'5 DEVI CE AND METHOD FOR SEPARATI NG LEUKOCYTES FROM PLATELET CONCENTRATE 10
This invention relates to a nmethod for reducing the | eukocyte content of

pl atel et concentrate derived from bl ood, particularly of platelet S
condeptrate derived from human bl ood, and a device for effecting 15 that
separation. The devel opnent of plastic blood collecti on22 ' gzms
facilitated the separation of donated whole blood into ¢ &CED

conponents, thereby 20  nmaking platelet concentrates available as a
t'ransf usi on product . The_separation of a single unit of donated whol e

bl ood, about 450 nl -in USA practice, into its conponents is acconplished by
use of di fferential sedinmentation. The unit of whole blood 25 i's
collected in a plastic blood collection bag with integral satellite o
transfer bags, and is separated by centrifugation into red cell concentrate
and platelet- rich plasma. The platelet-rich plasma is transferred to an
egpty attached satellite bag, and the sedinmented 30 red cells are
separated fromthe collection system The platelet-rich plasnma is
centrifuged at an increased G force which divides it into platelet
concentrate (PC) and platelet poor plasnd; mhlch are subsequently separated
by transfer to a satellltebﬁ,g E : (i Hh-4 énntaln on aver age
‘not less than . 5.5 x [e s e R asma, or

approxi mately [err] . pl at BEEKG ¥EES nf%mél mz{m $°Nmﬁ)onent

.separatlon qest take place-within 6 hours of

_\{, _ .- This invention relates to a method for reduc1ng |
~ the leukocyte content of- platelet concentrate derived
| from blood, particularly of platelet concentrate
derived from human blood, and a dev1ce for effecting
15 that separatlon.

The development of plastic blood collection bags
" in the 1960's facilitated the separation of donated
whole blood into its various components, thereby '
20 making platelet concentrates ‘available as a
transfusion product. The separation of a single unit
_of donated whole blood, about 450 ml in USA practice, -
into its components is accomplished by use of
differential sedimentation. The unit of whole blood
25  is collected in a plastic blood collection bag with
inteqral satellite transfer bags, and is separated by
centrifugation into red ceil concentrate and platelet-.
rich plasma. The platelet-rich plasma is transferred
to an empty attached satellite bag, and the sedlmented
30 red cells are separated from the collection system.
The platelet-rlch plasma is centrifuged at an
increased G force which divides it into platelet

B

‘concentrate (PC) and platelet poor plasma, which are
subsequently separated by transfer to a satellite bag.
35 The final PC should contain on average not less than



whol e bl ood collection. One unit of platelet 5 concentggtiougggilgrrl
“increases the . platelet count of a 70 kg individual by 50 ol Lenr]
The usual dose adninistered to a t hr ombocyt openi ¢ adul t rangei0

units of concentrate. Platelets can also be prepared uzrng ﬁ 10 UsrﬁgJ
speci al i zed bl ood conponent collection procedure calle laF Fets S

a variety of continuous or discontinuous flow devices, plate
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Pl atel ets serve two nB:
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from a. s1ngle_donor._.W1th this method, whole blood is

_ removed from the donor, then it is centrifuged by ex-

‘15 vivo technique into its. component parts. ~The desired
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component, platelets in this instance, is harvested
and the remainder of the autologous blood is returned
to the donor. This pProcedure allows collection of
multiple units from one donor. Typically, the 2 to 3
hour apheresis Pprocedure will produce a platelet
product containing 3 x 1011 platelets, equivalent to
6-8 units of random donor platelets. .Donors providing
single-donor Platelet concentrates are usually HLA-
matched to the rec1pient. Single-donor platelets are
generally given to patients who are immunologically
unresponsive to transfusions of random donor platelet
concentrates, or given to. individuals who are
considered'to be candidates for bone marrow
transplantation.

Platelets serve two major functions in

' maintaining ‘hemostasis. First, they adhere to 1njured

35

blood vessel walls, aggregate at the inJury site, and
form a hemostatic plug. Second, they participate in
fibrin formation by relea51ng platelet factor 3 and
promoting coagulation factor mediated hemostasis.
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Platel ets al so rel ease vasoactive am nes, cationic proteins, nucleotides
and enzynes, das well as thraonboxane [err] which induces vasoconstriction
a#d pronotes platelet aggregation via its inhibitory 5 effect on cyclic AW
formation. Platelet transfusions are indicated for treatnment of bleeding
due-to thronmbocytopeni a secondary to |nadequate producti on of pl at el et s by
t he bone marrow, a condition known as amegakaryocytic thronbocytopenla 10
This bone marr ow hypopl asi a may be due to chenotherapy, ‘tunor invasion, or

primary apl asia. EQQt%&%¥E|Sls% E@&bﬁgb thBaéE!%@ afLiES) ScdBioRfc

t hr ombocyt openi ¢ -at di ggnosi s gor becone thronbocytopenic secondary to
chenot her apy or 1?r°tﬁégﬁatpﬁﬁlﬁﬁéiﬁﬁﬁ prgcepzymes, 3 Yeht 28 with adequate

nynbers of platel mdwbmeha beniehl iadacesi vakoponseribttiomcandn, may
have a range of res

di sease, for exa 5ﬁ%%ﬁﬁ%eée$hPgaﬁgggggﬁPaViﬁafﬁénﬁ@EH€§E%B§hag:go

experience pI5te|eﬁ!huﬂcbmongbldcsanﬁetsrmatdndary to a plasma abnormality,
such as von W1l ebr Andes aleRE0 R 180 tB b RES Shilohtad ) Choatiling! 50

be used in patients su rorng fro 0 enla associ ated wth nmassive

bl ood 257 replac@#é#ﬂegééﬁﬂdépf te FhEGRQOCUF°PBF iaseerndaxyide? goi ng

surgi cal procedur qaala%@&%t gtrbankabaeoer@matéleés bwoehe cbéne MEEPowpart
surgery. Patients who e |n est ed asgprln :

r at
transi ent platel e w8 P&q Fga§F5¥8F¥?1§O ﬁ%. %E?%ﬂia’
‘support for aoergahds beong matrpwohypopeasxihmaysbeodugIhoelet concentr at es

_h\§ | ncreased and SHJeRdEFApyO taRoE AnbASiEASCor 'BtEndfy aplasia. For
\/. example, a patient with acute leukemia may be
| thrombocytopenic at diagnosis or become
.thrombocytopenic secondary to'chemotherapy or
15 = radiation therapy procedures. Patients, with adequate
' numbers of platelets but with abnormal congenital
platelet function, may'have a range of responses
resulting in from mild to severe hemorrhagic disease,
for example Glanzmann's Thrombasthenia. Patientslmay
20 also experience platelet’ functional disorders
secondary to a plasma abnormality, such as von _
Willebrand's disease or uremia. Platelet transfusions
may also be used in patients'sufferiné from
thrombocytopenia associated with massive blood
25 replacement secondary to trauma, or for patients
undergoing surgical prooedures necessitating large
. amounts of blood, e.g., open heart surgery. Patients
who have 1ngested aspirin may also demonstrate a
transient platelet dysfunctlon and requlre platelet
- 30 transfusion support for emergency surgical procedures.
| The use of platelet concentrates has 1ncreased
and continues to rapidly increase. This is
 demonstrated by the last survey conducted by the
‘American Blood Commission. This survey indicates that
35 the national use of platelet concentrates increased



denonstrated by the | ast survey conducted by the American Bl ood Commission. .
Thi"s survey indicates that 35 the national use of platelet comcentrates

i i ncreased - 3- from0.41 nmillion in 1971 to 2.86 mllion in 1980, a

6-fold increase. By contrast, the use of packed red cells (PRO durlngayhe
same period went from6.32"° mllion t0.9.99 million units, only a 1.5-fold 5
increase. Random donor platelets were being prepared fron1|ess t han 6
percent of the whole blood units coIIected i-n 1971, as conpared to al nost

-+ 20 percent-in 1986m 0ThE RLDDPL6AI DA névﬂoeatsdwminmmoph wyges, wsed to

prepare platele ongepntrates in 1987 rOXI 70- 80 percent. .
Fut ure demands %rag g§ BETEAR® AV A ¥aﬁ?ﬁéﬁ?ﬁ'6d gﬁ%p‘?fﬁ g/‘T”l?ﬁi%éfcfdopresent
demand al ready cetisecxPBC) dumihgbthehsame peppdd wen&oﬂmoﬂ(ﬁxﬂa ties. There,
o ag0r oss valtiEioh  thubSed HELEIGh iniBs | BhiyCLSE dofond DO/ NEL19 2
bone marrow apl tBFEEAFRe a$ﬂ1‘"|’%|$9’@9r oPlétﬁl-%t%t"%iﬁnhﬁﬁém reranesk nore
aggressive use pioRl Bé8kethhhass éﬁd:@ﬂtpéf”thet@ﬁol@ebﬁod R s209r essi ve

20 chenot her a ro ransf usi on ¢f el et concentr at |s not
wi t hout risk foggtﬂﬁggeggiPeﬁgglfeﬁﬁlﬁ?ﬂﬁaﬁﬁ gc%i??%ﬁu? ¢ ReFHen S
t ransf usi on suppsso._CMheIproperEionanﬂ dbhatgdcwhamstbxuodrunﬁtmccur in

pati ents [ ecel \pda2Be pRGhFe BPatElbeSoROLARLEed! B Ity 1P 2PV,

Repeated pl atel e rapsy ons Trequen Bad To arl o mruni Zati on agai rnst
HLA- ant i geH@, agpppoxiggtely 70-80 percent. ‘Future demands may _
' ' exceed. the available blood supply, and, indeed, RNV

present demand already does exceed available blood -
supply in some localities. - -
There are several reasons for this accelerated

15 platelet use, including a more aggressxve use of
chemotherapy with resultant prolonged periods of bone

" marrow aplasia. The. availability of platelet
components and the more aggressive use of platelet
transfusion permit the use of these. aggressive

20 chemotherapy programs. :

The transfusion of platelet concentrate is not
without risk for those patients receiving both acute
" and chronic transfusion support. Chills, fever, and
allergicfreactions may occur in patients receiving

25 acute, as well as chronic,'platelet therapy. Repeated
platelet transfusions frequently lead to
alloimmunization against HLA-antigens, as well as
against platelet specific.antigens. This in turn

, decreases'responsiveness to platelet transfusion.

30 Leukocytes contaminating_platelet_concentrates,
‘including granulocytes and lymphocytes, are associated
with both febrile reactions and alloimmunization
leadihg to platelet transfusion refractoriness.
Another'life-th:eatehing phenomenon affecting heavily

35  immunosuppressed patients is "Graft versus host



agai nst platelet specific antigens. This in turn decreases respon5|veness
tp-platelet transfusion. 30 Leukocytes contam nating pl atel et
cbncentrates, including granul ocytes and | ynphocytes, are associated wth
bot h\f&brile reactions and al'l oi muni zation | eading to platelet transfusion
refractoriness. Another life- threatenlng phenormenon af fecting heavily 35
i munosuppressed patients is "Graft versus host -4- di sease" In this
clinical syndrone, donor |ynphocytes transfused with the platelet
prepar ati ons- can dimease"an iImnthdsoglinicatasyndnomgai denorhe host, i.e.
the transfusion rgﬁdgwo%yﬁes%&anaewea Leq! ehe praBafay &5aratiitidier

potentjal consequ [ atelet transfusion Is n n1SS|on of
bacterial, viral Sahdawnchsian dnpapelegical jreagticn agaipsy We

sugggsts th?t | eykaryt w@&&aheduehahefeéigeeﬁentwitns deﬁéwgfﬁcame
I NCl dence O

0 _febrile react $€ E i refractorlnes
Leukocyt e- dep et &?"nﬁet%’cfrl?&?pon §ﬁoﬁ 131 ,EoRIETUERSY Thr
pot enti al roIe||phanhhatu;rhhsfpsiantialthertfhnsm1551ohosf hhc&e&zal,
Leukocyt e depl etig '}tacf Ry §Ia§55§£ggaiﬁgégg§°g§y?%ggsgém nish 15 . the

transm ssion of certai’n vir munodet i ci ency Syndrone

. (AIDS) and cyt onegal oWXAWiNGCRVE enpeaswaespse'sbaﬁt lenkoeytrzdepleksd ng
amounts of | euko ta%le% @o@k@htsseesnaéafeasereﬁarsﬂcbaeﬁa@ o

-differential, cent |fu | f. bl ood av varyi ng | eukocyte
cont ami nat i ¥ re@%ﬁﬁ} PRE BPGCB fﬁéaf?gﬁaﬁﬁﬂr %% force used.
\_ , Leukocyte-depleted blood components should also be

SN2 . evaluated for a potential role in reducing the

potential for Graft vs. host disease. Leukocyte
depletion of platelet preparations may also dimlnlsh
15 the transmission of certain viruses (e.g., Acquired
 Immunodeficiency Syndrome (AIDS) and cytomegalovirus
(cMV)) . : .
Platelet preparations contain varying amounts of
leukocytes. Platelet conqentrates prepared by the
20 differential centrifugation of blood components will
have varyingileukocyte contamination related to the
time of centrifugation and the G force used.
Leukocyte contamination is also influenced by the
_choioe of apheresis technique used to harvest the
component. While the dose of contaminating leukocytes :
necessary to cause a febrile reaction or elic1t
platelet refractoriness in repeated transfusion
- remains unknown, Stec et al. [Stec, N., Kickler, T S.,
Ness, P.M. and Braine, H.G., Effectlveness of
30 Leukocyte (WBC) Depleted Platelets in Preventing
Febrile Reactions in Multi-Transfused Oncology
Patients, American Association of Blood Banks, San
Francisco, (Abstract No. 598), November 3-7, 1986],
- -and Dan and Stewart (Dan, M.E., and Stewart, S.,
35 ' Prevention of Recurrent Febrile Transfusion Reactions



Leukocyte contam nation is also influenced by the choice of apheresis
t echnique used to harvest the 25 . conponent. \While the dose of

i cont ami nating | eukocytes necessary to cause a febrile reaction or elicit
platelet refractoriness in repeated transfusion remins unknown, Stec.ets
al. [Stec, N, Kickler, T.S., Ness, P.M and Braine, H G, Effectlveness of
30 Leukocyte (WBC) Depleted PIateIets in Preventing Febrlle Reactions in
Mul ti-Transfused Oncol ogy Patients, Anerican Association of Blood Banks, -

* San Franci sco, Oadsky aetukhdcytEQQbarl\lvlaﬁbeatBCBncéﬂBﬁ&teﬁnﬁrébalredldbﬁt ewart -

Dan, ME., and GrIA a5 rr ile
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Bl ood Banks, Samerg@gqscgbvgﬁgggrgay “@9???7$av5bdéﬁ@§£ rpated 1O84¢ have

dennnstrateg Ieukoc te rermxc cl enci es 81 to 85% are
0

sufficient cyte FﬁBPHéﬁchS #SBFiPE PEBLi BABED Pt el et
transfusions. Suffidienthes redace thadinciaereetos faslﬁﬂé on I n

|1 | e f | f: 10
Conam pat o SFeRltBrd 8thahpiat: SEaaRiethnnr . heuStel SRR hai Don i1
conventi onal pl xesent pﬁupéeatrepertsagneduati9nainaalrnimmunizatimn]. The . -
exi sting studi egngl gﬁra%%% g&!QHEEBr%gESaﬁ/% febdPs| 08 {Sbeyeguct ! on of

| eukocyt e contanlna I Qn re recen uggest that

a three | 0d9(99cent “PGSPnléé F9§°9993rr36&§t|oﬁhﬁohﬁﬁﬁbe°§lgnlflcantly

more benefici al 1ebkoeyte! coneanifatiéf in conventional platelet - S
preparations is generally at a level 21 x 108. The v’

.existing studies, : therefore, suggest at least a two
-log (99%) reduction of leukocyte contamination is
15 required. More recent studies suggest that a three
log (99.9%) or four log (99.99%) reduction would be
significantly more beneficial. Aan additional desired
criterion is to restrict platelet loss to about 15% or .
less of the nati?e-platelet concentrate.-
20 Centrifugal methods are available which reduce
 the number of leukocytes which contaminate platelet
preparations. These methods have often proved
unsatisfactory because they result in an unacceptable
| platelet loss. Centrifugation, in conjunction with
25 the use of specially constructed pooling bags, reduces
- the concentration of leukocytes by approximately a
single log. However, this technique is expénsive and
labor intensive.

o

- The use of laboratory filters to remove
30 contaminating leukocytes from platelet preparations
has, in some instances, yielded 2 log leukocyte
- removal efficiencies with platelet recoveries
averaging 90%; however, in most studies employing
laboratpry'filters, unacceptably high platelet losses
35 have been reported. The experience with the use of



criterion is to restrlct platelet | oss to about 15% or |ess of the native
platelet concenirate. 20 - Centrifugal nethods are avail abl e which
rdduce the number of Ieukocytes whi'ch contam nate pl atel et preparations.
Thesé.wet hods have often proved unsatisfactory because they result in an
unacceptabl e platelet |loss. Centrifugation, in conjunction with 25 t he
use of specially constructed pooling bags, reduces the concentration of

| eukocyt es by approxinately a single | og. However, this technique is

edpensi ve' and | abqrgpias V?llIQEsUES BE QEQV?EQEE Eh'b§é§a£9t58H2V8f30

cont am nati ng Ieukoc fes plat el et aratfons SONE | NSt ances,
yiel ded 2 |og IeuRG@&P&YFGﬁoV&F ghevni & €|B§°ﬁF§HrBFaF9I€9 ieeeos;ﬁﬁent '

averagi ng 90%. hoygy@heirn Gﬁsbrﬁmdees pﬁ?’ca&rngthabaéat 8tythékéers,
unaccept ably hi gh platele

i n re g $ peri ence
with the use of 69 1F§ﬁo#5t8?§°Fl PE?ES BedEB eFEsﬁﬁgfe Bt TR7B ﬁﬁéatlons of
| eykocyt es ha$ shshelifhd ifeofeduacanit bf conventibmallyncohiected

per formance. Furt her, use sged c a n Y
results in reducegﬁgte%gﬁf Pgé?%ggagﬁneyé ?aggﬁséngﬁé%gl§fgéblﬁ f?

pl at el et ST Becaus®repared néénqeauGhedevnces auﬁungtpreganmanésﬂngosuch
devices are not r geeiedadelor bedside use. 10 Characteristics Desirable-
in a Leukocyte Depl etion Device: The ideal device for the depletion of

| eukocytes from pl at el et preparatlons shoul d be readily
: 10 . Characteristics Desirable in a Leukocyte Depletion -
— . Device: - |
A . _
The ideal device for the depletion of leukocytes
from platelet preparations should be readily
15 available, inexpensive,-designed for use at bedside,
and capable of delivering the platelet components to
the patient within 30 seconds of the‘initiation of
. the transfusion of the platelet preparation. The:
leukocyte content of the’ platelet- preparatlon should
20 - be reduced by the device by at least 99% or to a- total-_
no greater than 5 x 10 leukocytes per administration
and preferably by 99.9% or more to a level less than 5
% 105'1eukocytes per administration. After infusion
. into a patient, platelet function should be only
- 25 minimally affected, and platelet survival time within
the new host should be close to normal. Further, |
because of the high cost and'the_increaSed demand for
platelet preparations,.as well as the clinical need to
deliver a maximum_£herapeutic dose, this ideal device
30 should deliver the highest possible proportion of the
: platelets originally present in the bag. . Such a
device is an object of this invention. o
Devices which have previously been used in
attempts to meet this objective have been based on the
35 use of packed fibers and have generally been'referred |

A
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15 avai |l abl e, inexpensive, designed for use at bedside, and capable of
delivering the platelet conponents to the patient within 30 seconds of the
initiation of the transfusion of the platelet preparat|on The | eukocyte
content of the platelet preparation should 20 be .reduced by the deV|&e/by
t least 99% or to a total no greater than 5 x 10 I|eukocytes per :

adm nistration and preferably by 99.9% or nore to a |level less than 5 x
[err] | eukocytes per administration. After infusion into a patient,

pl atel et funct'ee aBoukch pergnly 25 aegw% «#ytﬁiéeﬂxféht P e' et

survival time within the new host shou ose to nornm ?ur
because of the HPEHSCog?Pﬁﬂﬁl?ﬂed?ﬁé?ﬁaseﬁeﬁﬁmﬁh fcwaiﬁﬁﬂkﬂ '

preparations, asfigtér®s ahe@ TEibtesladserbée igté Weged Maxi num t her apeut ic |
dose, this i deal gEVI e 30, .should deliver the hi ghest possi bl'e proportion

~of the plateletén FFS ﬂ%???b tsent in the bag. Such a device is an object
of this invBntion. Devices-which have previously been used in attenpts to

neet this- 0bJeC§b¥SvQ%¥ oPe§£a§3i§9§°“ ‘the 35 use of packed fibers and
~have generally fo as "filters". In-describing this

|nvent|on the terns "depletion devi ce", "el enent”, "assenbly", "filter",

and "filter-adsorber wtewesdaretﬁéeaaﬂaesbfar Eeﬁftf%ie Platel ets:
Pl atel ets are notori ou

tendency of i afSPEEcien nteffetfing' Hiclrenienra Sﬁ?%é#%ef o any non-

suspended in blood plasma to adhere to any non- _
" physiological surface to which’ they are exposed. ot
Under many circumstances, they also adhere strongly to ‘SJ
- each other. ' '
Platelets are also sens;tive to a variety of
l5 environmental stimuli, one of which is exposure to
~  cold. Whereas in blood banking practice other blood
= components are stored at 6 ©c or less in order to
extend their useful life, platelets are best preserved
at normal indocr ambient temperature, e. g., 20° to

20 22%. At this temperature, their nominal useful life
in U.s. practice is § days, although many physicians
prefer to use them within 2 or 3 days of collection.

Whereas the number of red cell concentrate units
normally infused into a patient is one per '\J

25 'administration, the common practice with respect to

i platelet concentrate is to transfuse a pool of six to
. ten units of platelets per administration, containing
a total of about 300 to 700 ml of platelet
concentrate. s . :

30 " Based on- 1987 U S. prices, in U S. dollars, a 1%
improvement 1n.p1ate1et.recovery translates into value
gained well in excess of about four dollars. In non-
monetary terms, high efficiency of recovery is

" important because platelet concentrate is often in

35 short supply.



physi ol ogi-cal surface to which they are exposed. Under many circunstances,
they:al so adhere strongly to each other. Platelets are also sensitive to a
vdriety of 15 environnental stimuli, one of which is exposure to cold.
Wher'eas in bl ood banking.practice other bl ood conponents are stored at 6 C
or I'ess in order to extend their useful life, platelets are best preserved
at normal indoor anbient tenperature, e.g.,f[err] to 20 22C. At this.
tenperature, their nomnal useful life in US. practice is 5 days, although
mdny physi ci ans pref er Ahoob§ecthem oft bhis2 invedtdaps isf acheukotyba. '
Wher eas t he nunbe o s 6QN t n a.
patient is one ﬁe%&e%ﬁggngﬁ#éggaﬁﬁg%ﬁatﬁggchﬁggggingk%¥ibﬂe QF%g%gct to
- platel et concentr&?@oﬁero transfuse a pool of six to ten units of

pl'atel ets per admini stkabboarycaat snatage%st atagl paf aabauseiig)oaffezeaam of
pl atel et concentrate Based on 19 S. prices, in dol | ars,
a,1% i nprovengnt iR ﬁPXFEPétw?gﬁovery transl ates into val ue galned well in
excess of about fqa) dFheapiatébetsnmaypadhatrg ter the bugbaecésiefency of

recovery s inportant ggﬁggﬁg?g%agglghecggﬁﬁgg&ggedkéagg%gﬁehgggégtIO Prf

supply. -8- An obj ecCtl hI's ravention

~devi ce having the hi ghtbe gevicsal depends| on ﬁeé&vetionF930&ds9rptiphaﬁ%lets' 

nay be adversely affecheglecnhRisfiV b2 réRbval of leukocytes, the filter

. _ 10 - . internal surface area (e.g., the surface area of
U ' the fibers in a fibrous filter, or fiber surface
N area) will be substantial, of the order of one or

more square meters, and adhesion of platelets to
_ the fiber surfaces'tende to cause'suhstantial,
15 and often near complete, removal of platelets.
(b) Platelet concent:ate present within the Ieukocyte
" depletion device'at.the completion of the _
transfusion will be iost. For this reason, the
internal volume of the device should be as small
20 - as is consisfent with obtaining the desired
degree of leukocyte depletion.
(c) The internal volume of ancillary parts of the
| apparatus, including the tubing and drip chamber
should also be as small as poss;ble.

The leukocyte depletion device of this inventlon-
directly and effectively minimizes platelet loss due
to the above listed causes.:

30 Viability of Platelets After Leukocyte Depletion: .

In any system which depends upon. filtration. to
remove leukocytes, there will be ‘substantial contact -
between platelets and the filter internal surfaces.

35 The filter must be such that the platelets are not

-9-.



(a) The platelets may adhere to the surfaces of conponents of the l'eukocyte
depletion device. If the device depends on filtration or -adsorption as a
nmechani sm for renoval of |eukocytes, the filter 10 i nternal surface
‘area (€.g., the surface.area of the fibers ina fibrous filter, or fikgy
surface area) will be substantial, of the order of one or nore square
meters, and adhesion of platelets to the fiber surfaces tends to cause . .
substantlal 15 - .- and often near conplete, renoval of platelets. (b)

- Plat Iel tet confcetetﬁree{se e&eﬁcw&a fwl s |d%lﬂt%®tt tehqbwneta %1@;@\# 48 f‘t thle
conpletion o e transfusio . 'For i s reason e.interna
vol ume of the ad‘e\ﬂbéécg:ﬁ(ylﬂ (?tget\%és sfﬂiﬁ as is consistent with

obt ai ning the desired degree of .| eukocyte depletion. (c) The internal

vol unme of anc?ihgﬁﬁ ggrts of the -apparatus, including the tubing and drip”
chanber shoul as smal |l as possible. 25 The | eukocyte depletion:

.device of & his invention d|rectly and effectively mnimzes platelet |oss

due to the above | iagt b ﬁqm WAk Hl@b@fiﬂa'c@r@éﬁts Alded Leukocyte
Depl etion: In systen1 I ch ends upon |tration to renove :
| eukotytes, t {}\ﬂ?srt ziﬂto tel ﬂ%%ﬁﬁ@eﬁ%%laseﬂ'@tand t he

filter inter ndnlgvuraf aeefge Fropdifteidn Idfethe Jeukdocytes ipralsente ipl at el et s
B enot o or RRHRRIYR M Bhid My $IUe onta Tk Fib i, S
10 fibrin strands, tiny fat’ globules, ‘some red cells, and _

'_other components normally present in small Ny
proportions. = T S : ' o/

' During the centrlfuglng process which -
concentrates the platelets and partially separates
15 them from the remalnlng components, there is a -

' tendency for mlcroaggregates to_form. These
microaggregates may comprise some platelets together
with leukocytes, red cells, fibrin, and other
_components. ' Gels, which may be formed by fibrinogen

20 - and/or f£ibrin, are present in a signlficant proportion
of platelet concentrate prepared: using U.s. approved
blood banking methods. o -

Platelet concentrate (PC) is stored with
continuous gentle mixing at about.20-22 c, for use

25 within a period of 5 days. M1x1ng prevents B
'agglomeratlon, encourages gas exchange (thereby
'controliing PH), and bathes the proauct in needed
nutrients. Nevertheless, the number and size of
microaggregates increase w1th time. Further, gel—llke

30 bodies may be formed, which may comprise flbrznogen,
degenerated_proteln, and degenerated nucleio_acids.

If the leukocyte depletion device comprises a
'porous structure, microaggregates and gels tend to .
collect on or within the pores, causing blockage which

35 inhibits flow. Normally, transfusions-use—graVity,
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Capacity: 5 As separated from whol e blood in current blood banking

~practice, platelet concentrate contains not only a large proportion of the
J edkocytes present in the native blood, but it may al so contain fibrinogen,
10 fibrin strands, tiny fat globules, some red cells, and other

Co nents normally present in small proportions. During the centrifuging
process which concentrates ‘the platelets and partially separates 15 t hem
fromthe remaining conponents, there is a-- tendency for mcrogggregates to

form These mcrQ e ¥reOgRANS&bSALED Pl dtee| et RfE™hertSui t h
i-eukocytes, red 88??256?% flolHYred

rirn, and other_c ' : | #he EBKbaRbE be
formed by fibrindpéuceoflowngrep Fhgr Fﬁ?raggpgggs%%m%??a st qni ficant
proportion of pl %ﬁb@hlcagqgahr tbethecpatddntsi nEoX) Bhig xf Bt ood
~ hanki ng nethods. “Platel et _congentiate.( L QE€fic ot ha coeparafien gent | e
- m xing at about_F@IFéFpﬁ?rﬁgrlﬁggrgéit'ﬁﬁéﬁ?ﬁtgi eriod of 5 days. M Xing
prevents agglgoneigeiviiee, isndhsr agsdstancexRafd@IBLREr eby control ling pH),

and bat hes the produc eié}u%%e%%déﬂ&'rdrﬁi&ﬁl Nadehigblysvariabl@unber and

size of mcroaggregates tncrease wth tinme. Furth abikRc@Oof &Odies
may be forned, woanbimatiemmf $299%% ,lé&égg\’gr gt | protein, and

degenerated nucl g | dSe1 11 ed M [th&k ot ofigilsexrodegdoncdSconprises a
por ous structure%%rsgér}{oa glrleleeg'[ es_angd, gel val &2 undesdEablewithin th
| | q diesdrablewi t hi n t he .
pores, causing b|b¢a@@fv€%{ﬁ SHhes apﬁrﬁ%%i?%tﬁ%w. Nor rmal ansf usi ons
| . a hovel
use gravity,;g 10components from platelet concentrate, an ANST US |
o inventive approaches have been :equired to design a_
\ﬁ;/“ | - filter which'efficiently retains leukocytes, allows 2
- high percentage of the platelets to pass, and will
'réliably pass up to ten units of plateletS-WLthout
15 dloéging; The development of such a dev1ce_i§ an

objective of this in\(e,ntio_n.
Ease and Rapi dity ‘of Priming:

20 | Ease of use is'an impbrtagt charaqteristic_of any
leukocyte aepietion'system; As noted abovg, for
leukocyte depletion devices, ease of priming i? a“
particularly_impoftant factor. The term "prim;ng
refers to start-up of flow of platelet concentrate 

25 from the bag through the filter to the patient. A
‘short priming period is always desirable_t? conserv?

. nurse/technician time. An objectivg of this invention
is to keep that time to below about 10 to 20 secondg
when primed by gravity.. -

30 - o - .

Preconditioning of Leukocyte Depletion Devices Pr}or

to Primingf '

A number of devices in current use require
35 pretreatment pr'io_r:_' to passing PC, usually conSLStin.g_.

- 11 -



~ devel oping no more than about 0.1 to 0.14 kg/cmto induce flow from the -,
storage bag through the | eukocyte renoval device to the patient. For this

{reason, a particularly inportant characteristic of a separation 5 device

is its resistance to clogging. Because of the unusual and highly varlade
conbi nati on of clogging factors, the experience of a person skilled in the
art of filter design is inadequate when applied to renoval of undesirable
10 conponents from pl atel-et concentrate, and novel, inventive approaches
, have been required to desggn a,filter which efficient! refains | eukocytes,

“allows a high pRf cRABSLRI h¥ﬁ§°f59‘5f€?%t§aijd‘$as§°m%\ E\Which a3yl pass
up to ten unitsdeiiperedl tbosthet patiedt's vélmgi Mhe réwesisitgl cﬂuent of

briming: oo ¢ | Sulh SRLERREXEISh 18 SpRHRP LAy G ONNTE R el -
| eukocyt e depl exéasongsseth out abovd. alithe, rea:sonetmlcwsimﬁmh on :
devices, eag;e r“ér@ﬁi-&kﬁﬁehﬁsav?f?t Fouk o€§ ¥ate 3 UiV £L L SF -aciie term ‘

"primng" refers to start-u t concentrate 25 _fromthe
bag t hrough théhY¢¥?%Ys?Betﬂﬁvﬁ§PPEﬁtd“r¥P%rﬁFQan§ nilizatien iaf al ways

desirable to coaéemesnubﬁeéiﬁihgl aemlumse adtaty eﬁhdﬁs,ofasdm&nwent i on
Is to keep that ow ahout, 10 t ds mh prined.b
gravity. 30 Pr e%gngffﬁgmnngrﬂ' Egﬁﬁfﬂ?t% eﬁ% rﬁse&t ?15'
~ Priming: A nunbnatntaﬁeﬂibe:synandrpsemenﬁipnenﬁuhemdmys1sweimsaunbnt pLi or
to pa55|nglg{:' &ai£¥e§9§€&58k”9ea blood cells with subsequent loss
of their contents to the external milieu) if the . S
fibers are hygroscopic. ‘When synthetic fibers are et
used, passing saline as a first step helps to ease
_ problems due to the poor wettability of ‘synthetic
15 fibers, which can result in.portions of the fibrous
medium remaining_unwetted during the leukocyte
depletion process. 1If significant portions of the
‘medium remain unWetted;7pressure'drOp is higher and
less fiber surface is available for removal of
20 leukocytes, hence lower efficiency is obtained.
The subject invention provides for a leukocyte
depletion device which requires no preconditioning _
prior to bedside use.

25 Wetting of Fibrous Media:

When a liquid is'brought intofcontact’with the
upStream surface of a porous medium and a small
pressure differential is applied, flow into and
30 through the pofous medium may or may'not occur. A
condition in which no flow occurs is that in-which the
ligquid does not wet the material of which the porous T
structure is made. | '
A series of liquids can be prepared each with a
35 surface tension of about 3 dynes/cm higher compared



of passing physi ol ogi cal saline, some of which may be delivered to-the
patient's vein. The necessity for such an operation is clearly very
Lw$e5|rable for the reasons set out above. The reasons for using such 5
pretﬁeatnents vary. -They include renoval .of acid hydrol ysate devel oped
during steamsterilization of devices containing cellulose acetate fibers,
assurance of freedomfromforeign solids which may be present in natura
fibers, and prevention of hemolysis (loss of 10 the integrity of red

bliood ceIIs W th §gQﬁeqﬁgnbngo ggdghslr K08+ téhéﬁehgg gﬁgﬁlbgilieu)

if the fibers are hygroscopic.  \Wien synthetic ers are passi ng
saline as a firstP4RESAnORDS. P@r@&§esBFSBF@n%n%uﬁbﬁQFYﬂ% R ode ety

of ,synthetic 15 whehné&,iwh&ehabearbaaUhﬁi¢n1p06f | wifetigért e feﬁaxwg :
medi um r emai ni ng unvv% ted dl%l‘l ng :-,3' eukoc¥| @gig [}Poces ' -
significant porti8fs BHELRE U PEnﬁFﬁmB et ? ﬁ#@@% ot op |s hi gher .
and | ess fibeb suckitdcad sutthebltehsione plobfl20dynesitmsyand, hence
| over efficiency hﬁuggbﬁ'ﬁ%%ﬁnIQio%”b&SCBot E%Eé&"b FQViﬂﬁﬁiéobléh

| eukocyt e_depl etion res no.preconditio prior to
bedsi de use. 25 suﬁfapﬁgtsnSﬁpnrsusawauuﬁhanmb& Aynesy (e | saﬁrought into .

contact with the gggt&gg@lsuhgﬁcgpgﬁygngogggsdf@pltg& skgla @/essure .

di ff tial | il t di
SRRl 't LA g TRl M 0O (R o el

liquid does aot weiltee eheetiakwettingi &b 6beepmm®uﬁontaLdrupeofsliqmﬁd
\4- _ w1th a surface tension. of 26 dynes/cm, but the porous
N~ surface remains unwetted when a drop of liquid with a
| surface tension of 29 ‘dynes/cm is applied. Wetting by
the lower surface tension liquid is spontaneous on

15  contact - no pressure, vacuum or other manipulation is’
' required. o | '
Similar behavior is observed fo: porous media
‘made using other synthetic resins, with the wet-unwet
values dependent principally on the surface
20 characteristics of the material from which the potous .
' medium is made, and secondarily, on the pore size
characteristics of the porous medium. For example,
fibrous polyester (specifically polybutylene
' terephthalate, hereinafter "PBT") sheets which have
25 pore diameters less than about twenty micrometers will
' be wetted by a liquid with a surface tension of 50
‘dynes/cm, but they will not be wetted by a liquid with
a surface tension of 54 dynes/cm. This may be
contrasted with the critical surface tension (CST) of
30 solid PBT, which is about 44 dynes/cm.
_ : ' In order to characterize this behavior of porous
i: media, the tefm "critical wetting surface tension"
(CWST) has been defined as described below. The CWST
of ‘a porous medium may_be'determined by individually
35 applying to its surface a series of liquids with

"
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A series of liquids can be prepared, each with a 35 surface tension of
.about 3 dynes/cm higher conpared - 12 -  with the one preceding. A drop
fof* each may then be placed on a porous surface and observed to determine-
whet her it is absorbed quickly or whether it remains on the surface. FolJ/
exanple, solid PTFE has a 5 critical surface tension [err] of 18 - -
dynes/cm and, thus by definition, is not wetted by a liquid with surface
tension greater than 18-dynes/cm By contrast, when applying the drop

h | 0
echnt aue 10,2 Supedber QR PhnboyRurL R0y o4 el 4 SR s e
tensi on of 26 d9h§9mwgbﬁbethbsmummfm-aMQmm t&a!:h/\,hen a drop
of liquid with 8igUiRACeThENEWET 9f £ POVEES/ kddidm 2PN iBthta I ing by the |

| ower surface t nS|on ||q¥|d I.S, spont aneous on 15 " contact - no pressure,

vacuum or ot her YRRELERat sndefined as the Mean yalus Lf Fhe SWHaS ed for
porous nedi 8 natdensibngodt bre Bi/djﬁithEJ.cﬂeSiélSabsbtﬁed hend\vethatn\ut aval ues

oo’ he bERbY RRDETPRECHARE Slhea b XaRkR S da. W Lrre”
characteri sti csabsorhedpormsnem (khe Fexamples|af thérts preEiceding
(specifically PLYRHEALRES £RECERSPH dfe, m%séjéeéi@é (P s Shelsy whi ch

have 25 pore s [ess out n1cro be wetted
by a liquid w. tﬁYae%FPaceI?eﬁB? oFhrface tgnrion n‘EﬁEVQJheEF N [odot be -

wetted by poli ahthsibek! NforsexdmsPe 24 Judindrit didle Y& Madthias HRY be
whether the porous medium may be closer to the lower i
or higher value, and on that bas;s, as an example, 27 N
_or 28 might be assigned to PTFE..
In measuring CWST, a series of-standard liquids a
15 for testing_are prepared with surface tensions varylng
in a sequential manner by about 2 to about 4 dynes/cm.
Ten drops each 3 to 5 mm in diameter of each of at
‘least two of the sequent1a1 surface tension standard -

s

_ liquids are placed on.representative portions of the
20 ' porous medium and allowed to stand for 10 minutes.
Observation is made after 10 to 11 minutes. "Wetting®
is defined as absorptibn into or wetting of the porous
-medium by'at least nine of the ten drops within 10
minutes. Non-wetting is defined by non-wetting or N
25 = non-absorption of two or more drops within ten '
minutes. Testing is continued using 1iquids of
success1ve1y higher or lower surface tension, until a
pair has been identlf;ed, one wettlng.and one non-
wetting, which are the most closely spaced in surface
30 tension. The CWST is then within that range and, for
convenience, the average of the two surface tensions
may be used as a single number to specify the CWST.
'When the two test fluids differ by three dynes, a
judgment may be made as to how close the.specimen'is
35 . to one or the_other; and_an'inteQral'number-is
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contrasted with the critical surface tension (CST) of 30 solid PBT, which
IS a@out 44 dynes/cn1 In order to.characterize this behavior of porous
,sthe term "critical. wetting surface tension" (CWST) has been defined
as d 'ri bed bel ow. The GWST of a porous nedi um nay be determined by
i ndi vi dually 35 applylng toits surface a series of liquids with - 13 -
surface tensions varylng by 2 to 4 dynes/cm and then observing the _
absorption or non- absorption of each liquid. The CWST of a porous nedi um
id units of dynes/gggigﬁédkgddﬁxh iye mean val ue of the surface 5

tension of the liquid |ch |s SO and that of a |qU|d of nelghborlng'
surface tension which i %cﬁ’t?é’a'({ ﬁp a5t the two

precedi ng paragr a;ﬁansidm cEAAB‘Bes prepanedsda'cta e nietdy of amdeZ hbwewRr,m

If the surface tengiquk i Vi ' éHE r%#ﬂgx ,§§$ j
j udgnent may be nmade as‘?%ﬁah her e po ous nmne IUﬁ]ﬁé%%De C g%%%ﬁi?%ﬁua

| omer or highd& vaereimmexss t hat baS| s, as an exanple, 27 or 28 m ght be
assigned to PTFE. In nmeasuring CWBT, a series of standard |iquids 15 for
testing are prepare th surface tensions varywrﬁkfn a s?ﬂyentlal manner
by about 2 to abo@ﬂﬂ%m drops each PYkfage fensifaneter of
each of at least two of ‘the sequential surface tensigyned/andard [iquids are

pl aced on- represergoqii‘_g @Q{ 4)&%% q]‘ m porou5£d| #;Tr?and allowed to

stand for 10 m nutes i|on i's nade after 10 t tes. "Wetting"
i s defined ad®bs&adiciom ighleonide\din wakest the por o meddum by at - Ieast

n\/e of the ten digRsiuM titrak® in water - 75 - 87
A . Pure water . S 72.4
o | Acetic acid in water = 38 - 69
Ethanol in water : 22 ~ 35
15

As no stable solutions with CWST >115 dynes/cm at
ambient temperature were found, media with CWST >115
were arbitrarily assigned a CWST. value of 116
dynes/cm, and it should be remembered that media with
20 this rating hay have higher actual CWST values.

Wett o _Fibrous Media _Platele ncentrate:

In PC the cells aré suspended in blood plasma,
25 which has a surface tension of 73 dynes/cm. Hence, if
PC is placed in contact with a porous medium,
spontaneous wetting will occur if the porous medium
has a CWST of 73 dynes/cm or higher. '

30 The benefits conferred by preconditioning fibers
to CWST values higher'than 73 dynes/cm include:
(a) The time to achieve priming is reduced.
(b) Synthetlc fiber media whose CWST values have been
- elevated by grafting have superior fiber-to-fiber
35 bonding and are, for this reason, preferred for

(.9




-mnutes. Non-wetting is defined by non-wetting or 25 non- absor pti on of *
two or nore drops within ten mnutes. Testing is continued using |iquids of
sucgessi vely higher or lower surface tension, until a pair has been . 4
identified, one wetting and one non--wetting, whi ch are the nost closelfy /"
spaced in surface 30 tension. The CWST i's then within that range and,

for conveni-ence, the average of the two surface tensions may.be used as a
si ngl e nunber to specify the CWST. When the two test fluids differ by three

(/e he ahor"and aneR: S e Rl Rl " GRERATSR 4R 4 i, "

Appropri ate solutlonan@mtimuuylng 'surface tension can be prepared in a
vari ety of ways ¢} cflfge }p&yﬁﬁ)%p e product
descri bed 5 ?glﬁﬁ églutlon(g f &éniﬁﬂuace Tensi on,
"dyes/cn1Sod|un1hydrd%$¥ﬁ¢¢¢#uwﬂﬁ§er priming has beer completad:iand chi ori de

in water s %Plow Wt wlmﬁdd.atmldéﬁﬂﬁntal effect 75 - 87 Pure
wat er ted 7.2.4 Aceti acld { 38
- 69 Ethanol in wat e?ss°°1a ed with non-w RS ﬁ’d“%e[té:tﬂde sol uti ons

with CWST >115 dynespcntmnsardreen'tot av[air]ahlre teerrerovend eukediytes ,t h C\ST
>L15 wer e arbitrari|yn Aosliatdt WY VAP e BfE HNGRY Br Yhdvarsnou! ¢
e renenbered t hat
. of leukocytes by adsorption is reduced, pressure '
10 drop ‘is increased with conseqnent diminution of _
" flow, and clogging may occur. . o )
'(d) Devices made using unmodified synthetlc fibers Nfi
~ are recommended to be flushed with saline or .
other physiological fluid prior to use. This
- 15  operation is'undssirablé_since it causes loss of
' PC due to hold-up within the more complex tubing
arrangement requlred adds to cost "adds to
operation tlme and operation complex1ty, and
_ increases the probability that sterility may be
20 lost. ' |

: In acéordaﬁoe with'the-sﬁbject'invéntion, a

device and method for depleting the leukocyte content

of a platelet concentrate is provided. : ;J
25 ~ The subject invention provides a device for the

_depletion of the leukocyte content of a platelet

concentrate comprising a porous, fibrous medium having

a CWST of at_least about 90 dynes/cnm, preferably_of at

least about 95 dynes/cm. The fibers of the medium may
30 be modified so as to present hydroxyl groups when

immersed in an aqueous fluid. These fibers may be

modified by exposure to an energy source while in’ .

contact with a'monomer'comprising a polymerizable .

group (e.g., an acrylic or methacrylic moiety) and a
35 hydroxyl-containing group (e.g.; hydroxyethyl). The
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20 - this rating may have hi gher actual CWST val ues. Wetting of Fibrous
‘Media by Platelet Concentrate: In PCthe cells are suspended in bl ood

pl asmes, 25 which has a surface tension of 73 dynes/cm Hence, if PCis
pl ackd/in contact with a porous medium spontaneous wetting will occur .if
t he. porous nedi um has a CWST of 73 dynes/cm or higher. 30 The
benefits conferred by preconditioning fibers to CAST val ues hi gher than 73

dynes/cm incl ude: gchnomdie darbed hydrbxPehi ﬁb'&ﬁab&y‘lﬁ‘é‘é@ed (b) Synthetic-

fi ber media whose CWBT vaIu have ,been el evat ed ave _superi or
fiber-to-fiber 35 (ﬁﬁﬁj EM%TW%Q§1°PoPa¥hPSgP m%FgP@r 52

15 - ufse ihn malemigsr ave m‘mrmbdﬁlfawtts predent h&rﬂxowy\lelgtmps (c) A
portion of the por | ym ¢ ' e f S been
corrpl eted and. 5 @&gsee;%@ Wﬁfﬁiécfé[@ ecyi'%kg g’[fr grr%(ralt aPl %}1 I]'gssom at ed
Wi th non-wetti%hg igraumt tmﬂ/v@tetmqo@rtm@rig groupodngiuding satrbomﬂmve

| gukocytes, in CONgROUGHER Do MENE ndd utl Cahl SQCiﬁonif&%EDW eSkfpoEE%OCyt es

" by adsorptlon is reduced, pressure 10 drop is increaSed W

consequent d|rnruanﬂFRﬂthﬂﬂﬁrQ%%}%9“0&@Pﬁ@t4395059uP mP&PmeﬁeV|ces nmade

‘using unnodi fied %ﬁﬁt’!ﬁtﬂﬁng Iabq;roiyafeexrzammadag e.ge,f anshaegydichogal i ne

or oL her Prvst o ol L BIQDCS A kaedTapontatntg, Kb, °
conpl'ex tubi o ar rsmgermtmemémnnydd,c addd.t oThesffibettdsmay be modified
s _ with a mixture of monomers comprising methacrylic acid
K{’ B - and hydroxyethyl methacrylate in which the
~ ' acid/acrylate_monomer weight ratio in the modifying
mixture can be between .01:1 to 0.5:1, and the
15 acid/acrylate monomer weight ratio can preferably be
. between .05:1 and 0.35:1. The modification may be
carried out using a grafting solution containing 2 to
10% by weight of tertiary butyl alcohol, preferably 4
_ to 5% by weight of tertiary butyl alcohol. Also, the
20 modification can be carried out using a grafting
' 'solution containing sufficient water soluble alcohol,
or alcohol-ether to reduce its surface tension to less
than about 40 dynes/cm. The alcohol-ether employed
_ ~_ may be diethylene glycol monobutyl ether or ethylene
L 25 glycol monobutyl ether. _ :
| ' The concentration of hydroxyethyl methacrylate in
the modifying mixture may exceed 0.1%, preferably
exceeding 0.2% by weight. The concentration of
hydroxyethyl methaCrY1ate in the modifying mixture may
' 30 be within the range of frg&qo.z to 0.7% by weight.
.The subject invehtio}x"ﬁ;rther_' provideg for a
fdevice for the depletion of the leukocyte content'of a

% S platelet concentrate in which at least one element of
the porous medium may be preformed prior to assembly
. 35 into ‘a housing, wherein the preformed element may
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operation tinme and operation cohprexity,.and i ncreases the probability that

sterility may be 20 ~lost. In accordance with the subject invention,
a- device and nmethod for depleting the | eukocyte content of a platelet
concentrate i$ provided. .25 ' The subject invention provides a dewge

for ‘the depletion of the | eukocyte content of a platelet concentrate
conprising a porous, fibrous nedlun1haV|ng a CWST of at |east about 90
dynes/cm prefemh:lgn@‘e drgandet fibews 3esdythancabodbesdi bers of the

medi um nay 30 d resent hydroxyl groups when i mer sed
AicrOURresE B giimblo?

I n an aqueous f I ese be nmodi fi ed by exposure to an energy
source while in contabe wiubtj ea tngnyewrt iconpeiys adg§oa ppovider azdevacgr fop

(e.g., an acryl kpd el %Ey¥kctﬂg'gﬁﬁk039ée céﬁtenEyQEOéY§ésea&atn'ng
group (e.qg. roxye h e roxyet hyl
met hacryl at &. TﬁéﬂﬁﬁﬂﬂaﬂF% FPBPrisingnd BPEOURavEibBeansnmedbums which have

been” modi fi ed teharreae;n&nbygb%yalafneuaist Gﬁe{:ﬁérph%:ég ar! eﬁaeﬁeawﬁiaer of a,
second anionic 5 gro g ﬁgcon %onlc The

fibers of the me B o9 ex pHERF X BRGE  SHOFFTORT S APPBE
conditions to asnunmuemomQMEasnlngre pnbﬁaeabkgbéﬂcgéaﬂng(ebgut ansacryllc

ethacryli o aci BctrbkBly, *e6 SRk & A EhRIrRhGET o8 BronCyTR B8 L o
conpr|3|nglﬁethécﬂypr@m&GﬁﬁsandFny&hQXyeth9lbuﬁkhdsnsitYeOfnthhlch t he
acid/acrylate mpaeiem #WayoBe 185s0thin! BS3804LANELC. |
_ The subject invention may furthei providée a device et
for the depietion of. the leukocyte content of a et
_ platélet'concentrate'for use with a pooled lot of six
15 to ten units of platelet concentrate, each of 56 to 70
ml in volume and in which the effective flow area
exceeds 40 square centimeters. -The[effectivé flow
area of this device can further exceed Sbfsquare
centimeters, preferably exceeding 60 square

(1)

20 centimeters. _ _

The subject invention may also provide a device for
the depletion of_the-leukocyté content of a platelet
concentrate.for'uSé with a single unit of 50 to 70 ml-
of platelet concentrate, in which the effective flow

25  area exceeds about 6 square centimeters. | ' U

The subject invention may also provide a device for
the depletion ofr;helieukocyte content of a platelet
concentrate ébmprising a porous, fibrous medium in
which the medium is an element and the device further

30 comprises a housing designed to accept the element
(the element may be in the form of a right circular
disc) and in which the external dimensions of the
element are larger in lateral dimension than the ' s
matching housing internal lateral dimensions.

4

35 .~ The subject invention may also proVidé a device for
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n1xture can be betmeen 01 1to 0.5: 1 and the 15 aci d/ acryl ate nononer
wei ght .ratio can preferably be betmeen .05:1 and 0.35:1. The nodification -
may be*carrled out using a grafting sol uti on containing 2 to 10% by wei ght
of tek;!ary butyl al cohol, preferably 4 to 5% by weight of tertiary butyl

al cohol! Al'so, the 20 modi fication can be carried out using a grafting .
solutlon contai ning sufficient water soluble al cohol, or alcohol-ether to
reduce its. surfacethendiepletdoncos thanlebbucyﬂe dqméeﬁtnmeheplatelet

al cohol - et her erpl e4sd ok ae AoSEMbaRG ! YSpbusPrel s chlgTaR! ! Yl ene

25 glyecol nonobut ether. The. oncen acrylate
i'n the nodifying n¥ tlﬁhetﬁﬁypé’%@é‘édmsdlw baeﬂ@e%mre&ewngoofmm

weight. The COWeB&é@bﬂﬁdOElQﬁ@hQXth Byht 81 lea ryéfé ediiknéf@r rgﬂiéf/l )

m xture may 30 be w thin th ran of from gdé%t 7% .b The
subj ect inventPon 3FEFERAY; REP Br Pﬂé“?ora YQ#?%ft ER?Qm'of
the | eukocyte conteEEmehtahpBabebatshapeenbtasfzedlbyncﬁmpweésiﬁﬁ mea

el ement of. the por g§ gﬁgdugk %, be preformed prior to assenbly 35 into a
housi ng, wherein t e preror ive elenent may - 17 . conprise-organic fibers
| ess than about 30 m crBaetsubi¢ct dinvantekon May alfeardvidenta crevime faw

provide a devi ce fehe! BRpiaRiel a7 Ehe! DEukSUEEYSnERN St STpmaelnierel S

concentrate conpri si ng a por ous, brous erelnt aneters
of the pores &P t hS°ﬁE&FGFP€§c8@BPEB§M‘93a PR¥ MR FibronerRedibimy hatingii ng

about ' 3.4 micronet ar ewsTobg Ateleasdk! ¥beut essli dghed)n th &hich the span
AP . . between the upper and lower Yaluesﬂused to define CWST
S’f 'is about 5 or fewer dynes/cm. The FSA of the fibrous
medium may be at least 2.5 Kz, preferably éreater than
15 3.0 M2, and more preferably greater than 3.8 M2, e.g.,
in the range from 2.5 to 4.0 M2, preferably in the
range of from 3.3 to 4.0 M2, _
The subject invention may also prov1de for a device .
for the depletion of the leukocyte content of a
20 platelet concentrate comprising a porous medium having
| a CWST of at least about 90 dynes/cm and pore _
diameters'in the range of from 3.8 to 6 micrometers.
The sﬁbject .invention may'also provide for a device
for the depletlon of the leukocyte content of platelet
( : 25 concentrate comprlsing a modified, porous, fibrous
medium having a CWST of at least about 95 dynes/cm, a
pore diameter in the range of from 3.8 to 6
micrometers, and a bulk density of less than 0.36
g:ams/cc,'the fibers of this medium comprising
30 . polybutylene terephthalate and haVing diameters of
' less than 30 micrometers, the medium having an
effective flow area in excess of 40 square centimeters
e | and the modification of the medium having been
| | effected by the use of a mixture of methacrylic acid
35 and hydroxyethyl methacrylate in which the o

L Y]
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“m croneters, for exanple, in the range of from3.8 to 10 6 nicroneters
Further, the bulk density of the nmediummy be |ess than 0.36 grans/cc. The -
siubj ect invention may further provide a device for the depletion of the _
Ieukocyte content of a platelet concentrate for use with a pool ed-l ot Q(‘J
six 15 to ten units of platelet concentrate, each of 50 to 70 ml in ™
vol une aradiidy aghiyckatene monogetri veefgbiy alraala;@xafsedbehwesl,’fuarQSCbnttcmet ers.
The effeqfie f|ow area of this device can further-exceed 50 square

centinmeters, preeferably exceeding 60 square 20 centineters. The.subject.

i nventi on may & oSPPERFHe IAVERRIOR fRY  AdSAeRrOVide A Fﬁ@hﬁglﬁﬁ&te-
c?ntfent laﬂ‘hea paapréeioﬁonw%ﬂtéﬁ fﬁéukf&f&y‘ﬂethdmﬂﬂdiﬂize 3l tpDétéﬂe{f.g 70" m
of platelet co trate, in which the.effe area exceeds -
Shout "6 SARFRPCEART repmer1sihs paRBiRsl bR RARFRLSE SMTRFEEEE Gevi co-
for the diptetghorany aficthe devices ciesenibed abgvatel et concentrate
conmprising a pﬂf]&%%&em%nmﬂw agh! £ e TRHoVIde 8" RLOREA! and

t he device fur rirses a- housi ng-desr to accept t | ement ~«
(the el et Fh¢ GePﬁthﬁnf Rin Shey FPBH?CEFPCLFF%‘Pt%FP%CPfarﬂlﬁ?\e%‘F ch the

ext er nal cHnBurs Qdse ofcoidp&@lmnbaaeenbarené lﬁla@él‘ée' ﬁbﬁ@é\%ﬂ:@é\té han the
I.n"ensi e.su ’

h I
Pﬁs/gn!t Pgrtliomlfygg?sén:)l%:?\%?d‘é o gég}"(‘fe If%Ymg taneéggﬁl e‘?? o ‘of lFﬁﬁkeg%%ocyt e

content dafymesfael et concentrate conprising.a porous, fibrous mediumin

“whi ch the porgyg, ”Eﬂbﬁ@btﬂaﬁxﬁ‘?&&%r?f RaPEL 1SR TPEN Fad" &' %é%de'f’&?”t of

control | ed pore di.ane
the depletion. .of the leukocyte content of platelet. o

concentrate compr1s1ng pa551ng -the platelet concentrate ’
through a porous medlum spontaneously wetted w1th a llquld '
of a surface tension of 90 dynes/cm. _ '

The subject:1nventlon may also provide a method for
the depletlon .of 'the"leukocyte' content of platelet
concentrate comprlslng pass1ng the platelet concentrate
through a- device c¢omprising a modified, porous, fibrous
medium hav1ng.a CWST of at least about 95 dynes/cm, a pore
diameter in the range of.from-3,8 to 6 micrometers, and a
bulk density of less than 0.36 grams/cc, the fibers of
said medium comprising- polybutylene terephthalate and
having diameters of'1ess'than-30-micrometers) the medium
having an effective flow area in excess of 40 square
centimeters and the modification of the medium having been
effected by the use of a mixture of methacrylic acid and
hydroxyethyl methacrylate in which the acid/acrylate
monomer weight ratio is between .05:1 and 0.35:1.

Also described is a method for
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5 assenbly into a housing, and in which the preformed el enent has been
shaped or sized by conpression in a softened state. The subject i nvention
may al so provide a device for the depletion of the |eukocyte content of a
pIatéLét 10 concentrate conprising a qrous, fibrous nmedi um havi ng a COWST -
of at.|east about 90 dynes/cn1|n whi ch Phe span between the upper and | ower
val ues used to define CWST is about 5 or fewer dynes/cm The FSA of the

fi'brous nede@erhmctaqwt é&ﬂé"ﬁoﬁlﬁid ethé. graraeft%@blpfr&é@@é etskBaAinlthe 3.0

[err], and refera gre ter era e from
boh 1o a0 PRrpRon debey ERrons LowRoerts, aheissdon LEptPgr; PRGN,

subj ect |nvenmpmnsm@/mdannqnngnthefquantﬂ&yloé hocmﬂuanﬂqﬂcumpmunﬁ ﬂﬁm

| eukocyt e t t C c n rou di-um
o g a ool otuddy EB1upBbR BySty S0TEaLoPhECBIP (1Y 16 1BeRALO BB
of from 3. 8fidreus crfdrié%rsusﬁﬁe 8aly| ebe | MpdRt | UFiRGy A sdigtanede ofor a
davice for mBaof@RsSt idie OBrt h@rbet&@cefﬁfcﬁoatf%tr c&r@é@ixﬁie&aaées the
concentrategggggr|5|n §$%%$ %0 8% §$%ﬁ§$%$ 4 r€$? nedi u avi.n yj of
at |least ab po n eq%ﬁﬁﬁP 0 6 -
m cr onet er shyﬂltdxglbwkoulpﬂsl tapdofohe@sort haord. %mmanptesentse afmlmns: of .
Ui e UTRGRRB ! g0 catiRXBL L AASAET SHRNLIER: TP dchgL R ot oo
excess of 4@Y§qdaﬁ-e§«ceﬁ@fﬁrﬁtléﬂ§ nd amd wbei fqlé%ﬂltthoK’ft h@yeedalwtion ng

been effect gdsBypele luéf o 9a 8% dyed € byt xa@éxh@cafl | & ¥aha? ofakblor.
h\groxyethyl nethacr e_i.n whic the -
_ his 1is e subject of U.X. Patent Application No. 9117038

~ whlch_has been divided ‘from the present application.
Signifiéant' and novel features in accordance with
this = invention which contribute to achieving___high
efficiency and capacity for leukocyte removal while
minimizing loss of plateiets include: '
' (a) Whereas previbusly - disclosed devices have used
" relatively small cross- sect1ona1 area perpendicular'
to the flow path, and are correspondingly greater
with respect to depth and hence’ ‘to the length of
their flow paths, the devices in accordance with this
_ ‘invention . are larger in cross-sectional area
NG - perpendicular to the flow path and Smalle: in depth,

with correspondingly shorter flow path. This
improvement in design contributes substantially to
increased filter life, and to prevention of clogging.

(b) In order to make the larger cross-sectional area

economical and practical to construct, the porous

- components of -the preferred devices in accordance

« with this invention are preformed prior to assembly

to closely controlled dimension and pore diameter to
form an integral self-contained

1}



aci d/ acryl ate nmononer wei ght ratio Is between .05:1 to'0.35:1. The

subj ect invention may al so provide a nethod for the depletion of the

il eukocyte content

platelet .concentrate through any of the devices described above.
subj ect invention may further provide.

| eukocyte co

pl atel et concentrate through - a porous nmedium having .a CWST of at

190 dynes/cm

ntent- o

The sub

depletion of the

conpri si ng.

passi ng

of platelet concentrate conprising- passing the

f .platel et concentrate conprising passing the

E hgventlon may al so provide a nmethod for the
ocyte content of -platelet concentrate .
the pl at el et: concentrate through a.porous nedi um

| east

The &_J

~a method for the depl eti on of t he’

Spgnta?eousgytwetted WﬂfhPﬁebbﬂhﬁégoélimiﬂéiaﬁethenﬁréésﬁfe99ndMH65/f”1 The
Su ec I nventi.on nma ,LOVI (0] e -
IeuLocyte cont ent gpi Slﬁggl ngﬁﬁcgﬁFFﬁtgg ghﬁr???ﬁﬁgnﬁﬁég ﬁﬁh IR

pl at el. et concentraténhbrenghinaadgackedcﬁmberssygtemnnﬂhﬁsedaklm@rous

fibrous nedi
in the range
0. 36 granms/c
t er epht hal at
having an

t he nodi fica

um havi n
of “fro
c, the

gg@égé\g-rggf ]_g&' §Bs§b8g%tg§%£j¥ %é%g}:ggep?éfedl amet er

mcr ers
EhselsrgsrserSSnsect&onebnpxee|hgukgeyyeutylene

ss than

e and. haébﬂgtﬁbﬂ”HEQﬁélemh&éspégéﬂbfg By ChPEBS B Png t hE nedlum_'
w are excesSs of 40 sguare, centlneters and
BaverdfnaRend g

effectiv
tion of

8PgRrh

of nmethacrgbic acid aedshyeqnaxebhﬂlusﬂnlhbegteet léukogdte hremdweal

aci d/ acryl at
described is
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and less hold-up of fluid when compared with

'dev1ces that use fibers or flbrous webs packed

(c)

into a hou51ng at . assembly. )
The preferred housing, 1nto whlch the element

~assembly is,sealed is uniqyely designed to

(@)

achieve convenience of use, rapid priming,oand'
efficient air ciearance, leading to reduction of
PC otherwise lost within,the'drip-chamber. .
The lateral dimensions'of:the_elements_are larger
than the corresponding inner dimensions of the

- housing into which they are assembled. For

example, if the elements are of disc form, the.
outside diameter of the element is made about 0.1

to 1% larger than the housing inside diameter.

This provides very effective sealing by an

"-1nterference fit with no loss of effective area

of the elements and contrlbutes further towards
minimization of the blood hold-up volume of the

- assembly. .

(e)

While treating the fllter surfaces to raise their
CWST to 73 dynes/cm to 90 dynes/cm is helpful
with respect to accomplishing rapid wettihg of
the filter and to efficient passage of the
platelet suspension, a filter treated to modify

- 22 -
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21 economically controllin ' ' '
e _ g the grafting process used i uct i
gff;bggg; | eukocyte depletion filter which conprises n;gshrfngr?ﬂgCtLontpf
ti ber l?ﬂlcfconpound i n an aqueous solution that is adsorbed b tﬂean '
nDEbﬁéks oﬁ ibrous filter ‘used may be nade using a nlxgure of
be convertedetOr more of which after grafting causes the fiber surfaces to
presents ani o _present principally hydroxyl groups, and one or more which
dye (e, Sa?nlc ‘groups. The cationic conpound enpl oyed may constitute a
assayedgby ne;ﬁglgf g&tQHQUEEQC?U&ﬁtBI¢WBW dpetbe| vang® @fisorbed may be
Application No. 9117038 awpgﬁ/%ﬁg een PCP n§§{Fgﬁ¥?gblﬂdsoﬁb 8. HigRat ent
appli cat i on. Signi 11 cpeopamt iom/eif fthw Blaselet t8.BBPRIRTC SHF PO LE "
“capacity for IeuESQ?V gﬂ@ghgbgﬁ'ﬁﬁﬁ”fiwﬂﬂi shirgacesf toi CWEF vadyes
“include: (a)s Wereasof p%\ﬁm/fm e hignayy belifekOpiatbiatal el ets

o Ces ave used
elatively small crosskRidRnals %amwdlenmmdmpmnﬁhéeﬁr‘b‘\ﬁegat h, and

are - correspondi ngly great.er

I e e a

acraggt hI gw; ;hel r fiow pRRayid Q%é‘lfé\/{'be%‘fcérf&ag’c‘%r gﬁ%ge%&milt&e&?ﬁlen&?rﬁﬁtsl on
, ger I n crmmtomrﬁltelarwmrﬁﬁém 35'6‘ 3"* | ow pat h

and smal I'er i.n depth, mnth
Thi-s i nprovenent p, N Cé)f ﬁ%s arid) Merah‘llyovin qgazetss -

con bstant i
life, andtqmreventloﬁfcﬁscﬂwi@ pys ] % & fllter
- cross-sectional area eg r%péﬁg*xftm¢£%i§ lar‘g‘gﬁﬁj '
ganponents of the preferregt : 3

or ef ormed prior to asm|9m ! Cféhé?,agﬁoigéf'&&&"'éf‘ pdedvéry erdten are
together with high efficxency of leukocyte '
. removal, is obtained.
15 (f) The high CWST values referred to in the preceding
- '_paragraph have been accomplished by chemically
- attaching to the fiber surfaces a high number of
hydroxyl groups per unit of surface area.
_ surfaces so modified can be expected to have
20 Irelatively ‘low negative zeta potential when
immersed in water in which the pH is in the
normal range of a platelet suspension, i.e., 7 to
7.2. Such surfaces absorb leukocytes - '
_ efficiently and pass a high proportion of the
-\f’ . 25 platelets, but are not optimal for permitting
| . . free passage of platelets.
(g) Compared with using hydroxyl modification only, a
significant 1mprovement in performance is
- achieved by combining with the hydroxyl groups a
30 proportion of carboxyl groups, both chemically
| _attached to the fiber surfaces. The observed
improvement in performance may reflect the
~ .development on the fiber surfaces of an increased
negative zeta potential at pH of 7 to 7.2. The
35 product so modified has high leukocyte removal -

"
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~to .closely controlled dinension and pore dianmeter to forman integral

sel f - cont ai ned el'ement. Preform ng elimnates the pressure on the inlet
‘and outl et faces of the container which are 5 “inherent in a packed
fiber system thus making devices of |arge cross-sectional area practical
The larger cross-sectional area |eukocyte depletion devices nade possi bl'e
by prefornming have longer life in service, coupled with at 10 .. | east
equal and usually better |eukocyte renoval efficiency, equal or better

ipl atel et recovery, aﬁfxlcasmdml cdouplefl fithd velrgn highp platelieth devi ces
that use fibers or fj bs packed into a housing at assenbly. 15 (c)-
The preferred housin I'nt @ ‘which the el ement assenbly is sealed, is

uni quel y desi gridd 't munber: of CAXDRXYLogrodps Py anid lﬁfnguréﬂﬁe

efficient air cl earm d;ﬂﬂﬂr‘lgtbohheéuﬁh' QRpRrtRAtOdIFttS ¥l ¢hle W thi n o’
the drip chanber 20 %3 ons of Jhe elenents are:

The l.atera | me _
| arger thar the corﬁgﬂﬁﬁﬁﬁ gPﬁ§n§Po *ng o whi ch
they are assenbl ed. eﬂ%ybﬁnﬁunﬁeflebteﬂhinethﬁenhmb&meoEf pliateletsm -t he

out si de di aneter of 5 | ar ger
“than the housing |n'>xt E:Gov}r%?érlé} Lrj"? 235?2 kgg"\%&% agf Taeglra\?gléé ?ng by
an interference fit hhqlnumbqro@sesbn&fﬁactheepAa¢gLamS:mgmaremonts and -
contributes furtherfgygyg#idg ni KsZghb ¢h- ?H@u&h@p% A@lgdgyp volunme of the

A

30 : assenbl y.
10 platelet recovery peaks at the’ optimum
proportion of methacrylic acid (MAA). As will be d
demonstrated herein, the number of carboxyl -’

groups per unit of fiber surface is, over the
range of interest of this invention, close to
15 : proportlonal to the amount of MAA in the
' monomeric grafting solution. . _

. As is evident to those skilled in the art,
while adeguate control to obtain product at or
near the peak of Figures 5 and 8 can be obtained

20 '~ by carefully controlling all the relevant factors
' including monomer%purity,uthe_type and the
quantity of inhibitor in the monomers, monomer
-age, precise metering of-the.components; use of
_ very pure water as diluent, oxygen content of the
25 grafting solution, the quantity of monomer S
solution to which each elenent of flbrous web is
exposed, and the condltlons of exposure to
radiation such as radiation level and radiation
_ time, it is hithY'desirable'that means be
30 - ‘available for applying a test to verify that the
product indeed has-the optimum surface content of
carboxyl groups. This is especially the case '
when it is necessary to change operating mode, .
_for example, due to the use of different type or
35 : scale of apparatus, and is also very helpful in v



(e) Wile treating the filter surfaces to raise their CWST to 73 dynes/cm
to 90 dynes/cmis helpful with respect to-acconplishing rapid wetting of

the filter .and to efficient passage of the 35 - platelet suspension, a .

fllteijtreated to nmodify - 22 - its surface to a CAST in the range of 73
dynes/cmup to 90 dynes/cmwill adsorb a high proportion of the platelets
passing through it. By nodifying the filter surfaces to CWST val ues 5

of 90 dynes/cm or higher, better platelet recovery is achieved. An

IPp?r}ant fegture pLoEgg&dta?hlng qaam&dgneenﬂtgh HﬁringnesﬂtiﬁEEdS thgluse
0] ilter media wt [ val ues 1-n_excess y r rably

I n excess 10 of §§d8§ﬁé§FCn1W1 ﬁﬁsBﬁFgegPeEﬁ gg%ﬁ htih é%

fiber surfaces nmodi-f i-edst ghdwStest Bendbaepepﬁormedobyhaghelatrvelymrease

f f f
obtained. 15 (1) TnonRrRiE} pepanf ihafiike] paflEE thin BT MArs

par agr aph havé been ac@EnﬁP|§ﬁ¥§ b}téhgﬁiﬁali§ inexeased.to the flber

surfaces a high nunber of hndae&rbmaheuea asé ﬂébbvéryséffﬁmétéﬁéﬁs
Surfaces.so nodified c

agﬁﬁe ex & ﬂ tively | ow
negative zeta potentia®*&nT ﬁﬁgﬁggd £H RHYBFS ﬁaﬂhleﬂ Fﬂ%‘iﬁf %?|q§ﬁqua
normal range of a pl at aseta tespensHowevere. thist bs7a2lefythy sand amesstIabsor b

| eukocytes efficient |y p8eashoBalkdh PAPEAILOPeBE tB%pPAvide
pl atel et s, but_are not R
_ 10 . iable data, an average of at least about five
o o '  and preferably ten tests nust be performed, with
N - : each test requiring as much as a ‘full-man day to
perform, and with'eaéh test consumihg large
.'quantltles of expensive platelets. .
15 The discovery of the dye adsorption assay
{DAA) test, which can be performed qulckly while
producing reliable results, is an important
aspect of this 1nvention.

20 As the term “leukocyte removal efficiency" will
be used very frequently hereinafter, it will be
shortened to "removal efficiency" or to “"efficiency",
and these three terms will be used 1nterchangeab1y.
Similarly, "platelet recovery" and “recovery" 'will be

~ 25 ‘used 1nterchangeab1y hereinafter.

Figure 1 is a cross-sectional view of an
exemplary deplet1on device embodying the present
invention. :

30 Flgure.z is an elevation view of the inside

surface of the inlet section of the depletion device
shown in Figure 1. '
. Figure 3 is an elevation view of the inside
surface of the outlet section of the depletlon device
35 shown in Figure 1.
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‘free passage of platelets. (g) Conpared:-w th using hydroxyl nodification
only, a significant inprovenent in perfornance I s achieved by conbi ni ng
{with the hydroxyl groups a 30 - - proportion of carboxyl groups,. both
chenical ly attached to the fiber suifaces. .The observed inprovenent i N\
performance may reflect the devel opnent on the fiber surfaces of an :

I ncreased negative zeta potential at pHof 7 to 7.2. The 35 pr oduct
so nodified has high | eukocyte renmoval - 23 - . efficiency, coupled with
:very high platel et reigueey4 fb)a: (ﬂﬂ@smémrszaharmwf theisutdagt uni t of

surface area agg$§%f°£05H$w§ iﬁn #§§§gt nt effect on'the 5 adhesi on

of platelets to

sur 'S effect is reflected in the nunber of:

pl atel ets recovered Fhgure 5i flseil graphical asamrqsmammfoﬁ henunber .
present in the f&ﬁ@iéﬁ&lﬂp' Qétﬁ@eﬁ'tﬁé Pdr¥entdfe o' Pravdidigures 5 and

8, 10

met hacryl i S acikPERY@Fed

car boxyl

factors

pl at el et recove eaks at the o tlnun1 roportlon of -
ﬁ% Ba%%a%% ‘?93{) &zh of fh&\unber of

grOUpSpwfeﬁﬁea ﬁérfnl ber this f ineenitsiom)y eind hﬂaé aiofof Nt er est of *

this invention, o] n t.o fhe a t of MAAin the
nmonomeri c gr af t??\%h ‘E’F&?F‘Sna"ﬂg P%“%Wge{#‘ﬁoeﬁ%d’%é’s r@ﬁﬂi n the art,

whi | e adequat e mthaorylatebmanqmgroﬁlﬁﬂ\)atimr&aaagr&ﬂﬂqgeadohftﬂéxgur es 5
and 8 can be ohiaLgego Bur race nmblLEF Q4oL ANy ’\‘Eezaeﬂhéﬂa‘iiteé evant

10
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fibers used to make filter medium.

Figure 6 is a graphical representation of the .”%_)'
relatlonshlp hetween platelet recovery and the o/
percentage of HEMA in the grafting solution used, when |
the MAA:HEMA weight ratio is 0.19:1.

Flgure 7 is a graphical representatlon of the
' relationship between the volume of aqueous solution of

a dye, Safranine O, adsorbed from solution in water,
expressed as cubic centimeters of .012% solution per
‘gram of 2}5_um'average-diameter fiber, when passed at
0.38 cm per minute through a 0.7 cm high column of .
fibrous medium, the fibers of which have been
modified by radiation grafting in a base solution -
containinq 0.43% of HEMA together.with_varying
proportlons of MAA.

Flgure 8 is a graph1ca1 representation of the
‘relationship between the proportion of MaA in the
grafting solution relative to 0.43% of HEMA by weight,
and the average recovery of platelets When 6, 8, and
10 equivalent units of platelets were passed through a
filter in accordance with this invention.

Figure 9 is a graphical representation of the
relationship between the recovery'of platelets'when
platelet concentrate is passed through a filter in
accordance with this invention comprising fibers
radiation grafted in a solution containing 0.43% of
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including nonomer purity, the type and the quantity of inhibitor in the
mononer s, nononer- age, precise metering of the conmponents, use of very pure
wat er as diluent, oxygen content of the 25 ' grafting solution, the
quankity of nonomer solution to which each elenment of fibrous web is
exposédg and the conditions of exposure to radiation such as radiation

| evel and radiation tine, it is highly desirable that nmeans be 30 _
avai | abl e for appl¥uRong LE&s 0 ' t Lt u ' d.paset he
optinunlsurfaCe'cgﬁrgnP9o?sggpgo§¥§§§§§5pgi£Qh?§r?§R€s%%%#ggﬁsg?%eégase
when it is necessMPd.t @8n@hiRgeveptme: ofy -A3a%, SabraniaepPesolubion the use
of "different typepakséd prior teCablo2f b#BAREALYSgh8LpresabdOa¥eeypie! pf ul
in - 24 - mai nt ai Lng guallty %ﬁn%nol durin contlnuedﬁgrgductlon. Wth
respect to the | aFPBFIPEHEREAPESOIHtdONPET (GRaBOFc? f Br iR gdiyngter
relatively unskil féBeper wheni pagsedt at pDatBetmt pep minkiterthbough a 007 in

days, its value ig.i as ur, nt, of e, regovery platelets’
mﬁ?le'renoving Iegﬁog§§§sé§gﬁ?y§§§cggggg? Bgu%ge a %S?eggédkéﬁéger, this
is-a lengthy and pdstekeprvecovebyctess. for this test to provide 10 :
reliable data, an average of at |east about five and preferably ten tests
must be performed, with each test requiring as nmuch as a,f
perform and w t hi838RiRecEOFKHS8NR RESEUgLien  @f Je

platelets. 130 "Bemoval”gfhﬁedkaggfégzf9§mtEggﬂgzggdﬁéﬁgéﬁgﬁéﬂssay'

=Tan'¥iTah™els £ @

(o g oL el ) NP

_\ﬁ;/ . . A variety of starting materials other than fibers

' can-be considered; for example, porous media could be
cast from resin soiﬁtion_to make porous menmbranes or

15  sintered powder media could be used. However,
considerations of cost, convenience, flexibility, and
ease of fabrication and control point to fibers as a
preferred starting material.
' as discussed above, in order to achieve good

20 priming with the fibrous medium fully wetted, blood
component devices should be made of materials which
have CWST values in the range of about 90 dynes/cm or
higher. Practical considerétions dictate a preference

. , fof the use of commerciaily available resins. ;

“ 25 Synthetic resins from which fibers are prepared
commercially include polyvinylidene fluoride,
polyethylene, po;ypf§py1ene, cellulose acetate,
polyamides such as NYlon 6 and 66, polyeSters,
acrylics,'polyacrYlonitriles, and polyafamias. An

- 30 important characteristic of resins is their critical
- surface £ensiqn (Zisman, "Contact angles, wettability
~ and adhesion", Adv. Chem. Ser. 43, 1-51, 1964). The
ot . above listed resins have critical surface tensions
) , (X;) ranging from 27 to 45 dynes/cm. Experience has
= _ © 35 shown that the CWST of filters in the pore size needed

- 27 -



(DAA) test, whi
results, i's an

"| eukocyte renoval efficiency" will be used very frequently hereinafter,

ch can be performed quickly while producing reliable
| nportant aspect of this invention. 20 - . As the term

will be shortened to "renoval ~efficiency" or to "efficiency", and thesé

three terns w |
and "recovery"
cross-secti onal
iinvention. 30

the inlet secti
el evati on vi ew.

| be used interchangeably. Similarly, "platelet recovery'

it

will be 25 used. i nterchangeably hereinafter. Figure 1 is a
vi ew of an exenpl ary depl etion device enbodyi ng the present

for thE' ﬁt'é&u@ts So£Ne1el £ VATV it i i w@;ﬁs&g@ gy face
oof

on - depl etion de%*ce hown, i.n Fiqure re 31is

Be gﬁﬁslﬁg? cakent Q. dynesien higher &han, depl et i

device 35 ° shoamamplé&igfor 0.2- uﬁ@ore dfamer4 s a cross-sectional vi

ot et o BRSOt L EF ot A4 e

repr esent ation

recovered a¥t erwhideagert ar BRYHEbrous aratyf

i nvention, and

nethacrylate nononer g
t he ponbuternEYPEPS pens

rafti sol uti1on u to surface nodi

bee !‘Bichtf AfRr matdlomIata A ¥ebred um

ASfand €FSTodm 62:this
élig iﬁvegtgéaﬂfdﬁafé\}(nd% %éﬁﬂ?[@fﬁ 1Ta(p_,1|;ydroxyet hyl

of
an
on
ew,

fy

Figure 6 is a gpepéi emherrésssaﬁumtwmi&rdﬂaéﬁ a(tumr;si)iaﬂ etowsan pl at eI et .
recovery and thﬁigher than about 52 dynes/cm. '

10

'; Natural fibers smaller than about 15pm in
diameter are not generally commercially available.
Synthetic webs which are less than 3 km in fiber
diameter made by the melt blowing process have been

| available for about 15 years, and compared with

15

20

25

30

natural fibers, such fibers require one fifth or less
the mass to prOVide equal fiber surface area for

'adsorption of leukocytes, and in addition occupy less

volume when used to fabricate filters of a given pore
size. For this reason, "natural fibers are not well

: suited for manufacturing leukocyte removal devices

with optimally low ‘hold-up volume. For example, a
commercially available packed cotton fiber device
which has been tested for leukocyte depletion has a
hold-up volume of over 75 ml, which is more than twice
the volume of the preferred adult device described in
this application. Furthermore, this device requires .
saline to be passed before and after the platelet
concentrate has been passed ‘and it is not suitable
for bedside use, and platelet recovery is only about

50%. Additionally, blood so processed nust be used .

within 24 hours.
The art of surface grafting has been the subject
of extensive research for 25 years or more. Numerous

publications in the scientific'literature and a large

35

number of patents describe a variety of methods and
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percentage of HEMA in the grafting sol ution used, when the MAA: HEMA MEIght
ratio is 0.19:1. 15 Figure 7 is a graphlcal representation of the
rélationship between the vol une of aqueous solution of a dye, Safranine O,
‘adsokpéd from solution in water, expressed as cubic centinmeters of .012%
solution per gramof 2.5 [err]_average di aneter fiber, when passed at 20
0.38 cmper mnute through a 0.7 cm high colum of fibrous nedium the

fi bers .of which have been nodified by radiation grafting in a base solution

‘cont ai ni ng o.43%)pEoHEuAreegfbbeacubhbiaehihggsntﬁaeetheasfméakﬁén Bg

Fi 8 i f.lh hi p._bet t
broportion of MAATES, ReafBar s BRG” ShP Beshod,  Phith 8818 SaRIAE,
wei ght, and the aedr agaomersyeaghotoppaieings anhethglesicaox acryhmcvalent
uni ts of platelet godeeg eagaeﬂekhageah 2sd8ond’ Lirbp WHigACEAARES W LD

this-invention. Figure-9 i cal represe e relationship
bet ween t he récovéﬁ}eSFeEISPeVéF¥ fren BYQF@PBﬂléﬁnéengratEC?QHpaQEed

through a filter honacearﬁyaeepnbbhctheSgLovanheen moaﬁbuﬁlaﬁ éabﬁfataé
radi ation grafte ,Q solublon cga &b 'ﬁ 0. 43%;& 5. 284 ngg

wei ght toget her 1P§r§Pﬁ BPopbte SHy) . \ARS BRS tH§ doinnthes 012%)

. Saf rani ne O sol ut parocesssed @gewvelopingothisbiazkhbiongh Beatgsyed andcubi ¢
centimeters of SOb%L%Q“rQSEtQEﬁ”LR£ﬁ3i§6k§rﬁLtﬂbégEESﬁuﬁe u%é?ei when

passed at 0.38 cm ute g Bers equal
to those used%in énéFAF§PePnﬂe§90E ¢tecthe reaction. However, the

- ~ionizing radiation (X:ray) from %%co has been
K/ "selected as most convenient and has been used in this
- invention to modify the CWST of fibrous mats. By cut
and try selection, mixtures of monomers or. single
15 monomers can be found which will produce a fibrous mat
" of polybutylene terephthalate in which the CWST has
been increased from 52 to any desired value up to as
high as is. possible to be measured by the method
_ described.above. The upper 1init is set by the |
20 paucity of liquids with surface tensions at room
temperature higher than about 115 dynes/cm.
' During the development of this invention, devices
were prepared using media in which grafting was
_ accomplished by compounds containing an ethylenically
25 unsaturated group such as an acrylic moiety combined
with a hydroxyl group; for example, hydroxyethyl
methacrylate (HEMA). Use of HEMA as the sole monomer
prOduces very high CWST fibrous PBT media. '
Incorporation of methacrylic acid (MAA) into the
30 monomer solution causes the zeta'potential to the
'grafted porous medium to become more negative.
A feature provided for in accordance with this
" invention is the use of the monomers specified above,
or of their analogues with similar characteristics, to _
35 - modify the surface characteristics of polyester or

- 29 -



. Material for Use in Construction of Devices for 10 - Renpbval of Leukocytes
fromPlatel et Concentrate: A variety of starting materials other than

‘fibers can be considered; for exanple, porous nedia could be cast from

resin solution to nake porous nenbranes or 15 sintered powder nedia cuu#d

- be used. However, considerations of cost, convenience, flexibility, and
ease of fabrlcatlon and control point to flbers as a preferred starting

material. As discussed above, in order to achieve good 20 primng with

t he fibrous nedpuherubrgamECt@dbehsomd oudpnntotidﬁluensestheiﬂ be made of

mat erial s whi chy I (o) 9 or

hi gher . Practlcgﬁxel g%ét#§§§h ? PgagggFg e?gn%édfg?g¥ﬁ§§é§%1of

commercial |y av&PPEBP@eﬂeénn§1°QQ 915§nﬂhet|c resins fromwhich fibers are -

prepared conmmerci al | !t' ﬂ&suﬁéeﬁobl%e.@%ibddEHStf saﬁé' efafepﬁg%éubﬂéfs

pol ypropyl epe, cell ul ggeta ﬁ 8 gankses such E? t 66

pol yesters, acr §F; cem bBF erg| 8hi pPRPRE anﬂhﬁﬁlﬁﬁ?ﬁ ?@ 3

i nport ant charafubroasycporoussstsucturhslascdeScrﬁbedLuénern;ehehsme-
1551 Toeay . o pageRELy EhbR bEhEYR 0 R  PERRERe ef e BB Coe orry
rangi ng from 27betwasndphesnpper ERQelDUﬁtthbBeQSWhlshommstmsedth@ CWST of -
filters in the gageng éﬁs@eed@ms <P ah canf'%r%h?r&ﬁoﬂlﬁéstﬂan Pig

i nvention ian be. exgecte | ess than ab 10 dyn ééfn1h|gher than'

For exanpl f ofSoM cPe??]ZBOPE ﬂ?ﬁﬁe@iPeﬁéF?tetvgﬁmLEﬁ [err]

18 and CWBT is média £8r use in the test program conducted in ad
connection-with_thiswinvention, wc_have preferred to N

use media having a span between the upper and lower
‘values of about 5 or fewer dynes/cm. . This choice

15 .reflects the greater. precision with which the CWST can -

| be controlled ‘when narrower spans are .selected, albeit -
media with. w1der spans may also be used. The use of
the narrower span 1s preferred 1n order to improve
product performance and quality control.

20 _ Liquids with surface tensions lower than the CWST
of the porous medium will spontaneously wet the medium
on contact, and if the medium has through pores, will
flow through it readily. Liquids with surface
tensions higher than the CWST of the porous medium

25 will not flow at all at low differential pressures,
but will do so if the pressure is raised sufficiently.
If the numeric value of-the-surfacestension of the
liquid is only slightly above the numeric value of the
CWST, the required pressure will be small.

30 Conversely, if'the differential is high the pressure
requlred to induce flow. will be higher.

It has been d1scovered that, when a liquid is
forced under pressure to pass through a fibrous mat
which has a CWST lower than the liquid's surface

35 tension, flow tends to occur in a non-uniform fashion
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5 while for a PBT fibrous mat [err] Is 45 and CWBT is 52. Qur
i nvestigation found no comercially available synthetic fiber which, after
fdrmation into a web of pore size less than 20 microneters [err], had a
CMBT\QVgher t han about 52 dynes/cm 10 ‘Natural fibers snaller than
about 15 [err] in dianeter are not general |y comercially avail abl e.
Synthetic webs which are less than 3 [err] in fiber dianmeter nade by the
ne]t bl owi ng process have been avail able for about 15 years, and conpared -
wi'th 15  natural sichetsatssohef abess ds'ﬁqtlhé emaperémdinm dxy) esthideigmss to

d | f f 2
QQSY{,gneggiupy'Fﬁégﬁfg|ﬁﬁ§e§§§%b%§; (ﬁéﬁﬁéégég 4 éigﬁggQﬁd%i q%@ﬂ pore
‘size. For this réixsh, hecawse \flibbrehbym of| the(Poraens metlivmwr
manuf acturi ng Ie Qﬁ(iet goffowdﬂecﬁ?eé‘sﬁ.@e@réﬂqéﬁhiﬁ&f;m& rVé" ure.

.For exanple, a rcra aval | abl e” packed cott’on Vi ce I'th has
been tested f¥r I%%Rbé??ec ggwqonsmn%' RAGRUSL At b he IR0 (PASSeF |

\é\hl ch i) stDret}1 haehi—mlx §R ?ﬁly &hpoyeimﬁopftﬁ@eaﬂﬁfﬁwcan tagfeim Ice

escribed in this | catio e evice re |res saline to
be passed before %ﬂggﬁ??é?gtﬂ%epPE?%QE{fg%%d%% HEEﬂ and it
i s not suitabl e fbecaesei delyse, partioh £ e rtathergurﬁamlgrmout 30 '

50% Addi ti onal | O@i& ﬂ EP&&&Sﬁé@ %%f & HeEthtidd'ig ese% OI‘

art of surface gr trng ct of: extensrv
years or norko I\Bﬁel%‘alsménbﬁc&%r‘éﬁ%dr$P¥h"'eh%"ermqs% anderag B e and a

large 35 - numberr@iupe| epeakeeges PensvaR it vedd ptiwinend - 28 -

Solutions to the Problems of Poor Wetting of Synthetic
Fibers: | | ' |

15 '

Fiber surface characterlstlcs can be modifled by
a number of methods, for example, by chemical reaction
1nclud1ng wet or dry oxidation, by coating the surface
or depositing a polymer thereon, and by grafting

20 reactions which are actlvated by exposure to an energy

- source such as heat, a Van der Graff generator,
ultraviolet light, or to various other forms of
‘radiation, among which X;radiation is particulariy

~ useful. : . -

25 As an example of these various methods, synthetic
organic fibers may be coated by polymers which contaln :
at or near to one end a reactive (e.qg., epoxlde)
moiety and at the other end a ‘hydrophilic group.

While the above methods and_others known to those
30 familiar with surface modification art can be used, o
radiation grafting, when carried out under appropriate
conditions, has the advantage that considerable
flexibility is available in the kinds of surfaces that
can be modified, in the wide range of reactants
35 available for modification, and in the systems
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procedures for acconplishing surface nodification by this neans. One such
nmet hod, which enploys a variety of nononers each conprising an ethylenic or
acrylic noiety together with a second group which can be 5 selected to vary .
from hydrophilic (e.g., -COOH  or -OH to hydrophobic (e.g., a met-hyl - ge@up
or saturated chains such as [err]), has been used in the process of -

devel oping this invention. "Heat, UV, and other reaction energizing nmethods

can be used to Iy t h 0 ver the
o o g rad ot AdR i 36F AR ACAERNG! £nklEefTEb SPeacthUEY

conveni ent ‘and n&gqagemces@dtmntmnu§ubneehtionenb1qnd| yradéacwen of
fibrous mats. @&a&%ﬁn@nﬁagrbéﬂﬂ Q%Ehgﬁd thbﬂégéséfofnﬁﬂaﬁéﬁlgit§'ES'e 15

nonomers can be found which w |l produce a,fibrous . RO ene
terepht hal ate | RPEHRROS §W€t9ﬁ§?°h§§gﬂeéﬁ FhEF%H%eﬂeﬁ%BnVSE S%§Ey°ﬁﬁ§|red
val ue up tosas hm@hraagesoﬁoiwﬂdrestoiheaeeaﬁaaﬂdebwlthetnE§hod descri bed
above. The upp t.by _the 20 - paucity of liquids with surface |
t ensi ons at roo ﬁ%@? Vigﬁpbﬁér t han -about 115 dynes/cm During the
devel opnment of BMldymns¢EMIeng abovegsupete plspdyndsﬂsnngrnhdghern whi ch
grafting was ac Q@ngg d aip n 1y 25

unsat ur at ed groﬁ%ggkﬁ§qggt%%aacr E? §t§B?& é%tféﬁﬁig %Sgroxyl group,
for exanpl e, hy@ﬂ@ﬁ@@ﬁh?ﬁtﬁﬁFﬁé@rfﬁaﬂevelENFQd LB@ addifimnashave sol e
nononer prqgucegm wehlﬁhh@@@EnfbetﬁéénF?ﬂbé?Qlﬁhehnﬁgéaoiﬂt'0“ of

met hacrylic acid |nt 30 nmononer -sol ution causes . the zeta
potential to th?rgikA F&ﬁg ffedi um t o become nore negative. A feature w
provided for in accordance with this invention is.the use of t he nDnonerQ‘)
specified above

election of Flber Dlameter o se in Leukocyte
De letlon Devices: '

15 .

Adsérption of leukecytee on fiber surfaces is
'geherally accepted as the mechahism of leukocyte
removal. since_the sﬁtface area of a given weight of

_ fibers is inversely propbrtional'to the diameter of
20 the fibers, it is obv1ous to a ‘person familiar with
the art that flner fibers will have hlgher capacity
and that the quantlty as measured by weight of fibers
necessary to achieve a des1red efflciency w1ll be less
if the fibers used are smaller in diameter. "
25 , For this reason, the trend has been to use finer o/
fibers for leukocyte depletion. Hlstorlcally, as the '
technology required to produce smaller ‘diameter
fibrous webs has advanced, they have soon thereafter
been packed into housings and used for leukocyte
30 : depletlon, as well as for a wide variety of other
- purposes, such as 1ndustr1al filtration. The
.performance of all.of these“prev1ously made devices is
inferior'to.that of the products in accordance with
this invention.. | o :
35
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or of their anal ogues wi-th simlar characteristics, to 35 nodi fy the
surf.ace characteristics of polyester or - 29 - ot her organic fibers |n
ogder to.influence their behavior when contacted by platelets and '
Ieuhggytes suspended in bl ood plasma. It has been observed that sone
grafting nmononmers 5 or conbi nations of nononers, when used to treat the
fi brous, porous structures as described herein, behave differently from

ot hers Wi th respect to the span betmeen t he upper and | ower val ues which
are used to defi nge s8] S £ DEUR JepletiBanpdvieet? as
much as 20 or nore dynes/cm  VWen considering nedia tor use In the test
program conducted in connection with this invention, we have preferred to

' uze nmedi a having a spam ﬁﬁmhufwotfunnqqnmyznsbd(ﬁﬂherwaldasluﬁiabout 5 or

féwer dynes/cm T t r i gWhi ch
t he CWBT can be £6§g¥fé%§# 1%ﬁ%%€r Sasﬁ)égtﬁas&?ﬁ g'tc%él ? g ihgﬂ \é’lbgrred ia -
with wider spling beyradiatien graftinghe agdhay tﬁ@é’m&ﬂﬁmtespan i s :

pfeferred in Ordefeéi)sté%@V@o Flié?fivéiiatpﬁ{rf Py a%@.@t‘ibﬁ' mtythentrol . 20
Li quids with surface ten5|ég$ mer than the of porous . nmedi umw | |

spont aneous! y wetl€¥el Eﬁﬂflqn4li§%ﬁ9§|GnFFS?cFHFﬁugh
-pores, will flowwhewughich dﬁiﬁhéb&e donhmekS\Mdﬂ1rEabtace tensi ons hi gher

t-han the CWST of the o] di,u L a
~differential pr essr:;lehggé H&ﬁﬁ oﬂnﬁ’f rbg gi:;% ur Eﬁhlligli’?eg\g
sufficiently30If & LR rpes ofSynthetid ersnyade t he I|qU|d is
?\ly sllghtly abqﬂ@hyeﬁtiﬁﬁﬁi'ébiﬁﬂéfhtﬁe§€¥%sion and drawing are not :

Y _ ' currently available smaller than about 6 micrometers

- in diameter.
Melt blowing, in which molten“polymer is
15 attenuated into fibers by a high velocity stream of
gas and collected as a non-woven web and which was
first disclosed in the 1950's and reported to make
fibers as small as one micrometer in diameter, came
into production in the 1960's and 1970's and has been
20 gradually extended over the years with respect to the
lower limit of fiber diameter with which coherent webs
could be made. Within recent years, webs with fiber
diameters as small as about 1.5*to about 2 micrometers
have been achieved. Even smaller diameter fibers can
- be made, but these are dlfficult to collect as a
continuous web.

Some resins are better'édapted to melt blowing of
fine fibers than are others. Resins which work well
include polyethylene, polypropylene,_-

30 polymethylpentene, Nylon 6, polyester PET
' (polyethylene terephthalate), and PBT (polybutylene
terephthalate). Of the above listed resins, PBT is a
preferred material because it also lends itself to
radiation grafting and to_subsequent conversion into
35 - preformed elemehts of controlled pore size by hot
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"CWBT, the required pressure will be small. 30 Conversely, if the .
;differential is high, the pressure required to induce flow w Il be higher.
‘It has been discovered that, when a liquid is forced under pressure to pass
t hrough a fibrous mat whi ch has a CWST lower than the liquid s surfacegb
tension, flow tends to occur in a non-uniformfashion -30- - such that
sone areas of the mat remain dry. -This is highly undesirable in a

| eukocyt e depl etion device, first, because with only. part of the porous
nedlun1pern1tt|¢gpvressiOB-pressure drop is hlgher causing 5 earlier

cl oggi ng; second, befngﬁaglbegHe 'HéHHBE&}lﬁyg” on of the
avai l abl e area, _again I ncreasin ;Eiq I|ty oggl ; and. third,

because only a% ¢lopmentiaf £ SePr L d N ASCqRAAN t"&'é?orptlon of

or retention inrfNéﬁt:BénOSndOis the | Pokine Wised li&nlﬁ@éﬁmﬁﬂb‘# pgrpose and,
as a result ﬁ?renng é | ess. effi |e Solutlons to.the Problens
of Poor V\étffl n i\% il egi’b pRever, FAYePetics can

be nodified by foundixhich aanhbdsflberlzadnqﬂdacdnledtad(as makasC iron -
i ncl udi.ng wet Yor £ d th ’ﬁﬁ& gy a-
pol ynmer thereoﬁ's %jéndwgz fthPs Q%O“#iea |J'oﬁ1§-’s§l\}/§r1r'I al%réggo??aa{sed by

exposure to an am@ oﬁﬂéb aaeﬂuassmaith Fhar EHSTagusfaderst or
ultraviolet Ili qmce.@sai—p uartQESogtMmfﬁﬂ&e,ofmdyacﬂéltwam suited o ch

[err]-radi a&' end PEiEHEToNY 0¥ Eially efficient but still smaller -
leukocyte depletion devices. similarly, glass f1bers, ol
‘appropriately treated, may be usable tp-make-effective' \‘J
devices. - Devices made using these §: other fibers in
the'manner and for the purposes described in

15 accordance with thls invention should be understood to
be w;thln the scope of this 1nvention.

Description of an Exemplary Depleti evice:

20 As shown in Figures 1-4, an exemplary depletion
device 10 generally comprises a housing 11 and a
filter-adsorber 12. The housinq 11 has an inlet 13
and an outlet 14 and defines a fluid flowpath between
the inlet 13 and the outlet 14. The filter-adsorber :
25 12 is disposed within the housing 11 across the fluid o’
flowpath and sefves to separate undesirable
substances, such as red cells, gels, fat globules,
aggregates,'and leukocytes, from a fluid, such as a
suspension of platelets in blood plasma, flowing
30 through the housing 11.
. Housings can be designed to accept a variety of
shapes of filter-adsorber assemblies. One such ié,
for example, a sQuare. Those and other'possible forms
would in principle all be functional, provided that
35 adequate flow area is provided. : - _ | T
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25 As an exanpl e of these various nethods, synthetic organic fibers
may be coated by polyners which contain at or near to one end a reactive
(e.g., epoxide) noiety and at the other end a hydrophilic group. Wile the
above*dethods and ot hers.known to those 30 famliar with surface

nodi fication art can be-used, radiation grafting, when carried out under
appropriate conditions, has the advant age that considerable flexibility is
avail able in the kinds of surfaces that can be nodified, in the wide range
off reactants 35 avai habigater £ IDeéefisdidder %E‘sénibi@ﬁv&.ﬂ&i erﬁsn 31 -
avai | abl'e for actkvatlng tgﬁ required reactlatii é:ﬁ_pcordan.c t he
subj ect inventi on*PERFYT - 2LEPYFRFe SN FH NSR ause of
the ability to.prepal@ bgnléssirebiaple dif iam dinterférence kfﬂ/%allais 5

t he range of inte 4. t ,
dynes/cm and abov‘legé‘ti i{} eﬁ%@ﬁ%ﬁ/%ﬁ%‘%";ﬁé} hfe&grho c{‘% are very
st.abl e, have éxtr%hﬁhydl%ﬂr%h@E%@sft&t¢¥nﬂdﬂﬂnh§neﬂﬁﬁQﬂhﬁiﬁsqn3ﬁﬁd|t|on

have 10 | mpr ovegeatlfifg |9§ gwﬁgafﬁ 1dh[ygﬁﬂgrgugelenentse.
Sel ection of Fiber D rret er fsg | n Le @z%] etjo DeV| ce 15
Adsorption of | euRB’E&P eT¥n ‘F%% ‘?%é’efsfq 3 \is, & he

mechani sm of- | eukseyle rPoPvVehose F@dasoris)e cytrﬂmdalemmismg weithnei ght

of fibers i's invegselyoRLoger b 0al 1 8sdyie s ARLEN s Aserted VAR

Is obvious to a pe son
~ 10 an interference fit seal are preferred, ‘although other

K,{ ~ forms may be used. The seal obtained by edge
~ conmpression may be supplemented by a compression seal,
. in which case the compression seal can be very narrow
or provide minimal compression, with very small loss
15 of effective area. |
' Housings can be fabricated from any suitably
1mperv1ous material, 1nc1uding an impervious
thermoplastic material. For example, the housing may
- preferably be fabricated from a trahsparent polymer,
20 ~such as an acrylic, polystyrene, or polycarbonate
resin, by injection molding.’ Not only is such a
housing easilyeand economically fabricated, but if
transparent or translucent it also allows observation
- of the passage of the fluid through the housing. The
25 housings are designed to withstand normal abuse during
 service, as well as internal préséures up to about 3
psi (0.2 kg/cmz). This permits light construction,
which is a desirable feature of this invention made
possibie by the use of preformed filter-adsorber
‘30 assemblies. The force required to compress the fibers
of an efficiently designed filter-adsorber assembly in
which the element has not been preformed, but instead
is made by packing of fibers into a hou51ng, can be as
high as about 70 kilograms for a 62 cm dlsc, or about

f - - 35 1.1 kg/cmz, requiring heav;er, bulkier, and more

»
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the art that finer fibers will have higher capacity and that the quantity
as, measured by weight of fibers necessary to achieve a desired efficiency
Wi l.l be less if the fibers used are smaller in dianeter. 25 . . For this
reason, the-trend has been-to use finer fibers for |eukocyte depletion.\ww/
Hi storically, as the technol ogy required to produce snul l'er dianeter

fi brous webs has advanced, they have soon thereafter been packed into

housi ngs and used for | eukocyte 30 depletion, as well as-for a w de

.:variety of othe f ; chn ' strial filtration. The perfornmance
of all of theseaggg%?8§§§§i§§dgogég#gggféé'inferior to that of the products
in accordance with t Whdlenkhet honsingg magobe faskioned in afvarirty f or

Leukooyte Depl ebrogoRrigasse16ndyiRe Rbus 0N YorSele! skbislatyc! udi ng.
D e he s Be PR et LeRo aeR LY, 16, 16 nbererahLy, fashionedoin tus

[err]-radi abi onsactibasl,edcles,r aguinket f sectioht 15ganddanreutieta structure
wi th which avai " Mer §x.Gap c ot gd, fi ber_di ters "
Shoul d bo. aq. 105eCteh 187 TnE"gnige é;ﬁfﬁ%ﬁi 16718000 A S ABE L S
spi nneret ‘ext r udndetapdageadingandcthet insidensuyface ofibthe scawdwkan han
about 6 m cromeyafgtl pﬂt@rrabeaef L% Qlfﬂfgzl'ﬁhi@hcf?@étﬁi‘t ymer is
15 attenuated 1 nt | bers by a |g velocity stream o gas and col |l ected
as a non-moven'ﬂeﬁ Ricaptast\yith the upstream surface of the ;
10 fi;ter-adébrber.element 12, - '

The inlet 13 delivers the fluid to an inlet N
plenum 22 between the wall 21 and the upstream surface L
of the filter~adsorber'é1ement'15; ‘In accordance with
one aspect of the inventidn,”the:inlet 13 delivers the
15 fluid to:the inlet plenum 22 at or near the bottom of
the housing 11, as shown in Figures 1 and 2. -
The inlet may be varibuSIY'configured. However,-
the inlet 13 of the exemplary separation device 10
includes a longitudinal inlet ridge 23. The inlet
20 ridge 23'e2tends"along the outside surface of the
. circular inlet plate 20 parallel to a diametrical axis
A of the housing 11, which, in use, is positioned with
. the'diamétrical axis A oriented genéraliy vertically. _
The upper end of the inlet ridge 23 may,be fashioned - \;J-
25 as a socket for receiving a hollow spike 24 which is
- used to pierce the bottom ofia'bag'cohtaining*the
- fluiad, e.g., a platelet concentrate bag. The inlet 13
further'includes an inlet passageway 25 which opens at
the upper end'of the hollow spike 24, extends through
'30  the hollow spike 24 and the inlet ridge 23, and
communicates with the inlet plenum 22 at the bottom of
the inlet section 15. - , : '
- The wall 21 of the circular inlet plate 20
includes a plurality_of generally concentric circular
35 ridges 26 which define concentric citcula; grooves 27.

- 36 -



first disclosed in the 1950's and reported to nmake fibers as small as one
m croneter in diameter, came into production in the 1960's and 1970's and
- hgs been 20 gradually .extended over the years with respect to the | ower
limt of fiber diameter with which coherent webs could be made. Wthin

recent years, webs with fiber dianmeters as snall as about 1.5 to about 2

m crometers have been achi eved. Even smaller dianmeter fibers can 25 be
made, but these-are difficult to collect as a continuous web. \Some resins

are better adapte@sto 0 [ S re other Sins
~whi ch work wel | |§E $Tﬁéﬁ'yet Qgﬁéthﬁbl 5%3%& eEEQ%ggi of Ehg %llte
pol yrret hyl pent ene adsprhers a%m}dgt 2 .PERS( gbioya liyl Figurer 3phthel ate), and

PBT (pol ybutyl ene pigiphtiphtardinatd inhehebAbwer Pottibhsb?sthBBiniata
preferred material becgause it also,ends itself.to radiation Sraftln and

to subsequent conPSCHIOR Mo d8Fining. @, PASSAGEYAYNOF ACCLSH: P8I edtBore

si.ze by hot - 833 -acceseorsmr *tends BRtwean ltﬁenimetppaeeagehayessnauaed
for the developnent t.he Qroducts i n cco;ﬂance Wi venélon and

h th
is'the resin used ﬁgr SFoove 2 SUF3gb§ H&Fe FO™ hat .
ot her resins may mhd(ﬁmm¢meassagamaUEZBlmerthedcamaudarlgrbeﬂeaSZWHts or

webs with fibers agy sl%%‘%}yl ih? iY@ g%okr%%sﬁ'laﬁﬁdt RAk adelss

products, with their as necess e Qptinmumran

be wel | suited to3fpdefipe %ui@éﬁtoﬁ’l&m@qaalrlyhéph éﬂ-éﬁFiBHFe§t gbﬁ
smal I er | eukqeyt e fledldeidedi veRede &Y. thieTiindkely pagkagevwhiybe5Sover the

| . _ - whole upstreanm surface of the filter-adsorber element
_ N _ 12. To prevent aggregates and other large
' ' 'dbstructions_from blocklng flow at or near the
“Jjunction of the inlet paSsageWay 25 and the inlet
15 plenum 22 and, at the same time, to minimize hold-up
volume in the housing 11, the depth of the inlet
plenum 22 is greatest at the bottom of the housing 11
and”decreases along the vertical axis A to a minimum
value at the horizontal centerline of the housing 11.
20 ‘The outlet section 16 of the housing 11 includes
a circular outlet plate 31 and a cylindrical collar 32
which extends from the periphery of the circular -
_ . outlet plate 31 to the periphery of the circular inlet
o plate 20. The chindrical collar-32.is preferably
25 integrally formed with the circular outlet plate 31
 and joined to the circular inlet plate 20 in any
' suitable manner, e.g., by an adhesive or by sonic
welding. ' o
The inside surface of the circular outlet plate
30 31 defines a wall 33 which faces but does not contact
the downstream surface of the filter-adsorber element
12, The wall 33 includes a plurality of generally
‘concentric circular ridges 34 whlch define concentrlc
circular grooves 35. The ridges 34 abut the
35 downstream surface of the filter-adsorber element 12.



appropriately t

described in 15
within the scope of this invention.

Devi ce: 20
general ly conpr

inlet 13 and theheutlifbuldr gifasvéslwrc@ﬁ%&@weﬁﬁ ) t o
agr 0ss an es_to, separate undesirable .
subst ances, sucR 3§u¥“eé2cgf‘%‘§f‘ ﬁ‘éhs)e (ﬁ)]ts}f %%%ﬂ"é%p‘f ugh & CL S

the housing 11

reated nay be usable to nake effective devi ces. DEVICGS
made using these or other fibers in the manner and for the purposes

accordance with this invention should be understood to. be
Description of an Exenpl ary Deplethg) _
As shown in Figures 1-4, an exenplary depletion device-10 -

i ses a housing.11 and a fllter-adsorber 12.  The housing 11
has an inlet 13 and an outlet 14 and defines a fluid flowpath between the-

| eukocyt es’, f r offidtétruadsosbeh elsewemtlsxmnmm odep)tlat@t ettise icutiietnd

pl asma, flow n

exanpl e, a &qu
be functional,

A square fllter
use of naterial,

filter-adsorber

about the perlﬁﬁ

t hose reasbs,

e R, S 8 AT

accept a variety o shapes

er-a IES

deffnd Sanli Gropdd Wi thin

eld-ynovelune witkin mllmusxrw nkl vislthbuth yndudy pl e al |

péggfggglhaaflgga spsigquate flow area is provided. - 34 -
adsorber asse %ééyfuld in theory, allow nore econonical

but TRoBFEOERan

tylahdorcaeanouhenggpvoirthe outlet section 16. The

slot 40, which collects fluid from each of the
. circular gropves.as and channels the fluid to-the

15

outlet 14, preferably extendstfrom,the lower portion _
to the top of thé'outlet section 16 parallel to the
vertical axis A. In one conflguration of the

‘exemplary. separatlon dev1ce 10, the width of the slot

20

25

30

‘connector or other apparatus. The outlet 14 further

40 remains constant but the depth of the slot 40,
which is greater than the.depth_bf the outlet plenum .
36, increases from the léwer portion to the top of the
outlet section 16 along the vertical axis A. The.
length of slot 40 may be equal to or less than the
diameter of the housing, and the width may vary while
the depth may femain constént, or both the width and
depth may vary. :

The outlet 14 may be varlously confzgured.
However, the outlet_14 of the exemplary depletion
device 10 includes a 1on§itudinal outiet ridge 41
which extends along the outside surface of the outlet
plate 31 parallel to the vertical axis A. The lower
end of the outlet ridge 41 may be fashioned as a
tubing connéctor_or as a socket for receiving a tubing

includes,an.dutlet'paSsageway 42 which communicates

- with the slot 40 at or near-the.top.of the housing 11,

35.

extends through the outlet ridge 41, and opens at the
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d?scashaped filter-adsorber assenblies assembled with 10 an interference
fit seal are preferred, although other forms nay be used. The seal

obta1ned by ‘edge conpression may be suppl enented by -a conpression seal, in
mhlchﬁtase t he conpression seal can be very narrow or provide m ninmal '
compressi.on, with very small [oss 15 of effective area. Housings can be
fabricated fromany suitably inpervious material, including an inpervious
thernopl astjc material . ‘For exanple, the. hou5|ng may preferably be
fabricated- fromal GEPS et Ol YoEE1eLG ‘plas an acrylic,

pol yst yr ene, ol ycarbonate resin, %

-|n ectlon ol di n Not on IS such
a housi ng eaS|Iy and e%%nB%@E%}¢? ?Qﬂﬁ?ﬂﬁﬁ%ﬁ? Fharts QQEéiﬂﬁi qﬁ‘ '

translucent it aleigeah aﬁbs,erﬁﬂmigqttﬁebwwmwoﬁ hind lesiptyligough
t he housi ng.- The o

during service, %tv@‘i‘?oélfn%%%?% ‘i’r%@;ﬁﬁ’eiﬂ\@t o nor Iﬁn%(J@“f'

kg/[err]). Tis qfroatketi pissagewdy Lt2i OBy Wwardfuk desifgn reefb lthef eat ure

of- this invention S h f f &£ ber 30
assenblies. The ?% Q’gg AQ%%‘%% écoe‘“'lfjévgasé)tl"hé)ér;a ‘gc;ers an &t cient | y .
desi gned fi.l. ter-aﬂ%@rWYaE%Myelimm% conrpketelnt % sidnatdon in |

preformed, but i nggad émaaﬁfq@%/a PPddtgs Oind IS 43\ daTadi g be
as i gh as abou rans for_ a cm dj abou
kg/[err], ‘requir |?fbt}1%€ SagRWAY 2 %ﬁﬁf”?ﬁ)r&l of “the aindg flﬁeﬁ'ﬁing
constructi om0 form the inner parts of the housing assembly. In the
o - absence of slot 40, this lagging air flow would carry

~ - some platelet suspension into the outlet tube 42.

Slot 40 allows the platelet suspension so carrled to
flow into the slot, where the air is harmlessly
'15  separated from the liquid suspension. The air then
rises harmlessly to the outlet 14 ahead of the rising
fluid level in the slot 40 and is completely or almost
- completely ejected before the liquid level reaches the
top of the outlet plenum 36 and outlet passageway 42.
20 Thus, air is very eff1c1ently cleared from the
housing 11 of the exemplary depletion device 10
according to the invention. For example, in a
.depletioh device which has an inside diameter of 89
millimeters, an initial air volume of 20 cc, and a 5
25 ;centimeter long slot which is 0.3 centimeters wide and
0.2 centimeters deep at the bottom, and 0.3
centimeters deep at the top, the residual volume of
" air passing through the outlet after 1 to 2 cc of
liquid has passed through the outlet is estlmated to
30 :be less than 0.1 cc.
In order to- understand the 1mportance of the slot
and the flow passage configuration, the equlvalent ”

»

operation of a conventional leukocyte depletion unit
will be described. _
35 In conventional units, fluid enters at the top of
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Wil e the housing may be fashioned in a variety of3configUfations, t he
hpusing 11 of the exenplary separation device 10 is preferably fashioned in

4yt 5 sections, i.e., an inlet section 15 and an outlet section 16. The.

. the inlet plenu

"inlet section 15 includes a circular inlet pl ate 20, and the inside surQabe
of the circular inlet plate 20 defines a wall 21 which faces but is not
contact with the upstream surface of the 10 . filter-adsorber elenent 12
The inlet 13 delivers the fluid to an inlet plenum 22 between the: wal |-

¢and the Upstreatmesté@sfn@faﬁdmeeiitteataﬁnerbetteherremte THoud ingiceer dance o
wi th one aspectﬁﬁf t he i ven ion g}13 del i gé% the 15 . fluid to

B aoltu E3pn0% ¢ Bo? ¥y ﬁ@nﬂﬁﬁ PY 2 SRk oun in
'Figures 1 and 2inﬁh9rahlwithayhbéhousingslgndohhsgeaédﬁsktmpinnllyhe i nl et

13 of the exenp r uge 4 et “
ri dge 23. The |Ar=1€ﬁx gﬁ@& ﬁ*agp %gyexteng B Q é gk%a?g#%fgdiégur ace of the
circular infet %Pa?%niﬁrﬁﬁﬁaﬁlE@gt%P§t§9aﬁefFPEthax¢%n¥$Q#1QﬂﬂiIuou5|ng 11,
whi tch : In us$h héushy Ilgmeﬂratmﬁéﬁaflbﬂ%daampt éhﬁﬁbeﬁleloé ?bxﬁ{écaf&&cbzygeneral ly
vertically er en e pnle g e, fashi on as a
socket for recef ﬂﬁ ?1"6’??%’5\?%’5 tﬁ°’24bﬂj:|g ﬁthcﬂgé S]e ac"léft‘?'% V&bt t om
“of a bag contaJMomgings,fdmddthenge ta. phetphEIenbncemnriﬁgaﬂrmmiﬂww inlet
-~ 13 further incl Se p end of

t he hol | ow spi k%ﬂ 4° énﬁsﬁé‘gﬁi\@% gi?ﬁg ﬁgﬁogﬁép&tke‘; g%éé%oﬁ he i nl et
"fidge 23, ¥d- c%muiamw*éedvmch u@zim&s ‘foraed through Hheot t om of t he

inlet section lGend&StiGhal %@éiﬁ@elﬁtécﬁhérdrﬂbeéhﬁﬁﬁ 20mfeingles a - ,J |

lurality of era oncentrlc cjrcul ar es_26 ich define
Eoncentryc CI?C éb%ﬂg tha some pressure ead is lost, but, o’

more seriously, fluid reaches the exit of the
conventional hou51ng and enters ‘the. drip chamber while

<

15 as much as 1 to 2 cc or more of air is still trapped

in the conventional housing. When 3 to 4 cc of fluid
" has been collected in the drip chamber, it and the

housing_arejreturned to their normal position, leaving

a reservoir of 3 to 4 cc of fluid in the bottom of the

20 drip chamber. With the novel housing in accordance
with this invention, only the drip chamber is
inverted during priming, and only about one cc of
fluid is collected in the drip chamber before
returning it to its normal position.

25 The transparent drip chamber performs a service -/ o
in perﬁitting observaticn of the droplet rate through '
the air space,ithﬁs providing guidance for flow _
regulation. It also performs a second service in that

. lagging air entering from the conventional housing is

30 'prevented from reaching the’ patient. This is so

“because the lagging air displaces an equivalent volume_
- of fluid in the reservoir of the drip chamber.
However, the reservoir must be large enough to ensure
that the lagging air never totally displaces the |

35 . fluid; otherwise, air may enter the vein of’the
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- 36 - The ridges 26 abut the upstream surface of the filter- adsorber
assenbly 12. As shown in Figure 2, the ridges 26 terminate in the |ower
pQrtlon of the inlet section 15, deflnlng a passageway or access 30. The 5
access/ 30 extends between the inlet passageway 25 and each circul ar groove
27, -allowing fluid to flow fromthe inlet passageway 25 to the circul ar
grooves 27. Collectively, the circular grooves 27 and the access 30 define
the inlet plenum 22, which distributes the 10 fluid delivered by the .

i ml et passageway ZFatdwart.t he whol e upstream surface of the filter-adsorber

elenent 12. To prevent a n | ak ns_fr
bIocklng flow at or h n he
" or Che AV RueEs YR A peEnlE o B 2TSARE Vol S8 Rur
inlet 15 pl enqu.:g.ana o 3t kee ,s &0e reach, the drhpnchamhet‘dafmeroitme in
the housing 11, !fadieiidh Yetiihidded! iReeRUThAT bSslE£shFStedd thagottom
11 and decr

of- the housin eases along the ve |ca m ni num
val ue at the n:ﬁﬂﬂﬂ9n7ﬁﬁﬂﬁ94WQ¥Plﬁﬁ tﬁb“ﬁou§hﬁglilge§0the volumgofyt | et

selctlgn 16I of Itlhe:L S ntd alik,i lt@xbud%f&‘gﬁrcthéubéluﬂﬁtbﬁtf?hf&&vl@ﬂcl@ﬂlﬁhﬁt
cylitndrical CO ar I C endgs ro er 0 rcul ar
outlet plate 31 t& @%%%R}w % petming, B8 LR Edsreels ot e
~cylindrical coHzmdﬁiplchqmbekerahkythi endtegrahéyadnintdtrattbnheuuchcuIar
outlet plate 31 auk et i3 <C st 3 kHLCArbhAlfadet ARY BUILED! E

manner, e.g., by an a eS|ve or nsTde sufface ot the
circul ar- out 119 pli@t @med-slwenawé@iaim aisscwaamn@ac@edbtmem not

_qg?tact ' _ allowing the use of a smaller reservoir in the drip
o o __chamber, the depletion device in accordance with the
' present invention significantly reduces the amount of

PC (whlch is always costly and sometimes dlfficult to
15 obtaln) wasteqd durlng administration. .

' The filter-adsorber element 12 preferably
comprises a single preformed layer as described below
undé: the heading~Fabriéation of Fibrous Elements.
During the deveiopment étage, housings were

20 constructed for use in testing, which incorporated the
basic internal confignratioh described above, but in
addition were variable with respect to the thickness
of the filter-adsorber element. In this way, it was

 ' possib1e to test filter-adsorber elements varying in

25 total thickness. In each case, the distance between

" the tips of the ridges 26, 34 of the inlet and outlet
sections was adjusted to be equal to the nom1na1 total
thickness of the preformed element.

To provide an interference fit of the fllter--

30 - adsorber element 12 within the housing 11, the filter-

| “adsorber elements were cut from a precompfessed slab
to a diameter up to about 1% larger than the inside
diameter of the cylindrical collar 32. The filter-
adsorber elements were cut in such a manner as to

35 maintain true right'cylindrical form at their outer
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t he domnstreantsurtaCe of the filter-adsorber elenment 12. The wal | 33
includes a plurality of generally concentric circular ridges 34 which.
define concentric circular grooves 35. The ridges 34 abut the 35
downstream surface of the filter-adsorber elenment 12. - 37 - The o/
circul ar grooves 35 collectively define an outlet plenum 36 which col I ects
the fluid passing through the filter-adsorber elenent 12. The depth of the
outlet plenum 36 Js nmad snal | ihble t Lnimze hol d- up '
Vol U i thin ¢ RAGRSr RS RIRIEE TGD Pl oty Fyefedzandr) ou " b
accordance wit hsamnmimnecprcwflddse goode edgen sealldngably 3@aher bifer -
i ncludes a passage e L G AU The UURIY GRLES Wel byfhe out | et

100 14 at or. near t he ou ‘et sectlo whi ch

collects fluid mﬁﬁ%d cﬁlﬁtm‘tllrzc@r@r t@eoémempea'ﬂ@heﬁxnﬁél §hehe fluid *

~ to the outl et 14»od§i€ﬁ<frﬁp| meeﬁ qm hrtqmltzlaeibve ROkt '!:’Q'llt artaaeahap of

t he outl et sectlo p \1el -.vertical .axis

configuration OW >&§é% 7%ﬁ§&¥b&EVP€@efglythé HFFeBV the slot *
40 renmins conshmﬁiﬂiﬁindmhdkﬂﬁdptﬁbnuhe sl ot 40, which i.s greater than the
depth of the outlet plenum 36, increases fromthe |ower portion to the top"
of the 20 -~ outlet section 16 al ong the vertlcal axis A The Iength of

slot 40 nmay be Fabaica 2 pu st s A Parelfiel 0

wi dth may qary while the depth nay remai n- constant or both the mndth and

depth may vary. 25 . The out]et 14 n% be- varlously configured.
: . The preferred upper limit of ‘average fiber
diameter 1s about Gum, however, filters with larger - ;;ri

fiber diameters, for example up to about 10 to 15um
which have useful effic1ency and recovery can be made,
i5 but'suCh filters have increased loss of.PC due to
retention within the correspondingly larger filter
elements of PC whlch is not delivered to. the patient
hence are less des1rable. The 1ower limit of fiber
'diameter at. this time is the lower limit of average
20 fiber diameter Wlth which fibrous webs which are
| readily modifiable to CWST values in excess of about
90 dynes/cm can be made, about 1.5 to 2um. Should
finer fibers become available in the future, they may
perform 51m11ar1y or better than those used to make
25 the products in accordance with this invention. _ <
| For use in the products in accordance with this '
invention, melt blow1ng means are preferred which
produce webs in which the fiber diameter size
distribution is as narrow_aS_Pos51ble.
30 _ The web is treated to modify the fiber surfaces,
either before or after forming the fibrous lay-up. It
is preferred to modify the fiber surfaces before o

forming the fibrous lay-up because a more cohesive, _ _*
stronger product is obtained after hot compression to

35 form an integral filter: element, . »
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However, the outlet 14 of the exenplary depletion device 10 includes a

| ongi tudinal outlet ridge 41 which extends along the out si de surface of the
outlet plate 31 parallel to the vertical axis A The Iower 30- end of the
outltigrldge 41 may be fashioned as a tubing connector or as a socket for
recelglng a tubing connector or other apparatus. The outlet 14 further
i'ncl udes an outl et passageway 42 which communicates with the slot 40 at or
‘near the top of the houthegméthodSuse@xEopdmodbrpind the £dbétﬂsurtkﬁedl

?3202ﬁ5P2t2t5§25t53?51P|8e9Fﬁ?exﬁﬁ Phe' HERRMHECIA Affridaned R

bottom and enptyi ndnwenthent bp, Jaradiatiionpgrattingd h¢unmat;w@&narand out
S¢ hol put el PassRGENBHs Rnowfc6oLRbUL I8RO P WitE GETRA AR ol U,

i f* has been possible to reduce and very nearly elimnate co etely, the
situation in mﬁlchu§6ﬁetP|anﬁeﬂéﬁcﬁéé ERETpEathe webacent to t he outl et

passageway 42 before al h’h@f faetﬂhg psoééaafedzéodiré@tféa ttwdrdier parts of
t e housi ng assenbl air. flow

woul d carry some pPéPQPEﬂ*ngugﬁEn‘zggﬂ FHFoﬁ%ﬁﬁeﬁﬁtP%?S%WSl 00

al lows the pl atel ecwSWspensi on so erceedd aboﬁtoaoldymasjmmsland where the

" Ses hor i ecety’t BreRet SRy chedsLagtutbE o agnaLaBRIS O TP BT Hao"
sl.ot 40 and i 80conpl et eMonerens nberminaping evithj hydeoxylefan carhoXylgon
level reaches the BQHeEfnéG@rQPtéftePééﬂHBh@ﬁaéﬂ@e0&%&f&r&h&%ﬁ%ﬂﬁ¥ﬁy 42.- 20
I;PS air is very eff%C|ené[y Ilefae rog1 ¢ monomers with _
preferred.’ Inclusion of or use of mon _
hyd:ophobic or electrop051tive groups tends to cause
| adhesion and consequently low recovery of platelets.

15 - Surface modification has been performed on the
fibrous medium in the form of web as made by the melt
blowing process, usually in roll form; in the form of -
slabs made by compressing single or multiple layers of
the web to the desired density; and in the form of

20 ° discs cut from the slabs. To accomplish fiber surface
modification, these alternate forms are immersed in an
aqueous solution containing ‘about .05 to 1% by wéight-'

' of a monomer of moleécular composition comprising an
 unsaturated reactive moiety at or near one end of the

25 molecule, for example, an acrylic group, and one or.
more non-reactive hydroxyl groups at the other end of
the molecule..:Unbranched_lxnear compounds have been
preferred, such as, for example, HEMA

_ (hydfoxyethylmethacrylate) other monomers which may
30 be used include hydroxypropylacrylate,

- hydroxyethylacrylate, and hydroxypropy1methacrylate.,
_ . These are commercially available as the RocrleM 400
1.;' ' - series from Rohm and Haas. These four are examples,
' but more generally any hydtoxyalkylacrylate or
35 hydroxyalklylmethacrylate;-and a variety of'related
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housi:ng 11 of ‘the exemplary depl et on” devi ce 10 accor d Pamter of o O
Fgrﬁéxgnple in a depletion device which has an_lnSId(ZE5 Iagghtineter | ong
rﬁlrineters’ an initial air -volunme of 20 cc, and ab d at the bottom |

lot which is 0.3 centineters wide and 0.2 centineters eeP L assing.&“/
] 8 0.3 centinefers'deep at the top, the r¢S|duaI vol unme g a A Fhe outl et
through the outlet after 1 to 2 cc of |l quid has passed derstand the . -
}srgs?ihated to 30 be less than 0.1 cc. In or?er :gtrgnerfhe equi val ent
por t ance of th@mm&maﬁ@w A 0 1B e A Ry TheTuderad. 35

. j Uk o > 1 ) . .

'h convent | onal aacond Miter BHIRREC conReungy capabls. of raackagsing and

exits at the bot BHREaFee tRDEdoNgoff thechrasuiny EéﬂﬁﬁFKO{iggg-i {\g%gjgi cally

) 1S . . it i ng, ..and 1 ns: . %

comscied ) o hemet bl (e 500 et L
connect ed by gpl asti ng. : PP er is :
upstrean1fro§1th r@%ﬁﬁéﬁh?oﬁaF°h§&sbﬁgWe§9htan°ﬁateﬁt1ﬁ§*H;n novel .

connected by tubaldgohobngt+BaoHu; | OtBi-bP%lE'?lfm% %ﬁ#%tg?wr&mtq% nal

housings, and thgigentPehlCqPallen oneputyl cetherror dberathyXaral i s f or ced
oL g T e ety orco
t hrough the convehYFehamonobutyl | rd, SomRaRent i g

. . a0 i,s- | ost,- but, nore-ser
satuantage | I BSSHGELEh i Wits st it yen
- reaches the, gxi 1 C G . S
Wileas g -nu%f,q%?fcqu; Anproyenante iof plateletsirddovieriPRfd1e | |
_ ' maintaining a_hiqh_efficiency_of leukocyte removal, is Ry
0.01 to 0.2% or more of a monomer in which the non- A g

reactive end of the_molecule contains one or more
carboxyl groups,Wfbr“example,_acrylic_agid'or |
15 methacrylic acid (MAA). other suitable monomers .
inélude'unsaturated mono, or di-carngylic acids, for
'~ example itaconic aciq,'o:_anhydrides such as maleic
‘anhydride. ‘In general, all that'is necessary is an
ethylenically unsaturated bond along with a group
- 20 having énionic character such as_é-carboxyl or
sulfonic acid gfoup; _ _; o | . _

While Y-irradiation by cobalt'has been used in
the development of this invention, other forms of
radiation or other types of enefgy sourcg'may be used.

25 The time of éxposure at a given radiation or energy
level is best determinéd by trial and error. During
the develdpment of this invention, total exposures in
the range of .01 to 1.5 megarads over périods.of 6 to
60 hours have been used. . |

30 - . After removal from the Spént grafting solution

| the web, slab, or precut shape is water washed to

remove spent grafting solution, then dried at any'
convéhient temperature'up'td 175° to 225°%. The
dried.proddct may after cooling be tested by applying

35 over a representative area drops of a test fluid of



i n the conventional housing. Wwen 3 to 4 cc of fluid has been collected in
the /[drip chanber, it and the housing are returned to their nornmal position,
Iea&lng a reservoir of 3to 4 cc of fluid in the bottomof the 20 drip
charhef. Wth the novel housing in accordance with this invention, only
the drip chanber is inverted during primng, and only about one cc of fluid
is collected in the drip chanber before returning it to its nornal

position. 25 - The transparent drip chanber-perforhs a service in
permtting observ f 0, t hus
providi ng gui danc%&* I%%vﬂ%é%lg%e%réﬁéfaﬁgg%@geér 853 "&Es)g%(gnd service

in that |agging aﬁYneﬂ(%mtn@nﬁr%m¥?hﬂr€5ﬁUQP&Ycﬁﬁﬂ ynﬁﬁﬁqmg is 30 ,
prevented from. reggbheanw@spaéteﬂﬁ bihbﬁ ABs S PRSI dips aagi Ng ai r

di’spl aces an equi val ent volu t he reservoitr..of the.dr.i
chamber. However , SRhEaFRsES ”fenn%ea%%r &? P9 )@?ﬁ}r‘é‘“t"f?a rP‘)'t"he -
| aggi ng air nsveratDOahiuuﬂespented ihdiaﬁtesfédaqhatﬂlgwhﬁghaCwST.nay
enter the vein of the

volune of air, e. ZAté nd t %éle h §W§§éﬁgé f#%%é?ﬂéﬁter r Eéglgggﬁ

returned™o its nuhnah p%stmwlﬁnnﬁhﬂb W&On@hﬁcﬂf rearheKet 9%, Thus,

the larger the vo&gggc 11898E NGLREE aéﬂ& GPOYSE id optoindE i f1 Ui d which
nmust “be collected during primn e reservojr of the dri crmughii) At

in th
the end of the adﬁ?hi%Y%aﬁlﬁhe Rest oFRedx) tothe highes
chanber and, 10enceecdferyi 6£VpTatelety NEuithis st «|csumsofikhe |

Rﬂsreby | dried filter medium is prepared, preferably with a
1 _ height of about 0.7 cm, and a solution of a dye
' substantive to anionic surfaces is passed through the
column. The dye is initially completely adsorbed from
15 solution by.the colunmn, .such that the issuing liquid
is colorless. Passage of the dye sdlution'ie stopped
- when color first appears'downstream of the filter
‘medium. The volume of dye solution passed is
proportlonal to the acid group content of the surface

20 of the grafted fibers.

- One or more layers of dried web are heated to
about 175°¢ to 325% and compressed for example
between hot platens, to form a self-supporting “slab“ ,

25 of the required dens1ty, thickness, and pore diameter.

After cutting to size from the slab to the form

of a right cylinder, a self-contained preformed filter
element is obtained, which is then inserted into the
housing described above_end the two:parts of the

30 hoﬁeing sealed, providing a finished filter assembly
ready to be connected at its inlet end to a device for
piercing a bag of platelets, and at its outlet end to
a drip chamber and a catheter, which after
sterilization and packaglng constitutes an

35 administration set suitable for bedside infusion of"
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allowing the use of a snaller reservoir in the drip chanber, the depletion
deV|ce in accordance with the present invention S|gn|f|cantly reduces the
anbunt .of PC (which is always costly and sometinmes difficult to 15 L
obtain) wasted during administration. The filter-adsorber elenment 12 (-
pr ef erably conprises a single prefornmed | ayer as descri bed bel ow under the
headi ng Fabri-cation of Fibrous Elenments. During the devel opnent stage,
‘housi ngs were 20 constructed for use. in testing, which i ncorporated the

basi ¢ internal QQﬁicb&k‘E%t a@p1deRel pIafedBeVBonBEhtraLadLL! B0BapTEALyari abl e -

w th respect to the thicknpeSs ter-a sor ber elenent. I'n this way,
it was possible to tA&8t WFPPtPP $G§8P§§Fa§P€niﬁt§h9aP§PH§1Fﬁ025he t ot al '

Té, hi c]lfners]s _ :n embcease, fllow élr&hqnwmbaé Weeﬂeglﬂﬁleai3 as ehelt aeehi ﬁges 26, .
34 of the inlet out | e n ust e 0 ual ,to the nominal *
total thickness® FoPﬁg Eéfg %@ ?ﬁ?ﬁgif% BSBFB§585 §ﬁ°§ﬁfeéﬁerence fit of
the filter-530 praﬁsurbértelbeedm &Xcesshof aheuhoaelcy }1lwhiike &nlter-

dsorb I e di t
oot "% | ar gor “EAd-iR, E¥bebRelsl EATTRECASE] BhpReRed, TaRETRE] U6 1Oy

“filter- adsorbeﬁrGPeﬁﬁnP§°ﬁ§Fe°€u§°|ﬁmsuéﬁ ﬁthibn@9r§sprsfssrednalntaln
true right Cy|lndrlCﬂhehoﬁﬁeatw&bﬁlleEEQéts é%ed thr8does. £ivhi daysoupl ed

e O e B4, oS By e 0000 Sie pogLT0 by
el ement 121@nd theni Boetop6Di phér pref proneSto ércessivélfregubndPOsE
utilization of ETSg&Eh& pEE8r2RE passage of the full volume of 6 to e
10 units of platelet concentrate. If for some reason "
an element withseffeCtive flow area less than about
. 60 cm? is preferred, this may be made using a
15 correspondingly thicker preform.as_the filterihg
' element, and the frequency of clogging can be
minimized by'providing.pfefiltration layers; however,
doing so increases hold-up volume and increases

L

complexity of manufacture, and for these reasons the

20 use of a filter with an effective flow area of less
than 50 or 60 cm? is less preferred. Relatively
smaller flow area can also be used with reduced
likelihood of clogging by utilizing filter media of
very low den51ty, for example less than .05 to

25 0.1 g/cc; however, the losses of PC by retention
‘within the filter element using this alternate may be
excessively large, as the hold-up of PC within the
element varies inversely with respect to its density.

30 ' The total surface area of the fiber incorporated
into a filter assembly must be matched to the quantity
. of platelets to be processed. For a typical platelet
concentrate contalnlng 10 platelets per cc, the fiber .
surface area required is about .007 M /cc._ For
35 example, if the average volume per unlt of platelet is
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volume of the filter-adsorber assenbly 12, thereby mninimzing hold-up
vol upe. Fabrication of Fibrous Elenents in the Preferred Form 10 The
f rred upper linmt of average fiber dianeter is about 6 [err], however
ItéLs with larger fiber dianeters, for exanple up to about 10 to 15 [err]
mhlch have useful efficiency and recovery can be made, 15 but such
filters have increased | oss of PC due to retention within the '
correspondingly larger filter elenments of PC which is not delivered to the

pgient, hence arqdigss €losid ad omy . Tia | ol IdF 's Uniiedgireligper at

thirs tinme is the lower Iimt of avera ber diameter with

fibrous webs whi crPERGessed Yh gﬁ? fibex\SHuKLACs ared éﬁcess of about
go, dynes/cnrcan be nade, about 1 5to 2 [err]. Should finer fibers becone
available in the future, they nay, gerf&rnrﬁt | a better than those
used to nmake 25 t he products i o FAnt I nvention. For use
in the product® in accordance with this |nvent|on nelt blomrng neans are

preferred whi ch prmir ﬂf%saf&"‘mﬁ%ﬁ&ea%é belr erco*?x tdkﬁtflge gution

s as narrow as pOSSI rea to no I ber

surfaces, “either B’éﬂ%%rbhﬁ%ro &P rr??rg”heaffd mlareelreé;yresoverw iy the
preferr ed to nodi fﬁ’li‘&ﬁéé ReL1 B Wd 3@@%@@“ e for rﬂdﬁ thanf aboas .0a9- up

because a nore co t ronger _product |s btal .er, hot co reSS|on
to 35 forman i t}? Iﬁfst? eﬁ%’g%ﬁ%rﬁer ccil -use &céfse'& :
modi fyi ng theld.i be’mmésae:etsowards 100%, while recovery will fall. If -
o : . less is used, efficiency is reduced while recovery

KJﬂ' o increases. Fiber surface areas in the range from

.005 to .02 M2 per cc of platelets are useful. The
~ lower part of this range is preferred if the primary
15 objective is to achieve a high recovery of platelets -
(e.g., 95 to 99%) whlle accepting low leukocyte
removal efficiency (e. g., 90 to 99%). The hlgher part
of the range is useful if the objective to achieve
'very high leukocyte removal efficiency (e. g., over
20 99.9%) while accepting low (e. g., as low as 50% or
less) platelet recovery.

. COmmonTU}s.'hespital practice is to use 6 to 10
units of platelets for transfusion of adults while

25 neonates receive as little as one half of a unit.. .
While the adult range can be served reasohably well by
a filter designed for use with 8 units, pediatric
transfusions. must use fllters with proportzonally
smaller fiber surface areas.

30 ' _
Characterization of Porous Media by )ysica

Characterisgice:

Various formulae have been proposed for use in
35 calculating the pore diameter of a fibrous filter from
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whi | e devel opi ng the products in accordance with this invention is.
[err]-radlatlpn grafting, however, other nethods known to those famliar .

- W-th the art may be 5 used to increase .the CWST of the web. The grafting.
" procedure is directed towards producing web with. the highest possible GUBT.
- The CWST . : ‘exceeds about 90 dynes/cm. and preferably exceeds about
95 dynes/cm 10 Mononers term nating with hydroxyl or carboxyl or

- other neutral or electronegative end groups are preferred. Inclusion of or

{ uzﬁ of rmnoger Thd tﬂﬁwrmm&,ortrfd SinsARYS b t‘tﬁeglf(i%léi' taEﬁZtth cause

‘adhesi on and- c u cov, S ur

modi fi cation h%gﬁﬁ%é%&pé’q%%ﬁwﬁ% q(}f ﬁ?‘&?gb@&&ﬂﬂeﬁ&%e pﬁ’Pﬁ\ 8 vveb as

nmade by the nelthesehave prooess,tashaliseful,r asl theynfaid tloeth®em of -
|'abs nade b - . ®

3e5| fed dens?/t y, an%%%&%he é’@ﬂ-@ &;Zézn(# %ﬁu&a&ﬁrsfﬁh tth‘% w??&%g B-Qe

acconpl i sh5 i bad tanime che drhickness of fhee tilternmedivgy 48 A8 i mersed .

in an aqueous %@é&daﬁbﬁorﬁﬁéd&d&@wtsu&fb&ma%aéy Wﬁb&'tt of a-nonomer of*
nol ecul ar corrpqsrtl%ﬁﬂ I‘Ié_l! g? saturat d reactl |ety at or near
_one end of -t he Y#POT Ry CRP rl 1€5,8%8ne or

m)[)e noR _(rjeiact inot inaﬁrnq&lsgrmcmed Moy ;ehbhr femhuo:het.he mol ecul e. o
Unbr anche i near n S r. exanpl e, HENA
(hydroxyethylnethacr hﬂ%SMPﬁﬁhg#éfsgéh?qﬁ'ng%Q§%§tsbg used i ncl ude I
hydr oxypr &8yl a&gﬂg&l@tmm@mmwﬁaﬁm‘a &’#&"#ﬂ)r &ipexspy| net hacryl ate.
TM These are Rt '%@Vﬂéﬁé&& cﬁ%ﬂa‘?ﬂ:eR%‘t&Een ﬂ@e&%r i@nhnbtom Rohm J

ﬁ;gr Ei;‘; ky;l'ggsaeﬂ ];gnrqﬂanriengefxual predlcbtuotr %‘%r T g_%ger anc%, ~as -in any | &J

' liquid flow path it is the largest pore or pores
encountered which control performance. In a fibrous

.15 mat such as made by meit blowing, the. fibers are laid
' down in a random ‘manner, and the pore size
-_.dlstrlbutlon is quite wide. Other means for formlng

fibrous mats, e.g., air laying, or: formatlon on a
Fourdrinier screen, also produce.wide pore size

20 distributions. If two filters both have equal average
fiber separatlon, hence equal average pore diameter,
but one is relatlvely wider with respect to pore size

~distribution, then that one will pass particles which
are larger. Thus, the average distance between fibers

25 -is a poor predictor of perfotmance'when filtering hard

' particles, and the behavior of-deformable_?particles",
such as leukocytes and platelets, is even less
predictable. :This formula cannot, in particular, be

_ predictive of the prbducés in accordance with this -

30 invention, which are made by the melt blowing process.
In this process,:the_fibers issue from spinnerets in
which molten resin is attenuated to fibrous form by a
stream of air, whence.they'impinge_oh and adhere to a

~ moving substrate (which is subseqdently discarded).

35 The fibers ére-not.réndomly distributed, rather they
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35 hydroxyal kl yl met hacrylate, and a variety of related - 43 - - nononers -
‘may ibe suitable. The solution may includée a second water sol uble conpound
capabl e of reducing the surface. tension of the grafting solution.so as to
better/ wet the fibers, for exanple, 2 to 10% and 5 - preferably 4 to 5% by
wei ght, of tertiary butyl alcohol (t-BuOH), or roughly simlar percentages
of diethylene glycol nonobutyl ether or of ethylene glycol nonobutyl ether..
An optional-third conponent, which is preferred to be used because it
ptovides a 10 stemdfteabe abponedrparallelpita dhe digestdop Wm waich _
mai ntai ni ng a hi opnef§igpenan1el shEskritd Sd GBMHg. | 3 FdHhulla Gnd¥nor nore
of a nonomer in whig¢h the non- reactive end of the nolecule contalins one or
more car boxyl -gr ot®t18t 6P £AGHEF elnthe|deores Fowhisch the fibefs argcid
(r\‘/AdA) . fOther su:pabamannaaﬁnaﬁiyrémﬁu%mgmﬁt adsulnte. F'F-“&ithw'goxé' ic
acids, for exanp | tacopic I d,; of anhwdrides ch. nal_ei n ride.

I general,-a?f tﬁ%?-?é'ﬁgfﬂgéayebi§§a. ?é%%ﬂﬁi?éﬁ?fﬁ%%?gfﬁr§P§& ond
along with a groupoROprefiaviningani buring compxtessiongh the densikyxyls or
sul fonic«acid gro | (ahl"enh ald : : in the
devel oprent of th?@cf%%%%§roﬁ#&o?ﬂéfé*éﬁh g?&?gﬁﬁg??§hg§§%éﬁﬁggsty es of
energy source maydeereased perpendiculae tg theypdane of the sbeetadbyti on

or energy |evel i|gepgshsOdehehdhged Dy tHé aliruetion ParalPel to the )
dovelonrent £ (L PondSHLLED ghihel OGS, o e MEal e 15
-Ka; _ _ : bgen proposed to allow calculgt;qn of pore diameters
N\ from data on fiber diameter, fiber density, and bulk
' | density, but in over forty yéars-of devising means to
make and apply filter media, the more senior of the
15  inventors of the subject invention has never found any
formula useful for calculating a priori the effective
pore diameter of filters for removal of solids from
liquid suspension. -
_ _ Mathematical modelling of a'System to remove
20 leukocytes while passing:platelets freély is even less
likely to be successful because bbth leukocytes and
platelets are physiqlogicglly active. When contacted
by a'variety of surfaces, many or all of these cells
_ , can emit a variety_of'enzymes, growth factors, and
_ SJ' . 25 other active agents, and further théy can change shape
| and may become motile, in manners and for reasbnsi
currently only partially at best understood.
Further, leukocyte removal from PC is :
accomplished by adsorption, rather than by filtration.
30 As is demonstrated below; leukocyte removal is
'dependent.on'poré diameter to a minor degree, if at
all, and the utility of measuring pore diametér is
essentially confined'only to determining the minimum
" diameter range at which recovery is not adversely
St . 35 *affected, as will be seen in the examples below.
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30 . After renoval frbnlthe'spent grafting solution the web, slab, or .
precut shape is water washed to renove spent grafting solution, then dried

iat .any convenient tenperature up to [err] to [err]. The dried product may
after cooling be tested by applying 35 over a representative area drofss/
~of atest fluid of - 44 - surface tension of preferably at |east about

90 dynes/cm and nore preferably 93 dynes/cm Spontaneous wetting by or .
absorption of drops of surface tension greater than about 90 dynes/cm

&Mtrun 5 alo nynuted%gafmihe% gggﬁﬁmgq?ggggelgth?gg g?ﬁe co ef nd test

may be applied, the purpose o ent of
car boxyl or carﬁ%%ylQYQ%OB&ﬁm§r°§b¢b1§réaﬁsnté°ﬁptpnﬂsefGﬂtaﬁmﬁebrhg the.

hi ghest or near pietNd#s.hi dihesle WeFe BaBedlin baeevahykﬂawfé&sélﬁ& in!n

this test, a colug%(ﬁ t.he dri.ed. ka%e edi um i s prepar ed gé eferably with®
a hei ght of abod@EF PR iR igny, argeatep thsEha developmentni ¢
surfaces i SSpaSSEﬁfdﬁts)w:ldlﬁtesutlltEﬂ iiihehdseinsenﬂibnabéyecorrpl etely

adsor bed fron11 Hhon by .the col um, such that the issuing liquid is

col orl ess. Passgﬁe%%é# e .dye solution- is st opped when color first appears
downstream of the fi Measunemen® O‘IhJiherusurﬁﬁceyarsol.ufonnemkd by

proportional todggpa@gd}ﬁ@qghp ~C P8 gqghgq§ l e§§§ aeg g% ethe grafted

fibers. One or nore |layers of drie are he out [err]-to [err]
and conpr essed, MEASUBERSRt: b éﬁméeﬂsﬁgplpFSPBﬁ q“?@ Pﬁrﬁhﬁ S F3%@pporting
o "sI ab” 25 100f Gired deia @lréetsmensurdi oknehe, exténobe fivept er.

surface available to remove’ 1eukocytes by adsorption. _' Y 4
In addition, the surface area of melt blown PBT webs o’
can be used to calculate average fiber diameter as |
_ follows: ' _ ‘
15 Total volume of fiber in 1 gram's Elsg_cc
(where 1.38 = fiber deusity of PBT, g/cc)
20 2L _ 1 4y
_ hence .4 = T1.38 _(1)
- Fiber surface area is dePA (2)

25 | Divi_ding (1) by (2), %‘ 1.3.8Af

| o - and 4 = 3—333; Xiaga_or (0.3453,) ! _ o
30 : , . . -
- where L = total length of fiber per gram,
d = average fiber diameter in centimeters,
-and A, = fiber surface area in cmz/g.
35 . If the units of d are micrometers, the units of
Af become M2 '/g, which will be used hereinafter. |
Average fiber diameter is defined above in terms
of Af; however, - when comparing two of the preformed'
fibrous elements of this invention, one of which has a’
40 . significantly narrower fiber diameter range than the o
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After cutting to size fromthe slab to the formof a right cylinder, a
self-contained preforned filter element is obtained, which is then inserted
into the housing described above and the two parts of the 30 housi ng
séal'ed, providing a finished filter assenbly ready to be connected at its .
inlet end to a device for piercing a bag of platelets, and at its outlet
end - to a drip chanber and a catheter, which after sterilization and
packagi ng constitutes an 35 adm ni stration set suitable for bedside-

i nfusion of - 45 otherl eukaecyglemdrp! vith thetmherovepcaiétaibuton patient.
[ t he,effectiv whi ch is

s will be d d I
hotined oo iho-nrBREERTR BRthRrche R IRmoRree’ EERRIRE, B Lkef s Yot s
_preferred to be ibhéscreasoh, abdements|are]prefierredntarbavenasxmassow! 50

[err] is nore prgke s w30, a8 L s £XCELES 0 Ls still nore °
.preferred. Wen ugédb&fgﬁbi a?gﬁéggfggggl§§r§£ fgﬁf?vgiggééeﬁﬁ'nvre, -
filters with 8ffectiveAnpbhesrcharackeristigonecessaryote cdescribe|aare

prone to excessiVgokbagupBAYufif 28bQ88EEDY PES OpeiRi DASEIEE Bé FoSroéabited
volume of 6 to 10,units ofﬁglaieleé conﬁéﬂtrg%e. éf f0£ SONEe rgfion an
element with ef f elfi $ES1 PBRPaALameLeE (PR} anBoFecfipmeters of £44FeEy,
this may be nade mediy weté determinednusiuwyythéimédifpedfosvn Bz méthod
filtering el ement an?PQrEhfeéE,?E&ﬁ”% Olle C4 PAYLLEr P RErE e@éﬁ%fégﬂe byt i
~providing prefiltration | ayers; - however 0l 'ng "SO I ncreas ol d-up vol une
and i ncr easeOconphiéght §9e9¥nafuthet ineldent partinbes vereoremeyedo20  use

Qf afilter with eReefheebb¥Culb@in ek Phg! §6Pe size measurements is a
'_\J' : modified version of the F2 test developed in the
| 11970's at Oklahoma State University (OSU). In the OSU
. test, a suspension of an artificial contaminant in an
15 = appropriate test fluid is passed through the test
filter while continuously sampling the fluid upstream
~and downstream of the filter under test. The samples
are analyzed by automatic particle counters for their
contents of five or more preselected particle
20 diameters and the ratio of the upstream to downstream
" count is automatically recorded. This ratio is known
in the filter industry as the "beta ratio".
_ The beta ratio for each of the five or more
_ diameters tested is plotted as the ordinate against
25 particle diameter as the absciséa, usually on a graph
in which the ordinate is a logarithmic scale and the
abscissa is a log2 scale. A smooth curve is then
drawn between the points. The beta ratio for any
diameter within the range tested can then be read from
30 this curve. Efficiency at a particular particle -
‘diameter is calculated from the beta ratio by the
formula: - ' '

Effiqlency, percent = 100 (1 - befa
35 o - :
' As an example, if beta = 100, efficiency = 99%.



than 50 or 60 [err] is less preferred. Relatively smaller flow area can
al-so be used with reduced |ikelihood of clogging by utilizing filter nedia
,of very low density, for exanple less than .05 to 25 0.1 g/cc; however,
the |osses of PC by retention within the filter el ement using this
alternate may.be excessively large, as the hold-up of PCwthin the elenent
varies inversely with respect to its density. 30 The total surface
area of the fiber incorporated into a filter assenbly nust be matched to

{the quantity of plat Qirﬁte%st Q,t%%rwl%eaasiea%ua bwecaha{aéea%' 8

concentrate contajning 10 platelefs per ‘th surface area required
i s about .007 [&¥ged da thFonEEP1e§xRFEPGntP§ PﬁEe&UeiﬁgﬁhﬁopéﬁﬁlﬁéP uni t

of plat eljet Ih s aﬂﬁ.etecf fattgwidnofﬂa@a% nl, ooor)dhanaepltné P2auni % sla{e tf ge‘
processe the re I r.e ] r T ace ea I'S err )
B Chethis aron, Shtidiancy. 3% she pote AiARertrs fited fafeeatny oo 0 1o
99.9% and @ atel et rl’ex:(tl'er y\o:hﬁlled 1E'2I teste eifflichen8besoifsSthe |f nore

than about . 009 Jepid a3 et Fariel 2 8BA" 10F0! J0U38 n1ELbhGtEREY Wi 1l 10

i ncrease tomard ry w | ess I's use
efficiency is rm@emméneécmm afcRckess. cpnbaminantaal agBASUEN t he

r?n?ﬁ from . 005 gup é?a%l[dﬂb]f ﬂﬁ] fQﬁeOﬁ:eB'tahﬁsetSaahﬁtﬁﬁﬁiusilﬂ&ioh@wer part
oo ::Cgszﬁs A o oy SR otk £ARHLCabAY b RARS BB e
renoval ef f:uo:| euse,( @& gu,sp%stionQQm) theTdaski ghewapartwas mixed until _
' ‘the dlspersion was stable. Test flow rate was 44 _ R
'liters per minute per square foot of filter area. _\zf

The F2 test yields an absolute value of the pore

dlameter, but requires several hours for each test to

15 be run. In order to reduce the tlme requlred, data
' obtained by the F2 test were correlated with a
quantified version of the “bubble point test" which is
called the "forward flow test", both of which are
known to those,familiar with the development and use
20 of filters, and the correlation was used to
'interpolategthe F2 data, thus reducing the number of
'F2 tests required. o
Characteristics in addition to Dp which describe .
a porous medium include'apparent or bulk density (e) | k.il
25 in grams/cubic centimeter (g/cc), the fiber density
(also in g/cc), the thickness.(t)_of-the[medium,
specified in centimeters (cm), the effective flow area
of the filter element (A ) in square centlmeters
(cm ), the surface area of the fibers (Af) in M /g,
30 the fiber diameter distrlbution, and the CWST in
dynes/cn. o S
Specifying these parameters deflnes a fllter or
'filter-adsorber element of predlctable behav1or when
used for leukocyte depletion°
35 “(a) f, the fiber surface area per gram, when



of the range is useful if the objective to achieve very high | eukocyte
renmoval efficiency (e.g., over 20 99.9% while accepting low (e.g., as

| gw as 50% or | ess) platelet recovery. Coomon U S. hospital practice is to
use \&-to 10 units of pl atel ets for transfusion of adults while 25 :
neonates receive as little as one half of a unit. Wiile the adult range can
be served reasonably well by a filter designed for use with 8 units,

ped| atric transfusions nust use filters with proportionally smaller fiber
syrface areas. 30 Charmmlierplz:a&dcbycﬂh@ceﬁezcﬁh&afhw I%qa,caﬂilter

Characteristics: Vario N}? ]Qfg{s def ory Yse

cal cul ati ng the pore ameétlfar r ous fci% ter gi 4$C 2 E‘Sﬁ’l ber
~diameter, the density %f the §iljexr, 48 the %r(%%tér%r@sﬁ) of the
fillter medium None Oévérméaa&a:rmpm tﬁmﬂsﬁé&en@&dﬁ%ﬁwdl to.

‘take into account por e distribyti Ihee ect, of erning
the thi cknesssoof t he f?f ](zﬁ li? _ ‘Eﬁ@}ﬁ"é‘t "é’ Y
formul ae. Most mportmd‘.fqrm tfﬁbqaardiaﬂﬁe:etéiﬁtnibwﬁmblis tpresfearednot
.correctly predi ct tlé:é‘l?{] meaent@et tg@l{& fé)rﬂeﬁ%qpl &

a e nce

purports to 10 e average dis ween’ f1 bers. Fbmever
t he average di stance tmmexsied iwleirch seiddotpass aa el mff epruadite &f of

performance, as in anypéigglihdd Q¥ PRl '5 da%gé he14 aﬁﬂﬁﬁu&)(ﬁl%g@uﬁores
encountered mhlch control performance. brous 2
_ Insofar as Ac exceeds 50 to 60 cm®, clogging with
L ;O,gnlts of 5 day:old PC will be infrequent, and
Ao _ clogging with fresher PC will be very rare, or
will not occur at all.
(c) Dp optimally is adjusted to be just large enough
15 that plateiets are not removed by filtration.
| The data obtalned in the course of the
development of this invention show that once thls
condition has been satisfied, Dp can be increased
further by a factor of two to four with no |
20 _ effect on leukocyte removal efficiency,'but with .
| increased PC loss due to increased hold up of PC

- within the filter.

, A fibrous filter-adsorber element for leukocyte

25 depletion of PC is defined by specifying the density

- and fiber diameter distribution of the fibers from
‘which it is made, as well as A_, Ag, Dp, Pt its
CWST, and by conforming to the rules for monomer
selection described herein. '

30 BET surface areas: were measured after the flber o
surfaces had been altered by grafting, but before hot
compression to form a slab of the medium from which -
the prefermed elements of this invention were cut.
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15 mat - such as made by nelt bl owi ng, the fibers are'laid down in a random .
manner, and the pore size distribution is quite wide. Qher neans for
{forning fibrous mats, e.g., air laying, or formation on a Fourdrinier

screen, al so produce wide pore size 20 distributions. [f two fllters\-/
both have equal average fi ber separ ati.on, hence equal average pore

diameter, but one is relatively wider with respect to pore size
distribution, then that one will pass particles which are larger. -Thus, _
{the average dlsg_ggg_ggtmeen fibers 25 i s a poor predictor of perfornance
when filtering hard particles, and the behavior of deformable "particles"”,
such as | eukocytes. and platelets, is even I'ess predictable. This fornula
cannot, in partlculamhebplptedettcoacehtraéeptbﬂncusednimcﬁ@eﬂance with

this 30 invengiapo1edi WA assts&ﬂaabatraﬂeaaﬁ%?g'm;fﬂ PiSGESSntd D this

process, the fibers |ssue rom spi nner et ten resin Is

attenuat ed Po fFSPGB%aPGrﬁFE?t&dsFﬁéanFBPAa}r UHERG RrPFRINTSS RIECRN and
adhere to a noviceafouhs ttod heridathaAbSos 6L eot | B16b& CRdnlesl) . 35 - The

2l 1 gned” par al | cPEABIARES] r BBE) BROFRe AT CRUPRLY 1an oo, et it Ank:
novi ng. A for nuBioakdi Progaiaims inoMeavidiej nNt¥ie degree to which the flbers
are parallel cannot yield Eg&-%ﬁ%f EE?BS?;H%E& ﬁi’é&@&e tﬂ?est?nito d web

S subsequently conpressed onpreSS|on the
density islPncr8%3&es %edpoed &veﬁag@rf ilBe\mit%e‘PszémW@PlF% ajamibsed

per pendi cul ar t gt Ipg Asa@e fiheliNasSBRB! quaititPrabesindd'er@pdain the f_.'_,-
direction paraIIeI &0 LHood donation, usually 400 to 500 ml. Four -
sizes of filter hoysings with effect;ve.flow areas o
(Ac) of 4.47, 17.8, 31.7, and 62.1 cmz,.were.used in
15 = the examples which follow. These sizes are referred
to hereinafter respectively-aﬁ-sizes”A; B, ¢, and D.
Size D is preferred for use in transfusion of adults.

| Filters equal in all respects other than A, will
20 have capacity for leukocyte removal proportional to
A, provided that the test_flow rates used are
proportional to Ac, hence the behavior of any one of
these sizes can be calculated from tests run using any
_ - other size. In order to make comparison of the data
25 reported in the'exemples'convenient,‘we have, unless
otherwise noted, reported herein the values obtained
"using the D-size'element, or those_obtained by using a
smaller size and then éalculating the results which
would be obtained with the D size. | |
30 : In presenting the results of the examples, the
' term "eff1c1ency" expressed in- percent is used to

denote 100 multlplled by the ratio €1 - €2, where C1
€1 g
is the leukocyte content per unit volume in the PC,

35 and C2 is the leukocyte content per unit volume in the
effluent. The term "recovery" is used to denote the
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10 plane of the sheet. - A variety of other fornulae have been proposed to
al low cal cul ati on of pore dianeters fromdata on fiber dianeter, fiber
dénsity, and bul k density, but in over forty years of devising means to
make\and apply filter nedia, the nore senior of .the 15 i nventors of the
subj ect invention has never found any forfnula useful for calculating a
priori the effective pore diameter of filters for renoval of solids from

| iqui d suspension. Mthematical nodelling of a systemto renove 20

| eukocyt es whi |l e pfifichgnpyadct| platélet! yecovere éxmedsdd|in perdrent

successful becaus ngoig %65k9f¥é§s¥ﬁgd¥gégéq&;téhéu§%é¥%§g<ﬂ ogically

active. \Wen con acte a vari sur f aces all of these .
cells can enit a vancenyratlenzqﬁea ateleks incthe 24 s to dhieer active

B A & art Nebnk BRYEA81E SR £RgRE: Anfh e DRGAIRITE .2, gipcnner s
. u

| eukocyte re valgéﬁan¥¥9?§ Ec%ﬁﬁ??éﬁé ERkﬁﬁ{% {ﬁY T3 R%han by

filt rgt ion. 30 Asdes:.dneun'sbrhéedsbmpmilrd:hb&:bl,ytmﬂerm\ﬁd 105 mﬁmd:eﬁlt on
pore. di ageter to | i ¢ r|ng
pore dianeter is ésgtggéggrghign?ég%?%ﬁléh? ‘glté’tfgfr#gr# r?nd{he m ni

di aneter range atfemi €h aecanér;{olunht)s aveclisted aapama;m,e@nda¢ha I | be
-seen in the. exa”p§€érP§LO3E thé 8, &Rdeio llFPEs Adtd B WGP 11t

necessary in_ the deyel dpnent his’invention tp_use cut an try net ods
‘These. were bdQed Th ﬁalPSBnnﬁﬂﬁﬂFeﬂﬁe‘aﬁﬂeﬁﬁlp@?#dQnFqrﬁhﬁtﬁWﬁ?aQEUt in
|K~[995t part the pexeoPRaARGé which may be expected in hospital service.

\«’ S - The test flow rate was controlled to 7 cc/minute
for a size D device, which is our ‘estimate of the
average of normal hospital bedside practiee, and

15 "clogging" as used herein is defined as the.condition
in which the flow'through a size D device falls below
1.75 cc/minute at a pressure head of 102 cm of water
column.

The test flow rate of 7 cc/minute for the size D

20  device, or-its_equivalent for A, B, and C sizes, was
unless otherwise noted, maintained'during each test by
adjusting the pressure head between the bag and the
location of the tube end from which the leukocyte

; depleted PC was collected. If the pressure head

N '~ 25 reached 102 cms, it was subsequently held at that.

| | level until flow fell to 1.75 cc/minute, and at that
point the test was terminated, and the filter was
considered to have clogged. If the final flow rate
exceeded 1.75 cc/minute or its equiValent for the A,
30 B, or C size filters, all of the PC had been withdrawn
from the pboled bag, and the filter had not clogged.
_ Tests run using the A size filters were run four
in tandem, using a single bag of six pooled PC units.
_ . The flow from the bag was dlvided into four equal
35 . parts, each delivered to an A size filter.

-~ 55 -



.5 efforts which resulted in this |nvent|on wer e enplrlcal Measur enent of
fiper surface area, for exanple by gas adsorption - popularly referred to

as "BET" nmeasurenent - is a useful technique, as the surface 10 area is a

- direct nmeasure of the extent of fiber surface available to renove

| eukocytes by adsorption. In addition, the surface area of nelt bl own PBT

‘'webs can be used to cal cul ate average fiber dianeter as folloms. 15 .

1 Total volume of fiber in 1 gram= 1.38 cC_(mhere 1.38 = fiber density of

BT, g/cc) 20 hence 1). Fiber surf afea -2) 25.
thldlng (1) by (2), All %F&gkgt& Lo were %Sge B? °°§Y9P§ ere L = -

t ot al Iength ofChaU@BrpGDUQmanrbw weaietzgéntdboechn&qeaas,|andedataeters

and [err] =fib ago: f nit,s of d are
.nlcroneters thgr nlts o? [err a@g%%k%] err leaﬁﬁ tﬁb C%Pﬁgg B ed - ®

herei nafter. Av&ashe of giang. de?PﬁeE°&Eo9§ Fhet exaBPdesjerr] ;
hOWBV?r when CGFR@EH@@ Emotﬁh Eﬁ@t&&éﬁoéEEQuEhEr!b? ebﬁﬂﬂ?hg Qﬁgthlst .
i nvention, one 0 s e rover er di.angt er
range than the & gtﬁ?Pn Fe é 3 #chﬁﬁﬁ ‘th °H3F98mt €4RBA Phut i on

wi || perforn1beubaelmpmenteuhheptoostnefinuEntSeshowédrzehos reason,
el ements are prq %&E%QtQQ hne é%uB%f§9@&o was made twenty-five times
' more sen31t1ve by using a dilution ratio of 1 to 2.2.
10 Efflciency data reported to two decimal places were _
| obtained using the 1 to 2.2 dilution ratio. e
Use of an automatic counter for’ determining the \J_
leukocyte content of the effluent from an efficient
filter prov;des incorrect results, because automatic
15 counters are desxgned to be operated in the range of
normal leukocyte content of normal PC. hus, the
normal operating range of automatic counters is about
. 100 to 10,000 times higher than the levels reached in
the examples herein; as a consequence, at the low
20  levels contained in the filter effluent, automatic
counter data are not reliable. Put otherwise,
‘leukocyte counts obtained for the effluent of an
'effective leukocyte depletion device are below the
| noise-to-signal ratio of automatic oounters. Counts g;/
25 must therefore be done manually.
' Platelet counts for PC as received from the blood
bank were obtained using a Coulter Counter Model No.
The elements used in the examples were of disc
30 form. For the D size element, diameter as made was
| 89.1 to 89.8 mm, compressed to 88.9 mm diameter at
assembly. Similarly, C size elements were 63.7 to
64.1 mm discs compressed to 63.5 mm at assembly, and |
the corresponding numbers for B siie*are_47.8 to 48.1
35 and 47.6 mm, and for the A size 24.0 to 24.1 and
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as possible a distribution of fiber dianeters. 5 - Anot her
characteristic necessary to describe a porous nmedi um adequately to permt

it to be reproduced is its pore dianeter (Dp). Pore dianeters of filter
medi a\syvere det ermi ned. .using the nodified OSU F2 nethod and are reported as
the difameter of hard particle at 10  which 99.9% of the incident particles
were removed. The F2 test used in making pore size measurenments is a

nodi fied version of23hge ma®. t est developed in the 1970's at Okl ahoma State:

University (GSU). In thﬁ‘ (ﬁlén} ’}S%? Sﬂ%lo@hg.ckigagr hff Ltc%I

contamnant in an 15  appropria = asse rough t he t est
filter while continyesenbledhigtiond tﬂ(élﬁllng e fudatesranlacondigrratdam 85 t he

filter under test. dhgcrasgd Gbdve, VMY WP LIN-ANCATRY & BatleRhethaunters

fof their contents ive or nore preselected part I aneters_and

the ratio of the upf¢emmt Fheolka RIeRURSunt -i€g &efcaﬁenl &he Fipscofdthe

This ratio is knOVeridl%éé'IQé idr @&hd ridusétr ylatel 2o ahat %n&atb.gs o’f'hehaeta .
ratio for each of th

| t t d tted
ordi nate agai nst 25F% I Vﬁ"cl é‘n& u%rzeeégrpa eségm éga gg’f?gllp;‘%&ﬁuﬁegr aph

in which the ordinate is a logarithnic scale and the abscissa is a [err]

scale.- A snooth curve Iqﬁé R 15 q:[\qg,sl,{)%(tfv\g eo@ObEt sga_ ;dibégge&ﬁt o

for -any di anmeter:within e ran e be e
curve. Efficikhcy &8 theamantitar 9falg @lb@admdetfgpm. 8 singleatéd f-’-Pom t he

beta ratio by the fogdng@apifddd Q'd%ﬁ@i,orper%'&t volifle 6F a LRkl i35 As an
e(’dple o beta ::Qéﬁ%m£§gdé3 %@p%hé %%éB (Amerlcan Association of Blood
I SR : Banks) to be S0 to 70 ml, but smaller units, down to
" as low as 40 ml are occasionally obtained. We have
.15 estimated and used 55 ml to be the average volume of a
PC unit. 1In order to put all of the data on the same
base, so that comparisons of data obtained using the
" different sizes of elements can be readily made, the
flow volume data for the A, B and C sizes are
20  calculated to the D 51ze equlvalents for pa551ng 6 8,
' or 10 units of volume 55 ml per unlt.
The leukocyte content of the PC used in the
examples in accordance with this invention varied from
300 to 2700 per cubic millimeter, with an average of
" 25 about 1150 per cubic millimeter. | -
- - Durlng the research which resulted in this
1nvent1on, it was conceived that better results might
_ be obtained if melt blown web with a narrower range of
_ fiber diameter could be made, and this was thereafter
30 . successfully accomplished. The fiber diameter
o distribution used in the earlier examples (1-93 and
163 (not 1nc1uded in the Tables but descrlbed below)) _
“ in accordance with thls 1nventlon ‘were seen on inspection.
of scannlng electron mlcrographs (SEM's) to be wider
in range when compared with SEM's of examples 94- 162
As may be seen below, the. narrower size
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Unl ess otherw se stated, the pore diaheter'Ep cited in the exanples
presented hereinis the particle dianeter at which beta = 1,000, hen
§F2 efficiency at the pore dianeters cited is 99.9% 5 In the

‘nodi fied F2 test,

ce,

20- 25 m crometers were deternined using as a test contam nant -an aqueous
suspensi on of AC fine test dust, a natural silicious-dust supplied by the
AC Spark Pl ug Conpany. Pri or to 10 use, a suspension.of the dust

{vvat er was m xed ;W shy i i ig)g{)t Y \fm% stable. Test flowrate was

liters per minute.per square f

ter area. The F2 test yields

absol ute val ue of tFxagRlesyilni2le@and, }63, weFe grafded Asimguds for
test to 15  beondmer ldontadelirig 0.AG4C HEMAS t.lom%rm r athd dat/a @t ai ned-

by the F2 test

poi nt test" whi

SRt By sl e kel | o £BG SRR Sinl oo EnoWe |

in
44
an

each

to those f&m | il@2-ai62) tthe dompositdon @rfdtlhsaegtaftmi; fsollm:nsn as t he
correl ati on wag, Y& 9 ta%n'x{ott%rdm!d}t eeaté%eég %@ %%Brr,)_._edum ng the nunber *
A n

of F2 tests require

aracteristics In

por ous” medi um i ncl uddlagfathe edements wsed dp the examplessmwersic
PefdriRd ld&rs:l.%?ﬁ idfy cottz@lileadthdcknledd faackness (t) of

centinmeter (g/

t he ‘medi um sp CIfI

filter el enent
. fibers [edO] i

mhhesdbhbg,fa}mln@ha'hdst’edemeater dlstrlbutlon and

OMsT in dynes/cm  Spegiioiid hubife¥s AV i:r@%feh‘&%ﬁ qf ikt 9

As previously noted, it is v. S. practice to use
platelets no older than f;ve_days, Because PC

. develops gels and aggregates even when stored under

. 1 5 .

20

25

30

35

optimal conditiOns, the older the_PCdthe more likely -

it is to cause filter c;ogging; .Hence, determination

of adequacy to pass one.PC_unit_without clogging is
best accomplished using relatively old PC. ‘

to *whi ch describe a .

the

t he

efficiencies in the pore di aneter range of froml to\,

-

din centl ers the effectl fl ow ea of the
15 A, ik clizl did Bo them 0¥ 3T0B of (ho

o ;J
-1\‘

The data of Table 1 was obtained using PC of the -

ages noted with elements made u51ng 6um dlameter

fibers with CWST values. in excess of 96 dynes/cm and

with the optimal content of acid monomer, compressed
to a density of O 42 grams/cc. _

~ This group of examples demonstrates capability to
dellver a full 8 to 10 units in a majority of the
tests even with PC beyond its expiration date.
Examlnlng the performance with 5 day old PC as shown
by examples 9-24, three of the sixteen tests show
clogglng just short of 10 unlts. in bedsxde practice,
an additional perlod of less than 30 to 60 minutes
beyond the time at which the terminal flow rate as
defined above'(l 75 cc/minute) was. reached, would pass
10 units; this would in practice normally be aided by
increasing the bag helght above 102 cm. Thus, only

-one of the 16 tests mlght have caused some PC to
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filter-adsorber el enent of predictable behavior when used for |eukocyte -
depl etion: .35 (a) TJ[err]}, the fiber surface area per gram when - 52 -
rru[tlplled by the- effective flow area, filter elenment thickness and density
([efrr}— x t x [err]) of the filter, is the fiber surface area (FSA)
available within the filter el errent for removal 5 . of leukocytes by
adsorption. Further, relatively uniformfiber dianmeter distribution is
preferred. (b) In accordance with this invention, a filter is provided

whlch will pass a aflimiid thd/bdg iagdd.as :@Jcmoasv%ﬁ 0 el Besed Haa

wi t hout cl 0ggi ng.- I nsof ar ceeds ‘to 60 [erml,
cl ogging with 10 L}?ﬁ?‘% hpsed d’é’f’bl"’&@@é\n 9]"'55 &2vd (ﬂ%gglfﬁé'

with fresher PC widstanple ey Starom?,0ritwiild extimatRd taiata|ﬂou1:(‘b)f Bhe

ORI TRl 1 1,2 N Bkdah oty SR o, s, i e o1 20
deyel opment of5 t hidel kwext. orifslkyvh:dﬂatbe@mcdot oS’ ,c vt riesm litEs woud.d -
satisfied,- Dp can fiR,d Kb w&llg%r % B en? q;\bdifeatsw @HeoUr W th no |

20 .effect on leu ocyte renmoval i ncreased PC
| oss due to | ncrem%@mﬁ%fimmlﬁﬁ%dﬁ%évﬁq% topaboywtogne-halt

filter-adsorber elsfate fﬁusdsf.ukmwsq zg(i%(fle@rle@nﬁhiﬁﬁxd efdeloriee by
speci.fying the deréso%aand fJ be tar%per %orl blzt i,on ,of thee§| berﬁé from )
which it is nmade er R A%
.conf orm ng td.Q he and &) fam rilsmsté.rll less preferred. '

o When a single, approximately 55 ml, unit of

_ \e” - platelets is to be’ processed, an effective flow area
' in excess of about 6 cm ' is most preferred, since the -

. volume passed is about one—tenth that of a ten un1t
15 pool of PC. | '

- In Table 2, data for examples 25-50 are
presented. Media used were in the thickness range of
_0.33 to'0.36'cm. Bulk densities e were in the range
0.42 to 0.46 g/cc. Surface area Af was 0.53 M /q, andf

20 the corresponding fiber diameter 5.5um. All of the
tests were run using two day old PC. No clogging was
experienced. Average efflciency is very close to
- 100%; the results for the ten unit tests show an
_average 1000-fold reduction in leukocyte
25 concentration, while the average reduction is 10000~
fold for the six and eight unit tests. Recovery
.averages for the 6, 8, and 10 unit tests are
respectively 81.3, 84.5, and 87%, for an overall
' average of 84.3%, or stated otherwise, a loss of
30 15.7%. Since the average thickness is 0.332 cm, and
the average apparent density is 0.425 g/cc, |
corresponding to a voids volume of

100 (1 - f%i) 69.2%, fluid hold-up within the

g - 35 ‘porous medium is, on average, 0.692 x .332 x 62.1 = 14
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sel ection described herein. 30 - BET surface areas were neasured after
tthe fiber surfaces had been altered by grafting, but before hot conpression
to forma slab of the nediumfromwhich the preforned el enénts of this .

i nvention were cut. 35 - 53 - - Exanpl es The platel et concentrate (PCNJ/ -

used in these exanpl es was obtained from donated human bl ood anti- 5

-~ coagul ant treated w th CPDA-1, using procedures which conformto: Arerican

_Associ ation of Blood Banks standards. The source of supply was the G eater

N. Y.. Bl ood Progeam i thikl vepresents. a |Xoss ofurk®riud tandali-arp practice in

the United 10 o §wi ) B B LS 40 " Le:a Wt of PC
I s defined as t‘ﬁe -qulgrs]%lﬁgya%g%%]?he%?ﬁnég ﬁ@ﬁ{%&%a |lg:nfﬂausual ly
400 to 500 ni. transfusied ef 14/449 hAAQ M3 4%h and dnoreasesowher eas 2
[err] of 4.47, JeSagélldes fer Oexinpres 125-5ENd UMY i 31 = i1 gaxanpl es *
whi ch fol | ow Thesgﬁslzei @ie-referred,toﬂgﬁiel after respecgtively as .

sizes A B°2C SBLERT Fatcplationsmay Ke &1 PT R i%h of adults. -
Filters equal iwhbth ferpewis other than [err] will 20 . have capacity for *
| eukocyt e removal propoptiopal to laryl, 4y qy ar_the fest, fd.qw rates
used are proporti onafR?gL‘kg%ﬁ', "(‘an@éi%%eé)'{)ce%a\%% gc%%sae%};%éﬁe tc’ﬁ‘edt]'(f%lese :

sizes can be caised werefabln 0 el? sem ubhigk nyithy aihdk densitym pradr to

- make conpari song of3t gpaigf@c?5 suf FAG ldKkd ] WAL REY WP AL e | Ve

have, unl ess _ _ S _- _
10 the corresponding fiber diameter 4.3um. Except as

noted, all the tests were run using two day old PC. r*;J
No clogging was experienced. Average efficiencies are -
lower than for.éxémples:25-50,:#ef1ecting'the lower
" average FSA avaiiable for removal of lgukoéytes by
15 - adsorption, 3.4 M2 compared with 4.7 M2
25-50. S | _ _
- In Table 4 and Table 5, examples 65-75 and 76-93
are pfesehted. Fiber surface area/grém Af, fiber
- diameter, and total fiber_sur:ace area (FSA) are
20 substantially equal.on_averagé to examples 51-64.
' Bulk density e varies respectively fb: Tables 3, 4,
and 5 from 0.43 g/cc to 0.39 g/cc to 0.36 g/cc.
Average recovery varies successively from 82.3 to 87.7
to 90.4%, indicating that recovery improves as density
25 is decreased. For this reasbn, it is seéh'that when . Y
using A; = 0.67 (4.3um average fiber_diameter), while
a density of 0.43 g/cc yields satisfactory results, a
density below about 0.36 Q/cc is pfeferred. The
. corresponding pore diameﬁers'are;

for examples

30
Table No. ' 'Average pore diameter, um
3 - | 3.4 | ‘

35 5 ' - ' - 3.8 - - .



ot herw se noted, reported herein the val ues obtained using the D size

el enent, or those obt ai ned by using a smaller size and then calcul ating the

resul ts which would be obtained with the D size. 30 I n presenting

the xesults of the exanples,.the term"efficiency" expressed in percent is

- used to denote 100 nultiplied by the ratio [err], where Cl is the |eukocyte
content per unit volunme in the PC, 35 and C2 is the | eukocyte content per

upit volune in the effluent. The term"recovery" is used to denote the - 54 =

-t efficiency of platelet recovery, expressed in percent.- and is 100 tines

the ratio of the RN §a§é1 t 10 the
concentration of ﬁiat@%get sint. e I n uent% %ﬁ'{s’% %ﬁghfcgg@ﬁcég in .
accordance with tRIALEARIMITRAPVARY dekh gife PRafeRred &hat Poxepdirpetrrh 6

t6 10 units of pl aheledcs, 3tmn dadrig fidrd Bﬁ-ﬁér& %ha%n%dr‘éca‘iﬁfﬁtegf 6,
8, and 10 units are |IS se arately and the average of the 6, 8, and 10

units data i sl s&¥ * This last nunber is a useful guide to the

aver age perfor mance vvhlmtez;s vl telx rpomice e f 1l dieiyt alnds aecoveryThant bet

flow rate was con f L C our
estimate of the avge(raaégggo a%é%&%x% #i%n?ec}? prae%tlgga't'\é,Q ggbé
"cl oggi ng" as use(thﬁe@isad@wgmé&m the ﬂdr‘kﬁlim\ elememtsharee fl ow

t hrough a size D f t r ead of
102 cm of vvat er cg'leauﬁ’}r?;éar Tﬁtérfcé’?@aﬂxﬁénﬁ%ﬂ“ﬂ?éﬁelﬁ r'n%tgﬁ?g?“t EEESI ze D 20

device, or itld eqfilifiesmeenent ie%eﬂf%-s.fer wss reason,
kﬂf preferred that the pore_d;ameter be not larger than

\,g ' ' ' necessary to obtain maximum recovery of PC, for
' '  example less than 10 to 1Sum. If the pore diameter
were increased above 15 to 30um, it may become__
15 . possxble for some leukocytes to pass through the
' ‘filter without ever ccntacting a fiber on which they
could be adsorbed, thereby reduc;ng eff1c1ency. It
is, therefore, preferred that the pore dlameter not -
exceed 15um, and is more preferred that it not exceed
- 20 10um, and still more preferred that it not exceed 6um,
i. e., a preferred range is from 3.8 to éum. .

_ ~ Notably, in this series, the efficiency increases
from 99.0 to 99.4% between 0.43 and 0.39 g/cc bulk
density, and from 99. 4 to 99.5% between 0.39 and 0. 36
'g/cc. Further, these efflclency improvements occur as
the pore size is increased from 3.4 to 3.8um. These
observatlons indicate that leukocyte removal is
prlmarlly if not completely a function of surface .

~ area, and thus that the principal or sole mechanism of

30 leukocyte depletion is adsorption. .

In Table 6 presentlng examples 94-110, preformed
. elements made with larger fiber surface area, Af,'with
smaller fiber diameter, and with narrower fiber
diameter distribution were used. - Flber surface

o 35 area/gram Af was 1.1 M /9 (2. Gym average fiber
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| . fwi se i nt ai dur i - t by adjusting the _
oted, maintained during each tes ]

'unleszrgtﬂgggnzgtaeen the bag and-the |ocation of the tubﬁ egdzgron}ggéﬁed

Pagsfeukocyte depl eted PC was collected. If the pressure hea

il flowfell to 1.75 _
uently held at that I evel unti _ <
ool ot Itaﬁgsafu?ﬁg? p0|n¥ the test was termnated, and the filter was

CC/”ihUte ' te exceeded 1.75 cc/ mnute
f the final flowra

considered to have_ clogged. | : ; all .of the PC had

or its equivalent q’tﬂm‘E‘Fﬁth 3| average Fsi sgad i3, 2ﬁ£ nolttlh 8@5@ $ WRS.( S

he fllter N
| f of
e e e O UL 8, o bl 4T bt $hen g veraeyba i

si x pool ed PC uni t sﬂﬁ?19§n0¢3%in9%ﬂ£kﬁnx\ﬂﬂim$rébd9d-ﬁﬂbgu%8§$t:qggﬁﬁts
parts, ‘each deli vdhach tthear APidrerddd Y 65- vl tFQPﬁgﬁ reguaredats, and

l_,chanber counts,
\é\g{g rgggr? gdglogvt eI ax?’grtg e GF“eathr@aﬁlmamqanWhehyusﬁﬁb of 6L:#Pas

| T d ion of the flltered :
R TR N et le&?ggﬁthb%gg eukocytes. Towards the .

effluent for cou:i%nahgﬁénég?hgﬁps&gﬁFgesﬁgﬁegfzgx@mpbgkozqtbso igel osint
g

end of devel opnen , ion ratio
rati o was nade t s Fh§e3tﬁn§s Averagensoti ¥Ramy1 ¢S d¥l 75 p1d% wer e

| a orted to two deci nal
'SLt$|Lgd2u§| 10thzfﬁif£éﬁa é?IB?Fgﬁgratlo Use of an automatic counter for

€5 1Ohi110 avery WFFRlicy 1| ter
ng The.l eukocYTR2EKAPLYr én exampl Y ned to
Sféﬁf?eg' i %COrredueamment bskowea PHOPMBLhSVAY, a an e aveTage oo 9"

be ODGFated in tffbéévEE&cgas a very hlgh 94.2%. Contrasted with these —
- data, earlier tests run uslng wider range fiber medla_ ~
with hlgher FSA values, had lower and more variable
15 efflclency, as well as lower recovery
'~ Loss due to hold-up wlthln the elements of
examples 94 =110 is only 11.3 €c, or 2. 6% based on 440
cc of PC, for an overall recovery of 91.6%.
_ ‘Table 7 presents examples 111-121. The media
20 characterlstlcs are 1dent1cal to those of Table 6,
except with respect to CWST whxch is lower. These
'examples, like those of Table 6, are arranged in order
of ascending density. Calculated comblned average
~ recovery for ten elements including the five lowest
25 density elements from each of Tables 6 and 7 is 93.6%.
The similar value for the ten elements includlng the
five highest den51ty elements from each of the tables
_1s 93.7%. Thus, over the range from 0. 19 to 0.32
/cc,_recovery is seen not to be affected by density.
- 30 __51m11arly, pore diameter varlatlon from 3 to 4um
appears not to affect recovery. - ,
| Examples 108 110 and 117-121, all with FSA in .
excess of 3. 8 M 'represent a preferred form of this
inventlon. The remainder of examples 25 through 116
35 represent only slightly less preferred forms of this

-,
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normal | eukocyte content of normal PC. Thus, the normal operating range of.
autopatic counters is about 100 to 10,000 tines higher than the |evels
reache ed in the exanpl es herein; as a consequence, at the |ow 20 | evel s
cont,aimed in the filter effluent, automatic .counter data are not reliable.
Put ot herwi se, |eukocyte counts obtained for the effluent of an effective.

| eukocyt e depl etion device are bel ow the noise-to-signal ratio of automatic
counters. Counts 25 nmust therefore be done manually. Platelet counts for

PC a ecei ved f t .bl oo nk _were o n | ter Counter
oo ne S e VR 1R drl Mal8500 Bh0EE ARG GBI AREET T

For the D size el preferréidaneNevextheddesyasalBoof these®. &xamplemnpressed to
88,9 mm di anet er g&:&s&g{@e&& Erlall Qoﬁhégcf%ﬁ‘inééaf‘ﬂn déﬁgﬂné erdd. 1

nmm di scs conpr ess aosentl v, Or I eSpo ers
for B size are 47.8 toThe effi ce&ﬁﬂ@?éﬁﬁ]"ﬁh&%’of and A appeap st (o

24. 1 thzilndd- 5:35- %n&&c&t@ﬂthéltt @hﬁ'lléngu\ithhgao?oi:ééuiﬁﬁmst%e(&b%am .
assenbled into a hq I Qt erna g pn as _descri above, w
a clearance of t B’é‘ﬁbeg% P&cés o¥°tﬁegl % pPettet T Heti®en the
tips of the rldgesbzalmndthathnwsm ﬂhagerzehandstuetalpssdﬂ Irmmhuﬁges 34
on the outl et pla 13; Féa.%@PW%d Qst gp@?ng ggéggtéée #wgf of PC,

e %ln

as used herein, quantity al ne rom e 400 to
500 m bIood dona?I@ﬁS laxgerolthan éfNa dsi preferred, use of areas

10 larger than 3.4 M2 is more preferred, and values in
N : : excess of 3.8 M° are still more preferred. A range of
.Sr/ from 2.5 to 4.0 M3 may be used with 3.3 to 4.0 M2
being preferred. '
_ In Table 8 presenting examples 122-141, the test
15 samples are essentially egual to those of examples 94~
' 121, except with respect to the monomer-used for
grafting. Whereas all of the preceding examples were
grafted using 0.43% by weight HEMA together.with .082%
_ by weight of MAA, examples 122-132 were grafted using
20 only 0.43% by weight HEMA. The advantage of comblnlng
' .082% by weight of MAA with 0.43% by weight HEMA may
be seen by comparing the data of Tables 6 and 7 with
those_of Table 8:

25 Table Example MAA content - Average | Average
- No's .of grafting  efficiency recovery
solution(wt.%) L
6  94-110  ,082 100  94.2
30 7 111-121 .082 _ 99.8 - 93.4
8 122-141 zero - 87.0 . 78.1

While the Table 8 data compare poorly with the
precedlng examples, it should be remembered that Table
35 8 data are better than those for any unit now
commercially available, and further that_devxces for



r econmended by t he AABB (Arerican Associ ation of - Blood Banks) to be 50 to

70 M, but s
obtalned We
a PCunit. |

mal l er units, down to as low as 40 mM are occasionally

have 15 esti mated and used 55 ml to be the average vol une. of

n order to put all of the data on the sane base, so that

S

~ conparisons of data obtained using the different sizes of elenents can be

readi | y nade,

cal cul ated to tleuRosyte dqpﬁeaﬁentmathetpdshubgeﬁto8arerndﬂ ati a3l of

ent of the PC used in the exanpl es
pe%u%Qbh fEerLQHEQQYEErGQQEfrOH]300 to 2700 per. cubic | -

vol unme 55 m
i n accordanc
mllinmeter,

the flow volune data for the A, B and C sizes are 20

e wt | hventi on. varil e
with an ¥persgs ailosxampbest Priep perthese cofi Tabhet®r.

During

‘the research whicobieed beds%nnmASwheneDbsﬁﬂ MAA, V8BS ERAECtNEdati@t better

results mgat be obtained

dianmeter codld BERTREE, wﬁﬁgthfggnﬁswxﬁgrEﬁ??ﬁ?t39° REMA
exampillesr ofi Zabler 9dcombihadi 004 3% cHEMA wilkth em.risﬁ exarrpl es

actordance mftg I;Qﬁ%ﬁgﬁgeiﬁhggggzgggﬁﬁdgﬂﬂ g%S@@kgqgg ggﬁanr$% electron

acconpl i shed.
(1-93 and 16

m crographs ( SERRY) beosgenwineTabkerdnga wesultonbatheis whangEMs af

exanpl es 94-
di'stribution

1629ef¢elBE 2R §66£‘a56'9&éo€r$€yand 18 gsize - 57 -

i's prefera | e,

with a narrog§§ raqge of fiber <
S

mere grafted using a-

mononer comPai ning 0IR3FRPERAL '08§99R¥@§ bﬂﬂ'k53@5¥ﬂ rrenfnted. wekght in
water. In the thieigrogpexehel &sidfacryPitd tRondher GAIRASE tiats Ofwdde -

grafting SO|Ut'QHr%ﬁ2r increased, from 0.38 to 0.64: as may be seen,
recovery is further adversely affected, falling to an

15

20

25

30

35

average of 58.1%,

" These data .are plotted in flgure 5, showing that

the optimum MAA content for use with 0. 43% HEMA 1s

about. 0.18, or more generally, a ratio in the range of

,.05 :1 to 0. 35: 1, wzthln a broader range. of .01:1 to

- altering the HEMA content of the graft1ng solution

from 0.11 to 0.7% by weight, while maintaining the MAA

‘content at a 0.19 weight ratio with respect to HEMA.

Example'lss'is the average of four tests in which

the HEMA content of the grafting solution was 0.11%.
: 81m11arly, example 159 is the average of four tests

with HEMA content of 0.22%. Example 160 is the

average of the seventeen examples of Table 6, w1th

HEMA content of 0. 43%. Example 161 is the average of
sixteen examples with HEMA content of 0.54%. Example

162 is the average of ten examples'with HEMA content
of 0. 70%._
‘The data of Table 11 are plotted in Flgure 6,

where it is seen that platelet recovery 1s hlghest in

the range from 0.4 to 0.5 welght %, and that

- 64 -
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varied as noted for each category of test. Al of the elenents used in the
exanpl es were preformed to slabs of controlled thickness and density, and
right circular discs were then cut from10 the slabs, formng a test

not

el enspt . Exanpl e ‘nunbers. | -24 are presented in Table 1. As previously
e it is US practice to use platelets no ol der than five days

Because PC devel ops gel s and ,aggregates even when stored under opti nmal -

t he olRRFOMeriesC i @xaass 9% AR jare ohtained H%Fange
cl ogging. Hence, fiSmeroUIBAtcD. B5 AREYHC % .L 0 Whdle mmeslacawyt vvuthout

~condi ti ons,

cl ogging i s best acco

was obt ai ned u5|n
[err] di amet er f| txanges,t htC\Whibulal bes recogndessl dhad¥s edphe of] dhe] five W|th_

the optima

grans/ cc. ThIS group

C

G I dast TRl rhed nd makh 2oRRY08 g 6
(ﬁ exg’r#p% erm%gr};t es caetr&b q«;‘ngngy gquﬁellver _é

fyll-8 to 10 unitdgewige MW ompesiciid @étasu@mre,wat W“BC"B@Q/"ond its:

expirati on date.

exanpl es 9-2

4,

t hr

units; in bed5|de
“m nutes beyond the ti TTH'I'EEI teutEh dmmmemnewmpmeawssaue thedalvieradeabove

[ e p I ractice.

d“i%énreeﬁﬁ‘;%% AU DI T by et | &%eﬁom 35

one of the 16 testeyem mrmm%sewmm taf tesgs primed :
significantly more slowly than any other example of

(1.75 cc/n1n
normal |y be

NI

15

dep 1A T FHANY ifrom 2% 00-¢1d &> petwerby

idu
e of the S|xteen tests show cl oggi ng just short of .10

4 JP00nFold, Fednfitiofal period of less than 30 to 60

this invention.

- Thus, a preferred'lower level for HEMA-content

together wlth an MAA-HEMA weight ratio in the graftlng'
monomer of 0.19:1 is 0.1% by weight, and a more
preferred lower limit is 0.2%. A preferred range is
0.28 to 0.65%, and a more preferred range-ls_0.4_to
0.5% by weight. - o

20

25

30

35

These preferred ranges may vary if parameters

such as the 'MAA:HEMA weight ratio were varied from

0.19 to 1, or if the grafting conditions were changed,'
for example, by using higher or lower starting
concentration and changing'the irradiation or other
activating conditions. Such ranges would be within
the scope of this invention. '

Insofar as CWST affects platelet recovery in the

examples of Table 11, it may be seen that a CWST in
excess of 90 dynes/cm is required and that a CWST of

95 dynes/cm or higher is ~ preferred.

- As noted above, platelet recovery peaks out at

0.4 to 0.5% by weight HEMA content in Figure 6; by
" what may be an extraordinary coincidence, efficiency -

of leukocyte removal also peaks in a range of 0.22 to
0.7% HEMA, making this a preferred range with respect

- - 65 =



remain in the'bag unused. - If, however, the tests had been based upon use

of a smaller [err] than 62.1 [err], for exanple on 50 [err], it is
{estimated that four of the sixteen tests would have resulted in only
‘partial 5 delivery. If [err] had been 40 [err], the results woul d hawe/

been even worse, probably increasing the proportion of inconplete
deliveries to about one-half of the tests. Thus, the preferred m ni mum
effective flow area is about 60 [err], 50 [err]’ is less preferred, 10 and
40 [err] is stitd dggg@lﬁﬁﬂﬁerred Vhen a-single, apprOX|nater 5 m, unit-

of platelets is to be pr sed, fective flo cess of about
6 [err].is nost pref gsreg‘% taqmﬁva uﬁ?%@g ?’gﬁgb ﬁe-tent h that
of a ten unit 1§raﬂhiug(Hbﬂ%tidn1iﬁaumad%etinaalwomocnathhas 25-50 are .

present ed. F Hﬁi%‘ie%&f &d [i\hrtcjﬁc{eh' CWert%ngﬁggkpgegﬁgag go%@:.ﬁg]

“Bul k densities Were in rface ar
[err] was 0553 qﬁgsm@metqmémmliwgerssdr ioi Akempd 5.5 =

ferr]. Al of %h%nt SR d WEtiVaAG dn'dylan ektePhal MReth9agi ng was
experi enced. Aweragﬁheff|C|ency I'S. veﬁécﬂose to 100% the réSults for the
Ay

ten unit tests SO Aefincedo thak £k HEASMAS
concentrati on, deploesm DIE e ﬁzﬁatctﬁmlthes ekanplesf abdveomayhﬁotl x and

" eight it test st
Feapectvel y 5198 RN AR, dnd Word ety F04cBR W baubERE0 °C.
st ated ot hdPwi sef mmmmfissarequﬁaeﬂ%to sichdevehgorpdetige coerhgess i s
0. 332 dt t
a voi dgmvofisme glf%r%\(go %&3&# : ﬁ??‘dg%;f" QC BOEB‘EQEEQQ' 5 & )
)
'~ porous medium i ¥Y eﬂtsféqnggé'- eomf%énqa@staboézweth respect to the | |

type of energlzlng source, oOr with respect to time of
exposure to the_energy source, or.w;th respect to
15 intensity_of the SOurCe, »Aise,-other monomers may be
found to achieve the high CWST values required, along
- with. optimal recovery and efficiency. In these ways,

it may be possible to achieve the preferred degree of
- surface modlflcatlon with less than 0.1% of HEMA and

20 other than .019% of MAA or other cationic polymer. It
should be understood that products which may be
achieved by such means fall within the scope of thls
inventlon. _ ' .

Example 163 presented in the follow1ng ,

25 paragraphs, illustrates the viabzllty and contlnued
‘effectiveness of PC processed using the devices in
accordance with this invention after transfusion into
a patient; it also establishes that the activity in
vivo of platelets'after transfusion remains normal or

30 close to normal. The filters used in Example 163 were
B size assemblies which except for diameter were equal
to examplesIZS-SO. The research on-which_example'163

- is based is expected to be published in or very close
to the wording below, under the authorship of

35 T.S. Kickler, W.R. Bell, P.M. Ness, H. Drew, and D.B.
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-59- = cc. This represents a |loss of PC due to hold-up within the nedium
based .on an average eight unit PC transfusion of 14/440 x 100 - 3.2% and
chreases the average | oss for exanples 25-50 to 15.7 + 3.2 = 18.9% 5

Si‘m far cal cul ati ons may be made for the exanples which follow. I n Table 3,
exanpl es 51-64 are presented. Media used were all 0.19 cmthick, with a
bul k density [err] of 0.43 grans/cc. Surface area [err] was 0.67
[err]/gram and 10 the corresponding fiber dianeter 4.3 [err]. Except as
noted, all the te r [ - . 0l . j S
experienced. Ave?%%]éy\g?ﬁ? c#é%’g%efgg%ﬂew? g@é’r‘?%%air?& oér\i%&x%ir)rp esm}%%’dfe’
reflecting the | oBeitimeragcdMPandvthe aPakl {Corparation ofGleniase eNhy 15
adsorption, 3.4 [grgla.conpared with 4.7 [err] for exanples 25-50. In Table
4 and Table 5, exanples 65-75 and,  76-93 are presented. _Fi ber_ surface
area/gram [err], fiber di anREBPVahRfHRBrOFYIRG RG)a oM R1Ftdets e 20
sybstanti al | ysequial ]g)rmayreﬁe@@c'l gmﬁmmdmiﬁtﬁh -?Iw?dmi%ergég.er;ﬂe
varies respectively for bl es a ‘fraom to 0. g/cc to .
0.36 g/cc. Average rec%‘@f‘?a 3‘?i%_s“%‘ﬂc%é%é?%l?ﬁfofﬁ‘ngé"‘i%“%7. 7 to 90.4%
i ndi cating that recovepglyestevefilttercthat wraefuirés niespaaial For this
reason, it is seen th ' | ~ SHE RS TAREr

di ameter), while a den f%é%]?i%‘#}g’ %??‘?gﬁéf“s%'% 3%’%:? or Lre'suldtl?? a
density bel ow about 0.88nghecused atithe LedsidecoQus Rp e

dianeters arge 30 designed to measure WBC removal, platelet
- ' function, in vitro platelet recovery, and in vivo

S”( platelet survival. WBC counts were done manually
- and showed a mean removal'ot 99.7% +.56, n = 38.
Plételet~recovery_was=85.4% +5.4, n = 38. Clot
s retraction and phase microscopy morphology were
unaffected. Using epinephrine, ADP, collagen,
and ristocetin in platelet aggregation studies on-
15 samples, there was no difference in the pre-
- filtration versus the post-filtration spebimens.-
20 - © 111-Indium platelet survival studies were =
done using autologous platelet concentrates in 5
volunteers. JTImmediately following their
preparation; the platelets were filtered and
_ ‘labeled with 111-Indium oxine. After
25 . transfusion, samples were collected for 10-days,
and'results'analyzed using the gamma function
curve fitting model. The piatelet life'span for
the 5 donors was 8.2, 8.1, 7.0, 9.2, 8.5 days
(normal: 8.7 1.1 days).
30 These studies indicate that the filter -
_ efficiently removes WBC without substantialiy7
. o | decreasing platelet number or altering plateiet
function or survival. This device offers the
_ ' potential of reducing platelet'tfanSfusion
35 reactions and alloimmunization.



Tabl e No. _ Aver age pore dianeter. [err] 3 _ '
3.4 4 3.6 35, 5. ' 3.8 -
-~ 60 - Since the Table 3 conditions cause sone reduction in platelet o
‘recovery, it is preferred that pore dianeter exceed 3.4 [err], and nore\s
preferably that pore dianmeter 5 exceed 3.8 [err]. Filters mnth good
efficiency and recovery can be made using | arger pore dianmeters. Such
filters have the disadvantage that the filtering elenents are |arger, hence

- ¢the volume of PC held up within the 10 filter elenent increases. For
‘this reason, it is preferred that the pore di amet er ‘be not | ar ger than .
necessary to.obtain FhREaukhecpteduetaf inaceordaneapvith cehtis han 10 to 15

becoms 15 | poodnieHtABA HavichgennpEo0EA ks Hide r%ﬁte‘"*@r‘?’.} uae Y hout ©
ever contacti ngiﬁcﬁ“ﬁér °5nggE?Eha?ﬂE a’eihi&%@ o NEsak e‘%?rﬁ‘?%‘bf’r%ﬂucr ng
efficiency. 5 |t vettabiddefoand ponsequeﬂtthaplahprnni ﬂrvsmyesmaxm exceed
ror b bt ki orr o FRE BE°RS BhkolotABia bpr WL YRCEfe Hey1dd [Ebddenald 2111
3.8t0% [err]. wmahabxyrapndnnasitnrhésb 1auke¢7tereqmqvahceﬁﬁmqmenqxﬂn 99.0
to 99. 4% bet Weegnfa gﬁa%aie@ ?8csoefpnbul d&éﬁiﬁi’ona”fltfﬁé’énﬁgeﬁ to 99.5%

between 0.39 an ese efficiency |nprovenents

occur as the poF€m§P§€rP§e§n&Pe§§83 tP?Bn#Qe4P%%t% ets pagsed fhxqugh
observatrone lndheaaavﬁbatiheukacyaEiéﬁeDsaffeﬁ no measurable loss of

effectiveness, nor any loss of their normal life span > 4
in the human body. ' : ' N\
In preced1ng sections of this appllcatlon, '
filters were prepared by exposing otherwise identical
15 fibrous media to grafting solutions containing in.each
case 0.43% by weight HEMA, but with MAA varying over a
wide range, from. zero to O. 28% by weight. These
filters were each used in a number of platelet
concentrate filtration tests, and ‘the average
20 proportion of platelets recovered was determined,
~ along with the average efficiency of leukocyte
reﬁoval; In this way, it was established that the
most favorable result was obtained with the weight
ratio of MAA to HEMA in the range of about .05:1 to ' g_).'
25 0.35:1, or more generally within the broader range of
+01:1 to 0. 5:1. '

While testing of the grafﬁéd_prdduct by passing
platelet concentrate and analyzing the effluent is a
30 satisfactory method for exploring to determine the
optimal range, this method is not convenient for use
in routine production guality control for the '
following reasons: _ '
‘(a) Platelet concentrate is very costly, multiple
35 tests are needed, and many units are required for
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~primarily if not conpletely a function of. surface area, and thus that the

principal or sole mechani smof 30 | eukocyte depletion is adsorption. In-
-bele 6 presenting exanples 94-110, prefornmed el enments nmade with | arger

fl bex_surface area, [err], with smaller fiber dianeter, and with narrower

fiber diameter distribution were used. Fiber surface 35 area/gramferr]
was 1.1 [err]/g (2.6 [err] average fiber - 61 - ~dianeter), and average

FSA was 3.2 [err]. Thickness was equal to that of exanples 65-75, but the

average bul k density qf, &, 3349/ C r Eégggle )4- 110, S.40% 1 0 t han
the 0.39 average of 6 af% ac 'angfeglfee urred 't cs‘)L%q.%g 0 ttg’%ril-' ?’éqé.es% pore
si ze range when usi ng Usig & Hoded @f 119 ardtscof] pdagedess,f abers.

The 3.2 [err] average fo38 Wfs ey tifs Lipdraitete tt'%gﬁuﬁr@:ﬁage:g M

average for exanples 65-75, %/et efficiency I's better. Remar kabl vy,
8 HRULdexrarad 4o

in exanpl es 94-110 evdiptak _ O oK o809 ABroval , and
the average rgcovery vadditio,y dadh t¥et’ Peduitiesasl congiderabtee dat a,

earlier tests run usi rr e fi.be di,a wi_t i aher ESA.v es, had

~lower and nore var i ablr}%‘%% e&tfair% mg'a%?ﬁe ggqg@&&fﬁpg o?gr ngLoss

due to hol d-up wit hi n persai-slayhtpenftestanpl es 94-110 is only 11.3 cc, or

2. 6% based on 440 - f, Vi lde T r 9 0 7
(B° YPud %o %riﬁdﬁbdﬁiaﬂig dt ﬁ%\%ﬂia\éeﬁgt J:o@éhnzi'gtﬁ

presents exanples 111-121. f teristics are idenfical to
those of Table 6, excépithing e putits exambly wiike i & Laxge nupheTe

exanples, -l ike those df.glgblat Qeatite FiveaRdepridterably more must be
LL/ | ' run in order to obtain meaningful average values
' ' for the efficiency of platelet recovery.

Thus, a quickly and econ,omidally performed test which

15 would correlate well with platelet recovery
'performance is seen to be desirable, and such a test
is provided for in accordance with this invention.

" As noted above, the addition of MAA to HEMA in

20 the grafting'sdlution was found to cause the product
to have a higher négative zeta potential compéred with
material grafted with HEMA only. Accordingly, zeta
potential measurement was considered as an option for
evaluating grafted fibrous media. Zeta potential can

25"_be_measured by streaming potential, or by suspending
fragments of fibers in an electroiyte and then using'a
microscope to measure_migration_rate of the fibers in
‘an.electrical field. Both methods require a skilled
operator, are quite sloﬁ,'and often-produce

30 inconsistent data. :

~ One reason for the i’n_consistency'-of the zeta
potential measurements is that when PBT fibrous medium
is grafted using solely HEMA as the"monomer, the
35 product has negative zeta potential. The effect on’
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of ascending density. ' Cal cul ated conbi ned average recovery for ten
elgenment s including the five |owest 25 density elenments from each of
fables 6 and 7 is 93.6% The simlar value for the ten elenents including
%he five highest density elements fromeach of the tables is 93.7% Thugs
. over the range fromO0.19 to 0.32 g/cc, recovery is seen not to be affected
by density. 30 Simlarly, pore dianeter variation from3 to 4 [err]
appears not to-affect recovery. Exanples 108-110 and 117-121, all with FSA

fin excess of 3. &é&ﬁrbbtent&SQr%%eBhdan rﬁﬁﬁréédtﬁQVQ}QEtiﬁ Ssbiyefbhon. The
remai nder of ‘exgnples 25 throu%h 116 resent on| é |gbtly ess
s 1T

preferred forns 3§ thMSs 1ncgeme talvn?éﬁPFBnt an aksaipk S24 are stil

| ess preferred. dedizeaseseithes senslitivitiicse suehipheasueehentsbetter than
any conmmercially available filter. The efficiency data of Tables 6-and 7
appear to 5 i ndicate that while quite good results can be obtained with -
FSA as low & 2.5 toWe. Baver discowvered acsimpleasamalyticakdmetbodFSA | arger

than 3.0 to 3.38h can Bgsr:gz hghgéégafméa%ﬁé th?l[xeéél'réfates .

T

satisfactory, use_of areas_|arger erred, use of areas:
10 larger thaWedl4withr EhesMAdr soptent, pEqt argratting salukiencand 3 o

[err] are still wrm;etnée ghtedet &«eeaveEyoﬁeff@minéet@f%ﬂe[gfafteay be
used with 3.3 t b us § re&grred {able 8 gg eéangles
135141, the teRiCERus Ryl cxRar bRsig.ar; Ehig aeemed: § =29 es
-94- 121, ei@eptthmbhgheapeoﬂumn bﬁeknnwnnee1¢hbdofothgrpéroug medﬁumeas al |
of the precedlngfegagghﬁﬁigﬁrgf a dye which is substantive to
' substances which contain anionic groups on their
‘surfaces. Such a dye should preferably have a high
. absorbancy or reflectlvity for a visually recognized
15 or photometrically measured.wave 1ength_of light. The
' absorbed wave length hust be in the visible region of
the spectrum if visual observation is the criterion,
but can be in the ultra-violet'or infra-red spectrum
if spectrophotometry is used to detect the presence of

20 the dye.

'*«i
~

In either case, a solution of the,dye'is paésed
through a column of the filter medium at a rate
- sufficiently low to allow the dye solution to ' e
25 equilibrate with the grafted medium. If the dye
' selected is one with a high positive zeta potential,
such as is exhibited by dyes whose active group or
groups may be amlne, or more preferably quaternary
‘ammonium group or groups, it w111 be ionically
30 adsorbed to carboxyl or other anlcnlc groups on'the
surfaces of the fiber. When flow is first started
the dye is completely adsorbed, and clear 1iquid,
essentially puré water, emerges.. When all of the
surface groups near to the entry of the column have
35  adsorbed dye molecules and are saturated, dye-



grafted using 0.43% by wei ght HEMA together with .082% by wei ght of MAA
exanpl es 122-132 were grafted using 20 only 0.43% by wei ght HEMA. The
ivantage of conbining . 082% by wei ght of MAA with 0.43% by wei ght HEMA may

b n by conparing the data of Tables 6 and 7 with.those of Table 8: 25

Tabl e Exanple MAA cont ent Aver age Average No's of
grafting efficiency . recovery solution(w.% 6 94 110 . 082
100 ©94.2 30 o 111-121 . 082 ©99.8

93.4 8. 122-14 ?%?%%1t° the ext l%%eg of tPe Zﬁl&pﬁhb&ﬁlEHeﬁgable 8

data conpare poo ﬁ%ﬂ reced! I ng éxanpl es, rénenber ed
that Table 35 Siguklanke Sﬁqnﬂrt%amrldh&bésf 9rossy5unpptﬁmegomib| ally -

avail abl e, and fgdiftidhdorftifisy e o g@ 1ssubau&%ﬁt €neeBhat b8Nthe
nmar.keted hitherto are not at all SU|ted f e side service, \Wereas al’

exanpl es prior t&9q ofThe, ARPSRXANAS REdCO19%9, AENVRLRPTRE1OB29F VAA SO
that the acid 5 1ighormveighttialdye Wit bpbetﬁephotamu’éw is Gséd, the

exanples of Table 9 e 43% Wit 16 for |ght ratid'
of MAA to HEMA of° :@rﬁ? t%%q:ma eoé%g'g@ﬁ’tisnc’? %Pg é egﬁyf g?yﬁhi s. change
is a decrease in mmdecm wdlamﬁl ofvdyeOpassed tbnthlisl point 'bﬁarrpl es
155-158 are pres%tn?é!asuéé‘aﬁf“ rom gc%higsgaﬂlti%ybit GaE‘BB ropei ght

rati o was further increase as naé  recovery is
further adversel Wtd?qféc%’b’d’nlf‘-hl’ﬁ%@’sc Gtaﬁh&vépa'gécef o 8t!!% porous

_ 10 medium. -
o As the dye advances through the column, the front
has a significant band width, due to the time required
 for diffusion to occur from the dye solution to the
15 fiber surfaces, as well as due to diffusion of the dye
in a vertical direction. This band width can be
reduced to less than about 1 mm in width by selecting
appropfiate flow rate énd_dye concentration, and by
eVacuating the column prior to first filling with
20 liquid. If there is any possibility that the medium
being tested has been exposed to-ﬁetal'ions while in
the process of being grafted and thereéfter waéheg '
- free of residual grafting fluid, the media used for
U ~ this test should be restored to the acid form by
' 25 exposure to a weak .acid solutlon, then washed free of
' acid using deionized water.' In order to assure
reproducible results, the column height should be at
least 0.7 cm, and the density of the column equal to
about 0.23 grams per cc. | o |
. ‘The column can be prepared from porous medium in
. ' sheet-form by cutting the appropriate number of discs
' | and assembling them into a preferably transparent tube
of inside diameter about 1 to 1.5 cm. - Discs must be
35 cut such that their outer edge is perpendicular to the
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15 These data are plotted in figure 5 show ng that the optinmm MAA
coptent for use with 0.43% HEMA is about 0.18, or nore generally, aratio
~§{n-the range of .05:1 to 0.35:1, within a broader range of .01:1 to 0.5:1.
20 Table. 11 presents data illustrating the effect of altering thaw/
HEMA content of the grafting solution fromO0.11 to 0. 7% by wei ght, while,
mai ntai ning the MAA content at a 0.19 melght ratio with respect to HEMVA
Exanpl e 158 is the average of four tests in which. 25 t he HEMA cont ent
of the grafti nog3ah lgn RS dhekl bt Tdiae! forﬂ.&a@p'ae&%% righite average
e

of four tests with HEVA content of 22% 160 1st aver age of-

t he seventeen eﬁi#ﬂﬁ@?ﬁﬂabﬂﬂﬂei*ilﬂﬁgﬂ¥ HEHR GBﬁtéﬁﬁléﬁ §i$9ﬁFerE?§hple 161
i s the average ehe3®ransipareait axwl es wi.th HEMA content of .0.54%

Exanpl e 162 is the average of ten exanpl es with HEMA content of 0.70% The
data of Table 11 are plotted in Figure 6, where it is seen that platelet
recovery is5highest mmhen heef m@eameomnabdeomim gire %ela.nd that - .
64 - = recover e obt.a h 0.28 to
0.65 weight % ﬁil e these ar-agc es gc%{el vepE hﬁggrrg%teh 3. @??% nor e
preferred range§laﬂtin§n01§aef-lt?é1%&m|°z‘-e&!htlﬁat tB&cﬁté'ﬂcﬁih‘é'ef |i\$e59°w@arrpl es
provi des better pegeéery than any simlar device now comercially
avai l abl e, along with | eukocyte depletion ranging froma 300-fold to better
than a 1000-fold reduction. The tests of which exanple 159 is the average

10 o
IICE =
*, | “

-le-

=

15

- As Safranine O is used as a biological stain, it
20 is readily available in many laboratories, and for °
this reason is a convenient choice.

Examples 164-167-sh6w the relationship between
. the volume of a .012% Safranine O solution adsorbed
25 per gram of fiber, and the proportion of MAA based on
. the HEMA content added to 0.43% by weight of HEMA in
the grafting solution.used to modify the fiber
‘surface. The resulting data are shown in Figure 7.
This relationship is seen to be linear.
30 | |
. Media prepared in the identical manner as those
used in examples 164 to 167 were grafted in a manner
parallellng the fllters used in examples 111~ 154,
‘eXcept that: = B
35 (a) the average fiber surface area was 3 square
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10 primed very slowy, and those of exanple 160 prinmed even nore - slowy. -
Both sets of tests primed significantly nore slowly than any other exanple
of ;this invention. Thus, a preferred |ower ‘|evel for HEMA content 15 '
togethet with an MAA-HEMA wei ght ratio in t he graftlng monormer of 0.19:1 is
0.1% by weight, and a nmore preferred lower linmt is 0.2% A preferred
range is 0 28 to 0.65% and a nore preferred range is 0.4 to 0.5% by

wei ght .- These preferred ranges may vary if paraneters . such as the
MAA: HENA meight rati o weeewsyied from0.19.to 1, or if the grafting

conditions were ch ed, for_ex | e, .0y usin hi . or lower starting
concentration. and ng?‘ﬁ%f?%% efdldaiﬁ\{%ﬁt# q'fﬂ g%é‘ ®r activati ng
condi tions. Such (c&uﬁawexngeidnnsmﬁﬁnwaﬂlﬂaZﬁxgﬁnaﬁ this |nvent|on

I nsof ar as CWBT af m& it
may be seen that {@\E?l né%%i:}ses 0 %’ﬂnlerg cmis qU| rec? an that a
CWST of 30 95 dyfRk/ therradiptdon graftmqar"@rserd@tp in; pradye

platelet recovery peaksscute Aipghrhtist 02¥idBposidio H@%z@ﬂﬁﬁmsdafle'zl gure

6; by what .may be an extra c0| i dence, efficiepcy of leukocyte
removal . al so peaks in a“?%fﬁgﬁ" 3’3’% r35; anplAg i meking this a

preferred range wi(f) r eAgMKtcorfent rdma:im‘e‘d catem:.yn%y iwetilghtgs whill by

O ol e 0 e gl it O W SR e Yl s,

sufficient to prOV|de a cot nol ecul ar coa
10 0 13 0 19, and 0. 25%. :

AN . _
o - o - The resulting filters were each used in twelve
| or more tests at each MAA-HEMA ratio to pass platelet '
concentrate equlvalent to respectively 6, 8, and 10
15 units, yielding for each test three values for
platelet recovery, and three for leukocyte removal
‘efficiency. The three platelet recovery percentages
obtained in each of the twelve or more tests were
averaged with results 1lsted in Table 13. The
20 leukocyte removal averages were similarly determined,
- ‘and were all essentially equal, the range for the four
different MAA concentrations being 99.84% to 99.91%.

The platelet recovery data'of'examples 168-171
25 were plotted against the proportion of MAA used in the
grafting solution relative to 0.43% HEMA (Figure 8),
and show a preferred ratic of MAA to HEMA in the
grafting solution, relative to the HEMA content of
0.43%, to be in the range of .05 to. 0.25..
30 - o ._
The minor differenee in preferred range between
the data of Figufes 5 and 8 are believed to be due to g
not unexpected changes in the product obtained when
_ changing from laboratory scale (Figure 5) to
35 ‘production scale (Figure 8), and may reflect as well
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{

-5 on a 2.6.[err] di aneter fibrous web inmersed in it and then exposed to

agtivation by an external energy source. Hence, it can be deduced that the
HEMA- MAA deposited on the fiber in the exanpl es above may not be evenly
distributed, and for this reason an excess 10 .of nononer is requireduJs
achi eve conpl ete coverage. Mre uniformcoverage might, for exanple, be

"~ obtained by altering the grafting nethod with respect to the type of

energi zing source, or with respect to ti.ne of exposure to the energy

source, or W'tRhePHMCA Fibers WikANhakYowbr! B2 z80diceribRtson, Ot her
nononers may be f%nd t o achi eve _t.he high OWST val ues rngr d,.along with

h
optimal recoveBPthFigure 5. A0d Figurg.8.shayst RayabeopBispBrrt: o

achi eve the pref.aer dé dptrizmalaefl Thibadd ffetiehceaservesi tb nderline 0. 1% 01;; _
HEMA and 20 - er S19%, of VA I, .Ql [o]all lymer. 1t shoul

be under st ood ?’%‘Ia;t o&i B):g%cta%b%é?t%ﬁegs}efggogggﬁi’\}gggbg’ggégﬁerreans fall within
t he 'scope’ &f t charactenistiicschynthe dge pdsorptden methediol | owing 25
paragraphs, illustrates the viability and continued effectiveness of PC

_processed using the devicges iin _accordance with this invention after

transfusion into a e MateletyresoverynhAntncof: exprphesad6fvitd in vivo

~of. platelets abies plovtidd dgainst Satrandhetd adsdeptiohosn Fogueemal . The

filt d i Exanpl.e 163 B ssenbli. ich pi . f .
i anot or were SquAPd 4% FRRR fo 38a3gate 3" BESSRFERU KORRELRECKANEPe 16 i s
based i s agpectB3&d coo dfe GURAY Saforaniner Ovpey girasy -andt hemawedi ng bel ow, - -

nd he h ' 3 T~3 1K ¢kl &, B ' ,qH Drew,
;Rde-E) | }3 - e agtf_3 Prefteirda ?L"Eénge_ ot 1% ‘EE .3_5! c)g Be Bohka Babrahbis o ew_

-per gram. : —
15
20
25 \J '
30
35
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Pal | ; The Johns Hopkins University School of_Nbdicine, Bal ti nore, MD and
thefPal | Corporation, den Cove, NY, U S A : Renoval of |eukocytes (WBC)
fgon1p|ate|ets 5 may reduce all oi mmuni zation to WBC antigens. W .
evalluat ed a new surface nodified fibrous polyester filter that requires no
speci al processing of pool ed platelet concentrates and can be used at the

bedsi de. . Qur studies were 10 . designed to neasure WBC renoval ,
platel et function, in vitro platelet vgry, and in vivo platel et
survival. WBC counts were done nanua and showed a nean renoval of 99.7%

.56, n = 38. Platelet recoverggé/\/a\§f85 4%5 4, n '38. dot 15
retraction ance;dmsie M Cr OEXEBeYEEHN0| 00W\ErSE Wﬁirﬁ(tfsecbasuﬁldng

_epl nephrine, ADRNocOl |l agen, gwiygistocetin ipridwmite) eloagdnedati on studies
on 15 sanples, there was no dlfferﬁffe in the pre- flltratlon versus the
~post-filtration specinmens. 20 7.5 111- I'ndi um2pl at el et survi val

- studi es were done2 using autol ogous platelet concentradtes in 5 volunteers.
Innedlately foll dwing their préparation, the platel dtO were filtered and

| abel ed with 111-4 ndi um oxi ne. 7 After 25 t randf usi on, sanples were
col l ected for 10 ®ays, and resfits anal yzed usi ng & gamm function curve
fitting nodel . The platelet [i%e span for the 5 doq@rs was 8.2, 8.1, 7.0,
9.2, 8.5 days (nofnmal: 8.7 [err]1l.1 days). 30 - - These st udi es
|nd|cate that th fllter efficigntly renoves WBC witfout substantially
decr easi ng platﬁgft nunber or tering. platel et fu@ on or survival. This

Qeqvi ce offers-t 5
W 5 >10
~ 5 >10-
14 S >10
15 5 >10
16 5 >10
17 5 >10
18 5 9
19 5 >10
20 5 9
21 5 9
22 - 5 >10
23 5 >10
24 5 | - >10
(;)Pooled PC, 50% each of units 7 day and 8 day old.
-
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potential of reducing platelet transfusion 35 reacti ons-and
) aUIoinnuniZation - 67 -. Thus, the products in accordance with this
{lnventlon have been proven to have great ease of use because of their
adaptability to use at bedside, easy 5 -wettability and consequent’ rapkd/

primng, very snmall |oss of PC due to hold up within the device, together
with extraordinarily high | 'eukocyt e renoval ef ficiency and pl atel et
recovery. In-addition, it has been denonstrated in vivo that the platelets
{passed through 10 the device into a patient suffer no neasurable |oss of
effectiveness, nor any loss of their normal .[ife span in the human body. In

precedi ng sections.of this application, filters were prepared-by exposing
ot herwi se identical 15 fibrous nedia to grafting solutions contalnlng in.
each case 0.43% by wei ght HEMA, but with MAA varying over a w de range, _

. fromzero to 0.28% by weight. These filters were.each used in a nunber of
pl atel et concentrate filtration tests, and t-he average 20 proportieon of.
pl atel ets recoverfd deLELaLned,naLong_mLLh_Lhe"aueLage_eiiLcLency of

| eukocyte removalt [n %e.m"wayes'eabh'swed'that tifemmosi nfgvor abl e
result was obtai npd % __ft__ﬁ_e_e__f_ Fhid R BB & BB B RS PnRith@ Bde of
about .05:1°to 25 PDivln @ AT & gaNerald ¥ wid bin J Beg by aader <rqege of
.01:1 to 0.5:1. Wil’§™ et By 508 & Beas 88 @isins dldcs sy Pasdidg pidtel et
concentrate and apal g the BT et isra 30 —satisiartonyy o for
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optimal range,

qualjity contro

c stdy, multiple 35
r \_ each test.

10 units of platelets,

pl atel ets woul d exceed $400 per test.
requires a-considerabl e investnent

(b)

with no two units exactly alike,

person-day per test.

five or

for
t6 HEMA in 20  the.g
have a hi gher negatjv.
HEMA only. Accordi fgl
option for eval uati
nmeasured by strea
electrolyte and the
flbers in an elect

@ >
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2 |*
w g Jf
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T
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——tnite pessed, X ___ | Av.

For exanpl e,

(a) Pl at
tests are needed,
if each test were r

this nethod i's not convenient for use in routine production
for the foll ow ng reasons:

el et concentrate is very

and nmany units are required

un using a pooled | ot of

at 1988 USA prices the expenditure to purchase

T

In 5"
in labor, in the
Due to variability of the
a |arge nunber, 10

preferably nmore nmust be run in order to obtain meani ngful
values for the efficiency of platelet.
. eCononical |y performed test which 15
recovery performance is seen to be desirable,
in accordance with this invention.

recovery. Thu
woul d correl
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operator, are quite slow, and often produce 30 i nconsi stent data. One
reason for the inconsistency of the zeta potential neasurenents is that
when PBT fi-brous nediumis grafted using solely HEMA as the nononer, the 35
1pr oduct has negative zeta potential. ‘The effect on - 69 - Zeta - W
potential of adding MAA to the grafting solution is thus increnental,
rat her than absolute. This decreases the senS|t|V|ty of such rreasurerrents
5 . W have discovered a sinple anal ytical nethod which can be rapidly
jperfornmed and which correlates well with the MAA content of the grafting
-solution and with the platelet recovery performance of the grafted fibrous
PBT. The basis of this nmethod is the passage-10 . through a colum of
~known wei ght of the porous nedium of a solution of a dye which is i
substantive to substances which contain anionic groups on their surfaces. °
Such a dye shoul d preferably have a high absorbancy or reflectivity for a
~visually recogni zed 15 or photonetrically neasured wave | ength of |ight.
The absorbed wave, L ength_must_he_in the visible region.of the spectrumif
~visual observatiop isgthe &mekimpf,mleuk gan be ih the ultra-violet or
infra-red spectrf ﬁ%-sp&c&ooﬂkibt-oﬁa’% By‘éia%used to detect the presence of
20 the dye. In Er Ethe dye is passed through a
col um of theflitg pciently low to allow the dye
solution to 25 ted nmedium . If the dye sel ected
is one with a hi g .

v ST SR . . G— A — d—— ———— — —

. 8 .
[ . N ~ .
I _3EEEEErEEEEs o/
"’3 - N -
2 - £8g88
& o o] o e s e e e . s o e . e s
31, gsgeszgys
E - —— i o . v . e e e v w—
< ¢ Jf 13
g = |3 &
» ; 'JE"‘"“—'— ——————————
a .
8 | l,s__
2 o Y
£ o 2 N STz rzzzzas 'I";
L T ELEERENEER
2 ﬂg $ '.e: 5 £ 328 3 s X8 : u
ol | Qs S22 2333233 :lg_

T G G e G S CEE AN AN TGS S G em——

S~ 78 -



-such as is exhibited by dyes whose active group or groups nmay be am ne, or
mor g preferably quaternary annnniun1group or groups, it will be ionically
3Q adsorbed to carboxyl or other anionic groups on the surfaces of the
fi'ber Wien flow is first started, the dye is conpletely adsorbed, and
clear liquid, essentially pure water, energes. Wen all of the surface
groups near to the entry of the colunn have 35 adsor bed dye nol ecul es and
are saturated, dye - 70 - progresses to the next |evel of the colum,
which is simlarly saturated, and this process continues until solution
contai ning the dye issues fromthe end of the colum. The appear ance of

col or, or absorption of 5 light waves by the dye if spectrophotometry |s
usged, signals-that the contents of the colum have been saturated. The

-vol unme of dye passed to this point is a neasure of the surface popul ation
of carboxyl or other anionic groups at the surface of the porous 10 _
medi um As the dye advances through the colum, the front has a significant

band wi-dth, due to {me" LN T (U AETo i oY gl (I M VLY o Pl o I G Gur fromthe dye _
solution to the 15= f} rgsgr,ﬁchsaz gaggv@ﬁ@g d@std Mgl fusion of the dye
in a vertical direc{+eh: ﬁﬁz "‘:-eaﬁ-be—ﬁedueed—{o | ess than about
1 mmin width by seleqgli g %gf SIE & ?ggg concentration, and
by evacuating the cpg .pEfﬁL_ *E& ®liquid. If there
is any possibility {b her redivim Hei ngs ested Hasnbe °exp0'sed'to met al
ions while in the p g _@i@_l_ﬁﬁ@f_t_i__i__i____ washed
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~free of residual grafting fluid, the nmedia used for this test should be
rgstored to the ‘acid formby 25 - exposure to a weak acid solution, then
.washed free of acid using deionized water. In order to assure reproducible
‘results, the columm height should be at least 0.7 cm and the density ofw/
‘the colum equal to about 0.23 grams per cc. 30 The colum can be. prepared
from porous nediumin sheet-formby cutting the appropriate nunber of discs
and assenbling theminto a preferably transparent tube of inside dianeter -
fabout 1 to 1.5 cm Discs nust be 35 . cut such that- their -outer edge is

perpendicular to the - 71 - - plane of the disc, each disc.fornming a true
right cylinder about 1% | arger than the inside dlaneter of the transparent
tube. 5 A nunber of dyes are available which are well suited for
- this purpose. W have used a quat erni zed di anmne, Safranine 0, of which
the structure is shown below 10 - Jerr] 15 As Safranine 0
~is used as a biological stain, it 20 . is readlly avai l abl e in many

| abor at ori es, andToOr fﬁks_gﬁaspm_ga,a gqpuenue'in Qi ce. Exanples 164- 167

show the rel ati Shpr begwgangthe ¥of @g 3)& ag gl @¥ gaf ranine 0 solution

adsor bed 25 per}-g+ef-of _ tor-of MAA based on the

-~ HEMA content ad }ﬁ#NQraftlng sol uti on used
to modify the. fil __.____--__.__-__-...-._._._____-_:::

9

WL93
100 11

TABLE 6
Two (2) and Three (3) Day Old PC, Acid Monomer Ratio 0.19




surface. The resulting data are shown in Figure 7. This relationship is
seen to be linear. 30 Media prepared in.the identical manner as those used
in exanples 164 to 167 were grafted in a manner paralleling the filters
used\in exanpl es 111- 154, except that: 35 (a) the average fiber surface
area was 3 square - 72 - .~ neters, (b) average fiber dianeter was 2.5
[err], (c) average denS|ty was O. 22 g/cc, (d) fiber size distribution was
sllghtly narrower, 5 (e) the radiation grafting was done in production.
scal e ‘appar atus, as opposed to | aboratory scale used in the earlier '
exanpl es, and (f) HEMA content renmained at 0.43% by wei ght, while MAA: HEMA
wei ght ratio was varied to include .064, 10 . 0.13, 0.19, and 0.25%
"The resulting filters were each used in twelve or nore tests at each

MAA- HEMA ratio to pass platel et concentrate equivalent to respectively 6,

8, and 10 15 units, yielding for each test three values for platelet
recovery, and’three for | eukocyte renmoval efficiency. The three platelet
recovery percentéjes -akﬂed-hﬂ—eaeh—e4-+he-tmelve or nore tests were

averaged with res ggj g éﬁ ﬁé@ | eukocyt.e renoval _
aver ages were S|n1LaEL d all essentially equal, the

range for the fourL rent ﬁMﬁwognpentwﬁﬂnons being 99.84%to 99. 91@6 The
platel et recover ySoafh lof S8R &8 568 ,
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25 were plotted against the proportion of MAA used in the grafting
sqgutlon relative to 0.43% HEMA (Figure 8), and show a preferred rati o of
MAA to HEMA in the grafting solution, relative to the HEMA content of

. 43% to be in the range of .05 to 0.25. 30 The minor difference in o’
preferred range between the data of Figures 5 and 8 are believed to be due
- to not unexpected changes in the product obtained when changing from _
| aboratory scale (Figure 5) to 35 production scale (Figure 8), and may
veflect as well - 73 - t he use of fibers with narrower size

di stribution. Both Figure 5 and Figure 8 show that a ratio of about 0.19 is

opti mal . This difference serves to underline one of the advant ages of
controlling product 5 characteristics by the dye adsorption nethod. The

pl atel et recovery data of exanples 168-171 are plotted agai nst Safrani ne 0o~

adsorption-in Figure 9, and is seen to indicate a preferred range of 10 to
- 10 35 cc of- 0.12% Safranine O per gram and a nore preferred range of 17 -
to 34 cc of 012‘V:|Sa-f_r mne_o-.p.e.c._gLa,m_.lE..ZO_25_30_35__7_4 -
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TABLE 12 Exanpl e
0. 43% HEMA -

84 - [err]

Vol une of Safrani ne 0 No.

gram cc 164

16. 0_166

[err]

-'83-

Ratio MAA to
sol ution adsorbed per -

6.7 165 0. 13
0.25
Aver age No.
0. 064

28.6 167

0. 064

0.19

37.2 TABLE 13 Exanpl e

Ratio HAA to
168

recovery,
86.2 170 -
80.6 -

0.43%

- 81.5 169

87.8 171

0.19

5 CLAIMB

pl at el et

HENVA

0.13
0.25

86 - -
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10 1. A device for the depletion of the Ieukocyte content of- a

pl & el et concentrate -conprising a porous, fibrous mediumhaving a CWST of

t l-east about 90 dynes/cm 15 . 2. The device of claim1l in which

ai d medi um has a CWBT of at |east about 95 dynes/cm 3. The device of \J/

claim1 in which the fibers of the medi um have been nodified so as to

present 20 hydr oxyl groups when inmersed in an aqueous fluid. 4. The

device of claim3 in which the fibers h Igfgghnodified by contact with a
nonmer conprising a polymerizabl e group an ydroxyl -contai ning group 25

under pol ymer i zat iggfanAdi ti oGt % }ﬁhetq,ew C€ v u alorg %dﬁa‘?ﬁ dhe
pol ymeri zabl e group NgONPri ses ) 4% EMa OF Nelghg ©- The

"~ device . of claim4 in which the hydroxyl - contalnlng dcs yd oxyet hyl . -y
7. The device of claim4 in which sal d nononer 15 35 %yﬁroxyérﬁyr' .
met hacryl ate. - 87--164 8. The devicnoexf claim1l in whiggly the fibers of t he
medi um have been nodi€s ed to presert. ¥8ydr oxyl. gr oups nege her with a | esser
nunmber of a second d€i€onic group. .29 The device of @igaiém 8 in which the
second ani oni c groud6? a carboxyl i02%ci d group. 10. Be2device of claim8

i n-whi ch the fibers of 10 the medi um have . been nDdlfled by exposure
under :

: TABLE 13

Example Ratio MAA to  _ - . Average -
No. 0.43% HEMA = = platelet recovery, N
168 " 0.064 . 81.5
169 0.13 ' . 86.2
170 . 0.19 . 87.8

171 0.25 - . 80.6
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pol yneri zati on conditions,

and a-car boxyl -

pol-ysmeri zabl e group conprises an acrylic or nethacrylic noiety. 12.- The.
déyi'se of claim 10 in which the pol ynerizable group and the

“carboxyl -contai ning group 20 - are provided by nethacrylic acid. 13. The

device of claim12 in which the fibers of the nedi um have been nodified

using a mxture of nmononers conprising nethacrylic acid and hydroxyet hyl
14. The device of claim13 i'n which the acid/acryl ate nonomer
weight ratio in the nodifying mxture is between .01:1 and 0.5:1. 30 15.

The device of claim 13 in which the acid/acryl ate nononer wei ght
between .05:1 and 0.35:1. 35 -88-

met hacryl ate.

ratio i s
16. The device of claim10 in which

to a monomer- containing a polynerizable group :
containing group. 11. The device of claim10 in which the 15

25

the nodification has been carried out using a grafting solution containing:
2 to 10%of tertiary butyl alcohol by weight. 5 17. The device of claim16

in which the&rafting solution contains 4 to 5% of tertiary butyl
18. The device of claim 10 |n whi. ch the nmodi fication

by weight. 10

has been carried out using a grafting

10

15

20

25

30

35

[o4 MS

1. A device for the depletioh of the leukocyte
content of a platelet concentrate comprising a porous,
fibrous medium having a CWST of at least about 90
dynes/cm. '

2. The device of claim 1 in which said medium has
a CWST of at least about 95 dynes/cm. '

'~ 3. The device of claim 1 in which the fibers of
the medium have been modified so as to present
hydroxyl groups when immersed in an agueous fluid.

4. The device of claim 3 in which the fibers have
been modified by contact with a monomer comprising a
polymerizable group and a hydroxyl-containlng group
under polymerlzatlon conditlons. '

5. The device of claim 4 in which the
polymerizable group comprises an acrylic or.

methacrylic moiety.

6. The device of c1a1m 4 in which the hydroxyl—
contalnlng group is hydroxyethyl.

7. The dev1ce of claim 4 in whlch sald monomer is
hydroxyethyl methacrylate.

- 87 -
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sol uti on contai ni ng- suff|C|ent wat er sol ubl e al cohol, or al cohol-ether to
reduce its surface tension to | ess than about 40 dynes/cn1 15 19. The
devi ce of claim 18 in which the al cohol -ether is diethylene glycol

~ nmonobutyl ether or ethylene gl ycol nonobutyl ether. 20 : 20. The o/
devi ce of claim 14 in which the concentratlon of hydroxyethyl nethacrylate
in the nodifying mxture exceeds 0.1%b ight. 21. The device of cIa|n120

in which the 25 conterthetdeviige afdel i}!}tihylln it Shetfihers et

modi fyi ng ni xtur&@wﬁsn;%&%bue&ﬁlﬂmlffe’d ' Prladrae WidEdarIn 21 in
whi ch the concentratlon of hydr ox ?% nethactéﬂete I n the 30 nodi fyi ng

mi xt-ure exceeds FFANBHyt er v t L ERIAT NIPEY 41D 5¢5PRGhi ch t he
concentration ofaﬁwwhraygqup.nethacrylate in the nodifying mixture is in 2
the range of,from0.2 to 0.7% 35 by weight. - 89 - 24. The devi ce of

- claim1 in ﬁ%lch at | east one el enent of the porous nmedi um has been
preformed prior to as3erthe device dfuslaip & in. whlcl'QE;heTraaqimd ce of

ot 30 oy onAnbdfi&GHoagRds b RRREPIIY 0 il - {1 PorS 1 ens, | han
pore 10 di aneter exceeds about. 3 mcroneters. 27. The device of claiml
~ in which the pore diar®} ofhé*g&eise 30 Us1 %t 87161 WHCH The fibers of
' .- 10 the medium have been modlfied by exposure, under
';epolymerxzation conditions, to a monomer containlng a .
'polymefizable group and a carboxyl-containing group. D,
11. The device of claim 10 in which the '
15 polymerizable group comprises an acrylic or
methacrylic moiety. |

12. The device of claim 10 in which the
polymerizable group and the carboxyl-containing group
20 are provided by methacrylic acid.

13. The device of claim 12 in which the fibers of
the medium have been modified using a mixture of
monomers compr1s1ng methacrylic acid and hydroxyethyl
25 methacrylate. _ o _ _ ) -\;)

14. The device of claim 13 in which the
acid/acrylate monomer weight ratio in the modifying
‘mixture is between .0l:land 0.5:1.

30 . . .
15. The device of claim 13 in which the
acid/acrylate monomer weight ratio is between .05:1 and
0.35:1. .
35
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15 28. The devi ce of cIa|n11 I n mhlch the pore dlaneter exceeds
abouf ‘3.8 m croneters. 29. The device of claim1 in which the pore dianeter
3 the range of from3.8 to 6 20 - mcroneters. 30. The device of claim
29 ‘i Rohich the bul k density of the nmediumis |less than 0.36 grans/cc. 25
31. The device in accordance with claim1 for use with a pooled | ot of six
to ten units of platelet concentrate each of 50 to 70 ml in volune and in
wgich the effective flow area of the fibrous nmedi um exceeds 40 square
ntineters.. 30 32. ThasédeTheedetrickaom dlaim dbi th whickftketi ve fl ow area
Sxcoeds 90,50Uar xR IRLSbY nid pl0R BRYLEEAChuE! BLIRG % Srubiily he
effective 35 W aréa
~device in accor dasedukiien @patnimin9r2u§e #PEhof senplaryinbutyl 50 to 70 n
of pl at el et conceghkah8l bg whightt he effective flow area exceeds about 6
square centimeters. 5 35. The dévice of claim1l in which said nediumis an
el.ement and s&i d device further conpri ses a housing designed to accept the
el’enent and in which thg.eTher davidensfscdaimolist ba whiornthargrageiey in

dorens ons. 26, "TARERIEHCOghUEAER ‘i“éggﬁ% Lﬁ%ﬁ@%ﬁ"ﬁ%ﬁﬂ%&gﬁe ¥ m of

a right circul ar siedght.

10 ' 18. The device of claim 10 in which the

.-\“" o . modification has been carried out using a grafting
R ~ solution containing sufficient water soluble alcohol,

or alcohol-ether to reduce its surface tension to less .
than about 40-dynes/cm." |
15 | .
19. The device of claim 18 in which the
 alcohol-ether is diethylene glycol mohébutyl ether or
~ ethylene glycol monobutyi ether.

20 ~20. The device of claim 14 in which the
concentration of hydroxyethyl methacrylate in the
modlfying mixture exceeds 0.1% by weight.

21. The device of claim 20 in which the’
‘concentration of hydroxyethyl methacrylate in the
modifying mixture exceeds 0.2% by weight. '

22. The device of claim 21 in which the
concentration of hydroxyethyl methacrylate in the
30 modifying mixture exceeds 0.4% by weight.

23. The device of claim 22 in which the
 _concehtration of hydroxyethyl methacrylate in the
. modifying mixture is in the range of from 0.2 to 0.7%
- 35 by weight. “ '
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15 37 The deV|ce of claim1 in which the porous nedlun1has been -prefornmed
to forma preformed elenment of controlled pore dianeter prior to assenbly
into a housi ng. 20 38. The device of claim37 in which the preforned :
eI@nent has been shaped or sized by conpression in. a softened state. 25/
39.5 The device of claim1 in which the span between t he upper and | ower
‘val ues ‘used to define CWST is about 5 or fewer .dynes/cm- 40. The device of
claim1 in which the 2d8SAThle teyvide off ichadmslnmidi whicth at least 3né [err].

'41. The devi ce 0 h b Ju greater
than 3.0 [err]. %gf‘{dqumolf Ltﬂewg’ g‘%h 8‘3\5?@ é?& ﬁ%lgr‘n é?&?ogﬁg hg)f'hérFSA of
the fibrous nedt@massepbda dntohanhousing. 43. The device of claiml in -
whi ch the FSA of the 5 fibrous nedi-umis from2.5 to 4.0 [err]. 44. The .
device of claim1 in_which the FSA of the,fibrous nmediumijs from3.3 to 4.07

[err]. 10 3 45. 2R-ddbec@evdre; RE &éBﬁEt?Gnlﬁf"PhﬁhlEB?OE§F§°EBﬁ9ent of =
~a platel et .concelliement comptusesgo&ganﬁQUSibaﬂsune§§thsnaaﬁwﬁE 8b at Ieast,.-

about 90 dynes/&g&&giegg ghagﬁgﬁﬁgehn the range of from3.8 to 6

n1croneters épletion of the |eukocyte

26. The device of claim 1 in which the pore
10 diameter exceeds about 3 micrometers.

27. The device of claim 1 in which the pore ,/

diameter exceeds about 3.4 micrometers. B .
15 28. The device of claim 1 in which the pore

diameter exceeds about.3.8 micrometers.

29. The device of claim 1 in which the poref
. diameter is in the range of fronm 3 8 to 6
20 mlcrometers. ' '

' 30. The device of claim 29 in which the bulk
density of the medium is less than 0.36 grams/cc.

o 25'_" '31. The device in accordance with claim 1 for use '\_J
with a pooled lot of six to ten units of platelet
concentrate each of 50 to 70 ml in volume and in

which the effectlve flow area of the flbrous medium
exceeds 40 square centlmeters.
30 - ' _
32. The device of claim 31 in which the effectlve.-'
flow area exceeds 50 square centlmeters.

)

33. The'derice of claim 32 in which the effective
35 flow area exceeds 60 square centimeters.
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content of platelet concentrate conprising a nodified, porous, fibrous
medi, nlhaV|ng a OWST of at | east about 95 dynes/cm a pore dianeter in the
%3 e of from3.8 20 to 6 microneters, and a bulk density of |ess than
0.'3@\grans/cc, the fibers of said nediumconprising polybutylene .
terephthalate and having diameters of |ess than 30 mcroneters, the medi um
having an effective flow area in excess of 40 square 25 centineters and
t he nodification of the medium having been effected by the use of a mxture:

ofi_methacrylic acid ang hy‘ir QALY llﬂ@é&%(i-ﬁ)ihé&ewhﬂh"‘elﬁbmtbefogoui%

acid/ acryl ate nononer wei ght ratio i s between

A
method for the depidih on sgmalfe YRS, 150 &Gn?QnFlonpP&?EFg? Tconcentrate

gormrl E i gg paS|SI N@Edritentraitdl etir IR %heeffhﬁegﬂ?eaﬂzﬁf aféle dﬁﬂéé@f ]
escribed in clai 46, 35 -92- A _nmet ho or the depletion of the
| eukocyt e contentg§°ﬁﬁaﬁ<§QH ?ﬁnﬁﬁﬁﬁ%ﬂﬁ Gonpri si ng passing the platel et

cancentrate tMough a porous medi um having a CABT of at | east 90 dynes/cm

5 49. A method for the {eplgld ofuvye 4[*1& AR InCRHIER! sRlaPhabeuR! is
paSS|n

concentrate conprisin atel et concentrate throug ous
nmedi um spon- taneds| qm&nﬁu?ﬂdtS?¥§I4Q¥%QG Sﬂr§h§ErFBEEr%§ﬁ§|Bnh8 s BRI 90

dynes/ cm’ 50. A nidigried tdadapetiny dlfemeht bAdkefyWRich the
external dimensions of the element are larger in
10  lateral dimension than the matching housing 1nterna1
Kﬁ- lateral dimen31ons. '
36. The device of clalm 35 in whlch the element
has the form of a right circular disc, '
15
_ 37. The device of c1a1m 1 in which the porous
. medium has ‘been preformed to form a preformed element
~ of controlled pore diameter prior to assembly into a
. housing. '
20 '
38. The device of claim 37 in whzch the preformed'
element has been shaped or sized by compre551on in a
softened state.

25: 39. The device of claim 1 in which the span
~ between the_upper and lower values used to define CWST
is about 5 or fewer dynes/cm.

~ 40. The device of claim 1 in which the FSA of the
30 fibrous medium is at least 2.5 Hz .

_ 41. The device of c1a1m 1 in which the FSA of the
fibrous medlum is greater than 3.0 M2.

35
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content of platelet concentrate conprising passing-the platelet concentrate
t hrough a device conprising a 15 nodified, porous, fibrous medi um having
a CWST of at |east about 95 dynes/cm a pore dianeter in the range of from
3.8 to 6 mcroneters, and a bulk density of |less than 0.36 grans/cc, 't
fibers of said nedlun1conpr|5|ng pol ybut yl ene terephthal ate and havi ng 20
di aneters of less than 30 mcroneters, the nedium having an effective flow

area in excess of 4043QUeRE GEPLEERSETE12DA 1 hen WELER OBAE OFSRS of henaredi um
havi ng been eff of methacrylic acid and

hydr oxyet hyl gﬁ&EPVFaPEggﬂmmi?cﬂr?ﬁgéﬁ5€ha%c?d?d%rylate nmonomer wei ght
ratio is between .05:1 and 0.35:1.- 35 -.93 - 94 51. A-device for the

depl etion of the |eukacy c el et
"substantially as herkgl n%ﬁ?ogg géc‘?%bega%ai 'J“i r%f%gdﬁ?%rééﬁe %Ietfo etion -."
- of the |eukBcyt §ibvauennediumaip| frome2.Sobechi® Me. substantially as

her ei nbef ore descri bed. 53. A device for the depletion of the | eukocyte

content of a platelet concentrate substantlally as her ei nbefore
described with reféfenZhe geviee@feclaim 31oinwhigh the BRR0PbHaHIR ng

Figures. 54. Ariptbad heaitlecigdeptoni N3 ofotfgo IMAcocyte content -of a
platelet concentrate substantially as hereinbefore described with

reference to the acconpanyi ng draw ngs. 55. A nethod for treating- a
pl atel et 18uspensi oAS. A device for the depletion of the leukocyte

content of a platelet concentrate comprlslng a porous' _
medlum having a CWST of at least about 90 dynes/cm and o
' pore dlameters in the range of from 3 8 to 6 s
micrometers. ) o
15 . .
46. A device for the_depletion of the leukocyte
content of platelet concentrate comprising a modified,
porous, flbrous medium having a CWST of at least about
95 dynes/cm, a pore diameter in the range of from 3.8
20 to 6 mlcrometers, and a bulk density of less than 0.36
' grams/cc, the'fibers'of said medium comprising
polybutylene terephthalate and having diameters of
less than 30 micrometers, ‘the medium havinq an
effective flow area in excess of.4o square .
25 centimeters and the modification of the medium having W
been effected by the use of a'mixture of methacrylic
nacld and hydroxyethyl methacrylate in which the
ac1d/acry1ate monomer weight ratio is between .05 1l and

0.35:1.,
30 o
~ 47. A method for the depletion of the leukocyte
content of platelet concentrate comprising passing the _
platelet concentrate through any of the devices: -
- described in claims 1-46. ' ' _
35 N '_ - - - .
B - 92 -
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conprising passing the platel et suspension through a porous, fibrous
medi um having a CWST of at |east 90 dynes/cm 56. The nethod of
claim55 further conprising passing the platelet suspension -
thro t he medi um having an effective flow area which exceeds 6 square
centisnetres. 57. The method of claim56 further conprising passing the

platel et suspension = 4g. A methb@ugbr!ée ragulaamv'dtg&ebqléex@e%bty of -

| ess than 0.43 grans/cc. 95 he of clai furth g
conpri sing paSS|rmF??EF%Fd?EIB%‘telet Concentrate °°m94£ﬁﬂﬂﬁb nge §hEm
having a bul k- dengiatéret r@oﬁaeQEr@éeftm@hl% porousd mpidu daving. a A

device for treat I Iel si.on conprising a porous,
fibrous nedi um ha\#‘g%‘r °€\/&€’ Faq ?%a@ %{] nes cm 60. The device of - .
clPaim59 in Wi ch the effective flow area exceeds 6 square centinmetres. 61.
The device of claimb59 C Foyd | Kolgegedi um
is less than 0.43 grams/cc. AaﬁgiﬁQ% °eV|cedkEﬁeFa|n1g?p?ﬁ&%h%kh ge bul k
dénsity of 't he medtentent iof tpbatehet corpanirafe: &O@msg/recpaffeme the
- platelet concentrate through a porous medium spon-
_ taneously wetted with a liquid of a surface tension of
10 90 dynes/cm.

, _ _56. A method forﬂthe depletion of the ledkocyte
K_/ - _ content of platelet concentrate comprising passing the
platelet concentrate through a device comprising a
15 '.modified, porous, fibfous mediUm having a CWST of at
'least about 95 dynes/cm, a pore diameter in the range
of from 3.8 to 6 micrometers, and a bulk density of
less than 0.36 grams/ec, the fibers of said medium
'COmpriSing polybutyléene terephthalate and having
20 diameters of less than 30 micrometers,” the medium
' having an effective flow area in excess of 40 quafe
centimeters and the modification of the medium having
been effected by the use of a mixture of methacrylic
| acid and hydroxyethyl methacrylate in which the
. _ . 25 'acid/acrylate monomer weight ratio is between .05 1 and
S  0.35:1. o :
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51. A device for the depletion of - the 1eukocyte content

-0of a platelet concentrate substantlally as here1nbefore

descrlbed

52. A method for the depletion of the leukocyte content
of a platelet concentrate substantlally as hereinbefore -

descrlbed

53. A dev1ce for the deplet1on of the leukocyte content
of a platelet concentrate substant1ally as hereinbefore

described . with .reference to Figures 1 to 4 of the

accompanying Figures. -

54. A nmthod'for the depletion of'the'leucocyte content
of a platelet concentrate substantlally as hereinbefore
descrlbed with reference to the accompanylng draw1ngs.

55. A _nEthod ”fo ' treatingeh platelet suspens1on_'

olatelet svspensica
comprising pa851ng T==ovey SIEITorR—m— oo o ooToEiT rough a

porous, flbrous med1um hav1ng a CWST of at least 90
dynes/cm, - '

56. The methgd oi cla1m 55 further compr151ng passing the
yspensicu

platelet 3 through the medium hav1ng ‘an
effective flow area wh1ch exceeds 6 square. centlmetres.

57. The method of claim 56 further comprising pa551ng the

SUSPEnsIca
platelet~santé$i&ﬁ$§§élution through the medium hav1ng a

bulk density of less than 0. 43 grams/cc.
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The method of claim 57 further compr151ng passing the

- 58.
SPEnNsidn
inA through the medium having a

platelet
bulk den51ty in the range of from 0.19 to 0.43 grams/cc.

device for treating a platelet suspension

59. A
fibrous medium having a CWST of at

comprising a porous,

‘least 90 dynes cm.

60. The dev1ce of c1a1m 59 in which the effectlve flow

_area exceeds 6 square centimetres.

61. The device of claim 59 or claim 60 in which the bulk
density of the medium is_less than 0.43 grams/cc.

62. The device of claim 61 in which the bulk density”of
‘the medium is in the range from 0.19 to 0.43 g/cc.
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