DEVI CE AND METHOD FOR DEPLETION OF THE 5 "~ LEUKOCYTE CONTENT OF
BLOOD AND BLOOD COMPONENTS TECHNI CAL FIELD: This invention relates to a

met hod for depleting the 10 |eukocyte content of whole blood and products
derived therefrom particularly from human packedzgﬂ g eI 's including
ceIIs whi ch ‘have been stored prior to trgnsfusion any period up to - .
'thelm_ﬁllomable storage period, and a device for effecting that depletion:
15 BACKGROUND OF THE | NVENTI ON.It -has been the practice for 50 years or
nmore to transfuse whole bl ood, and nore recently blood conponents, 20 from
one or nore donors-to other persons. Wth the passage of tine and
accurul ati on of research and clinical data, transfusion practices have

i nproved greatly. One aspect of current practice is that whole blood is _
rrarel y admini stered; rather, patients needing red blood cells are 25 given

packed red cells (here| mfvtrez RND METRODD #ORC DEPLETION OF° TfiEe| ot s are
gl ven platel et concent ratT—1g T G Wol e bl ood
by centri Fugl ng,  t hH’FWFX?@ bw Y’ 5@01‘ h“E‘pd _ at ~ from-

~whi ch various ot her usef ul conponents “are obtained. 30 - In addition to
the three abgﬁgggkéhgglﬁggggnents whol e bl-ood contains white blood cells
(known colle _ cytes) of various types, of which the nost

i nportant are granul ocytes .and | ynphocytes. Wiite blood cells provide
protectlon agalnsﬁhhécﬁﬁbeﬁki%ﬁ reldtes’ &b hnkéthbanfor de%ieting the

;0 leukocyte content of whole blood and products derived
o therefrom, particularly from human packed red blood cells
A including cells which have been stored prior to
' ' transfusion for any period up to their allowable storage
period, and a device for effecting that depletion.
15 - - | |

It has been the practice for 50 years or more to
transfuse whole blood, and more recently blood components,
- 20 from one or more donors to other persons. With the
passage of time and accumulation of research and clinical
data, transfu51on_practices have improved greatly. One
- aspect of current practice is that whole blood is rarely
: administeredf rather, patients needing red.hlood.cells are
25 given packed red.cells-(he:einafter PRC), and patients
. needing platelets are given platelet concentrate.  These
components are separated from whole blood.by-centrifuging,
the process providing, as a third product, plasma, from
which various other useful components are obtained.

30 In addition to the three above-listed components,
whole blood contains white blood cells (known
collectively as leukocytes) of various types, of which

. the most important are granulocytes and lymphocytes.
White blood cells provide protection against bacterial
35 'and viral infection.
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In the mid to late seventies, a nunber of |nvest|gators proposed that
granul ocytes be separ at ed frontdonated bl ood.and transfuséd into patrents
‘who, |acked them for exanple, those whose own cells had been 5

-~ overwhel ned by an infection. In the resulting.investigations, it beCane
apparent that. this practice is generaII% harinful , since patients recervrng
such transfusion devel oped high fevers, “had other adverse reactions, a
generally rejected the transfused ceIIs 10 Further, ‘the transf usi on of

. packed cells or whol.e bl ood .containing donor Ieukocytes can be harnful

the recipient |n£§tgﬁé ﬁ@&seg §g@5 %Ev%&&i%%rah fgufBasede nduced by -

- transfusion ther [ oviral fclusi on Di sease which is a.
life threatknvegtigatorSoprQBOSﬁé taatooranilecytes beassparates are .
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including the s roi piesti r

- Convent i onat® Vﬁﬁkégﬁgiﬁbgﬁs &S?%ﬁ% § ?%% ggﬁ%igbictgglas a verser

: influencingishgeseralixlhgthQﬂueﬁtQCGn@@ﬁéGmﬁg uell i gnancy of

25 the 'arQ?ﬁhQFﬁéib eaevb&oPeabm Y Feverd, t:latiSo%meraa dRet s

medi at ed by rans usron 0 ts qther -t d |1 ':.

. including tReagsienss. PEQkSGVF«F fﬁ%ﬁ"%ﬁ‘i %g’ﬂ’?’ésge iﬁﬁgﬁﬁcgnt tsy | ow

] e}/fl S ial pgﬁi‘tﬁbﬂ,h&hendeansfdsrimtcﬁ)mcm Cedllsaciry wholeadlebB0 red =

cells includin t I ds of ",
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time, is an“8B Vet on. current(f/ used centrijf
et hods forrecipient in other ways. Some of the viral diseases

" induced by transfusion therapy, e.g., 0ytomegaloviral
_ Inclu51on Disease ‘which is a life threatening infection
15 to newborns and debilitated adults, are transmitted by
‘the infusion of homologous leukocytes.' Another
'life-threatening phenomenon affecting immunocompromised
patients is Graft versus host disease (GVH) ; a disease in
‘which the transfused leukocytes actually cause
20 irreversible damage to the blood recipient's organs
including the skin, gastrointestinal tract and '
neurological system. Conventional red cell transfusions R
have also been 1ndicted as. adversely influencing the
survival of patients undergoing surgery for malignancy of N
25 the large intestine.: It is believed that this adverse '
effect is mediated by the transfusion of -agents other than
donor red blood cells including the donor's leukocytes, . .
Removal of leukocytes to sufficiently low levels to
prevent the undesired reactions,'particularly"in packed
. 30 red cells including those which have been stored: for
relatively long periods of time, is an objective of this -
invention.
- In the currently used centrifugal methods for
separating blood into the three basic fractions (packed
35 red cells, platelet concentrate, and plasma), the



separatlng bl ood into the three basi c fractions (packed 35 red cells,

pl atel et concentrate,  and- pl asma), the - 3- leukocytes are present in
substantial quantities in both the packed red cells and platel et
-‘concentrate fractions. It is:now generally acceptedsthat it would be. hlghly
desirgble to reduce the | eukocyte concentration of these 5 bl ood
conpoRghts to as low a |l evel as possibles 3 Wile there is no firm
‘criterion, it is generally accepted that many of the undesirable effects of
transfu3|on woul d be adequately reduced. if the | eukocyte content were

reduced.by a factor of about 100 or nore prior to admnistration 10 to the
patient. This X¥HkastRs &re Rresen dfe ss&séqamlema@rtmémsoéﬂ doth, o
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t he quantity drawn rirng such a donation s defined as a unit

‘bl ood. Whot e K sxdterionhit s genersddy,accepted #ddessed
i ndividual |y ameris |ﬁuegainm1&raﬂlb @fmﬁ %@t tran® fue iPhoWdRd R uni t

Chackod red oAl e 43 I 33TRociRE” Ghpkeh® BRER 2l
dependent on tiye ahdiesttoor iaf amaermObybn/uoweepaﬂomed:ocaldhi)\isﬂ:mlﬁcdr awn
Plhoog Rcwn 19" D e idat ienhtl.ne thaR9G pprok Eates® Fhaudldg! RheNEBRAICT I T Of
" ' content of leukocytes in a single unit of PRC (the
- ' quantity of PRC obtained from a single blood donation) to
less than 0.1 x 109. :

15 Dpefinin a Unit of Blood _a Unit of Packed Red Cells:

‘" ‘Blood banks in the United States commonly draw about
450 milliliters (ml) of biood from the donor into a bag
_  which usually contains an anticoagulant to prevent the
20 blood from clotting. Herein the quantity drawn during
such a donation is defined as a unit of whole blood.
' Whole blood is rarely used as such; instead most
e units are processed individually by centrifugation or by
N3 ' gravity settling to produce one unit_of red cell
25 concentrate in blood plasma, referred to herein as PRC .
© (packed red cells). The volume of a unit of PRC varies
considerably dependent on the hematocrit (percent by
" volume of'red'cells) of the drawn blood, which is usually
in the range of 37% to 54%; and the hematocrit of the PRC,
30 which usually is in the range from 70% to 80%. Most PRC
units are in the range of 250 to 300 ml, but variation
- below and above these figures is not uncommon.
.f*_' ' o - Drawn whole blood may'aitérnatively be proceséed by
' ~ separating the red cells from the plasma, and resuspending
35 them in a physiological solution. A number of



30 whi ch usually isin the range fron17096to 80%) Most PRC units are in the
range of 250 to 300 ni, but variation bel ow and above these figures is not
unconmon. Drawn whol e bl ood may alternatively be processed by separating
the red cells fromthe plasma, and resuspending 35 themin-a physiological
solution. A nunber of -4 phyS|oIog|caI solutions are in use. The geg%=
-cells so processed may be stored for a I%nger .period before use, and wh
some- patlents there may be some advantages in the - renoval of plasna

"Adsol " is the trade nane of one such 5 system Similar products are used

bl ood
" proauertS ﬁ@’*&%@éﬁ%‘iaﬁ SEEHEAdl 47 Ui dp?‘i cf% L Fedfy Bop: oPhed
~ therefrom XR¥PesEet nay d eﬁ%ﬁ%ﬁﬂf @i & | kenger peried hefore nusel, i n |
" physi ol ogi calnd hiitth dcrm@qsétsiéﬁté faaéﬂ ka0 e sl Jﬁaé&%&&fﬁﬁ?{%l oo"d |

bl ood banks _and _hasp may -dr t han about
herein, howdf&° ag' ‘iﬁ] ia ?’gg[‘nerg’#ﬁ ‘Crlkdﬂ%y uiang) of Ana - sygiuct i ce,
“and a unist cwslm.15 s:hli]cﬁr Ecbdwdts dre pinesi dro@urdpd latidl dthéhe

quantity de %Qgiz of whol e blood. As used herein, PRC refers
to the bl 003J prodtffcftar‘E escr 1 ead' above, and to simiar blood products

~ obtained by ot her Afefedhexaim theitemm Mised produntrindlndds -
“Avail abl e W%W&thﬁ O'PadRed HeaSRie1 1 |dKtia vt em for
obtalnlng I%ﬂ e@iom, and red cells separated from plasma and 5' '
10, resuspended 1n physiological fluid. SR
In parts of the world other than the United states, | *:;g/
blood banks and_hospitals may.d;aw less or more than about R
450 ml of blood; herein, however, a "unit" is herein
_ " defined by the United States' practice, and a unit of PRC
'15 or of red cells in physiological fluid is the qnantity
derived from one unit of whole blood.
. As used herein, PRC refers to the blood product
_described ‘above, and to similar blood products obtained by
other means and with similar properties. I

20 - |
revious ailable Mea
ove Leukocvtes From
The Spin—filter_system for obtaining leukocyte . (W

25 depleted packed red cells is described by Parravicini, o
- Rebulla, Apuzzo, Wenz and Sirchia in Transfusion 1984;-
24:508-510, and: is compared with other methods by Wenz in
CRC Critical Reviews in Clinical Laboratory Sciences 1986;
24:1-20. This'method.is_conﬁenient'end;relatively' o _ N
30 inexpensive to perform; it has been and continues to be - = .
used extensively. However, the efficiency of leukocyte "
removal, while generally 90% or better, is not
sufficiently high to prevent adverse_reactions 1n some
~ patients. o . .
35 Centrifugation methods are available which produce

'
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25 - depl eted packed red cells is described by Parravicini, Rebul I a, Apuzzo,

Wenz and Sirchia in Transfusion.1984: 24:508-510, and is conpared wi.th

other nethods by Wenz in CRC Critical Reviews in dinical Laboratory. -

- Sci ences 1986; 24:1-20. This method is convenlent and relatively 30
inexpzzfive to perform it ‘has been and-contd nues to be used extensively.

Howev the efficiency of |eukocyte renoval, while generally 90% or

better, is not sufficiently high to prevent adverse reactions in sone

patlents 35 © . Centrifugation nethods are avail abl e which produce
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is such that it nust

I eukocyt e depP®F; g,i,:er Ya§fs§PPnPrﬂ§§Iﬁtnésoﬁ“a%’glt}’@&r drti zniusg: heoamed ed
celI's,” have bedrhdinh 24chowued. but these have dlsadvantages for econom ca
hisgh refiapility s ce d.,c not be.used at b |de - A nunber

? deV|cesghave be ﬁ‘ﬁFbB@§§8dP i dRUkOGY % é?@d FHEB @$usi ngs, - and
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to be applied either g be ore and after use.
Fur t her these°88999é§aﬂav§ Séeﬁeﬂ sbi}isy sexvise uand cannpthcbe msed ch
‘they show ear by bedgdideg and often or always fail to renove | eukocytes to

_b6|0“’0 1 6 109 PER Hﬂhﬁe o?RgegiceL ﬁgve been proposed in which
; . fibers are packed into housings, ‘and whole blood passed
1 5/ ' through them in order to remove microaggregates and a
' portion of the white cell content. These devices have
all:fequired_saline to be applied either before or after
_ 15 use, or both before and after use. Further these devices
‘have been poorly suited for use with PRC, in which they
- show early clogging and often or always fail to remove
leukocytes to below 0.1 x 109 per unit of PRC or of whole
- blood. None are ideal for bedside use. '
20
Characteristics Desirable in

O e De o

\;/' '~~~ An ideal device for leukocyte depletion use would be
- 25 inexpensive, relatively small, and be capable of

o deliverihg blood to the patient within about 30 seconds

after connection to the bag of red cells and the _
' patient's vein.  The device should then deliver to the

patient at least one unit (the product of a single blood

30 donation) of red cells in which the leukocyte content hes
been reduced to a total of no greater than 1 x 109, and

N preferablyito a level of less than 0.1 x 10%. The
:Qr capability of delivering a full second unit of packed red
f\ cells with maintenance of the high efficiency with respect’

35 to removal of leukocytes is also desirable. Further,



* bl'ood. None

are ideal for bedsfde'use._20‘Character|st|cs Desirable in a

Leukocyte Depl etion Device An i deal device for |eukocyte depletion use-

woul d be 25

i nexpensive, relatively small; and be capabl e of. delivering

bl ood to the patient within about 30 seconds after connection to the bag of.

red cells and the patient's vein. The gdeyigce should then deliver to the

patient at |

red cells in which the | eukocyte content has been reduced to a total

east one unit (the product of a single blood 30 donation). Qﬁ

~greater than 1 x 109, and preferably to a level of less than 0.1 x 109.
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dsmj/ect)euertlhis ibvzemtiaﬂerred to as fllters . However, it Wo_ul d .

o cannot Succeggoggé mdg%éghﬁégghété éfgdﬁgpégirlous éééaniﬂy Slée

attempts to meet this objective have been based on the
use of packed_fibers,.and have generelly been referred to
as filters. _However,iit-would'appear-that processes

.utilizing'filtration based on separation by size cannot

20

'succeed.for'twofreasons.' First, the various'typesfof
leukocytes range from granulocytes and macrocytes;'which
can be larger than 15 micrometers, to lymphocytes, which

are in the 5 to 7 micrometer and larger range. Together, -

granulocytes and lymphOcytes'represent the major

proportion of all of the leukocytes in normal blood. Red
blood cells are about 7 micrometers in diameter, i.e., in

" size between the two major components which must be .

25

30

removed. . Secondly, all of these cells may deform so as to
pass through much smaller openings than their normal
size{ Accordingly, and;because it can'becobSerVed by
microscopic'examinatiOn that leukocytes are adsorbed on a
variety of surfaces, it has been widely accepted that
removal of leukocytes is accomplished by adsorption,
rather than’ by filtration.

Attempts have been made to -reduce leukocyte
concentration - in blood by exposure to a variety of.

_usurfaces, including polyamide, polyester, acrylics,

35

cellulosics (e.q., cotton), cellulose. acetate, and _
siliconized glass wool. Fibrous devices available to
this date have at best been only partially successful,

_for the reasons described below. As the problems

PSS
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15. Ieukocytes range from granul-ocytes and nacrocytes -whi ch can be | arger
than 15 microneters, "to | ynphocytes, which are in the 5 to 7 microneter and
| ar ger range. Together granul ocytes and | ynphocytes represent the major
~proportion of all of the | eukocytes in normal blood. Red 20 blood cells
are_aggit 7 nmicroneters in diameter, i.e., in size between the two najor _
conponent s whi ch nust be renoved. Secondl? ~all of these cells may deform
so as to pass through nuch smaller openings than their normal size.
Accordingly, and because it can be observed by 25  nicroscopi-c exam nation
-t hat Ieukocytes are anorbe on arleé% gf surfaces,, it has been wdely
‘accepted that FeYiRAA 1?5 ¥i6esi are Foviewed, pthemanaener

than by filtrakn ohich ttarqateem@ Mmeenedtmrmﬁdéwowtﬁ €Ris
concentratlon urf i ncluding-

" pol yam de, poliyes%}l acry ! ?%Onyl'/géé%é‘X% ap %’f? ceI | ul ose
“agetate, and S|I|con|zed glass mnol Fi br ous- deV|ces avallable to this
date have & lﬁiﬁ%g?ﬁ%?éﬂﬂé@%ﬁﬁéﬁé&éﬁiSucceSSfu' .35 for the reasons

descri bed bel ow. .the problens - 7- attendant on the earlier devices
are revi ewed, the manner in which the device and nethod in accordance with
~this invention are e precddine weet bowartaterdncd vl 1ade 0FS "the

of recover | ng SR, M vl H b8 St ton S e 1o Ihtey

'separat’i on deﬂa@‘eQLGedTmléSar@mw tothe geparatioredeeboeery of red | :

_ .. 10 There are several causes for reduced recovery of red
\_}' . cells: :
' (a) Losses due to hold up within the connecting
' tubing and the drip chamber; :
(b) Losses due to liquid which remains within the

15 : device itself at the conclusion of the
transfusion, and - _

{c) Losses due to adsorption on the surfaces'of
the device, or due to mechanical entrapment .
within the device. o '

20 -+ (d) Loss due to clogging of the filter prior to
completion of the passages of one or two units
of blood. T _

Losses due to cause (a) can be minimized by use of a |

~ . device which in bedside use requires only to have its

25 inlet connected to the blood bag and its outlet to a drip
chanber connected to the patient's vein, thus avoiding
the use of side connections which are, for example,
required if saline is used for priming. ILosses can be

_ further reduced if the design of the device is such as to

30 permit use of a_relatively small drip chamber. Losses

% due to cause (b) are referred to generally, and are
: reported herein, as "hold-up volume" measured in
1:: milliliters._ Losses due to cause (c), if any, will be

reported as due to adsorption. As for losses due to cause
35 (d), one of the objectives of this invention is a device

.
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- cells: (a). Losses due to hold up mnthln t he connectlng t ubi ng and t he dr|p _
chanber; (b) Losses due to liquid which remains within the 15 :

devi ce |tself at the conclusion of the transfusion; and (c) Losses due to
- adsorption on the surfaces of the device, or due to mechani. cal entrapment-
wthin the device. 20 (d) Loss due to clogglng of the filter prl@j -

~to conpletion -of the passages of one or 8 wo units of blood. Losses due

cause (a) can be mininmized by use of a device which in bedside use requires -
only to have its 25 inlet connected to the blood bag and-its outlet to a
drip chanber connected tq the patient'.s _vein, thus avoi di ng the use of S|de
connect i ons WhHiSh RISE I 4n§ﬁnr¥ﬁFYfr§£ﬁ4$é° }eg séﬂ“#ikgpr|n1ng

Losses can e wdﬂieustmttiodl Io}‘f o damitgn af PRe dwmcﬁn&s@masﬂo;) 30 ..,

pernit use h : are ”

referred togﬁéﬁﬁ} %%f fﬁ€/é§£?%§ﬂm§ :§ﬁ§g€§rxlif§ é#5}§é§é¥%i§§

measur ed inami ldbjectdve ofl ddeiss inventdamube § o)eukqbcm deplettmm eported
d tg f th

as due 1§ agar/ild %mﬁs thY Highet YHERt Pubd b1 Yol & e

-objectlves I's 1nverdtion is a device oes not C og, or
. which very rarely clogs, ‘during the adninistration of two units of PRC even"

”if.the.PRC'Fgg%gigyruxu;Lts;pernissible storage life. Mre generally, an
obj ective of this inventionis a leukocyte depletion - _ _ S
| _ 'As separated from whole blood in current blood
10 banking practice,dpacked red cells contain not only'a )
proportion of the leukocytes present in the blood as )
'drawn from the donor, but also some platelets (which tend h
to be very adhesive), fibrinogen, fibrin. strands, tiny fat
'globules, and numerous other components normally present
15 in small proportions. Also contained are factors added’
' .at the time the blood is drawn to prevent clotting, and
* nutrients which” help to preserve the red cells during
" storage. : T
. During the centrifuging process which concentrates i
20 the red cells and-partially.separates them from the
remaining components,_there is a tendency for
microaggregates-to form in PRC. These may comprise some
red cells together with leukocytes, platelets, fibrinogen, . )
fibrin, and other components. Gels, vhich may he formed NS
25 by fibrinogen and/or. fibrin, are frequently present in - |
| - PRC ‘produced by blood banks. o -
The gels are somewhat viscous, and though liquiag,
form a separate gelatinous phase in the blood plasma.
Once segregated by filtration, gels may be identified in a
30 spent filter by their tendency to cohere in stringy forms
when manipulated under a microscope at 30 to 50 ' ¥
magnification.- ' : '
Packed red cells can be refrigerated and stored for:
.';use within a period of 21 to 42 days or more depending_on
;5 the additive“system_used. For CPDA-1 anti-coagulated PRC,

e
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5 device having the highest possible red cell recovery CapC|ty As
separated from whol e>bl bod in current blood 10 banking practice, packed
red cells contain not only a proportion of the .l eukocytes present in the

bl ood as drawn fromthe donor; but also sone platelets (which tend to be
very adhesive), fibrinogen, fibrin strands, tiny fat globules ‘and numer ous
other{gpnponents normally present 15 i Qnall proportions. Al so contained
‘are factors added at the time the blood is drawn to prevent clotting, and
nutrients which help to preserve the red ceIIs during storage. During the

ceparates { nebhfr BRYBLESLEXS RERGGaBERARAs 18, ROF U1 E- L TpCAR.HRYEL S, Y
-Separ ates e r | S, enade or : )
m cr oaggr egat Bﬁrﬁ.ﬁgf storagePR€Ehe ﬁumbernayndcs&pm ef thecmicttoaghregatgst her

Gl 3. i on rigepaephrysh, i) TFEReE, bk} 306 SpiseecgiRata. |,

present in PRCOHMOUbéGD D?préﬂ@r§§#k§ ?Hénﬁﬂﬁ§-a¢ﬁggﬁﬁﬁﬁﬁﬁg PFQESS?f and

t Hough 1 qyi dgy Eloam;en&ea%eat %uﬁﬂ'eélfc' laeuasphaae whitheokteadcphgadn. once.
segregat ed b P ltration, % Eﬁy be i,dentifie

ent filter b
their tendency hat 2pREALS; copics examin ﬂﬁ%?Bqutgﬂsgﬂaefgékeg Y
m croscope at0301bnkaeytegn|fncﬁusﬂona&&gkeémaem fat| globnlee presedsr at ed

the addi &1 ve dpsEBe badad SRR Ak by, Baiesth) Bl argRRICI N0 O %

.pern155|ble sgdobydegeriod in the U S. is 35 days. - '

10 If the leukocyte depletion device comprises a porous

' structure, microaggregates, gels and occasionally fat
globules tend to collect on or within the pores, causing
blockage which inhibits flow.

' In hospital practice, bedside transfusions usually
15 use gravity, developing no more than 0.1 to 0.14 k.g/cm2 to
' induce flow from the storage bag through the,leukocyte_
‘removal device to the'patient.' For this reason a
' particularly important characteristic of a separaticn
- device is its resistance to clogging. '

20 Because of the unusual and highly variable
combination of clogging factors, the experience of a
person skilled in the art of filter design is inadequate
when applied to removal of the undesirable components

N listed above from PRC, and novel, inventive approaches

25 have been required to design an efficient prefilter,
o particularly when the PRC has been stored for a.
relatively long period of time. '
The best of the devices on the market during the '
period of development of this invention was rated by its

- 30 manufacturer to have a capacity for CPDA-1 anti-coagulatead -

PRC of one unit, with a blood hold-up volume of about 64 -
cc. The same device was rated for use with two units of
blood product which had been freed of plasma by
centrifuging and subsequently resuspended in a

35 physiological solution. Predecessor devices by the same

o7
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During st orage,

time. Further, gel-like bodies general'ly form whi ch-may-eonpri se

- fibrinogen,

degenerated protein, 5 and degenerated nucleic acids, and -

whi ch often contain what appears on mcroscopiec exanmnation to be

aggr-egat es
bl ood when

| eukocyte depl et i on devi ce conpri-ses a porous structure,
‘gel s.and occasionally fat globules tend to collect on or within t he pores

of | eukocytes. COccasional |y, snall fat. gl obul es present |npre
drawn may coal esce to forn1I§Tger globules 10 - Ifothel J
i cr oaggr egat €5,

causing bl oqﬁaﬁefa&wfat AP 4 Sbi bR/ pHAtGE hd Bd- b a@él&ﬁe Spds

hdét
- transfusions_usual l use, gyav de el.o no t han O. 1 to"0..14.
- kg/[err]to iR fﬁ/ Y?’B‘m’f’ s‘%?#ja ‘Fffp%?ﬁﬁﬁ ng marketederpval -
“device to thmd)alaaartepla‘cndtbystheakmrgerp@eviwlmcwsmtmesswe L
vice is its resistance.to clogging. 20

t##é§§1 %ﬁﬂ?@ﬂﬁg vari'abl e conbi nati on of - ¢l oggi ng factors,

" the experd ence ofD%ngR#%oﬁ‘ AG¢okdrnee twiith rthis inventionstam be
nadequal e MLGRR 165 dév (08 hy ofeddere IBILEF| g CHPAICSE paES o0
above from an vel ., 0 nv

design an efMh% "erﬂa%ffé}r’ﬁ'éq a’baﬁ‘f?ﬁﬁ%r??’“%ﬁ‘n effigiency gxRater: or ed
for a rel at ithany dbout 995K, cprefmbﬂyl@i‘mter)ftha}e adsmc?sm{ heBer ket
' | f o) nt e Its

manuf act ur elraqdoeqﬂeal\?’e ééfecigpac ki oéfo%:%ia@aeﬁ‘t |AI§§%€§§ atoo I#@%? S%ne unit,

‘with a Bifodaws anits @LRRGS mtg;lm lave @n internaik vhline swch rthad for

characteri st

Because of

|nadequate

during the

use with twaglifidch s Boah Hey st mcxéb&‘%hﬂeé?fbédﬁf%&flé’é@%? by
_' cent ri fugl n%oirdd-u%u%iet%ﬁenttl‘}/e rdee ufgee nfjte it r}uvere employed to process a

15

-single unit of PRC. Most commonly, one or two PRC units

are needed. by a'patient.. Hence, a device sized to process’
a s1ngle unit of PRC with greater than 99. 9% efficiency,

~ but capable of passing a second unit while maintaining

20

25

high efficiency, is seen to be a very useful and

' economical size, and has been selected as a primary

objective of this invention. as discussed below,_unless
otherwise stated, it is this size of device (which will be

- referred to as an- "adult“ size) to which reference is

being made. : :
. While the devices described herein are principally

directed to the primary objective described above, by

proportionally changing the dimensions, equipment -
suitable for use with larger or smaller quantities of PRC
can be made. A version of the device in accordance with
this invention, designated as a "pediatric" size, with

o approximately one-half the area and hence cne-half the

30

35

capacity of the adult device, has been extensively used
during development of this invention, for reasons of .
economy of- whole blood and PRC used for testing,_and

because there:is_need for such_a:unit in hospital

practice.
~ The microaggregates which cause clogging vary in

the nunber and: size of the n1croaggre9ates increase with

¥
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35 physiol ogical solution. Predecessor devices by the sane --10-
manuf act urer had a bl-eod product hol d-up vol une of about 52 cc; however,
thi's device is no | onger being marketed and was replaced hy the |arger

devi ce because of excessive frequency of clogging. 5 Devi ces in
accordance with this invention can be designed to deliver any required
nunbeﬁ;pf units of PRC while maintainind ‘daverage renoval efficiency
greater than about 99.5% preferably greater than about 99.9% However,

such a unit, for exanple, one rated to process 10 four units of PRC, might.

h t | | 3 5 d |

chFdaBelPo§{n§§zégﬁﬁg§pg Pﬁlﬁgbhgiﬁg§ﬁ85gif a?aﬁérgﬁéﬁ%FE§ &hfo S?ochs a
si'ngl e unlt ofqﬁaﬁtitybahdceizenHﬁstmnbutdonmuiﬁhKBGﬂbtgsawGlﬂeéﬁed by a -
patient. Hencgagé ? | o oRE hﬂier3§e§§ci5d ﬁe&'&ﬁiisuﬁbttﬁﬁ RE%twW th

greater than.9 I Cl ency, assing a seco unit while
Mg nt ai ni ng hi Fheetiplsi ¥aEY, Wﬁ§hsEGEPFth§°ab9£Pyf@§gPGF3aﬁ& guARkiLY .

si‘ze, - and hgs ﬁS%&eSQhﬁcggébﬁieé appaaﬁ:yiabneehan patt Bigni®ieanton. As
di scussed bel ow, unlgi8 ot h se sta

th evi ce
(whi ch wi |-l . bePFOPerEIQN QL Dagke a&'ﬁF‘t "eéiz&?ef’&{“éﬂ?chsf‘é@?@%‘% |\st bei ng
made. Wil e tthéewenesbgesonnhedoﬁeredncelésprandlpiBBdekvecaadeﬁGﬂthe

pri mary obj ect Lke,A5eti Qe AROYAGRY 2iniB GRRAREERTLLY 16hanGi NG  he

di nensi ons, equipient - er or " small er ntities
of. PRC can be ﬁﬁéGaCthﬁéﬁéFﬁnmé#eﬁh§h6e9PB§°Pna QCBP&&ﬁcgthgﬁaﬁi
i nventi on, 1695bﬁ%@hﬁ@l?sv&riﬂﬁdeafkb& ohezaniti blf blood to the next.

Under these circumstances, while the development of a
prefilter draws in part on ‘science and on experience
common to those familiar with the field of filtration,
there is a large component of chance and intuition in the
15 achievement of an effective prefilter. .
_ - The. de51gn of an efficient, small vclume gel
prefilter system which will contribute to the objective
of achieving high efficiency of leukocyte removal while
rarely or never clogging on one unit of packed red cells
20 _and which will pass all of two units in the great
'majority of cases, be it with newly drawn or with older
blood, is an objective of this invention. 3
_ For_an_important class ‘of patients, namely those such
o 'as thalassemics who are dependent on regularly repeated
25 transfusions in order to maintain life, physicians
- recognize a special need for-high“efficiency leukocyte
Iremoval, and for the use of relatively fresh PRC. If
- transfused with PRC which is less ‘than five days old,
thalassemics require two or three units of PRC at 3 week
30 intervals, however, if older PRC is used, transfusion at
.more frequent intervals is needed. Some physicians whose
-patient roster includes thalassemics will not use blocd
older than 5 days. For such applications the gel and
_ microaggregete removal characteristics of the filter are
35 less critical, and a filter can be designed to_Pave a

S
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'apprOX|nater one-half the area and hence one hal f the 30 capaC|ty of the
adul 't device, has been extensively used during developnent -of this '

i nvention, for reasons of economy of whole bl ood and PRC used for . testing,
and because there i's need for such a unit in hospltal practi ce. 35 :
The mi croaggregates which cause clogging vary in si ze from about 200

- micronmeters down, "and vary in quantity pmd-size distribution with age,

wel |l as randomy fromone unit of .packed red cells to the next. The geFS
vary with respect to both firmess and quantity. 5 Large fat. gl obules
~ appear in a snall but significant proportion of packed red cell speC|nens
- Hematocrit Epedldent holds eipues (PRQ.e@ndeltbs))eapGOdmedslﬁby lems exst.vary

ouer a wide randgor Tiies ntld Yudrel aBptiRaRILH il VAT causes |

and onset of clqqgqging 10 -extrenel romone. unit of bfood to the"
next. Under S aF@UﬂEFEWE$§°ﬂMﬂq &hFhERGeéﬁléﬁﬁEﬁF §or, morer thag drams
in-part on asl wesaneymwwneemoeomnseo ikode fcaditical what t he

The 5" ghheheRaiRest 11T Al AV IR B R RRRRIR MR R L0 "
smal | vol umérgguemcyf ineaar tsysnm whiide waintadningbhight cft:ﬂiciclncact i ve of _
achi eving higly 9ibi fio Pchggf ke g‘ili S&E €o' Eggﬁihtghghﬁsﬁ%ebf A i

clogglng on one ynit.o pass _a of t wo
units in théndteds @@SEAN \Inof eeaeeef BBC. LofEy hipethe &.imno@r the h ol der

~ blood, i's anuehjeeebbmiefiawla&d lth@“bh?&icﬂfﬁh,aandl wear benhacﬂm Qfo
patlentio n%g% %a%g % such. : | B
Accordingly, the products of this invention are. &_i'

directed to use with both fresh and older PRC. '

15 T - - | -
. Ease of use is sn important characteristic of any
‘leukocyte depletion system. As hoted above, for leukocyte
. depletion devices, ease of priming is a particularly
important factor. The term_"priming" refers-tc'staft-up
20 of flow of PRC from the-beg'thrcugh the filter to'the
drip chamber;-eAn object of this invention is to keep that
time to below about 30 seconds. A short priming period
is a1Ways_desirab1e'tc conserve nurse/technician time, :
but can be life saving when quick administration is o v/
25 required as, for example, when serious blood loss is
unexpectedly experienced during surgery.

- Preconditioning of Ieukocyte |
30 -

_ A number of_devices in current nse-require o ) : v
‘pretreatment prior to passing blood, usually consisting
of passing phys1010gica1 saline, which may ‘'or may not
beé delivered to the patient's vein."

35 The necessity for such an operation is clearly



as thal assem cs who are dependent on regularly repeated 25 transfusions.in
order to naintain life, physicians recognize a speci.al need for high

ef ficiency | eukocyte renoval; and for the use of relatively fresh PRC. - If
transfused with PRC which.is |less than .five days old, thalassenmcs require-
two or_three units of PRC at 3 week 30 intervals, homever, if older PRC is
used,{Lﬁansfusion at nmore frequent intervalss s needed. Some physi ci ans
whose patient roster includes thalassemics will not use blood older than 5
days. For such applications the gel and microaggregate renoval :
characteristics of the filter are 35 less critical, and a filter can be
~desi gned to hayery undeéﬂrahlml | for hthel neaetDns’Rsttaqutt bnbehpr oduced at

.l ess cost. For appllcatlon in which a very significant
pWOpOFtIOﬂ of Y#§Eé££$$s “for nore than 15 to 35 days or nore prior

"to use, it is critiThae reesoes for wsing,suehi REptreatpeBE VATYst at ed
capacity with fhéfe fﬁaenféﬁoﬁellsﬁqéé@alnyazbmyeaaeneebembpeaf|CIency

~artd | ow hol d-u allure to co ete assag seco s costly in
ternms of PRE |@a¥ ngnsFﬁ%thF%r ?ﬂ% ﬁﬂrgg EEXEHFE gﬁd“?ﬂ% physi ci an,
~and can be- har6§yiuies&0aceb8téafibers,Aassuﬂangeypftﬁeepdouufremof this

pvention are glroeled.Louseu L BRY k! Boleant thlgheBECy B456:4)ana

Rapldlty of Pr I'sTan i ant “characterisfic of any
1 eukocyte depl fithesfibens are hygrdsaopie, thPFeUEB§yb§meéHPé§|44055

- devices, ease gf Qﬁe”iﬂgebfiéypéftr88|ﬁib&d cells with subsequent loss

. .10 of their contents to the external milieu). _

N " an objective of this invention is a leukocyte
depletion device which requires no preconditioning prior
to bedside use. -

15 nitjon of Pore ia

_ Below 25 nicrometers "pore diameter" is as _
determined by the modified OSU F2 test described in the
section headed Examples. Above 25 micrometers,

20 -microscopic observation was used to estimate the
approximate. diameter of spherical particle which would be
retained by a porous medium. a

b ef: jon of Elem d_c e
25 | |
f The word "element" as used above, and generally as
' used herein, denotes a portion of the overall assembly .
which consists of porous web in the form of one or more
ilayers which may or may not be bonded to each other, but
30 which performs a defined function within the filter
= assembly. Each of the layers is preformed, usually by hot -
' compression, to controlled density and pore size, either
as a single layer; or in combination with one or more
' other layers. ' S
'35 The expression "integral element" denotes a portion _

<1



|nportant factor. The term"primng" refers to start-up 20 of flom/of PRC
fromthe bag through the filter to the drip chanmber. * An. object of this .

“invention is to keep that time to bel ow about.-30 seconds. -A short prining

period is always desirable to conserve nurse/technician tinme, but can be _
i fe saving when- qui ck- adm ni'strati.on is 25 required as, for exanple, when ..
serious blood | oss is unexpectedly expe¥4enced during surgery. -C}; o

Precondltlonlng of Leukocyte Depletion -Devices Prior to Primng 30 A nTJ er

of devices in current use require pretreatnent prior.to. paSS|ng bl ood,-

| f § whi t-b
Aol Tvey eat BT Hha0gPRERRL <R eAY, Shath® Ront Bl ond ¥ B2, Hais "° e,
operati on i efcpezohg web,lﬂr—ither(ﬂ.furthc&er aln‘leemcfmr than rarejoitheset out in |
e, preced: paypee! bafael to SR Sth:, usmgéa}aeegrmeté TR A Y. They

o |nclude r enov ysate eve ope uring steams er|I|zat|on_
of devices eoﬁtam,ngoveﬂhﬂeo ractuxec haviags itss owmy dntegritvedom from

~foreign gol seifwebﬁlaamabenar d5@Rpenaent! Urakh Bther Albndntduuriisers ¢
are hygrosco prevent henolysis (loss of ‘the integrity of red blood -

cells with § Qﬁg |l oss- 10 ~of their contents to the external nilieu).
An obj ective of thIS invention is a Ieukocyte depletlon devi ce which '

 reauires "uBEEIAE Mk i 0705 O e

10 - When a liquzd is brought into contact with the
upstream surface of a porous medium ‘and. a small pressure ;:}
differential is applied, flow into and through the porous
_medium may or may not occur. A condition in which no
flow occurs is that in which the liquid does not wet the
15 material of which the porous structure is made. .
A series of'liguids-Can be'prepared; each with a
_surface tension of about 3 dynes/cm higher compared with
the one precedlng.- A drop of each may then be placed on
‘a porous surface and observed to determine whether it is
- 20 absorbed quickly, or remains on the surface.' For
' ~ example, applying th1s technique to a 0.2 micrometer
porous_polytetrafluoroethylene (PTFE) filter sheet,
instant wetting was observed for a liquid with a surface .
tension of 26 dynes/cm. However, the structure remained o
25 unwetted when a 1liquid with a surface tension of 29 |
'dynes/cm was applied. : _
81milar behavior is observed for porous media made
' using other synthetic resins, with the wet-unwet values
dependent principally on the surface characteristlcs of
30 the material from which the porous medium is made, and -
secondarily, on the pore size characteristics of the
porous medium. For example, fibrous polyester _
(specxfically polybutylene terephthalate (hereinafter N
"PBT“) sheets) which have pore diameters less than about ) ?
35 twenty micrometers were wetted by a liquid with a surface ' '




15 Definition of Pore D aneter Bel ow 25 microneters "pore dianmeter" is as

. determ ned by the nodified OSU F2 test described in the section headed
Exanpl es. Above 25 nmicroneters,. 20 m croscopi c observati on was used to

~ estimate the approxi mate. di-ameter of spherical particle which would be _
ret ai ped by a porous medi um Definition_okgElement. and of Integral Elenent
25 TheAwrd "el enent” as used above, and generally as used herein, denotes
a portion of the overall assenbfy which consists of porous web in the form
of ‘one or nore | ayers whi'ch may or nay not be bonded to each other, but 30

Y\:hl ch, perforrmtawlﬂdnrmﬂ Sordynesy o mutt#erélﬁéerwamml%/ dEpré\d .m theOI
layers is pre co. S to controlled density an

" pore size, ei t d% éi?lgﬁ#%/ é%é%é“ %fp#ﬁ @%‘ﬁ%%%‘h on"with one or nore

‘ot her |ayers. In om cspreharacterizegthis dehavior deh@ qeoxoysrti on
L o e ovedago il n %ﬁﬁﬁf%ﬁtﬁ%ﬁﬁ%ﬁ*%ﬂ%ﬁw

vuth (if there are nbre. than one)

ihtegral el%ndifs ikeen fafined Red lR‘FJd‘P‘é hd@he FHER AR i nt egrl ty,
5 self-cont alpwbﬁl%edﬂﬁpei%eme Cdeﬁénnm&ufrb | BNV U Iy |

it TR ot e ey, prosef NS dtikinds <Rty 'egé&équﬁ“
~differential m;ifatppsnmcé Imshns aracying b 2 Heo pbrd)m;s/cm, and
o - observing the absorption or non-absorption of each liquid.-
'10 The CWST of a porous medium, in units of dynes/cm, is
: defined as the mean value of the surface tension of the
i _ _ liquid which is absorbed and that of a.liquid,of :
' - neighboring surface tension which is not absorbed. " Thus,
in the examples of the tue preéeding'paragraphs, the
15 CWST's were respectively 27.5 and 52 dynes/cm. o _
' In measuring CWST, a series of standard 1iquids for
testing are prepared with surface tensions varying in a
sequential manner by 2 to 4 dynes/cm. Ten drops of each
of at least two of the sequential surface tension
20 standard liquids are independently placed on
representative portions of the porous medium and allowed
to stand for 10 minutes. Observation is made after 10
minutes. Wetting is defined as absorption into or obvious
wetting of the porous medium by at least nine of the ten
25 drops within 10 minutes. Non-wetting is defined by '
' non-absorption or non-wetting of at least nine of the ten
~drops in 10 minutes. Testing is continued using liquids
of. successively higher or lower surface tension, until a
pair has been identified, one wetting and one
30 ncn-wetting, which are the most closely spaced in surface
tension. The CWST is then within that range and, for
convenience, the average of the two surface tensions is
used as a single number to specify the CWST. .
Appropriate solutions with varying surface tension
35 can be prepared in a variety of ways, however, those used

o n



nmedi um may or:'may:not occur. A condition in which no flow occurs is that

in which the liquid does not wet the 15 material of "whitch the porous
structure is nade. A series of |liquids can be prepared, each with a surface

.tension of about 3 dynes/cm higher conpared with the one preceding. = A drop

-~ of each' may then be placed on a porous surface and obsérved to deternlﬁﬁn _
~whether it is 20 absorbed quickly, ©Or18efains on the surface. For s o

exanpl.e, applying this technlque to a 0.2 mcrometer poraous

pol yt et r af | uor oet hyl ene (PTFE) filter sheet, instant wetting was observed

Tor B L AL oSSABESnd O Ohe hrauCK RLERpICHEKLY et Ut ure

surtace tension- of 29 dynes/cm

- .was applied. Simlar. behaV|or i s observed for porous nedia made using other .-

synthetic resins. gy Lbybiieoepyggget val ues depsaggaveprensipa,|y on the
sur-face character e material . from whigch. porous nmediumis
made, and secondarily, on the pore size characteris¥ he porous : :

?ediuglﬁsroi e?ﬁ”@b&lﬂ?{h agggfdeyﬁntwateraEC|LlﬁalI94pol$59tylene

. terephthal ate (herefnafter e ic avegqpoOLegdi aneters | ess

" than about 35 tmEﬁ#? HPCFB ?é §§r§5§% ted by a |?BUId with a surface -
-15- tension of 5§odiunsnitrabetinewetﬂﬁt wetted by & Irqﬁld with a surface’
tensi on of 54 dyn§§? Mya P corder to characterize thlqzbqhaV|or of a porous
medi um the term trea wetting. surface tension" é 5. _has- been
defined as descriBeetdel 8®id fRcWeHBY of a porous medicum. My be detern1ned

--by 'nd'deua||y apRh4hBd in water . 22 -35 N
| : ' n-Hexane | | | 18.4 o 2
FC77 _(:m Corp.) R 15 '
Fce4 (3M coxrp.) - 13
l15, of ;b. us

In.packed red cells, as Well'as:in'whole blood, the
‘red cells are suspended in blood plasma, which has a
'surface tension of 73 dynes/cm."ﬂence, if packed red
20 cells or whole blood is placed in contact with a porous
B ”medium, spontaneous wetting will occur if the porous
edium has a CWST of 73 dynes/cm or higher.
Hematocrit is the ‘percent by volume occupied by red S
cells. The hematocrit of packed red cells usually ranges "/
25 from 70 to 80%. Thus, 70 to 80% of the volume of packed
red cells consists of the red cells themselves and, for
'this reason, the surface characteristics of the red cells
influence the wetting behavior of PRC. This is also true
: for whole blood, in which the normal hematocrit ranges
30 from 37 to 54%. The surface tension of ‘the red cell
' surfaces is given in the literature as 64.5 dynes/cm.
“("Measurement of Surface Tensions of Blood Cells &
Proteins", by A.W. Neumann et al., from Annals N.Y. A. s.,
. 1983, PP- 276-297.)
35 The benefits conferred by preconditioning fibers to



to its surface, preferably dropw se, a seri és of lfquids_mﬁth surface
tensions varying by 2 to 4 dynes/cm and observing the absorption or
non-absorption of each liquid. 10 The CWST of a porous medium in units of

~dynes/cm is defined as the nean val ue of the surface tension of the liquid

whi ch_is absorbed and that of a |iquid of nei ghboring surface t ensi on whi ch
S no&ahbsorbed Thus, in the exanpl es-of7 the two precedi ng paragraphs, .
the 15 OCWST's were respectlvely 27.5 and 52 dynes/cm In neasuring CABT, a
‘series of standard liquids for testing are prepared with surface tensions
“varying in a sequential manner by 2 to 4 dynes/cm Ten .drops of each of at
| east two of CHETswaduesi higberf tbant thei natavali GWSTr of| synthetice
|ndependentlyfgbgggdigalﬁagnesentat|ve portions of the porous mnedi um and
~allowed to-stand fq m nut e Cbservation is ma fter m nut es.

Vetting is deflned(ai aH?SPpPF Ripg; £ox, aRY, FeREONe ?l Bnﬁf“FREQpGPUﬁg
_ anlunlby at beesbunesethhnthhetODZZEgﬂcmBsusedhin thisi sttady, Eop-wetting

Urope | n- 18 4eARRRTU BLELEA0IRY "R Ebk e el ELAANS Sh L% T

drops in 10 m™nu ontinued asin sticcessi vel y
hi gher or |omeiggétieaetiwnsedncednt|Ataopaukgﬁqn bebheuueductieu isae

wetting and OBSwEQernOBbmﬁhElﬂgas“@bcﬁea&fffﬂéufgséoCﬁ&éﬁhf?spaced in

sur f ace- tenS| on e and or conveni ence,
The average of the(Pho &l {RBETEARE: BfRert Ecthbe Lreshbion,tapEhe o ,
speci fy the CifScodppyophatt €ibebusbi nedini theatedi bg contert thasfibeds can -

. be prepar ‘iB ' Budr¥8kkCtY 8 p%%icu*i%’ei‘%getQfséwé‘feﬂerforﬁ%etter with
R _ B -respect to time required for priming, efficiency and
- resistance to clogging than do flbrous media with CWST
values outside of those ranges. E
(c) Synthetic fiber media whose CWST values have'
15 been elevated by grafting have superior fiber to fiber
bonding and are for this reason preferred for use in
".making the preformed elements used in this invention.
(d)'.Portions of unmodified filterS'may“remain'5 
unwetted, thereby inhibiting fléw'through thése areas.
20 (e} Devices made using unmodified synthetic
fibers are recommended by their manufacturers to be
flushed with saline prior to use. This operation is
~ undesirable since it causes blood loss due to hold-up
o within_the complex tubing-arrangément-requiréd, adds to
25 cost, operation time, and operation complexity, and
increases the probability that sterility may be lost.
_ (£) Blood has been observed to clot when exposed to
.'unmodified synthetic fibers. |

300 ' .
DISCLOSURE OF THE INVENTION:

o¥

In écéordance with the subject invention, a device
and method for depleting the leukocyte content of a blood
35 product is provided. '
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ip the devel opment of ‘the product described herein were: Sol ution or fl uid

. Surface Tensi on, dynes/cm 5 Sodi um hydroxi de in water

.94

110 Cal ci um chl orlde in vvater o 90 - 94 Sodiumnitrate in water

75 .- 87 Pure water .

72 4 Acetic acid in water

38 - 69 10 Ethanol in water 18 22 - 35 n- Hexane"

18.4 FC77 (3M Corp ) -
13 15 Wetting of Fibrous I\/Edla by Bl ood I n packed red cells,

15 FC84 (3M Corp.)

as wel |

.' “whol e bl ood, tAber egubdiect ad@vaneniediavideasnd Pl mcem.ﬁmr hathey -
surface tgmsheRigh /de IS/ ABukddAEE: cohtBatkeds’ ed Mose! Iprgdudtiol e

bl ood.is placed i.n contact_with a_porous nedi um “spont anegus_wetting wll.

occur if FREPEIEENS m@h untrata Ftof $§CAPRes/ @Rr Witk .

%ocrlt

a&id

is the peegenenlty woitwe t@xacuseednay glagherd | inte'fbesbdmabétweénOftth ked .

d | | [ 80% 0% of. th I
o packea iR, ahd R FiehbREk Ophind Biccetlive, et haidd! 1O U
“reason, tsmaddefraceordadiametient it banf tthet r pdeceding m‘tl.uehbe tﬁVerMet t | ng
behavi or ~gh oRBhHt mlcauasxn@l Sﬁteta'h'ée %9& w@eﬁ.svbheod?ew Whigd theedrRi

hemat ocri t"_ranges- from37 to — The surf

ensi on of the red

surfaces PdegRREN JIIPF]t‘-Fﬂe"FQt@?aPEre‘-% B@"‘%"Meg‘:‘eﬁf’a@?ﬁ@géﬁﬁémrﬂn f
- Surface Tehei aiifiryd BlemdnCelintludimy anesn lﬁbrAr‘élnoNﬁlﬂmmrmﬂto@l'tesfrom :

_ Annal s N, Y A ﬁébp %3 efa%t 231% %317 1)d 3élslement HQE ngﬁf lntoﬁﬁqg roeda by

“ precondi ti -8ni

CWST of from greater than 53 to less than 90 dynes/cm
' 'l‘h1s flrst dev1ce can have a third element whlch has
a pore d1ameter in the range from about 4 to about 8

micrometers. For example, the third element can have a

pore diameter '1n the range from - about 4 to about 5. 5

micrometers, the f1rst dev1ce then be:Lng well sulted for
processing a blood product hav:mg _an age of about_z to

- about 5 to 10 days, or the third -element ‘can have a pore

diameter in the range from about 6 to about 8 micrometers,_
the first dev1ce then belng well suited for process:mg a
.blood product hav1ng an age in excess of about 10 or 15__

.days.

"The flrst dev1ce can have a first element which

' -comprlses a needled flbrous structure. The f1rst element

'can be hot compressed to a controlled thlckness

The -

average pore dlameter of the f1rst element can be such as

to require, when - prewetted hy 1sopropy1 _ alcohol, a

differential pressure of 4 to 7 cm of water column to
induce air’ flow. through 1t at the rate of 0.5 cm/second

through the first element.

. The first dev:Lce can 1nc1ude at least two 1nterposed
elements comprised of porous media which in at least three

'steps span in approximate geometric progression the pore

di‘ameter range from-about 25 to about 10 micrometers.

The first device can include at 1east two 1nterposed

'elements comprlsed of porous media wh:.ch have

n

ceIIj

o



-17- COWST val ues higher than the natural CWST of synthetic fibers include:
(a) Wen primng for any reason is done using lower pressures than the 0.2
kg/cn2 used in this study, for 5 exanple by gravity, the time to achleve
priming is significantly reduced. At 0.2 kg/[err] the reduction is,
however,..so small ‘as to be difficult to asure. (b) An inportant aspect -
of thlilhnventlon is the discovery that fi'brous nedia treated to -convert

the fiber-10 surfaces to a particular range of CWST performbetter with K
respect .to tb% rr‘a%lsllrv%qyf Ot M@@gae‘afrfea@ﬁ.@c %@m aeam&teeee g xﬁllqg;gl ng
t han-do f.i braous nedla W val ues outsi d hose ran

Synt hetic fi k&€ FEHIL ﬁﬁ@?baéﬂgf 3 +Os ARQRd E@ T EHOMA LS ed by graftlng
have “superi.or fi bahet o ffiidsts bendceg ean aimclwdethas s:aagsm Atferpoed or

use .in makingsth ref | J O ns -
of unnDdlfleglpmﬁpgrs ﬁagﬁgeghlﬁﬁ &E#?% %%%?% v%#hl Qte Q%OM/t fgﬁgh'
hgse ar eas: abput- 25 me;romehecesdnuaehmnaupqwﬂmdi¢meuegynnh@ha:naqqu

reconwen@egmpgbbmelﬁonaguggﬁh§rq@smh@rgﬁekbgghed mnth saline prior to
use. This operation'is_undesirahle since,it c uses g oss d

€
hol d-up within t h&hConblEXEt lﬁ‘ﬁvﬁg’ear‘?%géﬁ‘éh‘ Fe&m% SRRt ¢ Ug 55‘ R
operation tlﬁ&enamdd@ﬂenaimmm ommﬁabetqf el elemensss t Mheprsaalrfddtidnt

s T ARG SR S B R i
Co . the range of about 55 to 45 dynes/cm in a blood product
processed through- it. ' ' ' )
'-\z i ~ The first dev1ce has at least one element wh1ch has
been modified to a CWST in excess of 53 ~dynes/cm. For
example, at least one of the elements ¢can be modified to a
"-CWST in . excess of about 59 dynes/cm or at least one of the
” elements can be mod1f1ed to a CWST in excess of 63
dynes/cm Alternatlvely, ‘at least one of the elements can -
be modlfled to a CWST in the range from about 55 to about
75 dynes/cm - For example, at least one of the elements
can be modified to a CWST in the range from about 55- to
about 70 dynes/cm. -As a further alternative, at least one
of the elements can be surface modified by exposure to an
energy source while in contact with_a monomer containing
at least one hydroxyl moiety and one moiety -capable of
N . activation by"an.'energy ‘source, together with a monomer
| ' contalnlng at 1east one hydrophoblc m01ety and one moiety
capable of act1vat1on by an ‘energy source. _ _
The first device can include f1rst, second, and'third_
' elements each having an effective cross-sectional area
whlch is in excess of 54'square cm. Further, the total
voids volume in all of the elements can be less than 28
milliliters. The total internal voids volume of the first
device can be 60 milliliters and preferably less than 37
milliliters. _ : o
The first device can have a third element in which

. qf‘..“f

the }neans for removing leukocytes includes a filtration



I'n accordance with the subject invention, a device and nethod for depleting
the | eukoeyte content of a blood 35 product is provided. 18 The

"subject invention provides a device for. -the depletlon of the

| eukocyte content of a blood - product conprising at |east first,

second, and third porous €lenents 2bth the second el enent mterposed
betvveen the first and third el ements, each successive el enent having a
snmal | er pore di aneter than that precedl ng it, the first element inclu
- means - f #®3%%enpving gels, . the second el errent i ncl udi ng neans for
renovi ng -m crqagg;@,gatﬁcon@nd ine tihi gy el si nel &éngs "eRsy fRE :
renovi ng |eL£kOC s i'n which at least the third elenent has been .nodified -

to a onsP™ ‘greater than 53 to less than 90 dynes/cm This first -
~devi ce can ha\mnas t@éviicel gamnthawe chlBRaofa the e ediementsr comptésseange A
from aboyl 4 iRV @H&E@é@é rjof %o CXBLBEy the Lhird elenent can

,have a pore dianeter, 1n the ran rom about about 5.5
‘m croneters, IR 1q9r"slt°%e‘\’/‘?%ecPﬁéhSSBP'ﬁéYwﬂrP"ééﬁt @Fifogr 4o o@b@%ﬂh@ga bl ood

product havdagecitRgefofatabbess? twoahowitd be Bl oday produdtheot hihg

| h h b .
i cromot 268 ot BT 4bPTEoThg oA npeRBesabiR LIt pesto MR bl cod

product N&@.ng &t adedst exwess off dbeut codponebts dejemelihs é&anstbedevi ce
can hav@onprdsded t6! eame&nt\e’eufilaacm SRS %ea@redﬂ: ?%%ém%%uctwe_

The first _elenent_can ,( be n}r)resse to contro
The aver ag€ pbrkali yadds BPIPWS ok spld| cthet edgmepEss kean gbe less

than 28 m111111ters and the total 1nterna1 vo1ds volume of
- the device can be 1ess than 37 m111111ters. The porous o U

- elements can be fJ.brous and the total surface area of all
- of the fibers can be less than 4 square meters. With the
total surface area of all the fibers being 1less than_zl
square meters, the pore diameter of the.third element ean'
~.be-in the range of 4 to 8 m1crometers | The total surface
area of all the f1bers alternatwely can be less than 3.5
square meters. With the total surface area of all the
. fibers less than 3 5. square meters, the pore diameter of
‘the third element can be 1n the range from about 4 to
about 8 micrometers. ' _
The device can have - at least one of the elements
compressed to a _controlled thickness pr1or to assemb_ly.



to require, -when prewetted. by isopropyl "alcohol, a differential
pressure of 4 to 7 cmof water colum to induce air flow, through it at the
rate of 0.5 cmfsecond through the first element. The first device can
include at |east two interposed el ements conprised of porous nedia which in
at | eask three steps span in approxi nat e2deonetric progression the pore

di anet range -from about 25 to about 10 m croneters. The first device can

i ncl ude at |1 east two i nt erposed el ements ¢oppr.i sed of o pus nedi a gh
have 19 progr eBSVHERF §¥bpﬂ?%%FQE%?%agﬁﬁgpﬂaFé;d} BB s pdRfiHE 10e
range from abngt vice alestribedi aahiows er sanThinchudet a déirst edament

i ncl ude ' rs#%g PaESESr p8§eﬂ g ﬂggks ?o‘ﬁ’hlr(éﬂoquggp%qsd' aneter varies.

.stepvvlsefro m crome fer in_the range
frém about. 10 to Eheutsulsieter éneeetsonm‘aurth@t BEovidesarp i devi@e £ogurf

actant which¢pgs a%qata@%e%ft Q:rfélelé’cﬁk@@f@e okohbent! e#eny sp1odée prubiuagt ant
can have characteristics

f mducea,surfacetsegldglonlnth range of
abbut ‘55 to %8MBYAEIPEm PFI al®P8bd oI Es &emaftourete "‘Pﬂ’e Pir st
devi ce has asyhenetlanefebefmnt it chsueBadeerofiodibie edibers cnsvmg e®|cess
of 53-dynes/ t st Ifi.ed

' [ &Sx'&e%gdof out é f%Sﬁl. Péhet&t tt“l%eas gﬁe%?'@ qefs

to a OABT i n exc ynes cm or rrents
can be nodi thed 900dyae§>4\sm in excess of 63 dynes/cm AIternatlver, ’

at -least one of thgigl csEpdsa CHeIR 0N Save %yﬁ‘éﬁztha tHiEh & A I YhfichM
abcut >3 to. %gggt 1:~7e5endysr1].1€rS a%:neJ modFlofr:Leci( ngl 1ncrease %ielr %W%f‘l‘ thhye El emants
N more ‘dynes/cm. : :
e - The . second device can have a CWST in excess of 59
' dyh‘es/cm For example, the CWST can be in excess of 63
dynes/cm ' _ ' '
: The second dev1ce can have fibers which have been
surface modlfled by exposure to an energy source while in
contact with a monomer contalnlng at least one hydroxyl
moiety and one moiety capable of actlvatlon by an energy'
source, together with a _moncmer_ contalnlng at least one
'hydrophobic 'moiety and one moiety' capabie of ‘activation by
an anergy source. ' | '
| The subject 1nvent10n additionally provides a dev1ce
. for - depletion. of leukocytes from a blood product
comprising at least one element in which ‘a fibrous medium
has been radiation;grafted and thereaffer'hot compressed -
to form a coherent filter element with a CWST of from
greater than 53 to less than 90 dynes/cm. ' '
This third ‘device can have the element modified to a
CWST in the range of about 55 to 75 dynes/cm.
The third device can:- have the fibrous surface
modified by exposure to an energy source while in contact '
g ' w1th a monomer containing at least one hydroxyl moiety and
one moiety capable of activation by an energy source,

together with a monomer containing at least one



activation by .an energy source, togekher with a. nonomer contai ni ng' at

~can be modified to a CWBT-in the range from about 55 to.about .70 dynes/cm
-As a further alternative at |east one of the elenments can be surface _
‘nodi fied by exposure to an - energy source while in contact wi'th a nononer
containing at |east one hydroxyl noiety and one noiety capable of

| east one hydrophob| c. noi ety and one noiety capable of activation by ;
.energy source. . The first device can include first, second, and third wo
el enent shywmohm mgiehy aaff ang Veoiekysgapableonsl ackivatienchyis in
excess 05n54n§ r§oGhee. Further, the total voids voI une in all of the.

el ements can.gké ssthag 28 m | lIi-ter The t’eé i nternal voids vol unme
“of the first He%ic®RIGhe VR :f‘?ﬁ‘it % 2 RF ¥ F alft y 9e¥IEe h&RT37 -
mllitli téxbteirhngfarblod@vpcedualh"lwn@r_astﬂnq cetel beézst threki pbrble neans =+
for remy{ d&ﬂe)x@é'koﬂ{ée%ﬂr%' lé%?nefhéb ¢dih %t %%aggagﬁ BirkShe gSecond,

and thir 1?ﬁcgrous el ement s e pre devi Ce can hive all . -
of the creeRied  £4hpPusséteho Ehéoﬁﬁcﬂqdecp¥¢wwﬁe§§vﬁﬂgoratémésléérﬁ)l y. The_'

fleVI ce f@é‘réoﬂibét Q:fﬂdrié EﬁQVlf(iQsM' and Otﬁéog-gurtm ael?%ﬁé’&ttltiaeinét al eazlt s
WO uni (0] ro UC e |nc .ng LS perm ssSi e ..
linmt f &%ﬁnﬁ#} 185%;8 BE?X gg eFﬁe rr% ngﬁﬁ F@gents can

~ . be conpressedrhns afoumtholdesdlctehl cknes‘tep@et@r the) gaelseuntentlheft at al '
- voi ds voj Mot 55 BERPTERt S BIbAE bESAuLEAN FhdMaVdtade ol the -

total |nte na
diameter of the first element can be such as to requlre,.

when prewetted by ‘isopropyl alcohol a differential
pressure of 4 to 7 cm of water column'td induce flow of ' %J
air fhrough ‘it at a rate of 0.5 cm/second through the

first element. The effectlve flow path can comprise, in

part, three or more ‘elements preformed ‘prior to assembly,

each with cross ~sectional flow area in excess of 54 square
centlmeters The total voids volume of- all the elements

can be less than 28 millilitetSland the total internal -

¢

("-: .



the device can be less than 37 mlliliters. The porous el ements can be
fibrous and the total surface area of all of the fibers can be less than 4
square nmeters. Wth the total surface area of all the fibers being |ess
than .4 square neters, the pore dianmeter of the third elenment can be in the

range % 4 to 8 nmicrometers. The total jgurface area of all the fibers
al tern |ver can be less than 3.5 square neters. Wth the total surface:
‘area- of all the fibers less than 3.5 square neters, the pore dianeter of

the third ekerggt veaameecan blelegsgehbhod? aﬁauh14tte6tsabout 8 mcroneters.
The device can

cont rolled t hi ck&ggs B??B#Easéev&eanahhehglé%rre[%t B8 eéf&ﬂ'eﬁ@ thh

assSe ViCes I n accordance With
this invent compriisesudi ag t htedsyi ceomscrnb‘mﬁ%lbo@radé@]i ncRGRcWRVERY St

el’ement whi EBmE@ﬁe}x‘e’o or A”D'i;ﬁﬁaanéléﬁén&enea(hngbaelﬁncﬁi&@ummi the
invention furt rovi des a _device for the depl etion of t Ieukgﬁéﬁgn
t

cqnt ent of &eBPH&d %%ERR:‘E gdspreefngoetieen e Hest gp gr%ltFe
preformed  eflementBSt ist flebets,oné hef sthiéasecont dn® thibérelementsg a-

nodi fi ed T . of fr ter h 3 / I thang s[.Gm
‘This seconfe3Bgi &9 5% A syn?ﬁS? wg¥ﬂg§r§&%#&bﬁpﬁgbe 29§%¥?§ ot .
‘modi fied tothecssaf@acehdiensdBT of thoilﬂuné @%ﬁéﬁlcﬁh1$h60§§é§ﬁ@n&éw'ce

can have a ?égh Rs€X F§ér0ft059c<i>6@§&i ‘a dpalr@Pbe athelAMRT &wd be
in excess o ynes secgn eV|ce can have fibers_whic %eve been
. units of a blood produc any age up to and inclu
'1ts perm1551b1e limit for human use. The total voids
volume of all the ‘elements can be less than 28 milliliters
and the “total vo1ds volume of the device- can be 1ess than
37 milliliters. ~ At least one of the second and third
‘elements can be m01d1f1ed to a CWST ;n the range of about

- 5% to dbout 75 dynes/cm.

R



. of | eukocytes from a ‘blood pro

surfacé nodified by exposure to an energy source while in contact- with a
nmononmer containing at ] east one hydroxyl noiety and one noi ety capabl e of
activation by ‘an energy -source, together-wth a nononer containing at |east
-~ one hydrophobi c noi ety and one noi ety capabte of activation by an aner gy -
source. The subject invention additi ? 2! |y provides a device for  depl eji

u

whi ch * ‘a fibrous nedi um has been radiation grafted and thereafter hot’ -

- conpressed t 0 fyy m@omr%vﬂéte&a@lm Vaﬁhl%a@BSTone bEomggeat er.
“than 53 to | ess than

Thisg t d t I t
‘modi fi ed QFRPRERET & q')llsanfj@'%g]f:eﬁﬁlﬁat 'I?>r t% ?Fg %}’fﬁggfagmaggﬁ‘é gﬁ??ﬁ@n _
~ devi ce. ceprr:hﬂve ttdleafssbmmly .sur Face smdimpiled bylExpoSuthet ocampenenty - -
- source wiy e‘?nér&s“%‘a{f?%e %6@%@?8”@5 %O’Hoqit!"foglglé?i LEASkn oL Qi‘.&.’&?xy'_

nmoi ety an one’ noi activatti.on an energy source, E
t oget her Mt&ﬁSﬁmh)hb-rrer containing at |least one = 22 hydrophobic noiety

~ and one noi et ynf@ppahﬁtpfaeeibéablaan iNE ABENET GcHAN lembtit  WHPERCT
-invention also. provides ‘&g%‘f for fllterlr{%a bl ood. product R
conpri si Mpsit PPeAsEUEALE R REnEEPOSHE e {tRs (AT Y cBPPESEd at . -
| east i nwieirke oinacoatdictd: vhtl:h oas neomehe c:om:(arimmig'enaﬂt Mmgdaesrral | er

-g?regt Zirzt &r@{]%ﬂ é% ? g‘% 5&0’1 tﬂ’ s P%:?g deV| ce ca}ﬁ éepl ete .

the gel ENALIN STULLS4 dlﬁ%fﬁk%\%ewhhhcﬁ mnanmroaprﬁrmq afthteagbrage
p(_)re ~ one hydrophoblc moiety and a m01ety capable of activation '

by an energy source. _ S _ o - | \.J y

ct conprising at least one el ene#t ji n-

*

C



di aneter of the first el enent can be such as to require, when prewetted

by- isopropyl alcohol, a differential pressure of 4.to 7 cm of water
colum t.0 induce flow of air through it at a rate of 0.5 cnfsecond
through the first elenent. The effective flow path can conprise, .in

part, gﬁgee or nore el enents preformed p2bor to assenbly, each with
Cross- tional flow area in excess of 54 square centineters. The tota
voi ds .volunme of all the elenents can be |less than 28 mlliliters and the

total internal The pgeseniol ingerbiope flugdham praviges| g imethed Ther
fourth devi che aflepBeeionsegohes| Wiy Cébx%@?ﬂfléfisa llood | pB6duct one

pl anar ~ parallel. . non-woven conpone g %£ el enent =~ can be
|ncluded vmt??m??ﬁfﬁﬂﬂxnﬁf%ﬁﬁﬁﬂﬂn B o88 b%f Gt€he’ first and the third

el énents, | easthoowglof t héncappropdi abe dévides| desor sbédi aigovedi fied to
a CWsT mﬁthln about 2 to 20 dynes/cm of  the surface tension of the li quid
phase. This consi stently provides prior to clogging- a capacity of at |east
two units of a blood product of any age up to and including its '

permssible linmit for human . use. The total voids volune of all the
el ements can be less than 28 mlliliters and the total voids volune of the
device can be less than 37 milliliters. - At |east one of the second and

third elements can be noidified to a CWBT in the range of about 55 to about
75 dynes/cn1 _ 24

w



The fourth device can have at  |east one of the conponent elenents
conpressed to a controlled thickness prior -.to assenbly. For exanple,
al'l of the conmponent el enents. can be conpressed to'a controlled thickness
prior to assenbly. The fourth device can include a second el enment which has

been surface nodified by exposure to an energy source while i'n contact gith
a nononef containing at | east one hydrgxyl noiety and one noi ety capah _-'."-of-
activation by an energy source, together with a nonomer containing at Wé

one hydr ophobi ¢ noi ety and ‘a noi ety capabl e-of ‘activation by an energyn._
source. - 25SThmifiesatt iaméentricorel urfderupeoyiaes thiwet hivémtishe

”.'depIEtiOghqrod%%Pt%q&%.%hq?ﬁogéﬁfév9£? PgbgongGQQ% 8£3ﬁﬂ% Leésstng;

t he bl oo t hrou ropr evi cés - 26-..
SIgﬂIfIC@@F hﬁ@koﬁbV%lrﬁmﬂﬁQ#esan f mipdmdze nlash i of Wm09¢(ﬂ%ﬁhi®ute to ¥

_ achleV|nghglggﬁyggﬂagyyabyyggcapaC|ty for |eukocyte renoval, and mlnrnze

| oss of bl ood wthin the afatus in de; %a) PreV|ous %L;cJOSf '
_.devi ces. have (&€ad rrequtq‘*lsgﬁg‘é foﬁ?‘g gegéﬁ Fet vt R, to *

~ the flowsmatih, camdsasemhmmnﬁinnrze peepénqucdlétotbp&mb flow path,

- and as a conseguence the liquid flow path




-27- through.the filter mediumis relatively longer. The preferred devices
in accordance with this invention are larger in cross sectional area
perpendicul ar to the flow path and correspondingly the flow path through
the filter 5 mediumis shorter: The larger filter area at the upstream
surfacg=so obtai ned hel ps to prevent cloggé g by -PRC or bl ood contai ning
rel atigky |l arge quantities of gels and roaggregates. (b) In order to
make the targer -cross sectional 10 area economc and practical and to
obtai n"the: requi-red degree of prefiltration, each of the porous conponents

of the- preferrﬁfr&lfgﬁ Ctéhd N POESF dRaisfun £4) faétwwtmrgéf pref@r med

prior to assenb to closely confrolled dinensign and, dens ormin
whole ar in. pc’B’f ferued q?l‘f’é@?%l“él%ﬁ dangs f"jc‘iiht%ﬂjr%o{]'é‘fﬁ)‘y iﬂép%ﬁ%ient of -
ot fier “el enent awqext] mw&&eck%ammna%w per cimmwtthéhmwbj ect
'|nvent|0n e pre ur.e Ve \/ |

ut;l i zi ng pac%e’ﬂﬁ? ﬁféq ?ﬁpo& M%?’leﬁmﬁ %a"&gtﬁ% ilter

cr 0ss-sect iSn medius cis eshqmm t Metre t¥argendidktenfands at riletupstrean
Preformng eli £67e4 f fad he.
housi ng whi ch ﬁfﬁ@ié&;ﬁ?ﬂl{n a pglc%cﬁ ﬁﬁﬁ%@e%% ﬁcﬁ ﬁ‘ﬁgﬁ% s%f _
pernmits one elkkred confaindnegixelatively arge guantities of gels and

assenbl ed d@Wd*brdég égor | ess conpre55|ble yet have a | ower or
longer |1 Te i sorvktlo. I%Q%;é%ﬁ& N2 s, S i baad oot on”
30 . nol ded thoistergecqratic Mnd) practsicdl mnd to a:htadai the usaqdbrer Ccross
'sect ' onal ar e%ég@."&@%’f %%ﬁ‘fx‘a@i&?v'&% of the porous components of
the preferred device in accordance with this invention is
preformed prior to assembly to closely controlled
dimension and density to form in whole or in part an
.18 integral element, self-contained and independent of other
- elements until assembled into a device in accordance. with
- the subject invention. '
_ Due to the pressure developed by the packing in
devices utilizing packed fibers, devices used hitherto
20 have had smaller cross-section and greater depth than the
products of this invention. Preforming eliminates the |
pressure on the inlet and outlet faces of the housing
_ , which are inherent in a.pecked fiber systenm, preforming
'\~) ' ~ also permits one element, for example, the first'stage
25 prefilter of the assembled device, to be more or less
| oompressible; yet have a lover or hiQher density than the
one following'it.' This errangement'contributes_to longer
life in service. . | ’
_ By permitting the use of thinner walled injection
30 'molded housings, preforming ‘makes it more practical to use
- larger cross sectional area 1enkocyte depletion devices |
which have longer'life in”service, coupled with at least
egqual and usually better lenkothe removal efficiency,
~ equal or better red cell recovery, and less hold up, when
35 _conpared_with devices that use fibers or fibroue_webs

e

..-;-,_5,:.'- S
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" which have longer life in service, coupled wth at |east equaI -and usual |y

- better -1 eukocyte renmoval efficiency, equal or better red cell recovery, -and

| ess hold up, when 35 conpared w th devi ces t hat use fibers or fibrous -
~webs ~ -28- packed into a housing at- asserrbly Preforming also

- contributes greatly to reduction of the internal volume of the f||ter_
- assenbly, thus reducing blood | oss dueggohold- up within the filter

assenbly, to higher renoval 5 eff|C|ency, and to the ability to proce@s a

- pass

| arger volunme of PRC prior to clogging. Devices have been disclosed and.
sonme nmade whi ch incorporate various comercial ly nade woven and non- woven
medi a as prpa‘qkedarimisz (mmwshngt abrassenbly. pc?mfdmtng(hlso age

- consi sting Qfnel | Okt d i g ¢ Ndfhme 0L
. devi ces have not ad the eff|C|en re;ﬂvté{atlon an tratlon made :
" possi bl e byFh# EiALAH ASSeRPAY of th fjd?%cfn&# drhaldngy

L 4

ha\ée t hey ??fd;myjﬁraﬂmdpmmérla‘sgmdy, tﬂ;(tj}p_t ﬂé}; WEEGWR 11 n]g whi chI

- achi eveg e nt_pore S ensi ti.es ence for, equal |
results’ rﬁﬁpﬁc %%Eaﬁbeh%?hgi&eﬁ%gﬁﬁﬂi 4 larger VOB i oq in
t he conpar xif \mm@ﬁmewMggingdeV| ce now mar ket ed which cones closest
" to matching the 4§g€§ [ gﬂq s nelt bl own
_fibrous web reaﬁy | S'fﬁl éena‘gi/ |¢1§é’qn g‘*]f?érmln it comes off.

- the machi ndnaRxReraks Ya %‘FWW Rade wo¥en p#‘lﬁimn"&ﬁmr ed :
with the ppe@ied 48 prefilterdtalong mmmoﬁwsﬁaém poxXél Uragte! une, has
signifi cantl gleovxéegns st r];élgf egwtoggdnégs't hen.Unﬁat twait.ﬁf |- s rated to

plastic. housing. .These devices have not had the NS

| efficient prefiltration and filtration made possible by
preforming. None of them have used preformed elements,
nor have ‘they used any means equal in result to hot '.
15 preforming, which achieves efficient pore diameters at -
.higher densities, hence for equal results occupies less'
volume and holds up less blood. This is reflected in the
comparative performance of the device now marketed which
comes closest to matching the products of this invention,:
20 ‘that device uses melt blown fibrous web readily
 identifiable as being in the form in which it comes off
| the machine, hence not preformed by any method. That :
product, compared with the product of this invention, has , SN
. about. twice the hold-up volume, has significantly lower
25 _efficiency, and in the United states ‘is rated to pass
| only one unit of PRC, compared with two. _
(c) The preformed element located 'in the upstream
position of the assembly of preformed fibrous elements, '
héreinafter referred to as the "gel prefilter" has as
30 its principal function the removal of gels which are )
~ present in a substantial proportion of the PRC units ’ oy
'supplied by the blood banks. The extraordinarily '
effective gel prefilter makes possible ‘the use of devices
with a smaller internal volume, with less blood loss due
35 to internal hold-up.
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only one unit of PRC, conpared with two. (c) The preforned el enent |ocated
in the upstream position of the assenbly of preforned fi brous el enents,
hereinafter referred to as the "gel prefilter”, has as 30 its pr|n0|pal
function'the renoval of gels which are present in a substantial proportion
of theRBRC units supplied by the bl ood banks The extraordinarily - o
ef f ect? gel prefilter nmakes possible thé@&%uSe of devices with a smaller
internal volume, with |less blood |oss due 35 to internal hold-up.. - 29-
‘Wil e the gel content of any specific unit of PRCis difficult to quantify, -

t t hel f | ty PRC
whi ch has beon 5? ir“elgmre 1 Lontin€"Ge ') ANel il il Y3 L
moj e gel's t harf ke (ﬂ‘@ﬁ‘f—iﬁﬂ el i#lé?#‘@ﬂ'd&ﬁ}e% read gy aumatmt
i ncreases, so 4BI%né franvpiiw? with hengcdreraidt tmc WKM&’%& Gdiove and

contain the gels n thls |nve |on have vi,ded es of gel
prefil ter, es%?ﬁfp‘* a:k/%ledﬂﬁ' qiﬂiﬂ? '&4%39 fresh”
PRC, and a %eamcb G;nﬂ:s |15hatg does (?Rmmr@emr flessu han tﬂ”l di)df.r Eﬂgl.;,c
Filter assenbl t e tMtﬁl R

w |l al ways d | veﬁé%nﬁ%&lé@oﬂ%%d %%I)@'{sr are Ll?’al &
second unit pRXREier REpvifed R ¥emove |%rcq;éqa IBthﬁaﬁllﬁoer li:mrforms
simlarly for «Hﬂedﬂﬂaﬂdre,arwé hdbe aérdvfdéwttvﬁ.ﬁt dglige Eb.ese gel.

Preiers cotdettnlt JIEULANL R0 dind 3@@43&.‘ o e, ARl |
|ncrease|l0;mn§iankyely fresh PRC, and a second oomprising two or more ;
‘' : layers for use with older PRC. Filter assemblies fitted
' -~ with the single layer when used with fresh PRC will always
deliver one unit of PRC, and only rarely fail to deliver
a second unit prior to clogging. The multi-layer gel
15 - prefilter performs ‘similarly for older blood near to or at
- its out-date limit. These gel prefilters constitute an
important aspect of this invention.
' (d) While the gel prefilter is extremely efficient
in removing gels with a very small increase in pressure |
20 drop, and removes as well microaggregates which
' . frequently are present suspended in the gels, it removes
at best only a small portion of the microaggregates which
are not contained within the gels. _ .
k,; S Removal of these freely suspended microaggregates is .
' . 25 accomplished by one, two, or more layers of prefiltration
using filter media of successively smaller pore diameter,
and these are followed by a layer whose primary purpose is
'to remove leukocytes, sometimes denoted herein as the
"adsorption element", 'The-resulting fluid delivered to
30 the downstream element is substantially free of gels and
| | microaggregates and has been partially freed of
'leukocytes. : . - :
(e) A surprising discovery was that the downstream
- (adsorption, or for brevity, "last") element removes
35 leukocytes from the suspension by twolmechanisms, botn"

o)
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20 drop,. and renpves as wel| microaggregates which frequently are present e
suspended in the gels, it renoves at best only a small ‘portion of the . '
m croaggregates which are net contained within the -gels. Renoval of these
freely suspended nlcroaggregates i s 25 accoinpl i shed by one, two, or nore
~layers of prefiltration using filteranggia of successi vel y smal | er pon €.
di aneter, and these are followed by a | ayer whose prlnary pur pose is. tg/
renove Ieukocytes sometimes denoted herein as the "adsorption el enent ¥
The resulting fluid delivered.to 30 the downstreamelement is

B S]chb|St aEt l at:bhrﬁtﬁ@goblgﬁlxamumlqr.oa@gieegﬁmmm hices H)eadqmmtmny freed
.of | eukocytes sur er t %éngE
(adsorptloﬁ% 3F&%%F ?h%? F&%@%(ﬁ%ﬁgﬁéééuitﬂé‘ eukocytes from
. the suspengiidtriaf itomo rrﬁ&ioalfw mnism 3eiteshrin ieffentive deously.
one rechankSgels, WRORAALLY JUIBEH Surifhddie Y Wieany faces; the

second is b tration. fi'rst -nmechani sm C|ted I s effective by virtue,

of the Guamechandsm depensis PXdacippid Ys Rty RALinkdndng b

princi pal | §jupeiteridt ainy T4 1itee Reddull MRIEN Gr Bl dv |d epedfien wit hin
or bel ow a see0|f|c range. (f) Mbdification of the fiber surfaces to

pronot e ea¥@®@&-ting by the PRC. Primng of the filter, i . 10 o
i nduci ng fl ow of( ffRCMdAiRiglatiiion iof . mMEeﬁmhqﬁesuzﬁatesuetohﬁﬁomnne t han

T8 el g B e T PR dE g, o0 Lo
: : 10 .1nduc1ng flow of PRC. through it, is more complex and more
difficult than would appear at first sight. S : | ;;)
If the CWST of the fiber. surface is too low, for. o
example that of unmodlfled synthetlc f;ber, relatlvely
'hlgher pressure is requlred to force the PRC to flow.
15 through. More serlously, areas of the filter medium tend
to remain unwetted, preventlng flow of PRC. Furﬁher, |
- clotting may occur, especially with flner, high surface
area fibers and with older blood.
For reasons.which are not well.understood, some.
20 filters which have CWST in excess of about 90 dynes/cm
have been observed to have longer pr;mlng times. Since
there appears to be no theoretical reason for the CWST of
‘the filter media to greatly exceed the surface tension of L
. water (73 dynes/cm) it appears advisable that the CWST be “y)'
. 25 held within a range somewhat aboﬁe the CWST of untreated ' '
polyester fiber (52 dynes/cm),_and below about 75
dynes/cm, Nevertheless, filters with CWST in the range up
to andfover 90 dynes/cm and above have functioned well.
© (g) The housing into which the element assembly is
30 'sealed is uniquely designed to achieve convenience of
use, rapid priming, and efficient air clearance, this last
leading to improved efficiency, longer service 11fe, and
further reductlon in hold-up of PRC. '
- (h) The lateral dimensions of the elements are-
35 larger than the correspondlng-inner_dimensxons of the




hlgher pressure is reqU|red to. force the PRCto flow 15 through. More
seriously, ‘areas of the filter nediumtend to remain unwetted, preventing
flow of PRC. Further, clotting may occur, especially wth flner hi gh
surface area fibers and with ol der bl ood.” For reasons which are not wel |
under st d some 20 filters which have T _in excess of about 90 dynes/cm
have bé¢ observed to have |onger primng mes. Since there appears to be’
no theoretlcal reason:-for the CWST of the filter nmedia to greatly exceed
the surface tension of water (73 dynes/cn) it appears advisable that the

CWST be 25 he r S f t egle

pol yest er flbebg?gghgyggg v géh gﬂgghg&fgg éh%gé%ynes £ eyakgggft el ess,
filters with ChB PAePHBtFaﬁgé @b ddsgnfornerthe dise s?%ﬁ?&ﬂﬂ dbaneterve
furctiored wel ig. ﬁeheTbeiheusuguatger\Nahsh the ﬁb@gﬁﬁ PAS£A6) y is 30

| ed t -
sealed s un WSl BB CREEM LS FRRICREIRSETE HoRLETHY, LA
| onger servbceahi intezfidréncehéitr witht honless hof defifectivRaréa)of Thhe .
ateral di ronk9aentst Nindl BBRREIALES SPul BROE L :giggg%ﬁ%?fgﬂ o8
th, .

i nner di nensi ons o ousing I nto
exanpl e, if thBhéléﬁeﬁﬂshaié'BP HP%BmPoPﬁ] the assembly) SCORPAreR eV

made 0.1 to. 1%:bﬂ\bﬁéés§.bﬁ“sbhi aeuﬁhagthQSpdeiﬂheﬁytef thdhtsleepVi des very
effective seallgg ﬁ fornkﬂﬂ ﬁ 8 ﬁi %engg u* th no | oss é
effective area®0FREAE BFERERLY, WHiC PekS ELoY 1R hEbe  SomPERSSe |
i ni'm zat i d@- oareae bl ood hol d-up vol ume of the assenbly, conpared with a
: \ezl'. _ _ _
: . F ON OF W GS:
Figure 1 is a cross sectional view of an exemplary
15 depletion device embodying the present invention.
Figure 2 is an elevation view of the inside surface
of the inlet section of the depletion device shown in '
Figure 1. ' _ S
"Figure 3 is an elevation view of the inside surface
20 of the outlet section of the depletion device shown in
Figure 1. '

_ - Figure 4 is a cross sectional view of the outlet
section shown in Figure 3. '

25 DE_FO G | :

oc enoval De s

30 A variety of starting materials other than fibers
- can be consideredé'for-example, porous media could be
cast from'resin solution to make porous membranes, or

- sintered powder media could be used. However,
considerations of cost, convenience, flexibility, and'
35 ease of fabrication and control, point to fibers as a
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| . nbly
conpr essi on seal around the perlphery of the filter elenent asse
blggks flowin the conpressed 10 . area. BRI EF DESCRI PTI ON OF THE DRAW NGS:

- Figure 1l iss a cross sectional view of an exenplary 15 depletion deV|ce_-
-enbodyi ng the present invention. Figure 2 is an. el evation view of the

i nside surface of the inlet section ofl tshe depl etion device shown in Eygureuy

he out

1. Figure 3 is an elevation view of the’inside surface 20. of t

-sectlgn of the depletion device shown in Figure 1. “Figure 4 is a croséig
“sectional viewof the outlet section shown in Figure 3. 25 BEST MODE FOR -

CARRYI NG OUPrRferted stiaditingmatetidbs Use in Cbnstructlon of -Leukocyte
o e ool o oot oxaer Ao Uil acbd Lk IRIE SR, 802" Pibronar |

can be considere por o

or_ exanp _
sol ution to“fﬁﬂéé‘ H@ﬁﬁ%@é‘d dkn sthe cabsencedef smrlfactamtd be used.

* Fovever, commmw AdGeE (ko GUBRN e sl DI ééﬁé’ioﬂngf?’g{;gease of -

b red rting
LAt 2 A Bl AR oo o6 theo st epon s o
wet t ed and|Q1qmﬁatab§emOQSdﬂemaﬂinneuﬁ thelphysidilldﬁkﬁihtfyregucfaagg
surface tenimo1ved et thload piliine deidy ARRTE KL dads'of

onsi der,ati on ©
fron1e|enen%g¥%r als which have CWST values about equal to the

surface tension of water, for example in the range of 70
10 to 75 dynes/cm or higher. ‘Practical considerations
-dictate the use of commercially available fibers.
Synthetic resins from which fibers are prepared
commercially include polyvinylidene fluoride,-
_ 'ipolyethylene, polypropylene, cellulose acetate, Nylon 6
- 15 and 66, polyester, polyacrylonitrile, and polyaramid. aAn
| important characteristic of resins is their critical |
surface tension (zisman, "Contact angles, wettability and _f
adhesion", Adv. Chem. Ser, 43, 1-51, 1964). These resins
_ ‘have critical .surface tensions (x;) ranging from less than
20 25 up to 45 dynes/cm. Experience has shown that the CwsT
 of filter media in the pore size range needed for the
products of this invention can be expected to be less than -
about 10 dynes/cm higher than the . ); value of the solid
plastic. For example, for polytetrafluoroethylene, )’ is

25 18 and CWST is 27 5, while for a polyester PBT fibrous
mat, 1; is 45, and CWST is 52. No suitable commercially
available synthetic fiber has been found which has a. CWST
higher than about 52 dynes/cm. - : :

In U.S. bedside transfusion practice, PRC is _

30  administered at a rate such that two units are infused.
over 1.5 to 4'hours. -We have observed that when an
unmodified melt hlown polyester is usea as a filter,
clotting of the PRC can occur within a2to3 hour period

_ completely blocking the filter. _ : .

35 .. Some natural fibers have. CWST greater than 52, but

nﬁ,_g
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i nvol ved that bl ood conponent devices should be made of materials which
have CWST val ues about equal to the surface tension of water, for exanple
in the range of 70 10 to 75 dynes/cmor higher. Practical considerations
dictate the use of comercially available fibers. Synthetic resins from
whi ch fsi;bers are prepared comercially include ponV|nyI|dene fl uori-de,

pol yetw ene, pol ypropyl ene, cell ul ose_?i&-i ate, Nylon 6 15 and 66,
polyester pol yacrylonitrile, and polyaram d. An inportant characteristic
of 'resins is their critical surface tension (Zi sman, "Contact angles,
wettability a r 15 These resins .
have critical g'guﬁg e te%egigg\%\s#a[lgr;??]thgﬁ abéﬁf.r R ?ng'scs%%?lh&erfoq 5 up to 45
dynes/cm Exgdeametes axe gwﬂwmemnaplﬂuecemasrsﬁaiiwtéwa#AQPAQ ‘n the pore

si%Ze range negs @hwié fHH@zO@'%Swﬁfichhbie' méeat taancabom gxpect ed to be

| ess 't han abou es/ her than the lLid astic.
For exanple; gﬂ | EAB, FeFPFe §Y2 319 %&ﬂgf 27. 5,
wHile for & p EEE'bdmpaxednwﬂth[nathrai fibexrs] EUBhH ifibeZs No

SUeT ShE?”P‘E i oGS W o TR’ ke’ blish B0 rRBTldko Wiflatdlhehas
PRCis 30 adsumfm atea forr adsogptionhof deukoeytessr endnf used over 1.5
S e o Mg s s eaicy bt o
period, conpl &ddters ofkiangiven porecfianster. Fox this xeagombers have
CWsT greaner hadurdd fivers ardSnot well suited for manufacturing
leukocyte removal - devices with optimally low ‘hold-up
volume. For example, a commercially available packed
. cotton fiber device currently used for leukocyte depletioh
 has a priming volume of over 75 ml, which is more than
15 twice the volume of the preferred adult device described -
“in this application. ?urthermore; the makers of this
device require saline to be passed before and after the
PRC has been passed, and the device is not suitable for
bedside use. Additionally, blood so processed must be -
20 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
{_  number of patents describe a variety of methods and
25 procedures for_accomplishing“Surface modification by
this means. One such method employs a variety of
monomers comprising an acrylic moiety together with a
'second group which can be selected to vary from
hydrophilic (e.g., -COOH or -OH) to hydrophobic (e. g.,"
30 saturated chains such as -CH,CHpCH3), and these have been
| .- .used in the process of this invention. Heat, UV} and
other reaction energizing methods can be used to initiate
'and complete the reaction. However, cobalt source
‘radiation grefting has been selected as most convenient
35_ and has been used in this invention to modify the CWST of

\./' '

o

o



nmurm:fwmrSSWMIerthanemom,15|ﬁcrmmtms_indimmté’arenot'
generally comercially available. Synthetic fiber webs which are | ess than
about 5 microneters in dianeter can be nade by the nelt blowing 5 process,

~and conpared with natural fibers, such fibers.require one third or less the

'_nass to provide equal fiber surface area for adsorptlon of. | eukocytes wnd
consequent |y, occupy |ess vol une wheh 34T i cated into filters of a Qi
pore dianeter. For this reason, 10 natural fibers are not well suited® or
manuf act uri ng | eukocyte renoval devices with optimally lLow hol d-up vol.une.
-For exanpl I al [ | a o] eyce- currently
-used for Igﬁ ocy?nE%EQTeth% éﬁé Lﬁa Er#‘ggfgcﬁfeh n?ikéﬁ£eg5¥g1 which is
nmore t han menomexeeo:heingleneoopmene sﬂafbﬁrﬁguadthiqva&bldescr|bed in
this appli d98e aFEIbPGGETRSL 659R3§§Bﬁ€y93nehtérdﬁﬁtﬁﬂ%aﬁﬂuiﬁe saline tol

be passed Iore and after the PRC assed lce is not

suitabl e f¥riGRERGCHSE. hﬁﬂdP?FBnépreaﬁPgogrgﬁ 5?65%5%@3 ﬁﬁ§¥rﬁé 20 used
wi thin 24 velmeé. uphtoaas highuasats poeéﬁbmg basbecneashiced ubyetheof

ext ensive r b o) in the -
- scientific ??ﬁgé ?ﬁé§£%3§dygﬁgéee' p8$¥ iﬂ#ﬁsfgeééﬁa%g gﬁvarlety of -
net hods amlmzeityo@édhi@éﬁ%rwaghoqprfgﬁengeeaimeeamwcat|on by this
‘means.  Onet&hgér #0615 th £§ReLYEhanVabbaty 120 aph .conprising an acrylic:

noi ety together mn h a sec nd e seg cted to,vary from
hydrophilic (e.Y %gﬁ g“ﬁhﬂgoﬁﬁgﬂli fb“eddggtﬁ?ﬁted chai ns

. such am0- (iﬁfiﬁﬁiébaremdushngemedia haeuhichsgﬂathingewasocess of this

et on acaiy s ) ShuShohta”EoAReFASh] G4 Gl RtEasy o ood o)

unsaturated group, such as an acrylic moiety combined with
a.hydroxyl group (for example,. rhydroxyethyl,
methacrylate, or "HEMA“).')A second acrylic monomer, such
15 as methyl acrylate-{MA)'or'methylimethacrylate'(MMA);
which tend to cause the grafted porous webs to have lower
CWST, can be used in combination with HEMA, and by varying
‘the proportions, any CWST between 35 to 45 to over 110
dynesiper'cm'can'be ohtained._ The devices so made are
20 distinguished from devices prepareq using components
treated with surfactants, in that Surfactants are removed
by liquid passing through the device, whereas the
alteration of surface characteristics obtained- by grafting,' .
is permanent, and is not removed or altered: by any amount (WA
25 of liquid passing through the device nor are the physical '
~ properties of the liquid altered, and in particular the _
surface tension is not altered. ' o -
Liquids with surface tensions lower than the CWST of
the porous medium will wet the medium and, if the medium
30 has through pores, will flow through it readily., -
Liquids with surface tensions higher than the CWST will
not flow at all at low differential pressures, but will
do so if the pressure is raised sufficiently. If the
surface tension of the.liquid is only slightly above the

35 ICWST; the required pressure will be small. Conversely, if
’ T T TR S
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radi ation grafting has been selected as nost convenient 35 and has been
used in this inventiron to nodify the CAST of =~ -34- fibrous mats. By cut
and try selection, mxturés of nononmers or si ngl e. nononers can be found
which will produce a fibrous nmat of pol ybutyl ene terephthal ate in which the
CWST h?s ‘been increased from52 to any desired 5 value up to.as high as is
possi to be neasured by the nethod describ above. The upper limt is
set by ‘the paucity of.liquids with surface TehSions at room tenperature
“higher -than about 110 dynes/cm During the devel opnent of this invention,
~devices 10 were prepared using media in which grafting was acconpl i shed by

conpaunds cont ai e éﬁﬁﬁgbxhﬁﬁh‘i%aw%g%a&w ab@gm%aupthauehﬁ%@t@ﬁswdrp

i ety conbi ned r OX exa droxyethyl
‘methacryl ate, or 6EEKM§)liqnléeéénblsényﬁhe EE#G#EFe §G&H Iﬁda§Qﬂ$ﬂﬂH°e' :
acrylate (MA) or gg Pyhlﬂgtggchxbﬁgg.(wwﬂ) whi ch tend to cause the grafted

porous webs to have [ ower can he used t

byt varying the proporti 5ﬁsha§n§’e€ﬂ8? 5@%§r‘#£§?\agb I °8 ﬁnriql“ng(’\]@snes per
cm can be obt ag nedndefhgrdesuees 80 pas@e throuth adufs.bmgw gladd wihrioh s @es
prepar ed using cogﬁgge hstf’h ﬁ“\gﬁé% Sl.il‘ofw%(il ta§1 tlhg tﬂ% ngg Hdfce are

renoved by |iquid evi ce, erea teration of
surface charact ertensconobf&pne&ebﬂsgrt@f ooeyn dmaér Wifm ifashsion,

renoved or alteregd, PX A% t2EBHR! a asOfof | GataSEmad nt [@rgUoh e diyi ce
nor are the phy5|ca roperties o |1 Uld al tered, aQQ||1J)rt|cuI§{
the surface tenS|b§gb Yn&Pd&FﬂiPP&e 15 a leukocyte depletion device, first

L 10 because the pressure drop is higher causing earlier
'_\“{" " clogging, second because all the flow passes through only
a portion of the avallable area, again increasing the
probabllity of clogging, and third because only a portion
_ of the flber surface area avallable for adsorption of or
15 retentlon by flltratlon of leukocytes is used for that
_purpose and, as a result 1eukocyte removal is less
efficient.

20 Solutions to the roblems o
B Poor Wetting of Synthetic

ibers and Consegquen ow

Fiber surface characteristics can be modified by a
25 number of methods, for examble; by_chemical reaction
| ‘including wet or dry oxidation, by coating the surface by
'depositing a polymer thereon, and by grafting reactions
which afe’activated by exposure to an ehergY source such
_ as heat, a Van-der Graff'generator, ultravioiet light, or
30 to various other forms of radiation, among which
= ~ J-radiation is particularly useful. )
As examples of these various methods, stainless
. steel flbers ‘can be made water wettable, i.e., provided
- with a'{c greater than 72 dynes/cm by oxidation in air
35 at about 370°C to produce a thin oxide surface skin.



Liquids with surface tensions | oner t han t he CMBT'of the'porous medi um wi | |

" wet the nediumand, if the nmedium 30 has through- pores, will flowthrough

it readily. Liquids with surface tensions higher than the CAST .will not
- flowat all .at low differential pressures, but will do soif the pressure
'is raised sufficiently. |If the surface tension of the liquid is onlyt o

slightly -above the 35. CWST, the requ+rasl pressure will be small. . § J
Conversely, -if -~ -35- the differential between the CWST and the surf e

~ tension of the liquid is high, the pressure required to induce flowwill be
“higher. It has been di scovered that, when a liquid is forced 5 under
pressure t oSyatbetiroayganici pnduglass fAbenshmeyabeV\batedt by20 dynes/cm

| ower t han- pbeyhegulthcﬁueBaeaiheaE'89 nEL?“bﬁS“QﬁdtQ ReGHE b@ a -
non-uni f orm,f ashi on ne areas O renmaln -

hi ghly undedPrlbre Fﬁ°§295&k98§FngBﬁFePFthGe9FEEr Flh!@rQDhi%éGause ihe .
pressure . drgpoup.hlghélecthelagovermethodsosgenathaggonﬂobﬁcgusghggb the -

fl
the ot obab, FERLELEE ?M SuP2bhofl 1 Ee 1YR LARRG1GUEE, cRBbR: ' [he Tiber
surface arc¥S® alFﬂQié g@ﬂ ﬁHQﬁF%ﬂGonWbcno@alsiedeouhtundeby filtration of

| eukocyt es appropeiate &6AGiLY6RE ehaadtnasaav5§§ & tbégfocytefrggﬁrﬁgt:i
or I Nng O

[ N N

nDdlfled bysurfaces that can be modified, in the wide’ range of
10 reactants available for modification, and in the systems
available for activating the required reaction. In the _ -Q;)'
subject invention 7:radiation grafting has been focused -
on because of the ability to prepare synthetic organic
| fibrous media with CWST over the full range. of from 50 to
15 well above 75 dynes/cm. The products are very stable,
" have undetectably low agueous extractables levels and, in
~addition, improved adhesion between fibers is obtained
when used in preformed prefiltration or adsorption '

elements. :

20 Alternative means for coping-with the poor wetting
characteristics of synthetic fibers include changing the
surface tension of the plasma in which the red cells are
suspended, or changing the surface characteristics of the .
red cells. This can be accomplished, for example, by -\

25 providing in the leukocyte depletion device a surfactant |
or a soluble material which reduces the surface tension of
the red cell suspension. : ' '

' The gel prefilter element used in preparing test
devices for examples 1-106 was impregnated with a solution

30 of a non-ionic surfactant which induced a surface tension
of 48.5 to 51.5 ‘dynes/cm in PRC flowing through it.
Examples 107 et seq were performed using no surfactant.

35



25 nunber of nethods, for exanple, by chemnical reaction |nclud|ng wet or
-dry oxidation, by coating the surface by depositing a polynmer thereon, and
by grafting reactions which are activated by exposure to an energy source
~such-as heat, a Van der Gaff generator, ultraviolet.light, or 30 to
'..other forms of radiation, anpng which Y-radiation is particularly
s exanpl es of these various nerhdds: stainless steel fibers can be
'nade ma'er wettable, i.e.., provided with a [err] greater- than 72 dynes/cm -
by oxidation in air 35 at about [err] to produce a thin oxide surface skin.
.-36- Synthetic_orga ) bers_nav be coat ed by pol yners whi ch
contain at or ¥ear—t gtcfeh epoxide) noiety and at the
.ot her a hydroptiséi tngl.euk : eiomMevieediods and ot hers known to
thftose 5 famliar-with surface nndrfrcatron t echni ques can be used;

radi ation grafting, when carried out . under pprqgrlate condi tions, has the
advant age t hat. consh@chabed inctheiseetion head plcharaqharigties of

surfaces thgt §§§1P§b17€dilfl|£dbeth)fbéf'@em dtiwe mfvider | etdorp tSio’h/ébf abl e
for nndlflcatl and in

t t d
T A L et i i A A
focused on becneehanlsmhefabeﬁk@qyte)xnm¢ualhsnstﬂuﬁ|thengpran§,grennpf.

di th CWS t |
vnearom | Thod SXGkn  BELGHt of 28Rty 4 MRodkddly! }ﬁ%h%ﬁqueous =
ext ract abl es |é£emetendof 'hhadﬁilbﬁﬂ‘éﬁu #%rmﬂd%llﬁ’rﬂmm BY bers is
:obt.ai ned Whgn #a86rp016hets’ tRE PLSér | duirtaces Of's Al Wighiificant -

mechanism for leukocyte depletion, it is to be expected

'\/ that finer fibers will have higher capacity and that the’
’ -Quantity, as measured by weight of fibers necessary to
achieve a desired efficiency, will be less if the flbers
15e'used are smaller in diameter.

For this reason, -the trend has been to use finer
fibers for leukocyte depletion. Historically, as the
technology required to produce smaller diameter fibers has
advaneed they have soon thereafter been packed into

20 housings and/or proposed to be used for leukocyte
depletion. ' B
_ : Selection of Fib ater. '

25 .
' "A number of commonly used fibers, including
polyestef, polyamides,'and acrylics, lend themselves to
radiation grafting because ‘they have adequate resistance_
to degradation by X’radiation at the levels required for
30 grafting, and they contain groups with which available

monomers can react during or after irradiation.

~ As noted above, fiber diameters should be as small as

possible. Synthetic fibers made by conventional spinneret

extrusion and drawing are not currently available smaller_
35 than about 6 micrometers in diameter.
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~elements. 20. -~ Alternative neans for coping with the poor. wetting
characteristics of synthetic fibers include changing the surface tension: of
"the plasnma in which the red cells are suspended, or changing the surface
.characteristics of the red cells.. This can be acconplished, for exanple,
by 25 providing in the | eukocyte depletion device a surfactant or a g -
sol ubl e material which reduces the sarB8ce tension of the red cell 4§ F.
suspension. The gel prefilter element used in preparing test. devices ffyﬁ '
exanpl es 1-106 was inpregnated with a solution 30 of a- non-ionic

| ?Féifﬁga{‘hrﬁﬂgﬁ%f‘c"%%m S“r%ﬁ&fcigén%% p%%%ﬁﬁf%g?ﬁ%ﬁséﬁﬂ;& Eﬁf‘
35 37-ir&d eﬁitbems dfy F8 Dol velmaity stnesn i of Lgakoapdecobbectedn
Devices As J\F‘eﬁ%ﬁo anféoi% @ibﬁtiﬁstﬁ ggéo‘eb faina "t

- Leukocyte pletlon Vi ce' tion of |eukocytes on: . surfaces |s
~wi dely accd@7&d %@Q@]é‘#ﬁec‘?ﬁaﬁﬂ sgﬁ 3l extended Rver gi‘ﬂclée?ﬁé Wikhace

. iy eahof fsib&l dlwttnﬁ l]fdviaf imit rba.erm:ie% m?mteﬁmitnwnhehdi) anet er
Qurfaces. | e REHIA B Badit o HAHIA Fadhng KAEEGL HUEE &éérﬁrbe
- expect ed tiﬁtam‘eters fléss sthar Itltlzesantﬂcgtmemmaweabdsntmhiehed, L
ST L SR i Do 0 W bR e RGeSl 0
dai ameter less than two micrometers have been made. .
10 o Some resins are better ‘adapted to melt blowing of _
fine fibers than are others. Resins which work well .__f*_ 4;/ .
‘'include polypropylene, polymethylpentene, Nylon 6, _ o :
polyester PET (polyethylene terephthalate), and polyester
-PBT (polybutylene terephthalate) Otners that have not
15 yet been tested may be found. Of the above listed resins,
polyester PBT is a preferred material because it also
lends itself to radiation grafting and to subsequent
conversion into preformed elements of controlled pore size'

_ by hot pressing. _ :

20 . Polyester PBT has been the principal resin used for
the development of the products of this invention and is,
except for the gel prefilter, the resin used in the
examples. ‘It should be noted, however, that other resins- ' _
may be found which can be fiberized and collected as mats \?i-:

25 or webs with fibers as small as 1.5 ‘micrometers in
diameter or less, and that such products, with their CWST
adjusted if necessary to the optimum range, may be well
suited to the fabrication of equally efficient but still
smaller leukocyte-depletion devices. Similarly, glass

. 30 fibers, appropriately treated, may make possible devices -
' with very low hold-up of blood. R

The critical surface tension (x;) of PBT has been
reported to be 45 dynes/cm and its CWST in the form of a -
_ fine fibrous mat has been measured as 52 dynes/cnm. . .3ﬂgﬁg
35 . . ..
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For this reason, the trend has been to use finer fibers for |eukocyte

depl etion. Historically, as the technology required to produce smaller

di ameter fibers has advanced, they have soon thereafter been packed.into 20
housi ngs. and/or proposed to be used for |eukocyte depletion. Selection of
Fi ber Material for ‘Use in Leukocyte Depletggn-Devices 25 A nunber of

commorif used fibers, including polyester, polyanmdes, and acrylics, |end

t hensel ¢ 85 0o radlatlon grafting-because they have adequate resistance to
degradatlon by [err]-radlatlon at the IeveIs reqU|red for 30 grafting, and
‘'t hey ‘cont-ai.n -glieseps ple dfeidc W Ing dmrs eact during or after
'|rrad|at|on As: not ed above flber dlaneters should be as small as

possi ble. Synthetlc fibers made by conventional spinneret extrusion and
‘difawi ng. are not cur NemWpvenavWeds @renfidrme3 byt lpavagtiehy ®fhimganmt erBhe n

diameter. - -3§pell hal QU egpspvem@a Qh B0 @ e dare W@%Mﬁo -

'flbers by a: hlgh vel-oci Ty stream of gas and coll ect, as a non-woven b,
cdne into pPodBeiteR Piaskdcrofmds ecd e Sram Has swspengianan yEl

gxt enged OVtGL inbe’lﬁl abgw ot drunespdale tsw:lﬁe ﬂrp\aerscltfltréﬁedofsﬁaﬁfror o

i aneter w i C S .G ma i n_recen ears, .we W
fiber . di aneter®@ It§§s\é$ﬁaﬁ’¥’ﬁfée?‘ﬁﬁv& gﬁ?ﬁld oy dHADP | svsren Hheor e
recently, mebsfdbegsodreuakmtydwﬁthnﬂvdmagm hsbemntnnuduy'ﬂnxamdﬂtsw t wo

m cronet ers ha%ﬁlgﬁegr@qgenlgut or tg%e ea'e@aﬁt%r e ol}e%tb%rutad"am e% thn mel t

blomnng of
_ 10 _followed by euspensxon in air and collection 6n a moving

belt or_dfum. The surface on which the fibers collect is.
.”moving'in the machine direction, generally at speeds of
about 10 to 1000 meters/minute; as a consequence of this
;'_1inear'metion, the fibers within the web tend to be
15 oriented more or less parallel. to each other, and quite
' generally also parallel to the plane of the web; they may
thus be classified as "planar parallel“ ' .
_ "Needled" webs, also known as "needle punched" webs
- are made by further processing a planar-parallel web by
20 passing it through a machine fitted with a large number of
rapidly reciprocating multiple barbed needles, which
randomly engage fibers end puii or push them through the .
thickness of the web,_bausipg fibers ffom one face to be
w3 pulled to the opposite face, where they become entangled
25 with fibers at that face.. ' _ :
Multiple water jets have also been used to accomplish
~ interlacing of fibers throughout the thickness of the web
and the product of these (and other methods if they exist
~or may be developed) will be referred to hereinafter as
30 having been "needled". ' ' '
.Needled webs are lofty, as they are made with very
‘low density (often ranging in voids volume from about 95
to about 99%), and are relatively thick (often over about
3 to5 millimeters). Their structure when examined by
35 microecopy gives the appearance'of an assembly of random:
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s than are others. Resins which work well include polypropyl ene,

pent ene, Nyl on 6, polyester PET (polyethylene t.erepht hal ate),

and

PBT (polybutylene terephthalate). .Gthers that have not- 15 yet
d may be found. O the above |isted resins, polyester PBT is a

material. because it .also lends itself to radlatfon grafting_
ent conversion.into preforﬁeﬂoerenents of controlled pore sif

ng. 20. - Polyester PBT has been the principal resin use

pnent of t he products of this invention and is, except for the
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be suspended.in air as they are e ded fro

%aqeea fohe ¥8Pai r suspension on a
Thus, blood gels appear to be readily able to enter

into the very open surface of the coils of a needled

' non-woven while entry into a non-woven with fibers
. oriented parallel to the web is more difficult. It

15

further appears that once gels have entered a needled web,
‘they tend to be efficiently retained by smaller pores,

- which may be readily seen microscopically to be present.
"In effect, the curly fibrous structure allows easy entry

20

and good retention, while structures comprising relatively
straight fibers do not provide easy entry, and hence clog
rapidly as gels collect at their upstream surface.

As gel laden blood flows through a needled filter
medium, smaller pores are randomly-encountered,‘and'these
are sufficient in number to have the net effect of

.collecting all or nearly all of the gels-within the

25

30

medium. This occurs with a very small increase in

pressure drop; since the larger pores”remain open to
provide free passage for flow of the red cells suspended
in plasma. .

' Whether or not these concepts of the filtration
mechanism are valid, it has been found experimentally that
the needled non-wovens are peculiarly {and unexpectedly)
effective in allowing entry of gels and in then retaining

them, while permitting. blood.or PRC to flow through them

35

with a very small or negligible pressure drop increase.
In the course of the development of this invention,f.
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nmovi ng belt or drumwhile still in a softened state or after the fibers
have hardened. [In another systemthe fibers are extruded and drawn as
continuous filaments, which are then cut or torn to |l engths of about 2 to 6
cm -10 .followed by suspension in air and collection on a noving belt or
‘drum _Jhe surface on which the fibers celdkcé is.noving in the nachine
directi @, generally at speeds of about 10 to 1000 neters/mnute; as a
consequénce of this linear notion, the fibers within the web tend to be 15

oriented nore or less parallel to each other, and quite generally also -
parall'el to thend @rdast tchthectfinste peea Pt Reedded. websin theaexapprs:

-]Ear ?'h' el ”. "Negd %‘i‘xid"'ﬁitiﬁveréﬁi%n Hmi,;ﬂaze?s Iaeted;le%t@uaeliredruwebatar enhgade by
urt her proce55|n I"anay - par.al l.el  we assin
nechi ne fltted°ﬁ3 Qa %F?“F& EPS@%FFn&EnSFPlBpgtﬁarbed

needl es, mhlchomammmﬂqiﬁhuhﬂpbd|Hmmd?u@ndoﬂuhb cnmpaxhbﬂhewithrhhgh bife
thi ckness of th% aﬁiﬁﬁbngfﬂe%%r %esrﬁ%"h@%g b3CRahe BE RY! bEdnbel he

opp05| te faCe econe enta ers at t face:
Mul tiple water sp@tagamw aaneycs iofe meddap 1 wWithc SHePPEd PREEr ﬁ&épﬁgven#nsers

throughout the jphiaCledead @‘tetplae:%la: Mrt 50 Hi@d'%bt@frst heeﬁ tang ebheo -
nmet hods if the eX|st or de e%é gﬁ 1.be referis 8 he ﬁﬁnafter
as. 30 having Iﬁﬂj @H %We es, R1pRAr, Paxaligl, nepawoveh 'tk
very | ow densi mpd(imf t @nd angiengvene saictessdhdne from about 95 t o .about o
999, and ahe relatﬁﬂg'ﬁgkpggkn Qe Wess igagtp%sE9b§e”thE'”Eters) Thelr

structure When exam ned croscopy gives ear ance of .an
assenbly Of raggyﬁaopment of the filters of this invention, which are

A capable of consistently processing older blood with high .
efficiency, without clogging and a hold-up volume of less

, than 30 to 35 cc. : :

_}15 - While means other than needling may exist, or may be
developed in the future, which produce media which on
microscopic examination are similar'to the needled media
used in this invention,'it'should be understood that
products made using such media fall within the scope of

20 this invention. '

A wide range of fibers, fiber combinations, and/or
binders can be used to form the punched web. Any of these
‘may be used if (a) they are amenable to subseguent
controlled compaction by hot compression or by other
25 means and (b) they are made using materials and under
~ conditions appropriate for use in a device for,processing“
" human blood. :
The webs used in the gel prefilters in the examples
of this invention were formed using needle punched fibers
30 with a non-ionic lubricant-finish (Freudenberg Non-Woven
_ ' Ltd. Partners grade P14 of nominal weight 80 grams per
-8 : square meter), in consequence of which a surface tension
_ of 48 dynes/cm was. measured when a 32 cm2 disc was
€ immersed into 300 ml of demineralized water. When gel
' 35 prefilters prepared from such fibers were used to process



_40-" di aneter: coils;

many of which are oriented with the coil

axis paraILe1

~to the plane of the web, and may be seen to of fer easy access into the

. internal portion of the web for blood gels, which tend to be globular in-

form-- This 5 .structure is in strong contrast with the orientation of a

~ planar paraIIeI non-woven web in which the fibers are parallel to the
“of the web, and which tend, even when(ﬂﬁtlacoarse to retain globulang
at or near the surface of the web. 10 Thus, bl ood gels appear - t 0%

readily able to enter into the very open surface of the coils of a needled
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mechani go are valld |t has been found experinentally that the needl ed

non-wovens g

The principal function of the element following'the '

_;-ctedly) effective in allowng entry of-.

~ gel prefilter is removal of microaggregates. A subsidiary
15 function is removal by adsorption of a portion of the

' -leukocytes.

For these purposes it preferably combines two, three
or more layers of melt blown web. The layers constituting
‘this element can be preformed separately and located

20 adjacent to each other, or they can be preformed to a
single element,_or they can be combined with the
adsorption element to form a single integral_slement."_,

: e Adsorption er
25 o ' '

The principal function of this element is to provide'
the largest portion of the fiber surface on. which ' '
leukocytes are removed by adsorption.. It is most
conveniently fabricated by preforming a number of layers '

30 of relatively smaller diameter fibrous web to form an
-integral element, or as noted above, it may be combined
with the microaggregate element to form a single integral
element comprising the adsorption element -and the

_ microaggregate element.
35 '
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them while perm.tting blood or PRCto flow through themw th a very. snall
or negligible pressure drop increase. 35 . In the course of the

devel opnent of this invention, -41- and prior to the first use of -
needl-ed web in the exanples of this invention, hundreds of tests were run
with the objective of achieving consistently passage of two units of PRC
wth I d hol d-up vol unme conparable witk #Bat- of 5 the exanples. These
tests WSed as many as 15 or nore separate |ayers of medium with stepped
pore sizes varying in 7 to 10 steps fromover 50 mcroneters down to 5 to -
10 microneters. These tests used pl anar paral | el non-woven nedi a, and none
wer e successfulEilbexr Adsoxber Assembl¥ed| ed ‘webs made possi bl e the

~devel opment of the. filters of thls i nvention, which are capabl e of

gms;sthglngl ﬁpp\rlglcﬁﬁzig?ff£€§rt?l ?\° V%E#%%héﬁlﬁfiglmyw&%e rn::ansl'%‘[qﬁI ro

';nglnan\(/aﬁfllclhngnrweﬂiltér bs asgemniel edvih ophel mrrqetfqmme Wmmnd pr oduce - |
Na /2 € SFSHE

used in thlsg|ﬁ€%§# %§89é§a€§a£1%ﬂ%ﬁ€ r%ﬁl %péfbéo ucts ngdénﬁg:éf

such medi a fal |tnetqonponentsolp@)rc»ezeemmselmveﬁef‘aﬁme% WE&hew payde

fibers, fiber cpghh8att8NEntefr4P’ shasEESbLIEEsDENUsRY éonvenigentie punched
web. Any of these nax ie used if (a) they are anenable to subsequent
control |l ed conpﬁ@??&ﬁ %Rot conpression or by other 25 neans and (b) they
are nmade using materials and under conditions approprlate for use in a

device for PBOCESSIEE £ £ a

 As shown in Figures 1-4, an exeimplary depletion
device 10 generally comprises a housing 11 and a -

15 filter-adsorber assembly 12. The housing 11 has an inlet
13 and an outlet 14 and defines a fluid flowpath between
the inlet 13 and the outlet 14. The £ilter-adsorber
assembly 12 is disposed within the housing 11 across the .

.. fluid flowpath and serves to separate undesirable

20 substances, such as gels, fat globules, aggregates, -and
leukocytes, from a fluid, such as a suspension of packed

" red cells, flowing through the housing 11.

o S Two sizes of depletion devices have been tested,

¥df. B differing'only with respect to the area through which the

| 25 packed red cell suspension is passed. The smaller, - |
defined as the pediatric size, has an effective area of 32
cm?, and the larger, defined as the adult size, has an
effective area of 62 cm2. In both, disc-shaped
filter-adsorber assemblies 12 are accommsdated in

30 cylindrical housings.’ ' '

Bousings can be designed to accept a variety of
shapes of filter-adsorber asssmblies. One such is, for
example, a.square. Those and other possible forms would
in principle all be functional, provided that adequate

35 flow area is provided. =



human bl ood. The webs used in the gel prefllters |n the exanples of thls

i nvention were forned using needl e punched fibers 30 with a non-ionic

| ubricant-finish (Freudenberg Non-Wven Ltd. Partners grade P14 of nonminal =
wei ght .80 grans per square neter), in consequence of which a surface
tension -of 48 dynes/cm was neasured when a 32 cn? disc was imersed int
300 m .of . denineralized water. Wen -ge4435 prefilters prepared from:
fibers were used to process - 42 - PRC, the surface tension of thelg’
“ plasma of the PRC effluent fromthe device was reduced from about 73 :
dynes/cmto 48.5 to 51.5.d nes/cm Similar surface tension data were’

obt ai ned wi t h ot Aesayareafiiditer-adsiorbergapepnbly, wondd (in theory BASF
Wandot t &' saPluwoRibtel &ebndi dB1UuRe ofFadteridl, But'Ricd e less

oGP oIt et epReb 21E bRainde, v 5L R AR s

| ."rem)ved by desergbeﬂ belown Fornthonatiagsr fitted withTiadsd ahaed egat e

Bl ement. Ehefg&tay-aaho&sag a@Refib1188. ! ﬂeaaig%p e OHAS i #%ef"tef e

is renoval m Cr 0a g At o T 8 e
adsor pti on €f9g EBPPFGES PntHP°P§uEB§yPG§19 eryyhedgndfigands it preferably

. conbi nes tmeffbbtgeeoarear sl a)getSae]{ the! geHlQ\/\ﬂFb&btho—Ed%er‘e%)e?id . .
S ent 't o hagTRET Bons el ViR BB R RRREN” Ei ket e R e, o
' _they can beassahbmédsmasbemhéed with an interference fit seal are :
' " 10 preferred, although other forms may be used. Circular
housings with an effective cross sectional. area of 32 and _ L)
62 cm? have been used in developing this invention.
Housings can be fabricated from any suitably
impervious material including an impervious thermoplastic =
'15_ material. ‘For example, the housing may preferably be -
fabricated from a transparent or translucent polymer, such
as an acrylic or polycarbonate resin, by injection .
- molding. Not only is such a housing easily and
| economically fabricated, but it also-allows observation of
20 the passage of the fluid through the housing. The
~ housings are designed to withstand normal abuse during
'service, as well as internal pressures up to: about '3 psi
(0.2 kg/cm?). This permits light construction, which is a L
desirable feature of this invention made possible by the N\
25 use of preformed filter-adsorber assemblies. The force | :
required to compress the fibers of an efficiently designed_
filter-adsorber assembly by packing of fibers into a '
housing is as high as 68 kilograms for a 62 cm? disc, or
about 1.1 kg/cm2, requiring heavier, hulkier, and more.
30 costly housing construction. '
While the housing may be fashioned in a variety of -
' configurations, the: housing 11 of the exemplary separation
device 10 is preferably fashioned in two sections, i.e.,
an inlet section 15 and an outlet section 16. The inlet
35 section 15 includes a circular inlet plate 20, and the
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adsorption element .to forma single integral elenent. The Adsorption

El ement 25 The principal function of this elenent is to provide the |argest
portion of the fiber surface on which | eukocytes are renoved by adsorption.
It is nost conveniently fabricated by preformng a nunber of |ayers 30 of
relatively smaller dianeter fibrous web to. forman integral elenent, or as

not ed ghpve, it may be conbined with the’nﬁéroaggregate el enment to forn1a
single"ntegral el enent. conpr15|ng ‘the adsorption elenent and the
m croaggregat e elenent - -43- Filter Adsorber Assenbly A

"filter-adsor be{ ng%% aé% &pt&we& rﬂ.‘ﬂt (# 75 | d . rg)I ed

in the correct or m cr oaggdrega e e enen an a :
el.ement. Al . fwawe %briﬂb?@htf@m the ympsatirean wqu@rqmmfdthﬁ they nay be -
formed to |ntegfﬁité¢¢ga§5¥ﬁgfesggéhﬁa ©onveni ent conblnatlon -

Description of an .- enm, | vi.ce own |n Fi es -
1-4,  an exenpl ary de’fn%t#’ﬂrﬁd (A@%%regréﬁé:ﬁm "tlﬁm}ﬂ an i&‘ "fgli%]
‘a 15 filters adsetvesn asgearﬁd]yl 7% aﬁehlfe)uxpstg'ehjn fmrrMe rdﬁetthh?» and an

T el dP{i ééfﬂ& %1@ ti?# sposeé W t h [c[e?'l-%,ihOUSI nehe out! 'et

14.- The filter-adsor ber Assent
-across the f 1 ui appectyRE rtmdmnte‘sm,o Wepdnietr Jdeelivers the £ uid

to the inlet plenum 22 at or near the bottom of the
housing 11, as shown in Figures 1 and 2. . _
10 ‘The inlet may be variously configured. However;_the
inlet 13 of the exemplary separation device 10 includes a
longitudinal'inlet ridge 23. The inlet ridge 23 extends
along the outside surface of the circular inlet plate 20
parallel to a diametrical axis A of the housing 11, which,
15 in use, is positioned with the diametricai axis A oriented
generally vertically. The upper end of the inlet ridge
23 may be fashioned as a socket for receiving a hollow
spike 24 which is used to pie:ee the bottom of a bag
) containing the fluid, e.g., a blood bag. The inlet 13
- 20 further includes an inlet passageway 25 which opens at the
upper end of the hollow spike 24, extends through the
hollow sﬁike'24'and'the inlet ridge 23, and communicates
. - with the inlet plenum 22 at the bottom of the inlet |
AN, ; section 15. ' :
25 ‘The wall 21 of the circular inlet plate 20
' includes a plurality of generally concentric circular -
ridges 26 which define concentric circular grooves 27.
‘The ridges 26 abut the upstream surface of the
filter-adsorber assembly 12. As shown in Figure 2, the
30 ridgee'zs terminate in the lower portion of the inlet
section 15, defining a passageway or access 30. The .
access 30 extends between the inlet passageway 25 and
- _ each circular_groove 27, allowing fluid to flow from
% ~ the inlet passageway 25 to the circular grooves 27.
' 35 Collectively, the circular grooves 27 and the access 30
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20 substances, such as gel s, fat globul es, aggregates, and |eukocytes, from
a fluid, such as a suspension of packed red cells, flow ng.-through the
housing 11. Two Si zes of -depl eti on devi ces have been tested, differing only
with respect to the area through which the 25 packed red ceII suspension is-
passed. The snaller, defined as the pedkétrlc si ze, has an effective ar a_._
of 32 [err], and the | arger, defined as The adult size, has an effectl_ [ R
area of 62 cn2. In both, disc-shaped f||ter adsor ber assenblies 12 aré 1;. -
accommodat ed in 30 cyllndrlcal housi ngs.' Housi ngs can be deS|gned to

accept a vadegipeothehipdetoblienuime223dstrikty ABIthitas tH31 erdid for

f |d I iI
e onct | orapLEbEreathee Endldndoic paBRRHeAT ¥ Bel” dria hdiay ?42 A
squar e f|It%P8§neembenr£9§enbfytheuEdltnrbhdsprhdn(assembayfq?nog;fa]Su3§edv_
of ”Bter'a'TobHreWBthaﬁgrbeateseahabbthEE ??t ! ﬁ#ﬂgﬁ; ' <

. h d ow for -housin d
: }P|Ee$ ;ﬁggp%g k géeﬁ%PWegt OFf neax| thg E“@Sﬁ&mneﬁ &%eed@éedbnpre55|on -
‘about the gpasabgéyayszgnaﬁacenb Qﬁie&{g‘g“gheazlthpfkfngkQ 2 ef' qu
h 0 S W | .
 hosenbl 1 os GfaecEeORihER1 1A RR1 AT e, Khinke ns 8RR Benstng def Eheny.

' although(ﬂdﬁptho@ﬁsthayibbebspmenwﬁlzau&srgheatesgsaWItheabotkbﬁptlve
Cross sectigfatne M&dsoh flagﬂd63e853a33¥eaisﬁ !@dethqsai'OQ 29 this

. HOSII’I r cate rom an
'”Ve”t'fg‘ Lk a minfnum value at the horizontal centerline of

the housing 11.
. 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
15 plate 31 to the periphery of the circular inlet Pplate
~ 20. The cylindrical collar 32 is preferably 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. _ B
20 The inside surface of the circular outlet plate 31
defines a wall 33 which faces the downstream surface of
the filter-adsorber assembly 12. The wall 33 includes
a plurality of generally concentric circular ridges 34
which define concentric circular grooves 35. The ' «;) '
25 ridges 34 abut the downstream surface of the '
filter-adsorber assembly 12. The circular grooves'as
collectively define an outlet plenunfsé which collects
the fluid passing through the filter-adsorber assembly
12. .The depth of the outlet plenum 36 is made as small
30 as possible to minimize hold-up volume within the
" housing 11 without unduly restricting fluid flow.

In accordance with another aspect of the : _ o ¢
invention, the wall 33 further includes a. passageway
- such as a slot 40 which communicates with the outlet 14 -

35 at or near the top of the outlet section 16.. Thelslot




| npervious material, including an inpervious thernoplastic 15 material. _
For exanple, the housing may preferably be fabricated froma transparent or -
transl ucent polyner, such-as an acrylig gg polycarbonate resin, by o
i njection nolding. Not only is such a housing easily and econon1ca||y
fabricated, but it also allows observation of 20 the passage of the fluid
- t.hrough # he hou5|ng The housings are designed to w thstand normal abuse

gulrl[ ng iserVIT ﬁo,, anival boaieﬁ&berﬁmﬁaorﬁwt reeanuaﬁt Qnabemi:cam%: (? 2t o of |
o/ [err]’ |s | i C s e feature o
this. |nvent|8ﬁ° nb%s??ﬂ ELBF %% %&?Q&l 8rﬁ§g?F#l_ ¥ - adsor ber
assenblies. pfhéerab&g exﬁandsdftmmndﬂnwéxﬁxbhetblhhestop efi eheiciently :
desi gned T bet18¢o8ehes oA° 38 b BREVAR 101 UL T Inleh@US N0, 1 S a5

hi'gh as 68 kilograms for a err or a 17kg/cn2,” requiring
heavi er ;. Bul RKemPlary fgParation, &9rn&h@oﬁéﬁtbcPfoﬁhGVHlpé t he

P%USI ng rr}ay he Eéﬁhh?ﬁedohatén‘t&b&t ¥hef d]fcé@thl QT %hleﬁaiott he, h?Hibﬁg t11 of
e exenpl ary 1 O ev e | pre ra S (0] n WO. secCtl ons,
i.e.. an |nIéF g gﬁﬁ ggagn%ﬁ n tiePf 8H¥}8% #ﬁ@u?n#ét 35 section

15 i ncl udesaiocreakes - -Enbmt thleabetiom &ndthhetop of5theneutiketur f ace of the

circular in sacgaeaelaoassaﬁbeseﬁ%aa Whischy acg3eLbeaPRSLTgam surface

of the filter-adsorber asse I VErs id to an
i nl et pl dRunthe Beight,may bge ﬁ&ﬁlt@?“aﬁ&etﬁé399§?re9ﬁ1§h¢face of the

filter-adsorheusangenbhy w2athnmagc d?r)coﬂ/\ncha aBptASHAG! réhalhe
|nvent|0n the '@Let.13F8%'é§Sk%1%@e SQOt may extend from the top
,'\w’ - . of the housing along the vertical axis A a dlstance in the
_' _ range from about 50% to 80% of the inside dlameter of the.
15 housing. ; ' '
_ The outlet'14”may be variously cbnfigured;
However, the outlet 14 of the exemplary depletlon _
device 10 includes a longltudlnal outlet rldge 41 whlch
extends along the outside surface of the outlet plate
_20 31 parallel to the vertical axis A. The lower end of -
the outlet ridge 41 may be fashioned as a tubing
connector or as a socket for receiving a tubing
conneCtor or other apparatus. The outlet 14 further
includes an outlet passageway 42 which comnunicates"'
' 25 with the slot 40 at or hear the top of the housing 11,
' extends through the outlet ridge 41, and opens at the
‘lower end of the outlet ridge 41.
As blood starts to flow through the apparatus,
filling it from the bottom'and emptying at the top, air is
30 dlsplaced and flows towards and out of outlet passageway
'42.'_By careful de51gn of the exemplary apparatus it has
been possible to reduce,lbut not to eliminate_completely;r
the situation in which some liquid reaches the area 43
adjacent to the'outlet passageway 42 before all of the air
35 is cleared from the inner parts of the housing assembly.
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to the inlet plenum 22 at’ or near t he bottom of the housing 11, as shown in -
~ Figures 1 and 2. 10 . - ‘The inlet may be.variously confi gured. However ,
the inlet 13 of the exenplary separation-device 10 includes a Iongltudlnal
_|nlet ri.dge 23. The inlet ridge 23 extends al ong the outS|de surface of the
circular inlet plate 20 parallel to a diametrical axis A of the hou5|ng 11,
which, 15 in use, is positioned with+=H8dtanetrical- axis A oriented?
generally vertically. The upper end of the inlet ridge 23 may be o
.fashloneg as a socket for receiving a hO||OM/SpIke 24 -which is used to
pierce the bottomof a bag containing the fl |.ood b The
inlet 13 20 Iﬁuﬁhﬁe¢b$ﬁ%Fﬁd€§ §n°Fnﬂ8t this, éﬁ&}nQSaiﬁl E°Bp§ﬂ§§§t th

upper end ofcaf hebhewréel&6124coﬁthendagtbuepghstbn bntbothepoueles- and

of the | ni erEdBe ?an 15878 A L1655, Ehl'pA35a, BockaPkEBH 147 e Pl BReBO! LO™
120 includes ehalushbt;ywhérgetheahiy dsnhsumiessiyrseparatQGQGSOEGthhlch .y
define CO$Ceﬂ%&#ﬁafg§§g§ﬁ£1g5OOVQﬁeﬁéirT?geh'ggﬁéﬁzﬁaéﬁﬂés&igrEBSth%am

~surface sor-ber’ asse the 30 .
ri dges 26 teouthatelﬂnabﬁédlQﬁethﬁorﬁﬁéngoflpﬁé Levet §BCFh8n5}9 48.ining

a passage“ﬁy gﬁcﬁiﬁoég coIBQeeei9S&jaeteatsata:betueemightalnbeel
passageway 2

each rcu r oov Iomn | ow from the
inlet passag€ﬁ39h2§ Ehey 89c92c5g5r°§§&8§e?&f?um3 I88%?9 ly, the -
circular gro aesagzwaydqnhe Zhasjsalf is vey éffinient&ylclearpﬂefwanZ

:_mh'Ch d'fbr' 5®Rob in&lfidof the exemplary depletion device 10 i
according to the invention. For example, in a .depletion U
- device which has an inside diameter of 8.9 centimeters, an
- initial air volume of 36 cc, and a slot 8 centimeters
high, oO. .73 centimeters wide, o 2 centimeters deep at the
15. bottom, and 0.33 centimeters deep at the top, the residual
' volume of air passing through the outlet after 1 or 2 cc
of blood has passed through the outlet is estimated to be
less than 0.1 cc. . : _ :
In order to understand the importance of the slot
20 and the flow passage configuration, the equivalent
operation of a conventional leukocyte depletion unit
will be described.
In conventional units, fluid enters at the top of . P
the housing and exits at the bottom. The housing_of _ - .&‘
25 such a unit is typically connected by plastic tubing o
' between a blood bag upstream from the conventional
housing and ‘a transparent drip chamber downstream from
the conventional housing ‘and thence to the patient. _
' During priming, the housing along with the drip chamber
30 is inverted and blood is forced through the
conventional housing into the drip chamber.. This has
the disadvantage that some pressure head is lost, but,
more seriously, fluid reaches the exit of the
conventional housing and enters ‘the drip chamber while
35 as much as 1 to 2 cc or more of air is still’ trapped in
. . _ e -
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delivered by the inlet passageway 25 over the whol e upstream surface of the
filter-adsorber assenbly 12. To prevent aggregates and other |arge
obstructions from5 blocking flow at or near the junction of the inlet
passageway 25 and the inlet plenum 22 and, at the same time, to mninze
hol d-up:yvel ume in the housing 11,the dépth'of the inlet plenum?22 is
great_ft)at the bottom of the housing 11 andgedecreases along the vertical
axis 19 ‘A-to a mininumvalue at the hori.zontal centerline of the housing -
11. The outlet section 16 of the housing 11 includes a circular outlet-:
plate 31 and a cyl.indrical collar 32 which extends fromthe periphery of
the circul ar outthe aenvenbienzl hensingpeWhenrrd o ih%cc?fcﬁl\!\f |hﬂ%t

plate 20. The QddAdEdIBbcESd! B Be idrip AWlAmbly, | DE CaRd! tie [IR6UBThy!
th& circular outlet Plate 31 and jo ned to I he C%EfU| I nl gt plate |n

ar
any. suitabl e marfet te nel 8RVENT 2B The
inside surface (ﬁesémcirwfaﬂ\omlm uieatlmﬁlﬁoxdeéfrrmwdmww ch

fates the dov?stgr?é\rgl? c%'%é)é oJeléﬁé Pci bleé H)I y 12. The wall -

33 includes @ plural’ concentric crrcurar ridges 34 which
define concentric ci r'&lmatrgmmwfaairipr@wemmmammewe in

downst r eam sur f g&rpf t iy f bbéSFvaEiEon Y Qrs b é@ ratié tipk gt

'grooves 35 collec veI deflne an ou pl e coIIects t fluid
passi ng t hrough al#fe %@M"b{{@ eTﬁ‘Q’d&p‘? fﬁﬂ'l et

pl enum 36 is madet aslm@érﬁ&mmsa peecorid esdxvicei ba zehdo! Th

1 anot nert e atseniy LR I e GREIGE1 hlethd Lo 0%%%}&%2& 2 e

pas\sageway such mm xeagh g \khe lpatient cinstead ) 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
15 never totally displaces the fluid. Otherwise, the air
- - may enter the vein of the patient.
 Systemns which permit a significant volume of air,'
e.g., 1 to 2 cc, to reach the drip chamber after it has
~ been returned to its normal position, tend to do so
20 non-reproducibly. Thus, the larger the volume of
. lagging air, the larger the volume of fluid which must
be collected in the reservoir of the drip chamber. At
. . the end of the administration, much of that volume is
— left in the drip chamber and, hence, is'ﬁested.'
“ - 25 Becauee many of the fluids administered to a patient,
' e.g., fluids containing blood components such as red
cells, are often difficuit-to.ebtain and exceedingly
- expensive; wasted fluid can be very costly. By maximizing
'air,clearance'and_thereby allowing the use of a smaller
30 reservoir in the drip chamber, the depletion device
' according to the present invention significantly reduces
the amount of fluid wasted during administration.
The filter-adsorber assembly 12 preferably
cbmprises a number of individually preformed layers as
35 described below under the heading Fabrication of Fibrous -
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.35 at or near the top of the outlet section 16. The sl ot - 47 - 40,
~which collects fluid fromeach of the circul ar grooves 35 and channels the
- fluid to the outlet 14, preferably extends fromthe bottomto the top of
the outlet section 16 along the vertical axis A . I'n the 5 exenpl ary

- separation device 10, the width of the slot 40 renalns constant but the -
ndepth of the slot 40, which is greate[p gaan the depth of the outl et plép.m
36, increases fromthe bottomto the top of the outlet section 16 al ond he
vertical axis A° Aternatively, 10 the height may be less than the
di anmeter of the housing, the wdth nay vary, or the depth may renain

constant. BlYenertml € .Dirihg thie RiveDdpiivh eﬂdﬁsﬂ{ d Rped@Usi ng

- Ehong Lhe VBBt 40 N Gt hrﬁgéem%eéf?#“rrﬁgﬁ Raste: ously O »
. configured. ilnml condf iguradtion descrtibedx alyovar,y birtp! {1 jandd Deiome 10 o
~includes a hQig We:l{a@]]é“ﬂtﬂ :’é#ﬁ% %%P@tﬂ%é'@%ﬁ&e outsi de .

surface of the o p ara the vertical axis AL The =
| ower. en® off iltersad FhdsoMay radta wamipREE R GOr o

as.a socket tewt rﬁqe:eﬁ-la@s@rwdr ra&ma@swa%yi dn Faptus. . The |
Qe 26T 5l U5 0 U, B8 BBl et WRRUAR 2
out | et rldgéhelrish@soﬁéns 34t dmd:lieo\llmle&:nandf oultd etutsestt iy avakl . As
Qb|0°d Start%dﬁ%sgé@NtEh%%PQQuEﬁet%PEikﬁhﬁiinal total thickness of the
. 10 filter-adsorber assembly. ' L
_ . To provide an interference fit of the filter—adsorber | &—/_'
assembly 12 within the housing 11, the filter-adsorber |
elements were ‘cut from 1arge precompressed slabs to a
. diameter 0.1 to 1% larger than the inside aiameter of the
- 18 'cylindrical collar 32. The filter-adsorber elements were
' cut in such a manner as to maintain true right cylindrical
form at their outer edges. This, coupled ‘with ‘the slight
oversizing, ‘provides good edge sealing, i.e., an
~ interference fit, between the outer edges of the
20 -filter—adsorber a5sembly“12,rmade'up”of*thevvarious'
filter-adsorber”elenents; and the'inner periphery of the
'housing 11, with 100% utilization of. the full area and

'f volume of the filter-adsorber assembly 12, thereby : N IO
~minimizing hold-up volume. - u . o/
25 " The edge sealing ‘obtained by the interference fit has '

been shown on its own to be adequate, however, ‘the
'impbrtance:of'providing high reliability in production
units is such that an auxiliary seal" may be considered
© desirable. Such a seal can comprise a pair of inwardly
30 'facing flanges 1 to 1.5 millimeters wide, dimensioned such
' as to compress the filter medium between ‘these peripheral -_. "
flanges. by 20 to 60%. Assemblies- with ‘and without this .
‘auxiliary seal have ‘been used in the development of this
' invention.- ' ' ' N
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filling it fromthe bottomand enptying at the top, air is 30 .displaced
and flows towards and out of outlet passageway 42. By .careful design of _
‘the exenplary apparatus it has been possibleto reduce, but not to elimnate -
.conpl etely, the situation in which sone |iquid reaches the area 43 adj acent
to the outlet passageway 42 before-all of the air 35 is cleared fromthe
inneryparts of the housing assenbly. ~48y Ln the absence of slot 40,

‘this ™yging air flow would carry sone red cell-containing suspension-into
‘the outlet tube 42. Slot 40 allows the blood so carried to flowinto the
slot, where the air is harm essly separated fromthe 5 |iquid suspension.

The ‘air then ri icatifions <fy Ribrous @lemente! ahead of the rising fluid

| evel in the slot 40 and is al nost conpletely ejected before the liquid .

| evel reaches the.t%F of the outlet plenum 36 and outl et _.passageway 42.
Thus, air is very effheifdhnous;edements which attweaﬁ&esmgdlingp ﬂ%@

e{gmo: ary depl eibcve w&ﬁbﬂa mi@igﬂ gdhptﬁi%é -I&}/exghge&. otf!:ﬂlitsmﬂél e, in
a~depl eti on devj ce. C s._an.inside, di r,of--8.9 centineters, _an .
iy el et ol FenBheel dag ¥ UnicC pefsophong” bE' ord
centinmeters w dandtidnsant iInetee prefesredt configuratdonoof &he 0. 33
‘centinmeters de %ﬁg@ - Hion Sehvd lewis ' SS| tsr ough. t he
outlet after 1q'(F)ér P C o?%loetgg'%ﬁ‘;s pa??e(?\f?hrougﬁfw’%g%égﬁl'ethﬂlasri&sti mat ed
to be |ess thathe prder [in whdeh the,fdaid flowsnhc theser LaNersof the sl ot

200 and the fl @# e conf!guratidn;_the equi val ent operation of a
conventi Oni_ldl eu_kocyf.e _de|%l &4, 20 ugit wi 1, be e_(}escr i-b

.
~-Th

element is referred %g'és the gel
SN - prefilter. A high proportion of whole blood and PRC o
' specimens contain gels,_which very"effectively clog filter |
media. These gels form a phase distinct from, and not '
~ miscible with, the blood plasma in.which-they are
15 suspended, and visually are seen to have higher viscosity.
The state-of-the-art procedure for coping with clogging of
filters is enlargement of the pores of the upstream face
of the fiiter,-followed by successively varying smaller
pores, continuously or in steps, but this procedure for
20 reasons not fully understood was ineffective ﬁhen-applied
~ prior to the development of the'gei prefilter of this

invention. _ : : _ .
. We have discovered that a very effective gel
. removal filter can be made by using as a starting material

25 non-woven web made by the needle punching process, with
averagé fiber diameter between 10 to 40 micrometers,
preferably between 15 and 30 micrometers, and more
‘preferably between 20 and 25 micrometers. Needled webs
are made using a number of multiple barbéd'heedles, with

30 the barbs oriented both upward and downward, which cause
the fibers_to'assume the form of irregular loops, circles,
and spirals, interspersed with a vafiety of other
-irregular shapes. In general, a majority of the fibers
‘have the form of irregular shapes, with very few straight

35 sections. Gels appear to penetrate easily into thisptypé
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In conventional units, fluid enters at the top of the housing and exits at
the bottom The housing of 25 :'such a.unit is typically connected by.
plastic tubing between a bl ood bag upstrean1fron1the-conventionaf housi ng

~and a-transparent drip chanber downstream from the conventional housing and
-thence to the patient. During primng, the housing along with the drip, - .
chanber -30 is inverted -and blood i's kos@ee t hrough the conventlonal,,f'f
housing into the drip chanber. This has the di sadvantage that sone - .
~ pressure head is lost, but, nore seriously, -fluid reaches the exit of the
conventional housing and enters the drip chanber while 35 as nuch as 1 to-
2 cc or norebiweb; andstolbeteffectively retainedvwithdnatheowebagas Wien’
3 to 4 cc ofpd es{%é* £@én%ﬁ Gs’tlt?ést?dmi&é@éoﬁiépeﬁQﬁEHStioht and the |

housi ng are returned to no osition, |eav a-reservoir of fluid?®
"~ in the bottomof tredied !95#&%4 Eﬁhﬁ%ﬂcﬁ?FagﬁﬁfingS§eaFﬁe fluid .

-rgservmt . Tdgehdy¥ a?de i ekeh i mineasfm-sgell cembwallor &hat i ng
observati

oo anee €0 £ et if et s MF€ I SORpRREsSRTES o' BURCRERIRH [0,
laggi ng air sifaller cthickness t HEaboiw ove i made vaasdbgcovepedvtat be from -
reachi ng th d%“dﬁi? Epéf@iéﬁ&hriﬁﬁefﬂ&ﬂtfﬂeai? n%ﬁ&lﬂiﬁgmgalﬁgubﬁé'tat

I vol une of  flul
tle 8BRS y#his theyer

d reservo
reservoi r mél SR Qﬁﬁ%@ﬁi?ﬁ)%ﬁ%&ﬁ%Y?Hgt

totally dnﬂifxxsrtﬁwuéingd TKE hexai bexr howsing achievedr ihhehisin of the
patient. ysiiaenrhsei\'l\'{hoq]ds) e‘;lr’n 1eds Sﬁf’&&é' CFQ&u&PM”FREf 1815& by about 50% .
R compared with filters fitted with conventional - - : : .L/"
prefiltration._;-- : L I
- While the gel prefilter does not recover -
_- :'microaggregates directly by filtration, the gels it
15 retains freguently contain a substantial number of
'microaggregates in a wide range of sizes, and. these are
“efficiently: retained -along with-the gels. ' o
The gel prefilter is made with low density in order _
to have very high voids volume, ‘and ‘when made with fibers
20 smaller than 30 to 50 micrometers in. diameter, it is
easily compressible. ‘Webs made using fibers much less
than 10 to 20 micrometers may tend to be excessively
compressible, to the point ‘where a few inches of pressure :
. head during blood flow could cause a web’ partially filled.' W
25 with gels to be compressed_.thereby_reducing its pore
| diameter to an inefficient range. - If made with fibers
much above 30 to'50'micrometers,'performance for gel
removal deteriorates because the open area. at equal pore
- . size is smaller compared with webs made using finer
30 fibers. ' : : ' -
Preferred materials for making the: gel prefilters
3 are polyethylene.terephthalate (PET) and polybutylene
terephthalate (PBT). The PET web has ‘been used in the
form of 23 micrometer average fiber diameter web at a
35 weight of 7 to 9 mg/cm?, while the 1atter (PBT web) vas a




e.g., 1 to 2 cc, to reach the drip chanber after it has been returned to
its normal position, tend to do so. 20 non-reproducibly. -Thus, the larger
-the volunme of lagging air, the larger the volume of fluid which nust. be
collected in the reservoir of the drip chanber. At the -end of the
adrinistration, nmuch of that volume is left in the drip chamber and, hence,
is wgstied. 25 Because many of the fIU|d§ ggknrnstered to a patient, e.g.
f1 ui dS” cont ai ni ng bl ood conponents such as red cells, are often difficult
to.obtain and exceedi ngly expensive, wasted fluid can be very costly. By’
ﬁBXIﬁ]ZIng air clearance and thereby allowi ng the use of a snmaller 30
reservoir in tmeldr blowhawebr withe ad€illterodidnetes ofcordi adcreneters

present invent | du a t of fluid wasted during
adn1nlstratlonhgaheigﬂlger aéb%(ﬁgr %?igkgﬁ§ gnﬂgreferably conprises a
nunber of indivi duahsypprehasedd they PET nedismghasrhaddtpel dawumder the
headi ng Fabricgengity, Enhlrens omSMaEbezen&as 12¥geP0thRR dekdreanent

st age, housi_ngs wer constructg 83 tes tlng ch |ncorporate t he basic
i nternal confi ¢l FAEK §OsZEPEEY thdfe, thet Fhsaﬁﬁr?lbﬂ mEPEPFSPF$9I§QMtP1'
respect to thesmltetcshioknebs.5 Abltherweﬁsoabervasyeebhpresbububls way,

by aas POSSTD Boh@rbShe' thigknaUROkRE’ sRABTTOAL NRLYATH pHabI Bt . 5o
34 of the |n|emeaﬁurementtdseetﬁdngsW&beaaﬁatlequtotgstéquas folﬂbvlnonlnal
~total thickness of phg, 4 ? chi 418 eeégoahee 28SREPAYin TEnR' J¥WECOoR A
|nterference fit of t he l'ter- a sor
- 10 vernier caliper, with the jaws oriented. vertically
— .~ downward. The jaws are then slowly opened.  The
' ' vernier setting at which the disc falls is the "fall-
out" thickness: of the disc. : - _
_ For examples 1-106, a single layer of PET medium was
15 "used with the surfactant-lubricant on the fiber retained.'
This was hot compressed using the fall-out test to a value
of 0.18 to 0.22 cm. A clearance of 0.9 mm was allotted at
assembly into the filter housing. Examples 107-168 were
similar except that the surfactant had been removed prior
20 to hot compression. o
| Examples 169 et:seq were made using:
(a) Upstream, one layer of PET hot compressed to a
nominal fall-out value of 0.075 cm. | |

(b) Downstream, in the order noted, one layer of PET
- 25 _  together with a layer of PBT medium, the two hot
' COmpressed together to form an integral layer
with a nominal fall-out value of 0.10 cm.
" (c) At assembly into the filter housing the space
| allotted to the assembly of (a) and (b) was 0.15
' 30 . cm. ) | - : ;
. _ " 2. The second element is the microaggregate removal
o element, whose function is to remove aggregates which '
SO form particularly in older PRcC. '

~ Preferred material for making this element is melt
'35 blown PBT web.



assenbl y 12'mﬁthin'the'housing 11, the filter-adsorber el enents mére cot

- from Farge preconpressed slabs to a dianeter 0.1 to 1%
- ol arger than the
- inside diameter of the 15 -cylindrical collar 32. The fll?er-adsorber-'

elenents were cut in such a-manner as-to maintain true right c

format their outer edges. This, coupled with'the sllghtgoverglénglcatf' -
provi des good edge seal i ng, ihe;, an i-ntspy f<erence fit, between the oht{ o
edges of the. 20 filter-adsorber assenbly 12, .made up of the various- b O

~filter-adsorber elenents , and the inner perlphery of the housing 11, nnth
_10096ut|I|zat|on of the full -area and volune of the filter-adsqrber
assenbly 12, therpby ubei ekcepy ‘&gl gotigdvdnyexamples 1-16§,ct nge seal i ng - :

obt ai ned by t e in g g8 sf h ﬁ

y il the2812861ng 011 std tin ehe bedee adequate,. 'y

however, the® ﬁBﬁ?%aﬁé ? prOVIgI Elgh §2I|ablllty in production 3n|t§ Y
i's such thatfhowaUX|I|ary seal "may be consi dered desirable. . Such a seal

_-can conpr|se a papr d N
w de, di mensi one dhs %fbma hayae nhdel ngiﬂgalt@ateelltatyersSOIﬁ webnotfer s.

ress .t
e pher o5 TeuAgagend Lbas: HaBarersEaehbe Ayl A F IR YT o0
. agillkggylzg?lcbémftgeen used |n t he devel opnment of thls inventi-on. 35
- rication u |
s 5\3'1% pref; g&%§ ?%xf 0¥ QS ivRctethiavieraige

assenbled into th in
. gs conpri.se a nunber of discrete 5
i ndi vi dual efibentdiam&¢nrbﬁehhlch perfornms one.or nore functions.  In a

'preferred Conf'guhakﬁﬂ@rﬂzﬁiaiormed layer of 4.5 micrometer average
10 fiber diameter web of density in excess of the preceding S
."1ayer, . - . o : C u
| -As used in examples 169 et seq, the microaggregate S
removal elements comprised the following, listed in order
- p-_-of flOW' L ' '
- 215 - A first, second, and third layer respectively of
) average fiber diameter 3.5, 3.0 and 2.6 micrometers, hot
"compressed at assembly with the adsorption element
 described below, to make an integral element.- Density
.. after compression is lower compared with examples 1-168.y
20 3. The third (adsorption) .element has as its
' primary function the removal of leukocytes, primarily by
adsorption and secondarily by filtraticn. -
For examples 1-168, this element was prepared using.'
_ multiple layers of 2.6 or 4.5 micrometer fiber,

25 integrally bonded by hot compression. For examples
169 et seq this element was made using four layers of
2.4 micrometer fibrous web bonded together. with the

- microaggregate removal layers to. form an integral
 assembly of the seven layers. - :

30 - The values cited above and . in the examples can be
varied within limits while meeting the objective of this
invention. To determine whether any. particular variation
produces a fully equivalent product, tests are required.
Thus, it should be understood that, while the precise

35 fiber diameters, weights, densities, thicknesses and

:&:'.
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| eukocyte depletion device of this invention, and in the order in which the.
fluid flows, these |layers conprise: 10 I A first elenent is :
referred to as the gel prefilter. A high proportion of whole blood and PRC
speci nens contain-gels, which very effectively clog filter nedia. These
gels forma phase distinct from and not nmiscible with, the blood plasnma in-
‘whi ch{they are 15 suspended, and visual =y 58 e seen to have hi gher S
viscosity The state-of-the-art procedure for coping wth clogging of '
filters i.s-enlargement of the pores of the upstreamface of the filter,
-fol I owed ‘by. successively varying snmaller pores, continuously or in steps,
. but .t hi s'--p_?l.bcedlﬁléb‘F%r"éOlaY%’é%o%nrb? Yaried semewhab while achievinge
“whén appl "i"_e\ol.l-\é _pLé@mi@léxlile d:e\d/pdt:ﬁmtmm &Veh fl}??ﬂe%:pfééulitﬁi ehat r?ﬁil.g[:h is -
4 nvention.- e discovere ver ective, gel reppva er_can
be rmde by usi HSEISFEE BeraL nft Fhihded’ 3502 SHLHE 16 “Tho eglan.cor &
- ngedl e punchi ndlevimesseeting therstrtéd objectivesrobethbsninventic) and

rrcroretens s LR o106 il oy VEEIVELEG (01 R G )

bet ween 20 and bs "are nade uSTnhg a nufrbér  of .
mul tiple bar beBRRAIIRE, this rimeatkionparbs oriented both upward and
downwar d, which causgithetHé hexceptics OfEtid g DIpréfil€ELIARL 6 M

circles; and spigals.,interspersed wth a yariety of other 1[regu] ar. |
shapes. In _ger?e];ed'f?ﬂtas rﬂﬁ%ré)’f %gam ﬁ"f’bé%e ﬁta‘y)%a‘ﬁfi ?‘Br?n éﬂ’sfri'égul ar
shapes, with vexcdsay of raboit 55 dyees/fams butCalct alpeexcess pefiet 7Hhito
.easily intqgd higo tdffes/cm 22" . ' o -

' -Grafting Improves Adhesion
~ During ﬁgg'gpmpreSSign

15 - Hot compressed element preforms made using melt blown
fibrous mats'which have been surface modified to raise
their CWST values by 5 or more'dyﬁes/ém are pélpably _

_better with respect to firmness and resistance to fraying
~when compared with discs made by hot compression followed .

20 by radiation grafting. Grafting prior to hot compression
is for this reason preferred; hoﬁever; serviceable .
elements could be made-bylhot compression'foll6wed'hy -
grafting. ' B |

— - While the examples of this invention have used hot
' 25 compression to form the integral elements which together
' combine to provide prefiltration, gel removal, and _
adsorption, it would be feasible to form the integral
elements by other means, such as resin bonding, and a
device utilizing this or similar alternatives is within
30 the scope of this invention. A '
Melt blown fibers have been preferred for use in all
. but the first layer of these devices. Should finer melt
bldwn or other fine fibers, for'example, fibers made by
mechanical fibrillation of larger diameter fibers, become
35 available in the future, their use in elements for -

| f;



of web, and to be effectively .retained wthin the web, as nay be seen by

- post-test microscopic exanination. Needl ed webs with these characteristics
are general ly made thicker than desired for gel renoval, and 5 for -optinal
resul'ts nust be conpressed to a controlled snaller thickness. . Fabric .so

made was di scovered to be not only particularly effective-in retarnrng3}jfl_l
gels, but to do so while occupying rel_atgsveJy little space within the ' ¥ -

filter housing The smaller housing achieved in this 10 manner hol ds uﬂm?5

.l ess bl ood,
Wi th convent
nrcroaggrega

T contain a Su

and t hese ‘ar

-r educi
i onal

ing PRC | 0ss by about 50% conpared with filters frtted'
prefiltration. Wile the gel prefilter does not recover:

%@ﬁk@byeet h&ph&tibht aaviees wbalgebe within theasceper equent | y

th

a HER er- of. ‘m croaggregates in a w-de.range of -sizes,
BVEREE§ ret ai ned along with the gels. The gel prefilter:

i's made with Iomrdensrty in order to have very hrgh vords vol ume, and mhen

" made wWith fi

easily conpr

m cronmet ebs . nay tend to be'excessrvely conpressrble to the pernt mhere'a
few inches of pre&ﬁ%rﬁohsaﬂgduslerHEQQddftowbeoutdgenesa1AywsuspartraIIy

filled. .25 -w
an inefficie

—

58 Sere, £180rPERLY, gipEefla: thoBFk Hoves ehy 2ot BE O st . |

perfornmance horight cyldwndrideicelements bFbeupvefhrmegcelements ageual
pore size is %E%ilgsfgquiﬁﬁﬂtwbk&iWﬁPicgﬁdforﬁ'”fohﬂﬁén§QOnf'bﬁﬁ§to |

Preferred ma

reri ters ar e 0 et V4 o
t er epht haPat @ ¥( RETGEean &has| ybeﬁypéngheeﬂepﬁrh&rlarfecep t¥‘ E‘Q“ﬁg‘}‘%b haS’ o

P'erra

been used i nyhiag assembled, a good seal is obtained, with no
_ detectable bypassing during service. L - -

15 -

WS

:o"a he E en' ts

The gel prefilter (first) element may have a: low CWST

_without harm, and, indeed, may function better in that
condition. The results of tests in which sufficient PRC
is run through a device to cause clogging ‘or near '
clogging, followed by dissection, inspection, ‘and testing
of the pressure drops of the individual layers, indicate

20

25

.30

 _when:

35

that

_ .1ncreasing the CWST of this layer. The microaggregate _
- filter and the adsorption section are preferably modified
“to a

little, if any, improvement can be accomplished by

CWST ©of between: 55 to 80 dynes/cm, and more

preferably to. between 59 and 73 dynes/cm, and still more
preferably to between 62 end 68 dynes/cm, . '

ed

ell Reco

Y

" No significant'Changes in*nenatocritfweresdetected

'the'hematocrit values for the PRC in the bag were

compared with the effluent from the devices in accordance,
~ with ' '

this invention. _ .
Some of the incoming blood or PRC is lost dge to
‘r?ﬁ°gﬁ'f
N S



formof 23 microneter average fiber dianeter web at a 35 weight of 7.to 9
ng/[err] while the latter (PBT web) was a- -53- nmelt blown web with a
filter dianeter of -20 microneters and with a weight/[err] of about 8 ng.

As purchased the'PET medi um has had too | ow a density, and the pore :
-di ameter was |larger than desired. 5 In order to renedy this, the webs were
hot c@npressed to snaller thickness. - As-tgrp Mebs are very conpreSS|bIe '
‘contror. of thickness was established using a neans of neasurenent denoted
as the"fall-out test", as follows: A 6.41 cmdianmeter disc is held in the
j-aws of a 10 N vernier caliper, with the jaws oriented vertically -
downwar d. Thehp@dyupwyﬁﬂhinsﬁhaMdppﬁghigm deviceyer Fhat 3ossi 4§ at which

'the disc falls, ?OEdi'legfragy tY19eess of the disc. For exanples
I .

1®106, a single fayer of P unlmas 15 wused with the
surfactant-lubrlcant on the flber retalned Thi s was hot conpressed using -
thefaH-om 1 ehia da@td piadatel of ' geqance of 0.9 nm was

al'l otted -at _assenbl y.i ni,0 ,t,he 1 ou5|h§ 4 Exanp es 107- 168 were -
simlar excéptsiﬁﬁﬁﬁﬁﬁgjéﬁgﬁﬁttant had been renoved prior 20 to hot
conpr ession. Exanples 169 et seq were nade using: (a) Upstream one |ayer

of PET hot "~ corrpress%(#g‘?l ad g{?wlbgﬁq ?gr&%F\égE#'% gfregigtSpS% (b)

Downstream i n the or one et her

with a | ayer. oRipgetexdi ufh ase: fopwise tywicaddyquseysiker Féaﬂﬁ f%an
i nt egral | ayer b1k (AppeFeitl) idinsity; widugiberOdéfisity. One such,

_ 10 for example, calculates the average distance between
~ .. fibers. However, the average distance between fibers
B | cannot be a meaningful predictor of performance as in any
liquid flow path it is the largest pore or pores
encountered which control performances, and this is
15 particularly true. of deformable "particles" such as
| leukocytes. In a fibrous mat such as made by melt
blowing, the fibers are parallel to the plane of the
surface, but are otherwise laid down in a random manner,
___and the pore size distribution is quite wide. Other means
20 for forming fibrous mats, e.g., air laying, or formation
on a Fourdrinier screen, also produce wide pore size
‘distributions. - In these circumstances,_the'average
distance between fibers is clearly a poor predictor of
_"performance. A variety of other formulae have been
. 25 proposed to allow calculation of pore diameters from data
| on fiber diameter,_ fiber density and bulk density, but in
over forty years of devising means to make and apply
filter media, this applicant has never found any formula
_ useful for calculating a priori the effective pore '
30 diameter of filters for liquid service.
,f S Measurement of fiber surface -area, for example by gas
_adsorption - popularly referred to as YBET" measurement -
is a useful technique, as the surface area is a direct
indication of the extent of fiber surface available to
35 remove leukocytes by adsorption. . The surface area of melt‘

B )



_-(c) At assenbly into the filter hou3|ng the space allotted to the assenbly
~of (a) and (b) was 0.15 30 - cm 2. ° The second elenent is the

mi croaggregate renoval el enment, whose function is to renpbve aggregates
which formparticularly in. older PRC. Preferred material for making this
element is nelt 35 blown PBT web. °~ -54- For use except as noted in
exanpl es 1-168, this el ement conprised=-t&8 #ollowing, listed in the gggr

~of flow A preformed |ayer made using three layers of web of.. 5 aver

- fiber dianmeter respectively 15, 10 and 7 microneters. A. S|ngle pr ef or mred

| ayer of 4.5 microneter average fiber diameter web. A single preformed

| ayer of 4. 5%%#’&%”%%%“&9%&0 (ﬁ%]&tWQﬁa%ng 3PeT | n excess

~of the precedijRshdt@ater. As used in exanples 169_et_seqL ‘the microaggregat e

removal el ements conprised the follomnng, listed i,n order of flow 15

A first, secontotald vidlumé lofy Bibeaspactl watam of .ahe.raga:fl ber diameter
3.5, 3. 0 and 2.6 mcroneters, hot conpressed at,§s§5hbly wi.th the .

--adsor ptiorg el enent 3¢ tiegsbel % ‘_{'gsl.g,(ia I est%i‘l I&?}ﬁéﬁmnt ' Dcns| ty

after conpression i ower conpare The

third (adsorption) HenRieent @@"_ms.l gpreﬂary function the rermval of
Ieukocytes primarily by 4 _

Area of the fiber is !dLPAf (2)

10- o Div:.ding (1) by (2), 4 g .1.3.%3_; : |
© and a:_= _ngA_f ’f%‘;‘z". or (_o_'.-sgsaf)--; N N
where L = total length of fiber per gram,
4= average fiber diameter in centimeters,'

and Ag¢ = fiber surface area 'in cmz/g.

If the units of d are micrometers, the units of Ag
become Mz/g (square meters/gram) which will be used
hereinafter. -

A second characteristic necessary to describe a _
pdrous medium adeguately to permit it tc be_reproduced is
its pore diameter (Dp). We have used a modified OSU-F2
| test for this purpose; this test and its mode of use are

described in the follow1ng section, under the heading _ L)
Examples. .

other characteristics which describe a porous medium
include apparent (bulk) density (?) in grams/cubic
centimeter (g/cc), the fiber density (also in g/cc), the
thickness (t) of the elements of the medium, specified in
centimeters (cm), the cross sectional area available for
flow through the filtering element (Ac;) in square
centimeters (cmz) [32 or 62 cm2 for all the examples], andl
the CWST in dynes/cm. Specifying these parameters
defines a filter of filter-adsorber element of predictable
behavior when used for leukocyte depletion'

'(a) Ag, the fiber surface area per gram, when.

L)
-

15

20

25

30

35

)
‘
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adsorption and secondarily by filtration. For exanples 1-168, this el enent
was prepared using multiple layers of 2.6 or 4.5 mcroneter fiber, 25

i ntegrally bonded by hot conpression. For exanples 169 et seq this elenent
was made using four layers of 2.4 microneter fibrous web borided toget her

W th t m croaggregate renoval layers to forman integral assenbly of the
sevenéfgyers 30" The val ues .cited'-alsgve- and i n the exanpl.es can be
‘variedwithin limts while nmeeting the objective of this invention. To
det er m ne whet her any particul ar variation produces a fully equival ent
product, tests are required. Thus, it should be understood that, while the-
preci se 35 fiber di anet BudtipdigdiRy thesveight {AcckrksX@s) 208 the. 55

nurrbelr3 | of Iaye;J s can be rlanted smaemé\tﬂ\bei-gsaﬁlhaealaﬁesqawﬁiemeord g -
possi bly even better resy i scl.ose nt ended as
a guide to the design of ¥ EﬁéVlggenggiﬁ ﬁﬁ 314 o%?egév %gy% Sthis
|nvent|on and 5 that deéevbyeadsadptionh such variations fall within the

-scope of thgs |nvengrzragﬁyBgag?gi@écgpttﬂgsoingg%bgﬁﬁ peefi fi all of

the el ements are pr ace treate I N excess o about 55
dynes/cm but not in excEB chfwikl passgotweounitesef PREwERORE | nproves

Adhesi on. During Hot Conpegegyofigls Insofai-b&scmareﬁsﬁl eéoﬂmﬁapreforrm
made using nelt bl own flbrous een rfa dlfled to
Tai se thel VT val ves Byok B¢ hb NGy RRaRly, GRS pale B ISV pes
~unit area is decreased, hence there is less .
10 . tendency for clogging. '
1\ _'”'_ "~ (c) Dp and t define the efficiency with which
o ' I ~ leukocytes are removed by filtration.
A fibrous filter-adsorber element for leukocyte
_depletion is defined by specifying the density of the.
15 fibers from which it is made, as well as Ag, Ag, Dp,F
t, and its CWST for each component or sub-assembly of
components. ' : :
We have discovered that, in a fibrous leukocyte
depletion filter, removal of leukocytes is accomplished
20  partly by adsorption and partly by filtration. An
- important aspect of this invention is that by carefully
defining and controlling Dp, and providing prefiltration
o _ in a novel but well defined manner, a filter can be
~— " achieved which has substantially lower volume when
' 25 compared with a filter principally dependent on . .
adsorption. This reduces the volume of PRC or blood hold-
up, with important economy of PRC use, while at the same
~ time providing higher efficiency and better capacity
_ 'conpared with the best similar'devices hitherto available.
30 Whereas previonsly available devices depended
,' ' nearly completely or largely on adsorption, and were _
' - relatively larger, the devices of this invention, using Dp
as a basic design guide, depend comparatively
- substantially more on filtration, and as a result are
35 smaller. - ’

8
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- available in the future, their use in elements for -56- | eukocyte -

~ better with respect to firmess and resistance to fraying when conpared
~with discs nade by hot conpressron foll owed 20 by -radiation grafting.
“Grafting prior to hot conpression is for this reason preferred; however ,
~serviceable el ements could be made by hot conpression followed by graftlng
Wi |l e. the exanples of this invention have used hot 25 conpression to -form
the integral el ements which together cenddne to provide prefiltration, {gal
‘removal , . and. adsorption, it would be feasible to formthe integral el enns
by_other'neans such as -resin bonding, and a device utilizing this or .
simlar alternatives is within 30. the scope of this invention. Melt bl own
. fibers have been Fhef fpldewing exanpleq jane ofifiered by wawofof these
devices. Shoyhgubtpaeienl.t bl-own or other fine fibers, for exanple, fibers:
made by nechanical. fibrillation of Iarger di anet er flbers "becone 35 o

depl eti on -degkamplesul d be within the scope of ‘thi's invention. Edge Seallng
- -the Prefogmed El ements into the Housing 5 The hou5|ng is. preferred to be of:

' generally disc form or nore rigorously. stated in part have the formof a-
right cylindrical TeeRBRt andrwhale: blosd] usedrdm $hase pxanples vere | ght

~cylindrical §ptdinell ¢rBRNBIGbA bahked whlchl YonToia tdAmdrRsaw! the inner
i
: anticoagulant were from the Greater N. Y. Blood Progranm in
10 Melville, N. Y., and red cells suspended in physiological
© fluid using the Adsol: anti-coagulant system were obtained _ Q;/'
. from the American ‘Red Cross Blood Services, Rochester - B
“Region -in Rochester, ‘N.Y. Unless otherwise noted, the -
.© . tests of the examples were run with PRC. e
15 . No blood product, including- PRC, could be obtained
~ from the blood bank  in less than 2 days after it was
‘drawn, as this was the minimum period required to test for
the presence.of infectious agents.-_ .
. All - leukocyte counts were made by conventional
20 chamber counts, by well-trained technicians, and data
'-reported is the average of at least two counts by
- different technicians._ When testing adult size -
devices, two bags of PRC or of whole: ‘blood were used in ; _
o serial fashion, the weight (or volume) of blood is S W
25 reported as the total for the two, but the leukocyte '
' counts before and after processing are reported for each
bag separately.' For pediatric size units, a single bag
of PRC or whole blood was used, and the ‘leukocyte counts .
before and after are reported separately-for~the first
© 30 half of the-bag'contents,land for a second sample .
| representing the second half of the bag. .
' Use of automatic counters for the leukocyte depleted
filter effluents providel incorrect results, because
automatic counters are designed.to:be-operated in the
35 range of normal leukocyte content of whole,blood.androf.




CWST of the Elements 15 The gel prefilter (first) el ement may have a | ow
CWST wi t hout harm and, indeed, may function better in that condition. The
results of tests in which sufficient PRCis run t hrough a devipe to cause
cl ogging or near 20 clogging, followed by di ssection, inspection, and
testing,of the pressure drops of the individual layers, indicate that :
Tittl I|f any, inprovenent can be accomsl iédhed by increasing the CWST of
this layer. The mcroaggregate filter and the adsorption section are
preferably nodified 25 to a CWST of between 55 to 80 dynes/cm and nore

referably to betwe and .7 es/c d still, nore preferably to .
Bet ween 62 and eé? qﬁ@%ﬁ Flé )P%?)r?&)i%‘?g‘m‘??%a‘hg changes in
hemat ocri t Wereawmmml cthmtears :tsarml@ctotlm Uetméorthdcl dR1sn the bag
were compar ed V!éébﬁé}? ﬁI ﬂf&éef&xafﬁ é'}?exg?i’ﬁpefs'ag@é’écﬁgés}f d}’JV'et[‘Oth' S

I nventi on. he 1 rmcom ng ood or
5Z- hol d- up- vm tﬁﬂ‘?f’lﬁfei‘ijéiﬂ‘mﬁ%%c%t these lawdevelemre aibkis hol d-up

For mil ae have. boon i, P UHE Wieé Lttt hy e manddRly MElig o"°
'fggrgaﬁﬁy Sggiﬁﬁihg%qgﬁéﬁﬁF'qéﬁﬁi Eﬁﬁﬁhiﬂﬂﬁ density; and fiber density.
One such, 10 for. ex@aml(d.exgl drifihenthcaumttsngert datnmmimsdaaiing a
‘ Model ZM Coulter Counter. The conventional centrifugal
- method was used to determine hematocrits. :
10 For the examples of this invention, priming times
:\_/ _ . were determined while applying a pressure of about 0.2
" ' - kg/cm? to the_bag'of5blood or PRC, either'by hand, or with
a'bressurizing-cuff. A pressure of about 0.21kg/cm2 was
. determined by test to be the range of pressure deveioped
15 with manual compression of the blood bag by three . randomly
| selected laboratory technicians. - :
Priming time is defined as the time required for
filling the test housing with fluid, and.for the fluid to
- £ill the inverted drip chamber 1/3 full (approx. 3 mIi
‘20  For Examples 1- 168, pressure head during the tests
- was adjusted as required to maintain flow of 4 cc/minute
for the adult (62 cmz) device and 2 cc/minute for the
o pediatric (32 cm?) device. If during a test the pressure
AN required to maintain the required 4 or 2 cc/minute flow
| 25 reached 100 cm of fluid pressure head, or about 0.1
kg/cm2, it was held at that pressure until flow fell to
below respectively'l or 0.5 cc/minute, at which time the
test was terminated. Thus, if the final flow for an adult
filter is reported to have exceeded 1 cc/minute or 0.5
30 cc/minute for a pediatric size unit, all of the blood had
been withdrawn from the bag, and the device was not
clogged. If the flow rate during a test fell to or below
the limits noted above, the device was considered to have
‘clogged, and the residual weight in the.beg is reported.
35 For examples 169-210, pressure head during the tests
_ _ e ¥ -
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fibefs. - However, the average di st ance between fibers cannot be a. :
meani ngful predictor of performance as in any liquid flow path.it is the

. largest -pore or pores encountered which control perfornances, and- thls i's

15 -particularly true.of def ormabl e "particles" such as Ieukocytes Iln a
~fibrous mat’ such as nade by nelt blowi ng, the fibers are parallel to the _

pl ane of the surface, but are otherw se g« down i'n a random nanner,
the pore size distribution is quite wide. O her neans 20 for forn1ng-r;’“,__
fibrous nats, e.g., air l'ayi ng, or formation on -a Fourdrinier screen, also. -
produce wide pore size distributions. -In these circunmstances, the average.:
di stance betwagnafijbeted ascreguiyed poomaéneddatcﬂovfOﬁeﬁfscﬁmﬁoute.A

variety of 0&?egui%gghaeehevegheseeﬁurar Paghdded’ 3 h%wneaéauhak' on of

- pore di ameters from data-on di aneter ber It density,
. but in over PE/Mniite £1oW JéFPsFHQCHEQnélpocﬂth 5&& gF?sPPFFe headyi 3,
this applicast apsuteoenif nqprdmar,lyitowael heldecht! that p&beeh&el aptdlpriori

b ey bur FABY Bedd YeSHRASk 1) obbiRRel sl WALEH FibM She VERRMAETLY
‘to as "BET" tezménated:. - Ifstheuvolume: ofhRRGuIELAS inh&heubhgcvasr AeSISS a
di rect '”d'Céﬁhgsaﬁfcbhetﬁ§t§&§t65 &hbe&oﬁH&EQEQdfiélhi@%esheciésfhi

| eukocytes by a tion surface area | own PB mebs

can be used Péséaﬁcﬁbéﬁeuﬁéér8§ePFFbePdeHﬁ$t@Ps fetermined Yo ePﬁb&P in 1.

granr[err] 1pé8the probable outcome during bedside service.
10 - Minimal samples of approximately 5 ml vere taken o
~ from each bag of blood or PRC used for determination of NS
influent characteristics. Where more than one unit of B
“"blood or PRC was used, they were delivered sequentially '
' and were individually sampled and assayed.
15 Leukocyte (WBC) counts are reported per microliter
' (1 microliter equals 1 mm3) of fluid. Dilutions for .
counting varied from 1 count = 100 WBC ‘of relatively
- ‘fresh blood to 1 count = 50 WBC for tests using blood
over 10 to 14 days old. o : S
20  The elements used in the examples were unless
" otherwise noted of disc form, 64.1 mm. diameter for use in
‘the pediatric size device, and 88.9 mm diameter at -
assembly for use in the adult.size device. The stacked
: layers'ef'elements,,with a total'thiCkness of tg were
25 assembled into a housing as described above, with a
clearance of tph between the faces of the two plenums,
i. e., between the tips of the ridges 26 on the inlet plate
20 and the tips of the ridges 34 on the outlet plate 31,
- as shown in Figure 1. After piercing the blood bag, the
30 filters were primed by_manual'pressure'apylied to the bag,
or_with'a blood pressure cuff pressurized to approximately
0.2 kg/cm?, after which whole blood or packed red cells
was passed*by-grevity and product assays made in the
manner described in the preceding part of this section.
35 ' Losses of red. cells due to adsorption were, unlesswj




5 “(where 1.38 = fiber density of PBT, g/ cc) hence : [err]
(1) 4 ~1.38 Area of the fiber is [err] (2) Dividing (1) by (2) [err]
100and d = [err] or (0.345Af) [err] where L = total |ength of flber per
gram d = average fiber dianmeter in centineters, 15

[err] .and Af fiber surface area in [err]/g. If the units of d are _
mcr ers, the units of Af become [errd /& (=square neters/gram) which will
be us&d hereinafter. A second characteristic necessary to describe a 20 '
© porous nedlunladequately to permt it to be'reproduced is its pore

di aneter. (Dp) have used_a nodified OSU-F2 test for this_purpose; this
test and its n%ﬂEer tee sPalicter bscdetrcted. r oFPEVERG QXRATPLES 4692210he

headi ng Exanpl péss&d due t&heldchpraahebeséamumm sese(ape awmpeé .
nédi um i ncl ude app ent cbul k) densit te% Dy 9L ans/ cubi Liget
(g/cc), the fiber E?té g tod ol 6/%3} hB ?ﬂ?dﬁﬁﬁ%s ?€7 ? ?ﬂe ﬁiﬁﬂents
of the medi um tseemodi£iled nOSUNFRnmethed(andl, arécrepostedeasi thal area
oo 1 it S UL u 0 Ll
“dynes/cm SpeE##’ ieles Hneexe preRA¥eds s 'HBFlﬁ%st%Pngl‘P%%‘# n paking.RELEer ber
el enent of preé‘iié&ﬁé@s\bﬁéﬁ&hﬁé 16ea moadriod irewmut@fdenéerzoaeséa) Af,
the fiber Surf&‘ f%fghpfn 952”19%@?2 at Oklahoma State University
- (0SU). 1In the OSU test, a suspension of an artificial
_ B 16: contaminant in an.appropriate test fluid is passed through
AU | 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
15 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
20 particle diameter as the abscissa, usuallygon a_graph in
~ which the ordinate is a logarithmic scale and the abscissa
is a log? scale. A smooth curve is then drawn between the
_ _ | points. The beta ratio for any diameter_withinlthe range
N . tested can'then'be read from this curve. Efficiency at a
25 particular particle diameter is calculated from the beta
ratio by the formula. :

Efficiency, percent'fﬂloo(lrl/beta)

30 . . As an example, if beta = 1000, efficiency = 99,9%.
| Unless otherwise stated, the removal ratings cited in
the examples presented herein are the particle diameters
-~ at which beta = i 000, hence, the efficiency at the
removal ratings cited is 99.9%..
35 In the modified F2 test, efficiencies in the range of

v




-59 nultrplred by t he merght [err] of the filter, is the fiber surface
area available within the filter for removal of Ieukocytes by adsorption.- 5
(b) An objective of this invention is a filter which will pass two units
of PRC without clogging. - Insofar as the cross. sectional area Ac is .

i ncreased, the rate of flow per unit areaé$s- decreased hence there is less
10 - . tendency for clogging: (c¢) Dp and t defrne the effrcreng%} :
“wi t.h which | eukocytes are renmoved by filtration. A fibrous filter-adsorper

”'-ele”fﬁgeﬁgrfl ;é%ﬁrt% dﬁ%lggnga |s d frnedégy éﬁﬁf%ﬁﬁﬂgﬁfJgip St Oefeggﬁ}

conponent or sebtawﬂah;imhtcmmumﬂms \msparssiahrsafvacecfimsattesh a

“fibrous | euko pI f||t r dgﬁaqg qﬂgyl shed .;;'
20 - partly byaé%sdr |§nk‘1§g& p§r1131c trat |IJ(§:9'li An |sr%ioerst’g§1t asp%ct of

‘thi's inventiomplug C[dnpany:).y Blaxoe'fudillysededlswsn@fﬁaﬁd efoithe SUSEnip Mptem vas o
providing PreRbLLIShEen il did gi[onb%svﬁhbléjef‘lé&dfﬂ&ﬁ&%'ce s 184 @b can be _ .

achi eved whic as su stantra ower ‘vol une. wh co ared wth. a.

filter. princi ﬂéﬂlylldép%mentwempﬂ%ﬁo 10 diterg s AW evBFﬁrﬁ?uB?ePRC

. or blood hol d-godp) d@ tﬁﬁ&p&féaana ﬁhgectmero&hiaﬁ&meesmml arait the sane

tinme provrdrng hrqp f.ficiency and better capacity conpared:w th the best
- sinilar devicBoad d avail able. 30 - \Wereas previously avail abl e
devi ces depended - The data - applicable to examples 1 168 is presented as

- 10 follows. S . R
o *'a)“ Data pertinent to the manner of preparation and . e
to the adsorptive and filtration. capabilities of the o/
- examples are presented in Table A, , e
| b) Behavzor observed while proce551ng blood
15 products through the filters is presented in Tables 1
through 16, :
” ' The data of" Table A are presented as follows.
Column A lists the example numbers and the table
numbers in which the blood data are presented. _
20 - ‘Column B lists the sequence of the multiple =
'3ind1v1dual filtering elements used in each test assembly
The upstream gel prefilter element (number one) in
':examples 1 168 unless noted comprises acrylic bonded _
- needle punched PET. The remaining elements are. all made ';)
25 of melt blown PBT.: The microaggregate removal element_ :
' | comprises layers 2a, 2b, 2c, 3 and 4, with 2a, 2b and 2c
hot compressed together to form a subassembly, and'layers
'3 and 4 hot compressed separately. Layer 5 is the
adsorption element, formed as a:single layer by hot
39-.compression. o .

_ Column C lists fiber surface areas in units of square
meters per gram. Column D lists the element apparent _
(bulk) denszties in units of grams per co.: Column E lists
element thickness, in centimeters. Column F lists the '

35 fiber surface area in units of square meters for each of _



nearly conpl.etely or largely on adsorption, and were relatively |arger, the
devices of this invention, using Dp as a basic design guide, depend
comparatively substantially nore on filtration, and as a result are 35
smaller. ) -60- The follow ng exanples are offered by way of

bl usgLation. - Exanpl-es 5 The PRC and whel 65bkood used in these exanpl es
. were gggajned from bl ood banks which conformto American Association of
Bl ood™Banks standards. Those using CPDA-1 anticoagul ant were fromthe

Greater N.Y. Blood Programin 10 Melville, N Y. .and red cells, suspended in

physi ol ogi cal ¥Rt eRERES t bhe M Rl iX S Baht  GRIVAR @rbiskeathed
from the AnerifdideRali{aeser Bl oosh Taudd teas £ 'BET aiedgiement fochester

| e her wi d_ th of "the exanpl e un Wi .
15 No ot [ rere et o TR BiSrott R b cou

‘bank in |ess tdxmept digs tiie egeltpresiretvwhich tvas essimakedi ni num peri od
required tg test.fq ;;1& : enc‘_ei_ %j . i d ; | eukocyt e
cbunt s Werg’ ma ec{)cglg?: 'nveén){lfi'nal ' m}:ﬁa%e%%{%ﬁ??é&%ﬁf#ai ned
technicians, &eftemminedy tthe imodibied QMhFditest | iR inigroRetens, by
different technidd afceptiied LifS pdie afilide tidr Ol MNE OFe1 LyRe PRDEe T PRC or
of whol e bl ood were used |.n,--ser'|dal {ashl on; trie wei gé]t or voi'ume; of :
microscopically. ol I lists the

bl ood is which was estimate
. .~ CWST values for each layer. . _
10 ' -EXamples'i-ls were made as indicated in Table A. 'Thé
| - CWST values listed are those of media of which the |
§v’ : sQrfaces had not been'altered.

_ Examples 19 to 34,'p:ésented in Table 2,'were also
run using five layers. Of theése, the first was identical .
15 to that of Examples 1 to lB;-the_microaggregate filter was
identical to that of Examples 1 to 18 except that it was
radiation grafted to a CWST of 59 dynes/cm. The fifth
preform wéS_identical'tb that of Examples 1 to'ls except
that it was radiation grafted to a CWST of 65 dynes/cm.
20 'Examplés_Bs to 38,_presented in Table 3,'made in the
same way as Examplés 19 to 34 except-thdt the nuﬁber 3 and
4 layers had been radiation grafted to a CWST of 75, |
‘rather than 59, were tested using whole blood with CpDa-1
additive. Average efficiency for the second unit is '
25 substantially reduced compared with the results obtained '
in Examples 19 to 34 (Efficiencies obtained with whole
blood and with PRC may be meaningfully compared because
whole blood is a diluted form of PRC.). -
Examples 39 to 42, presented in Table 4, were tested
30 _using paéked red cells and illustrate the effect of
| increasing the CWST of the-eiements of Examples 19 to 34.
The microaggregate removal element had CWST of 81, while
the adsorption element had a CWST of 75 dynes/cm.
e Compared with Examples 19 to 34, both capacity and
35 efficiency are reduced. .



25 reported as the.total for the two, :but the |eukocyte counts before and
after processing are reported for each bag separately. For pediatric size
- units, a single bag of PRC or whol e bl ood. was used, and the Ieukocyte
counts before and after are reported separately for the first 30 *half -of

a the bag contents, and for a second sanple representing the second hal f of

the bag. Use of automatic counters for <66 I=eukocyte depleted filter
~effluents provides incorrect results, because automatic counters are €.
“designed to be operated in the 35 range of normal Ieukocyte content of
whol € bl ood and of Thus n perat i range of :
aut omati c countersE¥§mpfﬁstgglﬁﬁé ffnengﬁﬁnFﬁéeig ﬁgggﬁe% Iﬁg xanples

herein: ‘as a ibhsstpsbtecthaveffiactcofoincreasing thet CWsST detmeveIs are o
_hot .5 fe"abxkfcr%ggagéaav@rfe pssfffaa Qag&—ggruﬁ' Lgeuam & Bl Chamber

count technique ent m-ned using a Mode
'ZM Coul ter Colevices O Examphesohdl tecddri (E¥arpiesndd and déeemeo
det er mi ne @enﬁdéﬁtiéél

| Vﬁ& Examp 159r dheocsameReept that LhYeeWstnof! i Ng .
: LIHES wer e de&;;n1neg o pf ylngda g ssur ggrat nQ to the
ag of bl ood FRRS %ﬁtﬁﬁy pyifa8Y, dpp ?ﬂ a% ? § FH& 5 _

‘pressure of ahopérs. ﬁa*a/cwﬁrmswevwdyned/om,tend tnebadabcptdme. of

andor y SEYE%féwé@n%“t%r“ﬁ?@”ﬁk ER-RLRER/ o, | mhel R gRaRe shhr "\ PO

. tlne reqU|redefficiemcyngorhcheesechndsungtmpfhPR¢uie g!satﬂwrraﬂuchﬂuld to

8 10 : Examples 45 to 48, presented in Table 6, were run .

. using the configurations of Examples 19 to 34, except ' ;J

~ _ that the fiber surfaces of the second, third, fourth, '
'~ and fifth layers had been modified to a CWST in excess of
94 dynes/cm. ' The data show that both efficiency and '

- 15 capacity are reduced from those reported in Table 2 for

| 'Examples 19 to 34. | o
Examples 1 to 18 of Table 1, Examples 19 to 34 of
cTable 2, Examples 35 to 38 of Table 3, Examples 39 to 42
of Table 4, Examples 43 to 44 of Table 5, and Examples 45
20 to 48 of Table 6, were all ‘made using the same basic
| construction, but with the CWST ranging from 52
(unmodified) to greater than 94 dynes/cm.
The results obtained vary from less than optimal at
52 dynes/cm, to optimal at 59-65 dynes/cm, to somewhat ' o/
25 less effective with respect to both efficiency and
~ capacity for CWST values in the range from 65-75 to
greater than 95 dynes/cm. The Example group 19 to 34
represents a preferred configuration of this invention.
' Nevertheless, it should be kept in mind that all of
30 these examples are superior to all currently available
. devices for bedside administration of red cells.
' 'Examples 49 to 52, presented in Table 7, were _
prepared in the same manner as the pediatric size examplesi
. of'group.lé'to'34'except as follows:' In'Example 49, the
35 gel prefilter element was omitted. In Example 50, the
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fill the inverted drip chanber 1/3 full .(approx. 3 m).. 20 For =
Exanpl es 1-168, pressure head during the tests was adjusted as required to
mai ntain flow of 4 cc/mnute for the adult (62 cnR) device and 2 cc/mnute
for the pediatric (32 [err]) device. If during a test the pressure required:
to maiptain the required 4 or 2 cc/mnute flow 25 reached 100 cm of fluid
‘press(r® head, or about 0.1 kg/[err] it we87held at that pressure until

flow f€ll to bel ow respectively 1 or 0.5 cc/mnute, at which tine the test
was termnated. Thus, if the final flow for an adult fiIter S reported to-
have exceeded 1 cc/n1nute or 0.5_30 [ mnute for a tr| u

all of the bl 06@CeRd BAYET\MBRARARR Pingﬁqteﬂe bd% o Sday thE &é&rﬁot

- clogged. If hlger was ahﬂtdeal Qg adddtiohelto meoprbelioust kwol.i niIrs not ed |

Bove, the d d t | t
" the bag | < FEAELE S50y tnkd aBRKERtu BN BlendY VB LESUS Dad el
‘the tests -bz\sgsnadmugbbdea§.r&QQ|N@dums paissedi pri P§W¢9fnggﬁﬁmﬂhute

| * during agte: ragr r i 6 lzht%vfér% date
1T uring 2s! eqag bad aEed 8/ eall Jdyl? WisNiAndyaal ¢2oM B 4

_ ei or. about 11 kg/ L‘Sa %fﬁt;eld
at that pressuP@ Gﬂ@lﬂ15t°ﬁl5ﬁ5P§FF V81¥e| Sy é@ﬁn?ﬁuté h t he

test was term %@&ﬂi-io o \‘.hbuste@beBRSdref brleﬁulnealudgnwsysltw dfhan 30
cc, the filter . onsi ed to ucc ssf hl d that unit of PRC,
aXi3n AdussBATSts

as that mes_de ést 3 during bedside .
service. 10 -  Mpxamplesaspl to aﬁ,apwesemmnueﬂp Tabhil en@, c wexiec pamtoraf

¥§ﬁ;?a2?gr?ép?L%pgt&ﬁgP%g Hﬁ%@ g%eg%hﬁrﬁk@&%%@%dothﬁERhBQQtrange of the
o : gel prefilter element, the function of which is to remove
B gels and very large aggregates, together with smaller
aggregates which are suspended in the gels. These _
examples used a high loft, needle punched non-woven made
15 'using approximately 23 micrometer fibers, which had been
~ hot precompressed to proportionally smaller thickness and
then further compressed at assembly to the thicknesses o
‘noted. The data of Table 8 may be compared with Examples
19 to 34, having been prepared in the same manner except
20 with respect to the thickness of the prefilter element.
~ The data shows loss of capacity at thicknesses at and
below 0.56 mm. |
. ~ Exanmples 19 to 34 have a gel prefilter element
~ ' thickness of 0.90 mm. A nunber of tests run at 0.65 and
- 25 1.14 mm have shown very nearly equal results. Based on
- these data, the preferred range is in excess of about 0.6
The upper end of the range has not been explored,
. beyond the test at 1.14 mm. Based on post-test
30 microscopic examination, we believe it to be probable that
- considerably thicker first layers up to 2 to 3 mm could
be used with good results. Such relatively large
thicknesses are not, however, desirable, as they would
- result in increased hold-up. For example, in the adult
35 size housing used in these tests (62 cm2 of effective-_{



bl-ood or PRC was used, they_mere del i ver ed sequentially and were

.. individual ly sanpl ed and. assayed. 15 Leukocyt e (VBC) counts.are

reported per mcroliter (1 microliter equals [err] of fluid. Dilutions for -
~counting varied from1 count = 100 WBC of relatively fresh. bl ood ;to 1 count

- 50 WBC for tests using blood over 10 to 14 days old. 20 - The
el.enents used in the exanples wer e unIessgoLhermAse noted of disc for Ty
- 64.1 mmdianeter for use i'n the pediatric size device, and 88.9 -nm di ar er
‘at .assenbly for use in the adult size ‘device. The stacked |ayers of B
“elenents, with a total thickness of tewere 25 assenbled into a housing- as
descri bed abarea)w thea addddrioc ©Hfl mm Bat duicknesy snereases helgrup

I i '
thnglmr;)s of tﬁe Tl dg?ﬁé?eéd T he gutﬁefééwslsm’%tmedéﬂﬁbﬁgte 5 and

: t plate 31, a F 1
~After piercing th&estsowergy, rqmélsm f'-?hpq JRKeIR Of % 5 OmBjye%aigu‘Tr'e L
_pressure appwi%ﬁ the @%1bq&eﬁrlﬁ/éxt f’el&:&érﬂpdndde?wrﬁxéliém@r@éﬁs&tged to

oRRLon by oo byt st st insl WAL Y RS2 %Qﬂa% fhredes
pr ecedi ng papbser.f-ttelats mﬂ'nios:copﬂfally wmnslsnes 83.f8 mgy lelemento - |

‘adsor ption Pc’i fﬂp % D&y For ‘th
exanpl es 16\53%0 ?ZSel(f d ho upigcan e ca‘fﬁ%a Gte?‘r:! or ©
|$?€ F

di amet ers ofpfx'IOIthdre M%Wo@%ﬁﬁhé&?ﬂsﬁ 2a thod |
and are repoihaddon ik, Gﬁwﬁﬁﬁfﬁré@r#eiwﬁlwém@tPMIzh 99. 9% of the

- Tnoident partlecl o ettl® STEYlh 8.4 % en®S! LGS Ve fHE%EY Be
' " used, but with the risk of not providing the capacity to &
~ pass two PRC units without clogging, which is an
objective of this invention. : :
. ' Fiber diameters other than 23 micrometers may be
. 15 ‘used for the.gel prefilter, as long as the average pore
'~ diameter remains in the desired range. ‘If fibers with
~ average diameter differing from about 23 micrometers are
~used, the weight W' per unit area to provide approximately
equal pore_diameter can be calculated with adegquate -
20 accuracy for fibers of diameter d by the-formula:r"

W= 8.8 42 2
W 8.8 529 mg/cm

_ and 20 < d < 26
25 : e

Means to accurately measure pore'diameters in the
range in which the gel prefilter is effective are not i_
'readily available. A satisfactory means ‘to verify that a
given material. which has been compressed to a- thickness of
0.9 mm has a pore diameter within the desired range of the
gel prefilter in accordance with this invention employs
. the following procedure. :

- The material to be tested made to a weight of 8.8

mg/cm2 is wetted by immersing it in a solution of

isopropyl alcohol followed by placing the materia} in a
.. "":" ; i . . e

- 35
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si ze measurenents is a nodified version of the F2 test devel oped in the
1970 s at Okl ahoma State University (OSU). In the OSU test, a suspen5|on of
an artificial 10 contami nant in an appropriate test fluid is passed:
through the test filter while continuously sanpling the fluid upstrean1and
downsty eam of the filter under test. The sanples are analyzed by automatic
parti ¢l ¢ counters for their contents of f+4 &9 of nore presel ected particle
15 dianeters and the ratio of the upstreamto downstream count is
automatically recorded. This ratio is known in the filter industry as tge
“beta ratio. The _beta ratio for each-of the five or nore dianeters tested is
plotted as the B?H?ﬂﬁtinaﬁ%;ﬁgttﬁﬁ test Fhickaegselsr 02975nemanndi ina,

ugual ly on a glrmizacnna!\bl pfesﬁufr@rdaﬂabe appliiéegﬁhllénhgntiﬁai-fn?ﬂdii-he t
abscissa is:a sc e I S e e points.
The beta ratio ?g?"ansiﬁ %5@%@ Eﬂ ﬁB Véﬁgg“tgé?eaatﬁﬂ fER be read
fromthis curvedii¢ﬂsse®nabowg,atms ppessureldeve?opedlatdannairrf1ew '
cal cul ated f t a e

100(1- 1/ bet o] GEAre OF'G.$ Xadyoloon LRbEYA ral) ELAIGYINECHEGEE 85 oo
Unl ess othermns%rQQaﬂkﬁp t#mﬁr%ﬂnﬂk@uﬁaﬁfﬁggch%bﬂrlﬂolﬁnneknﬁppeeferably
present ed her ei petw&en NEbaE t4 cémohw@eesssaém%eérbe&fuml 000, hence,

the efficiency at t r enpv ratipgs s 99. 9% In the
modi fied F2 test, eff¥F ai% 8 dfe éﬁ@ ctarmeang by Y%‘ﬁblﬂ?% |
20- 25- m cr onet a‘esimtancbtm mlm;bimrqfadeﬁtestin%mdﬁﬁée&ﬁiﬁﬁuﬂﬂﬂﬁ
- Suspensi on g Aﬁ\ﬁéﬂ’@ior?%ay be further increased. This may be

A, : accomplished by varying the pore size of the
' ' microaggregate removal element continuously rather than
stepwise. ' '

' Examples 58 to 65 were prepared as presented in Table
15 A, and their behavior in processing PRC is presented in
Table 9. The first four layers are identical with the
first four of Examples 19 to 34. The adsorption elenment
consists of five layers of 4. 5 micrometer PBT fibers
. .radiation grafted to a CWST of 59 dynes/cm and then hot .
'20 precompressed to form a single preform 0.251 cm thick -
“having a density of-o 252 g/cc, and, in the adult size;_a
BET fiber surface area of 1.77 square meters, and an Fz
; pore size rating or average pore diameter of 6.9 _
\*/__' | ‘micrometers. Total fiber surface area of the five layers
25 was 4.07 square meters. Total volume of the'five layers.
was 33. 3 cc. ' . -
Examples 66 to 73, also presented in Table 9, were
similar to Examples 58 to 65 except that the third
~ preformed layer was made using 4.5 micrometer fibers
30 compressed to a thickness of 0.069 cm and a density of
'~ 0.18 g/cc, with an Fz_pore diameter_rating estimated to be
15 micrometers, and the fourth layer was made using 4.5
micrometer fibers precompressed to a thickness of 0.061 cm
and a density of 0.21 g/cc, with an estimated F2 pore
35 diameter rating of 12 micrometers. ‘The adsorption

x
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©.dust, a'natural silicious dust suppfied_by the-AC_Spark Pl ug Conpany. Prior
to use, .a suspension of the dust. in water was m xed until the di spersion

- was stabl e. - Test flowrate was 489 to 1111 liters per squar e;,neter- (44 to

100 liters per minute per square foot) of filter area, ‘a range over- whi‘ch
“the results are unaffected. The data ap iécable to exanples 1-168 is o
" presented as 10 follows: a) Data pertihent to the nmanner of preparati®on,. -
and to the ‘adsorptive and filtration capabilities of the exanples are "™
presented in Table A b) . Behavior. observed while processing'bldod 15

ducts th ' igh Skl
g; OTSEIZ A ;rgggﬂfgg Ebﬁp@iﬁih? E&eée(ljfotas'¢ Psfg:ﬂhe exarrpl e nu% sagﬁd
the ‘table nuWBbr S'aFlliaMPEthﬁgtSﬁoG& Ao CHST é’fpr-"@s /Cmy was haty urm B

- lists the seeaggeesgaat g8 Aukihghe ondw WEﬂidlé r‘e'ﬂuﬂi @teraemstﬁqﬂ-
each test asse gnber one)

stream preefil
exanpl es 1- 188233I9£§°nﬁpgdaﬁoﬁﬁ g ore b er 9h8 e %unched PET _
The renmai gi ngiekemetessar eThel readetaﬁg drauaelau-dolsnmrPBB TabBle 9. T

t | | 3 d 4 th
RO 05e oy TR ERCERE, EEAHBARETYE BHel M BB 7 A LD
and 4 hot conpmps&’ed Uéphr these. OfLa?ertOS 3i4s ande 98d o 97 dm &aé!itﬁ\tl,o-forrred

as a single bﬁ&epebfobﬂanée wEeRPE8EPeet teP1elkce @&%Mr Surface
areas in units

~appar ent (buPF &éﬁggglggng%géa}ggr&gr aH§C3€r”3 a# éﬁ%@ﬁ%ﬁ rrentelerrent
- thickneszo i thatnbEnExamplesCB8uUtD BS5l,i mamazeium Her supdnimr &eea in .
- units of SQ”@&SmBELSrészS §§Ch @Lis is surprising, because the I |
' _surface area. available for removing leukocytes by R
adsorption in the 58 to 65 group and the 66 to 73 group is -
o identical, il.e.,’ “both- have 4.07 square meters of fiber '
15 'surface area. The significant difference between these
_}two groups of examples 'is that the pore diameter of the
number 5 element of Examples 58 to 65 (6 9 micrometers) is
;smaller than that of Examples 66 to 73 (7.4 micrometers)
Smaller pore diameter,_therefore, is seen to improve )
120.'eff1ciency. This conclusion is confirmed when Example
. group 19 to 34 is compared with Example group. 58 to 65.
. The surface_area:of Example group 19 to 34 is 3.29 square
meters by BET surface area measurement, i.e., it is -
- smaller than that of-Example group 66'to 73 (4.07 square \J
25 meters). Yet Example group 19 to 34 has better '
" efficiency. Again, the pore size of the downstream
_element of Example group .19 to 34 (6.1 micrometers) is
- smaller than that of Example. group 66 to 73 (6.9
micrometers). The conclusion can thus be drawn’ that the
30' smaller'pore size of the adsorption element of the 19 to
34 group is the factor which accounts for its superior
- performance compared with elements of larger pore
diameters.._'- ' ' -
- Examples 96 and 97, shown in both Tables 10 and 15,
35 provide further evidence of the effect of pore#size of the
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-65- the elenents [err] Colum G lists the fiber dianeter cal cul ated.
from-BET measurenent of surface area (fiber dianeter (0. 345Af) [err]
mcroneters), except for the gel-prefilter which was estlnated .

m croscopically. Colum Hlists the pore size as determnined by the
nndrfrgg OSU F2 test, in mcroneters, also_excepting the pore dianmeter of -
the g prefilter mhrch was estrnated nrcr%%coprcally Colum | lists the
CWST V8l ues for each layer. 10 Exanpl es 1-18 were nmde as i ndicated
in Table A, The CWST values listed are those of nmedia of which the *

surf aces had ”GBWE%%Qe%ht%ﬁ%ﬂen@xangeﬁo&%dt QPbRE?SRnLRngﬁngg Eéé to

weré al so run usrn% ive |ayers
that of Exanpl 8eseriptiye PHEaEFéPBa§&V€§GFetP|Wﬁblemh§p|§hﬁt$taucturehat

of Exanples 1 bg n&amepbst Aal bY uasfaedmhoenaea&eexéﬁ?feg@i-e% 59
~dynes/cm TheOMg&tB p QL m was I dentical to that of Exanples 1 to 18
except that it gd On grafted to a CABT of 65 dynes/cm 20

_Exanpl es 355t o0 38, ﬁnéseﬁhedadsofptienSelemeatloohbsinanheseyfﬁbe£¥aﬁﬁdes
19 to 34 excepthhhéﬁemaﬁtnﬂghggbi 2Hds’al BOERT BALDGE AEEL Bp1 0T 97 R CC

to-a CAST of 75, rather tested using DA- |
additive. Average éP’rcWhﬁc9VP§P99hB°§ecéﬂaneﬁPF ot Q@esmesountionly

reduced conpar eflement tbe6;6sulieponbtarsed in Exanples 19 to 34 '
Compared because. hEPEPEEBosRRCkibgtART ALYy, Rhr Tn Fie %%m”%?&éﬂ%#é% 42,
presented 10 T&Maélableeferteéseﬁption and their smaller thickness
Y - (0.145 to 0.251" cm), Examples 96 and 97 perform
significantly better than Examples 58 to 65. The
improvement can be due only to the smaller pore diameter
- of Examples 96 and 97. ' S
.15 Examples 103-106, shown in Table 13, were prepared in
the same manner as examples 19 to 34 of Table 2, except
 that the adsorption element was compressed to greater
- density and smaller Dp (pore diameter). Four tests of
' each density of this group were run-using PRC derived from
20 Dblood drawn 2 to 4 days prior to'the'test. The tendency
of this relatively fresh PRC to cause clogging is less -
" than with olgder blood, such as was used at least in part
_ | for the tests reported elsewhere ‘herein. '
A ' R The data of Table 13 indicate that when used with
- 25 fresh blood, pore sizes as small as about 4 micrometers _
can be used, while achieving the objective of passing two
units of PRC prior to clogging._ Parenthetically, all the
tests in ‘this series showed loot removal of leukocytes.
' Thus, for use with PRC derived from blood drawn about
30 four days or less prior to its use in transfusion, a lower
~ limit of 4 micrometers is preferred, and a lower limit of
" 4.2 micrometers is more preferred. | - |
o Thus, pore diameter can strongly influence leukocyte
o - - removal efficiency. This was an unexpected discovery, as
35 it is contrary to the belief that leukocyte removal by




30 using packed red cells and illustrate'the effect of increasing the CWST
. of the elenents of Exanples 19 to 34. The microaggregate renoval el enent -
“had CWST of 81, while the adsorption elenment had a CWST of. 75, dynes/cn1
Conpared wi th Exanples 19 to 34, both capacity and 35 eff|C|encyware LR
r-educed. ~ Exanpl es 43 and 44, presented in Table 5, further |I]ustrate_
the effect of I ncreasing the CMBT of the9d o oaggregate removal and.* {
adsorption el enents of the devices of Exanples 19.to 34. ' Exanples 43. éﬂé
- 44 are 5 .identical to Exanples 19 .to 34, except that the CWST of the -
. second layer i's-81 dynes/cm -the third. and fourth layers have CWST's of
77 dynes/cm giKkéhé MESLEPiE0A Luncetionhonly 6XESupfaéé ayeas/chs The -

data show t hat ef ency f h t d
e oo b otes hEEN WRLIE GrgRIRMevtlL af0 Fifqls ?ﬁﬁﬁéﬁﬁ?féut‘zﬁ’onios
. of ‘Exanpl es Jéblb534lynphepyteaatWhhehfibeﬂognﬁlaﬂbglefblﬁ@dséeﬁmwn third,
fourth, and fTgfLh é&yﬁaswﬁ ?eﬁﬂ%f@f" thed1baxacyVEs, | arexeenpasibPé to

- dynes/cm The data s efficiency and 15 capacity are reduced
~ fromthosedrchheteed| ﬁe#%ﬁli“ZSEBP'Exanples 19 to 34. Exanples 1 to 18 of

Table 1, Exanples éi t&niﬁé aavaabagezofEkntplesseavanyssinfhaabbeen

Exanpl es 39 to 42,01 T 'g g4v! 45 |
20-.to 48 of H%if%g gg geéuchégg ug?ég hﬁ%&ﬁg g@#g g ng?gﬂé?lon eEut .
“with the C\STcompatred vith Exapphesdbti te) 65e gﬂéa1§3 ?ﬁ&ﬁayﬁddyiﬁglcnl The -

| -ggsggt3ygggfgn]gm%fé§nééoebl?§S t fRBs@PhERE1ghi BRcNEcrbattionapt innl at
. 10 effect reducing the cost of transfusing a single unit by
o ‘about $3 to $6 U S. or more based on present hospital - N/ :
costs and blood bank pricing. : SR
o Examples 74 to 78, presented in Table 11, were run at
__' a flow rate of 4 cc/minute of PRC in filter housings with
15 32 cm2 of effective flow area, in this respect egual to
"_the pediatric size of device, but with flow rate and total
quantity of fibrous medium equivalent to that contained in
',the adult size units of Examples 19 to 34 (a preferred
_ | configuration) This was accomplished by use of eight
20 layers, as follows. The first and second layers were
each identical with the first layer ‘of group 19 to 34.
The third layer was similar to the second layer of group
19 to 34, but used 15 mg/cm2 each of 15, 10 and 7 | o~
: micrometer fiber diameter medium which were laid up and. hed
25 hot formed to a disc 0.15 cm thick. The fourth, fifth, |
sixth, ‘and seventh layers were similar to layers numbered
'3 and 4 of Examples 19 to 34, except that they were
' compressed respectively to preforms of density 0.18,
0.20, 0.22, and 0.23 g/cc. The eighth and last layer was
30 ”egual in fiber diameter and density to that of group 19 to
34 but twice the weight of fibers was compressed to a
~ preform of twice the thickness,-i.e., to 0,304 cm. The
‘data resulting from tests of these assemblies using PRC is
"shown in Table 11. Capacity is seen to be adequate albeit
35 marginally so 'for fresh blood, but is quite inadequate for
. 351;3 i?;.“".'
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25 less effective with respect to both efficiency and capacity for CWBT
values in the range from 65-75 to greater than 95 dynes/cm The Exanple-
group- 19 to 34 represents a preferred configuration of this invention. _
“Nevertheless, it should be kept in mnd that all of 30 these exanples are
superi:or to all currently avail abl e devices for bedside adm ni stration of
“red c@€Ys. Exanples 49 to 52, presented Lngy3able 7, were prepared in the
same -Manner as the pediatric size exanples of group 19 to 34 except as
follows: In Exanple 49, the 35 gel prefilter elenent was omtted. 1In
Exanpl e 50 the - 67 second | ayer was also omtted. |In Exanple 51, the
third | ayer wasbbood taged mexili tham & cfetmedqarsa'.w (ﬂmpami.ng Ithésaargata 52,

only the adsorpt{@q @} %z%@f&b 19°¢dT84 0 :feeeaw & dt ddth

vol ume passed prlor to |ng was decrease as eac er was reroved,
from an aver agethf Spyme quanfekty \and, typss ofygachs %‘@M‘ﬁ fumpkn -
superiority of afweﬁ@é)peﬂhmoraerg&xefdiddsatsatmtﬁa@fbé&ﬁel :ﬂn. i's
thus clearly.illustr

Ies tq 56 res i n bl
part of 308 stuay PRSI LS 5 henentrd R A v A
prefilter el encobtaimed fwimen i 'tﬁdsﬂl \Miqdd'! was usatve Bge:teptartbn/dﬂ;ds arge
aggr egat es. r ﬁ?.ﬂ er ?]ﬂg&
gel s. These ex%"&g ?J%Me(fth %1 a]f@q{ nee ?ﬁ()&l}%% non woven df}é‘g
‘usi ng appr oxi et} ﬁﬁ&%rﬁerw}m wahe Fumasing, Mﬁﬁse%%%
-to proporti onalwocidml Iepm&-kn cigaf confl dtdon W mftwaxg&mﬁtawsenbl y

Lto the thi eSS {tES adafyred & incitase the paricd Hurihg wiidn THa &
U ' ‘red cells remain effective when transfused into a patient.
' In CPDA-1 whole blood or CPDA-1 PRC, the red cells are
suspended in plasma; due to the higher red cell
. concentration in PRC (hematocrit generally in the 70 .to
15 80% range), its viscosity is quite high, and for this
' reason capacity for PRC tends to be less than capacity
: with whole blood, for which the hematocrit is lower, and
viscosity is much lower.
Within the last-several_years, a new class of blood ,
- 20 product has been developed in which after centrifuging to
o concentrate the red cells to near to 100%, they are |
_resuspendéd in a saline solution containing préservatives
_ 'which extend the useful life of the red cells by about 7
\%/' - - days compared with the CPDA-1 system.  This class of blood
25 product has been defined as "products in which the red
‘cells a:e_suspeﬁded in a physiological fluid medium". The
Adsol system is one such system currently seeing some use .
- in the USA and may be considered.as'representative of
others in-the'USA, Europe, and Japan.

30 As this type of blood product contains only a very
small proportion of the original plasma and the red cells
have been resuspended in the low viscosity physiological
fluid, viscosities are even lower than those of whole -
blood. Examples 79 to 85 used the form of device employed

35 in Examples 66 to 73, all run on the device sized fc;

]

L_' .

”W LA

.. ';'."_'r
v r"“ « ¥ :
. R

.yt e .



'19 to 34, havrng been prepared in the same manner except 20 wth respect to'
the thickness of the.prefilter element. The data shows |oss of capacity at
“thi cknesses at. and bel ow 0.56 nm Exanples 19 to 34 have a gel prefilter

"_elenent t hi ckness of 0.90 nm A nunber of test$ run at 0.65 and 25 1.14 nm

“have shown very nearly equal results. Based on these data, the preferred
range is in. excess of about 0.6 nmm The'hbper end of the range has not (b en:
~explored, beyond the test at 1.14 nm Based on post-test 30 . nm cr oscoyf
~exami nation, we believe it to be probable that considerably t hi cker frrst

o : db I I
et ckrrediatefe THAPLS, DoTHECHall BnBEotaliRlEbs pRITh AR Y
- increased hdkdisoq:) bl—‘@mdexdienppeter thehfaattukthagsthei deviices: rmgf Jeecta 8% hese
tests (62 ¢ PYIFEI V%re na@Bth@rQQEt EQEfQQQEH'QQer gm jg thickness
esi .

'.rncreases ho: up VO crease s very-un rabl e.
Tests were rlmwemﬁxgpthe nake up of. Exanples 19 t0.34 with the ge

prefilterg el enent JHRfEe &t agRedeRH et s I ght of
11 rrg/[ersr] -and 't hen cos?rp%érgfn%ogtﬁ-et gsf‘frlrr&g?ggg%pl:écg?g?a he:#hrel%% ng/ cn

el enent. The344 3§ &P cbnt 66 WhPCH 3 saDFoPLREER MRS UB S ING WO i%de nore
space for gebiesd|wrth orpphan aﬁeeseaaguland bageHa®icthiwith tespefter r ed .
r‘ oea borebranprsty 48 SHERSELShES ks ehoRahy rsrmeé%;rﬁ;so%“s ™
unrts vmtfundathcxgpomﬂe@hfoh theahAdsol product. - -

10 _ Examples 86 to .95 are presented in- Table 14. Example ~
90 was not actually performed, the data entered are the =\
averages of Examples. 19 to 34. Examples. 86 to 89 ‘and 91 | -
to,gsfwere.performed,.and:are slmllarrto example 90 except
that'the'adsorption-element densities and.thicknesses were

'153:€aried while'the'Weight was held constant. 'As may be

B seen 'in Table - 14, the pore diameter is a critical _
‘determinant of efflczency, whlch for the first unlt of PRC
transxtlons from 87%, at a pore dlameter of 7 mlcrometers,"

_ to 99.2% at 6.3 mlcrometers, and to 100% at 6.1 '
-+ 20 mlcrometers.- Leukocyte ‘removal eff1c1ency for the second
unit of PRC changes in parallel fashion, from about 70% at
6.7 to 7 micrometers, to_99,6% at 6.1 mlcrometers, and to
1 100% at G.O:micrometers.-'From_theSe data, it is seen - .QJ
that, for the adsorption element of a device made using

25 25 'mg/cmz'of 2.6 micrometer diameter fibers, a preferred

upper limit for pore diameter is about 6.7 mlcrometers,
‘while a more preferred llmlt is 6.3 mzcrometers.
| Be;ow_about 6.1 micrometer pore diameter all of the
examples in this group:Showed_essentially 100% leukocyte

30 removal efficiency for'two'units'of“Pﬁc, and while'there
are some 1nstances of clogglng, satisfactory data are seen
at as low as 5.7 mlcrometers. Hence a preferred range of
pore dlameter is about 5 .7 to 6.7 mlcrometers, while a |

. more preferred range is about 5.8 to 6.3 micrometers.

35 .~ Examples 96 to 101 are presented in Table 15, and



objective of this invention. Fiber dianeters other than 23 mcrometers may
be 15 .used for the gel prefilter, as long as the average pore .di aneter '
remains in the desired range. |If fibers with average diameter differing
from about 23 micrometers are used, the weight. W per unit area to provide
approxj mately equal pore dianmeter can be TtalTutated with adequate 20
accurgcy for fibers of dianmeter d by the formula: [err] and 20 < d < 26 25

Means TO accurately neasure pore diameters in the range in whi ch t he gel
- A satisfactory neans: to

refilter is effectiy re not readily_avail abl e.
5er|fy that a g??ﬁﬁrﬁgﬁarPRI%ﬁﬁﬁEh hasT] S&éﬁ EXAPPASS-Hers RrerpERAedd Sheso
0.9 nm has a posamdi wagt as Bixahpleshssdesi 7ag eaagptothahetgeldawaEtkbah in

oo o T o be ThUbE WEECRRRA"oETHLOKRER® hBLERN 03 RSRINLERS 0F 4.5

neterial to be d nade to g
it in-a solut|0h16¥°m§§9Fo§}be§50bﬁ |preppomegssydptacthg thQCRaessealand a

-69- hol der §n dbhghtibe hSEEdth'QBES§SSh§f9cQ7§rSE‘6thh@ f@b@hFQEEents

DR oA e DBt e a4 R B oa s A, ShUch t0r Sacupons
flow5 rate ofof€. Soﬁpstseonnqrahoumdbnalhownéanaunaeeeaaeeaohsfrnﬁ1ihout
35 Lo about 8 PurhdBlE 492! AR HaP BEO5ERHY 1ROIARTE B FenofR] 2POU"
~ efficiencies of 100% for both the first and second units
10 -are_obtained.at pore diameters below about 6.6
micrometers; this may be compared in Table 10 with the
o  onset of 10wer'efficiency at density 0.252 g/cc and pore
diameter 6.9 micrometers for Examples 58 to'65,=and with -
‘the still lower efficiency at density 0.229 g/cc and pore
15 diameter 7.4 mlcrometers of Examples 66 to 73. From these f'
- 'data, it may be seen. that a preferred value for the upper
- 1limit of pore diameter is about 7. 5 to 8 mlcrometers.
- _ ' - Below 6.6
micrometers efficiencies remain at'loo%,'but frequency of
20 clogging is seen to increase, in consequence of which a
preferred lower limit is about 5 to 5.5 micrometers, and a
more preferred limit is 6 to 6.5 micrometers.
Taken together, Examples 19 to 34, 58 to 65, ‘66 to
- 73, 86 to-95, and 96 to 101 1nd1cate a preferred F2 pore
25 diameter range of 5.0 to 8 micrometers, and more preferred
range of 6 to 6.7 micrometers. These limits of
preference are discussed in more detail below.

The Preferred Limits of Pore Diameter
30 | h : | |
' " As the data of exampies'1F107 were reviewed ‘a number
‘ : ~ of conclusions were drawn in order to deflne the preferred
o ~ range of pore diameter.
= : | . (a) Based on examples 102-106 of Table 13, tested
35 wusing only fresh PRC, a low limit of 4 micrometers was



‘Exanple 57 is directed to nmeans by which the resistance to clogging of
“devices in accordance-with this 10 invention may -be further incrgased
- This may be acconplished by varying the -pore.size of the m croaggregate
"~ renoval " el enent conti nuously rat her than stepw se. Exanpl es 58 tb*65 Lwer. e
prepared as presented-in Table 15 A --and their behavior in processing PRC
Is presented in Table 9. The first fowr 76ayers are identical wth the"i
~first four of Exanples 19 to 34.. The adsorption el enent consists of fivwe
| ayers of 4.5 micronmeter PBT fibers radiation grafted to a CWST.of 59 :
dynes/cm and then hot =20 ‘preconpressed to forma single preforn10 251 cm
t hi ck havi ng prefarred, ofith 262 glt@‘omfesrs More: Bmgerﬁée a BET fi ber -

-.surface area.of 1. S Ok o | t ge
pore di anmeter_ of (7%) mcr o&frﬁ?’&m ot al G‘ibl ber pgjre?gc%@%]r:ée‘aig aﬁ%ﬁ

layers 25 wa)simmvo%q@a?én Qnetersryag 868N AS ArefRrrede vwa
33.3 cc. Exampl@cokétérs frord!p ﬁmu edAs ra Thder NimbEesssm | ar to

heromted 1 ket L] it O LF %i%y%%#%?ﬁ;ﬁ%%“égﬂgi o
of 0.18 g/cx;pmutérnmdFQ pore di.aneter. rating.esti mted to be- 15 o .
m cronmeters, and t f émgqeﬁrg&q‘Mqﬂqumé fonglg# &S

-preconpressed to a i ckness d a densit 2 /cc i'th.
~an estimated W@W tham < t2:6+f) Rrcronetersy, e‘RSt feptedp: i on
-70- el ement ,fmmrr,slmée Vthe a;axﬂmé £o1r> Exampled e66-¢7 Rnet cTable 9 -

10 are far better than any product available as of this o o
B writing, a less preferred upper limit of 7.4 micrometers"' W
is justified. . | . . - - o
(d) Finally, a review of examples 19-34, 58-65,
_ -66-73,_86—95 and 96 100 taken together indicated a
15 preferred range of 5 to 8 micrometers, and a more
o preferred range of 6 to- 6.7 micrometers._- B
As to the low limit, since some physicians prefer to
use only fresh blood for patients such as those with
'.disabilities such as thalassemia, a’ preferred low end pore
20 _diameter should be 4 micrometers.

- Taken together with the other considerations listed
above, a- preferred range is 4 to 8 micrometers. The lower
part of this range is preferred for use with recently
drawn PRC, while the upper part is preferred for use with “‘4

25 older PRC. - . '
o The deVices used in Examples 107 to 168 (see Table
16) were prepared in the same manner as. examples 19 to 34
except that the medium used to ‘make the gel prefilter had .
been scrubbed ‘and rinsed and therefore contained no
30 surfactant. Examples 107-119, were prepared with no
' surface modification, and had CWST of 52 dynes/cm.
Examples 120 to 168 comprise elements which, except for
the gel prefilter, were radiation-grafted (using mixtures
- of HEMA and MA and a minor amount of tertiary butyl
35 alcohol to assist wetting) to modify their CWST values?:-

. ”-i .
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web radiation grafted to a CWST of 59 dynes/cm was hot conpressed to a
single 0.277 cmthick preformof density 0.229 g/cc .and an F2 pore di-aneter
rating of 7.4 5 microneters. The resulting data are shown in Tabl g9 The
data for Exanples 58 to 65 and 66 to 73 are conpared with those of* ﬂmeﬂ 34
and 96 to 97 in Table 10. The perfornance wth respect to Ieukocyte removal
ef fi ci®Bycy of Exanples 19 to 34 is clearlyqsuperior to 10 - that of Exanples
58 to‘&S which in turn is superior to Exanples 66 to 73. This is
“surprising, because the surface area avail able for renDV|ng | eukocyt es by
“adsorption in the 58 to 65 group and the 66 to 73 group is identical, i.e.
bot h- have 4.07 6wefrtheeiangeofronbes €5 169rdpnessema. E:Idaepmmftmnt

ot the number cREFengn: o SirEhaFRR: 58y BRe ol pHeBIAtERL P, é’*%iif Cer
than that of ExeapyingcEWST v8ly&sd Exemphese139 ten68 cweperequakintn

therefore, is s VER 2 his conclusion is conflrned
when Exanpl e grgﬁﬁs&gu#E?é ?g gﬁaﬁé fﬁo Iggle group 58 to 65. The .

surface ared of Exandld gfoﬁbelexeepkﬁs|s°3 o 168 5koved Q0% remaval refice

?Leg7n§33;£:"ggie%%?g¥§ebtfb§ ﬁﬁalfffsthﬁﬁiﬁhéf PRC ya@ded, JdifdPtiRé to 73
efficiency. Ag%YﬁrasﬁeLSﬁEf%{‘% gg iﬁ'ﬂ?%‘i‘ eﬁ%r& %*e EX&nbPE

group 19 to 34 ﬁﬁe1seeondnnntts¢xeeedeal96%.than t hat of Exanple group 66

to 73 (6.9 mcroneteg )18 gggn HCJI'J!'E nlgagh%gu?gq%gg%wgz g?ttah‘g,g,?%%e

smal | er pore size of sorp I on e enent "o oup
fact or . whi ck0 aceutwe ?bit$tchﬁﬁérV$Fhp@??%ﬁﬂﬁnﬁ%ﬁ%@#ﬁ@y oRtEhe| €R8R: s

of \Larger pore & agRé oF £1t&¥ 2404 £m 99s ABE1 6, 7sfu>yms/cﬁ>pt fmﬁwlﬁsylseand
15 related to the surface tension of the PRC, which, as noted
~ above, has been reported to be 73 dynes/cm for the plasma
and 64.5 dynes/cm for the red cells. :
15 Based on the data of Table 16, a preferred value of
" the CWST of filter media is in excess of 63 dynes/cm; a
more preferred value is in exeess of 70 dynes/cm; and a
still more preferred value is in excess of 75 dynes/cm.
- It should, however, be noted that the data for all of the
20 examples are better than any product now on the market.
_ During the course of preparing examples 1-210, filter
assemblies with CWST's of 54 dynes per cm were made and
tested with satisfactory results; however, CWST values
- only two units different from untreated PBT fiber are
25 considered marginel with respect to maintaining consistent
' performance, hence 54 dynes/cm is a less preferred value
of the CWST. ' S B
The needled web used in examples 169 et seq was
scrubbed prior to use to remove the fiber lubricant,
30 rinsed with water, and then dried. The melt. blown web
; : used was unless otherwise noted radiation grafted to
' obtain a CWST of. 64 dynes/cm.
" Preform thickness was measured using a7.7 cm
diameter anvil and with an applied pressure of 4.3 g/cm2.
35 The filter assemblies used in examples 169-186,\ Ty
i QF w20 AN
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- 35 provide further evidence of the effect- of pore size of the =~ -71-
- downstream el enent. As noted in Tables A and 10, .and the descriptive '
~par agraph devoted to Table 15, the structure of Exanple 96 and 97 differ
fromthat of Exanples 58-65 only in that: 5 . . (a) The adsorption

-~ elenent contains |ess fiber, and the el ement assenbly has a total surface

<.

area of 3.13 [err]. (b)-. The aver age pq_[e,%l_ameter of the adsorptlon % o
~elenent is 6.6 mcrometers. Despite the substantially smaller. fiber su ce
area 10. available for adsorption and their smaller thickness (0.145 to-
'0.251 cn), Exanples 96 and 97 performsignificantly better than Exanples 58 _

to 65. The I@f@yeﬁ’eéa mnrbmdumqnbbmpﬁhba mhéeprmoe-mél amet er of

Ex I 96 d 97 103- R
 brepared o ihe sahet RRREPTROGRERE eberoths 33 BilrbReted hesdast’ RS
- the adsor pti cnort+weoeen web desprébeddabovgrwasehoﬂecalemdemedstd laer
(pore d'a”Ete£ﬁ1c§€8H%|OESt 78fcﬁaChrdg“§kE¥o9§|%ﬁh?egrﬁHB “%F&a&#% B%'”g

- PRC derived from ramm i
 tendency o3 t33smieremeteryaveragepfibes diameteroggPig gécmasneeddedyi th

ol der bl ood, ' geRbwavenFelSRasalaiaasivernapant mi&i‘oﬁbﬁereiﬁr&raﬁaoftiﬁér
el sewhere her

~fresh bl ood, éﬁﬁ%ﬁg?feggégl % Tah;gnﬁgsgggbcﬁégtOﬁg%gﬁgggggSggdugba %Wﬁlle
achi evi ng thehobj ealenéenedpiasasgemMyutote bhiamesm of D6 10RogW.Ng.
f’nggg 9 et calfye @bbvlNEwbCptarbinbberacEbibinBa S LH870raER1stba,
: 710 prewetted with isopropyl alcohol, ‘and air passed at 0.5 2y
n:cms/second. pressure drop for ten such assemblies ranged N
- from 5 to:7 cms. of water coluimn. R S
| For. preform number three, seven layers of melt blown
o web were used. In order, these were: one. layer of 3.5
'-15"m1crometer diameter fiber at .0069 g/cmz' one 1ayer of 3.0
 micrometer diameter fiber at 0052/cm2"one ‘layer . of 2.6
‘micrometer diameter fiber at .0063 g/cm2°-and four layers
 of 2.4 micrometer fiber diameter at .0061 g/cm2 per layer,
- all seven: 1ayers calendered in assembly to a thickness of
20 0.296 cn, for an average ‘density. of 0.145 g/cc.
- ~In the above construction, the first and second
preforms together- constitute a first element, denoted the
- gel. prefilter element. The: first three layers of the
_ third preform constitute the microaggregate removal
25 element, ‘although this element also contributes to removal
| of leukocytes. by adsorption. The 1ast four layers of the
third preform constitute the adsorption element. _
. In order to,make.it possible to.determine the pore
‘diameters of the three layers which constitute the
30 microaggregate element, and the pore diameter of the
: adsorption-element;.each of the three microaggregate - | e
layers was underlaid prior to hot compression by a layer
~of an- open pored ungrafted separation disc. "The .004 cm
_ thick separation ‘discs had an average pore diameter
'35 greater than about 100 micrometers, hence had no . .
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~Thus, -for use with PRC derived from bl ood drawn about 30 four days or |ess
prior to its use in transfusion, a lower limt of 4 microneters is :
‘preferred, and a lower linit of 4.2 microneters is nore preferred.. Thus
pore di ameter can strongly influence |eukocyte frenmpval efficiency. ®s¥his
was an unexpected discovery, as 35 it-is contrary to the belief that

| eukog¥te renoval by -72- fibrous nmediLaggs-a function only of surface

ar ea. noted above, while granul ocytes are larger than red céells,
Iynphocytes whi ch in nornmal whol e bl ood account for. 20 to 40%.of all of
the- I.eukocytes, are conparable to 5 the red cells in size. By taking .
advantage of t rssgmﬂ.smm yef fdctham [pearfqyegide oft mwmnﬁig,bloctmm

“hol d-up vol une arrpl - %%ﬁ&h&’&&“ dEAR €028 of 2042 cald ¥a¥fter

conpared with ese are significant reductlons In 10 .
effect reduci ncassemkbies o mrepaned Wexe éﬁﬁﬂg dnald of Ahe examnlesss

'EXS Fr m7)2,et bag%ﬂ-ﬁbprﬁii?dmhi@_irﬁtﬁﬁﬂ 1% 3 Ayttt vere Q];%'&Gillly @dﬁ&%ra}ed
ceim nute ofS PHRQRIST (4 drksrmine Kein Pore dianerede b G80-FZ 1 | ou
area, in this rmmgeq%yén:s triumbearilgt 12 @ral 2e off they ithdrdpreform f | ow
headuit o oo AR BoRY Hladdfl eIRHAIGAY W Silode® ot a AL A 1
Thi s was acconmimtgrmand tdigy nerpolning group off fousvdayens: viarisad
ST LS A A s S
: _ ' sample groups. The three preforms when a led had a _'
-~ _ total thickness te of 0.474 cm, and these were assembled
“into a housing with ridge to ridge clearance tn of 0.444
cm, thereby compressing the element assembly to 0.444 cnm.
.Examples 169-174 presented in Table 17 were performed
15 using PRC 24 days old. All six tests successfully met the _
criterion noted above (i.e., less than 30 cc residual with.
pressure head of 115 cm of water and flow rate < 13
. ec/minute) . | y
_ Examples 175-180 were performed with PRC of average
20 age'34 5 days; five of the six tests met the completion
’ criterion.
Examples 181-186, run with two day old PRC, ‘met the
_ completion criterion, and more important, show 100%
-S’i,' efficiency of leukocyte removal for the first unit, and an
25 average efficiency of 98.8% for the second unit. '
Examples 1-168 describe devices for use in removing
leukocytes from PRC, but these examples are directed
primarily to use with relatively fresh (recently drawn)
PRC, and are better suited for applications in wvhich fresh
30 PRC is used. Of more than 100 units of PRC listed as used
;i | in examples 1-168, only six more than 20 days- old were '
used with filters of the type vhich are the subject of
this invention. Of the six, two which used 29 and 30 day
0ld PRC clogged prior to completing delivery of two units.

35 In U.S. hospital practice, PRC anti—ooagc}eigd.with
' g A T
_ _ %§ 11 _
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19 to 34, but used 15 ng/cn2 each of 15,- 10 and 7 microneter fiber dianeter
~medi um which were laid up and 25 hot forned to a disc 0.15 cmthick. The
fourth, fifth, sixth, and seventh- layers were simlar to layers pugbered 3
-and 4 of Exanples 19 to 34, except that they were conpressed. respeetlvely
to preforms of density 0.18, 0.20, 0.22, and 0.23 g/cc. The eighth-and

last layer vias 30 equal in fiber: dlanetgé and density to that of grou"“pg'
to 34 but twice the weight of fibers was onpressed to.a - preform of ¢
twi ce the thickness, i.e.,  to 0.304 cm - The data resulting fromtests of

t hese assenblies using PRC i's shown in Table 11, CapaC|ty is seen to be- .
‘adequate al beigpady R HUAAtEeS T e d(f’eii" atflesqut%q iggpdaguat e
for -73- bl ood aged nore than a

th ese ata Wth .
those of Exafgi¥és 1¥ersons Wlﬁﬂﬂﬁﬂlﬂ@e§fo §S|”EP§’ al, praciige: quantity ®
. and type of eeale ﬁ;desmmnmhoxmwe Pridportdon of Icamou ®RCS UstC whdehar ea -

ot a ned et shan TR Faye df s R0E BUE o eBC 7 ST L
~ -exanpl es, 5al Iesm‘imalt@s/\MSe 4tﬂbodT;tml mwtmi&iblss estdshated thadxanpl es
- were run usi g GED?D& O sqgég gpgéd Eh% %nangh&aerlogﬁﬁhr,n

anti - coagul ant's and 10 nutrlents esl.g to increasé the

whi ch the redheemedainder, use é’tﬂh\/é’%en It 48 Aessd prmi&a&atﬂcé'nmatn
CPDA- 1 whol ehlasmttaqrs @a%drmwd hﬁ:fdsd onE|1buk6b9t%U 1éxdon pl asny;

The 70 1o 1544 3hesl o8 e ¥ «3*% el CEet T e R Y ebon
capaC| tylﬂorThR@,t &od bet (mctne Inmt 1lyamseiful, a device intended for . &
use in hospital bedside service should experience at most A
‘a very small proportion of instances in which the device '
clogs prior to. delivery of two full units of blood, even
- if those units are near or at the outdate 1imit ‘beyond
" 15 - which’ they may - not be used for: transfusions. The same
 deévice: must have high removal efficiency with PRC of all
ages, preferably over 99.5% to 99.9% for the first unit
passed, and over ‘95 to 99% for the second unit passed.
o ' The test articles used for examples 1-168 are similar
20 to the test articles of examples 169-210 in that needled
_-non-woven of the same fiber diameter and weight is . used to
-fabricate the gel prefilter, and ‘the melt blown _
components are ‘generally similar with respect to pore size

range and CWST, but differ with respect to the mode of use
25 of these components. ' -
* 'The gel prefilter of examples 1-168 uses a single
layer of needled non-woven, whereas the components of the
gel prefilter in accordance with examples 169<210
preferably use two layers of needled non-woven, in-
30 addition to a ‘third layer of melt blown web. Further, the o
. densities of the gel prefilter of examples 169-210 are . - e
_substantially ‘greater than those of examples 1-168, and j
‘the pore diameters are smaller. - - o -

" In examples 187 199, shown in Table 18, the gel
35 prefilter of examples 1-168 was tested in combination with
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wi th whol'e bl ood, for which the hematocrit is lower, and viscosity is.nmuch
lower. Wthin the |ast several years, a new class of blood 20 product has
“been devel oped in which after centrifuging to concentrate the red cells to.
near to 100% they are resuspended in a saline solution containing.
preseryvatives which extend the useful life of the red cells by.about 7 days
conpaﬁﬁﬁ mnth the CPDA-1 system This clagf of blood 25 product has been
defined as "products in which the red cells are suspended in a

physiol ogical fluid mediunf. The Adsol systemis one such systemcurrently
seeing sone use in the USA and may be consi dered as representative of -
others in the ¥he dﬂdﬁﬁ&ggﬁﬁq&tkanéfiﬂ&er and Ahe Adsdrpitior dlewehts

Pherod oot o 1k, Ssttos 26s2THe. Y Breerbiind dhe e did Thed'a
fluid, viscosittest romsdng widkerty Fa@.07@s emgf thieoigelhiprest i lbemelenert t o
85 used t he for‘{?%) o%‘i‘e%‘% %WFHOOY% %‘i, 'a'& Wm‘?ﬁ’e@@ 1y %:’qh all run on

‘'t he device size pedlatrlc service dat ow faul tless

per f or mance Son AdsolExampdes d&Jnilo8 are thus tiﬁ‘&tnttﬂ‘\’@ldé\#éb@iﬁmpﬁ?sc 0 85
and 66 to 73 angguiigé bﬁﬁm&tesyeeﬁtewoe%feow@ at o O ithe 5

o ot ner o vie: BIETEARATRIARR, I SHAd 50 AmeRs an phe. aBarbEIen *Doho o
Wi th respect te@lesent twﬁwdietfﬂexclomgywi\hhr eegpectaltioy thielit el o the data .
.rl_zglo(rat ﬁg for t:}%éﬁi@ez@ odvie a:uerage ag@‘%’fmtﬁ% P Asta For W%’ngo' i-n

- ' 10 is essentially equal for both, respectively 29.2 and 29.3

— | days. The gel prefilter of examples 169-186 showed only 1

' ' " of 12 clogged, for a 92% success ratio. Examples 187-198,
which had been assembled with the gel prefilter of
examples 1-168 showed five of twelve clogged for a 58%

- 15 suecess ratio. The superiority of the gel prefilter of
examples 169-186 for use with older PRC is, therefore,
clearly demonstrated. . '

Compared with examples 1-168 the pore diameter of
the adsorption element of examples_169-198 is larger, with _
20 a preferred pore diameter in excess of 6;5emicrometers;
- examples 1-168 show preferred ranges of pore diameter in
‘excess of 4, 5 and 5.5 micrometers respectively. :
The effect of using smaller pore diameter adsorption
elements on the ability to successfully pass'two units of
25 older PRC is shown by examples 199-210, shown in Table 19.

| These were prepared in the same manner as examples 169-
186, except that the preform comprising the microaggregate
and adsorption elements was hot compressed to an average

~ density of 0.192 g/cc, and the adsorption element had a
30 pore diameter in three tests of 5.1, 5.2 and 5.2

. | _ 'micrometers, which is in a preferred range derived from -

' "examplel 1-168 for use with fresher PRC.

The tp setting of the housings used for examples 199~
210 was adjusted such that the gel prefilter element was
35 compressed at assembly to the same rhickness.as in

-f'.;. . '.



- 90 was not actual ly perforrred the data entered are the averages of L
Exanpl es 19 to 34. Exanples 86 to 89 and 91 to 95 were perforned, and are
similar to exanple 90 except that the adsorption el ement densities and

t hi cknesses were 15 varied, while the weight 'was held constant. > As.-may be .~
seen in Table 14, the pore dianeter is a critical determ nant of
efficiency, which for the first unit ot BRC~transitions from87% at a®pre
~dianeter of 7 mcroneters to 99.2%at 6.3 microneters, and to 100%.at-8. 1
20 mcroneters. Leukocyte removal efficiency for the second unit -of PRC
changes in paraIIeI f ashi on, from about 70%at 6.7 to 7 mcrorreters to T
99. 6% at . 6. 1énamp1€3e169-m to 100% at - 6..0" mcrometers Fromthese data.

it is seen t hat., fﬂei;gl fﬁ%@r@f'% mﬁe@fiﬁ ,h 16'9‘,3

ng/[err] of 2.6 m'Cronet % aneter fi prete upper I mit or.

- pore di aneter29e2 abays. 6. Theidataghow, that |» %ﬁr@fe Yﬁ%‘f’%r?%‘b‘m?ﬂ?tfﬁ’g 6. 3l
mcroneters. PelutédPUiabid &F ZSHEL %mr@oﬁbafeé awith | a ofatieé eranv%es |

in this group_showed essentia % r ffl for =~ ':
Ctwo units Df 19T eXAMPLLES| L6 ?'ﬁieg aﬁggwq%s ﬁc%% %n%ftjgﬁ &nsY

- sati sf afct ory M@ﬁrposeewiahemlaﬂvexa@ﬂesnmmers cOnmeenthyeferred '
- range of por 1@?
- preferred ra?%l(ejé?g?’[‘%&téégg &)ﬁm%e}?m cr ne?fenresﬂpgglﬂént fsag%%as%rto
101 are presethan 5 12 Takeronetersd - 75 - -described in Table A These. .
exanpl es were prePﬁ'i@é'fai‘ a@etﬁartep;yay évd e nehésr 60i§3coﬁd6?ﬁédt hat

o e o L e LR SOt Ll Laigetin’ ©
ST element could be increased to well above 10 ‘micrometers W/
‘while maintaining substantially equal efficiency. ‘however, '
ve have not explored the range above 8.2 micrometer
o diameter because of the undesirability of increasing the
15 hold up volume for the benefit (if any) of still fewer
' instances of clogging with very old blood;_.Nevertheless,
it should be understood that a'device with'pore opening
-larger than 8.2 micrometer, or larger than 10 micrometers,
"would fall within the scope of this invention.
20 °  Human blood, both intra- and extra—corporeal, will
~ under some circumstances form "rouleaux"' a term applied
'to the condition in: which ‘the 7.5 micrometer diameter by 2
to 3 micrometer thick: red cells adhere to each other in a
'.:geometric configuration resembling a roll. of coins.
25 Rouleaux tend to form in the. human body as. a result of
viral infection, for example influenza, or the common
cold, and some. belief: exists that -the inability of
. rouleaux to pass through the smaller capillaries of ‘the
circulatory system contributes ‘to the muscle. discomfort
30 accompanying these infections. In the human body,
capillaries less than 7.5 micrometers in diameter under
normal conditions pass red cells freely, as the individual 3
cells deform readily. 1If older blood tends. to form
rouleaux, then this phenomenon may account for the larger .
35 pore diameter required to prevent clogging bylolder blood
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. conpz

- 5 densities noted. Total surface area of the five elenents in the pediatric
- size used was 1.51 M, which for purposes of conparison (ref. Table 10)
calculatestoSlSvalnthe adult size. As may be seen in Table 15, _
removal - .ef ficiencies of 100%for both the first and second units 10 are
-obtai.ggd at pore diameters bel ow about §,6 micronmeters; this may be.

K od in Table 10 with the onset of THwer efficiency at density 0.252

‘glcc:.and por e- di aneter 6.9 nmicroneters for Exanples 58 to 65, and with the

still. 1oversefdis |m@§1&er§1éﬂe& 220 t%‘% ARO[ 15 dianmeter 7.4

_mcrorreters of ‘Exanples 66 to Fromthese data, it my be seen that a -
“preferred Val ue Earlier hﬁpé"lhel |‘-'?ﬁ1?1’tﬁa'i)’o9‘é' difndes stateRuthats fo- g

. njcronmeterst B&is)V\b@eﬁ Wi deopeladiceptidd AilRtei €lse remova Rtofl ODSakdestes

T f 20 h
preterred Reeqay E e iy SHER P F, SBthas LA BENIE AN £1 2,
~linmit is 6 to 6.Theni cibselesyreFakef t dgeiser inErnbpbas tonfdryy, B8t o 65,
66 to 73, &%&1&%&@%@%&4&1 wdaﬁeaepawﬁef s&&eqlga Fi%ra% 2&; @h@meter

.range of 5 m croneters nd_nhore preferred .range of

ni cr omet er S1sSARKETY Rk, PaBFéFB?EHEX §P6 d‘esl@l'fslé’@&Y rFerﬁ?r‘E:]d’et%’F?W’bel ow.
The Preferrprt Lithéy ©hnPbee rmaveide it Aéqﬁdrte dathefat@tareﬁescﬂed@i wer.e

reterred Ao gieRl, SN TH1aE © d0BT el G, (BoBALBEHF ap o
13, tested cmbiyes tipronof f adsbrpRpna andy Ifiidittragfion,ni prontdeds bhet
the pore size of the last element of the device is 1n the
\/ ~ preferred dlameter_ range and that adequa_te prefllt_ratlon
' - has been proivded to . prevent gels, microaggregates .and-
other components present in the PRC when it is recelved
from the blood bank from reachlng the last element, _
. Subject matter from this _app:_l__1cat10n is 1nc1u_ded_ in
U.K. Patent Application No. 9110882 -direct'ed to . a device
for separatlng one or more substances. from a fluid to be -
admlnlstered to a patient, the device comprising a housing
1nc1ud1ng an inlet ‘and an outlet and defining a fluid flow
"path between the inlet and the outlet and a separatlng-
element disposed within the housing across the fluid flow
path and including a downstream surface, wherein the inlet |
) communicates with the housing near the bottom of the
K/ . housing and' ups'tream'from the separating element “and
wherein the housing further 1nc1udes passage means for
.allowing air in the fluid to separate from the fluid, the
passage means being disposed downstream from the -
separating element and communicating- with the outlet near
-the top of the housing, the housing including a wall
facing the downstream surface of the separating element
.and defining- a plenum, "and the passage means including a
slot disposed in the wall and communicating between the
plenum and the outlet; U.K. Patent Appl’i‘cation_'No.9110881
directed to a method for determining the wetting



-76- preferred, with 4 2 m cronmeters nore. preferred. (b) Based on _
exanpl es 86 t o095 of Table 14, an upper limt of ‘6.7 mcroneters was seen as.
preferred, with-6.3 nmicroneters nore preferred. As a lower limit 555
mcrometers was preferred, with 5.8 mcroneters nore preferred. (c) - The'
data presented in Table 10 suggest a: r@g_e. no narrower than 6.1 to 6.6 .
m croneters as nost preferred further, since the results for Exanples ;
.66-73 of Table 9 10 are far better t han- any .product available as of - th|

witing, ahgsscospisEied erepear bb%&s%eblﬁdﬂ&me?ieiﬁgl 8 qu Eh% ot (d)
FlnaIIy, a review of exanple 9- 34, 58-65, 66-73 5an 0 taken-

t oget her i }RAR%Ht 8B€a°F5 m%@efde?qa-ﬁi ‘?%m@%ch of . @t 81%?%? ofEPefd fz?ﬁ@néf nor e’ X
preferred 1oqgpaef ﬁakz(inﬁ 7 gii i exemiter Sbufls - il dsedyt ovspaced, srdaceone -

phys: ci ans, pref et 8cuss Al fy e300 98T G PAL SRS ST hoSGa 1

. di sabrlrtl thai'l assema,” a erred pore
" shoul d be ¥#f mhecesseals. remamncbgbh 8r ProCe sishanrk ey @ﬁntWQerlamUGM

listed. abqv&han%&efh@rorueqrrgangerfscé tt‘ér&fﬂrf:roaﬁber§s Ao TR TRA of
“this range is preferred for: use. with hggent y drawn PRC,  whil e the upper
P

part is. preterrBgAym.usid t hthg BfF MRE detndesUnked PR EERIDI es
107 to 16&gpsebcdabbr 160 .98287plepdiedcitedt he;osame rmeﬁeeeasfexanmrm 19 -

to 34 exce t that the el prefil a
“scrubbed a i ﬁl‘%‘é Cthheuérne;’j‘oser%g"oé::gﬂgtgg| nedﬁ%o OOEsu%faé: ({] % Eggl%p es
107- 119, vm@plepagedawtﬂrenetsurfflaeélrm(ﬁa‘qmd onandndthaddcv\sbr@fu%z

dynes/cm- @é’zﬂ@ﬁ€§ 12&&-&&@?& CoRRY | sg18k81pNt Scd’ﬁ'th%‘llé‘dceatmie‘ﬂrsmn,

den81ty and pore size with the second element 1nterposed' v

L 4

- between the first and third elements, -each successive
element-having a-smaller pore dlameter.than that.preceding'
it,-the”first'element including.meens for-removing gels,
the_e,second element 1nc1ud1ng means for -remov1ng..
miCroagqregates, and the th1rd element 1nclud1ng means for
removing leukocytes ' : - '

_ Subject matter from thlS appllcatlon is also included
in UK Patent Application No. 9202881 ‘directed to a device
for the depletlon of the. leukocyte content 0of a blood
product comprlslng at least . one ‘integral element of

"non—woven fibres disposed in a .hou51ng and preformed to
closely ' controlled. dimensions, dens1ty and pore 51ze,'
prior to said disposal. - | o NS



‘the gel prefilter, were radiation-grafted (using m xtures of HEMA and MA
and a mnor ampunt of tertiary butyL®3¥ - al cohol to assist wetting) to
nodi fy their COAST val ues . -77- over the range from63 to 109 dynes/cm
‘Except: for-the absence of surfactant fromthe gel prefilter, and their

varying: CWST val ues, Exanples 120 to 168 were equal in constructionto
exanpkey, 19 to 34. 5 Al of the exanples 107 to.168 showed 100%-
rempvay’ of Ieukocytes for the first unit of PRC passed, and the average

eff|C|ency In each group listed in Table 16 for the second unit exceeded
96% 1.t i's seen in Table 16 that clogging prior to passage 10 of two unlts
occurs W th greater frequency when the CWST of the filter mediumis bel ow
75 dynes/cm. This may be related to the surface tension of- the PRC, which,
as noted above, has been reported to be 73 dynes/cmfor the plasma and 64.5
dynes/cn1for the red cells. 15 Based on the data of Table 16, a
preferred val ue of the CWST of filter
more preferred value is in excess of 70 dynes/cn1 and a still nore :
.preferred val'ue i.s in excess of 75 dynes/cm It should, however, be noted
~that the data for all of the 20 exanples are better than any product now on
~the market. During the course -of preparing exanples 1-210, filter
assenblies with CAST's of 54 dynes per cmwere nade and tested with
satisfactory results; however, CWST values only two units different from
untreated PBT fiber.are 25 considered nmarginal with respect to nalntalnlng

consgi §tent perfornehce, hen;e 54 dynes/gmis_a less prefvr H
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_____

of'the CWST. The needl ed méb'used-in exanples 169 et seq was. scrubbed priOr'
to use to renmove the fiber lubricant, 30. rinsed with water, and then

~dried. The.nelt blown web used was. unl'ess otherw se noted radiation

grafted to obtain-a CWST of 64 dynes/cm Preformthickness was measured
using a 7. 7 cmdianmeter anvil and with an applied pressure of 4.3 g/[err]
35 “The filter assenblies used. #n-exanpl es’ 169-186, - . -78- pres nt___ed _

in Table 17, conprised three preforns. .For preform nunber one, the 23

m cr onet er needled non-woven web descri bed above was hot  cal endered to- a '

thickness of .076 cm  For preform nunber two, a |.ayer of 5 23 microneter
~average fiber dianmeter. .0077 g/[err] needl ed non-woven web was |aid over a

20 m croneter average fi ber di ameter .0081 g/[err] ungrafted mel t bl own

tmeb and the two hot cal endered in assenbly to a thickness of 0.102 cm The

above two preforms were conbined in the order listed, 10 prewetted with

‘\rsopropyl al cohol, and air passed at 0.5 cns/second; pressure drop for ten

such assenbl i es ranged from5 to 7 cns.of water ‘col urm. For pr ef orm nunber

‘three, seven layers of melt blown web were used. In order, these were: one
‘layer of 3.5 15 -microneter diameter fiber at .0069 g/[err]; one |ayer of.

3.0 microneter diangter fj ber at .0052/[err]; one layer of 2.6 mcroneter
di.ameter fiberl.ak . ,0Q8B._Of L8 LI . dndsif ofr. llayers|ofs 2.4 m criongt ex| faiber
.- g' oS b-{ B -3 ga*e el ool owl orl 22 E -3
- dianmeter at 3§88 2d| F&l AT| BB StiagelrS® %J§° 8| 130y &~ SEpBEnEYr 27] §4
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In the above construction, the first and second preforns together
constitute a first el ement,
three layers of the third preformconstitute the microaggregate renoval 25
_ _ | eukocyt es
The last four |ayersgqgl the third preformconstitute the

el enent, although this 'elenent also contributes to renoval

by adsorption
adsor
di anet

on el enent.

el enent, and the
three m croaggregate

I ayer of an open pored ungrafted separation disc.

denot ed the gel

prefilter el ement.

of

The first

In order to neke it possible to determine the pore
s of the three layers which constitute the 30 m croaggregate

pore di aneter of the adsorption el enent,. each of the _
- layers was underlaid prior to hot conpression by a

The .004 cmthick

separation discs had an average pore diameter 35 greater than about 100
- 79 significant effect on performance of ‘the

m*roneters,

assenblies so
neans, the |la
di aneters by

had pore di amg

remai ni ng gro
mcronmeters a
had-a total t

housi ng wi.t h ra
the el enent as
wer e perforned

./

TABLE 2

Fluid Flow Data

Praming Pressure

Time
Sec

Blood Bag.bata

o o 5

@
=

Unit

Blood
Hold-Up
Volume, cc  No

Rate,

End Flow
cc/min

Hlead, Inches.

.Start_ End

Hema~
tocrit,
L

No.
Bags . Age,
Used Days

u1
n

'ota
art

No.

_Example Weight, G

13.5 40

16

19

*19

—-ed

82 33 22,5 138
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-~ 15 usi'ng PRC 24 days old. Al six tests successfully nmet the crlterlon

~ noted above (i.e., less than 30 cc residual with pressure head of 115 cm of
‘water and flowrate < 1 cc/nminute). Exanples 175-180 were performed wth

PRC of average 20 age 34.5 days; five of the six tests met the conpletion

~criterion. Exanples 181-186, run with two day old PRC, net the conpl etlon
criterion, and nore inportant, show 100% effici ency of -1 eukocyte renmoval.

“for -the first unit, and an 25 average efficiency of 98.8%for the sec d
.unit. Exanples 1- 168 descri be devi ces ‘for use in renoving | eukocytes from
PRC, but these exanples are—gg*ected primarily to use with relatively fresh
(recently drawn) PRC, and are better suited for appllcatlons in which fresh

30 PRC. is used. O nore.than 100 units of PRC I'isted as used i'n exanpl es.

.1-168, only- six mor e t han 20. days ol d were used with filters of the type = ¥
which are the subject of this invention. -Of the six, two which used 29 and -
30 day ol:d PRC cl ogged prior to conpl eting delivery of two units. 35

I'n U S hospital practlce ',oa ulated with -80- CPDA-1 is A
pernmtted to be used aftpr| . p to 35 days. Persons . '
know edgeabl e of U.S. bq - 3 (§e> wer e questioned on the pr oport| on
of CPDA-1 PRC used whi §8i%. n 1%- 20 days of age; the nean of their
5 estimates was 40%  £Ehe, hprifies estimted that about 80% of | aII ,
t ransf usi ons use two" UEL.‘ S wie| lesdjt he rermi nder use only one. It -
less practical for nost, (ft Sjtojcajry two kinds of |eukocyte depl eti on :
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devices;, one for fresher and the other for older PRC. 10 .Thus, to be nore
practically useful, a device intended for use in hospital bedside service
shoul d experience at npst a very small. proportion of instances in which the
device clogs prior to delivery of two full units of blood, even if those
units are near or at the outdate limt beyond 15 - which they .may not be -
used fqQrjtransfusions. The sane device nust have high renmoval efficiency
wi.t h P of all ages preferably over 99.5%to 99.9% for the first. unit
passed, and over 95 to 99% for the second unit passed. The test articles
used for exanples 1-168 are simlar 20 to the test articles of exanples
169- 210 i n-that needl ed non-wov pf the sane fiber diameter and. weight is
used to fabricate the gel prefil and the nelt bl own conponents are
geferal 'y similar with respect to pore size range and CWST, but differ with
respect to the node of use 25 of these conpenents. The gel. prefilter of
-exanples 1-168 uses a single layer of needl ed non-woeven, whereas t'he
conponent s of the gel prefilter in accordance with exanples 169-210

preferably use two | ay ot! sekdl.pd Non-woven, in 30 addition to a thlrd
| ayer of melt bl own - & ﬁﬁeﬁ? =H1e densities of the gel prefilter of
exanpl es 169-210 ared nFia | ylgreater than those of exanples 1-168,
and.the pore di anet egs spal{er} Ip exanples 187-199, shown in Table 18,
the gel '35 prefllteﬁ= anplkpsel<p8 was tested in conbination with 4 4
-81- the mcroaggregal fjlter andjthe adsorption el enents
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© 169-198 is |lar

of exanpres 169-186. By assenbling the conbination into a test housing
wth th = 0.372 cm the gel prefilter.elenent was conpressed to .09 cm as
in exanples 1-168. 5 Exanples 187-198 are thus identical with :
exanpl es 169-186 w th respect- to the configuration-of the nicroaggregate
prefilter el ement. and the adsorption.elenment, and differ only with respect
‘to'their gel prefilters. The average age of the-PRC-used-for-testing 10.-is
‘essentially equal for both, respectively 29.2 and 29.3 days. The gel - &)'
prefilter of exanples 169-186 shq*gg only 1 of 12 clogged, for a 92%
. success ratio. Exanples 187-198 ich had been assenbled with the gel
.prefllter of exanples 1-168 showed five of twelve clogged for a 58% 15
success ratio. | pen&orlty of the gel prefilter of exanples 169-186
for use mnth Ql ém : igz| therefore, clearly denmpbnstrated. Conpared with _ -
| & di ameter of the adsorption element of exanples
n 20 - a preferred pore diameter in excess of 6.5
1- 148 show preferred ranges of ~pore di ameter in
rﬁ%roneters respectively. The effect of using _
adsorptlon el ements on the ability to successfully S
pl.ddr PRC i s shown by exanples 199- 210, shown in
f&@red in the same nmanner as exanpl es' 169- 186,
mtYnpri sing the m croaggregat e and adsorption
bssdqd.to an aver age density of 0.192 g/cc, and the
' a J0 pore diameter in three tests of 5.1, 5.2 and
is'lina preferred range derived. from exanpl es 1-168

mcroneters;
excess of 4,

pass two unlts§
Tabl e 19. The
except that t
- el enments was hat.
adsorption ele
5.2 mcroneter

for use with fr °RC. |The th setting of the housings used for exaaneQ )
199- 210 was adj SUCF t hat the gel prefllter elenent was _
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35 conpressed at assenbly to the sanme thickness as in. . -82- exanples
169-186. Average age of the PRC used in exanples 199-210 was 29.2 days .. .
The data show that nine of twelve c¢logged, for a success ratio, of 25%.
This conpares with a ratio of 92%5 for exanples 169-180, indicating the
de5|rab|I|ty of the larger pore diameter of exanples 169-186.

Conseqyehtly, a preferred pore dianeter range of this invention is greater
than 5.2 mcronmeters. Insofar as the upper end of the range is concerned,
10 it is believed that the pore Laneter of the adsor ption el ement could
be increased to wel|l above 10 mitroneters while ai nt ai ning substantially
equal efficiency; however, we have not explored t he range above 8.2.

m cromet er di anet er, becayse ,of he ndesirability of increasing the 15
hol’d up vol ume for fi = db?lt ny) of still fewer instances of. :
cl ogging with verﬁ“lgg g thel ess, it should be understood that a
device with pore ga itng Iarger 8.2 nicroneter, or l-arger than 10
m troneters, moulﬂ alll wthin fhe pcope of this invention. 20 Human -
bI ood, both |ntra3= rﬁp s & R paseal-, wi || under sone circunstances form
rouleaux ‘a term bl i"¢d’ 8o the cpndition in which the 7.5 nicroneter
di ameter by 2 to ﬂlggro tef thickired cells adhere to each other in a
geonet ris confi guglhti YR 63883 NSk rol | of coins. 25 Roul eaux tend to
formin the humang gggmaﬁ ﬂfreeilf" f viral infection, for exanple
‘influenza, or. thedkcompon|colld, 4nd bome belief exists that the inability of
.roul eaux to pass throdghithe smgl | ef capillaries of the _
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circulatory systemcontributes to the nuscle disconfort 30 acconpanying

“these infections I n the human
i n-di amet.er under nor nal
i ndi vidual cells deformreadily.

bOdy,

conditions pass.red cells freely -
| f ol-der

: as the
bl ood tends to formroul eaux,

capillaries . |ess than 7.5 mcroneters

then this phenomenon may account for the | arger 35 pore dianeter reqU|red

~ to prevent clogging by older b
‘invention. Earlier in the appli

wi del y accepted that the renova

adsorption, rather than by filt
i hvention confirm that
~lead to the discovery that,
- they can be renoved with equal
.blood loss due  to

ood
cation, i
of
ration.'!

| eukocytes are renpved by adsorption,
parfﬂéhTarly for relatively recently drawn PRC

t- was -stated that' " it has bee

Ieukocytes i s acconplished by

this _
but also

-The: djscl osures of

reduced

83 of the adsorption el enent of this

or greater efficiency and with

hol d-up - by . a combi nati on of adsorption and

f the |ast elenment of the deV|ce

filtration, prOV|de .thq} thg pgre s)ze
~is-in the preferrg r or apoe an@ tHat adequate prefiltration has been .
proivded to preve g | s, cro ggregate and ot:her conponents present in :
t he PRC when .t i ved frofh thel bl odd bank fromreaching the last. -
el enent .. Subject t hilse appld cgtion is included. in UK Patent
"Appl ication No. 91 cted to h deyice for separating one or nore
- substances from agl!yik e adnminjstergd to a patient, the device :
conprising a. housu ¢ Bng@ udj By gngin[-@ gnd an outlet and defining a fl ui d
fl ow pat h between Jd hge and|tde ptl dt and a separatlng elenent
disposed within tig H acrgss the fljuid flow - )
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path and |nclud|ng a downstream surface, wherein'the |nlet communi cat es
with the housing near the bottom of the housing and upstream from
the separating elenment and wherein the housing further includes
passage neans for allowing air in the fluid to separate fromthe fluid,

t he passage means bei ng di sposed downstream from -the separating
el enent~and comuni cating with the outlet near the top of the housing, the
-housi n |nclud|ng a wall facing the downstream surface of the separating

el ement and defining a plenum apg the passage neans including a sl ot

di sposed in the wall and comunfc&?i ng between the plenumand the outlet;

U. K.. Patent Application No.9110881 directed to a nethod for

‘determining the wetting .characteristics of a porous nedlun1conpr|5|ng
applying at |least one or nore drops of each of at least two different:
liquids having diffeken ut | cljosely spaced surface tensions to
different 1 ocations onxh@ wpordyss nedi ym and i f necessary repeating this
‘process until of two th ied qmt¢|ne|;hbour|ng surface tension, one is
~absorbed into the nedFgi AR pther is not and UK  Patent
Application No. 912378:5>i§”w§ dasf @8la device for the depletion of
the |eukocyte conte E albl dod prodluct conprising at |east first,
second,. and third 8rolis ¢l enent preformed to .closely controlled
di nension, . density aga le| sé glewmwl tolp]t he second el enent i nterposed
between ‘the first g t-hifrd | eFenepts, each- successive el enent haV|ng
a smal | er pore di amet g} gt anith p'ec¥dlng it, the first elenent including
means .for renoving geE f§§ §Se€€1@§ el ement including =~ means  for
_remgylng nlcroaggrega $ﬁ ang @ﬁemr1wwq el enent including means’ for
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at least one
prior to
[err] CO %er]

si-ze,

mwuv.

“oz}s uq..uua_vum axe ‘19430 IV ‘eofasp 9z} A[OPV.

001

008t

[err]

[err]

[err]

conpri sing

[err]

density .and pore

[err]

neld

[err]

of a bl ood product

[err]

SubjeCt matter fromthis application is also i ncl uded.
of non-woven fibres disposed in a housing and préfqrned

[err] 4__

ferr

[err]
[err]

controll ed dinensions,

el enent

to closely
0 B .

[err]

in UK Patent Application No, 9202881 directed to a device for the depletion

of the | eukocyte content

i'nt egral

[err]
[err]

removi ng | eukocyt es.
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1 .-[err] [err] O [err] [err] [err] [err]: [err} [err] [err]
[err] [err] [err] [err] [err] [err] ' '

[err] -0 [err] [err] [err] = [err] . [err] O ' [err] [err]
-
o/ .
457
v
~ Table 10
Example Numbers ] 19-34 96-97 58-65 66-73
DOWNSTREAY | Fiber Diameter : 2.6 4.5 4.5 4.5
micrometers, ’ :
ELEMENT - _ : o o o
Thickness, cm - 0.152° | 0.145| . 0.251 0.277
DATA - o : o '
‘| bensity, g/cc 0.167 0.270 0.252 0.229
g_/ - _ Pore Diameter 6.1 6.6 - 6.9 7.4
R micrometers - ' : :
Surface Area, ) 3.29 | o3.13 ) 4.07 4.07
Sguare Meters :
No. of tests failing to pass 0 0 o 1
two units - - : _ _
Average efficiency for first  |100 100 {100  |1o0
unit, % N g _ . :
Average efficiency for second 99.9 - l100 99.2° 95.1
unit, % : - ' : ' _
Average hold up volume of . | 20.8 | 20.4 22.3 24.2
pediatric device, ml : : . : .
Average hold up volume of the 36.1 '35.7* | 39.2 43.3* .
adult size device, cc _ ' _
o . Volume of the fibrous elements, 27.1 26.6 33.3 35.5
- cc S ' '

'Esgimated datum
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Tabl e 10 Exanple-Nunbers
- 66-73 DONNSTREAM  Fi ber
4.5 mcroneters, ELEMENT Thickness,
. 0.277 DATA. DenS|ty, g/ cc S

D anet er . 6.1

Area, . _ - 3.29

tests failing to pass

D anet er

cm -

. 0.167

_ 6.6 6.9
- 3.13 4. 07

' 0 _ g; 0
i 100

Average efficiency for first
unit, % Average efficiency for second
"95.1 unit, Average hold up vol urmebvxf13

24.2 pedlatrlc devi ce,

'19-34  96-97 °
2.6 4.5

0. 152

0.270 0. 252

53-
4.5

0.145
- 0.229 Pore

65

0. 251

7.4 mcroneters Surface
4.07 Square NMeters No.

0

1

100 100
99.9 100 - .
20.4

20 .8

m -Average hol d up vol une of t he

two u
100
99.

.36.1

h{&s _

2
22.3

CloggeB. 5 ccaiafbsin mat ed datum .

35. 7 33xsmole éé.s?ztyadulimémeesdevw%f Fe3t Y0 Ung, @f:d he fibrous
. elenents, No. la/ce  26.6 cms 33 3
[err] [err] [err] 2 | . |
' 102# - 0.17 © 0.152. 0 _" 6.1
103 0.19 . 0.137 0 4.7
104 0.21 0.124 o 4.2
105 0.23  0.112 - 25 3.8
0 0.102 50

106

. *average of the

.25

data of examples 19-34.

3.6
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Tabl-e 13 Exanpl e
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% of Tests

Thi ckness,

QG ogged
6.1.103

[err]
[err]

Density,

F2 Pore No.

[err]

cMs

g/ cc

0.17 "0.152 0

102*

[err]
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4.7 104
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Example - COWsT | ~ Nunber of units passed prior to Numbers

dynes/cm ° cl ogging 0 1 2 (no clogging) 107-119 _

52 , 1 -3 9 120-125 . 63 0 -3
12 126- 140 ' 75 _ 1 ' 0 14 141-156 .. - 87 .
0 0 - 16 157-168 - 109 " _\y»y\- o - 1 11

[err] .[exr] 4 [err] [err] [err] [err] [err] ﬂg%r] [err] - OJerr] [err]
[err] r] lerr] [err] [err] .

- Table 16
B2 | - ‘
- 1 ' ' 2 3 4 5 . .
e -  Bxample ., CWST Number of units passed prior to
Numbers dynes/cm _ clogging
_' . 0 | 2 {no cloqging)
107-118 - 82 1 3 9 -
120-125 63 0 3 12
126-140 75 1 6 . 14
: 141-156 87 0 0 16
1157-168 109 0 1 ou
o
<



. [err] . [err] [err] {err] [err] [err] Oferr] [err [err] [err] . [err]
CLAIMS 1. A device for. the depletion.of the | eukocyte content of a.blood
product conprising at least first, second, and third porous elements wth
the second el enent interposed between the first. and third el enent s,
~each successiwe el ement having-a smaller pore diameter. than that precedlng
t, - the first el ement including neans for renoving gels, the -second-

el ement  including nmeans. for renpvi ng m croaggregates, and the‘k@ird
el enent including nmeans for renovi®@ eukocytes, and at |east the third
el ement has been nodified to a CW&T of fron1greater than 53 dynes/cm to
Iess than 90 dynes/cn1= ' :
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2. The device of claim1 wherein all of the elenments have prior to - '
assenbly been conpressed to controlled t hi ckness. 3. The device of claiml,
wherein the porous el ements are such as to provide prior to clogging a
capacity of least two units of blood product of any age up to and
including its pern155|ble limt for hurman use. 4. The device of claim3. |n
whi ch /The total voi ds volune of all the elenents i's | ess than 28
milliYfers. -The device of claim 3 in which the total internal voi ds

vol une of the device is less than 35<5%g1il iters. 6. 'The device of claim3.
in which the total volunme of the de is less than 60 mlliliters. 7.
The device of claim3 in which the porous el enents are fibrous and total
surface area of all the fibers is less than 4 square meters. 8. The

device of claim3 in which the total surface area of all the fibers is |ess

than 3.5 square meters.| 9., [The deyice of claim?7 in which the pore
diameter of the third glengnt is in the range of 4 to 8 mcroneters. 10.
The device of claim8 in Eﬁgich t has|porse ﬂlaneher«oh the thirdselement is in
the range of. 4 to 8 mgr ters. 11.° Th® device of claim1 or claim3 in
which at |east one of th %owponent elemgnts prigr fo,assenpl % has Jheen
-conpressed to control | gd i tkness| 12. " The device of claim 1 wherein
the first elenment inC|Ud"£‘9t\AD._QL_m1Le_IIEE.DS_LQI_Le.IIDAU_ﬂg_gELS_J.3— The
device of claim1 wherejn the figrst], second and thlrd rou§ gl egents are
preformed. 14. The devjce of ckaith 1£i R wRi ch Che"thir ement has a
pore dianmeter in the rahge _o{ fworalabout 4.to about 8
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mcrometers. 15. The device of claim 14 in which the third el ement has a
pore dianmeter in the range.of fromabout 4 to about 5.5 mcroneters for
processing a bl ood product of age 2 to about 5 to 10 -days. 16. The device
-of claim 14 in which the third elenment has a pore dianmeter in the range of
fromabout 6 to about 8 micronmeters . for - processing a blood. product of
age in excess of about 10 days. 17. The device.of claim13-in which thge
first element in the series conprises a needl ed fibrous structure. o
C L M S * 18. The device gf..claim 17 in which the first el ement has
been hot conpressed to controlled I ckness. 19.. The device of claim 18
in which the average pore di aneter of the first element is such as to’~
requi re, when prewetted by isopropyl alcohol, a-differential pressure of 4

. to 7 ¢mof water colunn tpp induge alr.fIQM/through it at the rate of 0.5 N A
cn second through the frrpt elefgent. 20 The device of claim13 in which .
" there are at |east twgt nk er pos¢d al elent s .coppri sed Qf porous ngdi a whi ch.
in-at least three spanp in "approximte geometric progression *
the pore dianeter'rdngaqo fron1about°25 tQ about 10 microneters, 21. .The
- device of claim13 ijn ch t héfle ar esat 1éasf tho |nterposed el enent s
-conpri sed of porous me |a havi n -progreSS|ver st epw se decreasi ng pore
- dianeters. spannlng e rpngg off Trom about 25 to about 10 mcroneters. 22
The device of claim|l3 in vvhﬁch“thé’ Bore d?af?et‘ér Df “a §’i nyl &€ i At er posed
. el ement var|es_progresqivnlyustcnmnQP : : :
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fron1about 25 m croneters. down to a pore dianeter in the range—of from

about 10 to about 15 micronmeters. 23. The device of clain113 in which a
surfactant has been added to one or nore of the el enents. lwmml"mmmﬁ”",
of claim 23 in which the ‘surfactant. characteristics are

i nduce a surface tension in the range of .\e&yt 55 to 45 dynes/cn1|n a B odd *
producf{ “processed through it. 25. The device of claim13 in which at |east
one of\fhe el enents has been nodified to a CWST in excess of about 59
dynes/cm 111111212121221121211211211111116A4$%6111121111111111111 26. The

devi ce of claim 25 in whichat |east one e of the el enments has been nodified:

to a CWBT in excess of 63 dynes/cm 27 The device of claim25 in which
at | east one of the elenments has been nodified to a CAST in the range of

from about 5p, tQ\3ri’é’s¥'ic35f8|i/“€ﬁéCﬁbpiétm?ih%fd%ﬁéeléﬁk&éﬂé”é’c?nté‘n{{"“bfh at

| east one of the el ements has been modified to a CAST.in " the range of from"
about 55 to abQkCP0 BYRBYLEM CHVPT1IFHRI (AL cdedftel QH?FES secafdt chand

| east one ofthiwa epewduss elfb’ﬁfEnﬂEeﬁltﬁurﬁlfﬁleseﬁﬁﬂﬂf iAkmdiit EXPEBpbeedt O

an energy saurce whilg in con @act n ntalnln e
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noi ety Capabi@ Ofth%thi/ﬁétOEIQerﬁ'E qr}ﬁ'fﬂYdﬁﬁ”ﬁ@an§ofor ThénowiBd Ce18f
claim- 13 in which the effective ¢ross-sectional area_of eac of t he
elenents i s tnpexc%%%on element 1nc1ud1ng means fqr remov1ng
o _ m1croaggregates, and the third element including means for
" . ' removing 1leukocytes, and at 1east the third element has.
' been modified to a CWST of from greater than 53 dynes/cm.

to less than 90 dynes/cm.

2. The device of claim 1 whetein all of the elements have
prior to assembly been compressed to controlled thickness.

3. The device of claim 1, wherein the porous elements are
" such as to provide prior to clogging a .capacity of at
least two .units of blood product of any - age up to and
1ncludlng its perm1551ble limit for human use.

4. The device,of claim 3 in which.the total Voids'volume-
Ao - of all the elements is less than 28 milliliters.

5. The device of 'c1a1m. 3 in which the total internal
voids volume of the device. 1s less - than 37 milliliters.

6. The device of claim 3 in which the total volume of the
device is less than 60 milliliters. '

? 7. The device of claim 3 in'which the porous elements are
fibrous and total surface area of all the fibers is less
. than 4 square meters.



-oT 54 square centlneters 31. = The deV|ce of cIa|n130 in which the totaI

\mmm Hllm the elenents is less than 28 nilliliters. 32. The :
n |1mn i n-which the total internal voids volume of the device
ss tthaM 37 nflliliters. 33. The device of claim 13 wherein the neans

_for renovi ng | eukocytes in-the third E ment includes filtration nmeans. 34.

A devi ce for t he depletion of the leuketyte content of . a blood prOdot}
conprising - at {east one |ntegral el ement preforned of syntheti®

fibers, the rfaces - of Sal flb rs_hayi

greater than ée §ﬁ§§F8mQ. FEaim  faAng ¥H§%%s cn1t§%§P gﬁ%%ﬁgéléggg} ¢l ai'm
34 in whish ahe ﬁhémﬁrb@ase1bekessuthane3nﬁds§ueuetmetaﬁ§rease their CWBT
- by 2 or” nore dynes/cm 36: The device of cl'aim34 in which the CMBT.ts _
in excess of 59 dynes/cm 37. © The deyice af cIa|n136|r1%¥%ch the OWST is. ¢«
in excess? of EBed@eyd/Em °§8°13?ﬂ‘e HedPc & the, BRTR, (AANGEGheOFi ber s
~‘have beenisairébes noTkhért Dy £xpoRer eahgeasfenetgy 8smiccomebirs.in contact
.Wi th a nononer containing at |east one. hydroxyl- noiety-and one noiety
capabl e of ‘activation by an energy source, together-with a nononer

cont ai ni nko at  Thesdeyiaehyolf opAadic §roiat yﬂ'am dihe nevee ydtapabes of -

activati qn, ytﬁ{\r&B?:[&geﬁQU{QGJ.n?’@he faflg¥i 68 BOEot BemgeprbRibLaRsQf

| eukocytes Troma product conprising at |east one elenent in which. a
fibrous medium has*® been: .radiation-grafted -and thereafter hot. _
- Corrpr essepll fo fl‘ﬁémdiavﬁi.Qfé?rdflt clialifmerl Ebemal\m th anCihiich at 1least

one of the component elements prior: to assembly has been
'compressed to controlled thlckness : ' : _ : o d\‘j

12.'f The ‘device of - claim. 1 whereln the - first element
includes two or more- means for remov1ng -gels.

13. The.' de_vice o_ﬁ | c1aim_ 1 wherein the first, second and
third porous elements are preformed. '

‘14. The device of c1a1m 13 1n which the th1rd element has
a pore d1ameter in the range of from ~about 4 -to about 8
m1crometers ' '

15. The device of claim 14 in which the third element has

a pore diameter in the range of from about 4 to about 5.5 - 5#1
mlcrometers for proce551ng a blood product of age 2 to '
about 5 to 10 days C

16. - The device of c1a1m 14 in wh1ch the third element has
a pore d1ameter 1n the range of from about 6 to .about 8.
micrometers for processing a blood product of age in
excess of about 10 days. '

ol

17. The device of claim 13 in which the first element in
the series comprises a needled fibrous structure.
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of fromgreater than 53 to | ess than 90 dynes/cm. 40. The device of claim
39 in which the elenent has been nodified to a CWBT in the r ﬁl‘lMﬂE“[l‘|lll|
55 to 75 dynes/cm 41. The device of claim39 in which the ﬂlmu

been surface-nodified by exposure to an energy source while ih conttact® w’th*
a nononer -containing at |east one hydroxyl noiety and one npi ety capabl e of

act i-v@on by an energy  source, togeth@T-wi th a nononer -containing at
| east One ‘hydr ophobi ¢ noi ety and one noi ety .capabl e of activation by an

. viLce, «qf.. clal | b I i S,
erroy SOur s, (2 TRGASACHECRnluf 9 LGSR Ao EIRHE! STERb ip?
‘whi ch the syteerthet feopreseed becronburllied thigk@wes.in the range of

about 55 to 75 dynes/cm 44. The device of claim42 in which the fibers
have been surface-podified by source while in contact

Xposure to an ener
with a nononk?: colft& Mg Se Pgas‘ff?ﬂ’fg Hﬁjr&k‘yl'."hgfg’ét Ve d 336 396 ePYTE
capabl e of atiameteonoby the ehiersly ebement isogalcheras to thequimepnehen
cont ai ni ng - habi bety an &1V, C ' f :
activation r%‘%lggﬁée? ysg%géggpgg %_lggz‘g\}i.’cga- 19%1r ; |{%“etfeﬁé/nlg gpgg%lgfj&p?gduct
conprising at teadt crhiode yaiuscelenente, induceiasr Elewehhrevahosbdaht
least in parg¢n®fracdepdl @b fémyoeSoNEbEniB€gRCERBIE L SR el@NtENg a sral | er
pore size than the first, and the third elenment having a CWST of from :
greater than 53 to | ess than 90 dynes/cm 46. The device of - claim45 in .
whi ch the sez®nd Thendwvicenpof sedadtn I'Basinomhipﬂharlatemr akeelatnobeasten . - -
~ conmponent . two interposed elements comprised of porous media which in
\_ at least three steps span in approximate geometric
' progression the pore diametér range of from about 2_5' t_p'

about 10 micrometers.

©21. The device of claim 13 in which there are at . least
two interposed elements comprised of porous media having
prdgré_ssively- stepwise decreasing pore diameters spanning
the range of from about 25 to about 10 micrometers.

22. The device of claim 13 in which the pore diameter of
‘a single interposed element varies progressively stepwise
from about 25 micrometers down to a pore diameter in the
. range of.'from about 10 to about 15 mic_ro_meters'.

23. The device of claim 13 in which a. surfactant haS- been
‘added to one or more of the elements.

24. - The device of claim 23 in which the surfactant
characteristics are such as to induce a surface tension in
the range of about 55 to 45 dynes/ém iﬁ a blood product
‘processed through it.

25, - The dévi_ce of claim 13 in which _a't least one of the
elements has been modified to a CWST in excess of about 59
dynes/cm. ' '
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47.—The device of claim46 further tohprising"a third el ement with the

- second el enent di sposed between . the first and the third elenments and in.

V\hm,mﬂ"m{m the second and third el enents 'has been m)dlfled to
to 20 dynes/cm of the surface tension of the blood -

product.t ' *"CS M S -*_§ _The devi ce of claim47, wherein
. . sai d porous elenents are such as to ¢ Ststently provide prior to cloggﬁpg; B

- a capacity of at least two units of a.blood product of any age up to .a D

i ncl udi ng its permissible limt,_ fpr' mpn use, evi ce | ai'm. 45

in which &6-1 edhe oBeVEFet RE OHpbher éi’brf%‘?ﬂ%h hﬁE gﬁaﬁg assgen@f‘ Y been
Cormressedlbmematrnhéecbéénclmwsflﬁ) toThe dWSTe iof - ekaems490fn &hich
all of thﬁ nPonent elements have ‘prior to assenbly been ‘conpressed
to controPF8&5(ffekness. 51. The device.of claim45 in which the average ¢
pore diameter of the first el'enent is such as-to require, when prewet t ed by -
| sopr opy! 78l coligle &ﬁ‘v"'i«f:é%%ntéféuﬁf%sw& Whidnt at7 1e@sel oM &£ Cohem to’
i nduce flow of ‘air through it rat e of cns/ second. thro h the first ®
el enent. siemepts ham REH %?%?ﬁ?ﬁ ER hiIPh 1R BB BRRISr Gihef X2l ond |
and thﬁrdaﬁbﬁteﬁssthasﬁme1msxﬂjhaaYdmn a CWBT in the range fron1about 55
to about 75 dynes/cm 53. ‘The device of claim45  in which the second

'.elenent has been surface nodified by.exposure to an ener%% source mhlle In
‘contact wi2Bh a Thmodevicenofi reéhgint 27eakn WhikchyakolpRskoions Ahdthfe

i ety Ca@ﬁ%ﬁ%d@%iﬁ%é‘ﬁ%é&“m@ﬁlﬁﬂed to a CWST in ‘the range of from
abOut 55 to about 70 dynes/cm

-

© 29, fThe device“of_claimjzsfin'which~at least one of the
- elements has 'beent Surface' modified' by _exposure - to. an
~ energy source while in contact with a monomer containing
at least one _hydfdxyi"moiety and one moiety capable of
3 a'éti\fation by .an 'en‘ér'gy ' source, 'together with 'a monomer
.“contalnlng at least one - hydrophoblc moiety and one m01ety
~capable of act1vat10n by an energy source.

30. The device _of'5c1aim 13 in which" the  effective
cross-sectional aréa of each of the elements is in excess
of 54 square centimeters. '

31. The device of claim 30 in which the total voidst | \gJ
"~ volume 1n all the elements is less than 28 m111111ters.'

32. The device of claim 30 in which the total internal
voids'voiumé'of_the device is less than 37 milliliters.

33. The dev1ce of c1a1m 13 wherein the means for removing
leukocytes in the th1rd element 1nc1udes f11trat10n means.,

34, A device for the deﬁletion'of the leukocyte content
‘of a blood  product comprising. at least_'Onei-integral



énergy sour ce, togethér.mﬁth a nonomer cdntarning at | east ydropho?\“

noi.ety and a noi ety capable of activation by an energy sour \
device of claim45 in which the effective flow path conpri %ﬁg\“\i‘\“‘“ » e
three or nore elenents prefornmed prior to assenbly, each c L "
cross-sectional flow area in excess. of 5§-$guare centineters. .
1111113711111111112221111111111111111111 £ The device of claim48 or
claim in which the-total voids -volune of all the elenments is- less
than 28 m || gheleht pPefolRBadeyf Casytid@idN 48 HirsS! abAkS4su PeybE SN dehe
total internal ,voids volume is less than 37 mlliliters. 57. Th devi ce
of ‘claim 15348 fABPIRePaViBApRi TPAG L 18h APt nEF oM ﬁéeéﬁef‘nltgta“ar{’@ an
outl et and dagneswgmato flesisdthhawopadiynestAsean the inlet and outlet, the
fifst, second and third elenents being secured within the housing by an
‘interference fit. 58. A nethod for the depletion of the | eukocyte content -
of . a bl ood pBBductTherfirvitegof pasaing 3dhd mivwvichyrtiecfibprsufavendassyi ce
ofany. one oku¢lkacl® modPfB8S8a 0t Pf iak¥easeONenehirCl 8WE® 3hyt 02 3% 0 Rfreaany
one - of claing 39 to 44 or of any one of clains 45 to 56 or of claimb57..

- 59. A devP¥BeF4FMrhe depl etion of the |eukocyte content of a. blood"
:product substantially as herei nbefore described with reference to the

“acconpanyi ng,dr am,hgs. s 60, 1 h rsth | eti 0 .he . :

1 eukocyt e-coﬁgént o) daevqb_eoodgf nﬁggﬂc 28&%8%&%’[%?’&& f/a gﬁreye%i ABefOr e =S

descri bed wi pf b8f dvomsécme ~ -- o ' .
W _ '37. Thé device of claim 36 in which the CWST is in excess

df 63 dynes/cm,

38. The device of claim 34 in which the fibers have been
surface modified by_exposﬁré to an energy source while in
contact.with a monomer containing at - least one hydroxzyl
moiety and one moiety capable of activation by an energy
- source, together with a ﬁmnomer containing-at'least one
-hydrophobic moiety and one moiety capable of activation by
‘an energy source. ' |

39. A_devicé_for thé depletion of leukocytes'from a blood

- product comprising-ét least one element in'which a fibrous

(N medium has been radiation—grafted _énd. thereafter hot
" compressed to form a coherent filter element with a CWST
‘of from greater than 53 to less than 90 dynes/cm. '

40. The device of claim 39 in which the element has been
modified to a CWST in the range of about 55 to 75 dynes/cm.

-41. The device of claim 39 in which the fibers'have been
surface-modified by exposure to an energy source while in
contact with a monomer containing at least one hydroxyl
moiety and one moiety capéble-of activation by an energy
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source, together w1th a nmnomer conta1n1ng at . least ‘one
hydrophohlc mo1ety and one’ m01ety capable of actlvatlon byf

an energy source.

: 42;" The “device - of c1a1m 34 whereln _the element isf a.

multllayer element of synthetlc f1bers..

_43. The dev1ce of c1a1m 42 in which the 5ynthetic'fibere-
' have been modlfled to a CWST in the range of about 55 to

75 dynes/cm.

:44;” The deﬁice,OEfclaim[42 in uhich_the fibers have been

SurfaCe—modified by'eXPOSure to an energy source'while in-

,contact with a monomer conta1n1ng at least one hydroxyl

'mo1ety and one m01ety capable of - actlvatlon by an energy

- source, together ‘with a monomer contalnlng at least one

_hydrophoblc m01ety and one m01ety capable of: actlvatlon by

an energy source.fw

45. A device for'filteriugfa.blood-product comprising at
least three porous elements,_the-first_element composed at

‘least in part of a needled fibrous web, the second element

-having a smaller pore size than the first, and the third

element having a CWST of from greater than 53 to less than

' 90 dynes/cm.

'46. The device of claim 45 in which the Second-element

comprises at least one planar parallel non—woven.component..

47. The device of claim. 46 further comprising a third
element with the second element disposed between the first
and the third élements and in which at least one of the

second -and third elements has been modified to a - CWST

within about 2 to 20 dynes/cm of the surface tension of =

the blood product



AR

-\ -

48. The device of claim 47, wherein said porous elements
are such as to cbnsistently provide prior to clogging a
.capacity of at least two units of a blood product;of any
age up to and including its permissible limit for 'hum'an-
use. '

49. The device of claim 45 in'which at least one of the
component elements has. prior to assembly been compressed
to controlled thickness._

50. The device of claim 49 in which all of the component
~elements have prior to = assembly been compressed to
controlled thickness. '

51. The device of claim 45 in ‘which the average pore
diameter of the first element is such as to require; when'
prewetted by isopropyl alcohOl,'é'differential pressﬁre'of

4 to 7 cm of water column to induce £low of air through it

at a rate of 0,5 cms/second_through the first element.

52. . The deiice of claim.47-in which at least one of the
second and third elements has been modified to a CWST in
‘the range from about 55 to about 75 dynés/cm.

53. The device of claim 45 in which the second element.
:has_been_surface”modified by exposure to an energy ‘source -
~while in contact with a monomer containing at least one
hydroxyl moiety and'one moiety capable of activation by an

. energy source, together_with'a monomer containing at least
_one hydrophobic moiety and a moiety capable of activation

by an energy source. '

54.  The device of claim 45 in which the effective flow
path comprises, in part, three or more elements preformed
prior to assembly, each with cross-sectional flow area in
excess of 54 square centimeters. '
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iv01ds volume of all‘ the elements his _less _thani_za
milliliters. R S o L 2

56. The dev1ce of c1a1m 48 or c1a1m 54 in wh1ch the total
j1nterna1 v01ds volume is less than 37 m111111ters.-

57.'f The dev1ce _of c1a1m 1 and further' compr151ng -a
-hou51ng 1nc1ud1ng an inlet and an- outlet and def1n1ng a--
fluid flow path between the inlet and outlet, the first,
second and th1rd elements be1ng secured w1th1n the hous1ng :
by an 1nterference f1t o Lo _\42

58; A method for the depletlon of the leukocyte content T
of a blood product compr1s1ng pass1ng the blood " product. " '
.through the dev1ce of any one of cla1ms 1 to- 33 or of anym-
one of claims 34 to 38 or of any one of clalms 39 to 44 or
of any one of c1a1ms 45 to 56 or of cla1m 57. . -

59;: A dev1ce for the depletlon of the leukocyte content B
of a blood product ' : — '

- '_substantlally as herelnbefore descrlbed w1th'
'reference to the accompanylng draw1ngs. '

So,h A method for the depletlon of the leukocyte eontent .}ﬁﬂ
of a'_ blood product — ' ' — |

| substantlally as hereinbefore descrlbed w1th reference to - f—F_:
" the accompanylng draw1ngs -and/or Examples. o |

' (i_oé70)_.



