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ield of the Invention:

10 The present invention concerns compositions, methods and
apparatuses for making concentrated plasma and tissue sealant,
for sealing tissue, for rapid separation of higher molecular
weight components in mixtures, for rapid separation of blocd
plasma and for rapid separation of particulate components in

15 mixtures. The present invention is particularly applicable to

preparation and use of autologous tissue sealant.

Discussion of the Background:

Fibrin Glues and Sealants
Various substances have been tried to meet the need for a

20 suitab.e tissue adhesive for use in surgical procedures.

tried and been found wanting. Natural fibrin glues and sealants
made from blood components were recognized early in the
development of this technology. Surgical "fibrin sealants"

25 (sometimes called "fibrin glues”"! made up of human fibrinocgen

activated by bovine thrombin are used extensively in Europe.



-

Vari ous substances have been tried to neet the need for a 20 sui tabl e
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fibrin seal ants have been shown to be s;perior to synthetic

adhesi ves or traditional surgery in many situations. In addition

t hey reduce the need for blood transfusions. Academ c and sur gi cal

opi ni on fishgin pseal | ry.f.av }?Rhg. %§&§ : r eyl S:

Fi brin gggFanf%&gPé%%ﬁgghggé%gégbégé u%r |SSJ§6§%ﬁeS|§%E}§%)CO §§%Eﬁ£éﬁ§
adhesives or traditional surgery in many situations. In addition
they reduce the need for blood transfusions. Academic and

surgical opinicn on fibrin sealants is very favorable. A recent

5 review says:

Fibrin sealants are the most successful tissue adhesives to
date. They have many advantages over adhesive technologies
such as cyanoacrylates and marine adhesives in terms of
biocompatibility, biodegradation and hemostasis. There are
10 several commercial products in Europe but none in the United
States due to the current regulatory stance against pooled

plasma blood products (Sierra, 1993; vide infra).

In current practice, f£ibrin sealant is made by isolating a
concenzrate of human fibrinocgen, fibronectin and factor XIII,

15 usually by cryoprecipitation, and combining it immediately before
use with bovine {or sometimes human) thrombin. The thrombin
convercs the fibrinogen to fibrin which rapidly gels to form a
transzent hemostatic plug, which is then stabilized by factor
XIIZ. Fibronectin provides adhesion for cells repopulating the

20 clot and tissue. The most common method of application of £ibrin
sealant is mixing of concentrated fibrinogen from pooled human

blood with bovine thrombin and calcium immediately before use.
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such as cyanoacryl ates and mari ne adhesives in terns of

bi oconpati bility, biodegradation and henostasis. There are 10
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States due to the current regulatory stance agai nst pool ed

pl asma bl ood products (Sierra, 1993; vide infra). In current
practice, fibrin sealant is made by isolating a concentrate of human
fibrinogen, fibronectin and factor XiIl, 15 usual ly by
cryoprecipitation, and conbining it imredi ately before use with
bovi ne for sonetinmes human) thronbin. Thethronbin converts the
fibrinogen to fibrin which rapidly gels to forma transi ent
henpostatic plug, which is then stabilized by factor Xl
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tissue. The nost conmon nethod of application of fibrin sealant is
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bovi ne thronmbin and cal ciuminmedi ately before use. WO

06/ 17871BERIPLAST®/Behring). Many papers have He@H sgslified on its use.
Use of fibrin sealant in the United States is limited to
5 preparation within the clinic outside FDA control. The reasons

for FDA reluctance to approve these products in the United States

are:
® virus transmission (e.g., HIV, hepatitis) £from pooled
human blood- and
10 ° immunological reactions to bovine thrombin?, for

example thrombin and factor V inhibitors or foreign
body reactions®.
These FDA concerns are so serious that the FDA has not
approved any fibrin sealant product, despite strong interest from

15 surgecns and very favorable comparative studies in the

These circumstances have led to much attention being given
to metheds to isolate an autologous counterpart of the fibrinogen
containing component in the TISSUCOL system in a practical

20 mannexr. These efforts are discussed in the reviews cited below.
The fcllowing from a review by Thompson® shows that the value of

stat autclogous fibrinogen is much anticipated:
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commerci al l vy, but is in Europe (TISSEEL[err], TISSUCOL[err]/I mruno;
BERI PLAST[ err]/ Behring). Many papers have been published on its use.

Use of fibM&96438Tlant in the United States is limted to  SPCTU$ASHPWAAt i on
within the clinic outside FDA control. The reasons for FDA

rel uctance to approve these products in the United States ar e:

[err] virus transmssion (e.g., HV, hepatitis) from pool ed

human bl ood[err] and 10 [err] i mmunol ogi cal reactions to bovi ne
thronbin[err], for exanpl e thronbin and factor V

I nhibitors or foreign -qbody reactions[err].

These FDA concerns are so serious that the FDA has not approved any
fibrin seal ant product, despite strong interest from 15 surgeons and

very favorabpgrepAPgIabi ¥8 ebhgb8edi Bft BRo separakkt 8b3LHA8ns of
These circunstances have led to nuch attention being.given to

net hods to isthedfogen ashe! eBPURbEAUNKWBERAMEX8E tBgethbEi NefieBe agents
cont ai ni ng conponent in the TISSUCOL systemin a practical 20 manner .

These effortmimie theclssedstagébeofevhewslettefighehsvade to fothea

followng froma review by Thonpson[err] shows that the val ue of
£ibrin clot. Fibrin glue is available in Europe but is not

5 commercially available in the U.S.; therefore, investigators

have extemporaneously compounded their own fibrin glue.
Fibrinogen can be obtained from pcoled, single-donor, and
autologous blood donors and is usually isolated by the
process of cryoprecipitation... The safest preparations use

10 the patient’s own blood to prepare fibrin glue... Use of...
autologous blood results in minimal risk of disease
transmission, but it requires anticipated use as in an

elective procedure. The use of autologous blood usually is

not possible in trauma or an emergency surgical procedure.

15 Siedentop® describes a number of approaches to the
precipitation 92f fibrinogen from plasma in the context of the
proposed us2 of this material as the fibrinogen furnishing
compcreant ¢f a fibrin glue. Four methods were suggested:
precirization with ethanol, use of unfractionated plasma,

20 crycpracipitation, and precipitation with ammonium sulfate.
Epstein? suggests the use of a fibrinogen preparation from
autologous plasma obtained using polyethylene glycol

precipitation. A system for preparing autologous tissue adhesive
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Fibrin gl uew osed of two separate sol utions of | bripogen
and t hronbi n.(ﬁ’\i‘vﬁlgﬂﬁm xed together, these agents n%,?nrlgg#z’gh ast
stages of the clotting cascade to forma fibrin clot. Fibrin
glue is available in Europe but is not 5 comercially avail abl e
in the US.; therefore, investigators have extenporaneously
conpounded their own fibrin glue. Fi bri nogen can be obt ai ned
from pool ed, single-donor, and aut ol ogous bl ood donors and is
usual ly isolated by the procé&ss of cryoprecipitation... The
saf est preparations use 10 the patient's own blood to prepare
fibrin glue... Use_of,. aut ol ogous bl ood results in mninma
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as in a elective procedure, The use of autolggous bl oo
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pr ocedur.e. . . . 5 .
has yet produced a clearly superior autologous sealant, research

in the past five years has continued on several approaches
5 including plasma sealant®, ethanol precipitation®? and rapid
cryoprecipitation’®. Prior patents‘are discussed in later
sections, Autologous Precipitate Sealants and Autologous Plasma
Sealants.
None of these methods is readily adaptable for convenient
10 use of an autologous plasma fraction as an adhesive which can be
prepared quickly during the surgical procedure. All of the
approaches suggested for preparation of the fibrinogen containing
fraction for this purpose are too time-consuming and complex to
be finished in a short enough time to be accomplished during the
15 surgery. Also, in some procedures, such as cryoprecipitation,
special eguipment, such as refrigerated centrifuges, is required.
While the prior art approach is to prepare the composition in
advance, this immediately imposes the necessity for additional
procedures for identification and retrieval of the samples
20 matched with the patient, and the concomitant opportunity for
error, besides the inconvenience to the patient, who must then
arrange time for an additional medical appeintment. And, of
course, cthis practice is not possible when the surgery is

conducted on an emergency basis.
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a relatively conplex system based on et$ranol precipitation has been
descri bed by Weis- Fogh[err] Because none of these nethods has yet

produced a ¢learly ri,or_aut ol o qous seal a researc i
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"Fibrin sealant achesive systems: a review of their chemistry,

material properties and clinical applications.” J Biomater Appl 7

S (4 19%83): 309-52; Wiseman, David M., David T. Rovee, and Oscar M.

Alverez. "“Wound Dressings: Désign and Use.” In Wound Healing:

Biochemical & Clinical Aspects, ed. I. Kelman Cochen, Robert F.

Diegelmann, and William &. Lindblad. 562-580. 1lst ed., Vol.

Philadelphia: W. B. Saunders Company, 1992). A review of devices

10 used by surgeons discusses fibrin glue in context of both

hemostatic agents and adhesive agents {(Edlich, Richard F., George

T. Rodeheaver, and John G. Thacker. “Surgical Devices in Wound

Healing Management.” In Wound Healing: Biochemical & Clinical

Aspects, ed. I. Kelman Cohen, Robert F. Diegelmann, and William

15 J. Lindblad. 581-600. 1st ed., Vol. Philadelphia: W. B. Saunders

Company, 1992). A review of the role of fibrin and fibrinogen in

blood coagulation has also been published (Jackson, C. M. and Y.

Nemerscn. “Blood coagulation.” Annu Rev Bjochem 49 (811 1980):

7€5-£.2.. Other reviews, in reverse chronclogical order,
20 include:
{1} Lexner, R. and N. S. Binur. “Current status of surgical

adhesives.” J Surc Res 48 {2 1990): 165-81.




sections, Autol ogous Precipitate Seal ants and Autol ogous Pl asma

Seal ant s. None of these nethods is readily adaptable for
convenient 10 use of an autol ogous plasma fraction as an adhesive which
can be wopéersat ed qui ckly during the surgical procedure. périuseénsite
approaches suggested for preparation of the fibrinogen containing
fraction for this purpose are too tinme-consunm ng and conplex to be
finished in a short enough tinme to be acconplished during the 15
surgery. Also, in sone procedures, such as cryoprecipitation

speci al equi pnent, such as refrigerated centrifuges, is required.

Wiile the prior art approach is to preparg the conposition in

advance, this i mediately inposes the necéssity for additional

procedures for identification and retrieval of the sanples mat ched
wWith the patient d the,c t gpt rt o) e5|des
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possi bl e when g%e surgery 'S an ‘energency basis.
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(3} Thompson, D. F., N. A. Letassy, and G. D. Thompson. “Fibrin

',..l

g

5 effects as a topical hemostat.” Drug Intell Clin Pharm 22

(12 1988): 946-52.

ue: a review of its preparation, efficacy, and adverse

Biological Precipitate Sealants
The vast majority of prior methods for preparing blood

derived glues or sealants use fibrinogen precipitated {usually

10 crycprecipitated) from pooled p;asma, a method éirst published in
1972*. Most biological sealant patents are improvements on
cryoprecipitation. Most go through a lyophilization step before
application. A few touch on plasma, but none mentions a
compositicn derived from concentrated plasma.

i5 A composition from cryoprecipitation method was patented by
Immunc AG**. Since the basic method had been published

previously, the composition claims were precisely descriptive:

Exemplary Claim: 1. A lyophilized tissue adhesive of
mammalian protein origin which comprises £fibrinogen,
20 albumin, factor XIII, cold-insoluble globulin and

plasminogen-activator inhibitor or plasmin inhibitor where



Several useful reviews on surgical glues generally and on fibrin
glues particularly have been published (Sierra, D. H "Fibrin
seal ant adhesi ve systens: a review of their chem stry, materi a

prorerti eswgh @hsni cal applications.” J Biomater Appl 7 3):
309-52; Wsenan, David M, David T. Rovee, and Gscar M Spa,géyégr}%g.

"Wound Dressings: Design and Use." In Wund Heal i ng: Bi ochem cal &
Clinical Aspects, ed. |I. Kel man Cohen, Robert F. D egel mann, and
WIlliamJ. Lindblad. 562-580. 1st ed., Vol. Phi | adel phia: W B.
Saunders Conpany, 1992). A review of devices 10 used by surgeons

di scusses fibrin glue in context of both henost ati ¢ agents and
adhesi ve agents (Edlich, Richard F., Ce®rge T. Rodeheaver, and John
G Thacker. "Surgical Devices in Wund Heal i ng Managenent." In Wund
Heal i ng: Biochenmical & Cinical Aspects, ed. |. Kelman Cohen, Robert
F. Di egel narf¥he asn?ebwm% 1q5pre§eng fobabhdlesst- 39y bysvedght, vshe

Phi | adel phia: W B._ Saun npany, 1992). A reV|em/of the rol e
of fibrin aﬁ?@%Qw?$uxﬁﬁF?ﬁ XIII tobfbéﬁlﬁeﬁgﬁia?ﬁﬁﬁeﬁ§§ alBoupéEf of
publ i shed (Jackson, C M and Y Nener son. "Blﬁod coagulatlon " Annu
Rev Bi ochem™AFYeH Xhbpder gram ofgfilninogeneis ati £6Rst| Al o3BAse

chronol ogi c order 20 ude: .
g % brlnogen and aibumln are present in a ratio of 33 to 90:5

5 to 40.

Several inventions have improved on early cryoprecipitation
methods. A variation of cryoprecipitation is claimed to produce
material superior for patients with blood coagulation
disorders®’. Stroetmann overcame problems by mixing fibrinogen,

10 thrombin and protease inhibitor in lyophilized form for
administraticn as a powder*. Behring found a way to improve
solubility of (poorly soluble) cryoprecipitate?®. French
scientists have improved the traditional cryoprecipitation by
using a double cold ethanol precipitation!®. Epstein has a

15 paten: application for precipitation with polyethylene glycol

(only the sister (device) patent has issued)'’. Cryolife has

QO
Hh
£,

rafted a patent with a broad exemplary claim®*® (quoted in
note:, but all the claims are limited by use of a precipitation
step.

20 Sierra’'s group has patented compositions with collagen added
to fibrinogern. The notion is that collagen improves the
mechanical properties of the sealant?®, Related approaches are

addition cf hyaluronic acid to make the solution more viscous
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adhesives." J Sura Res 48 (2 1990): 165-81. WO 96/ 17871
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operative sealant?" Transfusion 30 (8 1990): 741-7. (3) Thonpson
D. F., N A Letassy, and G D. Thonpson. "Fibrin clue: a
review of its preparation, efficacy, and adverse 5 effects as a
topi cal henostat.” Drug Intell din Pharm 22 (12 1988): 946-52.
Bi ol ogi cal Precipitate Seal ants The vast majority of prior

nmet hods for preparing bl ood derived glues or sealants use fibrinogen
precipitated (usually 10 cryopreci pitated) from pool ed plasna, a nethod
first published in 1972[err]. Most biol ogical sealant patents are

| nproverefSréongelation (patent application)?® and addition of silk

fibroin for mechanical strength®. |
A disclosed World patent application shows that Baxter is
using fibrinogen affinity chromatography to get around the
S proklems with precipitation?®*. A disclosed European patent

application shows that Squibb scien£ists have developed a method
eliminating the need for thrombin?®*. They use fibrin made by
passing fibrinogen through & column with immobilized snake-venom;
chaotropic agents prevent gelation. According to this work,

10 *{f)ibrin I monomer is preferred because it can, in contrast to
fibrinogen, readily be converted to fibrin polymer without the
use of thrombin or factor XIII." From blood, the method yields
60-90% fibrin monomer. It is activated by calcium and a pH
change.

15 The majority of biological patents assume a precipitation

ster in the manufacture of the tissue sealant.

Autoclogous Precipitate Sealants
As discussed above, it is widely recognized that autologous
blood products are superior for safety and biocompatibility
20 reasons alone. Columbia University has patented the use of
autologous f£ibrin glue®*, but the claims are restricted to
Cryoprecipitate‘ A European patent application makes similar

claims®®, but again the claims are restricted to cryoprecipitate.



cryoprecipitation. Mbst go through a |yophilization step before

application. A few touch on plasnma, but none nentions a conposition
derived fromconcentrated plasm. 15 A conposition from

cryopr eci pmasé/rygrinet hod was patented by | muno AJ ' t he
basi ¢ nmet hod had been publi shed previously, the conp§§¢%ygﬁhgﬁgins

were precisely descriptive: Exenplary daim 1. A

| yophilized tissue adhesive of manmal i an protein origin which

conpr.i ses fibrinogen, 20 al bumn, factor Xi1l, cold-insoluble

gl obulin and pl asm nogen-activator inhibitor or plasmn

i nhi bitor wherein W0,96/ 17871
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the fibrinogen is present in at |east 33% by weight, the ratio
of factor Xl Il to fibrinog S | QU ~ factor Xl
per gram of fibrinogen is ?@tfgég%%gb?iﬁﬁ%a @éﬁiéﬂtg- fibrinogen and

al bumin are PrEsHMuh is B en0ld 33195 %211 quantities of patient
plasma to make tissue glue?®, but the plasma is not concentrated
and the claims are restricted to use of flat pack centrifugation

5 for isolation of the plasma.

1. A method for use in the autclogous preparation of
fibrin giue wherein a patient’s blood is separated in a
centrifuge having cylindrical cups pivotally mounted to a
rotor to obtain plasma and wherein the plasma is separated

10 in the centrifuge to produce concentrated fibrinogen,

comprising the steps of: (a) transferring the blood or
plasma into a substantially flat packet; {(b) fixing the
packet containing the blood or plasma in a recess of a

substantially cylindrical insert fixture assembly; (c}

et
n
4

inserting said cylindrical-shaped insert fixture assembly in

cf the centrifuge having a complementary cylindrical

e}

cu

o]

shape so that the insert fixture assembly is held snugly

t

hin said centrifuge cup; (d) centrifuging the blood or

-
-

¥

~asma contained within said packet fixed in said insert

ke

th

o

20 ture assembly held in said centrifuge ~up to separate the

-

blood cr riasma into components; and (e} Zorming fibrin glue

from one cf said separated components.



5 to 40. " Several inventions have inproved on early
cryoprecipitation nmet hods. A variation of cryoprecipitation is

cl aimed to produce mat eri al superior for patients with bl ood

coagul ati on i sorders[err]. Stroetmann overcane probl ens by m xing
fibrinogen, W(?Lgsmwfhronbi n and protease inhibitor in |yophi |¥’§QH¥ ¥ or
adm nistration as a powder[err]. Behring found a way to inprove
solubility of (poorly soluble) cryoprecipitate[err]. French

scientists have inproved the traditional cryoprecipitation by usi ng
a double cold ethanol precipitation[err]. Epstein has a 15 pat ent
application for precipitation wth pol yethyl ene gl ycol (only the
sister (device) patent has issued)[err] -1&ryolife has crafted a
patent with a broad exenplary clainferr] (quoted in note: , but al
the clains are_limted by use of a precipitation tep. 20

Sierra's groupFEOusst &%t &R IOHS W tqugﬁqt@gpmatlng the
fibrinoge n t|on is t nmechani cal

The hat | | agen i ves the
properh@gaﬁf“atfhé éﬁao’nﬁn[teﬁ‘ﬁ]lc eﬁ%ﬁee?d-’sa% Mastymilar Lt dfi® j on of

hyal uroni ¢ aC|d t.o make the _solutio Vi sC
y present an°n€30ﬂ (Denﬁis églana is, é§§§ Stony Brook) covers

unconcentrated plasma glue?

5 1. A methed of treating with autologous mammalian

to affect hemostasis, comprising the steps of:

o

plasma £ibri
(a) obtaining a sample of blood from said animal; (b)
substantially immediately separating the whole plasma from
said blood obtained in step (a); and {c} contacting said

10 whole plasma resulting from step (b) with thrombin in a
physioclogically acceptable solution at a rate and in a
volume at the site of treatment to provide fibrin

coagulation at said site.

Applicators
15 Application of f£ibrin glue requires mixing the two
components under controlled conditions because gelation can be
very rapid. The earliest applicator patents are assigned to
Immunc AG. The principal claims revolve around different syringe
diameters to limit dilution of the fibrinogen component by using
20 a smallier volume of more highly concentratred thrombin®® and the
use of medical gas to keep the syringe applicator/mixer clear of

gel®®. Galanakis described an application in which the two
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before gelation (patent application)[err] and addition of silk
fibroin for mechanical strength[err]. A di scl osed Wrl d patent

applicati By, t hat Baxter is using fibrinogen af{]
chronatogﬁggay tolget around the 5 problenms with preci%#?é%%%ﬁ?g&r].

A di scl osed European patent application shows that Squibb scientists
have devel oped a net hod elimnating the need for thronmbin[err]. They
use fibrin nade by passi ng fibrinogen through a columm wth

I mobi | i zed snake-venom chaotropi c agents prevent gel ation.
According to this work, 10 "(f)ibrin | nononer is preferred because it
can, in contrast to fibrinogen;l®eadily be converted to fibrin

pol ynmer w thout the use of thronbin or factor XlI1l1." From bl ood, the

met hod _yi el ds 60-90% fi brin nononer. It is actlvatﬁg by caIC|un1and
a pH liguidghgggaot mx 1nterna|1|;é/ Pjtodney 3PP s (ﬁj-l £E%une a

] e S S8 LTS 5 B A L
application.? Very similar claims were made previously by
Micromedics3®. Corus Medical has an aerosol device driven by

5 pressurized gas?'. The Cryolife appreoach is to prevent gelation
in a single-component fibrin glue by pH inhibition of
thrombin®*. Gordon Epstein has patented the use of a third

suction tip to dry the surface before application®’

Plasma Separators

10 Haemonetics’ "bowl" technology allows separation of plasma
continucusly by a method which differs from the methods of the
present invention disclosed below??. Several patents address
isolation of platelets from blood using centrifuge sedimentation
methods®* or red cell barriers®, but none claims an approach

15 similar =5 the ones described herein including sintered ({(porous)
plastic or in which the cells pass through a barrier, leaving

plateler-rich plasma behind.

Dextrans
Pharmacia has basic patents on dextranomers’® and on their
20 use in wound healing.? 1Interestingly, concentration of
proteins {including fibrinogen) in the vicinity of the wound by

differential absorption of water and electrolytes is identified



As di scussed above, it is widely recogni zed that autol ogous bl ood
products are superior for safety and bioconpatibility 20 reasons al one.
Col unmbi a University has patented the use of aut ol ogous fibrin
glue[err], WOP6ATELCl ai s are restricted to Cryopr eci pcrasmsss/ 15471

Eur opean patent application makes siml ar clainms[err], but again the
clains are restricted to cryoprecipitate. WO 96/ 17871
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Aut ol ogous Pl asma Seal ant s Al t er baum has patented using snal
gquantities of patient pl asma to make tissue glue[err], but the

pl asma is not concentrated and Lag_clains are restricted to use of
flat pack centrifugation 5 for isolation of the plasna.

1. A nethod for use in the autol ogous preparation of fibrin

gl ue WhRILid i iiedf S %H&P@é&ar el ¢fle dclaims are limiPHddifyge

having cylindrical” cups pivotally nounted to a
methods in which the dextranomer beads are applled to the wound.

Other Patents of Interest

Fibrin sealants have been claimed as a component in a

(03]

composition to repair cartilage*®®, to help in eye surgery®® and
with heat-melted collagen for "tissue weldihg“." Another
approach has been to use fibrinogen/thrombin powder to coat a
biodegradable fiber to stop puncture bleeding'', or in a
collagen sponge or mat with powdered fibrin sealant*’. Addition
10 of ccllagenase to fibrin sealant to improve nerve healing has
been patented by Wehling‘’. Pharmacia has patented the use of

hyaluronic acid to prevent adhesions*.

Summary of Current Use of Fibrin Sealants in the United States
lthough wounds heal naturally, medicine seeks to improve
15 and speed the wound healing process. The body’s blood clotting
and tissue repair mechanisms are complex cascades progressing
from blood proteins (e.g. fibrinogen) to specialized repair cells
{fiprchlasts) . Sutures, surgical staples or surgical adhesives
holid the damaged tissues together so that healing can progress.
20 Surgical *"fibrin sealants," sometimes called "fibrin glues," made
up of human fibrinogen activated by bovine thrombin are used

extensively in Europe. Such fibrin sealants have been shown o



rotor to obtain plasma and wherein the plasma is separated 10 I n

the centrifuge to produce concentrated fibrinogen, conpri si ng
the steps of: (a) transferring the bl ood or plasma into a
substanti a I packet; (b) fixing the packe taining the
bl ood or p&géﬁgjﬁﬁ a recess of a substantial ly %§ﬁ%ﬁﬁgﬂﬁg}
I nsert fixture assenbly; (c) 15 I nserting said cylindrical-shaped
insert fixture assenbly in a cup of the centrifuge having a
conpl ementary cylindrical , shape so that the insert fixture
assenbly is held snugly within said centrifuge cup; (d)
centrifuging the bl ood or pl asma contai ned within said packet
fixed in said insert 20 fixtuwld-assenbly held in said centrifuge
cup to separate the bl ood or plasma into conponents; and (e)
formng fibrin glue fromone of said separated conponents.
VWO 96/ Auperior to synthetic adhesives or traditpgmajsospnggyy in many
-11 - _ AItho%gh no claimmentions or suggests concentrating the
situations. In addition they reduce the need for blocd

transfusions. Academic surgical opinion on fibrin sealants is
very favorable (see the reviews cited above).

5 In current practice, fibrin sealant is made by isolating a
concentrate of human fibrinogen, fibronectin and factor XIII,
usually by cryoprecipitation, and combining it immediately before
use with bovine thrombin. The thrombin converts the fibrinogen
to fibrin which then gels rapidly to form a transient hemostatic

10 plug. The most common method of application of fibrin sealant is
by mixing of concentrated fibrinogen from pooled human blood with
bovine thrombin and calcium immediately before use.

Fibrin sealant is not available in the U.S. commercially,
but is in Europe. The FDA is reluctant to approve these products

15 in the United States because of the potential for virus
~ransmission {e.g., HIV, hepatitis) from pooled human blood and
the potential for immunological reactions. These FDA concerns
are so serious that the FDA has not approved any fibrin sealant
producz, despite strong interest from surgeons and very favorable

20 comparative studies in the literature.
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from tubes that run in parallel all the way to the point of
applicatio Very simlar clains were nmade previously
M cr onedi cﬁiﬁﬁ"&%orus Medi cal has an aerosol device dri ver#%yms”@sul
pressuri zed gas[err]. The Cryolife approach is to prevent gel ation
in a single-conmponent fibrin glue by pH inhibition of thronbin[err].
Gordon Epstein has patented the use of a third suction tip to dry
the surface before application[err].
Pl asma Separators 10 Haenonetics' "bow " technol ogy all ows
separation of plasna conti nuousi¥ by a method which differs fromthe
met hods of the present invention disclosed belowerr]. Several
patents address .. _ isolation pof platelets from bl usi ng centrifuge
sedi mert%yt j grésali, B tgo ¢ ?%lgﬁg (ae% c'g??e;b ‘?‘rjgr_g%"?zer utgnone
cl ai s ROy éﬂﬂzc' edini, an . Rivasl. "Fibrin glue #om
51n§1 -donaticn autologous plasmapheresis." Transfusion 32 (7
1992): 641-3.

Moretz, W, Jr., J Shea Jr., J. R. Emmett, and J Shea. "A simple
autologous f£ibrinogen glue for otologic surgery." Otolarvngol
Head Neck Surg 95 {1 1986): 122-4.
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11. Matras, Helene, H. P. Dinges, H. Lassmann, and B. Mamoli.
"Zur nahtlosern interfaszikularen Nerventransplantation im
Tierexperimen:z." Wein Med Woschtr 122 ({37 1972): 517-523.

I
(@]

First clinical results: Kuderma, H. and Helene Matras. "Die
klinische Anwendung der Klebung von Nervenanastomosen mit
Gerinnungssubstanzen bei der Rekonstruction verletzter peripherer
Nerven." Wein Klin Wochenschr 87 {15 1975): 495-501.

15 12. Schwarz, O., Linnau, Y., Loblich, F., and Seelich, T.,
Tissue adhesive; freeze dried wound healing agent containing
Fibrinogen, albumin, factor XIII, globulin, and plasminogen
blocking Agenz. US Patent 4,414,976 (1983); Schwarz, O., Linnau,
Y., Loblich, ¥., and Seelich, T., Tissue adhesive; factor viii,

20 proteins, fibrinogen, globulin, albumin and plasmin inhibitor. US
Patent 4,377,572 (1982); Schwarz, ©., Linnau, Y., Loblich, F.,
and Seelich, T., Tissue adhesive; fibrinogen, factor XIII,
albumin, plasmin inhibitor. US Patent 4,362,567 (1982); Schwarz,
0., Linnau, Y., Loblich, F., and Seelich, T., Tissue adhesive;

25 blood proteins; surgery. US Patent 4,298,598 {1981); assigned to
Immuno AG.

13. Martinowitz, U. and Bal, F., Improved tissue glue prepared
by using cryoprecipitate. EP (application) Patent 534,178 (1993}
Assigned to Cctapharma AG.

30 14. Stroetmann, M., Enriched plasma derivative for advancement
of wcund closure and healing. US Patent 4,427,650 (1984);
Streetmann, M., Fibrinogen-containing dry preparation,
manufaccure and use thereof. US Patent 4,442,655 (1984);
Stroetmann, M., Enriched plasma derivative for enhancement of

35 wound closure and coverage. US Patent 4,427,651 (1984); assigned
to Serapharm Michael Stroetmann DE.

15. Fuhge, F., Heimberger, N., Stohr, H.-A., and Burk, W.,
Readily Disscivable Lyophilized Fibrinogen Formulation. US Patent
4,650,678 :2987) Assigned to Behringwerke Aktiengesellschaft.



15 simlar to the ones described herein including sintered (porous)
plastic or in which the cells pass through a barrier, |eaving

platelet-rich plasnma behind. Dextrans
Phar maci a h¥0 ¥BY pat ents on dextranorrers[err] and on t hei rrCcl20s95/15173€ i n
wound healing.[err] Interestingly, concentration of pr ot ei ns
(including fibrinogen) in the vicinity of the wound by differenti al
absorption of water and el ectrolytes is identified WO

96/ 17871 PCT/ US95/ 15171

- 13- as a benefit of the technology, but the clains are limted to
met hods in which the dextranonmer beads ar-e applied to the wound.

O her Patents of |Interest Fibrin seal ants have been cl ai ned as
a conponent ina 5 conposition to repair cartilage[err], to help in

eye surgeg y|[ esliindéfi€-Radosevich, M. and Burnouf, T., Concentrate of
thrombin coagulable proteins, the method of abtaining same and
therapeutical use thereof. US Patent 5,260,420 (1993) Assigned to
Centre Regional de Transfusion Sanguine gde Lille.

5 17. Epstein, G. H., Method and apparatus for preparing
fibrinogen adhesive from whole blood. US Patent 5,226,877 {1993}).

18. Morse, B. S., Carpenter, J. F., Turner, A. D., and Cryolife,
I., Preparation of fibrincgen/factor XIII precipitate. US Patent
5,030,215 (1951) Assigned to Cryclife. Claim 1: A system for

ic collecting a blood coagulation factor comprising a first
container means for receiving whole blood, said first container
means having an upper end, a lower end, at least one inlet port,
add at least one outlet port; first conduit means for conveying
whole blood to said first container means, said first conduit

15 means having an end thereof coupled to a said inlet port of said
first container means; second container means for receiving
plasma which has been separated from red blood cells in said
first container means, said second container means having an
upper end, the container means having a first, relatively wide

20 diameter portion adjacent to said upper end thereof, a second
relatively narrow portion defined below said first portion for
receiving a blocd coagulation factor precipitate frow the plasma
within said second container means and a third relatively wide
portion defined below said second, relatively narrow portion so

25 that said second, relatively narrow portion defines a relatively
narrow passage for precipitate blood coagulation factor from said
first pcrtion to said third portion; and second conduit means
havinc a -_rs- end thereof coupled to a said outlet port of sald

3u inlec pcre of said second container means for conveying plasma
from said first container means to said second container means.
19. Sierra, 2. H., Brown, D. M., and Luck, E. E., Surgical
adhesive material. US Patent 5,290,552 (1994) Assigned to Matrix
Pharm IZnc/Project Hear.

35 2C. wadstroem, J., Tissue treatment composition comprising
fibrin or fibrinogen and biodegradable and biocompatible polymer.
WO Patent 92/22,312 (19%2)

21. Iwatsuki, M. and Hayashi, T., Silk-fibroin and
human-fibrincgen adhesive composition. US Patent 4,818,291 (1989)
40 Assigned to Ajinomoto Co Inc.



with heat-nmelted collagen for "tissue welding[err]. " Another
approach has been to use fibrinogen/thronbin powder to coat a

bi odegradabl e fi ber to stop puncture bleeding[err], or in a col | agen
sponge or med9sm7sin powdered fibrin sealant[err]. Addition 1&-1-,0543)‘15171

col | agenase to fibrin sealant to i nprove nerve healing has been
patented by Wehling[err]. Pharmacia has patented the use of

hyal uroni ¢ acid to prevent adhesions[err]. Summary of Current Use
of Fibrin Sealants in the United States Al t hough wounds hea
natural ly, nedicine seeks to inprove 15 and speed the wound healing
process. The body's blood clotting and tissue repair nmechanisns are
conpl ex cascades progressing £ 7% bl 0od proteins (e.g. fibrinogen)
to specialized repair cells (fibroblasts) Sut ures, surgical
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PET/ USQS/ 15¢4kardson, P. A. D., Fairbrother, J. E., Gardner, R. S.,
Hollingsbee, D. A., and Cederholm-Williams, S. A., Fibrin sealant
compositions and method for utilizing same. EP (Application)
Patent 592,242 (1993) Assigned to Squibb.

24. Rose, E. and Dresdale, A., Method of preparing a

~0 cryoprecipitated suspension and use thereof. US Patent 4,928,603
{1990) Assigned to Columbia University. Claim 1: A method of
preparing a cryoprecipitated suspension containing fibrinogen and
Factor XIII useful as a precursor in the preparation of a fibrin
glue which consists essentially of: (a) freezing fresh frozen

= plasma from a single donor which has been screened for blood
transmitted diseases at about -80* C. for at least 6 hours, (b)
raising the temperature of the frozen plasma so as to form a
supernatant and a cryoprecipitated suspension containing
fibrinogen and Factor XIII, and {c) recovering the

20 cryoprecipitated suspension.

Rose, E. and Dresdale, A., Fibrin adhesive prepared as a
concentrate from single donor fresh frozen plasma. US Patent
4,627,879 (1986) Assigned to Columbia University. Summary:
Prodrn. of a fibrin glue comprises preparing a cryoprecipitated

25 suspension contg. fibrinogen and Factor XIII by freezing fresh
frozen plasma from a single donor which has been screened for
blood transmitted diseases at -80 deg. C for at least 6 hrs.,
raising the temp. to form a supernatant and cryoprecipitated
suspension contg. fibrinogen and Factor XIII, and recovering the

30 suspension. A defined vol. of the suspension is applied to the
desired site and a compsn. contg. thrombin is applied to cause
the fibr-.nogen in the suspension to be converted to the
fibrincgen clue, which then solidifies as a gel.

25. Welis-Fogh, U., A Method and an Apparatus for preparing
35 tissu *_pair promoting substances. WO (Application) Patent
i

26. Alterbaum, R., Method and apparatus for use in preparation
of fikbrinogen from a patient’s blood. US Patent 4,714,457 (1987)
Claim 1: A method for use in the autologous preparation of £ibrir
40 glue wherein a patient’s blood is separated in a centrifuge
having cylindrical cups D*vocally mounted to a rotor to obtain
plasma and wherein the plasma is seoarated in the centrifuge to
produce concentrated fibrinogen, comprising the steps of: . {a)



-14- be superior to synthetic adhesives or traditional surgery in
many situations. In addition they reduce the need for bl ood
transf usi onswodgafkeri ¢ surgical opinion on fibrin sealants isg &mn ery
favorabl e (see the reviews cited above). 5 In currec? prac |ce
fibrin sealant is nmade by isolating a concentrate of human
fibrinogen, fibronectin and factor X I1I, usual Iy by
cryoprecipitation, and conbining it imrediately before use with
bovi ne thronbin. The thronbin converts the fibrinogen to fibrin
which then gels rapidly to forma transient henostatic 10 plug. The
nost comon net hod of application of fibkdh sealant is by m xi ng of
concentrated fibrinogen fron1poo|ed human bIood W th bovi ne
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said centrifuge cup to separate the blood or plasma into
10 components; and (e) forming fibrin glue from one of said
separated components.

27. Galanakis, D. K., Method of preparing autologous plasma
fibrin and appiication apparatus therefore. US Patent 5,185,001
(1993) Assigned to Univ New York State Res Found.

15 28. Eibl, J., Habison, G., Redl, H., and Seelich, T.,
Arrangement for applying a tissue adhesive. US Patent 4,735,616
(1988) Assigned to Immuno AG.

29. Redl, H. and Habison, G., Apparatus for Applying a tissue
adhesive. US Patent 4,631,055 (1986} Assigned t¢o Immuno AG.

20 30. Miller, C. H., Altshuler, J. H., and Arenberg, I. K., Fibrin
glue delivery system. US Patent 4,874,368 (1989) Assigned to
Micromedics.

31. Avoy, D. R., Fibrinogen dispensing kit. US Patent 4,902,281
{1990) Assigned to Corus Med Corp.

" 32. Morse, B. S., McNally, R. T., and Turner, A. D., Fibrin
sealan: delivery method. US Patent 5,219,328 (1993) Assigned to
Cryolife.

33. Headiey, T. D., Plasmapheresis centrifuge bowl; disposable.

US Patent 4,983,158 (1991) Assigned to Haemonetics Corp; Pages,
3¢ E.. ,_sucsabln cen:*:fuge bowl for blood processing. US Patent
4,942,272 {1990); Latham, A., Jr., Apparatus for separating blood
intc ccomponents thereof US Patent 4,303,193 (1981); Latham, A.,
Jr., Process for pheresis procedure and dlsposable plasma Us
Patenz 4,204,537 (1980} ; Latham, A., Jr., Process for pheresis
rocedure and disposable pheresis bowl therefor. US Patent
4,059,108 {1977); assigned to Haemonetics.
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34. Pall, D. B. and Gsell, T. C., Method for obtaining

platelecrs. US Patent 5,258,126 (1993) Assigned to Pall Corp:

Pall, D. B. and Gsell, T. C., Blood collection and processing
40 system. US Patent 5,100,564 {(1992) Assigned to Pall Corp.
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usi ng cpggﬁéx%éﬁééﬂékaég)f?ﬁ@lbP@éaoeénE?iﬁﬂﬁg5§ﬂb§Z§o é§93 rothrombln

Assigned to Octapharma A 14. Stroet nann nri ched pl asma

dey i vat jpiee f-Of 2 PO CEPERlrsor of OEh¥eHbInr! 988recieee BEabangrobeifal ent
4,427,650 (1984) Stroetmann, M, Fibrinogen-containing dry

prepar aﬂ&mlarelotmmﬁf@r&weyeéﬁl ) us€ithetepf heplr it @At o¥hd42, 655 (1984);
Stroetmann,” M, Enriched plasna derivative for enhancenent of 35 wound

cl osur @ﬁ&w@lﬁg@ mdip et ehésdnd2in 68l 4dO3dY) ; sessighent to prévent
Serapharm M chael Stroetnmann DE. 15. Fuhge, P., Heinberger, N

Stohr, ititAgrisw Hrdloting) . Readi |y Dissol vabl e Lyophilized
Fi bri nogen Forrmnul ati on. US Pat ent 4,650,678 1987) Assigned to
Behri ngwer ke Akirtemgessth] schabf . the present inventiah 9b¢ 1¥87provide a
PCT/ US95/ 15171
10 novel method and apparatus for rapidly preparing a plasma
concentrate from a patient’s own blood {autologous tissue
sealant) .
A further object of the present invention is to provide a
novel method and apparatus for rapidly preparing a concentrate
15 from a patient’s own blood while in the operating room (stat
autclogous rissue sealant).

A further object of the present invention is to provide a

compositicn with physical, chemical and biological properties

20 BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the invention and many of
the attendant advantages therecf will be readily obtained as the

same becomes better understood by reference to the following



-17- 16. Burnouf-Radosevich, M and Burnouf, T., Concentrate of

t hronbi n coagul abl e proteins, the nethod of obtaining sane and

t herapeutical use thereof. US Patent 5,260,420 (1993) Assigned to

Centre Regi SYAPS/HE7Irr ansfusion Sanguine de Lille. 5 17. PEIYSBAI7IG
H., Method and apparatus for preparing fibrinogen adhesive from whol e
bl ood. US Patent 5,226,877 (1993). 18. Morse, B. S., Carpenter, J.
F., Turner, A D., and Cryolife, |., Preparation of fibrinogen/factor
XI'll precipitate. US Patent 5.030, 215 (1991) Assigned to Cryolife.
Claim1: A systemfor 10 collecting a bl ood coagul ati on factor conpri sing
a first contai ner nmeans for receigang whol e bl ood, said first

cont ai ner means havi ng an upper end, a |lower end, at |east one inlet
port, add at | east one outlet port; first conduit means for conveying
whol e bldogaiDedaddsttisticanivAeneton®bderedaid éonnécedoguwvitibthe means
havi ng an end thereof coupled to a said inlet port of said first

cont ai necemEmwEny 518g odtdavbngaj nelereims for receiving pl asma whi ch
has been separated fromred blood cells in said first container

means, sai d sebmndl cohtwesnan emaodithent ngf an disposalpbercantiyridge £ont ai ner
nmeans having a first, relatively wde 20 di aneter portion adjacent to
sai d uppercerdhnterevth thsepoesent invertionyvetypheyimgy pbasmnan defi ned
bel ow said first portion for recei ving a bl ood coagul ation factor

pr &ci pi tsawatavien ey pppewecell hydrophebisai foarcand pbashi nepnaeaksabaana
third relatively w de _portion defined bel ow said second, relatively
narrow pof teren see b foamhwitk peprdechmtd theretadry skesorPpertionfaEfenes
arelatively narrow passage_for precipitate bl ood coagul ation factor
from sai d Fig {2 s3hoiws t3retePdHnent ff B diIRfrbkh 3eeoHdge ohlui t
nmeans having a first end thereof coupled to a said outlet port of
said  2CCHIGAACT MR nehe RERRERME W RTHIRY SPINERDIPLITPRed to a said
30 inl et paort of said second container nmeans_for_conveyin

From sa PP RO, TSP I SLs U TUME A dieenePabion o
UL ) oldaa P Byt A% ik B Sraical | agnesive
l:g(r:r{)rpr gjl ﬁgt :.ga.r "3 s‘qﬁsows a?r?'enbvo\aéifgéxgtergf ‘]al ’<:'iiTs|psossuaebi[er e@éﬁz?r”{dﬁé’”&?s' tion
accordance with the present invention, employing-plasma
separation by annular chamber and plasma concentration by open
cell foam with beads held thereto by electrostatic force;

15 Fig. 4 shows an embodiment of a disposable cartridge in
acccrdance with the present invention, emﬁloying plasma
separation by felt mat and plasma concentration by beads
impregnated iﬁto plastic discs;

ig¢. 5 depicts a single enlarged concentrator bead in a

20 solution cf low molecular weight and macromolecule components

{(e.g., plasma) in accordance with the present invention; and
Fig. 6 shows an embodiment of a disposable cartridge in

accordance with the present invention after centrifugation and

during syringe withdrawal of the plasma concentrate;



fibrin. or fibrinogen and bi odegradabl e and bi oconpati bl e pol yner.

WO Patent 92/22,312 (1992) . 21. Iwatsuki, M and Hayashi, T.,

Sil k-fibroin and human-fri bri nogen adhesi ve conposition. US Patent
4,818, 291 woasays40 Assigned to Ajinonoto Co Inc. PCT/US95/15171 WO
96/ 17871 PCT/ US95/ 15171

- 18- 22. Tse, D. C., Alpern, M, Enonoto, S. T., Granchon, C M,
Liu, S. L., Mankarious, S. S., and Thomas, W R, Topical fibrinogen
conpl ex. WD Application Patent 05067 (1993) Assigned to Baxter Int

I nc. 5 23. Edwardson, P. AL D., Fairbrother, J. E., Gardner, R S.,
Hol | i ngsbee, D. A, and CederholmWIligms, S. A, Fibrin seal ant
conpositions and net hod for utiIizing'?%ﬁE. EP (Application) Pat ent
592,242 (1993) Assigned to Squi bb. 24. Rose, E. and Dresdale, A,

S 3 RPRRS R en USRS oL o RO O
rethod olcn che BREBEEL"Shtet 00 SO MECcalsDRIhoRaRD bk iy

of a fibyyd ¢ I 1Sts essentially of: (a) freezing fresh
sk ihg p?f e 8L U&w&!‘*‘%&@%g%}zdé

frozen asma from donor whi ch has been screened for bl ood

transmtted ﬁﬁé?a§e§héWsEﬁﬁ“%ﬁ?é%%géﬁtféT éﬁe|éﬁﬁii@a@@yr§maéééordance

raising the tenperature of ti zen plasma so as to form o
super najark e B8 PPT 8o & i erp BRARIYSY Odn CHOGE BvaE B cartrifgdr £8ogen

and Factor Xl II, and (c) recovering the 20 ' cryoprecipitated suspension.
allow application of single component £ibrin sealant; and
Fig. 9 graphically shows the relationship between the ‘
concentration of proteins and their molecular weight, for a
protein solution or suspension concentrated 3X with beads having

i0 a molecular weight cutoff of 10 kDa in accordance with the

present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

An inexpensive device with a disposable cartridge for

preparation of tissue sealant is disclosed. The device is

P parcicularly applicable to stat preparation of autologous tissue
sealant. The disposable cartridge may fit in the palm of the
hand and Is hermetically sealed to eliminate possible exposure to
patisent klood and ensure sterility. Methods of sealing tissue in
which the tissue sealant is applied immediately after mixing

20 platelet-rich plasma concentrate {(from the device) with a
solutiocn cf calcium and thrombin or in which the tissue sealant
is applied immediately after physical or immobilized enzyme

activartion are disclosed.



Rose, E. and Dresdale, A., Fibrin adhesive prepared as a concentrate
fromsingle donor fresh frozen plasna. US Patent 4,627,879 (1986)

Assigned to ;a University. Summary: Prodn. of a f

conpri ses pygggyfﬁapa cryoprecipitated 25 suspensi on cont ﬂéﬁ?@?ﬁkﬁgen
and Factor Xl Il by freezing fresh frozen plasma from a single donor
whi ch has been screened for bl ood transmtted di seases at -80 deg. C
for at least 6 hrs., raising the tenp. to forma supernatant and
cryoprecipitated suspensi on contg. fibrinogen and Factor XI1I, and
recovering the 30 suspension. A defined vol. of the suspension is
applied to the desired site and aZfonpsn. contg. thronbin is applied
to cause the fibrinogen in the suspension to be converted to the
fibrinogen glue, which then solidifies as a ge Wi s- Fogh, U.
A Met hod and %ﬁeE@EQFhPleFOFhBr@BEFFHQHSSroothgsﬁﬁcr§ﬁ§ﬂ?nbrSﬁﬁﬂlﬁ cc
subst ances. Af Ilcatlon% i 88/ C2259 %9881

A terbauﬁﬁt#n’il\)@ fed aRAUAPREr 4E8E FBRULR wanw%ﬁa?a Yy one Sflmple

fibrinogen froma gatlen s bl ood. US, P tﬁgt 4 714,457 (1987 aim
e

C
1. A nettHtr3or~ uSe®Pn t%@eﬁﬁtOFOQSUElﬁ  BTRGRIDE fF ?Fnbgﬁéuse gl ue
wherein a atlent s bl ood i.s_se

in_a centri
cyllndrléé <% %n%|9%?a??ydﬂﬁﬁn?%d€§8 P ?B?Bfngor%%TalnAddlthBF%sna and
Comcent (I 1107  Hegent” copr porAES (Red L Ap s %%aratiomg%f "2¥o

96/ 1787 - . i 1 U9 '
-19- :ke - T%ﬁ%fe?r?%g CRATBIERY o?°r|%§n39¥%?o a g%%éf af?lc%Pgt
packet ; Eéqg the; %,contalnlng t he bl ood or plasna in a
recess of a subst ntldl y cylindrical insert fixture assenbly; (c)

nserting saighydingrical eshaped sosebcbd AL C-aR98RRbYe  fo Booled CUP Of
the centrifuge having a conplenmentary cylindrical shape
blood £ibrin sealants that are available in EBurope commercially.
10 Antifipbrinolytic agents {such as aprotinin} are not necessary
because the tissue sealant contains high concentrations of
natural inhibitors of fibrinolysis from the patient's bloocd. The
tissue sealant also contains patient platelets and additional
factors not present in available fibrin sealants that promote
15 wound healing.
The present {autologous) tissue sealant gels rapidly as it

is mixed with calcium (and optionally bovine or human thrombin)

whila beingz applied to the wound. This sealant contains only
FDA-zprroved cr approvable components. In the present invention,
20 a "z.ssue sealant" contains the components found in blood that

contribute tc clot formation, tissue adhesion and wound healing
{preferablyv all such components in blood}, and thus, is
distinguished f£rom prior "fibrin sealants" which typically

contain only cryoprecipitated proteins and no platelets.



so that the insert fixture éssenbly is held snugly wthin said

centrifuge cup; (d) centrifuging the blood or plasna contained W thin
said packet fixed in said insert fixture assenbly held in sai d
centrifuge wapé/187separate the blood or plasma into 10 coppnussss17iand
(e) formng fibrin glue fromone of said separ at ed conponents.

27. Galanakis, D. K., Mthod of preparing autol ogous plasnma fibrin
and application apparatus therefore. US Patent 5,185,001 (1993)
Assigned to Univ New York State Res Found. 15 28. Eibl, J., Habison
G, Redl, H, and Seelich, T., Arrangenent for applying a tissue
adhesi ve. US Patent 4,735,616 (;ggg) Assigned to | muno AG

29. Redl, H and Habison, G, ApparatuS for Applying a tissue
adhesi ve. US Patent 4,631, 055 (1986) Assigned to Inmuno AG 20 30.

M %gp E

del i \%ry system attarant ZP f%ﬁlﬁg% %&4%%&; to thEi R/?’%F(e)?t% iecs.
31. Av@¥yerPpiRsmd | @HPIORN C?Erﬁaeéb% ngvﬁaéh éé% F@}S&Ptbé 8&2}»2;%&:1 with
(1990) Assigned to Corus Me . Morse, B. , Nally, R T.,

and TUH@%bld%/ﬂﬁrodﬂﬂH'ﬂb make SﬁggdﬂnségidﬂﬁﬂW/TK%*EEEui@iﬁ?IQQI is a
5,219, 328 (1993) Assigned Cryol if . Headley, T. D.,

Pl asnaramtggfsﬁl@ntahaf—ug&dongezdlbﬂm@blﬁéen descﬁsb&a_tie:mt:me 983 158
(1991) Assigned to Haenonetics Corp; Pages, 30 E., D sposable

centri fatgerowWi d @r Parehrprnderssitnge US Pat ent 4,943,273 -(1990);
Latham A., Jr., Apparatus for separating bilood i nto conponents

t hereof . USRefleatting 363 133 thEO@kawingishamhekein like Jrefefsmeess for
pheresi s procedure and di sposable plasma. US Pat ent 4, 204, 537 (1980);

Lat hamnufieralrs deRrigrese fidemieadsios orrampmetine mart gl shosepheut ‘
pheresis bow therefor. US Patent 4,059,108 (1977); assigned to
Haenondthiecseveral vid#s,Pand mbreBpaatd c@delnly To Cigua hodkfereabt alni ng
platelets. US Patent 5,258,126 (1993) Assigned to Pall Corp; Pall, D.
B. andaGRaleif erredCemeidioentolofe thicoprasentr dastesitipmo citratedrplasma’
Patent 5,100, 564 (1992) Assigned to Pall Corp.
10 is processed in two stages in a disposable centrifuge cartridge.
In a first stage, platelet-rich plasma is separated from cells
when centrifugal force causes red and white cells to lodge
irreversibly in a first separator (e.g., a hydrophobic open cell
foami. In a second stage, the platelet-rich plasma is
15 concentrated by contact with a concentrator (e.g., dextranomer
beads) that absorbs water, electrolytes and small proteins,
leaving a platelet-rich plasma concentrate. Thus, the present
method cZ making platelet-rich plasma comprises the steps of:
(al separating plasma and platelets f£rom whole blood;
20 (b} contacting the plasma and platelets with a
concentratcr to provide the concentrated platelet-rich plasma;
and

(c) separating the concentrated platelet-rich plasma

from the concencrator.



WD 96/ 17871 PCT/ US95/ 15171

- 20- 35. Pall, D. B., Gsell, T. C., Matkovich, V. |I., and Bornmann
T., System and nethod for processing biological fluid. US Patent

5,217, 627 (1999 1®Li gned to Pall Corp; Pall, D. B., Gsell, TPCI/USS515171
and Muellers, B. T., Method for processing blood for human 5

transfusion. US Patent 5,152,905 (1992) Assigned to Pall Corp;

El degheidy, M M, Automatic |iquid conponent separator. US Pat ent
4,639, 316 (1987) Assigned to Becton Dickinson & Co. 36. Process for
t he Manufacture of Hydrophilic H gh Ml ecul ar Wei ght Substances from
Dextran Substances. GB Patent 854,715 137- (1965); Celotte, E. B. and
Soderruist, B. G F., [Hydroxy conmpound copol yners dextran -

epi chl orhydrin] Verfahren zur Her st el l ung von Substitutionsprodukten
von M schpol ypeefsaabby, DPhe cartPatiget i56d18p064BE8_) anBekkal¥s, (Hagppner,
A, WIlff, H J., and Beil, H, [Verfahren zur Herstellung von
hochnol ezes aneusidg 1 hydeaphi bEnFVgsnetlzthgspghdétt emakdangPabpsandhatiidean
oder deren Derivaten oder von Pol yvi nyl al kohol in Form von

Cel koer nempds$ilghe. Whenel thet mebhddophi perfoopetlydnr aokealbgddcaxygridge,
gr oup- cont ng. , non-ionic polynmer is obtd. in the formof gel grains
by reactilr) separathegpstgpefa)i abovie pagsbaceongecpadentor, 8zampie, (1962) ;
20  assigned to Pharnacia. 237. Rothman, U. S. and Jacobsson. S. A,
Metthod flo¥rel calmambper o the|gputuidghavhiah sRi knsfinadesommpunagatann
mucous nenbranes and ... means for_carrying out the nmethod; dry particles
of Wit efbe nebPed| €1 5hePPED| éipbevher . TRS PhashHa ang3plzbeletssmpy2s
Assi gned to Pharmaci a AB; Rot hman, U. S. and Jacobsson, S. A, Met hod
for cIeé&ﬁquﬁIQﬁ%F%ﬁ%%@éYb?%gasﬁ?ﬁc§ﬁF¥%E%§,(ﬂoﬁndslanﬂ secondpghapeer
nenbraneg:qnd nmeans for carryjng_out the,nelhod. us Paient, . 4hg25 580
(1980) AsigHeddo-PHiFSracs af Atd communication with the first chamber)

sufficiently to concentrate the plasma. An advantage of the
10 sealed, disposabie cartridge is that it can be used in the
operating room, thus eliminating the possibility of tracking
errors and contamination.
In a further embodiment, the method is one for making
autologous concentrated platelet-rich plasma, in which the method
15 above for making concentrated platelet-rich plasma further
comprises, prior to the separating step (a), collecting blood
from a patient and adding an effective mount of citrate to
inhikbit coagulation (in accordance with standard methods), and
injecting a standard quantity of blood (e.g., 50cc} into the
20 pilood IZill poxt [inlet) 5 of a cartridge 1.
Plasma is separated from blood by a combination of
conventicnal cencrifugation technology and inventions for ease of
separation of the packed cells from the plasma. Centrifuges

which are capabie of spinning at variable speeds up to 3,000-



38. Hunziker, E. B., Met hod and conpositions for the treatnent 30 and
repair of defects or lesions in cartilage. US Patent 5, 206, 023
(1993). 39. Sarfarazi, F., Sarfarazi method of closing a cornea

|nC|S|on 5, 190 057 (1993); O Donnell, F., E., ; n
E., and Naugaﬁghan I ntraocul ar 1ens |nplant and 35 PCTABR&ENEFHE

| ocati ng and adherlng MAthin t he posterior chanber. US Pat ent
5,002,571 (1991) . 40. Sawyer, P. N., Collagen welding rod materia
for use in ti ssue welding. US Parent 5,156,613 (1992) Assigned to

I nterface Bi onedi cal Laboratories. 40 41. Sakanoto, [., Unigane,
T., and Takagi, K., Henostatic agent. US Patent 4,655,211 (1987)
Assigned to Unitika KK -28YD 96/ 17871

PCT/ US95/ 15171 -21- 42.
Zimer mann, E. and Schiele, U , Agent for sealing and heal i ng wounds.
US Pat eAf @0@5@9139?( EQSEFI’A%FQ%G% and whigh g5g- GAPRbd aviRicrpeing

St enber ger, Gewebeverkl ebarre kolla gene vwndauflaqg EP Patent
102, 773ce§939)11A§sPynédmsrsproaeﬁﬁaﬁd ige., fREhFPiamgAg 2

vehlln .., Method of enhan the regenerati,on of ur.ed erves
Dol hUBEEOEt BERI ARG GREeS ofor PP aLPE, ToRoPergategmintd T4hatha of oo 825

L L R R

PP OB hoghe! SLALLAL! AREUERLOY : neparBURRLYARE BRI AP (e

ASS|gneg158m danCEQOWLng 1§58 @EBHrS§ the whole blood, the operator
starts the microprocessor-controlled centrifuge by push-button.
All remaining steps until removal of the concentrate may be
automatic.

10 Although cells are conventionally separated from plasma by
their property of packing into a cell mass during centrifugation
(then typically aspirated), the cartridges are designed to effect
rapid separation of the plasma into the next, concentrator
chamber. In one embodiment (Fig. 1), red and white cells remain

15 trapped in a hydrophobic open cell foam 14. In another
embodiment (Fig. 4) red and white cells remain trapped in a felt
annulus 7. In a third embodiment (Fig. 2) the cells pass through
sinuous pathways in a sintered annulus 8 and remain trapped
outside. In a fourth embodiment (Fig. 3) red and white cells

20 migrate through a small gap 16 and remain trapped in an outer
annulus by the °‘orce of gravity when the centrifuge stops.

Cptionall the plasma may be c§ntacted with dextranomer

beads that have been bonded by electrostatic force with an open,

hydrophobic cellular foam 15 (in accordance with the apparatus of



44. Lindblad, G and Buckley, P., Conposition and nethod for 15

prevention of adhesi ons between body tissues. US Patent 5,190, 759

(1993) Assigned to Kabi Pharmacia AB.

22 036/17871 SUMMARY OF THE | NVENTI ON AcBETHSIISYT one
obj ect of the present invention is to provide a novel nethod and apparatus
for rapidly preparing a plasma concentrate from bl ood contai ni ng
fibrinogen, prothronbin (the inactive precursor of thronbin) and other

bl ood proteins, and platelets (thronbocytes) (citrate, heparin or other

anti coagul ant nmay be present in an anpunt sufficient to prevent initiation

of clotting). A further object of tJdwe present invention is to provide
a novel nethod and apparatus for rapidly preparing a plasma concentrate
froma patient's own blood (autol ogous tissue seal ant). A further

obj ect ofidgde prasé&nt) | nviehén olet Sed ot pé Obeéa@sal os¥ethatthalleandogppatat us
for rapidly preparing a concentrate froma patient's own blood while in the
oper at i nattwm {oh adndbtefigots ¢wesklie skbtenbatively, Athar phasmabmagt bef
the present invention is to provide a conposition with physical, chem cal
and bi ol erptadtet opeth | fres et anonepl beads p2 ot i @- pr &Bi prrardadeei wath
ti ssue seal ants. According to a first enbodi nent of the invention
there i sthe AprREIRRIRhIAL D2 nakThe) eomeehivae cBay| nerateobricélys a

ti ssue seal ant or adhesive, conprising the steps of: (a) separating
pl &sma fHrrkinoie Bieprountergigckwhsr i fgf ot eimes oat saj aPpedsAafjcient
contacting said plasma with a concentrator which does _not sign[ficantly
denat ur &9 i BISHOY - 3F W dea f TP FREFIIBERAT PPe3AR; 2aAHtside the
separating said concentrqted | asma from said concentrator. Accor di ng
to a se EHFGHh e @R f-4the’ i nvention there is provided a nethod of

sealing tissye, comrising the steps of:
9 I¥Eegce trléu may théﬁ spin at from 1,000 to 10,000 rpm,

preferably 3,000 rpm, for one to ten minutes to separate

10 platelet-rich plasma from cells. First, the whole bloocd passes
through a pore 4 in the blood inlet & into the separation
chamber. Cells may become trapped in a matrix 14 {(as shown in
Fig. 1), enmeshed in a matrix 7 (as shown in Fig. 4), or pass

through sintered hydrophobic plastic or other porous material 8

15 (as shown in Fig. 2), leaving platelet-rich plasma in the
chamber.
The centrifuge may then be stopped for 15-90 seconds. Under

annulus (or through a hydrophilic filter 9) into the second
20 chamber 10 (the lower chamber in Figs. 1 through 4). This
chamber may alsc be identified as a first concentrator chamber.
Irn the first concentrator chamber, platelet-rich plasma

comes into contact with the concentrator (e.g., dextranomer or

'Y
O
ot

~
U
€)
H

[
-2
u

mide}, either bonded by electrostatic force with an



22(a) (a) preparing a plasma concentrate according to the (b)
activating said plasnma concentrate to provide an activated plasm
concentrate, and (c) applying said activated plasm concentrate to
ti ssue in WOM13¥71seal i ng. ‘According to a third enbodiREESISNSIThe

i nvention there is provided a nethod of sealing tissue, conprising the
steps of: (a) preparing a plasma concentrate according to the process
of the invention, said plasm concentrate containing prothronbin,

pl atel ets or both prothronbin and platelets, (b) activating said
prot hronbin, said platelets or both said prothronbin and said platelets to
provide an activated plasma concentratgg.and (c) applying said
activated plasna concentrate to tissue 1 n need of sealing. Accordi ng
to a fourth enbodi nent of the invention there is provided a plasma

concentspéie, COPRFOGEhOPiB! abEletsr Epam 25t ord98. nb/ ghdok) f bbr kpegeBealdsoOm
0.5to 35 ng/m of fibronectin, and a physiologically acceptable carrier

conpri s2 ngFiet ez} avd bohysi ehbgssel| yneecepsalbse 1n0(Pagl caand organic ions
in a physiol ogical acceptable concentration, wherein the fibrinogen in the
concentDextterasomet shdnpblgasiiyadedat oordentratorédcapedeogmepcaalift h
enbodi nent of the invention there is provided a nethod of naking
concentawedelblpl @stas f SEPHABEAST pothi Bsaemaseds aand oas aBB@sGER, Pchrpm 8iiog t he
steps of: (a) separating plasma from whol e bl ood; and (b)

r énovi Madvdiarofanorses d pésseat Wwehyh. cohleernat bvelhi chngdveadnof
significantly denature fibrinogen to provide said concentrated plasna.

Accor diSRKIZARORE X t ¢ byl prent anide habsowkent opeader eotBeprovi ded a pl asma

concentrators, such as SEPHADEX moisture or water absorbants
{(available f£rom Pharmacia), other polyacrylamide absorbants,
silica gel, zeolites, dextramines, alginate gel, starch, cross-

10 linked agarose, etc., in the form of beads or discs are also
acceptable concentrators.

In essence, any material that absorbs water (i.e., which is
sufficiently dry to permit water absorption) and which does not
denature the proteins essential to blood clotting (e.g.,

15 fibrinogen and factor XIII) can be used as a concentrator, as can
apprcpria:eiy-selected membranes, which may also employ an
osmotic gradient. Further, where the centrifuge has autoclave-
like capabilities (i.e., the ability to rotate its contents at
elevated temperatures and/or atmospheric preséures other than 1

20 atm), mechanical concentrators, such as an elevated temperature
{fe.g., a temperature of 30-80°C, preferably 35-60°C) or a reduced

- pressure/vacuum {e.g., 0.1-500 Torr, preferably 1-200 Torr) wmay
serve as a concentrator. However, beads employed as described

both above and hereunder are the preferred concentrator.



concentrate containing fibrinogen for use as a tissue seal ant or adhesive,
the fibrinogen in said concentrate not being significantly denatured.
22(b) According to a seventh enbodi nent of the invention there is
provi ded an WP W s for sealing tissue, conprising a chanbhdCHE¥95/15171
containing tissue sealant, an applicator needle, and an activator nenber

| ocat ed between said chanber and said applicator needle, in fluid

comuni cation with each of said chanber and said applicator needle.
According to an eighth enbodi nent of the invention there is provided a

met hod of concentrating a macronol ecul e sol ution, conprising: (a)
contacting said solution with a concentrffor having a nol ecul ar wei ght
cutoff of from2 to 100 kDa to provide said concentrated solution; and
(b) separating said concentrated solution from said concentrator.
According to @onihakhmeabodesBMEsOf ihheialvenbwordtation DHthd dathtr iRidwd
for separating particul ate conponents froma suspension thereof in a
liquid, &baBrinskpgyg (and thay cbAracseabgdrhentandent raelr iandaltey
contacting a liquid suspension conprising said particulate conponents and
said |igpiasmath aShaw, rébvamion” ppedaessptasti cenalli fuge clpeear ofpassage of
said particul ate conponents in the absence of an applied centrifugal
force, bftomhzougbmwhochO8ardmpaptrefarabeychmrponafs rpassa B3 0lesy@dnse to an
effective applied centrifugal force, and (b) renoving said |liquid
frdm sai d natThé oporosipyrand hydsopbohérity of the porous wall 7, or

14 are such that the low centrifugal force generated is
sufficient to drive plasma up the wall but is not sufficient to
overcome surface tension, and the plasma remains with the
compartment at the inner surface.

10 The beads 2 swell with water, ions, and low molecular weight
proteins 51 (see Fig. 5). The size of the pores 52 in the
concentratoy bead 2 is chosen so that the highef molecular weight
proteins 53 become concentrated in the space around the beads.
Any commercially available bead concentrators for concentrating

15 proteins having a molecular weight above a certain preselected
molecular weight cutoff value may be used.

As those of ordinary skill in protein chromatography

- .
understand,

n

"molecular weight cutoff" refers to pores in a
matrix :.e.g., SEPHADEX) which are distributed about a mean size.

20 Moiezies {e.g., proteins) more than, for example, 25-50% smaller
than mean size diffuse into the bead rapidly, and moieties more
than, fcr example, 25-50% larger than mean size do not diffuse
into the bead. Proteins having a size within, for example, 25-

50% of the mean size diffuse into the bead slowly {(depending on



According to a tenth enbodi rent of the invention there is provided a nethod
for separating particulate conponents fromand for concentrating a liquid
suspension containing a solution of one or nore high nol ecul ar wei ght
conpounds WO 9e¢#I8dl particul ate conponents, conprising: PCTAISOS/I51A1
seal ed container, centrifugally contacting said |liquid suspension with a
porous nenbrane, a porous foamor a mat which permts passage of said
particul ate conmponents under an applied centrifugal force, but which does
not permt passage of said particulate conponents in the absence of said
applied centrifugal force, to separate said particul ate conponents from
sai d sol ution, (b) concentrating_ ?Ld solution according to the
process of claim40 to prepare a concenfrated solution, and

22(c) (c) renoving said concentrated solution fromsaid seal ed

contai Nghe particQGH @é&ljf (2 130 R HVENIFH DO KRN 1fvidY & WePkLanathere

I's provided an apparatus for separating particul ate conponents froma

liquid 3eIBBRSIRARCFIOTY 19 Mba concentPhutdld Yroteins adedrdShgchgnber in
fluid conminication with said inlet, containing a first separator for

separ at nBd eRalalrC Wedl@t fF0BHTAd drhapHikauspensimiyutdits, formng a 1iquid,
and an outlet for withdrawing said |iquid.
Consequently, in the present application, "high molecular
5 weight compounds" refer to those compounds having a molecular
weight greater than the preselected molecular weight cutoff value
of the concentrator. Examples of high molecular weight proteins
in plasma may include fibrinogen and factor XIII, depending on
the selected molecular weight cutoff. Preferred concentrator
10 materials include those beads or materials having a molecular
weight cutoff value of 100 kDa, preferably 30 kDa and more
preferably 5 kDa.
It is important to note that the platelet-rich plasma
concentrate contains all components of the original plasma} in
15 either the original concentration (ions and compounds with
molecular weight less than the concentrator cutoff) or at a
greater concentration than naturally-occurring plasma {(e.g.,
platelezs and compounds with molecular weight more than the
concentrator cutoff). The protein concentrate contains the same
20 ion concentrations as the unconcentrated plasma.
The quantity of beads is chosen so that the platelet rich
plasma is concentrated by a desired amount, e.g., 3X {the
approximate ievel of concentration achieved by a predetermined

volume of fluid surrounding close-packed spheres in the same



According to a twelfth enbodi nent of the invention there is provided an
apparatus for concentrating a nmacronol ecul e sol ution, conprising: an
i nlet, er in fluid conmunication with said inlet, .pj.ng a
concentraiof“?gﬁhﬁggncentrating said solution and a separatorl?'cglglgggghglhEI
separating said solution fromsaid concentrator, and an outlet for

W t hdrawi ng said sol ution. BRI EF DESCRI PTI ON OF THE
DRAW NGS A nore conpl ete appreciation of the invention and many of
the attendant advantages thereof will be readily obtained as the sane
beconmes better understood by reference to the follow ng

WD 96/ 17871 -33- PCT/ US95/ 15171

-23- detail ed description when considered in connection with the

acconpanyi pg draw ngs, wherein: Fig. 1 shows an epbodi nent of a
disposab%@gﬁﬁﬁﬁringePnu51n9 DERRISAYar E&adeMA Tkne JHESSR 3N efRiR3eR) |

enpl oyi n | asma separati on by open cell hydrophobic foam and pl asma
Cgﬁceﬁtrgpggﬂx1mate§y 2.6 ?s reguired per 10ccyp14%ma to aékleve il

fold concentration.

After absorption of water and low molecular weight solutes

n

into the concentrator, the rate of rotation is increased (e.g.,
to 1,000-10,000 rpm, preferably to about 3,000 rpm), forcing the
conicentrated platelet-rich plasma out through a filter 12 into an
outer compartment. The centrifuge may then be stopped, and under
the force of gravity, concentrated platelet-rich plasma may be

i0 collected in a bottom well 13. The concentrated platelet-rich
plasma may be left for extended periods (e.g., hours) without
spontaneous gelation or other deleterious effect.

Concentrated platelet-rich plasma, ready for use, may then
be removed into a syringe 16 as in Fig. 6.

15 Thus, the present invention also concerns a method of
sealing tissue, comprising the steps of contacting the present
concentrated plasma with an activator (either a thrombin/calcium
solution cor disrupted platelets as described below) to provide an
activated plasma concentrate, and applying the activated plasma

20 concenzrate to tissue in need of sealing.

In one embodiment of the method of sealing tissue, a
separately-prepared solution containing amounts of thrombin and
calcium effective to coagulate the concentrated plasma may be

combined with the concentrated plasma {in accordance with methods



by open cell foamw th beadé hel d thereto by electrostatic force;

Fig. 2 shows an enbodi nent of a di sposable cartridge in accordance
with the present invention, enploying plasm separation by sintered
pl asti c barwogeé/1287d pl asma concentration 10 by beads di stpgriagioedsizp a

t rough; Fig. 3 shows an enbodi nent of a di sposable cartridge in
accordance with the present invention, enploying plasna separati on
by annul ar chanber and plasma concentration by open cell foamwth
beads held thereto by electrostatic force; 15 Fig. 4 shows an
enbodi nrent of a disposable cartridge in accordance wth the present

I nvention, enploying plasm sepag gtlon by felt mat and plasma
concentration by beads i npregnated into plastic discs;

Fig. 5 depicts a single enl arged concentrator bead in a 20 sol ution of

| ow ol gaul-as pa ght e%@jﬂﬁ%éiﬁEﬂfﬂnﬂd%‘E%?Hﬁ%ﬂbeltated ﬁfb%?noé%ﬁﬁ”a) in

accordance with the present invention, shows an
enbodi MeAkeOtombdnaRios &t seARitlich@rd) concent rAGEH FHAA ﬁ? alp{ pgEsent
r awa

i nvention after centrlfugatlon and during syringe with of the

pl asma eengertr at @ issue sealanc. An embodiment with features superior
to any previously described is shown in Fig. 7. In the barrel of

5 the syringe a cylindrical chamber 31 containing thrombin and

caicium solution is surrounded by an annular chamber 32
containing concentrated platelet-rich plasma. Plunger 30 causes
the solutions to exit the apparatus through a coaxial needle, 33
(thrombin) and 35 (concentrated plasma), and mix at the tip 36.

10 An optional sleeve 34 ensures proper mixing, and may be retracted
to expose premature gel for easy removal.

In a further optional embodiment, a needle tip designed to

activate fibrinogen may be used to apply a single-component

concentrate (i.e., the concentrated plasma) without the use of

In this embodiment, calcium is added to the

nl
ty
K
2
H-
@]

15 adde
concentrate immediately prior to or during its application to
tissue in need cof sealing. Fig. 8 shows a syringe 21 and
applicatcr needle tip 23 separated by activator cartridge 22
throcugh wnich platelet-rich plasma passes for activation by

20 immcrcilized proteolytic enzyme, e.g., bovine thrombin.
In a Zurther optional embodiment, a needle tip designed to
disrupt riatelets may be used to apply a single-component

concenzrate {i.e., the concentrated plasma) without the use of

thrombin. In this embodiment, calcium is added toc the



WD 96/ 17871 ' PCT/ US95/ 15171
- 24- Fig. 7 shows an enbodi nent of the applicator in
accordance with the present invention enploying coaxial needles to
al | ow WA 10f the two conponents; Fig. 8 PSHRS9SASIT1
enbodi mrent of the applicator in accordance 5 wi th the present
I nvention enploying an activator cartridge to al |l ow application of
si ngl e conmponent fibrin sealant; and Fig. 9 graphically shows
the relationship between the concentration of proteins and their
nol ecul ar weight, for a protein solution or suspension concentrated
3X with beads having 10 a nol ecul ar -weight cutoff of 10 kDa in
accordance with the present invention.
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS An i nexpensive device
w th a dicspoesalthratearimmedijeatfedry prior tu epardiriong aftd i ssplkicsaaiant tos
di scl osed. The device is 15 particularly applicable to stat preparation
of autol bgsseset igsneed of sesddirgnt. Filp ¢ Fivsablae syaringelg@l napdfit in
t he pal mof the hand and is hernetically sealed to elimnate
possi bl eaprpdsatert needle tigatZlemepsradddiny anhiratrrdartyidget fads of
sealing tissue in
through which platelet-rich plasma passes for activation by,
5 e.g., nylon wool.
The present invention also concerns an apparatus for
concentrating platelet-rich plasma, comprising:

an inlet,

a first chamber in fluid communication with the inlet,

10 containing a first separator for separating plasma and platelets
from whole blood, thus forming platelet-rich plasma,

a second chamber in fluid communication with the first
chamber, containing a concentrator for concentrating the
platelet-rich plasma and a second separator for separating the

15 concentrated platelet-rich plasma from the concentrator, and

an outlet for withdrawing the concentrated platelet-

rich plasma.
In a further embodiment, the first separator comprises an
open cell hydrophobic foam which traps red blood cells and white
20 blood cells therein under surface tension force.
In a further embodiment, the first separator comprises a
porous plastic wall which allows passage of red blood cells and

white blood cells therethrough under a centrifugal force, but



whi ch the tissue seal ant is'applied I medi ately after mxing 20

platelet-rich plasma concentrate (fromthe device) with a sol ution
of calciumand thronbin or in which the tissue seal ant is applied

i mredi at el wade/em7physi cal or i mobilized enzyne act i PaT/USHS/EB17

di scl osed. WD 96/ 17871

PCT/ US95/ 15171 - 25-

Preparation in the operating roomof 5cc sealant from 50cc pati ent
bl ood requires less than 15 mnutes and only one sinple oper at or
step. There is no risk of tracking error because processi ng can be
done in the operating room Additional_365 chem cals used in the plasnma
seal ant and preparation thereof nmay be limted to anticoagul ant (for
exanple, citrate) and cal ci um salts (e.g., chloride).

Adhesi vaaad JRN YS! IMEAYe L FOMAGH 4P PomhEhhite b16bQOLel1BNi N
sealants that aré available in Europe comercially. 1 Antifibrinolytic

agents (sUeheaSrdd M)t cdirIBERSS Fdrce .
In a further embodiment, the first separator comprises an
apnulus at the top of the first chamber that allows red blood
5 cells and white blood cells to pass into an outer annulus and be

separated from plasma, maintained by gravity when the centrifuge

In a further embodiment of the apparatus, the concentrator
may be embedded ontoc a paper disc, or onto a plurality of discs
10 (of any commercially available material), or may stick
electrostatically or by other forces to an open cell matrix.
Many designs of a preferred embodiment of the present
cartridge are envisioned (for example, Figs 1 through 4). The
designs c£ the first and second chambers are largely independent,
15 and may be combined into a single cartridge at will. All four
designs shown have at least one separation chamber in fluid
connection with at least one concentration chamber.
The most preferred embodiment, Fig. 1, uses open cell
hydrcrhobic foam 14 for separation of plasma from cells and
20 effects plasma concentration by beads held by electrostatic force
in an open cell foam 15. Another preferred embodiment, shown in

Fi Z, uses plasma separation by sintered plastic barrier 8 and

1e]

plasma concentration by beads distributed in a trough 2. Another

preferred embodimenz, shown in Fig. 3, uses plasma separation by



because the tissue seal ant contains high concentrations of nat ur al

inhibitors of f brinolysis fromthe patient's blood. The tissue
seal ant al sw@gigrins patient platelets and additional pt_-@ﬁj‘sgg,gﬁpt
present in available fibrin sealants that promote 15 wound heal I ng.
The present (autologous) tissue sealant gels rapidly as it I's m xed
with cal cium (and optionally bovine or human thronbin) whi | e bei ng
applied to the wound. This seal ant contains only FDA- approved or
approvabl e conponents. In the present invention, 20 a "tissue sealant”
contains the conponents found in bl ood éﬁyﬁ contribute to clot
formation, tissue adhesion and wound heal’i ng (preferably all such
conponents in blood), and thus, is di stingui shed fromprior "fibrin
seal ant s’

no platele

PCT/ US9
maki ng

10

()

20

Il

PSP SHBRSEL ¥ ana py§8Rh k0 80RY-SLYSR" 85! BELALCR ALY NS and

%l;e[‘%]*‘é.l?zje?gtatic force withir "6pPhe8EM EQYANIEON RABERERS pa<FRhiad of

embodiment, shown in Fig. 4, uses plasma separation by felt mat 7

and piasma concentration by beads impregnated into plastic discs

12.

Each separator can be used with each concentrator. The four

separators may be combined with the three concentrators to give

twelve possible arrangements for the disposable cartridge.

A.

Open Cell Hydrophobic Foam Plasma Separator and Dextranomer
Bead in Open Cell Hydrophobic Foam Concentrator

In Figure 1, the ready cartridge is shown in the right half

and the path of the liquid is shown by the dashed arrows on the

left half. The entire chamber is radially s?mmetric except the

septum 5 fcr the whole blood inlet. The receiving cup 6 holds

blood until centrifugal force causes blood to pass through the

filter 4. In the separation chamber, centrifugal force causes

cells tc pass into the open cell hydrophobic foam 14 and

accumuliaze therein; continuing centrifugal force causes cells to

migrazs into the annulus of open cell foam and platelet rich

plasma %o remain within the separation chamber. The open cell

hydrophokbic foam 14 is a honeycomb-like hydrophobic material

which allows f£fluids and small particles to flow freely (e.g.,

open cell polyurethane fcam). Like a wetted sponge, the foam



rich plasma (PRP) concentrate, which can then be conbined with
calciumthronbin to nake tissue sealant. The resulting gel is a

conposition that has never before been described in the 5 scientific
or patent WasvESe. Referring now to the draw pgeusydngiai n
| i ke reference nuneral s designate identical or corresponding parts
t hr oughout the several views, and nore particularly to Figure 1
thereof, in a preferred enbodi nrent of the present invention,
citrated plasma 10 Is processed in two stages in a disposable
centrifuge cartridge. In a first stage, platelet-rich plasma is
separated fromcells when centr%éugal force causes red and white
cells to | odge irreversibly inna°first separator (e.g., a

hydr ophobi c open cel | foam). In a second stage, the platelet-rich

ol 25 095 19 3 600580RER! 89 BEGON A s B USRI Yo (St ace

dext r anoner Chat sor ectrolytes an

Prot el fignsion fokfaLl NOTAuEl a&;%%p ceaﬁsp'o%Sf& g Thus, the

pr esent maki n atelet-rich q asma conprises the steps

of ©  particulates ve&ainseae&abbaa Eb'l%%’ﬁ Q:'?x‘é E'o%‘me'vﬁ{e*h frm e 8 Al d;

20 (b) contacting"the plasma and platelets wth a
concendd St Orah@ eéﬁafgenahslﬁoa%et&at:ad Rladl @trarm%h ﬂ@cﬁ&r@he surfaddd

(c) separating the concentrated pl atelet-rlch pl asma fromthe
ncenii@dPrehe force of gravity. Foam can be either rigid or flexible
and can be formed into the appropriate annular shape for the

device by molding or die-cutting. The parts are sized so that

the packed cell (e.g., erythrocyte and leukocyte) layer is fully

contained within the outer open cell foam chamber, which retains
¥ the cells when the centrifuge stops.

Concentration comes about when platelet-rich plasma contacts
concentrator {e.g., dextranomer) beads 2 in the concentration
chamber 10. These beads may be a molecular sieve used in
chromatography (SEPHADEX, available from Pharmacia; BIO-GEL P,

.5 available from Bio-Rad Laboratories) and debriding (DEBRISAN,
availablie from J&J), or may comprise silica gel, zeclites,
dextramines, alginate gel, starch, cross-linked agarose, etc.

DEBRISAN appears similar to SEPHADEX G-25, and both are available

36 The beads are held by static electric forces ontc the
surface c: :>pen cell hydrophobic foam 15. The open cell
hydrophokb_: foam 15 is a honeycomb-like hydrophobic material.
After the plateler-rich plasma has entered the concentration

chamber 10, the carcridge 1 is gently rotated to mix platelet-
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-27- Preferably, the cartridge is disposable and sealed (e.g.,
see housing 1 in each of Figs. 1 through 4), naking contam nation

i npossi bl e. WR6§{188%the met hod is performed in a seal ed cartri dgerusosnsizt t he

separating step (a) above may be conducted, for exanple, ina 5 first
chanber of the cartridge which is in fluid comrunication with the
blood fill port (inlet). The plasma and pl atelets nmay t hen be
contacted with a concentrator (e.g., in a second chanber of the
cartridge in fluid communication with the first chanber)

sufficiently to concentrate the plasma3gAn advantage of the 10 seal ed,
di sposabl e cartridge is that it can be used in the operating room
thus elimnating the possibility of tracking errors and

cont aniiatH @Plasma with condéhiérdtts hedadsbpdi Bt ché he1ued hpenksratesft or
maki ng aut ol ogous concentrated platelet-rich plasma, 1 n which the

met hod £ hb opedb @eanf @S Medtien e b gt teife Pt ad £f ity chopl eREBEbEM AAE
conprises, prior to the separating step (a), collecting bl ood
begin to swell. Foam 15 may be made from the same material as

foam 14 (e.g., open cell polyurethane), but may have a different

wm

porosity. The porosity of foams 14 and 15 is selected

empirically on the basis of the sizes and/or types of particles

to be retained (e.g., cells by foam 14 and concentrator beads by
foam 15.. In ccmmercially available open cell, three-dimensional
polyurethane foams, porosity is known to be correlated to density

.0 (which is measured in, e.g., weight per cubic foot).

After a few minutes (e.g., 1-10 min., preferably 3-5 min.),
the concentration is complete. Note that concentration by
approximately three times corresponds to fiuid surrounding close-
packed spheres; thus, three times concentration is coptimal.

-5 Concentration of more than three times is possible, but to
achieva best results, a second concentration chamber should be
used for Iurther concentration of plasma concentrated in a first
chamber. Thus, concentration of nine times is possible for a
three-chamber cartridge containing two concentration chambers.

20 When concentration is complete, the centrifuge increases its

rotation and the increased centrifugal forces cause

0O
th

rate
concentrated platelet-rich plasma to pass through the hydrophobic
annulus 12. Sintered plastic 12 (e.g., POREX) is comprised of

-

small particles of plastic fused to create a porous structure.




froma patient and adding an effective nount of citrate to I nhi bit

coagul ation (in accordance with standard nethods), and I njecting a
standard quantity of blood (e.g., 50cc) into the 20 bl ood fill port
(inlet) 5 dO8/t787kri dge 1. Pl asma i s separated Pcomshd/sath by a
conmbi nati on of conventional centrifugation technology and inventions
for ease of separation of the packed cells fromthe plasna.

Centri fuges whi ch are capabl e of spinning at variable speeds up to
3, 000- WD 96/ 17871

PCT/ US95/ 15171 - 28-

10,000 rpmin either direction and whigly_are capable of being

controlled by a mcroprocessor (i.e., for spinning at pr edet er mi ned
rates of rotation for predeterm ned | engths of time) are known and
are eaglwiddanedmndl REEsSSAIVatddrca®eflow freellh theopgRSeRe apparatus
for separating and concentrating pl asma. Followi ng I njection of the

whol e llcaedicddheayiaiatordefined sy athe spRcas chepweersshe- £askdobladtic
centrifuge by push-button.
particles when the material is wet. If the plastic is not
specially formulated or treated, the sintered plastic will be
S hydrophobic and when in the dry state will afford resistance to
influx of water, more greatly as the size of the pathways is
reduced. This property of "entry pressure” allows the wetting of
the surface of a hydrcphobic porous wall without substantial
entry of fluid into the material. At greater pressure, i.e.,
=0 when centrifugal force is increased, this resistive force is
overcome and fluid breaks through the barrier to enter and pass
through the porous wall.
The centrifuge stops, and concentrated platelet-rich plasma
runs to the bottom under the force of gravity and is ready to be
i5 removed through filter 13 as in Fig 6.
Finally, note that the concentrator cup 10 is shaped like an
inverted Zunnel to vent the lower chamber to the upper chamber

allowing displacement of air from the lower chamber by plasma.

B. Hydrophobic Porous Wall Plasma Separator and Free
20 Dextranomer Bead Concentrator
In Figure 2, the ready cartridge is shown in the right halZf

and the path of the liquid is shown by the dashed arrows on the

left half. The entire chamber is radially symmerric except the



Al'l remaining steps until renoval of the concentrate may be

automatic. 10 Al t houch cells are conventionally separated from
plasma by wooentsheir property of packing into a cell nmass dpgrfigesnsit
centrifugation (then typically aspirated), the cartridges are
designed to effect rapi d separation of the plasma into the next,
concentrator chanber. I n one enbodinent (Fig. 1), red and white
cells remain 15 trapped in a hydrophobic open cell foaml|4. |In another

enbodi ment (Fig. 4) red and white cells remain trapped in a felt
annulus 7. In a third enbodi nent (Fig. 2) the cells pass through
si nuous pat hways in a sintered annulus 8§ “4nd remain t rapped out si de.
In a fourth enbodinment (Fig. 3) red and white cells 20 nigrate t hr ough

2 smel| Gl N LETPLD. $BP0 S0 OUL ST e ocBIOULYSARY Eheolgkce

of gravity he cen uge s asma na

be cont agly %%d“z}r{h%%ézﬂ{%% al forpgaé L8 plgys bsepabondado M b the

el ectrostatic force wt ydr op

aCCOfda”?@‘Méﬂ‘érm?fHWEHé“éEbé¥atlon chamber, cen¥¥l§@é418§érce causes
PCT/ US95/ 15171
cells to pass through the sinuous channels of filter 8 and
5 accumulate in the outer annulus. The filter 8 (e.g., 80u POREX)
is comprised of small particles of 'plastic fused to create a
porous structure. Fluids and small particulates can flow freely
through the tortuous pathways defined by the spaces between the
fused plastic particles when the material is wet. If the plastic
10 is not specially formulated or treated, the sintered plastic will
be hydrophobic and when in the dry state will afford resistance
to influx of water, more greatly as the size of the pathways is
reduced. This property of '"entry pressure" allows the wetting of
the surface of a hydrophobic porous wall without substantial
1s entry of fluid into the material. At greater pressure, i.e.,
when centrifugal force is increased (e.g., at 1000-10,000 rpm or
higher;, this resistive force is overcome and fluid breaks
through the barrier to enter and pass through the porous wall.
This leaves pliasma and platelets in the chamber. The parts are
20 sized so that the packed cell (e.g., erythrocyte and leukocyte)
layer Is fully contained within the filter and outer annulus.
When the centrifuge stops and the platelet-rich plasma passes

through the hydrophilic funnel filter 9, the force of gravity is

-



- 29- Figs. 1 and 3). Wien wetted the beads | ose their electrostatic
attraction and begin to swell. Alternatively, the plasma may be

contacted with free dextranonmer beads 2, e.g., in accordance with

t he appar aW@9%sf78Ri g 2. The centrifuge may rotate briefly  BCT/ussswstkw se
t hen counterclockwise a few tinmes at a speed sufficient to evenly
distribute the free dextranoner beads 2 outside the concentrator cup
lip 3. Thecentrifuge may then spin at from 1,000 to 10,000 rpm
preferably 3,000 rpm for one to ten mnutes to separate 10

platelet-rich plasma fromcells. First, the whole bl ood passes

through a pore 4 in the blood inlet 6 5 gto the separation chanber.
Cells may becone trapped in a matrix 14 (as shown in Fig. 1),
enmeshed in a matrix 7 (as shown in Fig. 4), or pass t hr ough

Si nt er e ORIl ¢ Plaside 1 ey ﬁﬁ@%ﬁ’@l@x’i'ﬁke 8f1ﬂ—§er 8 (@84SBa¥R 1 n

Fig. 2), leaving platelet-rich plasm’i

The cenhirld iR ERpdRI e EHained, for 15 90 seconds. Under t he
force of gravity, the platelet-rich plasma passes through an annul us

(or throughmydisbigtid ifudrd)t &i1Yer 1 Gdgurfesdnthe 2pper chagbEswdpd (the

| ower chanber in Figs. 1 through 4). This chanber may al so be

| dent | totghadtmedds o ettentiHeatlaosethddals cannot tumble into the upper

5 compartment during shipping and handling. This material might,
for example, be similar to that used for filter 8. In order that
entry pressure not be so high as to preclude free drainage of
plasma (by gravity) into the lower compartment after separation
from blood cells, however, this material would preferably be of

10 effective porosity minimally sufficient to ensure entrapment of
beads in the concentrator chamber 10. The material would also
most desirably be treated in a manner such as to render it more
hydrophilic, (e.g., plasma or corona treated or blended or coated
with surfactant) in order to further reduce entry pressure.

15 Concentration comes about when platelet-rich plasma contacts
concentrator beads 2 in the concentration chamber 10. These
beads may be a molecular sieve used in chromatography {SEPHADEX,
available from Pharmacia; BIO-GEL P, available from Bio-Rad
Labcratcries) and debriding (DEBRISAN, available from J&J), or

20 may comprise silica gel, zeolites, dextramines, alginate gel,
starch, cross-linked agarose, etc. DEBRISAN appears similar to
SEPHADEX G-25, and both are available commercially.

The beads are sealed into the chamber, but may become

H

unevenly distributed during shipment. A hydrophilic filrer 9
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In the first concentrator chanber, platelet-rich plasm ‘cones into

contact with the concentrator (e.g., dextranoner or pol yacryl am de) ,
ei t her bond ctrostatic force with an 6/ 17871
PCT/ US95/ 152*?993’/1%’7? _30_\4‘8 S35151 g en,
hydr ophobi ¢ cellular foam 15 (Figs. 1 and 3) or free beads 2 (Fig.
2) or beads enbossed onto disc(s) 11 (Fig. 4). Dext ranoner and

pol yacryl am de concentrators are commercially avai |l abl e (as SEPHADEX
from Pharmacia and as BIO-GEL P from Bi o- 5 Rad Laboratories,
respectively). Alternatively, instead of dext ranoner or

pol yacryl am de absorbent beads, other -43- concentrators, such as
SEPHADEX npi sture or water absorbants (avai |l abl e from Pharnaci a),

ot her pol yacryl am de absorbants, silica gel, zeolites, dextram nes,
al gi nat &egais “hearkead %r-’e%sthe 1GonCent FRERr aghameer 18c. , Inmedhatedbym of

beads or discs are als acceptable concentrators.

I n
essenced éﬁflﬁﬂ%ﬂ%@ﬂ1§#ﬁﬂ ohsehpke eteed (i the caprEidge may be gently

rotated and counter-rotated a few times to evenly distribute the

beads behind the lip 3.

w

Afrer the platelet-rich plasma has entered the concentration
chamber 10, the cartridge 1 is gentiy rotated to mix platelet-
rich plasma with concentrator beads 2. For best results, it is
important to keep the slurry in motion because of the tendency
for protein to locally concentrate around each bead, retarding
10 absorption. After a few minutes (e.g., 1-10 min., preferably 3-5

min.), the concentration is complete. Note that concentration by
approximately three times corresponds to fluid sﬁrrounding close-
packed spheres; thus, three time§ concentration is optimal.
Concentration cf more than three times is possible, but to
15 achieve best results, a second concentration chamber should be
used. Thus, concentration of nine times is possible for a three-
chamber cartridge containing two concentration chambers.

Whern ccncentration is complete, the centrifuge increases its
rate <I rotation and the increased centrifugal forces cause
annuius. Finally, the centrifuge stops, and concentrated
platelet-rich plasma runs to the bottom under the force of

gravity and is ready to be removed.



sufficiently dry to permt water absorption) and which does not

denature the proteins essential to blood clotting (e.g., 15 fibrinogen
and factor XIll1) can be used as a concentrator, as can

approri at elwo9elmet ed nenbranes, which may al so enpl oy an PCT/USOS1¥PI1 C

gradient. Further, where the centrifuge has autocl ave- i ke
capabilities (i.e., the ability to rotate its contents at el evat ed
t enperatures and/ or atnospheric pressures other than 1 20 atm,
mechani cal concentrators, such as an el evated tenperature (e.g., a

tenperature of 30-80[err]C, preferably 35-60[err]C) or a reduced
pressure/vacuum (e.g., 0.1-500 Torr, preferably 1-200 Torr) may

serve as a concentrator. However, beads ‘enpl oyed as descri bed bot h
above and hereunder are the preferred concentrator. WO

96/ 17871 Finall%J note that the concen;rato?cgﬁﬁEﬁglié;@ﬁaped like an
-31- o mximze results, 1nitial slowrotation of the

centrifiyfferced fumhdld #bXiae: (eRe 1o46r CORAMBEY €6 the GppeenthamBerand
t he plasma. "Slow rotation"” refers to a centrifuge speed of

from 2QriRwig XWspPitenést 66 Bbhyr f £ 66h 100e I DoWéP SREMBEM by plasma.

C. Annular Chamber Plasma Separato; and Dextranomer Bead in
5 Open Cell Hydrophobic Foam Concentrator
In Figure 3, similar to Figure 1 in many respects, the ready
cartridge is shown in the right half and the path of the liquid
is shown by the dashed arrows on the left half. The entire
chamber is radially symmetric except the septum 5 for the whole
L0 blood inlet. The receiving cup 6 holds blood until centrifugal
force causes blood to pass through the filter 4. In the
separation chamber, centrifugal force causes cells to pass above
the lip 16 into an outer annular chamber and accumulate therein;
continuing centrifugal force causes cells tc migrate into the

1S outer annulus and platelet rich plasma to remain within the

)

separation chamber. The parts are sized so that the packed cell
(e.g., erychrocyte and leukocyte) layer is fully contained within
the cuter annular chamber, which retains the cells when the
centrifuge stops. When the centrifuge stops, the platelet-rich
20 plasma flows into the concentrator chamber 10.
Concentration comes about when platelet-rich plasma contacts
concentrator beads 2 in the concentration chamber 10. These

beads are a molecular sieve used in chromatography (SEPHADEX,



5 The porosity and hydrophobicity of the porous wall 7, 8 or

14 are such that the | ow centrifugal force generated is sufficient
to drive plgag%yﬂﬁ he wall but is not sufficient to over cone
surface tens| On ' A the plasma remains with the conpaPERVSIS &L 74 he
I nner surface. 10 The beads 2 swell with water, ions, and | ow

nol ecul ar wei ght proteins 51 (see Fig. 5). The size of the pores 52
in the concentrator bead 2 is chosen so that the higher nol ecul ar
wei ght protei ns 53 becone concentrated in the space around the
beads. Any commercially avail abl e bead concentrators for
concentrating 15 proteins having a s$ecul ar wei ght above a certain
presel ect ed nol ecul ar wei ght cutoff val ue may be used.

As those of ordinary skill in protein chromatography under stand, a
"nol ecudeaiebybt fromoPhirmatéas BOEOPGERs Pi,naxyailable fxtom BiceRad
SEPHADEX) which are distributed about a nean size. 20 Moieties (e.g.,
pr ot ei nkdbopaeorhea) &pd debrpHéng23DEBRISAN,| @vailable tfirom Wéall sioxe
diffuse into the bead rapidly, and noieties nore t han, for exanple,
25- 50%Thay geemphasensihichzgedo Repldfppusdextramines o aUedngdsd 9k ot ei ns
having a size wthin, for exanple, 25- 50% of the nean size diffuse
i nto thetdeald, stoeky-Liekeddragrere, etc. DEBRISAN appears similar to

5 SEPHACEX G-25, and both are available commercially.

As in Figure 1, the beads are héld by static electric forces
onto the surface of open cell hydrophobic foam 15. The open cell
hydrophobic foam 15 is a honeycomb-like hydrophobic material.
After the platelet-rich plasma has entered the concentration

10 chamber 10, the cartridge 1 is gently rotated to mix platelet-
rich plasma with concentrator (dextranomer) beads 2. As the
fluid penetrates the open foam 15, the beads lose their affinity
for the foam and begin to swell. .For best results, it is
imporcant to keep the slurry in motion because of the tendency

b for protein to locally concentrate around each bead, retarding
abscrrtion. After several minutes, the concentration is
complet;. Note that concentration by approximately three times
corraspcnds o £luid surrounding close-packed spheres; thus,
three Zimes concentration is optimal. Concentration of more than

20 thres T-.mes is possible, but to achieve best results, a second

oncentration chamber should be used. Thus, concentration of

O

nine times is possible for a three-chamber cartridge containing

two concentcration chambers.



WO 96/ 17871 ' PCT/ US9/ 15171
- 32- the particul ar bead selected). Thus, a bead having a nol ecul ar
wei ght cutoff of 10 kDa concentrates proteins according to nmol ecul ar

wei ght as si@¥gghaphically in Figure 9. Conseq L.t he
present application, "high nolecul ar 5 weight conpoundsuﬁ@bbﬁwngguthose

conpounds havi ng a nol ecul ar wei ght greater than the presel ected

nol ecul ar wei ght cut off val ue of the concentrator. Exanples of high
nol ecul ar wei ght proteins in plasma may include fibrinogen and
factor Xlll, depending on the sel ected nol ecul ar wei ght cutoff.
Preferred concentrator 10 material s include those beads or materials
havi ng a nol ecul ar wei ght cut of #8val ue of 100 kDa, preferably 30 kDa
and nore preferably 5 kDa. is inmportant to note that
t he platele -rich

ori gi nal Cﬁ'lc%rateﬁ?rhe]rsc?%‘@: r at’ﬁa ont aé&rﬁlaéﬁeor% ?O%%t%%gitst e

SV 4 g Y P S AR VB Sl )
concentrated platelet-rich plasma to pass through the hydrophobic
annulus 12. Sintered plastic 12 is made of POREX, comprised of

5 small particles of plastic fused to create a porous structure.
Fluids and small particulates can flow freely through the
tortuous pathways defined by the spaces between the fused plastic
particies when the material is wet. If the plastic is not
specially formulated or treated, the sintered plastic will be

w0 hydrophobic and when in the dry state will afford resistance to
influx of water, more greatly as the size of the pathways is
reduced. This property of "entry pressure" allows the wetting of
the surface of a hydrophobic porous wall without substantial

entry cf£ fluid into the material. At greater pressure, i.e.,

wm

when centrifugal force is increased (e.g., at 1000-10,000 rpm or
higher:, this resistive force is overcome and fluid breaks

through t“he barrier to enter and pass through the porous wall.

The centrifuge stops, and concentrated platelet-rich plasma
runs =c the bottom and is ready to be removed through filter 13
20 as in Fig 6

Finally, note that the concentrator cup 10 is shaped like an
inverted funnel to vent the lower chamber to the upper chamber

allowing displacement of air from the lower chamber by plasma.



pl atel ets and conpounds with nol ecul ar wei ght nore than the
concentrator cutoff). The protein concentrate contains the sane 20 I on

concentrati he unconcentrated pl asna. The |t f
beads is chggiﬁﬁ@ghthat the platelet rich pl asma is cogﬁgﬁﬁ$ﬁé§§1by a
desired amount, e.g., 3X (the approxi mate | evel of concentration

achi eved by a predeterm ned vol ume of fluid surrounding cl ose-packed

sphéeres in the sane WD 96/ 17871

PCT/ US95/ 15171 - 33-
vol une). When usi ng DEBRI SAN (trademark, Johnson and Johnson),

approximately 2.6 gmis required per 10gg-plasnma to achieve 3- fold
concentrati on. After absorption of water and | ow nol ecul ar
wei ght sol utes 5 into the concentrator, the rate of rotation is
i ncreas® (e.Rjibrous Matxio ,HIGsn), Bithrgrnr pared cbekt yanomebolmpBe @i edm) ,
forcing the concentrated platelet-rich plasma out through a filter
12 into an Disc Toncente@feartnent. The centrifuge nmay then be stopped,
and under the force of gravity, concentrated platelet-rich plasm
may be Figure 4 is similar to the previous figures in many
respects., Like Figure 1, the ready cartridge is shown in the
5 right half and the path of the liquid by the dashed arrows on the
left half. The entire chamber is radially symmetric except the
septum 5 (the whole blood inlet).
Separation is done by driving cells into a felt or foam mat
7. The parts are sized so that the packed cell (e.g.,

10 erythrocyte and leukocyte) layer is fully contained within the
felt or foam filter, which retains the cells when the centrifuge
stops.

In this design, even distribution of the dextranomer beads
is assured by using plastic discs embossed with dextranomer

15 beads. This can be done either with heat or solvent softening of

owed by dipping in dextranomer beads or affixing

2
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beads t©c the plastic with adhesive. As the beads swell they
detach Irom the discs. Separation of the concentrated platelet-
ch plasma is done as in the above description of the present

20 metnod <I making concentrated platelet-rich plasma.

Q)



10 collected in a bottomwel|l 13. The concentrated platelet-rich
pl asma may be left for extended periods (e.g., hours) wthout

spont aneous gel ation or other del eterious effect. Concentr at ed

pl at el et - rw®vephggna, ready for use, may then be renmpegrrsosia T

syringe 16 as in Fig. 6. 15 o Thus, the present invention also

concerns a nethod of sealing tissue, conprising the steps of

contacting the present concentrated plasma with an activator (either .
a thronbin/cal cium solution or disrupted platelets as described

bel ow) to provide an activated plasma concentrate, and applying the

activated plasma 20 concentrate to tissue in need of sealing.
I n one enbodi nent of the nmethod of seaf#fng tissue, a
separat el y- prepared sol uti on containing anounts of thronbin and

calciumeffective to coagul ate the concentrated plasm may, be
combi n&d wi MeHRE @énm%rfétcéd‘r[ﬂ &t he Pmﬁﬁcga\mﬁﬁ@s& hods

WO 96/ 17871 . . . PCT/U895/15¥]1
- 34- The wvarious rigid plastic components comprising the

cartridge are manufactured by injection molding or by pressure-
or vacuum-forming, assembled and sealed by conventional methods
5 (e.g., either by acdhesives or welding). From Figures 1 through 4
it will be apparent to one skilled in the art of plastics
fabrication that manufacture is relatively simple and '
inexpensive. The £final assembled product is packaged, radiation

sterilized and ready for distribution.

0 F. Plasma Concentrate, Platelet-rich plasma Concentrate and
Tissue Sealant
The present invention also concerns a plasma concentrate,
prepared by the present process. The present plasma concentrate

ay be platelet-rich, platelet-poor or platelet-free (i.e., the

=]

.5 platelet concentration is not limited), but is preferably
platelet-rich. The concentration of platelets can be controlled
by the sedimentation rate, in accordance with known procedures
and/cr known platelet sedimentation behavior. Preferably, the
plasma ccncentrate is autologous (administered to the patient

20 from whom the whole blood was taken).

In one embodiment, the present plasma concentrate comprises

platelets, f£rom S to 400 mg/ml of fibrinogen, from 0.5 to 35

mg/ml of Zibronectin, and a physiologically acceptable carrier



described in the literature for cryoprecipitated fibrinogen). Once
conmbi ned, the solution and concentrated plasma rapidly gel to forma

ti ssue sealggé enbodi ment with features superior t?c%ﬂ
e sPcttfpsasin

previ ously is shown in Fig. 7. In the barrel of

syringe a cylindrical chanber 31 containing thronbin and cal ci um
solution is surrounded by an annul ar chanber 32 cont ai ni ng
concentrated platelet-rich plasma. Plunger 30 causes t he sol utions
to exit the apparatus through a coaxial needle, 33 (thronbin) and 35
(concentrated plasma), and mix at the tip 36. 10 An optional sleeve 34
ensures proper mxing, and may be retraabged to expose premature gel
for easy renoval . In a further optional enbodi nent, a needle
tip designed to activate fibrinogen may be used to apply a

si ngl e- campnianing water cant epiysicl dgical ly heccapcanl ¢ al worgamsaeandd t hout
t he use of 15 added t hr onbi n. In this enbodinent, calciumis added to

t he orgafanrc drdrsatin ianptrst el ggjra oy taccepthivl eigconcexppat tam i onInoa
tissue in need of sealing. Fig. 8 shows a syringe 21 and appl i cat or
needl e preiz3reshamhatingntactihatwiasts tedngpnt2ate is prepaxed Hmdmh
platelet-rich plasma passes for activation by 20 I mobi | i zed

pr ot eol yhiod eefpdymsl, @ng plshdlats lRusgoncentrated at }east fope trpd-one-
opti onal enbodiment, a needle tip designed to di srupt platelets may
beSusedhgd fapiimesa *ﬁwzéra:cﬂmmtconcentwmtqfaml?ﬁe LSt

concentrated plasm) w thout the use of
unconcentrated plasma from the same whole blood.

The present plasma concentrate may further contain a
compound selected from the group consisting of an antibiotic, a
collagen fleece, collagenase, hyaluronic acid, a wound-healing
10 factor, zinc ions in an amount effective to decrease coagulation
time of said plasma, and a biologically acceptable dye. A
preferred biologically acceptable dye is disulphine blue,
contained in an amount sufficient to visibly detect the plasma
concentrate during its application to tissue. In a preferred
15 embodiment, the plasma concentrate further comprises a
pharmaceutically active compound, particularly an antibiotic to
reduce the probability of infection by extranecus microorganisms.
The present invention also concerns a tissue sealant,
comprising the present plasma concentrate and an activator.
20 Preferably, the plasma concentrate in the present tissue sealant
is platelet-rich plasma concentrate.
In one embodiment of the present tissue sealant, the
activator is a mixture of thrombin and calcium in amounts

sufficient to permic gelation of the plasma concentrate. 1In a



thrombin. In this enbodiment, calciumis added to the VO

96/ 17871 PCT/ US95/ 15171
concentrate imediately prior to or during its application to ti ssue
i n need of wigedri7g® Fi 9. 8 shows a syringe 21 and apgd-lzgg' Rfisfagedl e
tip 23 separated by activator cartridge 22 t hrough whic
pl atelet-rich plasma passes for activation by, 5 e.g., nylon wool.
The present invention also concerns an apparatus for concentrating
platelet-rich plasm, conprising: an inlet,
a first chanber in fluid conmmunication with the inlet, 10 containing a
first separator for separating plasnma and platelets from.whol e
bl ood, thus formng platelet-rich plash@; a second chanber
in fluid conmunication with the first chanber, containing a
concentrator for_cancentrating the . platelet-rich plasma and a second
separa?BFtPGF §@E§ﬁ&ﬂ%ﬁ§'tﬁ@e activator is autologous thrombin and

platelets.

G. Apparatus for and Method of Mixing Two-Component Fibrin

Sealant

20

Parallel syringes with the two components {e.g.,
concentrated platelet-rich plasma and calcium/thrombin solution)
converge on a coaxial needle with mixing of the components at the
application site, thus avoiding premature gelation; see Fig. 7.
In the barrel of the syringe a cylindrical chamber 31 containing
thrombin and calcium solution is surrocunded by an annular chamber
32 containing concentrated platelet-rich plasma. Plunger 30
causes the solutions to exit the apparatus through coaxial
needles and mix at the tip 36. An optional sleeve 34 ensures
proper mixing, and may be retracted to expose premature gel for

easy removal.

Dispenser/Activator for Platelet-Rich Plasma Concentrate

m
'ty

Most users of fibrin sealants have resorted to the use of
bovine thrombin to induce gelation. In a preferred embodiment of
the present invention, it is z=zsirable to avoid excessive use of
bovine proteins in the final preparation. Thus, a method and
apparatus empioying a small amount of bovine or other

thrombogenic enzyme to trigger the autocatalytic activaticn of



15 concentrated platelet-rich plasma fromthe concentrator, and
an outlet for withdrawi ng the concentrated pl atel et - rich plasnma

In a furtherywgygqei-sent, the first separator conprises an cell
hydr ophobi c foamH ich traps red blood cells and white 20 Sﬂ%‘;{}%ﬁli

t herei n under surface tension force. In a further enbodi nent,
the first separator conprises a porous plastic wall which all ows
passage of red blood cells and white bl ood cells therethrough under a
centrifugal force, but WO 96/ 17871

PCT/ US95/ 15171 -36 - does
not permt passage of red blood cells afd-white bl ood cells in the
absence of the centrifugal force. In a further enbodi nent, the

first separator conpyises _an _ annulus at the top of the first chagper

that ol 1 GABHITET BFOCets) e SRALTHITRE bl Jotf ol | S0P photV T HRE® ahL

outer ANl US AN Aoy need1d P £ %S ALAYR o AR AL P Sh P SY 4
through which platelet-rich plasma passes for activation by
immobilized thrombin to convert fibrinogen to fibrin.

5 In a further optional embodiment, a needle designed to
disrupt platelets may be used to apéiy a single-component
concentrate (i.e., the concentrated plasma) without the use of
thrombin. Fig. 8 shows a syringe 21 and applicator needle tip 23
separated by activator cartridge 22 through which platelet-rich

10 plasma passes for activation by, e.g., nylon wool. In this
embodiment, calcium is added to the concentrate immediately prior
to or during its application to tissue in need of sealing.

A porous membrane or other material with high exposed
surface to void volume ratio can be derivitized with thrombin oxr

15 cther thrombogenic or thrombin-like enzyme by known methods. The
derivatized membrane is fitted between syringe and applicator
needle.

In a separate but related embodiment, glass wool, nylon wool
or ccllagen sponge or another material may be used in a similar

20 configurztion to cause eversion of the platelets, known to
initiate coagulation.

In a separate but related embodiment, concentrated plasma
may be kept cold to prevent gelation. After application, the

heat of the living tissue will initiate gelation.



st ops. In a further enbodi nent of the apparatus, the
concentrator may be enbedded onto a paper disc, or onto a plurality
of discs 10 (of any comercially available nmaterial), or may stick

el ectrost ay@adri7g70r by other forces to an open cell matrix. PCT/US95/15

Many designs of a preferred enbodi nent of the present cart dbe are
envi sioned (for exanple, Figs 1 through 4). The desi gns of the first
and second chanbers are |largely independent, 15 and may be conbi ned
into a single cartridge at will. Al four desi gns shown have at

| east one separation chanber in fluid connection wth at |east one
concentration chanber. The _nost preferred enbodi nent, Fig. 1,
uses open cell hydr ophobi c f oam44 for separation of plasna from
cells and 20 effects plasna concentration by beads held by

el ectrost at pen cel m 15. her fer

cbod man; b ohestrpten witl 808P Regt o ORI e SN £ PEELET ERE
y t d

Pl ot ERFUS O0E be pocoll SEUBLENCoRLS" L g0 bhe e dhglkAbiief ” 2

EE??L T &%ﬁﬁd only a relat1v¥¥§gfé&7§g&centration is achievable.
Thus not only does the present invention allow more rapid

5 availability, a surgeon can decide that "this one is a bleeder"
and have sealant in 15 minutes. Previous technology requires
that the surgeon order f£ibrin glue before the procedure begins. '

The present concentrated platelet-rich plasma can be left in
the device until needed, for hours if necessary, without

0 spontaneous gelation.

Other autclogous precipitation methods require that blood be
drawn days in advance to allow time so that there is time for
processing. Besides the inconvenience, this procedure allows the
possibility of tracking errors and thus infection.

5 Generally, a proteolysis inhibitor such as aprotinin is
added o the fibrinogen component of fibrin glues. (Academic
opinion is actually divided on whether this is necessary; need
has never been proﬁen rigorously.) The present methods for
produc.ng concentrated PRP retain the natural inhibitors which

0 are evidently lost in precipitation steps.

Fibrinogen from fresh plasma produces a mechanically
supericr gel (based on the general properties of proteins damaged
by precipitation). Platelets (contained in the present plasma

concentrate! are useful for wound healing (many references



- 37- annul ar chanber 16 and plasma concentration by beads held by
el ectrostatic force within open cell foam 15. Another preferred

enbodi nment , &omm in Fig. 4, uses plasna separation by felt nat

and pl asma CHRC¥HEfLti on by beads inpregnated into plastic d|§€§“$595”1 12.
Each separator can be used with each concentrator. The four

separators may be conbined with the three concentrators to give

twel ve possi bl e arrangenents for the di sposable cartridge. A

Open Cel | Hydrophobi ¢ Foam Pl asma Separ at or and Dextranoner 10

Bead in Open Cell Hydrophobi c Foam Concentr at or In Figure 1,
the ready cartridge is shown in the righes-half and the path of the
liquid is shown by the dashed arrows on the |l eft half. The entire
chanber is radially symmetric except the septum 5 for the whole

bl ood i alvetilablie)r.ec@husngatupdvantlde of theblpredemtt itlechmoilogyuda thatce
causes bl ood to pass through the filter 4. In the separation
chanber itcproviflagabetaece woandehealing thehnl sonyepasenadt ¢ ifthd nogdness| |
hydr ophobi ¢ foam 14 and accunul ate therein; continuing centrifugal
force cebseb del hottgontain paiagedessi.nto the annulus of open cell foam and

platelet rich 20 plasma to_remain within the separation chanber. The
open cel | Surgeons, particularly in the U.S., are likely to use bovine

5 thrombin to "activate" the present tissue sealant. This is not a
regulatory problem because bovine thrombin is available and is
used routinely in surgery. However, the present invention
provides a dispenser that activates prothrombin present in the
concentrated platelet-rich plasma and/or that disrupt platelets

i0 so that clotting is initiated by one or more components in the
concentrated plasma.

The presen:t tissue sealant and autologous tissue sealant do
more than merely seal the wound and adhere the damaged
structures. In particular, the present autologous tissue sealant

15 contains the patient’s own living thrombocytes and wound healing
factcrs, and thus, it nurtures the healing process. Other
advantages of the present tissue sealant include the presence of
attachmern:t factors which (i) improve adhesion to damaged tissue
and [1i) promote cellular infiltration. 1In the present

20 autciogous tissue sealant, which is made from the patient’s own
blood, important advantages include the ease, speed and
convenience of preparation (it may be prepared in the operating
room immediately before use). Furthermore, the optional absence

cf bovine cthrombin in the present autologous tissue sealant



hydr ophobic foam 14 is a hoheyconb-like hydr ophobi ¢ materi al whi ch

allows fluids and snmall particles to flow freely (e.g., open cel |
pol yuret hane foan). Like a wetted sponge, the foam WO
96/ 17871 PCT/ US95/ 1517
WO 96/17871 | . . . .
- 38- ﬁof&é | iquid against a certain head of pressurémﬁﬁgngsgurface
tension forces. Thus, blood cells or other suspended particul ates
remain entrapped within the foamwhen the centrifuge st ops and
separated platelet-rich plasma drains fromthe surface 5 under the
force of gravity. Foamcan be either rigid or flexible and can be
formed into the appropriate annul ar shape for the devi ce by nol di ng
or die-cutting. The parts are sized 58%that t he packed cell (e.qg.
erythrocyte and | eukocyte) layer is fuIIy contained within the outer
open cell foam chanber, which retains "the cells when the centrlfuge
st ops. 8voids immuneCSYEHAT &Nt SR P TRAGT 15R& @ndt SLiHNA RS
contac%ssease transmission (i.e., from the bovine thrombin source}.
I. Separator and Method for Separating Particulates from
Suspensions
) In a further aspect of the present invention, a separator
and a general method for separating particulates from suspensions
is envisioned. Separating particulates from biological fluids
{such as blood and plasma) is a common problem in the laboratory.
A disposable cartridge containing a separation chamber (i.e., the
.0 first chamber in the apparatus used for preparing the present
concentrated plasma) allows cellular and dense particle
separation -- basically anything that moves in response to
centrifugal force.
Thus, the present apparatus for separating particulates from
.5 a liquid suspension comprises:

an inlet,

a first chamber in fluid communication with the inlet,
containing a first separator for separating particulates from the
liquid suspension, thus forming a particulate-free liquid, and

20 an outlet for withdrawing the liquid.

A "particulate-free liquid" is one which is substantially
free of insoluble particles, preferably those insoluble particles

having an average size above a pre-selected value {e.g., from 500



concentrator (e.g., dextranoner) beads 2 in the concentration

chanber 10. These beads may be a nol ecul ar sieve used in

chr omat ograg@g?% EPHADEX, avail able from Pharmaci a; Bl O GEL 15
avail abl e f 7872ad Labor at ori es) and debriding (DEBRI SAN, #CT’US95’15171
avai lable fromJ&J), or may conprise silica gel, zeolites,

dextram nes, alginate gel, starch, cross-linked agarose, etc.

DEBRI SAN appears simlar to SEPHADEX G 25, and both are avail abl e

commercially. 20 The beads are held by static electric forces onto

t he surface of open cell hydrophobic foam 15. The open cel

hydr ophobit foam 15 is a honeyconb-|i kestydrophobic materi al . Af ter
the platelet-rich plasma has entered the concentration chanber 10,
the cartridge 1 is gently rotated to m x platelet- WO

96/ 17870 20 u, or any value for which filtersPClt/ USherldevices are

- 39- rich plasma with concentrator beads 2. As the fluid penetrates

t he opeavadamble, fiolre rieemddnigosacthdinscdfble partaclelse fogm,akdd u, 100

u, 80 u, 50 u, ete.}).

Cq

Concentratcr and Method for Concentrating Macromolecule

Solutions

(2]

In an even further aspect of the present invention, a
concentratcr and method for concentrating macromolecule solutions
based on the design of the concentrator (or second) chamber used
in the apparatus for preparing the present concentrated plasma is

10 envisioned. SEPHADEX (trademark, Pharmacia), for example, is
rarely used for concentrating macromoclecule soluﬁions. The
device may not concentrate to dryness, but is useful for
concentration of proteins {or any high molecular weight
solution), preferably by a factor of three times or a multiple of

zl chree times, depending on the number of concentrator chambers in
the apparatus.

Thus, the present apparatus for concentrating a solution of

a subszance having a molecular weight greater than a
predezermined value (i.e., macromolecule solution) comprises:
20 an inlet,

a chamber in fluid communication with the inlet,
containing a concentrator for concentrating the solution and a

separatcr Zor separating the solution from the concentrator, and



begin to swell. Foam 15 nay'be made fromthe sane material as f oam
14 (e.g., open cell polyurethane), but nay have a different 5 porosity.

The porosity of foans 14 and 15 is sel ected enpirically on the basis
of the sizewoaediser types of particles to be retai nededcfusesises! | s
by foam 14 and concentrator beads by foam 15). In comercially
avai |l abl e open cell, three-dinensional pol yur et hane foans, porosity
is knowmn to be correlated to density 10 (which is nmeasured in, e.qg.,

wei ght per cubic foot). After a few mnutes (e.g., 1-10 mn.
preferably 3-5 mn.), the concentration is conplete. Note that
concentration by approxinately_gE[ee times corresponds to fluid
surroundi ng cl ose- packed sphereS; thus, three tinmes concentration
is optimal. 15 Concentration of nore than three tinmes is possible, but

to achi eve Jegh, thequldes. w@t%%%%@ﬂn%o@%%”téo%@e%z%%@go}i{&%ﬁ be

used for further concentration of plasma~concentrated in a
chanber. Thus, concentration of nine tines is possible for a
t nree-chanber cartridge containing two concentration chanbers. 20

Wien conceniralehrOfF dat us@EPl3t @hel HBvesRE LN Y42 1 Pe@tCapdatent in M@l Of
rotation and the increased centrifugal forces cause concentrated

pl at el ebukiseh ol 2388 £2 1B higt Be@YEH ptheny droRheRid ary empydinditsl2.
Sintered plastic 12 (e.g., POREX) is conprised of smal | particles of
pl asti ehfubedrkogGheal €od RANQEErathivet WEethe invention and are not

5 intended to be limited thereof.

EXAMPLE 1
Using a cartridge as shown in either Figures 1, 2, 3 or 4,
and following the procedure below, a concentrated platelet-rich
plasma and tissue sealant can be prepared:
.0 I. Collect blood from patient using standard citrate
anticoagulant.

II. Inject a standard gquantity of blood {e.g., 50cc) in to the
blood £ill port of the disposable cartridge. The cartridge
is sealed making contamination impossible. It will be used

*5 in the operating room making tracking errors impossible.

III. The operator then starts the microprocessor-controlled
centrifuge by push-button. All remaining steps until
removal of the concentrate are automatic.

IV. (Optional step for designs incorporating free concentrator

20 beads, Figure 2} The centrifuge rotates briefly clockwise

then counterclockwise a few times at a speed sufficient to
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- 40- Fluids and snmall|l particulates can flow freely through the
tortuous pat hways defined by the spaces between the fused plastic
particles WO Inaterial is wet. If the plastic is not  PCTUSS§EUral |y
formul ated or treated, the sintered plastic wll be 5 hydr ophobi ¢ and
when in the dry state will afford resistance to I nflux of water,
nore greatly as the size of the pathways is reduced. This property
of "entry pressure” allows the wetting of the surface of a

hydr omhobi ¢ porous wall w thout substanti al entry of fluid into the
material. At greater pressure, i.e., 187- when centrifugal force is

i ncreased, this resistive force is overconme and fluid breaks through
the barrier to enter and pass t hrough t he porous wall.

The centri f ugeeatllepslisard banec e freae peattedastioneirc bepldssmutside theuns to
the bottom under the force of gravity and is ready to be r enoved

t hrough filt epnt@nagaitwrFicpe6.1ip. Finally, note that the
concentrator cup 10 is shaped |ike an i nverted funnel to vent the

| oner cHanbeTheocehsrifpge sipdmserat 3,000 rpm for one to ten minutes to

separate platelet-rich plasma from cells. The whole blood
5 passes through a pore in the blood receiver chamber into the
separation chamber.

VI. The centrifuge stops for 15-90 seconds. Under the force of
gravity the platelet-rich plasma passes into the lower
chamber, or concentrator chamber, (optionally by going

10 through a through a hydrophilic filter, appropriate when
free beads are present in the concentrator chamber as in
Figure 2}.
VII. In the concentrator chamber platelet-rich plasma comes into
centact with beads bonded by electrostatic force to an open
15 cell foam (cartridge of Figures 1 and 3), free concentrator
beads (cartridge of Figure 2), or beads embossed onto discs
(cartridge of Figure 4). Slow rotation of the centrifuge
aids mixing. The porosity and hydrophobicity of the porous
wall are such that the low centrifugal force generated is
20 nct sufficient to overcome surface tensicn and the plasma
remains within the compartment at the inner surface. The
beads swell with water, ions and low molecular weight
proteins {i.e., those proteins having a molecular weight

below the cutoff value)}. The pore size of the beads is so



all ow ng di spl acenent of air fromthe | ower chanber by plasnma. B
Hydr ophobi ¢ Porous Wall Pl asma Separator and Free 20 Dext r anoner
Bead Concentrat or In Figure 2, the ready cartridge is shown in
the right NeO96/17871 and the path of the liquid is shown bypdiressdasived
arrows on the | eft half. The entire chanber is radially symetric
except the WO 96/ 17871

PCT/ US95/ 15171 -41-

septum 5 for the whole blood inlet. The receiving cup 6 hol ds bl ood
until centrifugal force causes blood to pass through the filter 4.
In the separation chanber, centrifugakgforce causes cells to pass

t hrough the sinuous channels of filter 8 and 5 accurrul ate in the outer
annulus. The filter 8 (e.g., 80[err] POREX) is conprised of snal

particles dihpiastikat USigdl B4 B3 Sdtome cond¥HOrEL&dr ik Uhe. sphdkds and
smal | particulates can flow freely t hrough the tortuous pat hways
defined by disuspaces heideen the quantity of beads is chosen so that
the platelet-rich plasma is concentrated the desired amount,
e.g., 3X. When using DEBRISAN, approximately 2.6 gm is
3 required per 10cc plas to achieve 3-fold concentration.
The protein concentrat. contains the same ion concentrations
as the unconcentrated plasma.
VIII.The rate of rotation is increased forcing the concentrated
platelet-rich plasma out through the filter into the outer
3 compartment.
IX. The centrifuge stops, and under the force of gravity
concentrated platelet-rich plasma collects in the bottom.

The concentrated platelet-rich plasma may be left for

extended periods {hours) without spontaneous gelation.

.5 X. Concentrated platelet-rich plasma is removed into a syringe.
XI. (Optional.! Thrombin/calcium solution is prepared
separately.

XII. Using a variety of methods described in the literature for
crvoprecipitated fibrinogen, the two solutions are combined
:0 and rapidly gel to form the TISSUE SEALANT.
XII1I. (Optional; substitute for XI and XII.) Using a needle
tip designed to disrupt platelets, a single-component
concentrate may be applied without the use of bovine

thrombin.



fused plastic particles when the material is wet. |If the plastic 10 S
not specially fornulated or treated, the sintered plastic wll be
hydr ophobi ¢ and when in the dry state will afford resistance to

i nflux of waWEx96/li8fite greatly as the size of the pathways is PCTUS9515171

reduced. This property of "entry pressure” allows the wetting of t he
surface of a hydrophobic porous wall w thout substantial 15 entry of
fluid into the material. At greater pressure, i.e. when centr

fugal force is increased (e.g., at 1000-10, 000 rpn1or hi gher), this

through the barrier to
This | eaves plasma and

resistive force is overcone and fluid breaks
enter and pass through the porous wall. _gg.
platelets in the chanber. The parts are 20 si zed so that the packed
cell (e.g., erythrocyte and | eukocyte) -layer is fully contained
within the filg eéoraﬁs@rps&xero@nﬂué USroperties V&sntmélepﬁ@@éﬁtf@ggsﬁéoaéa@aﬁc
the platelet-rich asnma passes t hrough the hydrophilic funnel
filter 9aﬁ&upﬁiwxxxx&smwayeiyams prepared from cryoﬁ&éé&éﬂﬂﬁﬂéﬂ fibrin is
PCT/ U9S5/ 15171

shown in the Table below:

Concentrations of Tigsue Sealant Compositions

TABLE :

——
5 Blocd
Component

Precipitate Fibrin
Glue

Autologous

Concentrated PRP (3X)

per reconstitution identical to patient
Ions solution plasma
3X plasma
Platelets none concentration

only proteins that

all plasma proteins

cryoprecipitate; at normal (less than
roteins fibrinogen, factor 5 kDa) or 3X normal
XII1I, fibronectin, (more than 5 kDa)
albumin, plasminogen concentrations
10 Albumin 10-25 mg/ml 100-~165 mg/ml
Factor XII: 75 ug/ml 30-60 pg/ml
Fibrinogen 70-110 mg/ml 5-14 mg/ml

15 Aprotinin

Fibroneczin 2-9 mg/ml 0.5-1.2 mg/ml
Plasmincgen 20-60 ug/ml 600 ug/ml
1,500 KIU/ml ¢ KIU/ml

— —



insufficient to cause cells to pass through the filter 8 and back

I nto the separation chanber. Hydrophilic funnel filter 9
separates the upper and | ower conpartnments so that the | oose beads
cannot t unwaeserrTsT t he upper 5 conmpartnent during shi ppcgusidsin
handling. This material m ght, for exanple, be simlar to that used
for filter 8. In order that entry pressure not be so high as to
precl ude free drai nage of pl asma (by gravity) into the | ower
conpartnment after separation from bl ood cells, however, this
material would preferably be of 10 effective porosity mnimally
sufficient to ensure entrapnent of beads in the concentrator chanber
10. The material would al so no§§°desirab|y be treated in a nmanner
such as to render it nore hydrophilic, (e.g., plasnma or corona
treated or o) | t r LN eLs rther
reduce entrg%%g s%geég §£§9ue Seal%%ﬁué&é%iééé#é%%&%% %.%ﬂtéﬁhg%gy

pl at el aledd £l %@éﬂ@ﬂ“&@ Rat of ¢ g Hedeoddsr 2ni fikhGe
concentration chanbetr 10. These eads nmay be a nolecul ar sieve used
In 9h“§?§%}[@}3hy’r}(§|§£&m§re streng@ PrAP ded rk%F“ﬁE@F;S‘?@ééﬁtBtgs% P.
avai |l abl e from Bi o- Rad Laboratcries) and debriding (DEBRI SAN,

avai | alje T4 J&Jhel ved o PRYsGEPIdS & SidROD &l crySPtéteitated
dextram nes, al gi nate gel, starcn, cross-|inked agarose, etc.

DEBRI SAN mpitead Ssiidl ded14d9: becausSHAIMBbder? landnst et himperaxat! abl e
commerci al ly. The beads are sealed into the chanber, but may

becone proteins are not denatured by the present process.

A key advantage of the present invention is the presence of
platelets. Adhesion of the platelets to collagen III fibrils
leads to platelet aggregation, promoted by S5-hydroxytryptamine

10 and epinephrine released from the platelets. Other growth and
healing factors are released by the platelets. Platelet-derived
growth factor is a mitogen for fibroblasts and smooth muscle
cells. Platelet factors stimulate neovascularization, especially
when the area is anoxic. Platelets also make fibrin more

1s resistant to mechanical shear forces and to fibrinolysis.

It is possible that for certain applications lesser numbers
of platelets may be desirable. The invention may be adjusted to
achieve this outcome. Because of their low mass compared with
cther klood cells, a preponderance of platelets is preserved in

20 the Iinal products when conditions are chosen to minimally
separate the bulk of said more massive cells from whole blood.
For example, a 4-inch diameter cartridge, 1 inch in height and
fitted with a sintered plastic wall as in Fig. 2 will separate

most of the blood cells from S50cc of whole blood when centrifuged



unevenly distributed during shipnment. A hydrophilic filter 9

WD 96/ 17871 PCT/ US95/ 15171

-43- w Bgyit he beads in the concentrator chanber 10. Jomed y
after the ad itloﬁnof whol e bl ood, the cartridge may be gent Il{/ SEB‘I’I%
rotated and counter-rotated a fewtinmes to evenly distribute the

beads behind the lip 3. 5 After the platelet-rich plasm has
entered the concentration chanber 10, the cartridge 1 is gently
rotated to mx platelet- rich plasma with concentrator beads 2. For
best results, it is I nportant to keep the slurry in notion because
of the tendency for protein to Fédally concentrate around each bead,
retarding 10 absorption. After a fewmnmnutes (e.g., 1-10 mn.
preferably 3-5 mn.), the concentration is conplete. Note that

concent rEg% oh Miputes at Zy Rk iTRR el \BY HEEr3sing ddhe cIRRAMISE® 05 £ PP grpm

sur roundi n | ose- packed spheres; thys, three times concentration
is opti A the’ timeshe o MAMKHEST MRS qénaf#‘% RIArehehd 3% RSP bl e, but

1 hi ev r I n ncentrat | h r sh
to > se 1%1enet.eed t%:%srtougis%htes ’poarost.lesC %a leO tcoe ;ie té Oprﬁ.acsrr?anbc?epfeggé doP €

platelets. Such platelet depleted plasma may be desirable if,

5 for example, ic were desired that the plasma or concentrate
derived therefrom should be processéd by filtration through a
sterile submicron membrane to render the final product suitable
for storage for an extended time (days}.

Obviously, numercus modifications and variations of the
10 present invention are possible in light of the above teachings.
It is therefore to be understood that within the scope of the
appended claims, the invention may be practiced otherwise than as

specifically described herein.

45, See, for example, DelRossi, A. J., A. C. Cernaianu, R. A.

1 Vertrees, CT. 7. Wacker, S. J. Fuller, J. Cilley Jr., and W. A.
Baldinc. "Platelet-rich plasma reduces postoperative blood loss

after cardiopulmonary bypass." J Thorac Cardiovasc Surg 100 (2

1998¢C:: 281-6.



used. Thus, concentration of nine tines is possible for a three-

chanber cartridge containing two concentration chanbers. When
concentration is conplete, the centrlfuqe i ncreases its rate of
rotati on amD 2638Tincr ead@ es cause 20 GUTICESYs/1876 d

h pl asnma

i

Finally, the centrifuge {gtop acentd at ed plat ek an
runs to the-bettoemunder the force of gravity and is rnﬁﬂﬂ'

ecrrcsss MO ...

Finally, note t trator cup,10 i s shaped Iike an
i nverted funnel to vent the | ower chanber to the upper chanber

all owi ng di spl acenent of air fromthe | ower chanber by plasna. C.
Annul arganercil Asm 06 DesR QD angd ﬂﬁ(fﬂﬁlof@raﬁﬁﬁétﬁhb Bv_LETTERS Open
Cel | £ 7 EFOFEE 1 gure 3, simTlar to
Figure I 1n many respects, e ready

1. A method of making concentrated plasma, comprising the
steps of:
5 {a) separating plasma from whole blood;
(b) contacting said plasma with a concentrator to
provide said concentrated plasma; and
(c} separating said concentrated plasma from said

concentrator.

10 2. The method of Claim 1, wherein said separating step (a)
comprises centrifugally contacting said whole blood with a
separator which bars passage of red blood cells and white blood
cells in the absence of an applied centrifugal force, and
applying a centrifugal force effective to pass red blood cells

15 and white blood cells in said whole blood through said separator.

3. The method of Claim 2, wherein said separator is a mat,

foam cor porous plastic annulus.

4. The method of Claim 1, wherein said separating step (a)
comprises centrifugally settling said whole blood into a chamber

20 shaped and positioned such that gravity does not permit drainage



cartridge is shown in the right half and the path of the liquid IS

shown by the dashed arrows on the left half. The entire chanber is
radi al |y syngglogigfsrgxcept the septum5 for the whole 10 bk@?f&s&ﬁls‘ft'
The receiving cup—6-holds—bleed—until centrifugal - force causes |

to pass through the fllter 4. In t

centrifugal forc ’f Eﬁﬁit JUIS 31 .Lﬁgﬂgnfrm

outer annul ar cha

force causes cell s} 1l 8 Wto the 15 out er annul us and platelet
rich plasma to remain within the separation chanber. The parts are
sized so that the packed cell (ebd4-, erythrocyte and | eukocyte)

| ayer is fully contained within the cuter annul ar chanber, which

retains the ce entrifuge sto the ce tr

stops t % %ﬁw#{bﬁﬁlﬁﬁﬂl ;ﬁ%é #cﬁgﬁ??nQi§%@ ﬂ%ﬁn%?a?g %ﬁ%ﬁ@?
ncentr about when pl atelet-rich plasm

cont act £t an ap&h%‘in‘f? P‘b%%(????% the concentration chanber 10. These

beads are a nol ecul ar sieve used in chromat ography (SEPHADEX,

WO 96/ 17871 PCT/ US95/ 15171

5. The method of Claim 1, wherein each of said whole blood
and said plasma contains (i} platelets, (ii) high molecular
5 weight substances or (iii) both plaﬁelets and high molecular

weight compounds.

€. The method of Claim 1, wherein said concentrator
comprises a material selected from the group consisting of a
dextranomer, SEPHADEX, dextramine, polyacrylamide, BIO-GEL P,
10 silica gel, a zeolite, DEBRISAN, cross-linked agérose, starch and

alginate gel, either in free bead form or attached to a matrix.

7. The method of Claim 6, wherein said material is attached

to a matrix, and said matrix comprises a mat, a foam or a disc.

8. The method of Claim 5, wherein said whole blood and said
15 concentrator are present in amounts by volume providing a
concentration in said concentrated plasma of said platelets, said
higher moiecular weight compounds or both said platelets and said
higher molecular weight compounds of at least one-and-one-half

times the concentration of said platelets, said higher molecular



- 45- avai l abl e fron{Pharnacia; BIO GEL P, available from Bi o- Rad
Laboratories) and debridi ng (DEBRI SAN, available fromJ&J), or may
conprise silica gel, zeolites, dextram nes, alginate gel, starch,

cross- | i nke@ s3gag-9se, etdr SRS/ simlar to c;_rﬁ@?
G 25, and both are avai | apll 8, BEEN . As in Figare t he

beads are ﬁefd—by—sta%re— ' il : “ onto the surface of o en

cel | hydrop e ei: e;iic tgﬁ)ie-g'l -?elﬁl ' Aft?}/d{ ﬁghglb;ﬂmuﬁmﬂﬂl"mmw

honeyconb- | i j
has entered tB¥ on 10 chanber 10, the cartri‘dgé 1"is" géntl'y
rotated to m Ll ' rich plasnma with concentrator (dextranoner)
beads 2. As the fluid penetrate84the open foam 15, the beads |ose
thelr afflnlty for the foanland begln to swell. For best results, it
nportant to keep the sl in nDtlon eca, of the tendency
i M6 gD COMPAHEIROF @\f R30S 12 QMefpLar
absorptlon After several m.,nutes, the concentratlon S conpl et e.
Not e t HEE 906N ESAPPLT 5&§r§§1 A7Pely three times corresponds to
fluid surroundi ng cl ose- packed spheres; thus, three tines
concentration is optimal. Concentration of nore than 20 three tines is

possibl e, but 0, 30hieye hest eyl s i%&%ngm condu SRR | A

chanber shodl'd conceritration o
about *“hree times.

5 10. The method of Claim 1, wherein said blood contains an
amount of a coagulation inhibitor effective to inhibit

coagulation of said blood.

11. The method of Claim 1, conducted in a sealed cartridge
having an inlet, a first chamber containing a first separator for
10 separating said plasma from said whole blood, a second chamber
containing said concentrator and a second separator for
separating said concentrated plasma from said concentrator, and

an outle: for withdrawing said concentrated plasma.

12. The method of Claim 1, further comprising, after said
15 separating step {c), repeating said contacting step (b) and said

separating step (c).

13. An apparatus for concentrating plasma, comprising:

an inlet,



nine tines is possible for a three-cha muunwm tai ni ng t wo
concentration chanbers. n?ﬂ' ﬂ wu

PCT/ US95/ 151WD 96/17871 - 46- PCT/US95/15171

When concentration is conplete, the centrifuge increases its rate of
rotation and the increased centrifugal forces cause =====
platelet-rich plasma to pass through the hydrophobic: l THIS SHEETTHALIS

Sintered plastic 12ﬂm®mﬂmﬂaB&h R$lREX, conprised of ?5 SeR Acar | S
of plastic fused to s structure. T TFrurdSTemd=saallL.
particul ates can ro gh the t ortuous pat hways defi ned
by the spaces between astic - particles when the materia
is wet. |If the plastlc |s not speC|aIIy formul ated or treated, the

d pl |1 d bi d_wh h N
fford resistance 18 TLESt CpARPEY bR GAVS, gﬁmng??aé% fih el dnge.
the pat s dfning o £1E00CEHpatbl rpf 8PSELapkc | ELEYaBRESHUGR WALhQYS

the wettin e surface o ydr ous wa
subst ant iy 454

a second chamber in fluid communication with said first
S chamber, containing a concentrator for concentrating said plasma
and a second separator for separating concentrated plasma from
said concentrator, and

an outlet for withdrawing said concentrated plasma.

14. The apparatus of Claim 13, wherein said first separator
10 comprises a mat, foam or porous plastic wall which bars passage
of red blood cells and white blood cells in the absence of an
applied centrifugal force, but through which red blood cells and
white blood cells pass in response to an effective applied

centrifugal force.

15 15. The apparatus of Claim 13, wherein said first separator
comprisaes a chamber shaped and positioned such that gravity does
not permit drainage of said red blood cells and said white blood

celis 2 the absence of an applied centrifugal force.

16. The apparatus of Claim 13, wherein said concentrator

20 has a molecular weight cutoff of from 2 to 100 kDa.



entry of fluid into the material. At greater pressure, i.e., when
centrifugal force is increased (e.g., at 1000-10, 000 rpm or hi gher),

this resistive force is o eaks . through the
barrier toWo@l782nd pass EEhEAP @eeNs| wal | . PCT/UBES/15171
centrifuge stops, and con EDLLQ_§QE§CEDeIetT

ich plas runs to the
bottom and i s ready—toberenoved tn ter 13 M
Finanlly, note tn mu’mn Eﬂﬂmtor cup 10 is shaped | iTkis S8t gy
i nverted funnel H l ﬂ chanber to the upper czmlui ee” Phced

al l owi ng di spl acefrent df &ir*frbobmthe | ower chanber by pl

WD 96/ 17871 PCT/ US9
-47- D. Fi brous Matrix Pl asna 6Separ ator and
Dext ranomer - | npr egnat ed Di sc Concentrat or Figure 4

Is simlar to,the e uLes t o) ,

t he ready ca??rldagél¥b§ﬁ§a£h?n5?hgigl@aﬂx Whﬁ eﬁalgggﬁd%oﬁg %%f%t #r?ﬁ%

liquid by1dbedaghsH @REOYEoQP LBRsisting of a dextranomer, SEPHADEX,
dextramine, polyacrylamide, BIO-GEL P, silica gel, a zeolite,

DEBRISAN, cross-linked agarose, starch and alginate gel, either

5 in £ree bead form or attached to a matrix.

18. The apparatus of Claim 13, wherein said concentrator is
embedded in or attached to a matrix comprising a mat, a foam or a

disc.

15. The apparatus of Claim 18, wherein said matrix

10 comprises a plurality of discs.

2C. A plasma concentrate, prepared by the process of Claim

22. The plasma concentrate of Claim 20, wherein said plasma

concentrate 1s autologous.

15 2Z. A platelet-rich plasma concentrate, prepared by the

process cf Claim 5.

-~

23. A plasma concentrate, comprising platelets, from 5 to

400 mg/ml cf fibrinogen, from 0.5 to 35 mg/ml of fibronectin, and



|l eft half. The entire chanber is radially symretric except the

septum 5 (the whole blood inlet). Separation is done by driving
cells into églt or foam mat [ Fe=Fhe—parts—are sized so that the
packed cel | %( JY17871 19 eryt hr oyT*é'SzﬁirtEErreiAeBaew) | ayer i sPFHUSYS/I151TL
contained within the felt gr foaﬂEﬁhAQED whifich ret ai he cells
when the centrifuge st ops. PP=tFs design, even

di stribution of beads is assured by u

di scs embossed Wlﬂ &Eﬂﬂi@ﬁﬁ l“llS beads. This can be done ﬁl f

heat or sol vent the plastic followed by d| '
dextranoner beads or aff|X|ng beagis-to the plastic with a

t he beads swell they detach fromthe discs. Separation of the
concentrated platel et- rich plasma is done as in the above

descri ptaophpbibhegpredént ac2éptabdehodrroérnabkirpyisdnge mataredind

pl atelet-rich plasna. WO 96/ 17871

PCT/ US95phgs¥dlogically acceptable inorganic and organic iong in a

physioclogically acceptable concentration.

24. The plasma concentrate of Claim 23, prepared from whole

5 blood, whersin said platelets are pgesent in said plasma
concentrate in a concentration of at least cne-and-one-half times
the concentration of said platelets in unconcentrated plasma from

said whole blood.

25. The plasma concentrate of Claim 23, further containing

10 a compound selected from the group consisting of an antibiotic, a
collagen fleece, collagenase, hyaluronic acid, a wound-healing

factecxr, zinc ions in an amount effective to decrease coagulation

time cf said plasma, and a biologically acceptable dye.

26. The plasma concentrate of Claim 25, further containing
15 disulrhine bklue in an amount sufficient to visibly detect said

plasma concentrate during its application to tissue.

27. The plasma concentrate of Claim 23, further comprising

a pharmaceutzically active compound.



E. Met hod of Manufacture of the Disposable Cartridge The
various rigid plastic conponents conprising the cartridge are

manuf actured by injection : e- or vacuumform ng,
assenbl ed amls@meted by conyeHVB&HEETRANGESY || 5 (e.qg., epthRsodIsIT
adhesives or welding). Fr OL jo_Fi guRBRLACE i ougl| 4 —it will be apparent
to one sklIIed—+ﬂ—%he—aF%—e#—p+a51|La ——fabrication that nanufacture

iy o S o

| asma Concent¥ atte, *Plaatel et-rich plasnma Cbncentrate

Tlssue Seal ant The present_dgqvention al so concerns a

concentrat e, prepared by the present process. The present plasna
concentrate may be platelet-rich, platelet-poor or platelet-free
(i.e., the pI r tehhm ' ergbl y
platel et-rich. The %%ﬁ%g%tgﬁ%?%ﬂeofégﬁgri$ § Eg%”%%ﬁg%ﬁt?g%cgﬁtEﬁ%E d%gy
the seinEi dd Uhd ik adth dance wi th known procedures and/ or
known platel et sedimentation ehavior. Preferably, the Pl asma
concentrate is autol ogous (admnistered to the patient 20 from whom t he
whol e bl ood was taken). I n one enbodi nent, the present plasma

fconcegt L atez%;;.nprzi'rs@&issue patshetsf ¢1oMm5280 WROrevANkagl hickivagaen,
romO0.5 to
is a mixture of thrombin and calcium in amounts sufficient to

S permit gelation of said platelet-rich plasma concentrate.

30. The tissue sealant of Claim 28, wherein said activator

is autologous thrombin and platelets.

31. A method of sealing tissue, comprising the steps of:
{a) preparing a plasma.concentrate according to the
10 process of Claim 1,
{b) activating said plasma concentrate to provide an
activated plasma concentrate, and
(c) applying said activated plasma concentrate to

tissue in need of sealing.

15 32. The method of Claim 31, wherein said plasma concentrate
is obtained from blood drawn from a patient, and said tissue in

need of sealing is in or on said patient.

33. The method of Claim 31, wherein said activating

comprises contacting said plasma concentrate with a mixture of



ng/ M of fibronectin, and a physiologically acceptable carrier

WO 96/ 17871 , PCT/ US95/ 15171
-49- w6 9EPfghSi Ng wat er anfd— Fokag] acceptabl e i ' nd
organic ions In a pﬁysi ol ogi cal tration. | k&gh%%}iﬁ;f‘

preferred enbodi nent, the pl asnd _ -pared—%%eﬂ+-—___-m¢uuji
bl ood, and platelets are. d a <" ng- and- one-, 5 hal f
tinmes relati vamu Sm&m ”ﬁgﬁﬂﬁat ion of platelets in his Shest Harhoen Replackd
plasma fromtH&g L »00d. The present 1 iyl i 1
concentrate may further contain a conpound sel ect ed idd g
consisting of an antibiotic, a 65@Fagen fl eece, coll agenase,
hyal uroni ¢ acid, a wound-healing 10 factor, zinc ions in an anount
effective to.decrease copaqul ation t] of sajd plasna,. .and
bi ol ogi CAFISFRIL PIALTE i 30 amouncy sebfTehent oo Fel PRidlaspraretye
S disu%ﬁhine m'“%entrate contained in an anount sufficient to visibly
detect t @ﬁﬁ%ﬁﬁﬁp concentrate during its application to tissue. In a
preferred

34. A method of sealing tissue, comprising the steps of:

(a) preparing a plasma concentrate according to the
5 process of Claim 1, said plasma concentrate containing

prothrombin, platelets or both prothrombin and platelets,

(b} activating said prothrombin, said platelets or
both said prothrombin and said platelets to provide an activated
plasma concentrate, and

10 {c) applying said activated plasma concentrate to

tissue in need of sealing.

35, The method of Claim 34, wherein said activating
comprises irradiating said platelets with ultrasound sufficiently

to result in gelation of said activated plasma concentrate.

is 35. The method of Claim 34, wherein said activating
comprises heating said plasma concentrate sufficiently to result

in gelation of sald activated plasma concentrate.

37. An apparatus for sealing tissue, comprising
a chamber for containing tissue sealant,

20 an applicator needle, and



15 enbodi nent, the plasma concentrate further conprises a

phar maceutically active conpound, particularly an antibiotic to

reduce the probability of infection_ b m croor gani Sis.

The presentwomséargzion al so co EtflyamJEE%“éaﬁ ant , FONP$9sAasg the
present plasma concentrate an VRCED. . Pr ef er abl y, the plasm
concentrate in the present ti Is platelet-rich plasna

concentra one enbodi nent of the presennmﬁsg§g§m§§ﬁ

t he act | wllﬂ ,llamuumum)e of thrombin and cal ciumi

sufficient to f the plasma concentrate. Hm,ﬂ,m "
WD 96/ 17871 _70- PCT/ US95/

- 50- further enbodi ment, the activator is autol ogous thronbin and
pl atel ets. G Apparatus for and Method of M xi ng Two- Conponent
Fibrin arptat@fator member located between said chamber and

said applicator needle, in fluid communication with each of said

chamber and said applicator needle.

38. The apparatus of Claim 37, whereir said activator

5 member is a porous membrane derivatized with thrombin.

39. The apparatus of Claim 38, wherein said porous membrane

is further impregnated with calcium ions.

40. The apparatus of Claim 37, wherein said activator

member is a fibrous material which causes eversion of platelets.

10 41. The apparatus of Claim 40, wherein said fibrous
material is glass wool, nylon wool, collagen, or diatomaceous

earth

42. A method of concentrating a macromolecule solution,
comprising:
15 {a) contacting said solution with a concentrator
having a molecular weight cutoff of from 2 to 100 kDa to provide

said concentrated soluticon; and

{b} separating said concentrated solution from said

concentrator.



5 Parall el syringes with the two conponents (e.g.,
concentrated platelet-rich pl asma=and _cal ci un t hronbi n sol uti on)

converge on needl e wt gfgponent s at_t he
appl i cat i on‘ﬂ?%&%ﬁlhus avoi di ng see Fig. BCTUSISISITY |

ontW

the barrel ofthe syringe—a—eyi Hehd RANTe)

t hronbi n and ﬁﬂummmm i's surrounded by an annul ar nb
containing co unlﬁuﬂet-rlch pl asma. Pl unger 30 azd
solutions to eXit“tHe dpparatus through coaxi al neeélﬁﬂ'. '/

the tip 36. An optional sleeve 34 ensures pr oper :
retracted to expose premature gel for -%1i- easy renoval. .

Di spenser/Activator for Platelet-Rich Plasna Concentrate Most
users of fibrin sealants have resorted to the use of bovi ne thronbin

to i nduce gel &Bi.onThel mexzhodefodr IGid ientdcedi Mbrdredin said ddmcenEszrwr

I nvention, it is desirable to avoid excessive use of - 20 bovi ne proteins
in the fra@brpsepapramaseriathgelestiest fowpmthe group amgreisuinenpf oying a
smal | ampunt of bovine or other t hromboaeni ¢ enzyne to trigger the

aut ocat af§Krranempyat SGFHAPEX, dextramine, popgaggryilagvide, BIO-GEL P,

PCT/ US95/ 15171 . ,
silica gel, a zeclite, DEBRISAN, cross-linked agarose, starch and

5 alginate gel, either in free bead form or attached to a matrix or

embedded intc a disc.

44. The method of Claim 42, wherein, prior to said

contacting step (a), said concentrator is dry.

45. The method of Claim 42, wherein said solution is a

10 biolegical £fluid.

46. A method for separating particulate components from a
suspension thereof in a liquid, comprising:
{a) in a sealed container, centrifugally contacting a
liquid suspension comprising said particulate components and said

ligquid with a mat, foam or porous plastic wall which bars passage

[
us

of said particulate components in the absence of an applied
centrifugal force, but through which said particulate components
pass in response to an effective applied centrifugal force, and

{(b) removing said liquid from said mat, foam or porous

20 plastic wall.



-51 - t he coagulatlon process is envisioned. Fig. 8 shows a syringe
21 and applicator needle_LLQ_ZS_ggnggﬂed by activator cartridge 22
t hrough which platelet-rich g é§§ggskﬁiqa¢tlvatlon by

i mobi | i zeWQW13%in to convert | bﬂaggs to fjbrin. 5  PCT/USIY151H
further optional enbodinent, la—need Aé&E&Lj disrupt platelets
may be used to nponent concentrate (i.

concentrated pl am H" mm use of t hr onbi n. ﬁll@hee%ﬂ&sfm
syringe 21 and apple¢cC om nee etip separ at ed b

cartridge 22 through whi ch pl at el et-rr ch 10 pl asma pas Bﬂ”mw,m "I
activation by, e.g., nylon wool. In thij enbodi nent

added to the concentrate i medi ately prlor to or durlng its
application to tissue in need of sealing. A porous nenbrane or
other materigh w rrhehrnshheap%e@xam 46, SYLhRHR A %o\ﬁ@ﬁé&%gﬁm?béﬁéf@ &g be
derivitized with thronbin or ot her t hr onbogeni'c or t \r onbi n-1

enzyne Sy¥pykpavangetbegs (a)Thehe step der praldized smmnangice stuégséifbi&tween
syringe and appl i cator needl e In a separate but rel ated
enbodi ngnt sagBageaeal coaybhAewoOl or collagen sponge or anot her
material nmay be used in a simlar

raYel]

48, The method of Claim 46, wherein said particulate

5 components are biological cells or fragments thereof.

48. The method of Claim 48, wherein said particulate
components are biological cells, and said biological cells are

red blood cells and white blood cells.

50. A method for separating particulate components from and
10 for concentrating a liquid suspension containing a solution of
one or more high molecular weight compounds and said particulate
components, comprising:
{a) in a sealed container, centrifugally contacting
said liquid suspension with a porous membrane, a porous foam or a
15 mat which permits passage of said particulate components under an
applied centrifugal force, but which does not permit passage of
said particulate components in the absence of said applied
centrifugal force, to separate said particulate components from
said solution,
20 (b} concentrating said solution according to the

process cf Claim 42 to prepare a concentrated solution, and



20 configuration to cause eversion of the platelets, known to

I nitiate coagul ati on. In a separate but rel ated enbodi nent,
concentrate may be ke t gelation, Aft

appl i cati onq"?#zﬁ% heat of the THISBAGET HASWEEN fi! 1 niti aqg%ﬁa‘&"(’m.
WD 96/ 17871 REPLACED US95/ 15171

on nethods is that the

oo . D .
fibrinogen rmJJ"l!&lumum Hgl Hﬁed This is difficult and SS@&ﬁ{asBeeanplaced

hours, and only a relatively |l ow concentration is achlevab
not only does the present invention allow nore rapid
surgeon can decide that "this one is a dixseder” and have sea

15 m nutes. Previous technol ogy requires t hat the surgeon order
fibrin glue before the procedure begins. ' The present
concentrated pl at elet - rrehopiagmatdncorcépttrated solutibe fleomceandti |

needed, for hours if necessary, wthout O spont aneous gel ati on.
sealed container.

___.I..

51. An apparatus for separating particulate-components from
a liquid suspension, comprising:
5 an inlet,
a first chamber in fluid communication with said inlet,
containing a first separator for separating particulates from
said liquid suspension, thus forming a liquid, and

an outlet for withdrawing said liquid.

10 52. An apparatus for concentrating a macromolecule
solution, comprising:
an inlet,
a chamber in fluid communication with said inlet,
containing a concentrator for concentrating said solution and a
15 separator for separating said solution from said concentrator,
and

an outlet for withdrawing said solution.



O her autol ogous precipitation nethods require that bl ood be dr awn

days in advance to allowtinme so that there is tinme for processi ng.
Besi des t hegigyspayfNi ence, this procedure allows the p IhiL of
t racki ng er?%rs Z% thus infection. 5 Generally, a 8&%%@%#&@?%

I nhi bitor such as aprotininis added to the fibrinogen conponent of
fibrin glues. (Academc opinion,is actually divided on whether this
I S necessary; need has never be%m’ﬁ}oven rigorously.) The present
met hods for produci ng concentrated PRP retain the natural inhibitors
which 10 are evidently lost in precipitation steps.

Fi brinogen fromfresh plasma produces a nechanically superior ge
(based on the general properties of proteins damaged by

precipitation). Platelets (congained in the present il asma 1

concent r at e}-a5Le.4 , QL a¥= AT T S ANMOARN AT /7 TR
WO 96/ 17871 Wm N S O T e et 775 VA5
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whi ch do not contain platelets.
US., are likely to use bovine
ti ssue seal agh.g¢; .ngs is not a
thrombin is avaiﬁa e and is
the present invention

prot hronbi n present in the
that disrupt platelets 10
conponents in the

5

seal
present autol ogous tissue seal ant
t hr onbocyt es and wound heal i ng 5

Surgeons, particularly in the
thronmbin to "activate" the present

regul atory problen1beca¥é$ﬁ§%é9£%

used routinely in surgery

provi des a di spenser that activates
congept

so t hat cl’gtq

concentrated plasma.

ti ssue seal ant and autol ogous tissue seal ant do

t he wound and adhere the damaged

ated platelet-rich plasma and/ or

ing is initiated by one or nore
The present

nore than nerely
structures. In particular, the

contains the patienf's own |iving

ors, and thés, it Rurtures the

15

heal i ng pro 275 iﬁllaw Z v e s ﬁ}m% ant 8

i ncl ude the' € 0 L 2 /‘z ich (i) yapro

adhesi on to, | i ssud - y andf J(ifi} pronote ce at” i:nidH %at i on
In the preséffi aut d: gud dedl ant, whichl i s madesf r g he
patient's ogég blood,@2 alvdit Rges i ncl yfle the ease, ed and
conveniencejég' helf at i on Pe [rdparkd i n the€ operati g 9 oom
inwediatelyg;f_, $ us'e), Furthernore, [t H# optional a
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-54- avoi ds i mune system and foreign body reactions and elim nates
di sease transm ssion (i.e., fromthe bovine thronbin source)pcrusesnsii | -
Separ at or ¥R%¥FBHod for Separating Particul ates from

Suspensi ons 5 In a further aspect of the present invention, a
separ at or and a general nethod for separating particulates from
suspensi ons i s envisioned. SepadafiQg particul ates from bi ol ogi cal
fluids (such as blood and plasm) is a comon problemin the

| abor at ory. A di sposabl e cartridge containing a separation chanber
(i.e., the 10 first chanber in the apparatus used for preparing the

pr esent concentrated plasm) allows cellular and der]‘se particle
separation -- basically anyth

centrifugal force.

parti cul at ;, A,
/ T oy .
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Figure 3.



an inlet, a first chanber in fluid communi cation with the

I nlet, containing a first separator for separating particulates from
t he | i qui d suspension, thus formng a particulate-fr e (AN and
20 w0 96/178M1 outl et for w thdrawi ng the |iquid. %ﬂlﬁﬁg{&ﬂﬂ
"particul ate-free liquid' is one which is substantially free of

I nsol ubl e particles, preferably thos 'onluble particles havi ng an
average size above a pre-selected value (e.g., from 500 WO
96/ 17871 : PCT/ US95/ 15171

- 55- to 20 [err], or any value for which filters or other devices
are avai l abl e for renoving such insoluble particles; e.g., 250

[err], 100 [err], 80 [err], 50 [err], etc.). J.

Concentrator and Method for Congentrating Macronol&cul e
Sol uti ons In an
777 LIt L
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7,

i

//2235"73??~--'I-<-

2Nl
r \ "

10
4 13
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Figure 4.



concentrator and nethod for concentrating macronol ecul e sol utions

based on the design of the concentrator (or second) chanber used I n
the apparatus for preparing the present concentrated plasmapéprusdshisiz

envi si onedYOISEMINDEX (tradenmark, Pharnmacia), for exanple, is rarely
used for concentrating macronol ecul e sol utions. The devi ce may not
concentrate to dryness, but is usefd A& concentration of proteins
(or any high nol ecul ar wei ght solution) , preferably by a factor of
three tines or a nultiple of three tines, depending on the nunber of
concentrator chanbers in t he appar at us. ' Thus, the
present apparatus for concentrating a sol ution of a substance having
a nol ecul ar wei ght greater than a predet erm ned value (i.e.,

macr onol ecul e sol ution) conprises: 20 an inlet,

a chanber in fluid comunicatign wath the inl et @ ° cont ai ni ngq}

concentrator for c trat méh solution and a separ at or
separating the sol f;o . ‘onoentrator, | o.
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- 56- an outlet for withdrawi ng the concentrated sol ution.

QO her features of the invention will beconme apparent in the course
of the follow ng descriptions of exenplary enbodi nents PCT/OBSIIZ1AI €
gi ven for‘Y?PﬁEﬂ?htion of the invention and are not 5 i ntended to be
limted thereof. EXAMPLE 1

Using a cartridge as shown in either §FygQres 1, 2, 3 or 4, and
foll owi ng the procedure below, a concentrated platelet-rich pl asma
and tissue seal ant can be prepared: .0 l. Col | ect bl ood from pati ent
using standard citrate ant i coagul ant. [1. Inject a
standard quantity of blood (e.g., 50cc) in to the bl ood fil
port of the disposable cartridge. The cartridge is seal ed
maki ng contam nation inpossible. It will be used in the
operating room nmaki ng tracking error: Ressi bl e. [11. The operator

then starts the m croprocessor-controll ¢§
push-button. Al remaining steps until

concentrate are autonatic. V. [
i ncorporating free concentrator

centrifuge by
renoval of the
nal step for designs

16
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20 beads, Figure 2) The centrifuge rotates briefly clockw se
then counterclockwise a fewtinmes at a speed sufficient to

WO 96/ 178%40 9617871 PCT/ US95/ 1BCTS9S/15171

-57- evenly distribute the free dextranomer beads outside the
concentrator cup linp. V. The centrifuge spins at 3,000 rpmfor one
to ten mnutes to separftg @l atelet-rich plasma fromcells. The
whol e bl ood 5 passes through a pore in the blood receiver chanber
into the separati on chanber. VI. The centrifuge stops
for 15-90 seconds. Under the force of gravity the
platelet-rich plasma passes into the | ower chanber, or
concentrator chanber, (optionally by going 10 t hrough a through a

Bdads are present in

30"

hydrophilic filter, appropriate when
the concentrator chanber as in
concentrator chanber platelet-rich plasm

31

’//32

33
34 35

Figure 7.



contact with beads bonded by electrostatic force to an open 15
cell foam (cartridge of Figures 1 and 3), free concentrator
beads (car&rlg%&?ﬂgf Figure 2), or beads enbossed onto di SCSpcT/US9s/ 15171

(cartridge re 4). Slow rotation of the centrifuge ai ds
m xi ng. The porosity and hydrophobicity of the porous wal | are
such that the |ow centrifugal forceegrq?rated is 20 not sufficient
to overcone surface tension and the plasma remains within the
conpartment at the inner surface. The beads swell with water,
ions and | ow nol ecul ar wei ght proteins (i.e., those proteins
havi ng a nol ecul ar wei ght bel ow the cutoff value). The pore
size of the beads is so WD 96/ 17871

PCT/ US95/ 15171 - 58-

chosen that the proteins beconme concentrated in the space

around the beads. The quantity-6? beads is chosen so that t he
platelet-rich plasnma is cg trated the desired anount, e.g.
3X. When usi ng DEBRI SAN, imately 2.6 gmis

22

Figure 8.



5 requi red per |10cc plas to achieve 3-fold concentration.

The protein concentrate contains the sane ion concentrations as
t he unconcgns égfrgfl pl asne. VI11. The rate of rotati orPGRUSKIPBEsed
. forcing the concentrated pl atel et-rich plasma out through the
filter into the outer 10 conpart nent . | X.  The centrifuge
stops, and under the force of gravity concentrated
platelet-rich plasna collects in the bgt{og1 The concentrated
platelet-rich plasma may be left for ext ended periods (hours)
w t hout spontaneous gelation. 15 X Concentrated platelet-rich plasm
is renoved into a syringe. Xl. (Optional.) Thronbin/calcium
solution is prepared separatel y.. XI'l. Using a variety of
met hods described in the literature for crvopeci pitated
fibrinogen, the two solutions are conbined 20 ~and rapidly gel to
formthe Tl SSUE SEALANT. X, (Optional; substitute for Xl and
XI'l.) Using a needle tip designed to disrupt platelets, a
si ngl e- conponent concentrate nay be applied wthout the
use of bovine t hr onbi n.

3X

[

X

!
!
!
i
1
i
i
i
i
i
1
i
]
i

S5kDa 10kDa 20kDa

FIGURE 9
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-59- A conpari son of the properties of thpAg mi
seal ant and prior tissue seal ant prepared from cfypprecipitate
fibrinis shown in the Tabl e bel ow T ;
Concentrations of Tissue Seal ant Conposi$i ons 5 Bl 00?%?40\11993
Precipitate Fibrin Aut ol ogous Corrponent

d ue Concent r at ed SEAMAKY OF THE INVI per
reconstitution identical to pat I ent I ons

sol ution Accordingly, ong,pbjegiwf the present invention is to provide a novel method and

3X pl asma tPlat elets

concent r at j 3pparatus for rapidly preparing a plasma concengﬁp ;rogp blog¢t ﬁgntgwg{g fibrinoggn,

pl asma prote

I
(1 ot han brotifombin{th igastive precursor of thrormpip UL bt frofeins, and pilged; "3
nor mal (thrombocytes) (citrate, heparin ‘F%ﬁ% Fﬁ‘“‘t‘é"?é@m n dﬁbe present in {RE&dthan 5

kDa) concentrati ons

10 uégfﬂ Fﬁg m 100- 165 ng/ m
Fact or XI I cient to preven%gntano&%f?ﬁ 5 30-60 [err]g/m " .

Fi bri nogen A further obfct dPthE9irékent invention is to provide' 4 n6EH Method and

apparatus for rapidly preparing a plasma concentrate from a patient's own blood
(autologous tissue sealant).

A further object of the present invention is to provide a novel method and
apparatus for rapidly preparing a concentrate from a patient's own blood while in the
operating room (stat autologous tissue sealant). | |

A further object of the present invention is to provide a composition with physical,
chemical and biological properties superior to plasma protein precipitate derived tissue
sealants. ,

According to a first enibodi_ment of the invention there is provided a method of
making concentrated plasma for use as a tissue sealant or adhesive, comprising the steps
of:

(@) separating plasma from whole blood;

(b) removing water from said plasma by contacting said plasma with a
concentrator which does not significantly denature fibrinogen to provide said
concentrated plasma; and

(c) separating said concentrated plasma from said concentrator.

According to a second embodiment of the invention there is provided a method of

sealing tissue, comprising the steps of:



Fi'br onéctin 2-9 mg/ m 0. 5- IpEdIENIEN SHEET

Pl asm nogen 20-60 [err]g/mM 60O

Aprotinin 1,500 KIU m »

WD 96/ 17871 : P(

- 60- The present tissue sealspnt al so § Li M | ar
tensile strength to that of cryoprecipitated fibri setal ant
The adhesi ve sfa)enpuehanimga pldsnda bgncenteatpaassnting toi the groce the-inygttit, | s
believed to be superior to that of cryoprecipitated 5 fibrin tissue
seal ant becaus®)f | #tivatgsridplgsos pencentratto pravide an activagadplasmascancentrase,
denatured by the present process. A key advantage of the
present i ndhtion is the presence of pl atel ets. Adhesi on of the

e DY A b o ol S5 R 81 oSS
platelets. Q R%Eorg{n%%q tﬁﬁ‘&l embodiment of the invention there is provided a method of

sealing tissue, comprising the steps of:

(@) preparing a plasma concentrate according to the process of the inventidh, said
plasma concentrate containing prothrombin, platelets or both prothrombin and platelets,

(b) activating said prothrombin, said platelets or both said prothrombin and said
platelets to provide an activated plasma concentrate, and

(c) applying said activated plaéma concentrate to tissue in need of sealing.

According to a fourth embodiment of the invention there is providéd a plasma
concentrate comprising platelets, from 5 to 400 mg/ml of fibrinogen, from 0.5 to 35
mg/ml of fibronectin, and a physiologically acceptable carrier comprising water and
physiologically acceptable inorganic and organic ions in a physiological acceptable
concentration, wherein the fibrinogen in the concentrate is not significantly denatured.

According to a fifth embodiment of the invention there is provided a method of
making concentrated plasma for use as a tissue sealant or adhesive; comprising the steps
of: |

(a) separating plasma from whole blood; and

(b) removing water from said plasma with a concentrator which does not
significantly denature fibrinogen to provide said concentrated plasmaQ

According to a sixth embodiment of the invention there is provided a plasma
concentrate containing fibrinogen for use as a tissue sealant or adhesive, the fibrinogen

in said concentrate not being significantly denatured.



heal i ng" factors are released by the platelets. Platelet-derived

gromh factor is a mtogen for fibroblasts and sno WS}{EET cells..
el €

Pl atel et factors stinulate neovascul ari zati on, esp¢cC . n the
area is anoxic. Platelets also make fibrin nore 1% resistant .t

mechani cal shear forces and to fibrinol ygjs. 2 O NOY ifbl e
that for certain applications | esser nunbers ¢f platelets yi be
desirabl e. The Acorlitg o sevgnthembdiinsheof the invention y%iih Pyeviddd £ :
Because of their | ow mass conpared with ot hdr..blosd—ecettsT—=

pr eponder arforsealing tissue) eansprisingra cliamabee foricontaiting tissuésealantyadn gppticatot s when
conditions are chosen to m nimall separate the bulk of said nore

massi ve celneedle, ag apastizater gggber focated betyeenesaithehamber aud said ppplicatost er
cartridge, 1 jnch in.height and . fitte | th sjntered plastic wall
as in Fig. D29 m@%&? iction withgach ofsaii DB PR SaKT APDliin Bl of
‘F“,’“C% 68813?231% (LSt i r{ofalﬁgeeighth emboc.iiment of the inven ’O%Gélérzalz llarov_i(g:ii amethod of
3 mnutes %Bngenﬁgﬁné Q%c@ﬁldl&%ee&%&%, &Qﬁpr?s?l?ge:d to 5,000 rpm

(@) contacting said solution with a concentrator having a molecular weight cutoff

or

of from 2 to 100 kDa to provide said concentrated solution; and

(b) separating said concentrated solution from said concentrator.

According to a ninth embodiment of the invention there is provided a method for
separating particulate components from a suspension thereof in a liquid, comprising:

(a) in a sealed container, centrifugally contacting a liquid suspension comprising
said particulate components and said liquid with a mat, foam or porous plastic wall
which bars passagé of said particulate components in the absence of an applied
centrifugal force, but through which said particulate components pass in response to an
effective applied centrifugal force, and

(b) removing said liquid from said mat, foam or porous plastic wall.

According to a tenth embodiment of the invention there is provided a method for
separating particulate components from and for concentrating a liquid suspension
containing a solution of one or more high molecular weight compounds and said
particulate components, comprising: |

(@) in a sealed container, centrifugally contacting said liquid suspension with a
porous membrane, a porous foam or a mat which permits passage of said particulate
components under an applied centrifugal force, but which does not permit passage of
said particulate components in the absence of said applied centrifugal force, to separate
said particulate components from said solution,

(b) concentrating said solution according to the process of claim 40 to prepare a

concentrated solution, and
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éfj ,%\I E/B for separating particulates from said liquid suspension, thus forming aqgluid, and

an outlet for withdrawing said liquid.

According to a twelfth embodiment of the invention there is provided an apparatus
for concentrating a macromolecule solution, comprising:

an inlet,

a chamber in fluid communication with said inlet, containing a concentrator for
concentrating said solution and a separator for separating said solution frc;m said
concentrator, and

an outlet for withdrawing said solution.

A more complete appreciation of the invention and many of the attendant
advantages thereof wﬂl be readily obtained as the same becomes better understood by
reference to the following
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pl atel et-rich plasnma concentrate, prepared by the process of claim5. 7.
The met hod of ) ai separating) eaié concenfrated plasma front said coepmtiaters a nateri al
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_ 2.  The method of claim 1, wherein said separating step () comprises centrifugally

contacting said whole blood with a separator which bars passage of red blood cells and
white blood cells in the absence of an applied centrifugal force, and applying a
centrifugal force effective to pass red blood cells and white blood cells in said whole
blood through said separator.

3.  The method of claim 2, wherein said separator is a mat, foam or porous plastic
annulus.

4. The method of claim 1, wherein said separating step (a) comprises centrifugally
settling said whole blood into a chamber shaped and positioned such that gravity does
not permit drainage of said red blood cells and said white blood cells in the absence of
an applied centrifugal force.

5. The method of claim 1, wherein each of said whole blood and said plasma contains
(i) platelets, (ii) high molecular weight compounds or (iii) both platelets and high
molecular weight compounds.

6. A platelet-rich plasma concentrate, prepared by the process of claim 5.

7.  The method of claim 1, wherein said concentrator comprises a material selected
from the group consisting of a dextranomer, dextramine, polyacrylamide, silica gel, a
zeolite, cross-linked agarose, starch and alginate gel, either in free bead form or attached

to a surface.
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concentrate of claim and an activator.
second chamber containing said concentrator and a second separator for separating said

concentrated plasma from said concentrator, and an outlet for withdrawing said
- concentrated plasma.

11. The method of claim 1, further comprising, after said separating step (c), repeating
said contacting step (b) and said separating step (c).
12. A plasma concentrate, prepared by the process of claim 1.
13. The plasma concentrate of claim 12, wherein said plasma concentrate is
autologous.
14. A tissue sealant, comprising the plasma concentrate of claim 12 and an activator. !
15. The tissue sealant of claim 14, wherein said activator is a mixture of thrombin and'
calcium in amounts sufficient to permit gelation of said platelet-rich plasma concentrate.
16. The tissue sealant of claim 14, wherein said activator is autologous thrombin and
platelets.
17. A method of sealing tissue, comprising the steps of:

(a) preparing a plasma concentrate according to the process of claim 1,

(b) activating said plasma concentrate to provide an activated plasma concentrate,
and

(c) applying said activated plasma concentrate to tissue in need of sealing.
18. The method of claim 17, wherein said plasma concentrate is obtained from blood

drawn from a patient, and said tissue in need of sealing is in or on said patient.
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platelets to provide an activated plasma concentrate, and

_ (c) applying said activated plasma concentrate to tissue in need of sealing.
21. The method of claim 20, wherein said acﬁvaﬁng comprises irradiating said
platelets with ultrasound sufficiently to result in gelation of said activated plasma
concentrate.
22. The method of claim 20, wherein said activating comprises heating said plasma
concentrate sufficiently to result in gelation of said activated plasma concentrate.
23. A plasma concenfrate comprising platelets, froﬁl 5 to 400 mg/ml of fibrinogen,
from 0.5 to 35 mg/ml of fibronectin, and a physiologically acceptable carrier comprising
water and physiologically acceptable ixibrganic and organic ions in a physiological
acceptable concentratlon, wherein the ﬁbrmogen in the concentrate is not significantly
denatured. .
24. The plasma concentrate of claim 23, prepared from whole blood, wherein said
platelets- are present in said plasma concentrate in a concentration of at least one-and-one-
half times the concentration of said platelets in unconcentrated plasma from said whole
blood. . .
25. The plasma concentrate of claim 23, further containing a compound selected from
the group consisting of an antibiotic, a collagen fleece, collagenase, hyaluronic acid, a
wound-healing factor, zinc ions in an amount effective to decrease coagulation time of

said plasma, and a biologically acceptable dye.
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sai d whol e 25. The plasma concentrate of claim 23, further

cont ai ni ngy W? B&np 0D kst ls@farfor aln&RNe i ot C,
a col |l agen %ﬁl eece, CO 1]slﬁlglyen%\ {ltya uélonl cfoggl?% a vvognd hgg l'ing factor,
zinc ions ¢dm§m-1 g@{e ebf-ecti ve to decrease coagul ation tinme of said

pl asma, and a bio oglcally accept abl e dye.

(a) separating plasma from whole blood; and

— (b) removing water from said plasma with a concentrator which does not
significantly denature fibrinogen to provide said concentrated plasma.
29. A method of claim 28 wherein the concentrator is a water-absorbent.
30. A methcd of claim 29 wherein the concentrator is a material selected from the
group consisting of a dextranomer, dextramine, polyacrylamide, silica gel, a zeolite,
cross-linked agarose, starch and alginate gel.
31. A method of claim 30 wherein the concentrator is a free bead form or attached to a
surface.
32. A method of claim 28 wherein the concentrator includes a membrane. |
33. A plasma concentrate containing fibrinogen for use as a tissue sealant or adhesive,

- the fibrinogen in said concentrate not being significantly denatured.

34. A plasma concentrate of claim 33 containing from 5 to 400 mg/ml of fibrinogen.
35. An apparatus for sealing tissue, comprising a chamber for containing tissue sealant,
an applicator needle, and an activator member located between said chamber and said
applicator needle, in fluid communication with each of said chamber and said applicator
needle.
36. The apparatus of claim 35, wherein said activator member is a porous membrane
derivatized with thrombin.
37. The apparatus of claim 36, wherein said porous membrane is further impregnated

with calcium ions.



LR

65 26—The ptasma concentrate of claim?25, f EACE gNTi di sul phi ne
! St PasHa—egiigent rat e

blue in ﬁm i !“ﬂﬂlﬂmm)em
during i et il t{ sSue % AhBEEN dsfm concentratg df claim 23,
further congri$inf a® phar mackuti-c&EAAGER i ve ¢ofmpd2iANOYEI98A |ndt hod of

maki ng concentrated plasma for use as adissu¢ gealant or adhjeqi ve,
conprising the steps of: (a) separating plasma from whol e bl ood; and
(b) renoving water fromsaid plasma with a c —at ' does not

si gni fi card8 y Therrppasetusiaf slaim@ge whersinsaid, actinaton membsh senfibrops gagariak na.  29.
A met hod of_ c|aim 28 V\/n,ere%n t he concentrator is a water-absorbent. 30. A
met hod of Whigh fuses Gye&sien A Pl ncentrator is a material selected fromthe

o ool | Lo 35 o shppiees ol sLatBal; oetem R ERhroNs pRfPEN AT st 104 %01
claim 30 meri&ﬂgﬂ{gﬁf@ﬁ@&&%@%ﬂg s a free bead formor attached to a

1 ; . .
sur f ace. 3%90 erein the concentrator includes a

menbr ane. : n@,ﬂgﬂ@f : |01 Walgy .0r use as a
tissue sea@ntﬁor a es@g@%ﬁ%ﬁ%%&%ﬁdgﬁiﬁﬂgg%bCoﬁcen%.r ate not being
significantly @enabhtaiing sd scutilntwiifa COReRRPIbRRAIRY a alodéciilad Weight caioff Ny
from5 to 400 ng/ M of fibrinogen. 35. An apparatus for sealing tissue,
conpri si Ngyfarei 2 a00k®a 16 Prdwddsaid corcetriedsoltiont andin appl i cat or needl e,
and an activator nenber |ocated between said chanber and said applicator
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gel, either in free bead form or attached to a matrix or embedded into a disc.

42. The method of claim 40, wherein, prior to said contacting step (a), said
concentrator is dry.

43. The method of claim 40, wherein said solution is a biological fluid.

44. A method for separating particulate components from a suspension thereof in a
liquid, comprising:

(a) in a sealed container, centrifugally contacting a liquid suspension comprising
said particulate components and said liquid with a mat, foam or porous plastic wall
which bars passage of said particulate components in the absence of an applied
centrifugal force, but through which said particulate components pass in response to an
effective applied centrifugal force, and

(b) removing said liquid from said mat, foam or porous plastic wall.

45. The method of claim 44, further comprising, before said separating step (a), the
step of placing said liquid suspension in said sealed container.
46. The method of claim 44, wherein said particulate components are biological cells

or fragments thereof.
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further conprising, before said separating step (a), the

- said particulate components in the absence of said applied centrifugal force, to separate

said particulate components from said solution,

(b). concentrating said solution according to the process of claim 40 to prepare a
concentrated solution, and

(c) removing said concentrated solution from said sealed container.
49. An apparatus for separating particulate components from a liquid suspension,
comprising: !

an inlet, |

a first chamber in fluid commumcatlon w1th sald mlet, containing 2 first separator

for separating particulates from sald ' i

an outlet for withdrawing sgud i d |
50. An apparatus for concentrating :;1 ni&gfxffmolecule solution, comprising:

an inlet, o : '

a chamber in fluid communication with said inlet, containing a concentrator for
concentrating said solution and a separator for separating said solution from said
concentrator, and

an outlet for withdrawing said solution.
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(b) separating said concentrated solution from said concentrator.

| 41. The method of claim 40, wherein said concentrator comprises a material selected
from the group consisting of a dextranomier, SEi;HADEX, dextramine, polyacrylamide,
BIO-GEL P, silica gel, a zeolite, 'DEBRISAN , cross-linked agarose, starch and alginate
gel, either in free bead form or attached to a matrix or embedded into a disc.

42. The method of claim 40, wherein, prior to said contacting step (a), said
concentrator is dry.

43. The method of claim 40, wherein said solution is a biological fluid.

N 44. A method for separating particulate components from a suspension thereof in a
liquid, comprising:

(2) ina sealed container, centrifugally contacting a liquid suspension comprising
said particulate components and said liquid with a mat, foam or porous plastic wall
which bars passage of said particulate components in the absence of an applied
centrifugal force, but through which said particulate components pass in response to an
effective applied centrifugal force, and _

() removing said liquid from said mat, foam or porous plastic wall.
45. The method of claim 44, further comprising, before said separating step (a), the
step of placing said liquid suspension in said sealed container.
46. The method of claim 44, wherein said particulate components are biological cells

or fragments thereof.
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{54) Title: PLASMA CONCENTRATE AND TISSUE SEALANT COMPOSITIONS

(57) Abstract

An inexpensive device, shown in the figure,
for preparing tissue sealant is disclosed. The device
is particularly applicable to preparation of autologous
tissue sealamt. A method of sealing tissue in which
the tissue sealant is applied immediately after mixing
platelet-rich plasma concentrate with a solution of
calcium and thrombin is also disclosed. Adhesive
and tensile strengths are comparable or superior to
pooled blood fibrin sealants made with precipitation
methods.  Antifibrinolytic agents are not necessary
because the tissue sealant contains high concentrations
of natural inhibitors of fibrinolysis from the patient’s
bload. The tissue sealant also contains patient platelets
and additional factors not present in available fibrin




