includes a main hous 

(60) Provisional application No. 60/945,733, ?led on Jun. mg (12) de-?I-nng a Separation Chambe-r (14)’ a ?lter housing 
22 2007' contammg a ?lter (46) comprismg a ?lter element‘, a 

’ pipmg (44) for movmg concentrated ?uid from the separatlon 
_ _ _ _ chamber to the ?lter, and ports (32) for pressuriZing the con 

Pubhcatlon Classl?catlon centrated ?uid past the ?lter element of the ?lter. The present 
(51) Int, Cl, invention also provides a variety of uses of concentrated body 

A61K 9/00 (200601) ?uids, including autologous concentrated body ?uid. The 
(‘12M 1/00 (200601) concentrated ?uids can be used for example in surgical appli 
C12M 1/34 (200601) cations, including graft applications such as allograft, 
C12N 5/0 71 (201001) Xenograft and autograft applications. 

10 

20 

0 

5e 

60 28 

m 24 
a» 



Patent Application Publication Oct. 14, 2010 Sheet 1 0f 8 US 2010/0260815 A1 





Patent Application Publication Oct. 14, 2010 Sheet 3 0f 8 US 2010/0260815 A1 

6 

3 w 

a P. 



Patent Application Publication Oct. 14, 2010 Sheet 4 0f 8 US 2010/0260815 A1 



Patent Application Publication Oct. 14, 2010 Sheet 5 0f 8 US 2010/0260815 A1 

26 

\ r24 
7 

2 

/ 

B1 / 

4w 1 
Q 

\ N \ \\\\ \\\\\ \ 

\ g 

68 



Patent Application Publication Oct. 14, 2010 Sheet 6 0f 8 US 2010/0260815 A1 

80 

9’// 26 @311 

2 5 

f88 

0 5 

2 5 

§ 

% 

\ 

g / 

\ 

\\\\\\\\\\\\\$\\\\\\\\\\\\\\\\\\\\\\\\\\.\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\sk\\\k 
/ 

m 

8 8 

62 



Patent Application Publication Oct. 14, 2010 Sheet 7 0f 8 US 2010/0260815 A1 

L : E : i 

16 



Patent Application Publication Oct. 14, 2010 Sheet 8 0f 8 US 2010/0260815 A1 

K 

6 1 

0 4 
a / 

/ M/% 

e 

#//VVI///A . 6???” 
. \IJ . , 7 ML 

%\ 

FIG. 8 



US 2010/0260815 A1 

FLUID CONCENTRATOR, AUTOLOGOUS 
CONCENTRATED BODY FLUIDS, AND USES 

THEREOF 

[0001] This application is being ?led on 20 Jun. 2008, as a 
PCT International Patent application in the name of MIL 
LENNIUM MEDICAL TECHNOLOGIES, INC., a US. 
national corporation, applicant for the designation of all 
countries except the US, and MattheW R. KYLE, a citiZen of 
the US, and Thomas COULL, a citiZen of the US, appli 
cants for the designation of the US. only, and claims priority 
to US. Provisional Patent Application Ser. No. 60/945,733 
?led on 22 Jun. 2007. 

BACKGROUND 

[0002] The present invention is directed to devices and 
methods for concentrating ?uids. More particularly, the 
present invention is directed to devices and methods for con 
centrating autologous biological or body ?uids. 
[0003] Concentration and/or ?ltration of body ?uids have 
long been practiced in the medical arts. Many medical treat 
ments involve applying a ?uid or gel-like substance to a 
Wound or disease location. For some medical treatments, the 
?uid or gel-like substance is obtained from a body ?uid of 
another person or animal. Body ?uids, components of body 
?uids, or components of other body parts, such as tissue, may 
also be obtained from other species and used on human 
patients. Examples of such biological materials Which are 
commonly used in current medical applications on humans 
are components of mammalian blood and bone, such as allo 
genic, xenogenic or autogenic graft materials, including from 
human, bovine and porcine sources. In some applications, the 
?ltration and/or concentration process is carried out in an 
ongoing, streaming process, Wherein the body ?uid is simul 
taneously removed from the patient’s body and then doWn 
stream returned to the patient’s body. In other applications, 
the ?ltration and/or concentration process is carried out in a 
batch process, Wherein an amount of the body ?uid is 
removed from the body as a unit, treated, and then returned to 
the patient’s body as a unit. 

[0004] More recently, body ?uids such as blood fractions 
separated by centrifugation have been further ?ltered to 
increase cell or component concentrations in the ?ltrate. US. 
Pat. Nos. 5,733,545, 6,010,627 and 6,342,157 shoW examples 
of this, and are incorporated by reference. Such concentrated, 
centrifuged body ?uids have been shoWn to be useful in 
various treatment modalities, such as applying the concen 
trated blood component directed to an orthopedic Wound site. 
HoWever, the methods and devices taught in the above patents 
have shortcomings Which have prevented Widespread accep 
tance and use in an operating environment. For example, the 
?uid or gel-like substance obtained from a body ?uid of 
another person or animal is used in treatment and When 
applied to a patient, increases the risk for infection or diseases 
such as hepatitis or AIDS. The use of autologous body ?uids 
avoids the risk of contracting a disease from external body 
?uids. When body ?uids or components of body ?uids are 
obtained from other species for use in human treatment, 
adverse reactions such as allergies, rejection, etc. can occur. 
The use of autologous body ?uids also avoids the risk of 
rejection and other adverse reactions to ?uids or tissue from 
an outside source. 
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[0005] Therefore, there is a need for devices and methods 
for concentrating and/or ?ltering body ?uids or autologous 
?uids in an e?icient manner that prevents contamination of 
the ?uids and alloWs the ?uids to be used in treatment proce 
dures Where the risk of contamination, infection, or rejection 
remains high. 

SUMMARY 

[0006] In an aspect, the present invention includes an appa 
ratus and method for concentrating a ?uid, particularly an 
autologous ?uid, for treatment of a patient. The concentrator 
apparatus includes a main housing de?ning a gravitational 
separation chamber, a ?lter housing containing a ?lter com 
prising a ?lter element, a piping for moving concentrated 
?uid from the separation chamber to the ?lter housing, and 
ports for pressuriZing the concentrated ?uid past the ?lter 
element of the ?lter. In am embodiment, the gravitational 
separation chamber is a centrifuge chamber. 
[0007] In another aspect, the present invention involves the 
creation and use of concentrated body ?uids. A body ?uid or 
tissue is extracted from a patient. The extracted substance is 
separated into different gravitational fractions, such as by 
centrifuge separation, gravitational Weight separation or by 
mixing the extracted substance With a reagent that causes 
separation and/ or precipitation. Once separated into different 
fractions, a portion of the column height is extracted, and then 
passed through a ?lter. The resultant concentrated, ?ltered 
product is then applied to a particular location With the same 
patient Who provided the initial body ?uid or tissue, or in a 
different patient. Depending upon Which fraction is concen 
trated and ?ltered from Which body ?uid, the present inven 
tion can be used to treat a variety of conditions. 
[0008] In a third aspect, the concentrated autologous ?uids 
are used in graft applications, including allograft, xenograft 
and autograft applications. The concentrated autologous ?u 
ids can be used to reconstitute freeZe-dried or poWdered 
allograft, autograft or xenograft materials. The concentrated 
?uids may also be applied directly to allografts or autografts 
during implantation, groWth factors in the concentrated ?uid 
promoting healing and tissue regeneration after implant sur 
gery. The concentrated ?uids may be coated onto an allograft 
material that then binds and/or interacts With reactive func 
tional groups coated onto a polymer core, alloWing the 
allo graft to release groWth factors in a controlled manner over 
the period of time required for healing after surgery. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 is a perspective vieW of a ?rst embodiment of 
the invention. 
[0010] FIG. 2 is a cross-sectional side vieW ofthe embodi 
ment of FIG. 1 taken along lines 2-2. 
[0011] FIG. 3 is a cross-sectional side vieW ofthe embodi 
ment of FIG. 1 taken along lines 3-3. 
[0012] FIG. 4 is a cross-sectional plan vieW taken along line 
4-4 in FIGS. 2 and 3. 
[0013] FIG. 5 is a side vieW ofFIGS. 2 and 3, simpli?ed and 
modi?ed so as to shoW all functions on a single vieW, With 
arroWs A-I indicating the stepWise handling of the body ?uid 
through the inventive device. 
[0014] FIG. 6 is a cross sectional side vieW of a second 
embodiment of the invention. 
[0015] FIG. 7 is a perspective vieW of a third embodiment 
of the invention, shoWing hidden detail in dashed lines. 
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[0016] FIG. 8 is a cross-sectional vieW of the embodiment 
of FIG. 7. 
[0017] While the above-identi?ed drawing ?gures set forth 
preferred embodiments, other embodiments of the present 
invention are also contemplated, some of Which are noted in 
the discussion. In all cases, this disclosure presents the illus 
trated embodiments of the present invention by Way of rep 
resentation and not limitation. Numerous other minor modi 
?cations and embodiments can be devised by those skilled in 
the art Which fall Within the scope and spirit of the principles 
of this invention. 

DETAILED DESCRIPTION 

[0018] Various embodiments of the present invention Will 
be described in detail With reference to the drawings, Wherein 
like reference numerals represent like parts throughout the 
several vieWs. Reference to various embodiments does not 
limit the scope of the invention, Which is limited only by the 
scope of the claims attached hereto. Additionally, any 
examples set forth in this speci?cation are not intended to be 
limiting and merely set forth some of the many possible 
embodiments for the claimed invention. 

DEFINITIONS 

[0019] Unless de?ned otherWise, all technical and scien 
ti?c terms used herein have the same meaning as commonly 
understood to one of ordinary skill in the art. Although any 
methods, devices and material similar or equivalent to those 
described herein can be used in practice or testing, the meth 
ods, devices and materials are noW described. 
[0020] The term “body ?uid” refers to a biological ?uid 
collected from a subject. The subject can be a mammal, 
including but not limited to human, bovine, pig, sheep, horse, 
or goat. The body ?uids can be autologous. Body ?uids 
include, but are not limited to, blood, plasma, serum, urine, 
saliva, mucus, cerebrospinal ?uid, lymphatic ?uid, seminal 
?uid, amniotic ?uid, vitreous ?uid, as Well as ?uid collected 
from cell culture of patient cells, and the like. Body ?uids also 
include tissue such as, for example, bone, bone marroW, 
muscle tissue, brain, heart, liver, lung, stomach, small intes 
tine, large intestine, colon, uterus ovary, testis, cartilage, soft 
tissue, skin, subcutaneous tissue, breast tissue, tissue 
obtained from other species, patient tissue from surgery, and 
the like. The tissue can be disrupted. Methods for disrupting 
tissue are knoWn and include homogeniZation and enzymatic 
treatments. The body ?uids of the invention also include, for 
example, bone marroW, ?uids obtained from surgery, ?uid 
?ltrates, tissue ?ltrates or fragments, bone chips or fragments 
obtained during surgery, and the like. 
[0021] The term “concentrated” refers to a ?uid Which has 
been separated by gravity, centrifugation, and/ or ?ltration 
into various fractions. The term fraction refers to the various 
components into Which a biological ?uid can be separated by 
centrifugation, gravitational Weight separation and/ or ?ltra 
tion. Each fraction is richer in a particular ?uid component 
(i.e. concentrated) relative to the other fraction and the origi 
nal ?uid. The concentration process also removes nonessen 
tial components such that the concentrated fraction contains 
only necessary or desired components. 
[0022] “Allograft” as used herein refers to a tissue or organ 
obtained from one patient and grafted to a genetically dis 
similar patient. When the tissue or organ is obtained from one 
part of the patient’s body and is grafted to another part of the 
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same patient’s body, the material is an autograft. Allograft 
materials include, Without limitation, bone, bone poWder, 
bone chips, or bone particles, tendons, ligaments, skin, lens 
fragments, and the like, obtained from mammalian sources, 
including bovine, porcine and human sources. Human 
sources include patients and cadavers. Allograft materials are 
usually freeZe-dried and must be reconstituted in a biocom 
patible ?uid prior to use. Allograft materials may also be 
substituted With biosynthetic and synthetic materials includ 
ing, Without limitation, demineraliZed bone matrix, collagen, 
ceramics, cements, polymers and copolymers. 
[0023] The term “groWth factor” as used herein means a 
bioactive molecule that promotes proliferation of a cell or 
tissue. GroWth factors useful in the present invention include, 
but are not limited to, transforming groWth factor-alpha 
(TGF-alpha), transforming groWth factor-beta (TGF-beta), 
platelet-derived groWth factors including the AA, AB and BB 
isoforms (PDGF), ?broblast groWth factors (FGF), including 
FGF acidic isoforms 1 and 2, FGF basic form 2, and FGF 4, 
8, 9 and 10, nerve groWth factors (N GF) including NGF 2.5s, 
NGF 7.0s and beta NGF and neurotrophins, brain derived 
neurotrophic factor, cartilage derived factor, bone groWth 
factors (BGF), basic ?broblast groWth factor, insulin-like 
groWth factor (IGF), vascular endothelial groWth factor 
(V EGF), EG-VEGF, VEGF-related protein, Bv8, VEGF-E, 
granulocyte colony stimulating factor (G-CSF), insulin like 
groWth factor (IGF) I and II, hepatocyte groWth factor, glial 
neurotrophic groWth factor (GDNF), stem cell factor (SCF), 
keratinocyte groWth factor (KGF), transforming groWth fac 
tors (TGF), including TGFs alpha, beta, betal, beta2, and 
beta3, skeletal groWth factor, bone matrix derived groWth 
factors, and bone derived groWth factors and mixtures 
thereof. Some groWth factors can also promote differentiation 
of a cell or tissue. TGF and VEGF, for example, can promote 
groWth and/or differentiation of a cell or tissue. Some pre 
ferred groWth factors include VEGF, NGFs, PDGF-AA, 
PDGF-BB, PDGF-AB, FGFb, FGFa, and BGF. 
[0024] The term “differentiation factor” as used herein 
means a bioactive molecule that promotes differentiation of 
cells or tissue. The term includes, but is not limited to, neu 
rotrophin, colony stimulating factor (CSF), or transforming 
groWth factor. CSF includes granulocyte-CSF, macrophage 
CSF, granulocyte-macrophage-CSF, erythropoietin, and 
IL-3. Some differentiation factors can also promote groWth or 
proliferation of a cell or tissue. TGF and IL-3, for example, 
can promote differentiation and/or groWth of cells. 

[0025] “Chemotactic factors” refers to a bioactive mol 
ecule responsible for regulating the movement of essential 
chemicals necessary for proper development, healing and/or 
homeostasis of cells and tissues. Chemotactic factors include 
cytokines. Cytokines include, but are not limited to, car 
diotrophin, stromal cell derived factor, macrophage derived 
chemokine (MDC), melanoma groWth stimulatory activity 
(MGSA), macrophage in?ammatory proteins 1 alpha (MIP-l 
alpha), 2, 3 alpha, 3 beta, 4 and 5, interleukin (IL) 1, IL-2, 
IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-lO, IL-ll, IL-l2, 
IL-l3, TNF-alpha, and TNF-beta. 
[0026] The term “adhesion molecule” refers to bioactive 
molecules that promote or facilitate adhesion With other cells 
or With the extracellular matrix (ECM) or basement mem 
brane (BM). Adhesive proteins include actin, ?brin, ?brino 
gen, ?bronectin, vitronectin, laminin, cadherins, selectins, 
intracellular adhesion molecules 1, 2, and 3, and cell-matrix 
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adhesion receptors including but not limited to integrins such 
as (x561: (x6615 (x761: (x162: G263: and G664‘ 
[0027] As used herein, the terms “treatment” and “treating” 
refer to the process of administering or applying a concen 
trated biological ?uid or concentrated body ?uid to a patient 
at the site of a Wound or injury in order to cause or promote 
healing at the Wound or injury site. The concentrated ?uid can 
be autologous. The concentrated ?uid or concentrated body 
?uid is applied in a therapeutically effective amount. For 
example, an amount su?icient to cause Wound or injury heal 
ing When an autologous ?uid is applied to a Wound or injury 
site Would be a therapeutically effective amount. 

MODES FOR CARRYING OUT THE INVENTION 

[0028] The present invention is directed to concentration of 
body ?uids using a concentrator device, and uses of concen 
trated body ?uids and similar substances produced using the 
concentrator device. Concentrated body ?uids obtained by 
the methods of the present invention having many uses, 
including treatment of a variety of medical conditions. 
[0029] A. Fluid Concentrator 
[0030] The present invention includes a ?uid concentrator 
device for concentrating body ?uids. The body ?uids can be 
autologous body ?uids. The concentrator 10 of the present 
invention primarily includes a main housing 12 Which de?nes 
separation chamber 14. For ease of manufacture and assem 
bly, the main housing 12 may be formed as a base plate 16, a 
central housing 18, and a top plate 20 as shoWn in FIG. 1. The 
main housing 12 is preferably molded of plastic, but could be 
formed of any steriliZable material. As part of manufacture 
and assembly, the base plate 16, central housing 18 and top 
plate 20 are preferably sealed to each other, such as through 
an epoxy sealant or sonic Welding. The base plate 16, central 
housing 18 and top plate 20 may alternative be formed With 
mating threads so as to screW together, and sealed such as With 
a common O-ring. 

[0031] An embodiment, the central housing 18 is transpar 
ent or semi-transparent, thereby alloWing vieWing of the ?uid 
contained Within the centrifugation chamber 14 of the central 
housing 18. This alloWs vieWing of the body ?uid after sepa 
ration, to better determine Which fraction of the ?uid to 
remove from the separation chamber 14. Alternatively, the 
central housing 18 may include a WindoW, i.e., a portion 
Which is transparent or semi-transparent. When a biological 
?uid or body ?uid is placed into the chamber 14 and centri 
fuged, color distinctions betWeen the various components or 
fractions can be visually discerned. For example, Where the 
body ?uid is blood, platelet poor plasma, buffy coat and red 
blood cell fractions or components have distinct colors and 
can be visually distinguished from one another. For ?uids 
Which do not visually separate during centrifugation or gravi 
tational separation Weight, or if a ?oat or other mechanism is 
used to determine Which portion of the separated ?uid to 
remove from the separation chamber 14, no WindoW is nec 
essary. 
[0032] In an embodiment, the overall siZe of the main hous 
ing 12 is selected to be compatible With existing centrifuges. 
For example, centrifuges are presently available Which 
handle 4x4 inch vessels, and the main housing 12 is dimen 
sioned to mate With and be received by the common 4x4 inch 
centrifuge (not shoWn). In an embodiment, the main housing 
12 is dimensioned to mate With and be received by a 8x8 inch 
centrifuge. In an embodiment, the main housing 12 is dimen 
sioned to mate With and be received by a 12x12 inch centri 
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fuge. In an embodiment, the main housing 12 is dimensioned 
to mate With and be received by up to a 40x40 inch centrifuge, 
such as for small volumes up to 250 ML. The bottom Wall 22 
of the base plate 16 is ?at and includes no ports or items 
projecting from it, so the concentrator 10 can stand on a ?at 
surface and Will be stable during centrifugation. 
[0033] The top plate 20 includes an opening 24 Which 
serves as a ?uid inlet. The inlet 24 preferably includes a 
closure mechanism 26 (shoWn schematically in FIG. 3). The 
closure mechanism 26 could be a rubber stopper, With the 
?uid hypodermically injected through the rubber stopper into 
the separation chamber 14. HoWever, the preferred closure 
mechanism 26 is a cap With a hand-tumable luer lock, com 
monly knoWn in the ?uid handling art. 
[0034] As shoWn in FIG. 1, a valve adjustment handle 28 is 
accessible in the top plate 20, and a valve control handle 30 is 
accessible in the base plate 16. These tWo handles 28, 30 
control a valve inlet 32 and valve 34 (shoWn in FIG. 2) Which 
are located Within the concentrator 10. The valve adjustment 
handle 28 alloWs hand rotation of a threaded valve opening 
stem 36, the rotation of Which changes the height of the valve 
inlet 32 relative to the main housing 12.As best shoWn in FIG. 
2, the valve adjustment handle 28 is used to position the valve 
inlet 32 at a desired height to correspond With the height of the 
desired ?uid layer after separation. The valve inlet 32 thus 
serves as the outlet port to remove a fraction of ?uid from the 
separation chamber 14. While a threaded stem 36 provides an 
easy Way of adjusting the height of the valve inlet 32, many 
equivalent mechanisms could be used such as a slide, ?oat or 
other adjustment feature. 
[0035] As shoWn in FIG. 2, a ?lter unit 38 is disposed 
Within the separation chamber 14. The ?lter unit 38 connects 
betWeen a base port 40 de?ned in the base plate 16 and a top 
port 42 de?ned in the top plate 20. Piping 44 is included to 
transport the ?uid from the valve inlet 32 to the base port 40 
or inlet to the ?lter unit 38. 

[0036] As best shoWn in FIGS. 2-4, the preferred ?lter 46 
includes a ?lter housing 48 and a ?lter element, or membrane. 
The ?lter element of the present invention comprises a mate 
rial capable of acting as a separation medium, a ?ltration 
medium, or a groWth matrix or surface. Separation and/or 
?ltration media include a?inity columns, packed bed matri 
ces and beads. Nano?ber netWorks can be used as ?ltration 
media or groWth matrix or groWth surface. Nano?ber net 
Works and methods of making nano?ber netWorks are knoWn 
and commercially available from Surmodics (Minneapolis, 
Minn.). See, for example, WO 2006/094076, Us. 2005/ 
0095695 and Us. 2007/ 0082393, incorporated herein by ref 
erence. In embodiments, the ?lter element comprises a reac 
tion chamber or holding chamber to collect and retain 
separated fraction and/ or ?ltered ?uids or cells. 

[0037] In embodiments, the ?lter element or membrane 
comprises an a?inity membrane, support or column. A?inity 
columns used in chromatographic separation or puri?cation 
of proteins and other biological macromolecules make use of 
speci?c binding interactions betWeen molecules. In an aspect, 
a particular ligand is chemically immobiliZed or “coupled” to 
a solid support. Ligands that bind to general classes of pro 
teins (such as, for example, receptors or antibodies) or com 
monly used fusion protein tags (such as, 6><His) are commer 
cially available in pre-immobiliZed forms ready to use for 
a?inity puri?cation. Alternatively, more specialiZed ligands 
such as speci?c antibodies, antigens or receptors of interest 
can be immobiliZed using one of several commercially avail 
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able activated a?inity supports. For example, a peptide anti 
gen can be immobilized to a support and used to purify 
antibodies that recognize the peptide. Similarly, a receptor 
that binds a growth factor, differentiation factor, chemotactic 
factor, or adhesion molecule can be immobilized to a support 
and used to purify said factors or molecules in the concen 
trated fraction of body ?uids. Antibodies and receptors that 
bind growth factors, differentiation factors, chemotactic fac 
tors, or and/or adhesion molecules methods of making such 
antibodies and receptors, and methods of immobilizing the 
antibodies and receptors on a support are knoWn. 

[0038] One or more ligands can be attached to a ?lter ele 
ment of the invention. The ligands can be selected to bind one 
or more particular groWth factors, differentiation factors, 
chemotactic factors, and/or adhesion molecules. The ability 
to attach one or more selected ligands to a ?lter element of the 
invention provides for the creation of a custom concentrated 
body ?uid, Wherein the particular bioactive molecules com 
prising the concentrated body ?uid are de?ned, for example, 
by the particular ligands, concentration of ligands, and/or 
ratio of one ligand to another selected by the user. 

[0039] Most commonly, ligands are immobilized or 
“coupled” directly to a solid support material by formation of 
covalent chemical bonds betWeen particular functional 
groups on the ligand and reactive groups on the support. 
Examples of functional groups and reactive groups include, 
Without limitation, primary amines, sulfhydryls, carboxylic 
acids, aldehydes, and the like. HoWever, other coupling 
approaches are also possible. For example, a GST-tagged 
fusion protein can be ?rst bound to an immobilized glu 
tathione support by a?inity interaction With the GST tag and 
then chemically cross-linked to the support. The immobilized 
GST-tagged fusion protein can then be used to a?inity purify 
its binding partner(s). 
[0040] In embodiments, the ?lter element or membrane 
comprises a?inity or chromatography beads or particles. The 
beads or particles can be, for example, glass, alginate, poly 
meric, or magnetic beads or particles. The beads or particles 
function in the same Way as a?inity matrices or columns, but 
are signi?cantly reduced in size, and are therefore particularly 
useful for microscale biological manipulations. In embodi 
ments, an a?inity column or a?inity bead or particle is used as 
the ?ltration element of the concentrator device such that 
When a separated ?uid or ?uid fraction ?uid is passed over the 
beads or particles, those molecules or ?uid components that 
have speci?c binding af?nity to the ligand are retained on the 
beads, and can be retrieved or isolated by subsequent elution. 
[0041] In embodiments, the ?lter element or membrane 
comprises a packed bed matrix or column. A packed bed is a 
bed of granular material Which retains the solid particles as it 
passes, alloWing ?uids and liquids to be ?ltered free of solid 
contaminants or components. In an aspect, the granular mate 
rial for the packed bed can be sand, although celite or diato 
maceous earth packed in a microscale container or loaded on 
top of a sintered-glass funnel can also serve as the packed bed. 
Incompressible diatomaceous earth (i.e. primarily silica), 
Wood cellulose or other inert porous solids can also be used as 
the granular material of the packed bed ?lter. In embodi 
ments, a packed bed matrix or column is used as the ?ltration 
element of the concentrator device such that When the sepa 
rated ?uid or ?uid fraction is passed over the column, solid 
components or ?uid components With a size greater than the 
pore size of the packed bed material are retained on the 
packed bed, While other ?uid components pass through. 
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[0042] In embodiments, the ?lter element or membrane 
comprises a netWork of one or more nano?bers, a nano?bril 

lar structure, glass, silicon, or plastic comprising an etched or 
micropattemed surface, glass, silicon, or plastic surface com 
prising macropores or nanopores, or a polymer scaffold. 
Nano?ber netWorks of this type are described in WO 2006/ 
094076, US 20050059695, and Us. 20070082393, incor 
porated herein by reference. The nano?ber netWork can be 
deposited on a surface of a substrate, and the combination of 
the nano?ber on the substrate can be a groWth matrix or 

substrate, or as a ?ltration membrane. In an embodiment, the 
nano?ber netWork comprises a ?ber diameter of about 30 nm 
to about 1200 nm, average inter?ber spacing of about 100 nm 
to about 600 nm, and solidity of about 70 percent or less. The 
nano?bers can be fabricated from a variety of polymers or 
polymer systems. Preferably the polymer or polymer system 
is non-cytotoxic. In an embodiment, the nano?bers are fab 
ricated from a polyamide or polyester. The polyamide can be 
nylon 6, nylon 66, nylon 610 or other biocompatible polya 
mides. The polyester can be poly(c-caprolactone), poly(lac 
tate) or poly(glycolate). In an embodiment, the polyamide or 
polyester is suitable for in vivo human application. 
[0043] The ?lter element or membrane can also be a 
nano?brillar structure comprising one or more nano?bers. 

The netWork of one or more nano?bers, as described above, 
de?nes the nano?brillar structure. In an embodiment, the 
nano?ber netWork is deposited on a surface of a substrate to 
provide a groWth matrix or surface. In some embodiments, 
the substrate can be glass, polymeric, metallic, ceramic, cel 
lulosic, or proteinaceous. Examples of a substrate include but 
are not limited to a rod, screW, Wire, mesh, or cage. The 
substrate can be a surface of a culture container, coverslip, or 
?lm. The ?lm can be Water soluble or Water insoluble, biode 
gradable or biodissolvable. Preferably the ?lm is non-cyto 
toxic. In an embodiment, the ?lm comprises polyvinyl alco 
hol, polychlorotri?uoroethylene, polystyrene, 
polymethylpentene, or polycylo-ole?n. The nano?brillar 
structure can be utilized singly or layered to form a multi 
layered assembly of nano?brillar structures for cell or tissue 
culture. In an embodiment, the nano?brillar structure com 
prises a spacer. The spacer can function as a support structure. 
The spacer provides su?icient openings to permit cells to 
penetrate and attach to the nano?ber netWork. The spacer can 
be Water soluble or Water insoluble, porous or non-porous, 
biodegradable or biodissolvable. Preferably the spacer is bio 
compatible. In embodiments, the nano?brillar structure is 
used as a ?lter element or membrane of the concentrator 
device, such that When the separated ?uid or ?uid fraction is 
passed over the ?lter element, solid components or ?uid com 
ponents With a size greater than the pore size of the nano?bril 
lar material are retained on the material, While other ?uid 
components pass through. In other embodiments, the 
nano?brillar structure can be a groWth matrix, such that When 
the centrifuged autologous ?uid is passed over the ?lter ele 
ment, groWth factors in the ?uid are retained on the element 
and can be used to support subsequent cell or tissue groWth. 

[0044] In some embodiments, the separation chamber is 
con?gured to accept a ?lter element or membrane of the 
invention. In such con?guration, the ?lter element or mem 
brane can act as a pre?lter to remove unWanted particles or 
macromolecules from the body ?uid prior to separation or 
during the separation process. In an embodiment, a?inity 
beads or particles that bind a speci?c molecule, less of mol 
ecules, or particular combination of molecules can be used to 
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remove unwanted particles or macromolecules from a ?uid. 
The beads or particles can be added to a biological ?uid or 
body ?uid in the separation chamber or the beads or particles 
can be added to the separation chamber prior to adding the 
biological ?uid or body ?uid to the separation chamber. The 
beads can be removed before or after separation. In an 
embodiment, a reagent can be added to the separation cham 
ber or biological or body ?uid to precipitate out particles or 
macromolecules. In an embodiment the reagent is an anti 
body or soluble receptor. 
[0045] In some embodiments, the ?lter element or mem 
brane of the invention is not tolerant to centrifugation. In such 
instances, the ?lter element or membrane is removed from the 
?lter housing 48 and reinstalled into the ?lter housing 48 after 
centrifugation. 
[0046] In an embodiment, the ?lter membrane has a large 
number of longitudinally oriented stranded ?lter lumens 50. 
The ?lter strands 50 are sealed With seals 52 to the ?lter 
housing 48 at each end. The preferred ?lter strands 50 are 
about 31/2 inches long, With hundreds of ?lter strands 50 
placed Within a 3A inch diameter ?lter housing 48, to provide 
a ?lter area of about 800 cm2 or more. The ?lter strands 50 
preferably have a pass siZe of about 10 to 30 kDalton through 
the lumen Wall. With these ?lter strands 50, the ?ltrate or 
retentate moves longitudinally through the lumens 50 and 
through the ?lter housing 48, While Water and loW molecular 
Weight components (generically called “permeate”) pass 
through the ?lter membrane 50 transverse to the ?lter ?oW 
direction. Filter strands such as this may be available, for 
example, from Spectrum Labs of Rancho Dominguez, Calif. 
or Minntech of Plymouth, Minn. 

[0047] In an embodiment, if desired, the base port 40 and 
the top port 42 may include female threads (not shoWn) to 
receive transfer syringes 54, 56 shoWn in FIG. 5. The transfer 
syringes 54, 56 are used to apply hand controlled pressure to 
the separator ?uid or ?uid fraction to push/pull it through the 
?lter 46. If desired, the base port 40 and the top port 42 may 
be recessed to alloW the transfer syringes 54, 56 to extend 
inWard to the location of the ends of the ?lter 46, thereby 
minimiZing the piping distance (and piping volume) from the 
transfer syringes 54, 56 to the ends of the ?lter 46. 

[0048] In alternate embodiments, the transfer syringes 54, 
56 can be operably connected to a pump system used for 
?ltration, such as a vacuum pump system, for example. The 
pump system applies pressure suf?cient to alloW ?uids to pass 
through the ?lter element or membrane, Without the applica 
tion of hand-controlled pressure. The transfer syringes 54, 56 
can then be used for transfer of separated or ?ltered body ?uid 
fractions. In embodiments, the pump system is equipped With 
a reservoir for the collection and retention of body ?uid 
fractions that have been separated and/or ?ltered. In other 
embodiments, a concentration detector is installed in line 
betWeen the ?lter element and the pump reservoir. The con 
centration of a ?ltered ?uid fraction can then be readily mea 
sured, to determine if additional concentration is required, or 
Whether the fraction needs to be diluted prior to use. In such 
an embodiment, the concentration detector can be a light 
scattering ?oW cell, absorbance cell or spectrophotometric 
device. 

[0049] In an embodiment, the base port 40 and the top port 
42 are disposed on the side of the concentrator 10, oriented 
transverse to the longitudinal axis 58. This placement alloWs 
the base port 40 to be accessible While the concentrator 10 is 
standing upright on the bottom Wall 22 of the base plate 16, 
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and alloWs the top port 42 to help balance the base port 40 
during transfer of the ?uid component through the ?lter 46. 
Alternatively, the base port 40 and the top port 42 could be 
slanted relative to the longitudinal axis 58, or even extend 
through the bottom Wall 22 of the base plate 16 and top Wall 
60 of the top plate 20 parallel to the longitudinal axis 58. 
Placement of the ports 40, 42 parallel to the longitudinal axis 
58 Would align the syringe plunger strokes With the direction 
of ?uid movement through the ?lter 46, thereby reducing the 
pressure loss due to piping turns and thereby reducing the risk 
of damaging the ?uid during use of the concentrator 10. 
[0050] As shoWn in FIGS. 3-5, a vacuum port 62 connects 
through the main housing 12 and through the ?lter housing 
48. With the vacuum port 62, vacuum pressure 64 (shoWn 
schematically in FIG. 4) can be applied to the exterior of the 
?lter strands 50 While the blood component passes through 
the ?lter lumens 50. Vacuum sources 64 are commonly avail 
able in environments Where the concentrator 10 is utiliZed. If 
no vacuum source 64 is available, the vacuum port 62 still 
serves as a gravitational drain to remove Water and loW 
molecular Weight components that have passed through the 
?lter membrane 50. To help vacuum port 62 act as a gravita 
tional drain, it is placed at the bottom of the ?lter chamber 66. 
[0051] In an embodiment, the ?lter housing 48 is sealed to 
eliminate ?uid communication betWeen the separation cham 
ber 14 and the ?lter chamber 66. Alternatively, the ?lter 
housing 48 may be open to the separation chamber 14, such 
that the Water and loW molecular Weight components Which 
pass through the ?lter membrane 50 proceed into the separa 
tion chamber 14. If the ?lter housing 48 permits ?uid com 
munication betWeen the ?lter chamber 66 and the separation 
chamber 14, then the vacuum port 62 Will serve to remove or 
drain the desired ?uid fraction or component as Well as Water 
and other loW molecular Weight components from the con 
centrator 10. 

[0052] The use of the invention is described With respect to 
the lettered steps shoWn in FIG. 5. In an embodiment, a 
sample of body ?uid (approximately 60 to 80 mL) is placed 
through the inlet closure 26 and into the separation chamber 
14 as shoWn by arroW A. Preferably, this occurs Within min 
utes after the ?uid is WithdraWn from the patient. Different 
amounts or different types of ?uid can be alternatively used if 
the concentrator 10 is used for a different concentration pur 
pose. 

[0053] In an embodiment, once the entire ?uid sample is 
Within the separation chamber 14, the inlet closure 26 is 
closed, and the concentrator 10 is centrifuged. The centrifu 
gation process is performed in accordance With knoWn cen 
trifuge strategies and velocities, as further described beloW. 
[0054] After centrifugation or gravitational Weight separa 
tion is complete, the ?uid has separated into different layers, 
Which may be visually discemable by vieWing through the 
central housing 18. Transfer syringes 54, 56 are attached to 
the base port 40 and the top port 42. The valve adjustment 
handle 28 is rotated until the height of the valve inlet 32 lines 
up With the bottom of the ?uid layer(s) desired to be further 
processed. The valve 34 is opened using the valve control 
handle 30, While the desired ?uid layer(s) drain into the base 
plate 16 and the bottom syringe 54 as shoWn by arroWs B and 
C. If necessary for pressure relief to enable all of the desired 
?uid layers to be removed from the separation chamber 14, 
the inlet closure 26 may be opened slightly during draining of 
the desired ?uid layers through the valve 34. Preferably, hoW 
ever, the inlet closure 26 Will incorporate a valve (not shoWn) 
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allowing for pressure release. Once the desired ?uid layer(s) 
have been extracted, the valve control handle 30 is used to 
close off the valve 34. The unWanted layers are retained in the 
separation chamber 14. 
[0055] Vacuum pressure is noW applied to the vacuum port 
62. Because the remainder of the concentration procedure 
does not rely on gravitational Weight separation, the concen 
trator 10 device may be placed on its side if desired. The 
vacuum port 62 is preferably located on a side of the central 
housing 18 opposite the transfer ports 40; 42, thereby provid 
ing counterWeight and stabiliZation during transfer of the 
desired ?uid layer(s) through the ?lter 46. The plunger 68 on 
the bottom syringe 54 is pushed (While the plunger 68 on the 
top syringe 56 is optionally being pulled), pushing the desired 
?uid upWard and into the top syringe 56 as shoWn by arroWs 
D and E. Water, loW molecular Weight elements and any other 
unWanted components of the desired ?uid are removed 
through the ?lter strands 50, as shoWn by arroWs F, and then 
drained through the vacuum port 62 as shoWn by arroW G. The 
desired ?uid passes through the ?lter strands 50 and into the 
top syringe 56 as shoWn by arroW H, becoming “?rst pass 
concentrated”. 
[0056] In an embodiment, the volume of the piping 44 from 
the valve inlet 32 to the ?lter 46, including the bottom syringe 
54, is minimized so as to get as great a yield of concentrated 
desired ?uid from a single starting sample as possible. If 
desired, the top port 42 and the base port 40 may include 
recesses to receive a greater length of the transfer syringes 54, 
56, and thereby minimiZe the distance from the end of the 
transfer syringes 54, 56 to the inlets to the ?lter housing 48. 
[0057] The ?rst pass concentrated ?uid can be further con 
centrated by reverse ?ltering. The plunger 68 on the top 
syringe 56 is pushed (While the plunger 68 on the bottom 
syringe 54 is optionally pulled), thereby pushing the ?rst-pass 
concentrated ?uid through the ?lter 46 as shoWn by arroW I 
and into the bottom syringe 54. Additional Water and loW 
molecular Weight components are WithdraWn from the ?rst 
pass concentrated ?uid (arroWs F and G). The reverse ?ltering 
makes additional use of the ?lter element or membrane 50 and 
further concentrates the ?rst pass concentrated ?uid into “sec 
ond pass concentrated” ?uid. If desired, additional passes 
may be performed in a like manner. 
[0058] The concentrated ?uid may be used immediately or 
after further preparation such as mixing the concentrated ?uid 
With other components, groWth factors, differentiate factors, 
chemotactic factors, and/or adhesion factors suitable for use 
in various applications. For example, Where blood is autolo 
gous ?uid, the concentrated ?uid is mixed With thrombin and 
then brushed it onto an implant’s surface. 

[0059] In an embodiment, the stranded ?lters 50 used are 
single use ?lter elements, Which cannot be effectively cleaned 
and steriliZed. Accordingly, the ?lter element 46 is disposed 
of after its single use. In an embodiment, the entire separation/ 
?ltering vessel 10 is su?iciently inexpensive that the entire 
concentrator 10 unit can be discarded after a single use. This 
simpli?es and/or avoids cleaning of the separation unit and/or 
?lter housing 48. This also simpli?es disposal of the undes 
ired ?uid components. 
[0060] Filtering Within the separation vessel provides fur 
ther advantages Which can be achieved in alternative embodi 
ments. For instance, if the inlet 32 for the drain valve 34 is 
automatically (rather than visually) positioned at the proper 
height for the desired ?uid layer(s), then the drain valve 34 
could be automatically opened using centrifugally activated 
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valves as knoWn in the art. Using similar arrangements, the 
desired ?uid layer(s) can be passed through the ?lter 46 
during centrifugation, using centrifugal forces to push/pull 
the desired ?uid layer(s) through the ?lter 46. 
[0061] In an embodiment, the ?lter 46 is oriented longitu 
dinally With respect to the centrifugation direction (i.e., With 
respect to longitudinal axis 58). This helps minimize the 
possibility that the ?lter strands 50 might pull from their end 
seals 52 and/or break during centrifugation. Alternative 
embodiments could include orienting the ?lter strands 50 
transversely and at the general height of the desired ?uid 
layer(s), thereby further reducing the piping volume needed 
to transfer the desired ?uid layer(s) to the ?lter 46. 
[0062] In an embodiment, external syringes 54, 56 are uti 
liZed to provide the transfer pressure force for pushing/pull 
ing the desired ?uid layer(s) through the ?lter 46. This pro 
vides a loW cost method of applying such forces. In an 
embodiment, syringes 54, 56 permit the surgeon to control the 
amount of pres sure versus time on the ?ltration chamber 66 to 
force a selected amount of Water and loW molecular Weight 
components of the centrifuged fraction through the ?lter 
membrane 50. As an alternative to the use of external 
syringes, the syringes 54, 56 (including particularly the 
plunger 68 and slide tube elements 70) could be fabricated 
and/or attached as part of the device. For instance, the bottom 
Wall 22 of the base plate 16 and the top Wall 60 of the top plate 
20 could be slidable or depressible similar to the plunger on a 
syringe, to thereby apply the transfer pressure to push/pull the 
desired ?uid layer(s) through the ?lter 46. The use of syringes 
54, 56 also alloWs for the force pushing the desired ?uid 
layer(s) through the ?lter 46 to be hand controlled by the 
surgeon or other operator. 
[0063] An additional embodiment of the invention is shoWn 
in the concentrator 80 of FIG. 6. Similar to the ?rst embodi 
ment 10, the same vessel used in separation is also used to 
provide ?ltration. In an embodiment, ?uid is centrifuged in 
the concentrator vessel 80 or subj ected to gravitational Weight 
separation in the concentration vessel 80, and then positive or 
negative pressure is applied in the same concentrator vessel 
80 after separation to force Water, loW molecular Weight com 
ponents, and other undesired components from the separated 
fraction resulting in a ?rst pass concentrated component. 
[0064] The concentrator vessel 80 includes three chambers 
82, 84, 86. A separation chamber 82 holds the ?uid during 
separation. A Water chamber 84 receives Water, loW molecu 
lar Weight components and other undesired components 
removed from the desired ?uid layer(s) through the ?lter 46. 
A concentrated ?uid chamber 86 receives the concentrated 
?uid Which has been ?ltered. 
[0065] The separation chamber 82 preferably holds a ?oat 
88 of a particular speci?c gravity, such as generally equal to 
the speci?c gravity of buffy coat. The ?oat 88 can be used to 
aid in positioning of a syringe (not shoWn) during transfer of 
the desired ?uid layer(s) from the centrifuge chamber 82 to 
the ?lter 46. Alternatively, openings in the ?oat 88 can be 
provided to permit ?uid fraction ?oW therethrough during 
centrifugation. 
[0066] The “shut off” valve 90 for the concentrated ?uid 
chamber 86 may be a variable position valve that Would alloW 
the operator to “dial in” the maximum pressure that could be 
generated in the concentrated ?uid chamber 86, and/ or the 
maximum pressure differential betWeen the Water chamber 
84 and the concentrated ?uid chamber 86, thereby controlling 
the concentration of the ?nal output. For example, the shut off 
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valve 90 may include a dial With three or more positions 
connected to something like a butter?y valve or regulator 
valve, such that the operator selects the desired concentration 
on the dial then pressuriZes the desired ?uid layer(s) through 
the ?lter 46 to the selected pressure/concentration level. 
Depending on the dial position selected, a predetermined 
pressure is generated across the ?lter 46 that alloWs for the 
corresponding amount of Water to be removed, thus deliver 
ing the desired concentration in one stroke and Without the 
need to fully close off the outport 92. 
[0067] In a third embodiment shoWn in FIGS. 7 and 8, a 
desired ?uid layer(s) isolation chamber 94 is de?ned betWeen 
the separation chamber 14 and the ?lter unit 38. Also, a 
WindoW valve 96 is added betWeen the separation chamber 14 
and the isolation chamber 94. The WindoW valve 96 is ordi 
narily closed, preventing ?uid communication betWeen the 
separation chamber 14 and the isolation chamber 94. Thus, 
While the starting ?uid sample is in the separation chamber 14 
and during separation, there is no possibility of the starting 
?uid passing through the WindoW valve 96 and into the iso 
lation chamber 94 (or into other piping betWeen the separa 
tion chamber 14 and the ?lter unit 38 such as piping 44 in the 
?rst embodiment). 
[0068] In an embodiment, the WindoW valve 96 has a lock 
ing mechanism 98, Which also acts as a valve handle. A lock 
100 prevents the lock handle knob 102 from being pushed 
doWn, thereby preventing the WindoWs 104 from being 
pushed doWn into communication With the separation 14 
during separation, such as. Once separation is complete, the 
lock handle knob 102 is rotated 90° to a position Where the 
lock 100 lines up With a keyWay 106, enabling the knob 102 
to be pushed doWnWard against a spring 108. The WindoWs 
104 are attached to and controlled by the knob 102, and 
pushing the lock handle knob 102 doWnWard moves the Win 
doWs 104 doWnWard into communication With the separation 
chamber 14. When the WindoWs 104 are open to the separa 
tion chamber 14, the desired ?uid layer(s) of the separated 
?uid ?oW by gravity from the separation chamber 14 into the 
isolation chamber 94. Once the desired ?uid layer(s) have 
drained into the isolation chamber 94, the knob 102 is 
released, With the spring 108 moving the WindoWs 104 
upWard and closing communication betWeen the isolation 
chamber 94 and the separation chamber 14. 
[0069] The isolation chamber 94 holds the desired ?uid 
layer(s) until subsequent processing, such as ?ltration. The 
isolation chamber 94 de?nes the volume of the desired ?uid 
layer(s) Which Will be removed from the starting ?uid unit and 
?ltered. Placement of the desired ?uid layer(s) Within the 
isolation chamber 94 alloWs the concentrator 10 to be handled 
Without fear of remixing the desired ?uid layer(s) into the 
remainder of the starting ?uid. For example, after the desired 
?uid layers(s) are moved into the isolation chamber, the con 
centrator 10 can be placed on its side prior to ?uid ?ltration. 
The isolation chamber 94 also permits a delay time betWeen 
separation and ?ltering. The desired ?uid layer(s) can option 
ally be further treated While in the isolation chamber 94. For 
example, additives may be mixed With the ?uid Within the 
isolation chamber 94, particularly if the additives enhance the 
?ltration process, such as by having the additives in the iso 
lation chamber 94 prior to opening the WindoW valve 96. 
[0070] A tWist valve 110 is opened to open communication 
betWeen the isolation chamber 94 and the base port 40 and the 
?lter unit 38. The desired ?uid layer(s) are WithdraWn from 
the isolation chamber 94 through the tWist valve 110 With a 
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syringe 54, at Which point the tWist valve 110 is closed. The 
plunger stroke on the syringe 54 is then reversed to push the 
desired ?uid layer(s) through the ?lter unit 38. If desired, the 
syringes 54, 56 for pressuring the ?uid layer(s) through the 
?lter unit 38 can have a much loWer volume than the isolation 
chamber 94 (say, for instance, 1/3 the volume). Then ?uid can 
be removed from the isolation chamber 94 in portions (1/3 at a 
time) Which are ?ltered separately, one portion at a time. 
Portioning of the desired ?uid layer(s) through the ?lter unit 
38 is particularly advantageous in situations Wherein prepa 
ration steps are taken for the ?lter 46 betWeen portions. For 
instance, if the ?lter 46 is becoming clogged While only 
?ltering 1/3 of the ?uid volume in the isolation chamber 94, a 
purge ?uid could be pressured through the ?lter 46 to unclog 
the ?lter 46 prior to ?ltering the second portion through the 
?lter 46. After the ?rst portion has been ?ltered and the ?lter 
46 purged, the tWist valve 110 is reopened to remove a second 
portion. The tWist valve 110 is then reclosed to permit ?lter 
ing of the second portion, folloWed by any purging of the ?lter 
46. Because the tWist valve 110 controls communication 
betWeen the isolation chamber 94 and the base port 40, ?uid 
may thus be removed from the isolation chamber 94 in What 
ever siZe portions are desired. 

[0071] In another embodiment (not shoWn), a syringe hav 
ing a plunger is provided to pull (negative pressure) the com 
ponent out of the centrifuged starting ?uid (i.e. the original 
?uid sample). The syringe also houses a ?lter 46, and the 
plunger stroke is reversed to push (positive pressure) the 
component through the ?lter 46 and separate the component 
into Water and a concentrated retentate. 

[0072] In all these embodiments, the surgeon or other 
operator controls the pressure and/ or duration of the ?ltration 
step, and thus the surgeon or other operator controls hoW 
concentrated the concentrated retentate is relative to the sepa 
rated component, as Well as hoW hard the ?uid is Worked 
during the ?ltration step. 
[0073] B. Protein Separation and Concentrated Autologous 
Fluids 
[0074] A concentrator device of the invention can be used 
to separate organelles, cells or proteins, in addition to con 
centrating body ?uids. Separation can be performed by cen 
trifugation or gravitational Weight separation. In some 
embodiments, the body ?uids may be autologous body ?uids. 
Centrifugation is a process used to separate or concentrate 
materials suspended in a liquid medium. The theoretical basis 
of this technique is the effect of gravity on particles (including 
macromolecules) in suspension. TWo particles of different 
masses Will settle in a tube at different rates in response to 
gravity. Centrifugal force (g) is used to increase this settling 
rate, and the means to increase the rate is a centrifuge. The 
centrifugal force generated is proportional to the rotation rate 
of the rotor (in RPM) and the distance betWeen the rotor 
center and the centrifuge tube. Therefore, a given centrifuge 
may use multiple rotor siZes to give ?exibility in choosing 
centrifugation conditions. 
[0075] Rotors for centrifuge devices are either ?xed angle, 
sWinging bucket, continuous ?oW, or Zonal, depending upon 
Whether the sample is held at a given angle to the rotation 
plane, is alloWed to sWing out on a pivot and into the plane of 
rotation, designed With inlet and outlet ports for separation of 
large volumes, or a combination of these. In embodiments, 
the methods of the present invention use continuous ?oW 
centrifugation for separation and concentration of large ?uid 
volumes. Continuous ?oW centrifugation can also be used for 
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the large scale separation of particles on density gradients. 
These rotors can contain up to 2 L of ?uid and can Work With 
tissue samples measured in ounces. The rotors are brought up 
to about 3000 RPM While empty, and the density media and 
tissues are added through specialiZed ports. This type of rotor 
has a distinct preparative advantage over the gradient capacity 
of more typical rotors. In embodiments, the rotors are used in 
ultracentrifugation processes, and contain small volumes of 
?uid, up to 250 mL. The rotors can be used for laboratory 
manipulations Where only small ?uid volumes or tissue 
amounts are available. For ultracentri?lgation, the rotors are 
brought up to 15,000-18,000 RPM With a maximum of 
20,000 RPM. Rotors for standard centrifugation can range 
from 4 by 2 or 2.5 L to 40 by 250 pL. For ultracentrifugation 
applications, rotors can range from 6 by 250 mL to 72 by 230 
pL, With Wide intermediate ranges such as, for example, 8 by 
6.8 mL, 6 by 94 mL, 6 by 4 mL, 8 by 5.1 mL, and 8 by 39 mL. 
The main housing of a ?uid concentrator of the invention can 
be dimensioned to mate and be received by a standard cen 
trifugation rotor or ultracentrifugation rotor. As With standard 
centrifugation, the rotors can be brought up to speed While 
empty, With the media, samples and tissues introduced 
through special ports. 
[0076] The concentrator of the invention can be used to 
separate proteins or cells by density gradient centrifugation. 
The use of density gradients is routine in centrifugal fraction 
ation of particle mixtures, cells mixtures, and puri?cation of 
subcellular organelles and macromolecules, including pro 
teins. A particle can be a macromolecule or cell. The mixture 
of particles to be separated is placed onto the surface of a 
vertical column of liquid, the density of Which progressively 
increases from top to bottom, and then centrifuged. Although 
the particles in suspension are individually denser than the 
liquid at the top of the gradient, the average density for the 
sample (i.e. particles plus suspending liquid) is loWer. The 
tWo main types of density gradient centrifugation are rate 
Zonal separation and isopynic separation. In rate-Zonal sepa 
ration particles are separated based on their siZe and mass. 
The particles migrate through the gradient until they reach the 
point at Which their siZe and mass match that of the gradient. 
This centrifugation method is useful in separating out par 
ticles With the same or very similar densities, but different 
masses. Many proteins, such as antibodies, for example, may 
be separated in this Way. Protein separation by centrifugation 
can be predicted by simulation softWare, such as EPS Rate 
Zonal Run (Beckman Coulter, Fullerton Calif.). In isopycnic 
separation the particles migrate through the solvent gradient 
until they reach the point Where their density is equal to that 
of the gradient, i.e. the isopycnic point. Once the particles 
have reached their isopycnic point they Will no longer move in 
the gradient, regardless of hoW much longer the centrifuge is 
run for. Isopycnic gradients include cesium chloride gradi 
ents, for example. 
[0077] Density gradients can be used to affect protein or 
cell separation using a concentrator device of the invention. 
There are tWo types of density gradients: step-Wise gradients 
and continuous gradients. Step gradients are prepared by 
successively layering solutions of different density in the 
centrifuge chamber and then layering the sample to be frac 
tionated on top of the last “step”. Step gradients are useful in 
density gradient centrifugation because the abrupt density 
steps can be used as surfaces on Which particles can sediment 
during centrifugation. This results in discrete particle layers 
at each step. The gradient can be built up in the centrifuge 
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rotors or tubes, carefully layering one step on another, begin 
ning With the densest step, by use of a pipette, or other 
mechanical or syringe means. Alternatively the gradient can 
be formed beginning With the least dense step by depositing 
each layer at the bottom of the centrifuge chamber through a 
narroW cannula or by other mechanical or syringe means. 
Continuous density gradients are gradients in Which the den 
sity changes smoothly and continuously from one limit or 
extreme to another. Such gradients can be produced from step 
gradients by alloWing su?icient time for diffusion to smooth 
out the steps, but continuous gradients are normally prepared 
directly by using special devices knoWn as gradient makers or 
gradient engines. 
[0078] Body ?uids can be concentrated using a concentra 
tor device of the invention by density gradient methods. In 
embodiments, the body ?uids are autologous body ?uids. At 
the conclusion of centrifugation, the density gradient and the 
separated particles, cells or proteins and desired ?uid layer(s) 
can be removed from the rotor and collected as a series of 
fractions. 
[0079] In embodiments, one or more ?uid fractions col 
lected from the concentrator device correspond to concen 
trated body ?uids. Various different concentrated body ?uids 
can be prepared by centrifugation or gravitational Weight 
separation including, Without limitation, blood fractions 
(platelet richplasma (PRP), platelet poorplasma (PPP)), stem 
cells (cord blood-derived and bone marrow-derived) for 
example, concentrated seminal ?uid, concentrated spinal 
?uid and the like. In an embodiment, the ?uid fractions are 
concentrated to concentrations of about 1:10, about 1:20, 
about 1:30, about 1:40, about 1:50, about 1:100, about 1:200, 
about 1:500, or about 1:1000. In an embodiment, the one or 
more components in a concentrated ?uid fraction is concen 
trated about 1:10, about 1:20, about 1:30, about 1:40, about 
1:50, about 1:100, about 1:200, about 1:500, or about 1:1000 
compared to the same one or more components in the uncon 

centrated ?uid. In an embodiment, the ?uid fractions are 
concentrated to concentrations from about 1:20 to about 1 :50, 
from about 1:20 to about 1:100, from about 1:50 to about 
1:100, from about 1:50 to about 1:200, from about 1:100 to 
about 1:200, from about 1:200 to about 1:500, from about 
1:200 to about 1:1000, or from about 1:500 to about 1:1000. 
In an embodiment, one or more components in a concentrated 
?uid fraction is concentrated from about 1:20 to about 1:50, 
from about 1:20 to about 1:100, from about 1:50 to about 
1:100, from about 1:50 to about 1:200, from about 1:100 to 
about 1:200, from about 1:200 to about 1:500, from about 
1:200 to about 1:1000, or from about 1:500 to about 1:1000 
compared to the same one or more components in the uncon 

centrated ?uid. In some embodiments, the concentrator of the 
invention preserves or maintains the physiological ratios of 
the components in the body ?uid fraction. The exact ratio of 
each component is not signi?cant, as long as the relative 
physiological ratios are maintained during concentration. 
[0080] In an embodiment, a concentrated and ?ltered frac 
tion of autologous ?uid obtained by a concentration device of 
the invention is administered to a subject Within about 5 
minutes, about 10 minutes, about 20 minutes, about 30 min 
utes, about 40 minutes, about 50 minutes, about 60 minutes, 
about 1.5 hours, about 2 hours, about 2.5 hours, about 3 hours, 
about 3 .5 hours, or about 4 hours from the time of isolation of 
the antilogous ?uid from the subject. 

USES AND METHODS OF THE INVENTION 

[0081] Concentrated body ?uids obtained by the methods 
of the invention can be used in a Wide variety of applications, 
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including, Without limitation, surgical applications, prepara 
tion of allograft materials for implants, tissue regeneration or 
tissue culture, stem cell groWth or separation, seminal ?uid 
fractionation, protein separation, and DNA puri?cation. In 
embodiments, the concentrated biological ?uids of the inven 
tion are autologous body ?uids. 

Surgical Uses 

[0082] The concentrator of the invention can be used to 
obtain concentrated fractions of blood or plasma, including 
platelet rich plasma (PRP) and platelet poor plasma (PPP). In 
embodiments, the concentrator of the invention is used to 
obtain concentrated PRP from a sample of patient blood 
during surgery for use in surgical applications, such as bone 
healing. In an embodiment, Whole blood is WithdraWn from 
the patient, and centrifuged in the concentrator of the inven 
tion for 5 to 30 minutes at 25 to 1000 g, and in another 
embodiment, the Whole blood is centrifuged for about 15 
minutes at 400 g. The central PRP layer of the centrifuged 
blood is visually identi?ed by color and WithdraWn from the 
separation chamber. The PRP layer is passed through the ?lter 
unit under syringe pressure for one to ten passes, and in an 
embodiment, the PRP layer is passed through the ?lter for 6 
passes. The ?ltration can be tangential ?oW or dead end. In an 
embodiment, tangential ?oW ?ltration using holloW ?lter 
?ber membranes With a siZe cutoff of 0.1 nm to 100,000 nm 
and a surface area of 1 cm2 to 6000 cm2 is used. This results 
in the production of concentrated PRP. The concentrated PRP 
obtained has a thick, gel-like consistency, having an increased 
concentration of platelets and White blood cells as compared 
to Whole blood. With the higher concentration of platelets, the 
resultant material includes a higher concentration of groWth 
factors from the blood. The resultant concentrated PRP prod 
uct can be directly applied to, for example, a fractured or 
damaged bone during surgery, a Wound, a surgical incision, or 
damaged tissue. In an embodiment, the concentrated PRP 
obtained by the concentrator can be a bone groWth stimulant 
applied directly to the injured or fractured bone, Wound, 
surgical incision or damaged tissue. The higher concentration 
of the patient’s oWn groWth factors obtained from the 
patient’s blood induce a faster healing rate for the bone, 
reduce loW grade infection around the surgical site or Wound, 
and reduce soft tissue in?ammatory response. If desired, vari 
ous knoWn diluents, such as buffered saline, may be used to 
adjust the viscosity of the autologous concentrated PRP for 
various applications. 
[0083] In other embodiments, a concentrator of the inven 
tion is used to obtain concentrated PRP from a sample of 
patient blood during surgery, for use in surgical applications 
such as cartilage healing. The resultant concentrated PRP 
product is surgically applied directly to a site of damaged, 
Wounded or severed cartilage. If desired, the concentrated 
PRP can be mixed With chondrocytes obtained from the 
patient or a different source. In an embodiment, chondrocytes 
are isolated by sequential enZymatic digestion of full-thick 
ness articular cartilage With pronase and collagenase. In an 
embodiment, the cartilage is autogenic/autologous, allogenic 
or xenogenic. In an embodiment, the cartilage is derived from 
mammalian sources, including human, porcine and bovine 
sources. The concentrated PRP can also be mixed With arti 
?cial polymer or collagen-based cartilage replacement prod 
ucts to improve integration of the cartilage defect repair sub 
stance and to enhance anchoring of the cartilage defect repair 
substance. 
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[0084] By applying the concentrated PRP obtained by the 
concentrator of the invention as a cartilage repair groWth 
stimulant directly to the cartilage site, the higher concentra 
tion of groWth factors obtained induces a faster healing and 
ingroWth rate for the cartilage, reduce loW grade infection 
around the surgical site, and reduce soft tissue in?ammatory 
response. In an embodiment, the concentrated PRP is an 
autologous ?uid obtained from the patient’s oWn blood. 
[0085] In some embodiments, concentrated PRP is 
obtained as described above, and the concentrated PRP is 
applied either betWeen tWo locations of soft tissue such as at 
a surgical incision, in betWeen stitched tissue, etc., or as a 
salve or balm over a section of damaged soft tissue, such as 
over a burn site, laceration or abrasion. Concentrated PRP 
used as a salve or balm causes delivery of additional groWth 
factors and blood proteins to the tissue healing site, resulting 
in faster Wound closure and healing. While not Wishing to be 
bound by a particular theory, it is believed that the concen 
trated PRP used in a salve or balm for soft tissue healing 
induces or promotes an effective increase in one or more of 

cytoplasmic granules, serotonin, ADP, Thromboxane A2, fac 
tors III, V, VII, X, XI and/or XII, platelet thromboplastic 
factor (P133), and prothrombin activator. 
[0086] In some embodiments, the concentrated PRP of the 
invention is used as a platelet glue Wound sealants. These 
sealants are discussed in Us. Pat. Nos. 5,733,545, 6,010,627 
and 6,342,157, incorporated by reference. Concentrated PRP 
can be obtained by a concentrator of the invention as 
described above. The resultant concentrated PRP is a sticky 
gel-like material, Which can be used similar to surgical glue to 
adhere tWo tissue portions together. 
[0087] If desired, concentrated PRP of the invention can be 
mixed With other surgical glue materials to increase the adhe 
sive characteristics, increase the yield volume, and/or adjust 
the spreadability of the resultant mixture. For instance, a 
common class of tissue adhesives is ?brin-based and contains 
a concentrate of ?brinogen and thrombin. The ?brin adhe 
sives are typically tWo -component adhesives that When mixed 
together react to simulate the last stages of the clot-forming 
cascade. The resulting clot adheres to tissue and bridges a gap 
therebetWeen until healing can occur. The concentrated PRP 
of the present invention can be mixed With any of these knoWn 
biologically presourced, tissue adhesives. 
[0088] The concentrated PRP in the surgical glue causes 
delivery of additional groWth factors and blood proteins to the 
tissue healing site, resulting in faster Wound closure and heal 
ing. While not Wishing to be bound by a particular theory, it is 
believed that the concentrated PRP used in a salve or balm for 
soft tissue healing induces or promotes an effective increase 
in one or more of cytoplasmic granules, as described above 
With regard to concentrated PRP used as a salve or balm. 

[0089] In some embodiments, other ?uids, including plate 
let poor plasma (PPP) can be used as surgical glue materials. 
For example, the concentrator of the invention is used to 
obtain concentrated PPP from a sample of patient blood dur 
ing surgery. In an embodiment, Whole blood is WithdraWn 
from the patient, and centrifuged in the concentrator of the 
invention for 2 to 30 minutes at 250 to 10000 g. In another 
embodiment, WithdraWn blood from the patient is centrifuged 
in the concentrator of the invention for about 5 minutes at 
6500 g. The PPP layer of the centrifuged blood is visually 
identi?ed by color and WithdraWn from the centrifuge cham 
ber. The PPP is passed through the ?lter unit under syringe 
pressure for one to ten passes, and in an embodiment, for 4 
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passes. If desired, the PPP can be cooled prior to ?ltration to 
accelerate precipitation separation, such as doWn to l to 10° 
C. The ?ltration results in a concentrated PPP. The concen 
trated PPP obtained is a viscous liquid, having an increased 
concentration of ?brinogen, thrombin, clotting factors and 
associated proteins and structures as compared to Whole 
blood. Various knoWn diluents, such as buffered saline, can be 
used to adjust the viscosity of the autologous concentrated 
PPP for various applications. 
[0090] The resultant concentrated PPP product can be used 
as an essential ingredient in formulating a high ?brin glue. If 
a cooling step Was applied to the platelet poor plasma, the 
high ?brin glue canbe reheated to about 37° C. for application 
to the patient. 
[0091] If desired, the high ?brin glue can be mixed With 
commercially available sealant preparations, such as TIS 
SEEL from Baxter International of Deer?eld, Ill. or With 
cyanoacrylate tissue adhesives such as DERMABOND of 
Ethicon of Somerville, N]. The high ?brin glue helps pro 
duce a stable, ?exible and elastic ?brin bioactive matrix, 
Which ?rmly adheres to exposed collagen, similar to those 
formed more sloWly during physiologic blood coagulation. 
The autologous PPP glue of the present invention can also be 
mixed With glues based on gelatin cross-linked With an alde 
hyde, such as gelatin-resorcinol cross-linked With formalde 
hyde (GRF) or glutaraldehyde (GREG), or With tissue glues 
derived from cyanoacrylates, polyurethanes, polymethyl 
methacrylates, among other synthetic polymers. 
[0092] The high ?brin glue can be used during surgery, 
such as during thoracic, cardiovascular, and general surgical 
operations, and in orthopedic procedures such as ?xation of 
chondral fragments, chondral chips and osteochondral frag 
ments. The high ?brin glue can also be used as an adjunct to 
hemostasis in surgeries involving cardiopulmonary bypass 
and treatment of splenic injuries due to blunt or penetrating 
trauma to the abdomen, When control of bleeding is impor 
tant. The high ?brin glue can also be used for incisional or 
laceration repair. These uses of ?brin glue in accordance With 
the invention provide a ?exible Water-resistant protective 
coating to the repaired tissue and may eliminate the need for 
suture removal. The high ?brin glue can also be used to adhere 
drug delivery matrices, or other such overlays that can be used 
in conjunction With autograft, allograft, or xenograft materi 
als, such as ligaments, bone tissue, skin, tendons, cartilage 
and the like. 
[0093] In some embodiments, concentrated PPP obtained 
by the methods of the invention is used for cartilage healing. 
Concentrated PPP is obtained as described above. The con 
centrated PPP can be applied as a cartilaginous repair mate 
rial directly to a cartilage defect. If desired, the concentrated 
PRP can be mixed With chondrocytes obtained from the 
patient or a different source. In an embodiment, chondrocytes 
are isolated by sequential enzymatic digestion of full-thick 
ness articular cartilage With pronase and collagenase. The 
concentrated PPP can also be mixed With arti?cial polymer or 
collagen-based cartilage replacement products to improve 
integration of the cartilage defect repair substance and to 
enhance anchoring of the cartilage defect repair substance. 

Graft Materials 

[0094] A concentrator of the invention can be used, for 
example, to obtain concentrated ?uids or concentrated 
autologous ?uids such as autologous concentrated PRP, PPP, 
groWth factors, differentiation factors, chemotactic factors, 
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adhesion molecules, or stem cells for use in surgical applica 
tions. In an embodiment, a graft material is an allogenic or 
xenogenic material, derived from mammalian sources includ 
ing human, bovine and porcine sources. In an embodiment, 
autologous concentrated PRP, PPP, groWth factors, differen 
tiation factors, chemotactic factors, adhesion molecules, stem 
cells, or a combination thereof are applied to an organ or 
tissue from a genetically non-identical donor prior to or dur 
ing transplanting of the organ or tissue. Such application to 
the allograft or xenograft results in increased acceptance of 
the neW organ or tissue from the recipient’s immune system 
and decreased rejection, aids in regeneration of tissue around 
the neW organ or tissue, and further helps decrease healing 
time from the transplant surgery. 
[0095] A concentrator of the invention canbe used to obtain 
a concentrated ?uid containing one or more groWth factors, 
differentiation factors, chemotactic factors, adhesion mol 
ecules or a combination thereof from a body ?uid for use in 
the preparation of graft materials for implantation. In an 
embodiment, the concentrated ?uid is PRP, PPP, or PRP+PPP. 
In an embodiment, the concentrated ?uid is autologous. The 
graft material can be coated to provide controlled release of 
proteins such as one or more groWth factors, differentiation 
factors, chemotactic factors, adhesion molecules, or combi 
nation thereof from a surface of the graft material. The graft 
material can be coated With a layer of polymeric material. 
Solubility or insolubility of the polymeric material can be 
engineered to control the release the one or more groWth 
factors, differentiation factors, chemotactic factors, adhe 
sions molecule, or combination thereof of bioactive mol 
ecules from the polymeric coating. In an embodiment, the 
rate of release is determined by the rate of degradation and/or 
dissolution of the polymer or copolymer comprising the coat 
ing. 
[0096] In an embodiment, the polymer layer comprises one 
or more reactive functional groups that can react With or 

covalently bind one or more groWth factors, differentiation 
factors, chemotactic factors, adhesion molecules, or a com 
bination thereof present in the concentrated autologous ?uid. 
Examples of suitable polymeric materials include but are 
limited to EUREKA DUET in-situ forming matrix, 
EUREKA DUET biodegradable device matrix, ENCORE 
drug delivery polymer matrix, SYNBIOSYS biodegradable 
drug delivery polymer system, CAMEO biodegradable poly 
meric drug delivery matrix, POLYACTIVE biodegradable 
polymeric drug delivery matrix, CELLABRATION encapsu 
lation polymer matrix, and PHOTOLINK (Surmodics, Min 
neapolis, Minn.). The concentrated body ?uid or autologous 
?uid can be used to reconstitute graft material, Which is 
typically in a freeze-dried form. Reconstituting the graft 
material With an autologous concentrated ?uid such as PRP 
provides increased acceptance of the tissue at the transplant 
site and speeds healing after graft surgery. 
[0097] In other embodiments, a coating agent comprises a 
nonpolymeric core molecule having attached thereto, either 
directly or indirectly, one or more substituents comprising 
negatively charged groups or reactive species that can interact 
With positively charged moieties on groWth factors, differen 
tiation factors, chemotactic factors, adhesion molecules and 
the like in the concentrated ?uid. In an embodiment, the 
coating agent comprising a nonpolymeric core molecule hav 
ing attached thereto, directly or indirectly, one or more sub 
stituents comprising negatively charged groups or reactive 
species that can interact With positively charged moieties of 
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one or more growth factors, differentiation factors, chemot 
actic factors, adhesion molecules, or a combination thereof. 
In accordance With the invention, reactive species comprise 
one or more ?rst reactive species adapted to attach the coating 
to a surface, and one or more second reactive species adapted 
to initiate polymeriZation. In embodiments, the polymer lay 
ers are coated With biodegradable layers of nanoscale 
polysaccharides, antimicrobial agents, antifungal agents, bio 
logically active macromolecules, such as proteins, peptides 
and amino acid analogs, for example, and the like. In other 
embodiments, the polymer layers are coated With cells, cell 
agglomerates or cell matrices. The polymer layers and meth 
ods for making such polymer layers are knoWn in the art, and 
are further described in, for example, US. Pat. No. 6,514,734, 
incorporated herein by reference. 
[0098] In other embodiments, the graft material is coated 
With a nano?ber or micro?ber. The nano?ber or micro?ber 

comprises one or more groWth factors, differentiation factors, 
chemotactic factors, adhesions molecule, or a combination 
thereof. The molecules can be attached to the surface of the 
?ber, such as for example by a functional group or charged 
moiety, or added to the polymer solution prior to electrospin 
ning. In an embodiment, functional groups are deposited on 
the groWth surface by plasma deposition. Plasma deposition 
creates local plasmas on the surfaces of the ?bers. The treated 
surface is then reacted With gaseous molecules, such as ally 
lamine and/or allyl alcohol, in a reaction chamber. In another 
embodiment, functional groups are introduced during manu 
facturing of the ?bers. For example, dodecyl amine, dodecyl 
aldehyde, dodecyl thiol, or dodecyl alcohol can be added to a 
polymer solution during the manufacturing process. A por 
tion of the added amines, aldehydes, sulphydryl, or alcohol 
moieties, respectively, are exposed at the surface of the ?ber. 
Examples of suitable nano?bers and micro?bers are 
described, for example, in US. 2005/0059695, WO 2006/ 
094076, US. 2007/ 0082393, and are commercially available, 
for example, from Surmodics (Minneapolis, Minn.). 
[0099] Solubility or insolubility of the nano?bers or 
micro?bers can be engineered to control the release the one or 
more groWth factors, differentiation factors, chemotactic fac 
tors, adhesions molecule, or combination thereof of bioactive 
molecules from the nano?bers or micro?bers. In an embodi 
ment, the rate of release is determined by the rate of degra 
dation and/or dissolution of the polymer or copolymer com 
prising the nano?ber or micro?ber. 

[0100] In some embodiments, above void ?lter, such as 
demineraliZed bone matrix (DBM) is reconstituted in and/or 
coated With a concentrated ?uid obtained from a concentrator 
of the invention. In an embodiment, the ?uid is concentrated 
autologous PRP. The concentrator can used to obtain concen 
trated PRP from a sample of patient blood during surgery. The 
concentrated PRP can be mixed With a bone void ?ller, such 
as DBM. Suitable DBMs can be obtained from LifeNet of 
Virginia Beach, Va. under the names CELLECT, CEL25, 
DCAN5 (DemineraliZed Cancellous 1-4 mm), DGC20 or 
DGC 40 (DemineraliZed Cortical Bone), GDS005 GDS 010 
or GDS015 (I/ C Graft Chambers), OPTIUM Gel AGEL05 or 
AGELl0 (for non-Weight bearing applications), OPTIUM 
Putty APUT05 or APUT05 (for non-Weight bearing applica 
tions), and from Osteotech, Inc. of EatontoWn, N.J. under the 
names GRAFTON DBM CRUNCH and GRAFTON DBM 
MATRIX PLF. The DBMs can be freeZe dried for subsequent 
use for mixing With the concentrated platelet rich plasma 
during surgery. Once mixed With the bone void ?ller, such as 
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DBM, the resultant mixture is applied during surgery in any 
of numerous applications, including, Without limitation, spi 
nal fusion, spinal defects, trauma, bone cysts, bone tumors, 
fracture management, ?lling of osseous defects, augmenting 
total j oints, sinus augmentation, ridge preservation, joint revi 
sions, posterolateral fusion procedures and general orthope 
dics applications. Mixing the patient’s oWn concentrated PRP 
With bone void ?ller for surgical application back into the 
patient results in increased osteoconductivity and faster bone 
groWth. The bone void ?ller material is more likely to be 
readily accepted by the patient’s immune system and a loWer 
chance of rejection, and aids in regeneration of bone tissue 
around the bone void ?ller material. 

Tissue Regeneration/Culture Methods 

[0101] Concentrated ?uids obtained by the methods of the 
invention can be used in tissue regeneration, tissue culture, 
and cell culture. Concentrated ?uids comprising one or more 
groWth factors, differentiation factors, chemotactic factors, 
adhesions molecule, or a combination thereof can be added to 
a groWth matrix or added directly to tissue or cell culture 
media. In an embodiment, the concentrated ?uid is applied to 
the site of a Wound or injury in order to promote proliferation 
of cells and repair and regeneration of tissue in the Wound site. 
[0102] The ?lter housing of a concentrator of the invention 
can be con?gured as a groWth chamber. In such an embodi 
ment, the ?lter housing is ?tted With a groWth matrix or 
groWth surface. Examples a groWth matrix or groWth surface 
include but are not limited to a netWork of one or more 

nano?bers, a nano?brillar structure, glass, silicon or plastic 
comprising an etched or micropatterned surface, glass, sili 
con or plastic surface comprising macropores or nanopores, a 
polymer scaffold, a Woven scaffold, a Woven or net textile, an 
extruded scaffold, a rod, a screW, a Wire, a mesh, or a cage. In 
some embodiments, the groWth matrix or groWth surface can 
be glass, polymeric, metallic, ceramic, cellulosic, or proteina 
ceous. In some embodiments, a surface of the groWth matrix 
is coated With nano?bers or a polymeric coating that supports 
the groWth and/or attachment of cells seeded on or to the 
surface. An example of a suitable surface includes, but is not 
limited to, a surface of a rod, screW, Wire, mesh, or cage. 
Examples of nano?bers and/or polymeric coatings that sup 
port the groWth and/or attachment of cells to or on a coated 
surface are described herein and are knoWn in the art. 

[01 03] In an embodiment, the groWth matrix is a nano?bril 
lar structure. The nano?brillar structure can be layered to 
form a multi-layered nano?brillar assembly. A diverse array 
of groWth environments for a cell or tissue can be constructed 
by engineering speci?c chemical and physical properties into 
the nano?ber netWork, substrate, and/or spacers comprising 
the individual nano?brillar structure and/or sequentially lay 
ering individual nano?brillar structures. 
[0104] Speci?c nano- and/or micro-environments can be 
engineered Within individual nano?brillar structures or 
Within an assembly comprising tWo or more layered 
nano?brillar structures. Physical properties and/ or character 
istics of individual nano?brillar structures including, but not 
limited to, surface roughness, adhesivity, porosity, solidity, 
elasticity, geometry, interconnectivity, surface to volume 
ratio, ?ber diameter, ?ber solubility/insolubility, hydrophilic 
ity/hydrophobicity, ?bril density, and ?ber orientation can be 
engineered to mimic the nanotopography of ECM or BM. For 
example, the physical and geometric properties of the nano 
topography of the individual nano?brillar structures of the 


























