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PLATELET S S AND METHODS Fﬁgﬁ%&*
PLATELETS vﬁEEMQhSN The present |nvent|on genera relates

to the - resuspension of- blood platelets and/or platel et concentrates
after separation of the platelets or platel ét concentrate 5 fromthe

bl ood of a donor. Mor e S nventi on concerns -~
pl atel et suspensi ons, §ﬁ§%$£t§££§g2§§§§igﬁgggﬁb §§HOD§ be resuspended,

the suspension of platelets t hods for obtaining

or preparing such suspensi ons. 10

BACKGROUND Whol e bl ood is nade up of various cellular

conmponent s such as red cells, white cells and platelets suspended in
its Iiquid conponent, plasnma. Wol e bl ood can be separated into its
constituent conponents (cellular or liquid), and 15 t he separated
conponent can be adm nistered to a patient in need of that
particul ar conmponent. For exanple, platelets can be renmoved fromthe
whol e bl ood of a heal thy donor, coll ected, and later adm nistered to
a cancer patient, whose ability to nmake pl atel ets has been destroyed
by chenot herapy 20 or radiation treatnent. Most connnnly
pl atel ets are collected by continuously or intermttently

i ntroduci ng whol e blood froma donor into a centrifuge chamber

wherein the y\,ho: eﬁﬁéooﬁlrb%e%@arﬁ%tion ehé‘i'QllirS ‘i@'l%:ﬁetsuer\%ot the
Comonents, el 88, Lo e HSR0 2k, maa b Lp SIS gt hees
sonetimes rafteredeparation of the pphatétépbeogsiplatidletpl edrtenrtrate
?Iats? glong ﬁg%#éﬁ\eghgoblood. of faord%%zj .ay'ﬂ’or%f s%%%&efjl&gﬁf,l eéﬁewp}:gsgg
invention concerns platelet suspensions, media in which
platelets may be resuspended, the suspension of platelets in
~such media, and methods for obtaining or preparing such
suspensions. | . '
10 ' BACKGROUND
_ Whole blood is made up of various cellular components
such as red cells, white cells and platelets suspended in
its liquid component, plasma. Whole blood can be separated
into its constituent components (cellular or liquid), and
15 the separated component can be administered to a patient in
need of that particular component. For example, platelets
can be removed from the whole blood of a healthy donor,
collected, and later administered to a cancer patient, whose
- ability to make platelets has been destroyed by chemotherapy
20 or radiation treatment. '
. Most commonly, platelets are collected by continuously
.-0r intermittently introducing whole blood from a donor into
_a.centrifuge chamber wherein the whole blood is separated
-hlnto its constltuent components, including platelets, based
25 - on the densities of the different components. In the
fseparatlon of platelets, sometimes referred to as
iplateletpheres;s, the platelets are often concentrated to
" form a layer of packed platelets with some residual plasma



2 (hereinafter "platelet concentrate"). For :storage and/ or
t ransf usi %95/962&‘; he patient, however, the platelet PCTI(fé@Qdeﬁ rate

must be resuspended in a I|qU|d medi um such as pl asma.

There are several commercially avail abl e devices useful |n t he
separation and col l ection of platelets. (One such device is the
CS-3000[ err] Plus Bl ood Cell Separator %ade by Baxt er Heal t hcare
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stage from plateliels 18nd resiguabngpdasmar a detagbeofpltaama is
procedure, et to the donor, but some remains with the platelet
concentrate. At the completion of the platelet collectiom,
25 the platelet concentrate is then resuspended by mixing the
‘ platelet concentrate with an additional amount of plasma.
After the platelets have resuspended, they may be transfused

to a patient.

Another device useful in plateletpheresis is the

30 .. " AMICUS™ gSeparator -- also an automated continuous flow
“blood cell ‘separator made by Baxter Healthcare Corporation.

~ In the AMICUS™, red blood cells and white blood cells are

" also separated from platelet-rich plasma in a first stage

"and the platelet-rich plasma is then separated into platelet
35 poor plasma and platelet concentrate in a second stage. The



are separated fromplasma to.forma platelet concentrate. The
pl atel et cogeyalseadye i s then resuspended in a |iquid, ik':’iﬁh%ﬁ/mon
for resuspendi

pl asma. Al though plasma is effective ng 15
platelets, it may not be the ideal mediumfor platelet resuspensi on
for several reasons. First, plasm itself,is a val uabl e bl ood
conponent that can be used or further processed for use in the
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of The platelet concentrate is then Mesubpefdeds ifP)a alfquig,

useful for r pendi Bl @tel ets. For exanple, the Platelet AdditiVve
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‘Platelets that have not completely resuspended may be
25 .unsuitable for further processing or transfusion because of
the presence of platelet aggregates (i.e. clumps of
platelets). Platelet aggregates are undesirable because
. they can clog transfusion filters commonly used in platelet
. transfusions and/or platelet processing, such as filters
30 designed for removal of white cells. Lower throughput
bec_guse of clogged filters results in fewer platelets
-.administered to a patient.
_ It is known, for example, that platelets will
- resuspend in saline solution (0.9% NaCl) and saline has been
35 . used to resuspend platelets in platelet washing procedures
~.as shown and described in U.S. Patent No. 5,462,752.
Solutions that are primarily intended for the storage of



SUMVARY OF THE INVENTI rding to one aspect of the present

i nvention,whidgfs 175 TE? od for providing a suspe?s@ﬂﬂsﬁ}mmg
platelets swta efo %\ﬁ 0 a patient, said nmethod conpri sing:
providing a quantlty , separating platelet-rich plasma from

sai d whol e bl ood; separating platelets f om said platelet-rich plasma to
obtain a platelet concentrate; and resus end| ng said platelet concentrate
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'SUMMARY OF THE CLAIMED INVENTION

20 . In one aspect, the present invention is directed to a
* suspension of platelets that includes a platelet concentrate
- that is suitable for administration to a patient, a salt
solution, and is substantially free of platelet aggregates.
The present invention is also directed to the method
25 " for providing a suspension of platelets. The method
| ' includes providing a quantity of whole blood and separating
‘the platelets from the whole blood, concentrating the
_platelets, and resuspending the platelet concentrate. The
- method may further include administering the platelet

30 " suspension to a patient.

- DETAILED DESCRIPTION OF THE DISCLOSED EMBODIMENTS

A more detailed description of the platelet suspensions
- made in accordance with the present invention and the
- methods for providing such platelet suspensions is set forth
35 - below. It should be understood that the description below
is intended to set forth one or more embodiments of the
present invention, and is not intended to set forth all

THIS SHEET HAS BEEN
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possi bl e variations or applications of the present I nvention. For
thi's reason, the scope of the invention is not defin W Hm’ted
to the enWEIOHESZ descri bed bel ow, but incl udes futﬁ’ 3?13 Pons
or enbodi ments not 5 presently appreciated by the inventors. '
Pl atel et concentrates can be obtained by any known t echni ques. For

exanpl e, platelet concentrates can be 5 prepared by separating whol e
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- separation chamber into a second- collection chamber within
the rotating centrifuge. There the platelet-rich plasma is
separated into platelet poor plasma and platelet
concentrate.

25 The platelet collection procedure results in a platelet
.concentrate (as defined above) having a volume of anywhere
between 5-150 ml, depending on the volume of the collection
. chamber. The number of platelets collected is typically
between 3 to 12 X 10 platelets. Once the platelet

30 concentrate has been collected, the platelet concentrate is
" resuspended in the manner described below and transferred,
in a sterile manner, from the container within the
collection chamber to a storage container.

In the AMICUS™ separator, as described generally in

35 U.S. Patent No. 5,529,691, which is also incorporated by
reference herein, anticoagulated whole blood is introduced



5 (in a second stage) into platelet poor plasma and platel et
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the case of a salt solution, anywhere between 5-500 ml of
the solution may be combined with the platelet concentrate
‘to resuspend the platelet concentrate. More typically, the
volume of the solution is between 20-40 ml. The volume of
30 solution needed to resuspend the platelets will depend on
the number of platelets collected. The container of
platelet concentrate and resuspension solution may be shaken
or otherwise agitated to assist in resuspension.
In accordance with the present invention, it has been
35 discovered that solutions suitable for resuspension of
platelets include several salt solutions such as sodium



15. Still other concentrations of the sodium chloride and
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concentrate, and nore typically 20 approximately 30-35 nl of platelet
concentrate (as defined above) and approxi mately 5-500 nl, and nore
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chloride. transfusion T$eoncaftey wesuspensioncidnd; Dbt angeevendn in
25 less than 24 hours. If the platelets are not to be
transfused immediately, and storage of the platelets is
‘required, the platelet concentrate and salt solution may be
further combined with a quantity of plasma and/or a platelet
storage -medium.
30 - It should be understood that for the platelet
e suspens:.ons to be suitable for transfusion to a patient, the
* suspension should be substantially isotonic (i.e. where the
“osmotic pressure outside the platelet cell is substantially
-equal to the osmotic pressure inside the cell). Thus,
35 ‘'combining the platelet concentrate with 0.9% NaCl, which is
-an isotonic solution, does not significantly affect the
osmolality of the suspension and, therefore the suspension
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25 'example, the 0.9% NaCl used is available and was obtained

:'.from Baxter Healthcare Corporation of Deerfield, IL. Other

__"I:ést solutions were prepared from powder in ways that are

~ known to those of skill in the art. (For example 0.9% NaCl

,can be prepared by dissolving 900 mg of NaCl in

30 _”_I_'___approxlmately 0.1 liter of water to obtain the 0.9%

"concentratn.ons for the salt solutions. Similarly, the

) "hypertonlc NaCl, KCl and MgCl solutions can be prepared by

'd_:l,s_solv::.ng NaCl, KCl and MgCl in water in ways known to

| those of skill in the art to arrive at the concentrations

35 _set forth in Tables I and II. Thrombosol® is a platelet

storage medium available from Lifecell Corporation of The



used, herein, "conplete resuspension” neans that 212 pl a]E el?,gt _ f
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conpl ete reSuspensi'on was recorded and the results a in
Table 11. : , _ ' 10 _ '
AGGREGOMVETER TEST - Percent Resuspensi on . A second series of
tests using the sane test solutions 9 was conducted to determine the

degree of platelet resuspension in 10 seconds of time. For this
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platel ets. Thgrrepedsal iREPY A mbranuebaitent abbugeptatnabl 'ﬁﬂrombogbiﬁma
was renoved w thout disturbing the platelet pellet. The test

sol ut¥ons (0l8 nBet(gEexthbeinabdvd).Ser Patrnt Nel. 5,6222867ir baTheas

added 10+ heuhyBfppdlite! 5ytR5n! GSEH T e redsl hebck BHAE ol ds
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conpared to pe defl ection at. 10 seconds afrter t
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MeanAgg . sodium phesphate, monobasic sodium phosphate, sodium

(% reguspensg@frate, sodium acetate and sodium chloride.
: VORTEX TEST-time for total resuspension -
Approximately 4 ml of the platelet suspension (as
prepared above) was placed in a clean test tube. The test
tube was centrifuged at 3200 rpm for 'approximately 8 minutes
20 in a Sorval RT 6000 Centrifuge with H1000B rotor to pellet
‘the platelets. The tubes were removed from the centrifuge
and all the plasma was removed without disturbing the
platelet pellet. Four (4) ml of the test solutions
(described above) were individually added to individual
25 tubes without disturbing the pellet and the tube was
vortexed in a Vortex Mixer available from Scientific
Products (catalog #S8223-1) at high speeds for approximately
15 seconds. |
The test was visually assessed for clumps and if clumps
30 remained, the tube was placed on a standard tube rocker and
the time was ‘recorded. The tube was monitored until
complete resuspension occurred and the time was recorded. As
used herein, "complete resuspension" means that no platelet
aggregates were visible to the naked eye. The number of

35 minutes for complete resuspension was recorded and the
results are reported in Table II.
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AVENDED SHEET . . 15

Tables | ang,ddssged7 forth the aggregoneter and vortex FE@GJSB@?(HMS

for donors A-G All tests were perforned in triplicate and nean _
val ues and standard deviations are reported. An "*" indicates that
there was no resuspension 5 after 2 q%urs.

Tables I and II set forth the aggregometer and vortex
test results for donors A-G. All tests were performed in
triplicate and mean values and standard deviations are
reported. 2An “"*" indicates that there was no resuspension

5 after 2 hours.

As can be seen, resuspension superior to that of
plasma was obtained with several of the solutions tested.
For the most part, test solutions that were hypertonic
seemed to resuspend the platelets faster and with greater

10 efficiency than plasma or some of the other test solutions.
. Based on the foregoing, it is believed that the method
of the present invention provides a new, unique, simple and
inexpensive method whereby platelets can be completely
' resuspended and substantially free of aggregates. In
15 addition, use of the. alternative, 'inexpensiv_e salt
solutions. for platelet resuspension preserves blood pPlasma
for other important end uses.

The above description is intended for illustrative
purposes only and is not intended to limit the claims to

20 any of the embodiments described herein. The true scope of
the invention is set forth in the appended claims.



As can be seen, resuspension superior to that of g pl asma ‘'was obt ai ned

W th sever he sol utions tested. For the nost pgy

sol utions ‘?hgt%; V\%ere hypert oni c seened to resuspend théw?%dtgglboeztgs
faster and-with greater 10 efficiency than plasma 6r "sone- of the other
test” sol utions. Based on the _foregoing, it |s bel i eved that™ ‘the
nmet hod of the present invention SFOVIdeS a new, Mﬂﬂa and )
i nexpensi ve nmet hod whereby platelets can be conpletely ﬂﬂy%

and substantially free of aggregates. In 15 - addltlon bsen

al ternati verHAT (WHECHS I8¢ CTAIMED sol utions for platelet resuspen5|on
preserves ood Y, SSESH The
above desc?*ptlon |sgpnpgﬁggﬁogoﬁrﬁqgiﬁ%eulJ% ﬁﬂf purpdgﬁgloXI énd i's
not intended to A @nantAtycpsi pdateled concgnfrate %Ms@ﬁ@mé&ru bed
heregn. Theatpyeijspere of the invention is set forth in the appended
cl ai ns. Al 1. A nethod for providing a suspension of
pl atel ets suitabPeSf FF&Hgﬁﬁghon to a patient, said nethod conpri sing:

provi di ng a quansatid eusgerisidi desling substanbiadlyn@releatof glataletl asna

fromsaid I separating platelets fromsaid platelet-rich
pl asma to oﬁgéfﬁgggggételet concentrate; and resuspendi ng sai d

pl at el et coacentEhﬁesuspgn%ﬁnnthn@l%ﬁmuliOnmp€ﬁsdmedafﬁﬂiﬁfﬂptptimn
co stin t 0, r | | ride.
MOS0 hSepagReH T i RN POREL ARG BF ORGP it 141 e

The
n)X|ng saldPBPéﬁéﬂ@@-G@H&Eﬁ%*%ﬂe wi th said hypertonic solution for up to 20
mnutes. 3, - THeesu® i¢h ofaclaim VhehéeraifatHe yoEeRBEAL $6hUSE ON

compr i ses Ledttoadl Wi ol deren fh g ALSgERnGH Of clam S comrising
hypertoni ¢ 4h|ormhessuspensnon of Claihmednwhbereinf said sdltvesbationi d
sol !ﬂ&' on is;k 12%.R¥ B4R M PsEffe solution. |
5. - The suspension of Claim 3 wherein the concentration of
salt in said solution is about 1.8%.
6. - The suspension of Claim 1 wherein said salt solution
‘comprises at least sodium chloride. '
20 7. . The suspension of Claim 1 comprising approximately 30
ml of said salt solution. '
8. The suspension of Claim 1 further comprising a medium
suitable for storing platelets.
9. A method for providing a suspension of platelets
25 comprising:
' providing a quantity of whole blood;
separating platelets from said whole blood;
concentrating said platelets to provide a platelet
concentrate;
30 resuspending said platelet concentrate in a salt -
- solution.
administering the platelets to a patient.
10. The method of Claim 9 comprising resuspending said
platelets by mixing said platelet concentrate with said
35 salt solution for up to 20 minutes.
11. The method of Claim 9 further comprising combining
said suspension with a platelet storage medium.
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of platelet concentrate is

6. . The nethod -of claim1l wh

bet ween abeyd ofisgd3gy M and the ﬁ“‘“
20-40 m . 7. The net hod of+clalm upther conpri sing adding a
quantity of a nutrient- containing solutlon to the conbined pl atel et
concentrate and said sol ution. 8. he method of claim7 wherein said
nutri ent containing sol ution conprises plasna.

L i o hgthd GhePhOY | E':E“Q:Pafdt'sﬁeﬂﬁiéi‘éﬁ{ ehat dcdicertsdtis ber
transfusion to a patient, said netho providing a
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bl ood; 'sep arat|2¥$ atelet-rich plasna fromsaid whol e
separatlng|ﬂQmR§¥§%§f¥ saPgipmacierifeen plasma to obtain a platelet

conggntrate;g, The ﬂéﬂ:ﬂwwIclms:alsdfﬁkahekeéoﬁpﬂiemhgaaammbt&r&%g
sodi um chl ori de a nutrient, cgktalnlng st orage nedi um

di ff erent frﬁﬁﬁ4n§i?%ﬁ%ﬁ§sﬁﬂ?ﬂﬁ?ﬁﬁga tgeat BatdedY-csuspended pl at el et
concentrate.l17. 12The ﬁEEhaﬂtbGdcdhmmzmanddmptESImg adaminhsterdény said

containing {I{lA0feLEY LY COUPT g Mt | C@2tnIAY U 2CHLALE of said

' resuspension. :

15 18. The method of Claim 9 wherein said salt solution is
0.9% potassium chloride.
19. A suspension of platelets comprising: comprising;

a quantity of platelets for transfusion to a patient,
said platelets being substantially free of platelet

20 aggregates, wherein said platelets are obtained from a
platelet concentrate that has been resuspended in a salt
solution.

20. The suspension of Claim 19 comprising a salt solution
. selected from the group con51st1ng of sodium chloride and
25 potassium chloride. _
21. The suspension of Claim 19 wherein the concentration
'of salt in said solution is at least 0.9%.
22. The suspension of Claim 20 wherein said salt solution
is a 0.9% sodium chloride solution.
30 . 23. The suspension of Claim 20 wherein the concentration
" of salt in said solution is about 1.8%.

. 24. fThe suspension  Claim 1 comprising between
'approximately 5-150 ml of platelet concentrate and 5-500 ml
of said salt solution.

35 ~ 25. The suspension of Claim 24 comprising between
approximately 30-35 ml of platelet concentrate and 20-40 ml
of said salt solution. -
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