-1- DEVI CE AND METHOD FOR DEPLETION OF THE 5 ' LEUKOCYTE CONTENT OF
BLOOD AND BLOCD COVPONENTS TECHNI CAL FIELD: This invention relat§933¥} \
met hod for depleting the 10 |eukocyte content of whole blood an ro s
"derived therefrom particularly from-hanen packed red bl ood cells including
cell s_whi ch have been stored prior to transfusion for any period up to
theii)allomable storage period, and a device for effecting that depletion.
15 BACKGROUND. OF THE | NVENTI ON It has been the practice for 50 years or
nore to transfuse whol e bl ood, and nmore recently bl ood conponents, 20 from
one or nore donors to other persons. Wth the passage of tinme and

accunul ation of research and clinical data, transfusion practices have

I.mpr oved. greatly One aspect of current practice is that whole blood is
¥arely adnministered;, MEVIOE AND METHOD®OR DERIETINOGF @HB s are 25 given
~packed ged cells (L%n%dﬁfé N o Rrdt] S IR oMl o are
given platelet coTTe 2 ; Tromwhol e bl ood
Py centrifuging, the process prOV|d|ng, as a third product pl asma, from
whi ch varlg%ggggFggdggggggconponents are obtained. 30 In addition to
‘the three above-T1sted conponents, whole blood contains white blood cells
(known collectively as |eukocytes) of various types, of whi ch the nost '

i mportant are gfThds dowent iznd Helatiesctices mélthiod lﬁcxmcﬂepé.ldfarm dhede

pr ot ecﬁbonlégx@éd&?teb%trﬁérﬂ:l O%Svﬁl'oq. Vib13od '&fxﬁcﬁr‘aaucts derived

therefrom, particularly from human packed red blood cells:
including cells which have been stored prior to

_ transfusion for any period up to their allowable storege

_ period, and a device for effecting_thét depletion. -
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B BACKGROUND OF THE INVENTION

_ It has been the practlce 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, transfusion practices have improved greatly. One

. aspect of curreht practice'is that whole blood is rarely
administered; rather, patients needing red blood cells are

\_’ 25 given packed red cells (hereinafter PRC), and patients
- needing platelets are given platelet concentrate. These

. components are separated from whole blood by centrlfuglng,
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
collectlvely as leukocytes) of varlous types, of which

- _ the most important are granulocytes and lymphocytes.
Whlte blood cells provide protection agalnst bacterial
N 35 and viral 1nfectlon._ '



-2- Inthe nid to late seventies, a number of investigators proposed that
granul ocytes be separat ed fron1donated ‘bl ood and transfused into patients
~who | acked them for exanple, those whose own cells had been 5' overwhel ned

" by an infection. In the resulting inuegtigations, it becane apparent that
this practice is generally harnful, since patients receiving such -..(:}
transfusi on devel oped high fevers, had other adverse reactions, and :

7.generally rej ected the transfused cells. 10 Further, phe transfusfon'of
packed-cells or WhothebModdt@odamemsqyemmmes IeukmmuEaSQGan be harnful -to
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tIeveIs t o containing donor leukocytes can be harmful to the - :
recipient in other ways. ‘Some of the viral diseases- | ' \eJ
induced by transfusion therapy, e.g., Cytomegalov1ral '
Inclusion Disease 'which is a life threatening infection
15 to newborns and. debilitated adults, are transmitted by
the infusion of homologous leukocytes. ‘Another
1ife-threaten1ng 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 transfus1ons .
have also been indicted as adversely influencing the o
‘survival of patients undergoing surgery for malignancy of &,)-
25 - the large 1ntest1ne.' 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 1nc1uding 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
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prevent the undesired reactions, particularly in packed 30 red cells

“including those which have been-stored for relatively l-ong periods -of tine,
is an objective aof thi's-invention. In the currently used centrifugal

met hods for separating blood into the three basic fractions (packed 35 red
celts,._platelet concentrate, and plasma), the = -3- |eukocytes are present
in's tantial quantities in both the packed red cells and platel et :
concentrate fractions. It is. nOM/generaIIy accepted .that it would be highly
‘desi rabl e thnﬂdw;ﬁ:d&%ﬂeelﬁmﬁxﬂ: dﬂnmwsmmlofquama:ﬁsalmdodmﬁponent S
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Thi s approximates reducing the total conteéent of .| eukoc tes |n a S|ngle uni t
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- to the patient. 'This approximates reduc1ng the total

o content of leukocytes in a single unit of PRC (the
I\ . i .quantity of PRC obtained from a 51ng1e blood donatlon) to
; less than 0.1 x 109

£

.15 Defining a Unit of Biood and a-Unit of Packed Red--el s:

Blood banks in the United States commonly draw about
" 450 milliliters (ml) of blood 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
units are processed individuaily by centrifugation or by
o . gravity settling to produce one unit of red cell
~ 25 conoentrate in blood plasma, referred to-herein as PRC
(packed red cells). The volume of a unit of PRC varleS'-
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 .ﬁhich usually is in the range from 70% to 80%. Most PRC
units are in the range of 250 to 300 ﬁl but variation
below and above these figures is not uncommon.
Drawn whole blood may alternatlvely be processed by
_ _separating the red cells from the plasma, and resuspendlng
35 them in a physiological solution. A number of
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~ units are processed individually by centrifugation or by gravity settling
~to produce one unit of ‘red.-cell 25 concentrate in bl,ood plasma, referred
to herein as PRC (packed red cells). The volune of a unit of PRC varies.
consi der abl y dependent on the hemat oc+i4 £<percent by volunme of red cells)
- of the drawn blood, which is usually in the range of 37%to 54% and th
‘hematocrit of the PRC, 30 - which usually is.in.the range from70%to 80
Most  PRC units are in the range of 250 to 300 m; but variation beIOM/and
‘above tPMﬁﬁPhYQ&Pkggl%ahoﬁohﬂﬁbﬂﬂ%narﬁxénmuﬂholeTheonean91&St§pnat|ver be
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' _morld As uy@@tme¢é| e Heox:dm " bl ood - product™ i ncludes ‘anti-coagul ated
“whol e bl ood, packgsl uﬁh%réiﬁbéﬁéné‘é’rﬁh%fééd "bré@dctedif8ihgesepar at ed
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~ ornore thaéthebafitord50amd réd htellls sepmratedofesnrplashanahd is herein
. defineqpy HudBliAch R Biys PP6416H AGid, unit of PRC | -
' - In’ parts of the world other than the United- states, ,
blood banks and hospitals may draw less or more than about | k_i
450 ml of blood, herein, however, a““unit" is herein S
defined by the United States' practice, and a unit of PRC
15 or of red cells in physiological fluid is the quantity
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 w1th s1m11ar properties.- -
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Previouslg Available Means to
Remove Leukocxtes From PRC

The Spin-Filter system for obtaining 1eukocyte -
25 depleted packed red cells is described by Parrav1cin1,-
" Rebulla, Apuzzo, Wenz and Sirchia in Transfusion 1984,-_
24:508-510, and 1s compared with other methods by Wenz in
CRC Critical Rev1ews in Clinical Laboratory Sciences 1986;
24:1-20. This method is convenient and relatively
30 1nexpen51ve to perform. it has been and continues to be
used exten51vely.- However, the efficiency of_leukocyte :
removal, while' generally 90% or better; is not -
sufficiently high to prevent adverse reactions 1n some
patients. : ' S
35 Centrifugation methods ‘are available which produce
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15 -or of red cells in physiological fluid is the quantity derived from one
unit .of whole blood. As used herein, PRC refers to the blood product

descri bed above, .and-to simlar bl ood product s obt ai ned by ot her means and

with-simlar properties. 20 Previously Bveilable Means to Renpve Leukocytes
FromsRPRC The Spin-Filter system for obtaining | eukocyte 25 depl eted packed
red el ls is described by Parravicini, Rebulla, Apuzzo, Wnz and Sirchia in
Transf usi on_1984; _24:508-510, and is C pnpared with other met hods by Wenz in
CRC OriticaloReyi deyels BﬁlﬁPE&Pclﬁﬁﬁr&PoF?dSEPéﬁﬁes Webhese: axreo.  This

met hod is cmaweaaeakyapdobaaaisesehmaﬁ araevaeyscuetn Rer E@éﬂ‘htbt has been
~and conti nues,t g, be., ; ?d e t s vel # tkgmeverh EF % cie Sukocyte
renoval , mh??g gﬁgf t @6 P BEP 8? _§ ifoie FFCF nPP? h huﬁﬁ prevent

-édverse reawithmn RA honespatlents + - Centrifugation nethods are

avai | abl g- whi ch BEBQECﬁeth as- be“QéﬁkSEgEE 8&pi$ﬂ§§ﬁytéach”a§6d cell's, but

‘these are | aboratory groce ures to oRerate and
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at beds1de.._ _
10 A number of devices have been proposed in which
o fibers are pagked into housxngs, and whole blood passed
' through them in order to remove microaggregates and a
portion of the white cell content. These devices have
all required 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 #emove -.'_
leukocytes to below 0.1 x 102 per unit of PRC or of whole
blood. None are ideal for bedside use.
Characteristics DeSirablé in
a Leukocyte Depletion Device

_ An ideal dévice for leukocyte depletion use would be
. 25 inexpensive, relatively small, and be capable of
| delivering 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 oné unit (the product of a single blood
30 .donatioh) of red cells in which the leukocyte content has
been reduced to a total of no greater than 1 x 109, and
preferably to a level of less than 0.1 x 109. The
A capability_of delivering a full second unit 6f-packed_red
cells with maintenance of the high efficiency with respect
35 to removal of leukocytes is also desirable. Fufther,
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_economical, high reliability service, and cannot be used at bedsi de. 10
- A nunber of devices have been proposed in which fibers are packed into
"housi ngs, and whol e bl ood passed through themin order to-renpve

m croaggregates and a portion of the whigte cell content. These: deV|ces have

all required saline.to be applled ei ther before or after 15 use; or bothk.
before and after use. Further these devices have been poorly suited fof

use with PRC, in which they shew earl'y clogging. and often or always fall'sof-“

renove | eukbegauset ofbthewhlgh costdapdr limited aWRElabidfityhafe dddod.
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1 x [err], a t 1 | th
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=.'nalntenanceobﬂEGﬁeOﬁlghlgfﬁnvﬁeﬁéynMAth respect 35 to rempval of
Ieukocytes i's a'ﬁ@vﬁ@ésrﬁﬁﬁéh hEUEtB§5v1ous1§ been developed in
| 10 attempts to meet this ob]ective have been based on the

use of: packed fibers, ‘and have generally been referred to

as filters. However, it would appear that processes : - o/

'-UtlllZlng filtration based on separation by size cannot
: succeed for two reasons. Flrst, ‘the various types of:
15 'leukocytes range from granulocytes and macrocytes, which
~ can be larger than 15 micrometers, ‘to lymphocytes, whlch
are in the 5 to 7 mlcrometer and larger range. Together,
granulocytes and lymphocytes represent the major ' _
.proportion of all: of the leukocytes in normal ‘blood. Red
520. blood cells are about 7 micrometers in dlameter, i.e., in
size between the two major components which must be
'removed. Secondly, all of these cells may deform s0 as to
pass through much smaller openings than their normal
size. Accordingly, and because it can be observed by _ _
25 microscopic examination that leukocytes are adsorbed on a
_variety of surfaces, it has been Widely accepted that
removal of 1eukocytes is accomplished by adsorption,
'rather than by filtration.
Attempts have been made to reduce leukocyte
30 concentration in blood: by exposure to a variety of
h .surfaces,_including polyamide,'polyester, acrylics,_
' céllulosiCs-(e;g.,'cotton), cellulose'acetate,“andh
' siliconized glass wool. Fibrous deVices:available'to
" this date'have at best been only partially successful,
35 for the reasons described below. fAs;the problems'
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because of the high cost and limted availability of red blood cells, this

i deal device would deliver the highest possibl-e:proportion of the red cells
originally present in the bag. The device would simlarly be effective for
5 bl ood products which have been. stored for a relatively long period of
time,#\ncluding up to the date beyond Whfch its useful life will have
expi ied. Such a device is an object of this invention. Devices which have.
preV|0ust been developed in 10 attenpts to neet this objective have been

based on thea@ﬁéh&éneaéﬁeéhE'Qﬁfﬁleraﬂgvﬂ@¥§ Sf@efé$i¥wéﬁent§§fﬁéﬁﬁgrt0 as -

filters. However, it, wou ggear rogcesses utilizin | tration
gvi
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various typesneéntifon| ap&osypesionngtl I risecoianappaiéss. and nacrocyt es;
whi ch can be | arger -than 15 mcroneters, to | ynphocytes, which are in the 5
'to 7 mcroneter and Iarger range Toget her, ‘granul ocytes and | ynphocytes

repr esent5 t HBlood cCompone ¥ | of the | eukocytes in normal bl ood.
Red 20 bl ood ceIIs are about 7 mcroneters in dianmeter, i.e., in size
bet ween the two nma or conponents which, nust be renoved. Secondly, all of
these cells may eceqding feckipny grefRrence¥ae mage rkoigthe han

t heir normld&tmbﬂtﬂydcﬂgtdco%ﬁﬁ@@usfgh(f PEiOWSSE \eie by 25
or

croscopic n cytes ar Pfn a variety of
- rsnurfacesIO it nas (ggié%&vm %i;fé é\%&&%ﬁﬁt’ﬁ%t %rﬁﬁpoﬁrdfr R BB %Syl s
acconpl |]5Q1edl'll$r%1m pﬁ¢‘€mral acanses heor byeduded atecovery tefred have been

made to T edysg jgukocyte 30- concentration in blood by exposure to a

variety of surfaces, |nclud|n ol yam de, pol yester, acrylics
qv/ Y ' . f% Losses ué)tg,hold ug)w thin the cg%nectlng

_ tublng and the drip chamber;
- (b) Losses due to liquid which remains within the
15 L device itself at the conclusion of the
transfusion,_and N
(c) Losses due to adsorption:on the surfaces of -
- the dev1ce, or due to mechanlcal entrapment '
R within the device. :
20 . (d) Loss due to clogging of the'filter'prior:tO'

completion of the passages of one or two units
of blood.

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
chamber connected to the patient's vein, thus avoiding
the use of side connections which are, for example,
required if saline is used for priming. Lesses 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 generaliy, and are
reported herein, as "hold-up volume" measured in .
milliliters. Losses due to cause (c¢), if any, will be
- repofted 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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.~ cellulosics (e.g., cotton), cellul ose acetate, and siliconized gl ass wool.
~ Fibrous devices available to this date have at best been only: partially
successful, 35 for the reasons described below. As the problenB o
attendant on the earlier devices are revi ewed, the nmanner in which the
~device and - nmethod in accordance with't §'|nvent|on are superior - mnll,:”*
become apparent. 5 Bl ood Conponent Recovery Ih the preceding section, \4:
ref erence was nade to the desirability of recoverlng a high proportion of "
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 several causes recover red ceI S due 0 hold.up
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" the transfuysig c) se f ] of the - %
devi ce, or a&ué’%pf‘#@tv% |1gc_§'1%1 ntﬁ%%er?gﬁto I% ]tc%‘“wc}:gn ce. é%% (d)
Loss. dus t devicgyhay iofg ttmafl’xllglmst'pmﬁslhiazm aeldn xgcovRryassages of ¢
one or two units of blood. Losses due to cause (a) can be mnimzed by use

. of a device which in bedside .use requires only to have its 25 inlet

- connect ed Q@Eﬁﬂiﬁﬂood bag and its- outlet to a dr|p chanber connected to
the patlent s vei n, thus av0|d|ng

& .

_ _ ~ As separated from whole blood in current blood
10 'banklng practlce, packed red cells contain not only a-
- proportlon of the leukocytes present in the blood as
drawn from the donor, but also some platelets (whlch tend
:to be very adhe51ve), flbrlnogen, flbrln strands, tlny fat
globules, and numerous.other components normally present '
15 in small. proportlons. Also contained are'factors:added 5
at the time the blood is drawn to prevent clottlng, and
. nutrlents which help to.preserve the red cells during
-storage. . |
Durlng the centrlfuging process which concentrates-‘
.',ZQ- the red cells and partially separates them from the
remaining components, there'is a tendency. for
mlcroaggregates to form in PRC. These may comprise some
red cells together with leukocytes, platelets, f1br1nogen,
- fibrln, and other components. Gels, which may be formed. - .-_Q;)f
25 by fibrinogen and/or flbrin, are freguently present in
PRC produced by blood banks. R _
The gels are somevwhat viscous, and though liquid,
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 strlngy forms
when manlpulated under’ a mlcroscope 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
35 the additive system used. 'For CPDA-1 anti-coagulated PRC,




t he use of side connections which are, for exanple, required if saline.is"
‘used for primng. Losses can be further reduced if the design of the
device is such-as to 30 permt use of a relatively small drip chanber.
Losses due to cause (b) are referred tqgenerally, and are reported herein,

as "pol d-up volume" measured in nmilliliters. Losses due to cause (c), if
any, i | | be reported as due to adsorption.” As for |osses due to cause 35
(d), one of the objectives of this invention is a device -8- which does

not clog, ahevpeimissiblarstorajegseribd iy the Wby rustsatdaqnspf two -
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nutrients Jim dhehdilpad wirers alnewn ey e:baﬂeisce ctho |ﬁq;:-m;th:rm' During the
centrifugi pg JPAGRSS Whi ch concentrates 20 the red ceIIs and partlally

~ separates tthem rom t he _
.10 ¢ If the leukocyte depletion device comprlses a porous

- structure, microaggregates, gels and occas1onally fat
N globules tend to collect on or within the pores, caus1ng
' blockage which inhibits flow.
_ In hospital practlce, beds1de transfusions usually _

15 wuse gravity, developing no more than 0.1 to 0.14 kg/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 separation
device is its reslstance 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
listed above from PRC, and novel, inventive approaches

25 have been required to design an efficient prefilter,
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-coagulated
PRC of one unit, with a blood hold-up volume o6f 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

L/



remai ni ng conponents, there-is a tendency for microaggregates to formin
- PRC. These may conprise some red cells together wth |eukocytes,
“platelets, fibrinogen, fibrin, and other conponents. Gels, which nay be
formed 25 by fibrinogen.and/or fibrine ave-frequently present in PRC

~produced by bl ood banks. The gels are sonewhat viscous, and:though Ilqur““' g

- form-a separate gelatinous- phase in the bl ood pl-asma.: Chce segregated b

“filtration, gels may be identified in a-30 spent filter by their tendenéyf
to cohere | mestufanfurer fadiebloed preduct heltd-up iveluneopé abosb to 50

‘magni ficatigy (ifof lig&,é@grc Jllfs %p@erfgrﬁaqégggragglﬁg%ggkéeéduse o

- Within a perio

d ddi t
yst em Used and-oresAIRRGH | bY ot ATIPPRSVLCS BeCREe [RF PRCPBF Ve

. storage peﬂf¥§4dhﬁéyi6ffb1¢§gfﬁgdays Duri ng storage t he nunber .and S|zeiy

f-th :
Seneral 1T or o At E5ed "Bh s Fathided [WEen ML SheofPloh EGn0B0 Y

degener at ed designed aoo diel tvelr vimy hredu txred onember vt unpbsaot BRC _
o Tar o AL AL, NGRS pnt ity gritnat
| arger gl obikhan alpout 99.%%, tprefexablygrenbet: FRan aheUE 23nBfrses a
pOr ous St r ugidiéver] CENG0A CERL €5, faﬁléxaﬁﬂlepcaﬁeomtéa tetpgbobskes tend
to.collect C¥Lé¥ un ngoihﬁkgor thahgvggan internal volume ‘such that -
' as much as 30 to. 50% of the red cells could be lost by
hold-up w1th1n the device if it were employed to process a
single unit of PRC. Most commonly, .one or two PRC units
are needed by a patient. Hence, a device sized to process
15 a 51ngle unit of PRC with greater than 99.9% efficiency,
~ but capable of pa551ng a second unit while maintaining .
high. efficiency, is seen to be a very useful and
economical s1ze, and has been selected as a primary
objective of this 1nvention. As- discussed below, unless
20 otherwise stated, 1t is this size of ‘device (which will be .
' referred to as_an "adult" 51ze) to which reference is ' .
being made. f ; o ' : :
While the dev1ces described herein are princlpally
directed to the- ‘primary objective described above, by
.25 proportionally changing the dimens1ons, equipment
suitable for use with larger or smaller quantities of PRc
can be made. A version of the device in accordance with
this 1nvention, des1gnated as a. "pediatric" size, with
approximately one-half the area and ‘hence one-half the |
30 capacity of the adult device, has been extensively used_
during development of this 1nvention, for reasons of
economy of whole blood and PRc used for testing, and
 because there is need for such a unit in hospital
' practice. | . |
35 .. The microaggregates which cause clogging vary in’



bl ockage which inhibits flow In hospital practice, bedside.transfusions
“usually 15 ‘use ‘gravity, developing no nore than 0.1 to 0.14 kg/cnR to-
i.:nduce flow fromthe storage bag through the | eukocyte renoval device to
‘the patient. For this reason a partiguhgrly Tnportant characteristic of a
sepagation device is its resistance to clogging. 20 Because of- the
unusy and highly variable conmbi nati on of clogging factors, the experience
of a person skilled in the art of filter design is inadequate when applied

-~ to renoval Céi_i@ef]wd%lbélﬁb[m@%w% ﬁei-édsd@dxéab@m vapy BRRC, and novel ,
.inventive approaches . have bgen require esign_an efficient '
prefilter, réﬁ?$¥iﬁ%r?§dvfiﬁﬁt sé%&?ﬁké?%é%%gétﬁﬁﬁﬁ BV iie?%tively_l_ong'

geri od of tirenddinky bfsomodne enilewt gpacked heedecédls dboi tiyethexperi od of

* devel opnment ff .t i i, td ' LES f&?HEQ f _ ave a
capacity fo_rﬂ&lliéﬁs aﬂ%l -c%%@?%%%ﬁ%%#%%@ ﬁnl ) vm%t%?&af%ﬁ%%{éfﬁgl’ d-up
“vol ume of5 adeaxg®s£at glabrles @Ppear cin vidsspat bdonbrsigeifieantwo units of

bl ood pr odugirypbetididoposackéd cked! cél BséBebinéra)] 1 | oA BEcAE

et LR el i, ORI b T SRR T,

vol ume of -abwarty Sévex;a hwide erangdi s Tiels ceatsabblitygin bei ng narketed and
‘é"f‘g ggﬁggacedcﬁrawe_ffwfas deykEE OFE WRT=8L -%-eéﬁéélf &F C8YE55¥ng T
' 10 -extremely variable from one unit of blood to the next.
. Under theSe-circumstances, while the”develcpment of a
N 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 design of an efficientf small volume gel
'prefilter system which will contribute to the objectivé
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. '

For an important class of patiénts, namely those such
as thalassemics who are dependent on regularly repeated
25 transfusions in order to maintain life, physicians |
‘recognize a-special need for high efficiency leukocyte
- "removal, and for the.uSe of relatively fresh PRC. If
transfused with PRC which is less than five'days-oid,
~ thalassemics require two or three units of PRC at 3 week

30 intervals, however, if older PRC is used, transfusion at
more frequént.intervals is needed. Some physicians whose
patient roster includes thalassemics will not use blood
older than 5 days. For such applications the gel and
microaggregate removal characteristics of the filter are

35_ less critical, and a filter can be dgsigned to have a

€



5 " Devices in accordance mnth this |nvent|on can be de5|gned to

del i ver any required nunber of units of PRC whi | e mai ntai ni ng an aver age
-renoval efficiency greater than about 99.5% preferably greater than about .
99. 9% However, such a unit, for exanp I one rated to process 10 four

~units of. PRC, m ght have an internal vdﬁhne such ‘that as much as 30 to .58
of the red cells could be lost by hold-up within the device if it were -
‘enpl oyed to process a single. unit of PRC.C. Mst commonly., one or two PRC

units are need by at.Le n cRutRid
~single units8? g hgg.ﬁ hk’egiferpRHﬁa%ﬁggéggﬁ?g‘ i ci encﬁg;tlﬁm?a?eusgﬁof_a

‘passing a secondFinthﬁhmpeenﬂﬁﬁﬁﬁ |ﬁ§ﬂ% S to be a
very useful ?ggﬂﬁgeaam parz;quaw ke tmzm ise|sixheedl fom qmrensm;an

_objectlve 0 I S _i_nven _ d R
stat ed, 18 R 3! sfi?é(s Prdg\? 8e faﬁlési"% l%@'be rq{uerref&agg&gél " adul t
si ze). tOsmhthb Edﬁebtntehraﬁmm deliver il stated @apagkt SR Rd herein
are princi p Y;gﬁ'éxrﬁg %n%gtxl d NoY WHALe ISRl AP I lbeélfﬂ:twﬂéncﬂﬂy 25

proportlona he di'nmensions, equi prent suitable use wth

“l'arger or samd Am:qmm upes drifpre £0 gomRigte PRSRFIS o? SEOM i ce

"in accordan i t i
appr oxi mt el Bi¥ 4 sty e Uetths mm sbtss o “yiesl Gine o2 stlre, wi th

~adul t - devi c@m’-%;g N 1@&%}2 q‘&%;&ﬁ%ﬁ%}% ?#e'i/el S 319e ﬁ?ﬁﬁﬁﬁi%&f t he

T-AESeBELQ% E?% gt Of - econony of mhole bl ood and PRC used for testing 8

N ause t her i t C&re 35 L

The m croaggregaﬁ%’f*ﬁ’ﬂ%leg{use cl o gl ng vaﬁmﬁ% ﬂvgﬁgﬁéh ére U
directed to use w1th both fresh and older PRC. e

ase an'7Ra'idit:a0f Pri
15 " | IR
_ Ease of use is an important characteristlc of any
_:leukocyte depletlon systemi AS noted above, for leukocyte'
' depletlon devices, ease of prlmlng 1s a particularly L
.important factor.- The term "prlmlng" refers to start-up
20 of flow of PRC from the bag through the filter to the .
drip chamber. An object of this invention is to keep that
‘time to below about 30 seconds. A short priming period
is always ‘desirable to conserve nurse/technlclan tlme,_
but can be life’ sav1ng when quick admlnlstration is | '*\_).
25 required as,  for example, when serious blood loss is
unexpéctedlytexpe:ienced_during'surgery. -

30
| A number of devices in current use require
'pretreatment prior to pas51ng blood, usually con51st1ng
of - pass1ng phys1ologlca1 saline, which may or may not
" ‘be delivered to the patient's vein.
35 -+ The nece551ty ‘for such an operatlon is clearly

e



size from about 200 m croneters down, and vary in quantity and size

di stricbution with age, as well -as randomy fromone unit- of packed red
cells to the next. The gels vary with respect to both firmess and
quantIty. 5. Large fat gl obul es appear |n a small but significant

propgeti on -of packed red cell speCInens 3emat ocri t (percent by vol une of
red ‘I s) and viscosity can each vary over a wide range. This variability
in characterlstlcs makes t he causes and onset of clogging 10 extrenely
variable from stu%fbl@ o%rt RH er&@gns dderodd a5 t3id cunst ances,
-~ while the developnen a gr | ter rams I'n part on science and on

.. experience ereeading wesddamniliar with the field of filtration, there is
~a large cormonenfma‘ Yt 3t Wdlivg istith hridte-chtmathivemgrent of an

- &ff te(:t | \\//\I? priﬁl I ][ier The deSI g‘%aag’al%g& c&féﬁgfs amu&)’eﬁd’uﬂ?"gﬁe' f]E)_ref| fter |
“syst em whi ciF nohnds HEme ef ficiency
' _?f | euko®yt durdiny Fteasn Isa:ez&rldlzsatd.romuterdemim mg:mmimgml t of packed
ed cells 20Q I s n|t Ny ‘maj ority of
_cases, ‘be i %q't"ﬂ' g]wcé\?:egraeg\ﬁn% 'h é‘g | S éﬂ’ o%rreoﬁ ive of this
i nvention. Eoredgn m@mmamsmdf tmtprastemt nanmagtunaisefmnﬂs.asand

‘thal assemi cg gig 2 b(garge s%QJSJ I 52’%’%& im d%qbs In
order to rraIintaln I phySICI re lEyl)z‘:e speC|a nee fo Uﬁ'

- efficiency Péu@@t@ﬁm °far¥d’ "L?Qélsof"“r HYbss Pt qﬁRC If
_ transfuaed wﬁ Rhdle Yonternts I&stﬂ&a&ﬁemﬁ&ﬂ&lﬂ,. o

An objectlve of thls invention is a 1eukocyte
depletion device which requires no precondltioning prior
to bedside use. ' ' '

N

15 pefinition of Pore Diameter

_ Below 25 micrometers "?ore 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 .
approxzmate diameter’ of spherlcal partlcle which would be |
retained by a porous medium.

\_j Deganition-of Elemegt and of Integral Element
25 : | | |
| 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
layers 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 1ayer, or in combination with one or more
other layers.
'35 ' The expression "integral element" denotes a portlon

7



']thalassentcs reqU|re two or three unlts of PRC at 3 week 30

‘however, if

mcroaggregate renoval characterlstlcs

and a filter

- to be produced at |ess cost. For the nore general application in which. a -
very signif I@ﬁnth@r@@@f&wna@éeﬁ)brypaﬁcn ébﬂtsﬂnéoenaobe ibgea 1aye@s35.

interval s,

ol der PRC is used, transfusion at nore frequent intervals is

" needed. Some physi ci ans whose - patient roster-includes thalassemcs wll

-not use bl ood ol der than 5 days. . For th_appLications the gel and
0

can be designed to have a - -12- smaller hold up of PRC,:

days or nore. frlor to use, it .cal ‘that_5 tgﬁ [te Liably
205PE FBe

deliver its

QF RUPRE p¥eP yth\FP h( ?i GEBn3YemaFe

~high eff|C|ehmyeasdb¢ndedotd each éthénse Ap Eintpgrad paemegt ds a second -

unit i-s cost

Ui téﬁ giegﬁc‘s]tf’&n#tuw h%iﬁ?”ﬁtgfo Heiﬂﬂgécor ggchni ci an

- and the phy5|C|an
~ product s ®f Q‘hl%"?%%hﬁl%‘h and imdependent tagetnm athernelemsptsnyngider

"ngly

PRC. Ease arngsd&ambreédy of Prinming 15 Ease of ‘use is an-inportant

characterist

| eukocyt e depl etion devices,

factor. Thwm_mo start-up .20

" bag through.
to keep t hat
10

i ¢ of any Ieukocyte depl etion system As noted above, for

‘ease of primng is a particularly inportant
of flow of PRC fromthe

the

the filter-are 35 |ess critigak,

I'TB.I nt ai ni ng

t he f||ter to. the dr|p chanber An object of this |nvent|on is

: When a 11qu1d is brought into contact with the .
upstream surface of a porous medium and a small pressure

differential is applied, flow 1nto and through the porous

'medium may or may not occur. A condition in which no

15

flow occurs is that in which the liquid does not wet the-
material of which the porous structure is made.
A series of liquids can be prepared, each with a

- surface tens1on of about 3 dynes/cm. higher compared with

- 20

25

the one preceding. A drop of each may then be placed on -
a porous surface and observed to determine whether it is

absorbed quickly, ‘or remains on the surface. For
example,.applying”this 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 remainedh
-unwetted when a liquid with a surface tension of 29

dynes/cm was applied.
Similar behavior is observed for porous media made -
using other synthetic res1ns,_with the_wet-unwet values

| .dependent'principally ontthe'surface characteristics.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

35

(specifically polybutylene terephthalate (hereinafter .
"PBT") sheets) which have pore diameters less than about

twenty micrometers were wetted by a liquid with a- surface

Y



tinme to bel ow about 30 seconds. A short primng perlod S almays de5|rable
to conserve nurse/technician tine, but can be life savi ng when quick -
adm nistration is 25 required as, for exanple, when serious blood loss is
: unexpectedly experienced during SUFgELylspLECOHdItIOHIng of Leukocyte

. Depl yon Devices Prior ‘to Primng 30 A nunber of devices in current use
requre pretreatnent. prior to passing blood, usually consisting of paSS|ng E
phy5|olog|cal sal i ne, which may or may not be delivered to the patient's
vein. 35  tensiennefcSeidynesfcmudmtrwene not ovetted| byrayliquid3- very

undesi r abl e, wien ahé’ufﬁé‘éé’”éeﬁﬁox’i’u(%f' éf"%j&gdl ng section. The reasons

for using such pretreatnent var moval of acid hydr.ol ysate
devel oped 5  durit® %%ﬁ1§?é?h??%%ﬁ?%ﬁ?%ﬁtQkﬁwQ%EaEEMFa?ﬁlﬂgP@é?ﬂ%lose_

- acetate fi besediwssutheceenh 'Léfwmat A 1][mﬁm lmﬁaéédseﬁ\éusﬂ-t- ?%V%genf

nd_ i Es.f i are
E;ﬁ’zf;gl Isgl([igésésjr% é ngj;?%%r?ﬁ %ﬁcF’e}'&F‘g%%]om’éél I ‘gﬁg@ eﬁuent | oss 10
of their corRexaus tmedinm oaybeldetermined Ay dndividweably tapplywgnt i on
S 3 heukoowe siepl s R dle Wrgeatnll @ M REGFROE! OF OTIGEIBE O L0

edsi de use. 15 Definition
b ‘ l th surface tensions varying by 2 to 4 dynes/cm, and

observ1ng 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
W ‘1liquid which is absorbed and that of a liquid of |
L neighboring surface tension which is not absorbed. Thus,
. in the examples of the two preéeding paragraphs, the
15 CWST's were ‘respectively 27.5 and 52 dynes/cm._ ,
In measuring CWST, a series of standard liquids for
testing are prepared w1th 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'liqﬁids
of successively higher or lower surface tension, until a
pair has been 1dentif1ed, one wetting and one
30 non-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

vl



Belom125 n1croneters "pore dlaneter" s as detern1ned by the nodified. CSU
F2 test described in the section headed Exanpl es. Above 25 nicroneters, 20
m croscopi c observatlon was used to estimate the approximte di ameter of
spherical particle which would be ret@#ﬂgd_by a porous medi um Deflnltlon .
of ' El ement and of Integral. El ement 25 e word "elenent" as used above, #8gd
‘general |y as used herein, denotes a portlon of the overall assenbly" whi i
~consists of porous web in the formof one or .nore | ayers which may or nay
' not be bondgf thecdekedbbmentbuf thewprodupts HeswribedeHared wwatd:0n
within the filter assenbly. Each of the layers is preforned, usually by
hot conpreSS|on 'to control l.ed density and pore size, either as a .single
| ayer, - or. in conbﬁﬂiﬂtagﬂwezhidnégor nore ot her Suxfsce Tension, The

expressi-on ! integral el ement " denotes’ a porti.on tﬁﬁﬁ%ﬂﬁaﬂhe overal | -~ ar

assenbly whi ch cont ai,ns e o&ﬁg% galg§ rs of -porous web, wth (if there = -

are noreSthan onef° Pﬁem|§y9F9 d 8Xch other. A% imtefal elenent is

a unitary, conplebal&huncbhﬂerﬂﬂbld@ watexwn i ntegri oo -5 94sel f-cont ai ned.

and independent: o 0 Ie til assenbl ed. WetgJ ng of Fi brous
o ﬁhggﬁ’& gai brou QQ 7 Eﬁ% " '

Medi a 10 T.into contact mnth e upstream-
surface of a poroﬁur#euaanrand a snall ‘pressure C72.4 o '
' Acetic acid in water c 38 - 69
10 Ethanol in water . = . = 22 = 35
. n-Hexame - - - . 18.4 S
FC77 (3M corp'.). l. — . o 15 S - N \.—) o

FC84 (3M Corp.) - 13

15

- 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. Hence, if packed-red_ o
20 cells dr whole blood is placed in contact with a porous"
medium,-spontaneous;wetting will occur if the porous
medium has a CWST of 73 dynes/cm or higher. .
Hematocrit is the percent by volume occupied by red _

- 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-whieh 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 beneflts conferred by preconditloning fibers to



differential is applied, flowinto and through the porous nediummy 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 liquids can be prepared, each,with a surface. tension of about 3
dyneg#cm hi gher conpared with the one p}égédlng A drop of each may then
be phka¢ed on a porous surface and observed to determine whether it is 20
absorbed quickly, or remains on the surface. "For exanple, applying this

- techni que- t P vaTlidd %‘fél?ér %&U%ﬁ@'ﬂéﬁh‘ﬁ 'dti.kf'f’eéfyéﬁ'i‘&éf’TgE)' filter

sheet 1nstant MEItJ é&mas observed for lTquid wth a surface tension of
26 dynes/cn1 4R: structure renalned 25 unwetted when a liquid

with a surface t eqes) orwmén &&-ﬁy:mgs/mvaw afgr s 15 ddnaruhibigvi ower s

dbser ved for R gq%l thet t he
wet - unwet - vl uesa%gpen r| nci pg%‘y on l%%e‘{]sit}r?ftl?algléé g%l_,ﬂg& er |€t I.cs of 30
~ the mater a|examm:cm o dike e hio aghirve prininonbdrily, on the

B veat o (e ieny ﬁ%‘ﬁé‘f‘? Do 1B gl Fah & AR 4 DG,
sheet's) whi 8’2’%@&% %?%?X’e %%/59 e q’r&%%t tomeagr®y nicrometers
\Q/ere wetted by a db)qumhvxixiﬁbzatamt faspect of this tansmiod ¥ ttyé]es/cml
t t n
ut, were N0l MELERH Pt | A Ut SRR ' P © L BB

order to chara a poro
-~ 10 surfaces to a. partlcular range of CWST perform better w1th :

_ respect to tinme requlred for priming, efflclency and
N\~ : resistance to_clogglng than do fibrous media with CWST
: values outside of those ranges; '
_ (c) sSynthetic fiber media whose CWST values have
15 been elevated by grafting have superlor flber to flber
bondlng and are for this reason preferred for use in
" making the preformed elements used in this invention.
_ (d) Portions of unmodified filters may remain
unwetted, thereby inhibiting flow through those areas.
- 20 (e) Dev1ces_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 hlood'loss due to hold-up
within the complex tubing arrangement'required, adds to
25 cost, operation time, and operation'complexity, and
increases the probability that sterility may be lost.
(f) Blood has been observed to clot when exposed to
unmodified synthetic fibers.

30 :
DISCIOSURE OF THE INVENTION:

In accordance with the subject inVention, a device
and method for depletlng the leukocyte content of a blood
35 product is prov1ded. '

o




medium’ in units of dynes/cm is defined as the mean val ue of the surfa -
~tension of the liquid which is-absorbed and that of ‘a Iiquid of nelghborhng
surface tension which.is not absorbed. - Thus, .in the exanples of the two

" rféd.i um ‘the term"cri ti'cal wetting surface t ensi on" (CWBT) 5 = has been
~'defined as descri-bed bel ow. ~~The CWBT of a porous nedi um nay be det erni ned

by individually applying to its surface, preferably dropwi se, a series of

absorption or non-absorption of each |iguid. 10 The CWST of a por ous . 3

~liquids with surface tensions varying by 2 to 4 dynes/cm and observing the

precedi ng par agﬂmhssulojnci.i_S mmntlmr ePF@Ebééﬁl val ydﬁYlgeanéoﬁz $VRes/ cm

In measur iguh {MBlon 3 ¥ k&S 0ie§ké€§'€éd ddnens oy (estlewsar prpaepar ed .

“with surface ten5|ons varyin sequent i al nner to. 4 d nes/cm
Ten dr ops SIUREEHIRE aft Ie%&g afd‘f S[q:H s%‘%ﬁf%’ﬁ1 al 38 rfggérfien 8450 - |
~standard Iemastgr eplrla;tmemdbnttg plcan:-s:e]:m rqmﬂrmrlt]ad vedpmletmsonsfof the
porous me "0 880! tz% s'él&o%% e éﬁtfaag%r'p%s@ade

VI OUS mettlng
of the porbntsnemdl unheby iatrsteagnmu ﬁéucﬁd t pdementss gA6Ps AUCEESSiye.

after 10 ting rs orptlon I.nt:o.or o

m nut es. é\ﬁ%}naﬂthaelhé defgnigd 4 p¥e a@sanetépNtAanNehate biriceedihgat -
| east nine the ten dro 0 nl utes. Testing,. s continued usi,ng

I|qU|ds(ﬁlgucsggmﬁﬁﬂﬁthgﬁ@?n 310G fHRANT 9T ot ST 119 o g&&lf has o
- been i dentiHe ed, s@dil@nd\ettemgmenﬂ ontnamudﬁmg weteang, wifioch amremolvd ngost

closely snacedldosurieee, (5RY e TLVER bbb omut bl Ry taaggga@g,er and,

for conve verage of- t wo SUF ace: tensi ons I used as a -

3S|ngle muﬁnmowxngpb@ukchheSCMBT Appropriate solutions wth varying.
surface tenSIOr‘I‘he present invention further prov1des a method for

~ the depletlon of. the 1eukocyte content of a blood product,"
comprls1ng pa551ng the ‘blood product through the dev1ce
descrlbed above._ o : ' ' '
' Slgn1flcant 'and"nouei features 'of this invention
'wh1ch contrlbute to ach1ev1ng h1gh eff1c1ency ‘and capa01ty
for leukocyte removal "and m1n1mlze loss of blood within
.-the apparatus include: )
- (a) Prev1ously dlsclosed devices ‘have used relatlvelyf
small cross sect1ona1 area perpendlcular to the flow path
and as a consequence the 11qu1d flow path



35. can be prepared'in a variety of ways, however, those used in
developnentpofpthe product described herein were: Solution or fluid

Surface Tension, dynes/cmb5 . Sodi um hydroxi de in water .

1110 Cal cium chloride in water JO90 - 94 Sodiumnitrate in water
75 - &R Pure water o 72.4 Acetic acid in water
38 - %9 10 - Ethanol in water ' 22 - 35 n-Hexane

4 FC77 (3M Corp.).. . 15 FC84 (3M Corp.) _
ig 15 vm&hﬁ%gﬂ&—laeoﬁslnem medjup| dsdrebapivedy lergeell sThas wel | as in

~whol e bl oodpréberred débiéeérfnSEéESBéﬁﬂc Ptﬁ ghgsaiggenggéﬁg ggswzole

73 d /cC nce, red
EfgggcsstSrgégﬁefnlgoﬁféggsﬁfgﬁlﬁnﬁtr%ﬁganEE?Hﬁ?déﬁBhﬂanﬁguthaeflowg Wil |

“occur if -theaghrand ceﬁrespbndlnegEHh@ffYQWangﬁlgﬁigﬁ Ri GRE' £ *@ggzggalt

he henatocrit o
.-detgglﬁgrﬁgﬂgtF% ranges uplﬁﬁ??%afgﬁﬁgg%iéqﬁlégé?anothﬁ@ﬂﬁﬁttﬁ%mvolune
of packed rirkase sseektainedihelps ren prevent helogding dpnégﬁgtagftlh
- reason, th%md%%\@é;ﬁ??@%%%fa&ﬁ\ge% i{ﬂﬁ%é cﬂﬁaflit%éle S H%mﬁormal :g
'Egngn,% ?fq%ﬁégﬁtiﬁﬁn 37 to'54%  The surface tensi on of the red cel |l
' (b) In order to make the larger cross sectional '
10 area economic and practical and to obtain the required
' degree of preflltratlon, each of the porous ‘components of
(% the preferred device in accordance with this 1nvention is
" preformed prlor to assembly to closely controlled '
dimension and density to form in whole or in part an
185 “integral element, self-contained and 1ndependent of other
elements until assembled into a device in accordance w1th
 the subject invention.
Due to the pressure developed by the packlng in
devices utlllzlng packed fibers, devices used hitherto -
- 20 have had smaller cross-section and greater depth than the
products of thls invention. Preforming elimlnates the
pressure on the inlet and outlet faces of the housing
 which are inherent in a packed fiber systen, preforming
also permits one element, for example, the first'stage
25 prefilter of the assembled device, to be more;or less
| compressible, yet have a lower or higher density than the
one following it. This arrangement 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 leukocyte depletion devices
which have longer life in service, coupled with at least
equal and usually better leukocyte removal efficiency,
equal or better red cell recovery, and less hold. up, when
35 conpared w1th devices that use flbers or fibrous webs

an’




‘surfaces i

s given in the literature as 64.5 dynes/cm ("Néasurenent-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

5 preconditioning fibers to 17 OWST es higher than the natural CWST. of
synthetic fibers include: (a) Wen priming for any reason is done usin
| ower pres
gravity; t
“kg/[err],
measur e.

. fibrous ne

sures than-the 0.2 kg/[err] used in this study, for 5 exanpl &by

he time to achieve prining is significantly reduced.- At 0.2
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yorn Iting
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stage consisting of fibrous mats, all packed within a

_plastlc houslng.' These dev1ces have. not had ‘the ::_: - L

L

 efficient prefiltration and filtration made possible by’ - \./i

15

20

1preforming. ‘None of them have used preformed elements,
nor have they used any means equal in result to. hot -
preforming, whlch achieves efflcient pore. dlameters at
higher dens1t1es, hence for equal. results occupies less
volume and holds up’ less blood.  This is reflected in-the
comparatlve performance of the ‘device now marketed whlch '
-comes closest to- matchlng the products of this inventlon,
that device uses melt blown flbrous web readily
_1dent1f1able as belng in the form in which it comes off '

" the machine, hence not preformed by any. method. That

25

30

35

product, compared with the. product of this 1nventlon, has

about twice the. hold-up volume, has 51gn1f1cantly ‘lower : fief :

efflclency, and in the United States is rated to pass
only one unit of PRC, compared w1th two.

(c) The preformed element located in the upstream
position of the assembly of preformed £ibrous elements,
‘hereinafter referred to as the "gel prefllter"' has as
its principal function the removal of gels which are -
‘present in a substantial proportlon of the PRC units =~
supplied by the blood banks. The extraordinarlly
effective gel prefllter makes possible the use of devices
with a smaller internal volume, with less blood loss -due
to internal hold-up. '



unde5|rable since it causes blood | oss due to hol d-up mnthln the conplex

t ubi ng arrangenent reqU|red adds to 25 cost, -operation tine, and

operation conplexity, and increases the probability'that sterility may be

' Iost. (f) Blood has been observed t _qlot when exposed to unnodi fied
syntjetic fibers. 30 DI SCLOSURE OF | NVENTI ON: I n accordance wth the

subjgeL invention, a device and nethod for depletlng the | eukocyte content

~of a blood 35 product is provided. 18 The subject invention provides
~a device for miiﬂwlemieetga]n cointient dfedxqc;ép@aﬂitcerummfof PR ainl

product co 4n '

el enent s gié"lftﬁ'r#@a: %{o 4“% hd Y2 con i%%nflde?r%gl%%m% E&?‘{/ AR pore
size with mmm:@mmxﬁmmmm widech thasstbegni” t hird '
€l ement's, ' Rl YHRS tinkh e e 1 oy %mirpsr AYscalitneiny than that

el 0 e s g o ‘éfr' G e méﬁ%f%g 5, and
_fhe third ehemysl icontaithdnarasdsgr goemsmgzlieewum;memf Tiree medsent .
cont ant "or BYRE HiciAhey T8 MY oo iRl Whe g SOV LS
the devi cet@e@mnmﬁmx/.e WeSll‘@’Wq mmeahd:wmmes f%‘ét%les of this
i nvention prefilter, one compr151ng a single layer for use w1th
10 relatively fresh PRC, and ‘a second comprising two or more
layers for use with older PRC. .Filter assemblies fitted
' - with the single layer when used w1th fresh PRC will always
dellver one unit of PRC, and only rarely fa11 to deliver
, a second unit prior to clogglng. " The multi-layer gel
. 15 prefllter performs similarly for older blood near to or at
its out-date limit. These gel prefilters const1tute an
1mportant aspect of this invention.
(d) While the gel prefllter is extremely efflclent
_ in removing gels with a very small increase in pressure
20 drop, and removes as well mlcroaggregates which
frequently are present suspended in. the gels, it removes'
at best only a small portion of the mlcroaggregates whlch
are not contalned within the gels.
_ Removal of these freely suspended mlcroaggregates is
25 accomplished by one, two, or more layers of preflltration _
_ﬁSing filter media of successively smaller pore diameter, l
and these are followed by a layer'whose primary purposé 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
microaggrégates'and haslbeen'partially freéd of
leukocytes. | _ '
' (e) A surpr151ng dlscovery was that the downstream
(adsorption, or for brevity, "last") element removes.
35 leukocytes from the suspehsidn by_two.mechanisms, both




hmhlch contribute to achleV|ng hi gh eff|C|ency and capacity for | eukocyt e
removal., .and minimze | oss of blood within the apparatus include: . (a) -
: PreV|oust di scl osed devi ces have used relatively small- cross sectlonal _
area perpendicul ar- to the flow path, as a consequence the |iquid flow
. path through the filter nediumis atively Ionger The preferred
devices in accordance with this invention are |arger in cross sectional
- area perpendicular to the flow path and correspondlngly the flow path -
~ through the; fllter 5 nedi i's :shorter, The er. fi, r area_a
upst ream sORSTAFIRG AT ERASRITE 1 o' ope dieeREfEEm i By BRERHPtiPBoq
cont ai ni ngqfellamkmwtésarm tharfibress duptaseandthiecseagygdedat by. (b)) I'n
order. to é%?t germg eggn pg.agctical :
and to obtain e ir‘%. r'Ie g"zfgﬁée%q(iﬁ %élptrgi'?gﬁ cigag?fg?%?ﬁg % rous St
~_conponent s Vdrtuee he rEpRfelfy f 1 &%ﬁrmﬁéécﬂmt hThei serandntion is -
- preforngd mé&faﬂleﬁw@{a/s m@ﬁ%m .5:9'iusﬁnéhafﬁmﬁgovahengoéenSIty to |
formin whaol,e or <Pjgrt an _integra enent , sel f-cont ai ned _and . -
Jndependenpkﬂm?RQEﬂ IEfents Eﬁﬁlqe rﬁ%§ﬂ1Pn?6 8338V| esPﬁc&€&Srdance
with the swajreri. i nvention. Due to t he pressure devel oped by the packing in
devi ces utili zi pa deviGes ed hitherto 20_ have had smaller
St | on bR L 4 o 1Y 58 £50 b2 8RR 7 Cep Bk RRRER
Pr ef orm ngeasmmmgmmmmce oertimmgllef thd ﬁmiter,faces of the
housi ngq _inducing flow of PRC through it, is more complex and more

dlfflcult than would appear at flrst 51ght. ' - _ :g)_h
_ If the CWST of the flber surface is too low, for :
example that of unmodlfled synthetlc flber, relatlvely
‘higher pressure is requlred to’ force the PRC to - flow
15 through., More serlously, areas of the f11ter medlum tend
to remaln unwetted, preventlng flow of PRC. Further,_
clottlng may occur, especxally wlth flner, hlgh surface
'area flbers and ‘'with ‘older. blood. ' _
_ For reasons which are not well understood some
20 fllters whlch have CWST 1n excess of about 90 dynes/cm
‘have been observed to have lcnger prlmlng tlmes.' Slnce
. there appears to be no theoretlcal reason for the CWST of
the filter medla to greatly exceed the surface ten51on of
water (73 dynes/cm) it appears adv15ab1e that the CWST be = o/
25 held w1th1n ‘a range somewhat above the CWST of untreated -
polyester flber (52 dynes/cm), and below about 75
dynes/cm. Nevertheless, filters w1th CWST in the range up
to and over 90 dynes/cm and above have functloned well.
(g) The hou51ng into which ‘the. element assembly is.
30 sealed is unlquely de51gned to achleve convenlence of
' .use, rapld prlmlng, and efficient air clearance, this last
leadlng to. 1mproved efficiency, longer serv1ce llfe, and .
further reductlon in hold-up of PRC._ N
_ (h) The lateral dimensions of the elements .are
' 35 larger than the_correspondlng inner dimensions of the



which are inherent in a packed fiber system preformng also pernmits one

el ement, for exanple, the first stage 25 prefilter of the assenbl ed
device, to be nore or- | ess conpressible, yet have a'|lower or higher density
than the one following it. This arrang éﬁ contributes to longer life'in
servigfe. By pernmitting the use of thinner walled injection 30 nolded
hous™egs, prefornming nmakes it nore practical to use | arger cross sectional
area’ Ieukocyte depl et'i on devi ces which have longer life in service, coupled
‘with at | eadiovsdumg iarth whiadh tHeyt e lamseublied. i errvlexediipXe £ nicy equal
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These devi cé’?ﬂﬁ’&\?@&#@tﬁ ISealt IQG'O@I’IFII &h@npep'ﬁmelrmaxﬁ cbrheirﬁlﬁndn rati on made
possi bl e by edefkaftTazGenlRe %M@m%&g tﬁ%@: &WE@{M&:@@E& nor have

they usig an¥ means equal |n result to

N RIEF DESCRIPTION OF THE DRAW'NGS:

_ Flgure 1l 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 dev1ce shown in
Figure 1. ' '
Figure 3 is an elevation view of the inside surfacei.
20 of the outlet section of the depletion dev1ce shown in
Figure 1. ' ' o
Figure 4 is a cross sectional view of the outlet
section shown in Figure 3. ' '

25 T MODE OR_CARRYING OUT I ION:

.Material for Use_in Construction

of Leukocyte Removal Devices

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

' sintered povwder media'could'be used. However,
considerations of cost, convenience, flexibility, and

35 ease of fabrication and control,'point to fibers as a



" banks.

. 15 preforn1ng mhlch achleves efficient pore. dlaneters at hi gher,
- densities, hence for equal results occupi es | éss vol ume and hol ds up |ess
bl.ood. This is reflected in the conpagpntive performance of the device now
market ed which cones ¢l osest to match éfthe products of this invention; 20
that device uses nelt blown fibrous web teadily identifiable as belng L ) IR
‘the formin which it comes off the machine, hence 'not prefornmed by any \
met hod. ~ That product,. conpared with the product of this invention, has ™
about tvmcxannﬁfﬁﬁﬂﬁﬁtﬁﬁiﬁﬁinﬁam#ﬁﬁf%ﬂkﬁnf|cantly lower 25 efficiency, and-
: It n t.ht(e ;JnIT L ed St fairﬁsoﬂ:d?eil‘ a&@ohémm%dd&dmmwlmm -BiE, f.ﬁﬁﬁﬁ&?ethIth
wo. (c or el e i,n the upstre on, of the '
- assenbly of B Y prekt %I e, tlh %ﬁ%‘??%r ?e?‘g?f ?3tas the "gel .
" prefilter”, dai'il:asraﬂely t@dqndlmwdumcthe)rsuhéa¢em!a$lgn 9€| thehich are
. present i ﬁ&a@ét agé éé&e %%mﬁsgfaﬂeélféohy the bl ood .
e extra | t|v

nar | y ef prefil Trakes’ possi bl e the use .
of deV|ces\ﬂlQFﬁﬁﬁﬂﬁﬂI%Qn$¥ﬁ%ﬁﬁﬁﬁ°ﬂmﬂ rﬁPeVFQYF %%% EheBESFEES due 35 to

| _:j_n]E fe__r na: t h?'ﬁnﬁtﬂ.\;ed Mt p1dsa gﬁmmﬁtdé\giféy mldltbeuﬁadeo?fPRlC is =
W th the arMASERLERE WRICR HELS ol SSLIGE apdufTeRhal ¢houkEG, o7
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dictate the use of commercially available fibers. _ o
8ynthetic re51ns from which fibers are. prepared L ksit-

‘commercially . include polyvinylidene fluoride,
- polyethylene, polypropylene, cellulose acetate, Nylon 6
15 and 66, polyester, polyacrylonitrile, and polyaramid. An
' important Characteristic ‘of resins. is_their critical
surface tension7(Zisman,i“Contact angles, wettability and
-adhesion", Adv. Chem. Ser. 43,_1-51,,1964)."TheSe resins
- have critical-surfacextensionsw(xgl 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 1nvention can be expected to be less than
about 10 dynes/cm higher than the X{ value of the solid
plastic. For example, for polytetrafluoroethylene, X( is
25 18 and CWST is 27.5, while for a polyester PBT fibrous '
mat, Y; 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. beds1de 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"blown polyester is'uSed as. a filter,
clotting of the PRC can occur within a 2 to 3 hour period,
completely blocking the filter.. _ -
35 Some natural fibers have CWST greater than 52, but



this invention, we have provided two types of gel prefilter, one conprising

~-a single layer for use with 10 relatively fresh PRC, and a second

conprising two or nore |ayers for usegyth older PRC. Filter assenblies

fitted with the single |ayer when us th fresh PRC will always deliver

one wrkt of PRC, and only rarely fail to deliver a second unit prior to

cl og8ng. The nulti-layer gel 15 prefilter performs simlarly for ol der

- blood near to or at its out-date linmit. These gel prefilters constitute an

inportant AAtRERAlEikers smalderothanypbowt 18 micremetens iner | s

%t rgmel y a‘ﬂ(‘jamawtt dre rrﬁ:t’@;gdﬁ]axﬁﬂ'l? Wo&rﬁe?di@vjj]lysﬁwdildmresﬁse in pressu:e
rop, Lemyes, as g es I_C re y are presen

suspended r{"g'ﬁ &Rﬁ/é’i”ﬁ&‘ %é" q‘&ﬁ fq u&bﬁll on of- the

M cr oaggr egatczs:mdteﬁs airm di@metext a:almcbe/vuualdeﬂ nwe:hplmelﬂ?mmlng)f t hese

~freely gu 2 or nore
| ayers of S}e | tratlon uggﬁgkgﬁlégh %qg'ggggﬂgg%§§§5|ve y sné*%%r pore
di ameter, Feauimesong £higd erdesp Fheapassiies provide equaly@idbers to

remove | eUkRpRe SUR!E %di-sm%m%rfeu@u%&%e s,2&Hy ption el ement”

The resulting fluid dellvered tQ t he downst f eam’el ement s
subst ant | aFeRseRIentlYyeQCCHRY %e(ﬁsoé@&m&af"@?na fabricated, it ial 1y freed
of. | eukocytrdd teis) oﬂ&wwemwamamr.mwdﬂﬁxiw&mt ream

(adsor ptii on r fo reV|t ele r.enoves kocytes from
the suggenghg ége w hsuq%ed for manu actufi |
leukocyte removal devices with optimally low hold-up

N volume. For example, a commercially available packed

" cotton fiber device currently used for leukocyte depletion
" has a priming volume of over 75 ml, which is more than
15 twice the volume of the preferred adult device descrlbed
' in this appllcatlon. Furthermore, the makers of this
device requlre saline to be passed before and after the.
PRC has been passed and the device is not suitable for
bedside use. Additlonally, blood so processed must be
20 used within 24 hours.
The art of surface graftlng has been the subject of
: extens1ve research for 25 years or ‘more. Numerous )
_ publicatlons in the scientific 11terature and a large .
'_number of patents describe a varlety of methods and
procedures for accompllshlng 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.gq.,
30 saturated chains such-as:fCHZCH2CH3), 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 grafting has been selected as most convenient
35 and has been used in this invention to modify the CWST of

[N




operating sinultaneously. - One nechanismis by adsorption of |eukocytes to
-the fibrous surfaces; the:.second is by filtration. The first rrechani sm

‘cited is effective by virtue of the queptity of fiber surface. The second
‘5" nmechani sm depends principally upo ntaining the pore dianmeter of the .
filter mediumw thin or below a specific range. (f) Mdification of the%

.- fiber surfaces, to pronote easy wetting by the PRC. Primng of the filns :

i.e., 10 i ndu0| ng flow of PRC through it, is nore conplex and nore .
difficult tfumrouwhnatappeaay autf jansk tmyglaielelc‘t:i.tdm @iEEwfes hof f i ber

| surf ace IS ol fr.D rg)lm%ntota‘%trso Iéd“?ﬁ’ Wu%fl ber,

rel atively |g er pressur 'S reqwredto rce ow 15 -
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unwet t ed, %%ﬁntﬁuw ClsaWrls Blen imérdaded Trehl 530 tBVAMMF Qiésix@d)eC' ally .
~ wi'th finer, high surface are flbﬁ\?s an%[l:gth ol der bI ood reasons
. which aPe N8dUReMP Hy@sst " excess

" of about. 9&e¢m/dysdﬁmdommsemmup@dmm:dmgs st lbmg:lté'nes.
Si nce ther D r T-of the filter
nedia to g?ea Q%)%éae&%ne%%su q.'glce ensﬁeg%%o \K‘/g}%;raté]%f ynes/cn) it - .

“appear s admrétﬂ-!?&t highegythage apouth 419 \ﬁ}’tﬂﬁﬁzf"é‘-r ange somewhat above
~the COWST of unt pRatieR) Meya%wl &Ztﬂwses!rﬁd@ntim lEvwaiout 75

e e it it kg AR L oo %0
el enent assaecompliished h@eaiom@mmdmmmda}inim gnecétthylaamlaazldy:onvenl ence “
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' a hydroxyl group (for example, -hydroxyethyl _ _
_;methacrylate, or "HEMA"). A second acrylic monomer,-such
15 as methyl acrylate (MA) or methyl. methacrylate (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 '
_ dynes per cm can be. ‘obtained. The devices so made are
20 distinguished from devices prepared-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’
25 of liquid pass1ng through ‘the device- nor are the phys1cal
properties of the liquid altered, and 1n particular the -
‘surface ten51on is not altered. ' ' '
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.3 If the .
surface tension of the liquid is only slightly above the:
35 CWST, the required pressure will be snall.' Conversely, if




leading to inproved efficiency, longer service |life, and further reduction
in hold-up of PRC. (h) The lateral dinensions of the el enents are 35
l-arger than the correspondi ng i nner di mensi ons .of the housi ng into which
they are assenbl ed. For exanple, if the: nments are of disc form the-

di sc gyt side dianeter is made 0.1 to 1%Qarfger than the housi ng i nsi de

di an®&€r. This provides very effective sealing by formng 5 an
interference fit with no | oss of effective area of the el ements, and
contributes further towards mninization of the bl ood hol d-up vol ume of . the
assenbly, conptirecdififidrentoiciptestsicsn e GHSTINghd htmé)esmﬁb@éa ®énshen
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~ exenpl ary 15 fdop &iildn h?e\hlcgéle;nbodyl ng the present i nvent i on.  Fi gure 2 is
an el evation view ofrd had rbséé;,e ﬁtgg&;;ﬁ.ég éﬁhec bl s;cii(glplé)flé hg, orced

depletlon evi ce shown in ure 1. gure I's- an el evat i €W of

i nsi de surgacémfﬁr é’fretsﬁé’rtijt %tpass@ctqbcﬁ?"(ﬁh tthef duaus inat deviele kawwa in
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such that some ‘areas of the mat remain dry. This is
-h1ghly undeSLrable in a leukocyte depletlon device, first

10. because: the pressure drop is higher causing earlier

_\*g o clogging, second because all the flow passes through only

a portlon of the available area, again 1ncrea51ng the .
probablllty of clogging, and third because only a portion
of the flber surface area avallable for adsorption of or

15 .retentlon by f11trat10n of leukocytes is used for that
purpose and, as a result, leukocyte removal is less
‘efficient. '

20 Solhtions'to the Problems of
- . Poor Wetting of Synthetic
Fibers and Consequent Slow Priming

~ Fiber surface characterlstlcs can be mod1f1ed by a
o 25 number of methods, for example, by chemical reaction
1nclud1ng wet or dry ox1dation, by coatlng the surface by
dep051t1ng a polymer thereon, and by grafting reactlons
which are activated by exposure to an energy source such
as heat, a Van-der-Greff generator, ultraviolet light, or
30. to various other forms of radiation, among which
. x'radlatlon is partlcularly useful.
As examples of these various methods, stainless
steel fibers can be made water wettable, i.e., provided

s

with a'xc greater than 72 dynes/cm by oxidation in air
35 at about 370°C to produce a thin oxide surface skin.



30 - A varlety of startlng naterlals ot her -t han fibers can” be - :

~ considered; for exanple, porous media could be cast fromresin solution to .
- make porous nenbranes, or sintered powder ,nedia could be used. However,

consi derati-ons of- cost, convenience, _kgg%gbility, and 35 ease of

- fabrication and control, point to fib S a preferred starting ;
“material, In order. to achleve good primng with the fibrous medi um ful 4
wetted and in the absence of surfactant deliberately added to reduce the .

. surface ten of £t he | 0 4.0 woul d ear first glance :
from el erren%é’?\s: tﬂ‘5| gqﬁqtion%g}do ‘#%%pﬁayslibceﬁs é?é’mqg{) a}%%l%d that bl ood
conponent - dmlmmmhmm@QMmfaMmeﬂtsmanm@amwl ues about
equal to thqeswfaceﬁo%ﬁ% N i G @ind ol t9ied Bl T iR @&ﬂﬁﬁ 70 10. s

.. to 75 dynes/cm-or hi Practlcal consj.derations dictate 't e use of -
comer ¢i al | Pro¥R-l a MﬁlﬁBQSahSMﬂﬂﬂﬁﬁh9q§ﬁ§Wﬁ;qnhﬁﬁ%w#QQWW thoge

R pr epar ed sc omamidiialy mmclsuiffamﬂ woaiy iicdarion [teuhiue® | gt mé ene,

pol ypropyl e el C I Sb 6 ter, o
~pol yacryl on:&%r |dlC "JaLar%?? graarﬁ%&nI&A%e ]c%rgﬁt%%chgi qﬁ@/ﬁe’it ic of resins
I's their crmmﬁﬂaw ions . hasnhhe ‘adyantagenrthats, wettabl lity and
adhesi on”, Qe ideaan1eE F1ekibil ity i@%ailéﬂl%sqx{ QU kime geitical
surface tenS|ons er an fro ess, t§g1 %r up to 45 dynes/cn1 '

Experi ence B éhﬁi 4%“333N9P4ﬁf#q At lﬁﬁﬁe¥ de (HANgR QL si ze range
needed fior t:haqumts:tasramawmee ﬁdwmidmmdae, @naacixectﬁ@ systiéms t han
| available for activating the required reaction. In the

subject invention xlradiation grafting has been focused
on because of the ability to prepare synthetic organic _
,.”fibrous media w1th CWST over the full range of from 50 to -
15 well above 75 dynes/cm. The products are very stable,

. .

v

have undetectably low aqueous extractables 1evels and, in
addition,.improved adhesion between fibers 1s 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 ' _g;)'f
- 25 providing in the 1eukocyte 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
dev1ces for examples 1-106 was impregnated with a solution
30 of a non-ionic surfactant which induced a“ surface ten51on _
of 48.5 to 51.5 dynes/cm in PRC flowing through it.
_ Examples 107 et seq were performed using no surfactant.

35



about 10 dynes/cm-higher than the [err] value of the solid plastic.. For

exanpl e, fgr:polytet?afluoroethylene, [err] is 25 18 and COWBT is 27.5,

while for a polyester PBT fibrous nat, r] is 45 and CWBT is 52. No _
tapl e cormercially avail abl e synt fiber has been found which has a

\gher than about 52 dynes/cm In U. bedsi de transfusion practice,

®r°30 adm nistered at a rate such that two units are infused over 1.5

to 4 hours. W have observed that when an unnodified nelt bl own pol yester

i s used as msmmm_ elfR€csan oceur, W'th'tn aa|2 ;?bgrgomve

heri o ter - 35 ome nat ur

gﬁélogre;?gpg B S bRga, €8mal | er than about 15

i crometers in dlaneter are not generally connerC|aIIy avai |l abl e. Synthetlc.

~fiber webs whi chagr aokess i hh%neageuhénrrhagagat Rcharl gF%”gfﬁg;;Ecan be made

' h bl Qwi ocess, an ared wth such
Engrg ?5 PFglﬁﬁgthFBdaoPGPEQEYFﬁeDﬁa%StienppsviGe“eqadsotpbeonsotface
area for adienhbcytesfohewkberteﬁrfﬁ&dsCQESﬁﬂaém&|¥ccQﬁEHay?EeEﬁ evol.une

I en_pore_di aneter.” For I S reason, 10
hatural fi Eg%gﬂg?ggﬁo{* AhRefyEE FeuPvaln,s singe el eukbagecareanos |
devi ces wit# EévﬁﬁaWP}ghtmpﬁofﬁbapsvbsuﬁnvefSelyxpﬁabortﬁoﬁamﬂﬁthgé|Y Con
e o prim o gares beNthe ELBERY; Chnd EREBLLY HE°TRUROESE Y. he vol um
has a pyjimn over 'S~ Tor e _ |
of ‘the. %éef%&? ﬁﬂﬂ?ttﬂe@hﬁefﬂﬁg€r$%§ﬁaces is a significant

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 eff1c1ency, will be less if the fibers
15 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
_ advanced, they have soon thereafter been packed into
20 housings and/or proposed to be used for leukocyte
depletion._ -

Selection of Fiber Material for
v Use in Leukocyte Depletion Devices
25 _ _ _

A number of"commonly used fibers, including
polyester, polyamides, and acrylics, lend themselves to
radiation grafting because they have adequate resistance
to degradation by }Qradiation 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 diametersIShould 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.



~in-this appllcatlon - Furt her nor e, the maker s of this deV| ce require sallne_ y
" to be passed before and after the PRC. has been passed and the device is.
not suitable for bedside use. Additi y, blood so processed nust be 20
used within 24 hours. The art of .surf&¢ grafting has been the subj ect of. -
~ extensive research for 25 years or.nore. Nunefous publications in the
. scientific literature and a l'arge number. of patents. describe a varlety ¢
-met hods and 25 - procedures for -acconplishing surface modi fi cation by -thi's
nmeans. One such Medithddl cenipigny sira whiiche moldfernresion s apremiatedin acrylic
moi et y togefi?.% \f%&w%%ﬁw iy %éﬁﬁfé%‘éé%ﬁ P G Vedtldn

- hydrophilic sat urat ed chai ns '
such as [er@s, aammmemm.b@amjéé&fq |P ’fﬂ?bsis‘ dthe A6 'R 4 on. -
Heat, WV, and7@i'elaneadd waeaﬂejﬁdumw@iwﬂéwrbm uassl ;téargwiai e and

Copl & S O ol UL L A bl ap ) il oo

~modi fy the @éBE afould fhd)rmmxe.natiuthilﬁ/ neﬁerm&ear)s,sa&@s mrth rﬁmer es of ~

g?ngg:a;/;u?;ldiag&t erepﬁ%{?ﬁr%e in. #]ﬁ}f%% ‘f)geen |ncrease fomagz |

to any desi aag mongnecantln sehs glf 899 Wé’ th Rverag rtPer the

- method descyihadtdiovess BHanRRGS did”f'dmétﬁaz?s?théibe heangdd y of |iquids
“Wwith surface tensjons -at yoomte rature hlt%tbertg r}“a ti)oluowilno de/nes/cm

Some. resins are ter adap
- fine fibers than are others. Resn:s th.ch work well : e
' __include polypropylene, polymethylpentene, ‘Nylon 6, AT \J |

polyester PET (polyethylene terephthalate), and polyester
PBT (polybutylene_terephthalate) Others that have not
15 -yet been tested may be found. Of the aboVe listed resins,

' polyester PBT is a preferred mater1a1 because. it also
lends itself to radiation graftlng and to subsequent _
conver51on ‘into- preformed elements of controlled pore s1ze_

_ by hot press1ng. . _ :
20 ° _  Polyester PBT has been the pr1nc1pal resin used for
' the development of the products of this inventlon 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 |
25 or webs with fibers as small as 1.5 mlcrometers in

- .diameter or less, and that such.products; with_their CWST

_ adjusted'if necessary to the optimum range, may be well .
‘suited to the. fabricatlon of equally efficient but still
smaller leukocyte depletion dev1ces. - Similarly, glass

30 fibers, approprlately treated, may make possible devices
| with very low hold-up of blood. - | .

The critical surface tension (3;) 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/cm.

35 -




During the devel opnent of this invention, devices 10 were prepared using
media in which grafting was acconplished by conpounds contai ning an

et hyl eni cal | y unsaturated group, SUChwgzh n acrylic noiety conbined with-a
hydroxyl group (for exanple, 2-hydrox $ nmet hacryl ate, or "HEMA'). A
secogdyacrylic nmononer, -such 15 as nethyl acrylate (MA) or nethyl

netﬁ fylate (MVA), mhlch t end to cause the grafted porous webs to have

| ower CMBT UERN 3 édl“f ,_and by varying the
proportlons -any- WEETT 3¢ ) o==lynes per cm can be
obt ai ned.  ‘The devices so nade are 20 d|5t|ﬂgU|shed fron1deV|ces pr epar ed

using conponent s NGrRAIRL rfa ants are renoved
i S e, \%%ere atheralﬁ #d’fﬁ% Seurtige

Ry liquid p? % r%bthro h t he deV|c
charact eri st f3Yn &8 SRspeadedndni §l[3‘erat$a¢dxﬂy aared e)S:rmied efwored or

altered By mnytamnpﬂhslﬁc,ohnhl@@uqegggalanhhgggggd:ea ce nor are the
the i e ar tHE Surface

ph | f Lt d
el oa | b ABGiLTRels Wi arndvhale shify dn eh%q%%ne@v@tmw he CVET

“tension is not a .
of the poroﬁgtﬁﬁdtbﬂlWubbrsehaVbehaBdenéuandId'Ed&t%e@egwg@ e3P tHaas through

pores, W |l gthapst u adpl.y. Lds with surfacé tensions higher
than the CVET w1l Q%%tg t%&#%? Qb? FanwﬁalFP dRuoys Sidamends, but wil |
do so if th‘éthEs§EF—‘eth§nr ghtedrstbrincteontibngthkf ofthabsutf aced g Of

e st ¢ Coreokua bhosubueabtiR Lials aflLoss et SR bh AR e

be smal | . gversed¥hm eren
‘surf.ace tenS| The surface on which the fibers collect is
e mov1ng in the machlne dlrectlon, generally at speeds of

_about 10 to 1000 meters/mlnute, as a conseguence of this
linear motlon, 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 proce551ng a. planar-parallel web by
20 passing it through a machine fitted w1th a large number of
rapldly reciprocating multiple barbed needles, which
randomly engage fibers and pull or push them through the
- thickness of the web, causing fibers from one face to be -
i,: l.pulled to the opposite face, where they become entangled
25 with flbers at that face.

Multiple water jets have also been used to accomplish
1nter1ac1ng 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 herelnafter as

30 having been "needled"."

Needled webs are lofty, as they'are made w1th very -
low density (often ranging in voids volume from about 95
to about 99%), and are relatively thick (often over about

L 3 to 5 mllllmeters) Their structure when examined by
. 35 mlcroscopy gives the appearance of an assembly of random



~of the Tiquid is high, t he. pressure reqU|red to induce flow will i |
It has been discovered that, when a liquid is forced. 5 under preggureg?gr.
- pass through a fibrous mat mhich has a. T 15 to 20 dynes/cm | ower t han
the'quuld’s,surface tension, flow ter 0. occur. in-a non-uniformfashign,
such that. sone areas of the mat renmain This is highly undeslrableﬂ‘g -

- I eukocyte depletion device, first 10 because the pressure drop is h|gh: -
~causing earlier clogging, second because all the flow passes: through only a.
_ glo(r)tglglozgof g{ﬁ%h dl@@ipsermyagalwhimrmlogiemeecpmb'ablth?ycm-g

, an I r use Y, r f r
avai | abl e f‘ﬂ?lsdcg%‘ﬁ)ff%ﬁ é gfal‘r?%t%%%% %??:??%gﬁ%?géeﬁkggyt es is
used for tf&tfemwemsp amdesaslntwe%h#tlntQ%mﬁkyP%IFbﬂBvaf F§3|E§§ 5

- efficient. giéogfgiehtgghgvgglsgsgp$bﬁpgf ﬂﬁtfoﬁg ofTﬁ&sthetlc

Fi bers and nseq ent w Prim b
modi fi e bystresturenbsri stﬁlﬁ?ﬂgdgoll"#’gé é har é%ééglri‘bir\i:ag? Qoge
'Lgfgﬁgln?hgggaﬂﬁr arQ11dBt?6n-wbvenonebngnthhlehrtheefﬁyevép§§ﬁt|ng a
_ r
ol O SEAL RacEHAE E°Chad kel ensectosalcavin orposure

ener-at I
l'ight, or 3ﬁheh0quﬁteoceanshertoorﬁtaéh ghabuiazng &ﬁnﬁg %%I : tr%%|0|6t

_.-.[err]-rad| u Ly useful. As. ex |
et hods, s?%#gfeé ?ethﬁ h@ﬁ y anpl es. of these Varlous

with af@rr] greEhue, th&ﬁgaggéiﬁgggeﬁ?ﬁ g§P§g%g%ﬂmﬁ&t§B§ §° QP Y oﬁf'deq -
: [err] to progeectRet Yepyospdn surface ofi the coils of a needled - Y:
non-woven while entry into a non—woven ‘with fibers . ' _r\-i ;i
‘oriented parallel to the web is more difficult. It o -
_ further appears that once: gels have entered a needled web,
15 they tend to be efflclently retained by smaller pores,
whlch may be readlly seen mlcroscopically to be present._
In effect, the curly fibrous structure allows easy entry
N and good' retentlon, while structures comprlslng relatlvely
_ straight fibers do not prov1de easy entry, and hence clog
20 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 sufflclent in number to have the net. effect of
' collecting all or nearly all ‘of the_gels within the . _ ;u) '
25 medium. This'occurs with a very small increase in ' e
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 filtratlon
30 'mechanlsm are va11d, it has been found" experimentally that -
the needled non-wovens are peculiarly (and unexpectedly)
effective in allowing entry .of gels and in then retaining
thenm, while.permitting'blood_or PRC to flow through them
'with a very small or negligible pressure drop increase.
35 . In the course of the development of this invention,
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extract abl

Synt hetic organic and gl ass fibers may be coated by - polyners'mhich

: or near one end a reactive (e.g., epoxide) noiety and at the
- other a hydrophilic group. Wile the oye met hods and ot hers known to

mliar-with surface nodifica ‘techni ques can be used,

grafting, when carried out ufder appropriate conditions, “has the

ge that considerable. flexibility is-available in the kinds of

hat can be nDdlfled |n the wide range of 10 reactants avai | abl e
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oducts :are  very. sta

. obt ai ned wttie Lea&dnpres).r efnenel twstfd higed i £ wa:mada)rm i mdrent s.

- Alternativ
synthetic.

%a%%%%éng{ L%Qgchangl r‘ligl% sur aceééﬁeny on o%qt%'ré i{ r?i‘q

: have undetectab agueous
&f |k I‘é“éhcp Qa8 hekid %V‘?M%\F&F j&éhﬁg?ﬁ' Hers is

~which the dad Zcdig lQrateps faeme@ven mmmeterem«éxt@mu&u stics
mq@zloineteTfus CRE R tREY RIS %aﬂﬂ: PRl f¥h-4Rvel OVi ding:

-of the red
inthe leu
. reduces th

elenenuous

kocyt e | eti on device a surfactant or a soluble nmateri al

whi ch

& 'a@é" aMsyese tsl’l’é’creéf 41 suspension. The gel prefilter

ed i n THeenaé naf trezidled webs made possible the
development of the filters of this.invention, which are
capable of consistently processing older blood with high
efficiency, without clogging and‘a hold-up volume of less
than 30 to 35 cc.,' o o

" While means other than needling mnay exist or may be
developed in the future, which produce media which on

K microscopic examination. are similar to the needled media
-used in this invention, it should be'understood that
'products made u51ng such media fall within the scope of

this invention. _ | -
A wide range of fibers, fiber ¢ombinations, and/or
binders can be used to form the punched web;' Any of these

' may be used if (a) they are amenable to subsequent

controlled compaction by hot compression or by other

-means and (b)'they are made using materials and under

~ conditions appropriate for use in a device for processing
human blood.

‘.\/.
15
20
.
25
30
.3_5

The webs used in the gel prefilters in the examples
of this invention were formed using needle punched fibers
with a non-ionic lubricant-finish (Freudenberg &on-Woven

'Ltd. Partners grade P14 of nominal weight 80 grams per

square meter), in consequence of which a surface tension

‘of 48 dynes/cm was measured when a 32 cm? disc was
 immersed into 300 ml of demineralized water. When gel

prefilters prepared from such fibers were used to process



.devi ces for éexanples 1-106 was inpregnated wth a solution 30 of a
‘non-ionic surfactant whi ch i nduced a surface tension of 48.5 to 51.5
dynes/cmin PRC flounng t hrough i't. ‘Exanpl es 107 et seq were perforned
using no surfactant. 35 Selection of Fiber Dianeter for Use in Leukocyte '
Depl etion Devices As noted in the section headed "Characteristics 5
Desirable in a Leukocyte Depl eti on DeVI%%',iadsorptlon of l:eukocytes on\ E
- fiber surfaces is wdely accepted as the mechani smof. 1eukocyte:- renoval'”
'Since the surface area of a given weight of fibers is inversely .
: proportlon _ di a fi ﬁigg foR by 10
_adsorptlon #{ ﬁg‘efl%‘é’fgeﬁtigf g%ésstﬂggl aés)qg%f can'Eae%?ahnél)sP‘? F Eggy%/e :
depl et i on, flr'oml thieo dev imeoaedredizzed | feemf abens. V8| Aymess am g%r4§a§a0| ty

and that tpe %‘ia%t't&yne”ssléfﬁasur§ﬂni)1/af\e'ﬂh.tfé&ef'ﬁ&{@cﬂ@c%ﬁ@éy Wwére

achieve a desirédeffrcienc wi-tl be less if e fibe )

~ smal l'er i nodtajnesd widd ?ﬁ%grréﬁ§EWCEQR¥ﬁr qﬂﬁp%méﬁl 51ﬁ§§?? éﬁLRTm

i bgrs for BlAemkagwaydemltet'lsom1ﬁsnmu Lably ands RherdrebhinB68gy akhjubfed to

" produce snmll.er di aneter r nce 15@%1: ve nt eaf ter -
been packe&'lhl ﬁ:tho 2T %ous‘?hﬁgg %}]%?%cr:ﬁif posedc‘{ e use P Igﬁ ocy ?gl

~ depletion. pseleadteral of FIPGGJOH\/aﬂ:QrI‘éﬁef am Lﬁéaiﬂﬁlﬁéukb‘?:?/t é’—‘tDe|§Ieé1|

Devi ces 25surfactant present 'in' the ‘needle punched ‘medium . was

.. removed by detergent wash1ng and water r1ns:Lng

The.MiCroa' re ate Element - - erif.--' D o o/

The pr1nc1pa1 funct1on of the element follow1ng the
gel prefllter is removal of m1croaggregates A sub51d1ary
function is removal by adsorptlon of a portlon of fthe o
leukocytes.. _ | o . | o

For these purposes 1t preferably comblnes two, three
or more 1ayers of melt blown web _ The layers constltutlng
this element -can’ be preformed separately and_.located_

~adjacent to each other, or they can be"preformed to a
single element, or they can be preformed and comblned with
the adsorption element to form oa s1ngle 1ntegra1
sub-assembly. : o ' |

The Adsorption Element -

The principal'function'of this element is to provide
the largest portlon .Of the 'fiber Surface_ on_3which
leukocytes  are removed by adsorptlon It 1s most'__
convenlently fabrlcated by preformlng El number of' layers'
of relat1vely_ smaller dlameter f1brous web to form ‘an
integral elem'ént, or ‘as noted above, the preformed layers .
may be comblned with the preformed layer or layers of the-
mlcroaggregate " element to . form _a  ‘'single 1ntegra1
sub—assembly comprlslng the adsorptlon element and the

microaggregate element.

S



A nunber of commonly used fibers, including polyester, polyam des, and
acrylics, lend thenselves to radiation grafting because they have adequate
resi stance to degradation by [err]-radiation at the levels required for 30
grafting, and they contain groups with which available nmononers can react
' yGsor -after irradiation. As noted éﬁ%ve fiber diameters should be as
I'yls possible. Synthetic fibers made by conventional spinneret
‘extrusion and drawi-ng are not currently available smaller 35 than about 6 .
-nlcroneter%fyféyzyggéyber A%gédbﬁgomnng, in which noltenresinis .
attenuated into ers by a high velocity streamof gas and collected as a
. hon-woven web, cane into production in the 1960's and 1970's and has beeén
'fq,r gdualdl y ext ended;ﬁaﬁteﬁhedﬁﬁﬁbérWﬁeﬁnbl@%p@s\} tcﬁﬂ:émed Oi&ﬁén| IamdepL
i ber dia t i ch webs e e in recent year webs
with fi ber%(f%gr}\gt &' 1*ss WS Cee 1R cr%ﬁ%t e?grﬁﬁf;g b&& eé'chl‘”(ﬁ}\}%’d And .
rror e recenmlprqmeﬁa@)odlthtynm tan aadsaget {ohe e ldmemt.er Aldsof gan
two mcro arg..b to
TRk SRBERGRY iiBibe Wbparate P BrifotNsad! 8 %@3{( ngagﬂﬁﬁee

frel t bl owi ng of f|ne rs."than are ot esi ns. whi

i ncl ude poP¥BEoFReSheanfol theR hfiog@edento Miptaoral péP?eQﬁéﬁmbE¥es in

(pol yet hyl ang  contitiraltatcmbiaiat ipel.yest er PBT (pol ybutyl ene .
terephthalate). Qhers that have not 15 yet been tested nmay be. found. o

the .above |isted resins, polyester PBT is a preferred mat eri al because it
al so | endsDesca epietions Mesdment conver si on into

preforned elenents of controlled pore si ze
o/

As shown in’ Flgures 1-4, an exemplary depletion
devioe 10 generally comprises:'é'-housing 11 and a
filter-adsorber assembly 12. The housing 11 has an inlet
13 and an outlet 14 and defines a f1u1d flowpath ‘between
the -1n1et 13 and the outlet 14. The f11ter adsorber
assembly 12 'is disposed w1th1n the housing 11 across the

- £1luid flowpath and serves - to separate " undesirable
substances, such as gels, fat ”globulesy aggregates, and
leukocytes, from a fluid, such as a suspen51on of packed
red cells, flowing through the housing 11.

Two sizes of depletlon devices have been tested |
dlfferlng only wlth respect to the area through which the
packed red cell suspension is passed. The - smaller,
defined as the pediatric size, has an effective area of 32
cng and the larger, defined as the adult size, has an

effective area of 62 cmz. In both, disc-shaped

. filter-adsorber assemblies 12 are 'occommodated in
cyllndrlcal housings. . |

Housings can be des1gned to accept a Variety of
shapes of filter- adsorber assemblies:. One such is,  for
example, a square." Those and. other possihle forms would
in principle all be functional, provided that adequate

‘flow area is provided.



‘of PBT has ixediakiprifdn olntentergnce tht ol

by hot pre55|ng 20 Polyester PBT has been the principal resi.n used

~for ‘the devel opnent of the products of .this invention and is, except for

the gel prefilter, the resin usedllnégﬁ exanples. It shoul d be not ed,
however, that other resins may be fo ich can be fiberized and . 5
col | ect ed as mats 25 or webs with fibers as small as 1.5 nicroneters. if

di amet er l ess, and that such products, with their CWST adj usted if -

- necessary to t he optlnun1range may be viel | suited to the fabrlcatlon:of_ .

equal 'y eff|C|ewnAtnquare fik#nﬁ+adSOth©Ro%9$me&MI%@Vbﬂ invthesry .

Sinilarly, ﬁP.?iC\Péé 3£l NatELPAEY bBYwERKE BeSteBke |
devices with- veryqﬁ%m/ %ﬁ%ﬁ%p bl ood. Tﬁ% crlilcal su?ficeﬁgen5|on err]

t $5 R et BAAPS
fine fibrougdedrised seTowessH esuLing fijrlﬂeedcwitBSdichshapédNeedl ed Wab

ibers mdy HELRRAdRIEE s roabt iy eé;‘rir%‘-’re FE " ¥ oRbEA g B anast.TE‘e ;

and- coIIectemﬂgecnnmpre8@®@@n%b@wtdhh%.m%w n@@&ﬁbtségnéf&ﬁﬂﬂﬁlle still in a

softened stglerlirive aredli8'168€ 4t bené Qéaf.haFéﬁneﬂose|ﬂedgehbﬁr system
the fibers are extrud edr nts h_are then

©out or forn aukindeieat dowsbngs o ftncdise S90e0| FONEREOPUSERBRS on 10

;;:ulr3 ‘and CF: Iafséemmés cas@ambledckithranr interforencef fit seadhark the
I bers CO ect

preferre ! "% o &&E ”@ﬁ@f”foﬂhéeﬁé&oﬂe ggggralbxréhlageeds df i:

houSings Wlth ‘an effective cross sectional area of 32 and - L
62 cm? have ‘been used in. developing this ‘invention. _ o RA
Housings can be . fabricated from any suitably _ |
o 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.
E 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. z_kg/cmz) " This permits light construction,_which is a
"desirable feature of this invention'made'possible-by the
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 _
mhouSing is as high as 68 kilograms for a 62 cm2 disc, or
about 1.1 kg/cmz, requiring heavier,_bulkier, and more
30 costly housing construction.

While the housing may be fashioned in a variety of
cOnfigurations,ﬂthe 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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. about 10 to 1000 neters/mnute; as a consequence of this |linear notion, the
fibers within the web tend to be 15 orignted nore or |ess parallel to each ’
- -other, and quite- generaILy also paral{é fo the plane of the web; they may
thus be. classified as "planar paralle 'Needl ed” webs, al so known as
e punched” webs .are nade by further processing a pIanar-paraIIeI web
X0J passing it through a machine fitted with a | arge nunber of rapidly
recrprocatrng nultrple bar bed needl es, which randon1y engage fi bers and

~pull or pushneide swrfage ofe the eixvswdaz indet plate29 §eHines @ from one
- face to be gaihedit enlikh Fapes taef apetréasl esurfllddIOomReeNt angl ed 25

th fibers at that fac er jets have al so been used to -
ggconplrsh Fﬁh&FFE@Pﬁ gP faﬁgﬁghﬁﬁmgéghott t he thickness of the web and
the product  of tﬂbse1®an¢ dshdeliversdshiel flkdg ¢o @in dnlety plendsy @2oped)
will-be gef geiadehd tﬁ’x%r Wal gif h‘ir ai’n& %ﬁel ﬁ&\é‘&%aﬂe% f%%%dlo%d J\eed! ed webs

~are lofty, as_they a ensit ten rangrng in voids

Vol ure. fronfé@&&?‘@gs%%oﬂﬁsm)’ &Rd ad8 Pm@@éﬂﬁ it On&f t en over
about 3 to Esﬁebk:l &t ehe) 1n1;eatao'ﬁtrt¢aburie1%eﬂsemmed-éaxh§ FTuFOS Copy

gives {he agpegtansicl B eRRar T heckyl AdoN SRR O, TRy of
may be seenhbusdhfedlgaas shonnsinnﬁdguhesrntanﬂah portron of the web for
bl'ood gghs, whi Cﬁ'hlee&g%k% BSXQ%:%b%%&oPQﬂ%%ﬁyﬁ&%é HoWde¥, e the | N
strong contrast w.th orien .

- dinlet 13 of the exemplary separation device 10 includes a
'longitudinal inlet ridge 23. -The inlet ridge 23 extends
alcng 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 diametrical axis A oriented
generelly 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 pierce the bottom of a bag.
'contalnzng the f1u1d e.g., a blood bag. The 1n1et 13

20 further 1ncludes an inlet passageway 25 which opens at the

'_upper end of the_hollow spike 24, extends through_the
hollow spike 24 and the inlet ridge 23, and communicates
with the inlet plenum 22 at the bottom of the inlet

. sectlon 15.
$~;- 25 . The wall 21 of the circular inlet plate 20
includes a plurality of generally concentric circuler
' 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 ridges 26 terminate'in the lower portion of the inlet
section 15, defining a passageway or access 30. The
_ 1access 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

vy
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‘pores remai n
suspended in

IeI non- woven meb in which the fibers are paraIIeI to_the7p1ane
and which tend, even when quite coarse, to retain gl obul ar gel's

he surface of the web. 10 Qﬁ Thus, bl ood gels appear to be

ile entry into a non-woven with fibers oriented parallel -

difficult. It further appears that once gels have entered
15  they tend. to be efficiently" retai ned by smaller por es,

. Which may beg éfﬁﬂé'%héefﬂlat“§féﬁﬁﬂ'ﬁﬁ"*hi&hbaiEtfiﬁﬁtes|%h%fkaﬁhd the

easy. entr retenti.o while
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d lls -
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In.the cours

15

Ehgfhgnglﬂsvehopnent of this |nvent|on

The outlet section 16 of the hous1ng 11 includes a.

circular outlet plate 31 and a cylindrical collar 32

which extends from the periphery of the circular outlet |
'plate 31 to the periphery of the circular inlet plate'

- 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,

- P by an adhesive or by sonic welding.'

- 20

The 1nside.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

25

30

a plurality of generally concentric circular ridges 34
which define concentric circular grooves 35. The
ridges 34 abut the downstream surface of the _ _
filter-adsorber assembly 12. The circular grooves 35
collectively define an outlet plenum 36 which collects
the fluid passing through the filter-adsorber assembly
12. The depth of the outlet plenum 36 is made as small
as possible to minimize hold-up volume within the f

~housing 11 without unduly restricting fluid flow._

In accordance w1th another aspect of the.

iinvention, 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 Sectionilsg__lhe slot

35

d
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“and prior to the first use of needled web in the exanples of this
i nvention, hundreds of tests were run with the objective of achieving

“con5|stently passage-of two units of P Mt h bl ood hol d-up vol une -
conparable with that of 5 the exanple hese tests used as many as 15 or_
nore ggparate |layers of nedium w th stepped pore sizes varying in 7 to 10
st epg _Jfrom over 50 microneters down to 5 to 10 microneters. These tests
used pl.anar parallel non-woven.media, and none were successful. 10

_ Tﬂe use of negy) %ﬂab&dm&:wb@d‘ﬂdfa ﬁﬁmc&miweml eoéu-dnelér: Ler sblof .
this..invention ar.e, capa of..co Y, er 00
wth h| gh ef fq%‘?%‘f'ﬁ‘i/ J}f/\ﬁrh% @if{%o t-[fgé 8%81 ess than 30
to 35 cc. .15 preferalhly eexmms cﬁm ﬁltaarbomnlmg the ‘b@@s@f themay be
devel oped in 416 deitdl e s i ﬁh &%’@Jﬂ%@ti’&f%ﬁb R LT OB Ophé

e, |

exan nation are 5|n1 ar to t a used jn this invention,. |t
shoul d be un®FEARIAKY r%&payfm dejige &0 HeRif rthe S4ehin the

| stg;)e OL 23 4d1|feumt¢mta¢hwmﬁ: rtﬂié)&ié;?]tlz iderthe fsbet wnbmmmong
and/ or bi nders_ can or e ese may be
used if (a) t’tFe;g%ﬁ%%ﬁ"re e i%?otgbq‘fﬁ% con@?ﬁﬁ%%% fon by hot
conpr essi on amda;eanéterfmn mmm (19 the\top cofrethe Lrslilhbebraterl al s and
.under condi ti o PTd “fé‘rt'[ibﬁ %Yis?%f OrATEQF RS VL YU Man

e ge prefi :

bl ood.  The we used 1n t ters 1n_t exaqyles of thIS

inventi or?-Q/ver"'é‘q dreght g brass fhahddhe |‘Peﬂ"%e exr

y housing, the width may vary, or the depth may remaln
t\,ﬁ | _’constant.' For example, the slot may extend from the top
“of the housing along the vertical axis A a distance in the
. range from about 80% of the inside diameter of the
15 - housing. ' o
The outlet 14 may be varlously conflgured.
However, the outlet 14 of the exemplary depletion.
device 10 includes a longitudinal outlet ridge-41 which
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 tublng
- connector or as a socket. for recelving a tubing
. connector or other apparatus. The outlet 14 further
o includes an outlet passageway 42 which communicates
r 25 with the slot 40 at or near 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,_
£illing it from the bottom and emptying at the top, air is
30 displaced and flows towards and out of outlet passageway
42. By careful design of the exemplary apparatus it has
* been possible to reduce, but not to eliminate completely,
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.




30 with a non-ionic lubricant-finish (Freudenberg Non-Wven Ltd. Partners
- grade P14 of nom nal weight 80 grans per square neter), i-n consequence of

whi ch a surface tension of 48 dynes/cm neasured when a 32 cnR disc was
- immersed into .300 nml of demineralized v . \Wen gel 35 prefilters ..

- prepared fron1such fibers were used to. process . 34 PRC, the surface g
- tenS|on of the pl.asma of the PRC effluent fromthe device was reduced f4 .

about' . 73 dynes/cmto 48.5 to - 51.5 dynes/cm. ~ Simlar surface t ensi’on

data were obnathedaMbéhcat bcrswﬁf&otaﬁhisl maggﬂhggahﬁl fioWW%M&O( RTM .

gﬁ§§|olnggé%%€f;a€%§%?§%§engi contg ﬂinglﬁuﬁaﬁéﬁisPaF§t° tﬁﬁlBP%ﬁﬁtuse in
~exanpl es’' 107twhe €2 thsletr4acahh0wsptheebloodnsotbarrneddto fhowciato o
Vi s éﬁ@nvgﬂcé? Qﬁéférlnc I&Q%E?h%ég?kgqe ?%PFO ﬁg t he

M. croaggregate Elenen 3@ unc IOn 0 LRsRe
"gel prefi3tekiqy @eﬁ%ﬁﬂﬁn§4°ﬂ1cr @oriyathen risegbbaymiegsiyntoi thei s

renoval by. a&s@x@elm aﬁeadpefttmé ﬁisme Fpukacytos: Eﬂr thaeagoeurxaoses it~

AR R A T T RN S
- located adjemnaches the htop hef ; the oueyetaplénunrBBOaﬁddouﬂletSIngle B
im0 piBagalel 2B E AR 219, SELAT o LiblEy i8R hron
_ 10 the. housing 11 of the ekemplary depletion device 10 ' R
according to. the 1nvention.  For example, in a depletion P
'device which has an ins1de diameter of 8.9 centimeters, an 5‘)'
initial air volume of 36 cc, and a slot 8 centimeters .
high, 0.73 centimeters wide, 0.2 centimeters deep at the
15. bottom, and 0. 33 centimeters deep at the top, the res1dual
volume of air passing through the. outlet after 1 or 2 cc
of blood has passed. through the outlet is estimated to be
31ess 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
- the housing and exits_at the bottom. - The housing of
25. such a unit is typically connected by plastic'tubing '
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 houling along with the drip: chamber
30 is inverted and blood is forced through the-
iconventionaluhousing into the drip chamber.  This has

S

the disadvantage;that some pressure head-is_lost, but,

more seriously,lfluid 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



The Adsorption El ement The principal function of this el ement’ is to provide -

‘the largest
renoved - by

portion- of the. fiber surface on which | eukocytes - are
adsorption.: It is nost conveniently fabricated by

preform ng a nunber of |ayers of relataug y smaller dianeter fibrous web

to f

an integral elenent, or as note
Jd with the preforned |layer or |layers of the m croaggregate element
Tm a

el erent and
"filter-adsor

ove, the prefornmed |ayers nay_be'

single i ntegral sub-assenbly conprising the adsorption :
£he GbGbOREULRER! RoRL AIRI! -ymen 35 +Iaeecﬂa§0fpeidﬁﬁssrrbl y A
asse d when a refilter _is ,assenbled

in the corrkeen epltectestin 5h%1@¥ gﬁﬂiﬂkﬁéve+ neRd the Beusing, ption
el ement. Allaph féeufﬁaaoesntseﬂﬁyn@@mﬁppéﬁeianpr:aé@wmg aor they may be

B
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".enterlng from the conventional housing is prevented -

_ -from teaching the patient} Instead, the 1agging air
"~_disp1aces an equlvalent volume of fluid in the _
'reservoir of the drlp chamber. ‘However, the reservoir

- must be large-enough to ensure that the 1agging air

never totally displaces the fluid. otherwise, the air

7may enter the vein of the patient.

. Systems which permit a significant volume of alr,
e.g., 1 to 2 cc, to reach the drip chanmber after it has
been returned to its normal position, tend to do so
non-reproducibly. Thus, thellarger 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 wasted.
Because many of the fluids administered to a patient,
e.g., fluids containing bloodicomponents such as red
cells, are often difficult to obtain and exceedingly

'expensivg,gwasted-fluid'can be very costly. By maximizing

air clearance and thereby allowing the use of a smaller
reservoir in the drip chamber, the depletion device

| accordlng to the present invention 51gn1ficant1y reduces
the amount of fluid wasted during administration.

‘The filter-adsorber assembly 12 preferably

-cdmprises a number of individuaily preformed layers as

described below under the heading Fabrication of Fibrous



| eukocytes, froma fluid, such as a suspension.of. packed red cells, flow ng.
t hrough the ‘housing 11. Two sizes of depletion devices ‘have been -
,_tested di ffering only with respect to the area through which the packed
~red cell suspension is passed. | ter, defined as the pediatric

size, has an-effective area of 32 [err?f1azfathe Iarger defined as theps, -
~adult si-ze, has an 2 effective area of In both, - -
di sc-shaped fil ter-adsorber assenbl i es 12 are acconnodated s
cylindrical housin Housings can be -designed. to accept a variety
-of shapes ofl eFPPg§r aBBSFBErthQSQQHQFPEBent €ﬁé9§uch°u§ln9§rwe%3nple a

_fsquar e. | Thesrasegdceeﬁeroegeesblmgf ?hﬂEhV\QHbdrbarH\{/:eaCtﬁleebéshcbﬁ .
a ade ow o
HTver adsor DEFSEBEL, EPATABRFALERS, nedPriheR abalee bubnm addiBdER; -
materi al buereouaU1bb1eewithereapeet|toahhenthi&knesseotltheeal is used :
in the m@neglﬂeéfﬁaﬁgprﬂsk%ge US' fﬂsth%%tﬁggd %E ancpaﬁéﬁs‘ie te ..
sea :

filter-adsor asse I es | S obtarn e~ conpressi
“about the petephefiltergadsprrhar EF?G@%i@ESaVGEYiQQIéQttQ alhe seal . For

. those reasonehieuheedclcah EadﬁlGﬂﬁevﬂtﬁeddiétSHééeﬂetWEEﬂrtﬁésﬁiggrof

S Ehongh ot nERSTBLAet 58, 204 BE LRS! FRESH" nbacpRbLSk  shokABER! BhE ve o oss
sect i onal arad;usted todbéZequilheuetheenonindlltoﬁalethncngesblaf the '
|nvent|qﬂ0 filter-adsorber assembly. ' . - _
' To prov1de an interference fit of the filter-adsorber _ 'i;)
assembly 12 ‘within the hous1ng 11, the filter-adsorber '
elements were cut from large precompressed slabs to a
_ diameter 0.1 to 1% larger than the inside diameter 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

' oversiz1ng, prov1des good edge. sealing, i.e., an '
.1nterference fit,_between the outer edges of the'

20 filter-adsorber assembly 12, made up of the various
filter-adsorber elements, and the'inner periphery of the
housing 11, with 100% utilization of the full area and

'volume of the filter-adsorber assembly 12 thereby . L
. minimizing hold-up volume. ' ' - gj" .
25 ~ The edge sealing obtained by the interference f1t has )

' been shown on its own to be adequate, however, the
1mportance of prov1d1ng high reliability in production -
units is such that an auxiliary seal may be considered
des1rab1e. 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 S
auxiliary . seal have been used in the development of this '
invention. ' '

35



Housi ngs can be fabricated fromany suitably inpervious material, including
an inpervious thernoplastic 15 -material. For exanple, the housing my
preferably be fabricated froma transparent or translucent polyner, such as
an acrylic or polycarbonate resin, -by idﬁ? ion nmolding. - Not only is such
Y& Ng easily and econon1ca||y fabricated, but it also allows

\at i on of 20 the passage of the fluid through t he hou5|ng The -
hou5|ngs are designed to withstand normal abuse during service, as well as
i nternal pre ' 02 sg/cer) This pernmits |ight
constructi-on; - - 3 f this invention made possible
- by the 25 use of preforned fllter-adsorber assenblies. The force required
to conpress the fi f I ssenbly
By pack| ng of - f| beitigé ?fniiﬁ &l.{%]%lsélnfné;r&:% %‘%g@ﬁ%%é%e&f%%&%%@a 62 cnf
di sc, or. abo@bove degamibed hpusings comprise @y nunker disared® costly

: ggu?l ng CCSWSti!xid:i%vhiem}]alWéléinélﬂI& P@ta?m@ml% fﬁiﬂ"ﬁdﬂf&j dﬂ% %ﬂ&{dfléo y ~of
nfiguratio ousi 0 e ar par a evi ce i s

preferably f%ﬂ%?éﬂ‘%'n b & RS EGHEe 1:%}'33-1 s%é:t 15 and an -

outl et secti dreulthcylties deplait izin dmdtceoroﬂﬂ:hmlmrdmﬁm,r @arndrin nl et plate

20, and the Qﬁlrﬂ'i' SH fvﬁﬁ%tp M%ﬁ%ﬁgﬁ‘ﬁg f(uofjb}&% defines a wall

21 which. faces the upstream surface 0 assenbly 12. The
inlet 13 del iop@Prisas fluid to an inlet plenun122 5 between the wall 21

and the ypstream gurface Cifutéi:e element is referred to as the gel
' prefllter. A hlgh proportlon of whole blood and PRC
' specimens contain gels, which very effectively clog fllter
:medla. 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 v1scosity._.
' The state-of-the-art procedure for coplng with clogglng of -

o

f11ters is enlargement of the pores of the upstream face
of the filter, followed by successively varying smaller
 pores, continuously or in steps, but this procedure for
20 reasons'not fully understood was ineffective when applied
' prior to the development of the gel prefilter of this
invention. . |
‘We have discovered that a very effective gel
ﬂk_) -'reﬁoval filter can be made by.using as a starting material
25 non-woven web made by the needle punchlng process, with
.average fiber diameter between 10 to 40 mlcrometers,.
preferably between 15 and 30 micrometers, and more .
preferably between 20 and 25 mierometers. Needled webs
are made using a number of multiple barbed needles, 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 variety of other |
'irregular shapes. In general, a majerity of the fibers
have the form of irregular shapes, with very few straight
35 sections. Gels appeer to penetrate easily into this type

AE)
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fllter-adsorber assenbly 12. In accordance mnth one aspect of the

invention, the inlet 13 delivers the fluid to the inlet plenum 22 at or'

near the bottom of the housing 11, as i n Flgures 1 and 2. 10
The inlet may be variously configured. i@ﬂ%&ever the inlet 13 of the
. exenpl ary separation device 10 includes a\l ongitudinal inlet ridge 23.
inlet ridge 23 extends al ong the outside surface of the circul ar |nIet:
plate 20 parallel to a dianmetrical axis-A of the housing 11, which, 15°
use, i s posibfowed,wahl. tbebélettectiae1yxretAineaentedigemheaheb, as. ,'”'
verticall hg_u £t 3 hloned as a
socket fo¥ rggﬁlgengggh 3 t EESE &E&ﬁbbgggi% eggxﬂggﬁﬁerce the bottom:
‘of a bag contalnlngeﬁﬁéeﬂl Pbs eigh thegposhapagteristigscares 20 further

: 'nCLudgz an ?ahekam§§saaaaaxnzék@blehaﬁpaegiebat&aruaasrrea@vgﬁ tagghol I ow ~®°
spi ke :

ends hro e 24 and thé inlet e 23, and :. ...
connunlcafes Rrt APEABA; gF@F“gFﬁnHHFgEggtcPﬂQrSSFFGWFGfatﬁQnFﬁPgaeQectlon L
~15. 25 shalderl thickhekbe cFabniersonhadeprasedaecbnehedetoabpluraI:ty N
- of generall n 0 tr Cifcular -
_ grogves 27. y g ?553 nghiéakg%%g ggﬁgcégxggégfggggoggpﬁ g%igferﬁadgbrber '
assenbly 12. dOAgowaMel acruBMingoreintivelyr Ldgbde2eprceiwishin fhehe .

ITﬁwer portlgglﬁ—.ekhﬁouakﬁt; 3theOQm&ilei‘ehbﬁs'iﬁgaaeg%%%av‘% %hieccelss 30. .-
O oove 750 BRBUERQRPLORUBOLEEE PLPOfly ¢ RESRALBS BRC. 108 bYoBbOYY ROV
circul ar grooumpaPéd Qithcmﬁleersve&tteuhwithrcuh&en@ﬁonh&s 27 and the o
access 30 prefiltration.--: . - S \e)”
B ": While the gel prefilter does not recover ﬁ' '_f ' o
'microaggregates directly by filtration, the gels it '_'
15 retains frequently contain a substantial number of
_ microaggregates in a w1de 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 compres31b1e.. Webs made using fibers much less
than 10 to 20 micrometers nay tend to be excessively
compress1ble,_to the point where a few inches of pressure
- head during blood flow could cause a web partially filled
25 with. gels to be compressed thereby reducing its pore
diameter to an inefficient range.v 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. N
_ Preferred materials for making the gel prefilters
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/cmz, while the_latter (PBT web) was a - -
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define the inlet plenum 22, which distributes the fluid delivered by t he

i nl et passageway 25 over the whol e upstream surface of the filter-adsorber

assenbly 12. To prevent aggregates and other |arge obstructions fromb5

j.ng flow at or near the junction.o ﬁﬁp i nl et passageway 25 and the

,‘~4Ienun122 and, at the sane tinme, tb mnimze hold-up volune in the
g 11, the depth of - the inlet plenum22 is greatest at the bottom of

t he . hoUS|ng 11 and decreases al-ong the vertical axis 10 Ato a m ni mum.

~value at the o 2kl W hAtH '&eﬁflttelieﬁ Aneived b ijegﬁ o%fe 3&“0“ 16
of "the hou5|a@ﬁ€1 |ncltjq:ii$ cl neul ar out et plate 31 and a-cyli1ndri cal

- col l ar 32 ‘whi t/icm? p&Li Bk & ®™Ghe circul ar outIet 15 plate
: 31 to the periphems gurdimsea weammnhnea%pmhumad 'Ehﬁsl QoW R i cal1 coldl ar

232 i s. preferap) eqrgy | d the circular oytle te an
~j.oi.ned. to- theﬁgg?éric Ia%"%nltee gt%?e%% e ny% Eﬂeé: #&mﬁg d3 by an
~adhesi.ve. 8 Bp oxder ke dflﬁmngZ@-hiS. th'éhvebﬂsmeellm%tawmeslsedcmm ar

outlet plate iy gl 3 gfgh ng%%#b ace of the
filter- adsorgg%;gé eggﬁd%fg%s Th§s 33 IL.ncl udes pIu ality o% ‘general |y
concentric creratrat afy °§¥eﬁﬁ|UﬁstFF391é§H@§nPﬁ| gcier @gRms @fooves 35.

" The 25 ri dgmea%r@huintt @endteds aecghes ¥rhadeocut teeth, b f@d&%leer

| Sésﬁh”?'cﬁ coi 1 cor o 19 S S3ABERR 5 B, 4 bR X B Salh, B el PO
12. Thelaepth ofVEMmL@mtbaﬂlpbemuwﬂSﬁ thenjdesaerientied vertically
' _ } . downward. The jaws are then slowly opened. The -
N~ . ' 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.
Th;s was hot compressed us1ng the fall-out test to a value
- of:0.18 to 0.22 cm. A clearance of 0.9 mm was allotted at
.aésembly into'the filtef housing.  Examples 107-168 were'
similar except that the surfactant had been removed prior
20 to hot compression.,,, '

Examples 169 et seq were made using:
(a)  Upstream, one layer of PET hot cempressed_to a
nom1na1 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 . om. .
2. The-second element is the microaggregate removal
element, whose function is to remove aggregates which
- form particularly in older PRC. i
Preferred material for making this element is melt
35 blown PBT web.

[&d




30 ‘as p055|ble to minimze hold up vol une mnthln t he hou5|ng 11 mnthout

i nventi on,

whi ch conmuni cates with the outlet 14 as& or.near the top-of the outYet
| ects »

- section 16.

circul ar grooves 35 and channels the fluid to the outlet 14, preferabryi

~ . unduly restricting fluid flow. In accordance with another aspect. of the

the wall 33 further includes a,passageway such as a sl.ot 40

The sl ot - 40, which col fluid fromeach of the

extends from.the bottomto.the top of the outlet section 16 along the

vertical axis A . g e By &%SE%EQ%H%%§¥QQ(¥%ﬁ¥h s AN dt h of

the sl ot 40 renni NS const ant ut the

IS greater -

" than the depefesentheonprised)theyfoldo iﬁ’@rne eldrérnt% R4 the -

“top of the-
t he helght

oghlogt: section 16 al ong the. vertlcal ‘axis’ A . Al'ternatively, 10

o may. be Iess than dlaneter of ou5|n t he T
“vary, or the deptf q‘@éf 3‘5‘#?& ﬂﬁf °oétM"ﬁ’é§/ Etend

fromthe sopavbrhlge If(innfelmgum'l:@n Itespedt:iwdlyamss A atidgtZance in the
‘range fron1agg 4& . the inside diameter of the 15 - housi ng. The out !l et -

.14 may be variou

confl gured. However, the .outlet .14 of the exenplary

depl eti on devi ce aosmhed@;eefqmﬁ da¥eraofodSmioraneter \avenagst ends -
al ong the outegide gﬁ@h@%@rogéhhe outlet plate 20 :31 parallel to the:

vertical axis A _The | e of t he. outl r|d be fashlonéd as'
a tubing connect o® & H'aly&'}‘eﬂ? %ﬁ.ﬁ’dﬁ‘ﬂ‘be er averag
g 10 fiber diameter web of density in excess of the preceding
1aYer. o S . S o , -

.15

‘20

25

30

35

‘As ‘used ‘in examples 169 et seq, the microaggregate.
removal elements comprised the followxng, listed in order
of flOW' - _ _ : _

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.
3. The third (adsorption) -element has as 1ts

primary function the removal of: leukocytes, primarily by

'_adsorption and. secondarily by flltration.

For examples 1-168, this ‘element was prepared using

multiple layers of 2.6 or 4.5 micrometer fiber, " g')

integrally bondedtby 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.

' The values cited above and in the examples can be o
varied within limits while meeting the objective of-thisp
invention. To determine whether any particular' variation

- produces a_fullylequivalent product,ctests are'required;
Thus,“it should be understood that, while the precise
fiber diameters, weights, densities, thicknesses and .

-



connector or other apparatus. The outlet 14 further includes an outl et
passageway 42 whi ch comunicates 25 with the slot 40 at or near the top of
the housing 11, extends through the outlet ridge.41, and opens at the |ower
end of the outlet ridge 41.. As blood s s to flow through the apparatus, .
fillwg it fromthe bot t om and enptyln%% the top, air is 30 displaced
and flgws towards and out of outlet passageway 42. By.careful design of the
exenp ary apparatus it has been possible to reduce, but not to elininate

conpl etel y. ianbeiuat] Dﬂy&;ﬁzv\?aﬁhbéW@rieaUséméﬁﬁSHeﬁhihé acRie¢Ingd ?ﬁenf
" to the outlet_passa ef o ai r om t he
inner parts o?g?ﬁgagsﬁgyﬂﬁ ngﬁﬁ%f evenlhegﬁ% afﬁ%“%%sofgé?gtwgé Ltﬁ?s
l'aggi ng ai r *fdbschoséd hereynsb591n9dndedlasoutguhdegtouthendeshgnnbﬁ ahe

outlet tube 4 ev1 eomeégiﬂ%1eﬂﬁ LS 84 8?%%8$ron1iﬁg gﬂi%lfﬂb &fonhgnd

slot, where t essly separa suspensron.
The air then Fh%ﬁsdﬁﬁiﬁﬁés§¢9etUltheS@EhI!ﬂrlﬂtéﬂéadfélltﬂbthielh@efIU|d

:eve: in tEe §?ﬁ§e48faﬁﬂifﬁiﬁ$g§§1°ﬁpnp|ete|y ejgcted bffore t he’ I|qU|d
evel reaches e e oqu n nd outl et _pas

Thus, ‘air is very @$£Pc£%ﬁt?§cﬁP£§?% ?r%bﬁl_ tﬂ@gﬁbt 324 iif ¥B%Be
exenpl ary depehementdeareepﬁéferthﬂismrfacehEremheattona CWsT ﬁuanple I n
it e apr vcEEs BECEbOae 48 dpiagioll W Mol L Seclgl! GF' C15 8"
centimet ek wﬁ%edyne%/ﬁﬁntlneters deep at the 15 botton1 and 0.33
‘centimeters deep at the top, the residual

~ ' Grafting Improves Adhesion
' During Hot'Comgression _

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 dynes/cm are palpably
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; however, serviceable
-elements could be made by hot compression followed by
- grafting. _ _
| - While the examples of this 1nvention 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. : :
. Melt blown fibers have been preferred for use in all
.;}but the_first layer of these devices. Should finer melt
blown 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 -

--,.I.'.
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' 'volune of air passing through t he outIet after 1 or. 2. cc of blood has
passed through the outlet is estimted to be less than 0.1 cc. In order to
understand the inportance of the slot 20 nd the fl ow passage
configuration, the equivalent operation a conventional |eukocyte - e
depletion unit will be described. 1n conventional units, fluid enters g#%. .
the top of the housing and exits at the bottom The’ hou5|ng of 25. sucknef -
C.unit is typically connected by plastic tubing between a bl ood bag upstream
from the congijd éye+ L Do e SR TR E Nbe Nl nERAERET sdoPRSEELaM
fromthe convent| ousing-and thence to the patient. During prinm ng,
t he housi ng M g}ﬂy?% %%%‘drlp chanmber 30 is inverted and blood is foreced
through the convent|onal housi ng |nto the drip: chanber - ThIS has the =~

di sadvant ag h tg r - y, fluid

reaches the: g €S rfets - Fip - chanber.
while 355 as nuch as 1 to 2. cc or nore of air is still trapped |n;- the
conventional houspilg. hd¥eing i@ ﬁr&&@fealw%éaéfbe&kfaiiycafgcl n the

~drip chanber, it and the housin e ret€%$ed to-their nor 03|t|§n
leaving a r Mo 9T JIOTe (FiB9F AR of 18 RAEE | BAYR WL an

‘air space ahpueidghte ¢ylimdrissl vealémeﬂihe t'rm ﬁat-mddleleilenteraperforrrs
. a service in rm Ie r gh the air
~ space, thus gl At "Hh R St Lo L £0E Che ' @LliehR1GH o148
S 1% larger than that of the inner surface of the housing. -
' When assembled, a good seal is obtained, w1th no
"detectable bypassing during service..

CWST of the Elements
15 '
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 -
20 clogging, followed by dissection, inspection, and testing-_
. of the pressure drops of the individual layers, indicate
that little, if any, improVement can be accompiished by -
1ncreas1ng the .CWST of this layer. The microaggregate j o
. filter and the adsorption section are preferably modified ' g;) f
25 to a 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 and 68 dynes/cm. ,

Red Ce11 Recove;z
30 . | | |

No significant changes -in hematocrit were detected
when the hematocrit values for the PRC in the bag were
compared with the effluent from the dev1ces in accordance_
with this invention. ' '

35 Some of the incoming blood or PRC is 1ost due to

f't .'".'C_'-?



It also perforns a second service in that lagging air 10. entering fromthe
conventional housing is prevented fromreaching the patient. |Instead, the
- lagging air displaces an equival ent vol of fluid in the reservoir of the
drip chanber. However, the reservoir e |large enough to ensure that
the lagging air 15 never totally displaces the fluid. Oherwise, the air
may &ggFer the vein of the patient. Systems which permt a significant
volume of -air, e.g., 1to 2 cc, to reach the drip chanber after it has been
returned.to heddnvpnwitbdpi thendepdetiion devige20 Thak- Legsodisci bly. Thus,

the | arger theg 59£ggeagfhb§gghﬁgvaiﬁme;he | arger the volune of fluid which-
nmust be collec?ed'in the reservoir of the drip chanber. At the end of the

~.admi nistration, nuch of that volune is left in the drip chanber and, hence,
I's wasted. 26haBactesdzativnobft borbusi Hadbdnbwi Phestdalo a patient, e.g.,

fl-ui ds cogtagﬂigg glgﬁgp§8ggonents_such as red cells, are often difficult

to obtainTant® pensi ve, wasted fluid can be very costly. By
“raxi m zing air clearance and thereby allowing the use of a snmaller 30
reservoir in the ' depleti Vi cohdi-gg to the

~ present inventionﬁg?gﬁ???ggﬁ?Fybgg uggézgﬁgaaﬁgugfag?eglB?ggmasted during
‘adni ni st rati 8hamekers;| Thesgqiorpelagstenbryliy peer EihgrydiangEees a

nunber of i nBuykdyappsrgne)odenditpyecandagiBérdaensibgd behewsucHgr the

headi ng FGOrEGE" LolnBlel! BaHA1atel! EHE hPerall" hEHthHEL BUEVRRAR! o1 A0
' fibers. However, the average distance bgtween_fibers
AL ' 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 particulariy true of deformable "particles" such as
leukocytes. In a fibrous mat such as made by melt _
o blowing, the fibers aré”parallel_to the plane of the
surface, but are otherwise laid down in a random manﬁer,
and the pore'sizé.distribution is quite wide. Other means
20 for forming fibrous mats, e.g., air laying, or formation
on'a Fourdrinier screen, also produce wide pére size
distributions. In these circumstances, the aVerage
‘distance between fibers is clearly a poor predictor of
. | performance. A variety of other formulae have been
\fj . 25 proposed to allow calculation of pore diameters from data
' "on fiber diamete:, fiber density and bulk density, but in
over forty Years of devisiné 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. ' '

. Measurement of fiber surface area, for example by gas
adsorption - popularly referred to as "BET" 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. _Thé_surface'area of melt



'lconstructed for testlng whi ch |ncorporated t he basic |nternal conflguratidh
ove, but in addition were variable with respect to the

descri bed ab
thi ckness of

the 5 fil

t er - adsor ber assenbly. -In this way, it was pOSSIbIe'_

"to test filter-adsorber assenblies vary in total thickness. In each .
case, the distance between the tips of the ridges 26, 34 of the inlet a””“'

outl et sections was. adjusted to be-equal ‘to the nonminal total thlcknessd

the 10 filter-adsorber assenmbly. To provide an interference fit of the -
filter-adsor iowssesblweB2 vah Hhe ided hboiscatcdlatéhaveihyar fFaBeer ber

el enents wer
|'ar ger than

filter-adsor
ri ght cylind
-oversi zin

t he outer%%d
various filt
11, with 100

e, cut from

ARG S TR

berq ¥pen5 reeC nperlas tqQ naintain true .
ri cacf‘é or mﬁfﬁ‘?h(gl rfl}()u er el ge@rﬁThls.saou%fed with the slight

| ar ge preconpressed slabs to-a . dianeter 0.1 to 1%
di anet er of the 15 cylindrical collar 32. The

provi des good. ed e sealing, ., an _interference fit, between .

ges of (Wk??% $terf%kﬁ%rﬂﬁﬁsh§%eﬂﬁl§BT2 g9/4882 up of the

er - adsqr.be

%utili ?%n 0

elemp andlth nner peri phery of the hou5|ng
f“%%%'T and vol.ume of the- ;

fllter-adsorber assenbly 12, thereby n1n|n1z|ng hol d-up vol une. 25
The edge seahrﬁyeﬂnqirthbtﬁibme imtmdbehgnt&)flt has been shown on its own

"to be adequat e,

‘Such a sea

however, the inmportance of provjding high reliability in
production units i PEGEMRREIRPRUR) i a§

. " desi rabl et0

y. be consi dered
can: conprise a pair |nﬁerdly ‘30 facing flanges

1-'to 1.5 mllineters mnde

, di nensi‘oped s as to0,co the filter ' '
medi um bet ween these per ‘# ar I‘Iﬁ %%0 ?%. Sgﬁgggie%bl ies with: andu

wi t hout this

15

- 20

25

30

35

where L

= total length of fiber per gram,

d = average fiber diameter 1n centimeters,

: and Af

fiber surface area in cmz/g..

If the units of d are micrometers, “the units of Af
' ‘become M2/g (square meters/gram) which w111 be used

hereinafter._[' .
A second characteristic necessary to describe a

'porous medium adequately to permit it to be reproduced is

its pore diameter (Dp) We have used a modified 0SU-F2

described
Examples.

Other characteristics which describe a porous medium

‘test for. this purpose, this test and its mode of use are

1n the following section, under the heading

1nc1ude apparent (bulk) den51ty (?) 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 (Ag) in square '
centimeters (cm?) [32 or 62 cm? for all the examples], and
the CWST in dynes/cm. Spec1fy1ng 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



auxi liary seal have been used in the devel opment of this invention. 35
Fabrication of Fibrous Elenents The fibrous el enents which are assenbled
into the above described housings conprise a nunber of discrete 5

i ndi vi dual el ements, each of which perf gs one or nore functions. 1In a
pref grr.ed configuration of the | eukocyte depletion device of this

I nvenggon, and in the order in which the fluid flows, these |ayers
conprlse 10 - 1. A first element is referred to as the gel
prefilter. = A high pro o b ngaP p tain

- gels, which very effec?ﬁitkﬁmieé ﬁ? £ﬁ§ bQ?ghE QA?RQ 3 Qd?geggr%?% phase
di stinct from and not¥ ﬁ?§8¥blésmfbﬁ £ hﬁrbﬁﬂﬁﬁaﬁﬁa§ﬁﬁalﬁvﬂﬁléhlﬁhey are -15

suspended, ‘and vi sual | yigshénstha folberefbighemnovaiCog Lgukdbytes

stat e-of -t he-art proceggrg?gggggggéng with clogging of filters is

enl argenment of the pore freamface of the filter, followed by
successi V@l y varyihy shnl pbjegbive, OﬁohhiﬁubnSEytbonlﬁssaeﬁaltbut this

procedure for 20 reaseRscRouiiv! buskndgssuAsds!Bp bRE! Usehbue when applied |

prior to the devel op neni gre Ilter of this invention. W have
di scovered that a very® ?933?9ve BEF F%FD%ﬁltFFIFEPSEaﬁeSEiﬁﬁéé by .usi ng as
a starting material 25areanayoisnipebeaséd, byhéheatacdEetpowcpepg process,

“ﬁth average fiber d‘aﬂﬁiér L“fS &gregség ”L8£8£9Eﬁere is less
10 tendency for clogging. '
_ o (c) Dp and t define the*efficiency‘with which
N S leukocytes are renoved\by filtration.
A fibrous filter-adsorber element for leukocyte
depletlon is defined by specifying the dens1ty of the
- 15 fibers from which it is made, as well as Ac, Ag, Dp,e
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
in a novel but well defined manner, a filter can be
~achieved which has sﬁbstantially'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 p : Whereas previously available devices depended
nearly completely or 1argely 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. | o



__preferably

betmeen 15 - and 30 m croneters, and nore preferably between 20

> and 25 nicroneters. Needl ed viebs are made usi ng a nunmber of multiple

barbed needl es, with 30 the barbs orlegled both upward and downward, mhlch

~ cause the fibers to assume t he f orm of gul.ar l-oops, circles, and
spiral's, interspersed with a variety of Ot her i rregul ar shapes In-

‘general , a

majority of the fibers have the formof irregular shapes, v

- very few straight 35 sections. . CGels appear to penetrate easily into thlsﬁ

‘type of - web, aﬂﬂet?offoﬁiﬁécékﬂﬁbleéeéﬁenﬁﬁfétéhlB t faywelf, - as may be
seen by post-test n10£oscop|c exam nation. Needl'ed webs wth these

characteri stikkugkrag

PRral |y nmade thicker than desired for gel renoval

and 5 for optimal results nust be conpressed to-a controlled smaller-

" thickness.
effective i
.space W tHhi

éabrli S0 made was discovered to. be not only particularly _
ng gels, but to-do so while occupylng relatively littl

n the filter housing. The smal | er housi ng achieved in this 10

~manner holds up |egs. iakQOQndrﬁﬂamentB@ tgea iy these eX¥mplesaweden th

filt fitted h :
| doesehzt LecgkﬁxgﬁFef géﬁ?ég gsbngﬁcV# bycPPFm?gt%gnaﬁf%qlgergf:{tig
retains fr eqnesbtiathohaos BleodsBanksaStandhvdsof FhoseaygidgaCoOAL a
- Wi de range of giésgwggﬂtg bgeg m,nﬁi;f,e%ga&&rr LY. nsioadowowa& e

gels. The ge?

nstt n-
| rder tqQ hav caSry hig

~ voi ds voleneMeividlimenNalide anghredpepdls suspended n physiolog
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fluid using the Adsol anti-coagulant - system were: obtalned
from the Amerlcan Red Cross Blood Serv1ces, Rochester '
Region in Rochester, N.Y. Unless otherwise noted the
tests of the: examples were run with PRC..

. No blood product, including PRC,_could be obtalned
from the. blood bank in less than 2 days after it was S
drawn, as thls was the minimum period required to test for
the presence of infectious agents.

- All leukocyte counts wvere made by conventional
chamber counts,. by . well-tralned technic1ans, and data
reported is the average of at least two counts by
different technlcians. When testlng adult size
devices, two bags of PRC or of. whole blood were used in
serial fashion; the weight (or volume) of blood is
reported as the total for the two, but the leukocyte
counts . before and after process1ng are reported for each

. bag separately. For pediatrlc 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

half of the bag contents, and for a second: sample '

representing the second half of the’ bag.;

Use of automatic counters for the leukocyte depleted
filter effluents provides incorrect results, because
automatic counters are designed to be operated in the
range of normal leukocyte content of whole_blobd and.of,-'

e

h
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20 smaller than 30 to 50 microneters in diameter, it is easily _
~conpressi ble. Wbs nade using fibers nuch |ess than 10 to 20 microneters
may tend to be excessively conpressible, to the poi nt where a few i nches of
pressure head during blood flow could Q§Q§B a web partially filled 25 w.th
gel sj be conpressed, thereby reducing its pore dianmeter to an inefficient

Fey
ran&!. I f made with fibers nmuch above 30 to 50 mcroneters, performance

for gel renoval deteriorates because the open area at equal pore size is
smaller- corrpﬁbeﬂaw PReovebghuBgethei ﬂqrfnanebpaeatﬁnaerangar efferred material s

for making th efilt poly e p PET) and
polybutylene ﬁgg Bﬁg FgPEEf%§T§S $h EéE¥bEB tgges h %n t he formof
.23 ni cr onet ereachedgdnf ther edawmpbesrhexsine as3la cmisgqueoceﬂ to 9

fig/[err], “hhhﬁoﬁgﬁlbaékﬁﬁtégaaaﬂﬁb&t“@ﬁeée loWEhEthQWBr@ehd@ th a fllter
di-aneter of 20 mcroneters and wth a melga qgerr out
e

purchased thﬁebtﬁbﬁﬁdluﬁPHﬁEshHﬁr?oBhPBQﬁS peyl aQHE%@Neuﬁgpg di anet er
Was .| ar ger- t hofmdEschafibel cbiuntrdechhfquavedy this, the webs were hot

cornpressed to smaller ,thickn t he bs ar bl e o
coz?rol of thickn ag- &és éStiﬁ?}gﬁég)ug?ﬁ % WE5Rs 8?¥HE§§§Fe§§ﬁP dgnoted
as the "f al | Modelt B¥t CpudteftoCbunkerA 6The condentionaldcentird fhghd in the
L of & 1omethoa ¥ELTLERACEh B8feritthd hBRaLAURIEEL Nt ed verl | cally

downwar d. aws are then si ogh e . vernier setting at whi ch”
the dlsclPaIIs ,stﬁethpapxamples of is 1nvention, priming times

-  were determined while applying a pressure of about 0.2
$~f ' kg/cm2 to the bag of blood or PRC, either by hand, or with
' - a pressurizing cuff. A pressure of about 0.2 kg/cm2 was
determined by test to be the range of pressure developed
15 with manual compression of the blood bag by three randomly
- selected laboratory technicians.
Primlng time is defined as the time required for
filling ‘the test housing with fluid, and for the fluid to
_ f111 the inverted dr1p chamber 1/3 full (approx. 3 ml).
20 For Examples 1-168, pPressure head during the tests
- was adjusted as required to maintain flow of 4 cc/minute
for the adult (62 cm2) device and 2 cc/minute for the
pediatric (32 cm2) device. If during a test the pressure
required to maintain the requlred 4 or 2 cc/minute flow
25 reached 100 cm of fluid pressure head, or about 0.1
kg/cm?, it was held at that pressure until flow fell to
' below respectively 1 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 bag is reported.
35 For examples 169-210, ptessure:head during th tests
' ¥




-out" thickness of the disc. For exanples 1-106, a single layer of PET
mediumwas 15 wused with the surfactant-lubricant on the fiber retained.
This was hot conpressed using the fall-gudt test to a value of 0.18 to 0.22.
cm A clearance of- 0.9 nmmwas allotted ssenbly into the filter hou3|ng
Exanpl es 107-168 were sinilar except that the surfactant had been reanj -
prior 20 to hot conpression. Exanples 169 et seq were made using: (a) %

“Upstream one |ayer of PET hot conpressed to a nominal fall-out ‘val ue of

| ? 07i3hcm (P)dasDQ sisteanas i3 z@dj:ﬁo mftamtt:ieﬂeﬂlwesué &Eihﬁﬁlte.t .
oget her wi WO S ether to
f o?m an int eglfa -E %ﬁjﬁsﬁr“? r&ﬁu%\f-ﬁcﬁ fem?)1 q-t? 'ﬂé?‘g) At
. assenbly int cq/hté.rmth efrldwomha;; nﬂwhgdadéjaldnbtqfe(ﬂt@-d mrmuyeaﬂ. (a)
~and(b) vas Qlandht 031 k r4c1(f2m it was/ BRI1E G Ctlf‘d'l.e sdrd Mentil

m croaggregate renoval e

whose function | S {o nove at es
‘whi ch for @ p£Aov Fieddy 9 Peé-l%rl O ninutes, atd which tai,mq cﬁh?rgﬁ 38 s
el enment i s mMelermihatiaawn IBEHe: olumem Ot FRT e)smptizﬁscnwtbai; Iwa XpdEs es

oo afRR g, ST R a2 Qi kel S AV Rictladhul Lo
-'respectlvelypagseﬁothmt'hnlt of PRC, as that was determined by test to
be the probable outcome during hedside ‘service.
10 ' Mlnimal samples of approximately 5 ml were taken
from each bag of blood or PRC used for determlnation of

influent characteristics.: Where more ‘than one unit of _ _k,{--

blood or PRC was used, they weré delivered sequentlally
and were individually sampled and: assayed._
15 o Leukocyte (WBC) counts are reported per microllter
(1 mlcroliter equals 1 mm3) of fluid. Dilutions for
countlng varied from 1 count 100 WBC of relatlvely
 fresh blood to 1 count = 50 WBC for tests u51ng blood
over 10 to 14 days old. . S
20 .- - The elements used in the examples were unless
' otherw1se noted of disc form, 64.1 mm dlameter for use in
the pedlatric size device, and 88.9 mm diameter at
assembly for ‘use in the adult size device.' The stacked
_ layers of elements, with a total thickness of " te were
- 25 ‘assembled into a housing as described above, with a

clearance'cf thﬁbetween 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 riddes'34 cn;the outlet plate 31,

as shown in Figure 1. After pie:cing'the-blood_bag, the

30 filters were primed by manual-pressure applied to the bag,
or with a blood:pressure_cuff-preSsurized to approximately
0.2 kg/cm2, ‘after which whole blood or packed red cells
was passed by gravity and product assays made in the
manner described in the preceding part of ‘this section.

35 Losses of red cells due to adsorption were, unless -




mcroneters. A single preforned |ayer of 4. 5 m crometer average [fiber
~dianmeter web. A single preforned | ayer of 4.5 njcroneter .average.;10 fi ber
di aneter web of density in excess of the eceding. | ayer. As used_ln
exanples 169 et seq, the m croaggregat fgnnval el enments conprised the-
foll gwiyng, listed in order of flow 15 . Afirst, second, and third.
Iaye spectively of average fi ber di ameter 3.5, 3. 0 and 2.6 mcroneters
hot conpressed at assenbly with the adsorption el enent described below, to

make an i nt egseéqg el Q%”smaﬂfnéotﬂe 2 LécEedPr eﬁéroﬂhésekéﬂﬁieéoﬂégf-ﬁﬂow th
exanpl es 1-168. 20 The third (a ftIOn é has_as its
pri mary func}?%ﬂe?h@“?eﬁ%v%?1@ﬁ“Pé%REm9?é%a ﬁ%?@l?sby(éﬁ br bt +8hSSnd

secondari |y -by flefétdbﬂmeE@tsedﬁnﬂlBBeﬁ ﬂé&atheseedieﬂaminad nsengr ed

by Dot "sonpreie BHELELEE el B e URTAAL FeBEEeadtes BRESAL Y PO
four |ayess diameteni ofohardrpirticls wbbwmmmueﬂ9t%§eoﬁetheﬁihciﬂent '

Ir‘r‘imc/re;)f;lggr egaﬁ&:ﬁf&g&@' weAY SFémbded O HRd FIEgEE! uaéaeml YaRinghgopgven

er e val ues cited aboy In the ex es_caj) be varied
within lim t%imm%aﬁ%?%@t? d%]‘&%‘fff/ge‘gf"?ﬁ? on nQErT&’%anTBeﬂEt erni ne
whet her ary @evélopédrinathatlsﬂnﬁs(hkunknahémalstaqelUnieersﬁtQQUct, tests
ber o ey (905 B, SOy Rl oM 41 LR AbELPISERE® OO
10 contamlnant in an appropriate test fluid is passed through
o . the test filter while continuously sampllng the fluid
\*[-' - upstream and downstream of the filter under test. The
. samples are analyzed by automatic partlcle counters for
_ their contents of five or more preselected particle
15 diameters and the ratio of the upstream to downstream
count is automatlcally 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 diameterfas the abscissa, usually on a graph in
" which the ordinate is a logarithmic scale and the abscissa
is'a log2 scale. A smooth curve is then drawn between the
points. The beta ratio for any diameter within the range
__'tested'can then be read from this'curve. Efficiencydat a
25 particular particle:diameter is calculated from the beta
ratio by the formula: - '

Efficiency, percent = 100 (1-1/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 = 1,000, hence, the efficiency at the
removal ratings cited is 99.9%:
35 In the modified F2 test, efficiencies in the range of .
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nunber of |ayers can be varied somewhat while achieving equivalent or

possi bly even better results, that which is disclosed herein is intended as

a . guide to the design of a devi ce meet i ng_t he st at ed obj ectives of this
invention and 5 that devices made with dg variations fall within the.,”

‘scope of -this invention. Wth the exception of thé gel prefilter, al
the elenents are preferably surface treated to a CWST in excess of abo-_

- dynes/cm but frein |1ntex<2©&&50&icl~‘émfe(&e1:% Wl ARG é,(?%'eaf“ y '”gqroves

- Adhesi on Durlﬁg Ep nB6e33|on 15 . Hot conpress
" made using ne SSREAPIPERS ARk 2THSOLS ﬁ&?@%’éc#?nsmffd@ﬁm ftatto

rai se their Cﬁ@ﬁtvaauaathrai sﬁl&&ﬁeuéyaQ&tCEM%EQﬂ%H th(§¥ .d
are Wi Scs made

orns -

en co

=

. respect to- fip | 1 e%# ce to fr$¥
by 'hot conpression 1ol %Q’S?ad’*i 5 4Pt Boe dust aint wateMESr t O
hot conpr essi Bixeds ufbil tthe Sispersoion praaf etaltsg, hmvexow %ﬁfé“vﬁga&iﬁt@ ements -

" coul d be made r ftln |l e the exanpl es
of this |nven%P%%h%§$§pg§%§ % 5%9 cgﬁgg%géPg f% gfﬁi?ﬂ@*?d??@?@ﬁne

el ement's whic

adsorption,

|unmbﬂédtb@ fea5|ble to formthe integral elenents by ot her

means, such as re qungan%i aEdeV|ce utilizing this-or simlar

alternatives i's

?Otwswk%n%rbﬁa_ isl Prisentetl hsr_'s

have bee#QnmﬁQ*lQanor use in aH
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_ a)ﬂ Data pertlnent to. the manner of preparation and
to the adsorptlve and letratlon capabilltles of the
examples are presented in Table A. _ :

fb) Behav1or observed while proce551ng blood
products through the fllters is presented in Tables 1
through 16..
' The data of Table A are presented as follows.
Column A llsts the example numbers and the table

'numbers in whlch the blood data are presented.

20

f_1nd1v1dual fllterlng elements used in each test assembly.
The upstream gel prefilter element (number one) in

cOlumn B llStS the sequence of . the multiple.

examples 1-168 unless noted comprlses acryllc bonded
needle punched PET. The remaining elements are all made
of melt. blown PBT. ‘The mlcroaggregate removal element

’ comprlses 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 |

_adsorptzon element, formed as a single layer by hot

[

compression.

Column C lists fiber surface areas in units of square
meters per gram. COlumn D lists the element apparent
(bulk) den51ties 1n units of .grams per cc. Column E llsts
element thlckness, in centlmeters. Column F lists the
fiber surface area in units of square meters for each of

z

tdg@ﬁféilt%r?é’leﬁe & sapgeoPVeie wich ither edsudns «rel renoval , and -
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but the first layer of these devices. Should finer nelt blown or other
fine fibers, for exanple, fibers made by mechanical . fibrillation of |arger
di-ameter fibers, becone 35 avallablelé;ﬁﬁe future, their usein elenents
for Ieukocyte depl etion devi ces woul e-within the scope of this

|nve tJj on. Edge Sealing the Preforned El ements. into the Housing 5 The

' is preferred to be of generally disc form or nore rigorously.

st ed, i ve the ormaof a right c drical_elengnf, ., The

pr ef or med elggﬁer?gf e i%f %ﬁ%r&nﬁrlgﬁ}u’?‘ﬁ ‘{b?tﬁi HRfisi on
‘0.1 to 10 f‘iiblea'rghrantd'tzerthatcadfcu]}aedﬂrﬁaronsLBE'.acmeméurhnehbuefng When
assenbl ed )y ring
servi ce. Q/\%ﬁ'&%% ﬁtgeqllgﬁ%r?ee\%geg ﬁe#j%ff&ﬁfﬁl rs%‘?gé'ﬁ%ﬁgﬁ?yh& - have
a | ow CWST wmem:t ﬂq;:r mh%rqﬁlwpnﬁefedtemwmmz;twm estinated that _
condi ti 08. pfRgdeks iicaly te?&ﬁdﬂb‘ﬂ“ﬂ%&ﬁgﬁéﬁé: e PRE;ESagun through a.-

device to cause cl, %hng or. near med by di ssection,:

in
“4#nspection, Softhen dagHidslad Q%S’r ‘Eﬁs*theiﬁ" nﬁ%??‘a‘ﬁ%}e?%yer s,
indicate t hauslol bbddapﬂifngﬁrahe lp&r@mwataamﬂetmcgep*pﬁéembarl ncr easi ng

e, VBT of Hlch, LRk serli i MRS ad ) o Apfiblor SRgLLLRE
dynes/cm- aﬂustMBMMEHWﬁaﬂﬂqadh)Hayemeen 59 and 73 dynes/cm and still nore
- 10 - Examples 1-18 were made as indicated in Table A. The
CWST values listed are those of media of which the
surfaces had not been altered.
Examples 19 to 34, presented in Table 2, were also
run ﬁeing five layers. Of these, the first was identical
15  to that of Examples 1 to 18; the microaggregate filter was
‘identical to that of Examples 1 to 18 except that it was
-radlatlon grafted to a CWST of 59 dynes/cm. The f£ifth - '
'preform was identical to that of Examples 1 to 18 except
-that it was radiation grafted to a CWST of 65 dynes/cm.
20 ' Examples 35 to 38, presented in Table 3, made in the
.~ same way as Examples 19 to 34 except that the number 3 and
4 layers had been radiation grafted to a CWST of 75,
ratherathan 59, were tested using whole blood with CPDA-1
L . additive. Average eff1c1ency for the second unit is
K/_ 25 - substantially reduced compared with the results obtalned
in Examples 19 to 34 (Efficiencies obtained with whole
‘blood and with PRC may be meaningfullf'compared'because
'_whole blood is a diluted form of PRC.).
Examples 39 to 42, presented in Table 4, were tested
30 using packed red cells and illustrate the effect of
increasing the CWST of the elements of Examples 19 to 34.
The microaggregate removal element had CWST of 81, while
‘the adsorption element had a CWST of 75 dynes/cm.
Compared with Examples 19 to 34, both capacity and
“ 35 efficiency are reduced. :




preferably to betmeen 62 and 68 dynes/cn1 ‘Red CeII Recovery 30 No.

.significant changes in hematocrit were detected when the hematocrit: val ues
for the PRCin the bag were conpared w th yhe effluent fromthe devices in
accordance with this invention. 35 nme of the incom ng blood or PRC .
is lost due to - hold-up within the deplefion device. That loss.is: P

reported as hol d-up volune. Characterization of Porous. Medi a by PhySICju.“ -
“Characteristics Fornmulae have been proposed to predict pore diameter. These’
fornul ae typl call Exampl‘eBbQB dindnauer prbsleht(eaoﬁar @ableldhsifurthed fiber

: density. uch I ) ' o
bet ween -fi be %i sﬁ&ﬁ%\? FE‘ ﬁ?%?g‘r g’g’feg%csg:'téancgl et vve?@lﬁggfr gdl?:éaﬁgg'? be a

meani ngf ul pmedroaqgregaﬁert@nnwndeaad adsprptiopielementpah theis the

| argest poreg agvias e%feﬂgﬁkh%ﬁl%a%GQ9 lo° B 4G ON i AmpIYd Qrarranaamaaebthl sis.

15 particularly true _o "partlcles" such 0C In.a
fibrous nbt ddenticainde Examples,idtey, ﬁ'h@’ﬁq%§ %‘ﬁa‘ﬁﬁ % the
plane of thegpar fsa%ndbllhy@rei%t Iaqruysesl/wi dmmumm randifouwstner , and -

7B o e M Bt e, P HARERT o,
produce wi deenemnm hasdlasmsuunfomd. dynes)/loase (ﬂha:lﬂaﬁaarﬁlm that average
- efficiency for the second unit of PRC is greatly reduced.
10 Examples 45 to 48, presented in Table 6, were run’
- using the configurations of Examples 19 to 34,'except e
that the fiber surfaces of the second, third, fourth,.' _ NS
and fifth layers had ‘been modified to a CWST in excess of o
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. - -
_ Examples 1 to 18 of Table 1, Examples 19 to 34 of
.Table 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 Q;)
25 1less effective w1th respect to both efficiency and '
o 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 examples'
of group 19 to 34 except as follows. In Example 49, the
35 gel prefilter element was omitted._ In Example 50, the

o -E.
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~distance between fibers is clearly a poor predictor of performance. A

vari ety of other formulae have been 25 proposed to allow cal cul ation of

- pore dianeters fromdata on-fiber dianet fi ber density and bul k density,
‘but in over forty years of devising rreanS?b make and apply filter nedia,
t hi.syedypl i cant has never found any formula useful for calculating a priori
the Af#ective pore 30 dianeter of filters for liquid service. Measurenent’
of fiber surface area, for exanple by gas adsorption - popularly referred
to as "BET" waermyer was am:ewituﬁdml wxmm@ S o @i is a

etiocytoe. bl 2y, Mad SRl el el Blont BV Sinr e can
be used to c&@xawpdiee SRve gy fhhleeﬂd@hmmdsm e'l@nmlnt/otammsn‘d.fl [Pes ma/ycg :
GLom" o7t sesmtapable 7,048 Soluld pedi sy Sl ) )
[err] 10 &nd es_d[e‘grﬂased as e@,ch[ éﬁergmovp@baﬁq%m Qﬁelﬁgﬁar per
gram d = avermoosf mllereodi &'I&Tp@ctuﬁeﬂ.wt et em?,, 3% /éfncFu ns:‘4lt ?ﬂg fsAtmeégggone _
ferr] /g (squitberdonidi, o e, sthepen Bore, Fee eﬁ%r@a%éﬂne
-~ this inventlon is thus clearly illustrated. '
‘Examples 53. to 56, presented in Table 8, were part of
10 -a study to determine the preferred thlckness range of the
gel prefilter element, the function of which is to. remove
— _ 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 _
- 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. ' o _
Examples 19 to 34.have a gel'prefilter element
thickness of 0.90 mm.- A number of tests run at 0.65 and
‘25 1.14 mm have'shown very nearly equal results. Based on
- these data, thekpreferred.range is in excess of about 0.6
- WM. '

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 1arge'
~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 cm? of effective




A second characterlstlc necessary to describe a 20 por ous nedlun1adequately
to pernit it to be reproduced is its pore diameter (Dp). W have. used a
rodi fied OSU-F2 test for this purpose; this test and its node of Use are

described in the follow ng section, under(g@e headi ng Exanples. 25 Qher

characteri'stics which descri'be a porous nmedi uminclude apparent (bul k). g,
density [err] in grans/cubic centineter (g/cc), the fiber density (al soZ
g/cc), the thickness (t). of the el enents of the medium specified in’
centinmeters. (zx@a)} heher addistohi ofial mmeinathitRhessf mncfrbaweshhoughuphe

filtering 6|eagfaﬁésﬁg]ﬁﬂénéguaéﬁ ?ﬁépgé Ss Leg&%g ﬁﬁdgglggb[grr] for aIII

- the exanpl es] pec f esepar aneters
~defines .a filter Te$t$tﬂeradsbnb%$190ehbﬁtm@kepﬂpdpttEuhmpﬁeﬁaﬁpotowﬁén

- used for 'eul‘ﬁ?f-t' ﬂéplgéi ﬁPefiﬁteEAélemQﬁtfmﬂdé agr tﬁ%esﬁh@?dlgﬁ‘sﬂk&am

when mul t r%;
fiber surf%cé"‘éﬂ‘e‘&sh%l faptarhing;
~adsor ption. ﬁpost-teéh)mléﬁogbppﬁéayryO&lthlﬁhenseetmgycmg @lemeher. whlch

il pass't P ho 0 far as_the cross

~ sectional . #i]m?s i%%?QQSe 1?% an?g% thFgﬁFpeV ﬁnFFeQrg Is
decr eased, hawoovidernore space1for gel collecbidnnthahonecesggryy. apd)
and t def|ne s&ee&f$h0tﬁﬂéy ﬁhehpﬁgféPred weight using PET 23

10 micrometer fiber is 8.8 mg/cm2 . Lower weights ‘may. be _
- used, but with the risk of not prov1ding the capacity to

e “% X [err] 20 ter -
i trofrdl FS/CPenﬁVQItBP“ISGPG@fF@s by

pass two PRC units without clogging, which is an - \J’

objective of this invention.: _

o ~ Fiber- diameters other than 23 micrometers may be

15 used for the gel prefilter,.as 1ong 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 w1th adequate

20 accuracy for fibers of diameter d by the formula,:

2 : .
W= 8.8 -4 mg/cm?
_ 529 9/

25
Means to accurateIY'measure}pcre diameters in the
range in which the gel prefilter is effective are not
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 w1th this invention employs
the following procedure: .
The material to be tested made to a weight of 8.8
mg/cm? is wetted by immersing it in a solution of
isopropyl alcohol followed by plecing-the.materialjin”a j

L tagvEL, e e S
23 sa :_‘ [

30
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Ieukocytes are renoved by filtration. A fibrous, fllter-édsorber elénent'fqr
| eukocyte depletion is defined by specifying t he density of the .15 fibers -
fromwhich it is made, as well as [err], Dp, [err] t, and its OWST for each

conponent or sub4assenbly of conponents. { have discovered that, in a
~fibroug | eukocyte depletion filter, renoval' of |eukocytes is acconplished
20 p l'y by adsorption-and partly by filtration. An inportant aspect of

this invention is that by carefully defining and controlling Dp, and

provi di ng prﬁfo'l'de&atfzp'izﬂl%lﬁﬁﬁ%v%.'eleUtthW@l&xe%%f 'i'%e% W% éf il er can be

~achi eved whi ch has substantially | ower volynme whe conpare with a

filter princHBdEh add, BrESHUTE, Cans be, apel eﬂm j-ll@d@@@é- dngodd¥e of . PRC
or bl ood hol #lown, @Wn bnamowmmamwi&hlmewgame&w the sanme

e provi o g Jahen SRR BRlRRlhetgatea 0B S Yu! 1o, 0ot
‘devi ces dépemate wfa0l.p cosyisecond shoulddgEal lowikidor mheomamed qﬁere
Gesian gur deXt epebé’“%‘égé'r 357 oot s BNCRRLER UMD BEBAMAMAY | o

‘a result arebsk 4 apd ﬁ%PP&wﬁné ERawpteyr godudmr.ered by way of
|IIustrat|on Exam&hmpﬁé 57 is directed to means by which the
' -_resistance to clogging of devices in accordance with thls

10 invention may be further increased. . This may be
; accomplished by varying the pore size of the
~ ' 'microaggregate removal element continuously rather than
_stepwise. .
_ Examples 58 to 65 were prepa;ed as presented in Table
15 A, and their behavior in'proceesing'PRc is presented in
" Table 9. The first four layers are identical with the
first-fqur of Examples'19 to 34, The adsorption element
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: 51ng1e preform 0.251 cm thick
having a density of 0.252 g/cc, and, in the adult size, a |
' BET fiber surface area of 1.77 square meters, and an F2
'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 F2 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
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- The PRC and whol e bl ood used in these exanples were obtained fron1b|ood
“banks whi ch conformto Anerican ASSOCIatlon of .Bl ood Banks standards
Those-using CPDA-1 anticoagul ant were fromythe Geater ‘N.Y. Bl ood Program
in 10 Melville; NY., and red cells su ed in physiological fluid u5|ng
t he Adsol antircoagurant system were obtaihed fromthe Arerican Red Crg@%..-
Bl ood Services, Rochester Region in Rochester, N.Y. Unless otherwise =

noted, the tests of the exanples were run with PRC. 15 - No blood =~
product, ingd &k P éﬁ £ i  han
D ove rt oEldidiE, g"‘.%nvngﬂ% the o 0 Sf4 1S Bicpombesk dfeheesr

hi's was the_ m ni mum peri re wredtoteﬂ '
~for the premgﬁlqﬁ%tgﬁ%t%é‘?ﬂ§ GHST | %R, %’%%‘aﬁ‘? Fhde by
_conve{lt Id onalctogﬁbrééséwe&o@@mgwyom'i-émawmktpwfmmaas dendiﬁpta -
reported i's the av

_ it t ff t,tech

~ Wen testind ’a&ﬁﬁte}s?‘g AR aﬁ%e\géa)tjg%m%n : f‘l‘%fe T@ gfoghcﬁpz
used i n %erimlciométers. tMa\/argsnlting\dﬂthrafstdins‘rahlerﬁported as
“the total for theyiyy @ytfalhemta@fggt@ce&neﬁ 4068 e9cy3Tage processing

are reported for "each ag se Ic size uni-ts, a single .

bag of PRC sompared byifh theseicef %rﬁépt% wi:k%éyt:e BuimsTakier 20and
after are repgt ﬁ@ﬁ@éﬁé@'hﬁl@rrésﬁe&rﬁé Péukebytef raovng cont ent s,

Altomati o coRtirieney ohBrOTRIRS (10 i 3 ctF 11 SRr LY PRBRIGE P01 doc

- incorreao reEhAt of lmompbestm&nmmsfsaﬁmm simreuxesignsupenior teer at ed

in ‘the 35 rRpagPle NS N8BS 58UKOfRYES f@@@fﬁrfsiﬂ@mﬁeéaﬁgg €nd of B
surface area avallable for remov1ng leukocytes by ‘ffx“il
-adsorption in the 58 to 65 group and the 66 to 73 group is
-identical, 1.e., both have 4.07 square meters of flber

1'15' surface'area. The signxflcant dlfference between these
_two groups of examples is that the pore: diameter of the .
number 5 element of Examples 58 to 65 (6.9 mlcrometers) is

. smaller than that of Examples 66 to 73 (7.4 micrometers)
_ Smaller pore-diameter,_therefore, is seen to improve
20 eff1c1ency. This conclusion is confirmed When Example -

' ‘group 19 to'34 is compared w1th ‘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 _i_z

25 meters) Yet Example group 19 to 34 has better :
efficlency. Again, the pore size of the downstream
element of. Example group 19 to 34 (6 1 mlcrometers) 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 adsorptlon 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_gréthe'
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~nornmal PRC. Thus, the nornal operating range of autonatlc counters |s 10 to
1000 tines the levels reached in the exanpl es herein; as a'‘conseguence,
automati c counter data at these IOW/Iexg?ﬁsare-not 5 rellable Count s
were therefore done manual 'y using nor hanber ‘count technique. Bag
(i.e. nfluent) counts were determ ned using a Mbdel ZM Coul ter Counter. .

- The éé)bentlonal centrifugal nethod was used to determ ne hematocrits. 10
For the exanples of this invention, prinming tines were determned while
appl yi ng a pdevastyesn slement.2 Rg owtedo inhTabdgsoR haindodogr abACthei t her

- by hand,. or . u [ @3S W f s@&bo 0 was
dgtern1ned bgh%gg?pggﬁ%iﬁhking h hgvosfgégére %%51% §5f5§%£§%# %%hual

conpressi.on Of Fﬁ@mPﬂﬁbgebégdb?7tﬁﬁ@@eFaﬁi&m | ot EXamplesa 58S

~ t'echni ci ans. -oflliymiifg thate i s defined ?s tge tine. regﬁlred fo; ngllng t he .
E h th fl f h | o fi e.inver ri
"EﬁZLbe?ui ggfn1l 6333L§? angﬁPgitEB% e&emeg% cE?&HﬂP@slfsf6§i%6Fés§gFe head
during the tghesewemeaeiasseubay haquartdtam sarfaeien akeawod§ 341@ciRi.nut e
for the adult (62 (gyP) oiiavh¥aragd Rof/ B1BHLEELObe! BhePRHRALELTANS2 OT2)

device. If du a test th re reqU|re to mairntarn € reqU|red 4
or .2 cc/n1nuFieF 5% 38 Peécﬂé&rEBﬁteﬁFof fluid pressure head, or about 0.1

kg/cm2, it was hebéspﬁtbhahepéﬁbﬁﬂéﬁtﬂall& Eham1§9|E%g?rbﬁhﬂﬁhbésﬁﬁﬁéhge|y
%lgglOfF%gfég?Q!iggéulfoFl%EgPrgginpﬁpgeghmgrh§9@gé§5e§gé8k§e§§/n1nute or
0.5 ' (0.145 to 0.251 cm), Examples 96 and 97 perform
AN o 's1gnif1cant1y better than Examples 58 to 65. The
' improvement can be due only to the smaller pore. dlameter
of Examples 96 and 97.
15 Examples 103-106, shcwn 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 dlameter). Four tests'of
each density of this group were run using PRC derlved from
20 'blood drawn 2 to 4 days prior to the test. The tendency
'.of this relatively fresh PRc to cause clogging is less
than with older blood, such as was used at least in part
for the tests reported elsewhere herein. |
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 objectlve of pass1ng two
units of PRC prior to clogging. Parenthetlcally, all the
ztests_ln this series showed 100% 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. ' :
Thus, pore diameter can strongly influence leukocyte
removal efficiency. This was an unexpected discovery, as
* 35 it is contrary to the belief that leukocyte removal by

..'-u -;




30 cc/minute for a pedlatrlc size unit, all of the bl ood had_beén

wi t hdrawn fromthe bag, and 'the device was not ‘clogged. If the flowrate
during a test fell to or belowthe linits noted above, the device was
considered to have cl ogged, and the resi weight in the bag is reported,

35 For exanpl es 169-210, pressure head during the tests .. was:
~adjusted as required to maintain flow of 6 cc/minute. If during a test:
pressure required to maintain a 6 cc/mnute flow rate reached 115 cmof -
fluid pressurfaﬁmﬁns medhboﬂs 8 finéyionPonly ofissuxfdcet arkas pA8ssure

unti | flOWh§€%% aﬂo? Qwh%lémé?%ﬂ?ig¢ s“QrEhlarSErtEﬁahe§Ed“ﬁs

ternlnated e Vo | ess than 30 ‘the. |

fi'lter was co%%lh%ieHNPBhﬂEVEe§ucﬂh§§$uipynﬁ5§§ldwpﬂaﬁ hirpdopcppun as t hat

.;Ygs deterg:negopy iGStotoobeofhslprebab?e Ddﬁfoa?tdsrlggebednpdeabeevtoe
ni na approximtely 5 were taken from each bag of

bl ood or F?K:EE%dr?ap i%ﬁr gi?%h of influent characteristics. Were

~.mpre than one uni t Bpf taking adviﬁtagasoﬁstiStdé?cmEﬁGYdeﬁtvbﬂedbeen

.'. equenti al | d | ¥ - .
| ?v%g) Cgﬁntg é&% ¥§%§r§8 Lyadea! esﬁfabadhaﬂd 6936$§dmel§y abouthskocyte .

. per- mcr ol f
- fluid. Dilut¢enpared 8étht3ﬁ3mpr$e§8fFenF§vcsﬂﬁt15 168353 8f ng;%?vgly'

'L{§5h28|00d tﬁxamﬁPéQtSEtEQ yBC fQheseséfeUﬁigﬁibieaﬁtoreductﬂohe,14ndays
$_us

- of disc f%Pn1eﬁﬁeﬁgnﬁggPﬁﬁﬁgeﬁg?oF°ﬁ ?ngﬁgsggmﬁégr sgﬁgégéggﬁggﬁ aggted

-88.'9 mm di aneakoutt $3 to $6 U S..or more based on present hospital _
costs and blood bank pricing. oL L '-'\u)
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 equal to
'the pediatric s1ze 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 1ayers, ‘as follows: - The firstéand second 1ayers were
each. identical with the first 1ayer of group 19 to 34.
. The third layer was similar to the second. layer of group
19 to 34, but used 15 mg/cmz,each of 15, 10 and 7
~ micrometer fiber diameter medium which were laid up and L
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 1ayer was
30 equal 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. nCapacity 1s_seen,to be adequate albeit
35 marginally;so:for;fresh blood, -but is_qﬁite inadequat.ﬁfor
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: . | ked | ayers of elenents,
- Ly for use in the adult size device. The stac
3ffﬁn2 ¥otal t hi ckness of [err] were 25 assenbled into a housing as
descri bed above, with a cl earance ofhth t ethgﬁ Iﬁge?nogttgeazgozo nd.
i.e between the tips of the ri
plenuns‘ of the ridges 34 on the outlet plate 31, as shown in Figure 1.
& ercing the blood bag, the 30 filters were prinmed by nanual i
pressUre applied to the bag, or with a blood pressure cuff pressurize 0.

| qﬁ%& [ls vvas .
appr oxi mat el y R190d j1ged morafthan whifew wayts, b mﬁl descr |ébg%tlfaﬁ the

passed by grawith absy W%xﬁ&?@@ 1@5‘@%1 3% s,gs adVantages of ysing

- f thIS sectlo
P Sor bt i on wertdie 7 a%mut%%mmeoa@ mmm&scwm in

exanpl es 169- gl@elvdmesvicmﬁ nardaﬁ ridisC Mot oiflaiida? tx%% rmdﬂ{p%?t heé 12)CC

. di amesers of fg,) det.er m ned n
Eg:ﬁod andggre report 1t thegg 8 ira REEEENSRd, gPH ﬂ&ﬁﬁ(ﬂZe @hOWhﬂ@haQQ 9%

of the inci defbtadng dcl"é@mvé'ﬂda@nbledd" was E%euest t Forlehig pore.

h .
si ze neasurengoup %faeﬁaﬁb&b%d ggﬁs B?E %hgg b es evelope |2ﬁé|gn of
1970' s at Cklgh qa State Unlver5|ty

an artificial 8 diRa the gxapp sﬁrvprearentusunglcpoAha p&o&edsed

I pgtr.eam and
~_through the tbsoom.l t €PDAR QsCanbbﬂygﬁaiﬂoﬁaagshgrﬂét.gﬁg%hiégtg am and

| downst reaﬂbOftﬁgglfag#:tst B?&@éﬂ{ gﬂt ;nsge;SS”ng Reriod, éyewgt wl:llphr thel e
Egrthf;ﬁefgrgrqucehésruemoinfefﬁectﬁverﬁnéhtﬁrﬂﬁﬂﬁﬁéé&aihto a patient.
o In CPDA-1 whole blood or CPDA-1 PRC, the red cells are
' | suspended in plasma; due to the higher red cell
_ concentratlon in PRC (hematocrit generally in the 70 to
15 80% range), its v1scos1ty is qu1te 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: centrlfuglng to
| concentrate the red cells to near to 100%, they are _
resuspended in a saline solution- contalning preservatives
which extend the useful life of the red cells by about 7
days compared with the CPDA-1 system. This class of blood o
_ product has been defined as "products in which the. red
' cells are suspended 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 enployed
- '35 in Examples 66 to 73, all run on the device sized for _
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count  is automatically recorded. Thi s ratio is. knomn I n the filter
i ndustry as the beta ratio. The beta rati o for edach of the five or nore
dianeters-tested is plotted as the ordinate agai'nst 20 ‘particle di anet er
. as the abscissa, usually on a graph in ﬁp h the ordinate i's a Iogarlthn1c
.~ scale and the abscissa is a | og2 scale. snmooth curve is then drawn =
between the points. The beta ratio for any diameter within the range "
~~“tested can then be read fromthis curve. - Eff|C|ency at a 25 partlcular

" particle d t he formul a '
- 'E?H::lceﬁcyl, ergéet)l[‘fccﬁ%gz&é%f be?hgngélﬂg 2?1 ééér‘?plp@r qrn@é{%e -°r1000
‘efficiency Adseboblepdesdesphtevtbe §ae:tte&hatthé:heerdawalcersﬂomg759 did e85 i n.

Lhe exampl es g4 e6ent 60y Hohee Bt CLhBenBaE! prbRedialPlins Ue WA beta =

1,000, hence, the efficiency at the renoval ratings cCiteéed %
In the nodi fietenbienst eff|C|enC|es in the range of fron11 to 20 25 -

‘mcroneters. wer e M%& sk 14d nﬂhéscénEQ?{erQ@bﬂ@ thﬁ%gﬁ%%?

suspensi on of 4 |ne ég:t g g nat 11 crous dust y the
AC Spark PI % Gde, 8§ ERsi ¥ ﬁr@frpﬁeqﬁkﬂgl Odet er was
m xed unti |l hlmodinspénsctm-V\Bsaatabbeag{Eazahtf.l OBehalvd o#B W i489 zteepueltl f '

liters per 4 er._m-nu uar t) o

filter ar ea%aé%lﬁiﬁ/ An ﬁ%‘?gehég ?FE rPOeER, W@t@d‘ a’Fh§°d3§’z%? .
appllcable1ﬂﬁ¥§wﬁ$PQ%¢qdJfﬁﬁlthgrééteenradumew follows: = 2
io Examples 86 to 95 are presented in Table 14. Example By
90 was not actually performed, the data entered are the @ = \J/
“averages of Examples 19 to 34.. Examples 86 to 89 and 91 -

to 95 were performed and are similar to example 90 except
_that the adsorptlon element densltles and thlcknesses were -
15 varled while the welght was held constant. _.As may. be
' seen 'in Table 14, the pore dlameter 1s 'a critical

determlnant of eff1c1ency, which for the flrst unlt of PRC
tran51tlons 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 efficiency for the second.
-unit of PRC changes 1n parallel fashion, from.about 70% at.
';6 7 to 7 mlcrometers, to 99.6% at 6.1 mlcrometers, and to

) 100% at 6.0 mlcrometers From these data, lt is seen ' QQ'
_ ‘that, for the adsorptlon element of a device made using
25 . 25 mg/cm of 2.6 micrometer diameter - flbers, a preferred
upper limit for pore: dlameter is about 6.7 mlcrometers,
.'whlle a more preferred llmlt is ‘6.3 micrometers. _
Below about 6.1 mlcrometer pore diameter all of the
' examples in this group. showed essentlally 100% leukocyte
30 removal efflclency for two units of PRC, ‘and whlle ‘there
are some 1nstances of clogglng, satlsfactory data are seen
at as low as 5. 7 mlcrometers. Hence a preferred range of .
pore diameter is about 5.7 to 6.7 micrometers, while a
| more preferred_range'is about 5.8 to 6.3 micrometers.
35 Examples 96 to 101 are presented in Table 15, and

*



‘a) Data pertinent to the manner of preparation and to the adsorptive and

filtration capabilities of the exanples are presented in Table A b) :

Behavi or observed while processing bl oogp~z5 products through the filters

is presented in Tables 1 through 16. Th at.a of Table A are presented as

foll : Colum A lists the exanple nunbers and the table nunbers in which

the‘.@od data are presented. 20 Colum B lists the sequence of ‘the
I

mul t 'pl e individual fjltering elenents used in each test assemb]y.. The
upst ream gel i in é"r?éﬂ-te EnunfiBessn&xanplsa iz Hr%%ljé‘ssu?ﬂ)t ed

conpri ses .acepimeC wagndad meagdlespsacted 75T exddit reiet iy admmrﬁanar e

'2LLD;T?SZSZ|5aye&eU‘”BL,}aSblm% cag}ngng’%%e &tnr%a%%;%é d‘?gq%lef corrpressed
together to mécmomeseradidenisy hoknpriespmpresseti to he ddwminasses and

separatel y. JeRkqhi%d hothd.2050kRN RRYa¥E Hred BFBhASE RS iUty er by

hot 30 corrpressmn Qolum C lists fiber surface.areas in units of square °

meters per giBmt eCéﬂe@rh?tﬁqcl &ize; Reed ¥adnd - ontWhish IO AFRASES | n
units of grag¥ ROmparisdiol(¢EE.ETablles ml)emtcdlmﬁé@w,s J1s cR ijgpters.

Col um F Ilsﬁzl tr%a@% fi ber gurface area in un| square net.ers for_
each of err§ nay; be gee FEMYRL | per
di aneter = edfiffddiened dfsr @f BIE'D%mfarubelmntthn‘ métacmuhrm:o(rfd heritd anet er
= [err]. Tbcrgggtgpiélned at pore diameters below about 6.6
' 'mlcrometers, thls may be compared in Table ‘10 with the
\~/ - _onset of lower eff1c1ency 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 dianeter 7.4 micrometers of Examples 66 to 73. From these
data, it may be seen that a-preferred value for the upper
limit of pore diameter is about 7.5 to 8 micrometers.
" ' . | Below 6.6
micrometers efficiencies remain at 100%, 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
_xfi 25 diameter range of 5.0 to 8 micrometers, and more preferred
_Jrange of 6 to 6.7 micrometers. These limits of
preference are discussed in more detail below.

The Preferred Limits of Pore Qiameter'
30 o o | | _ |
"As the data of examples 1-107 were reviewed, a number
of conclusions were drawn in order to define the preferred
range of pore diameter.
_ (a) Based on examples 102~ 106 of Table 13, tested
A 35 using only fresh PRC, a low limit of 4 micrometers was
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val ues listed are those of nmedia of which the surfaces had not -been ™. -
“altered. Exanples 19 to-34, presented in Table 2, were also run using five - -

stedPeq |- lwﬂhwszlﬂﬁuﬁ@&eﬁé méﬁetﬂi@éféfrgda”m es 1 to 18;.

except for the gel - prefllter mhlch was est.i mat ed 5 n1croscop|cally

he pore size as determ ned by the nodified OSU F2 test, in

mcroneters, also excepting the pore di er of the gel-prefilter mhlch
was estinmated m croscopically. Col um | ts the OWST val ues for each .

Exanpl es 1-18 were nmde as indicated in Table A The-g@

t he n1croaggregate filt s.identi t hat es to 18 except
that it was radiatf®h (ﬁ%ﬁ%’%o"?o %2 oé)s d‘{/%e%?ﬁrﬁggilﬁ I%ff?’ﬂ PPREEr m
was identicallinoitt hzxt &7 Ex.’emmbmtérs owvdss s}a(mmstpnaeferreds ‘whtlhaéi®n

A amC_\LQQJ'? e eggsneqxﬁé/#ééptq ﬁ%X? §4 excep?tB'ﬁ ?p{ ﬁzeﬂhﬁge} §

3

Table 3, made Tn

were tested
t he second unlt

‘and 4 laydrs mmrmmme& |m5¢@r¢ “with B mierometers Werehan 59,

¥ e £ bIood wi.th CPDA-1 additive. Average efficiency for

, is, 25 ntlall red d with the results
obt ai ned in Exanpl (9%2) 1 é& ?I?’f'? ‘?ef" o’gTQ%rT WPERIGRbI @ BRBYY and -
Wi th PRC nay rxe nmmm lﬂ:haln c@rmatecbmmimmémees ba® auost prefénted; f or m

f PRC. Ex -
gacked 3ed cells and’ %ﬁjst eel[s%nﬁ%efck%go £m ree%\géﬁ Séf%ﬁl%ﬁlt Eg

el enent s 16 [§§ﬂnﬁﬂﬁ;HEF#QFEﬁhaﬂTRﬁYnRﬁ

.of 81, le'eviﬂ&ﬁﬁoraptléﬁ‘s EpPEEEE r S %Miﬁt@fd’imsﬁfﬂroﬁéﬂ&ﬁéed
: wnth Exanp[e%j}%t

#@%%v%? @f cti® had OWST

1f4i é)oth capaci-ty an

(d) F1na11y,-a-rev1ew of examples 19-34, 58-65,

. 66-73, 86-95 and 96-100 taken together'indicated a
15 preferred range of 5 to 8 mlcrometers, and a more
preferred. range of 6 to 6.7 micrometers. '

use

'As to the low limit, since some physicians prefer to.
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, wh11e the upper part is preferred for use with
.25 older PRc. : '

| 1'6)'

The devices used in Examples 107 to 168 (see Table
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'therefere 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 radiationéérafted'(using mixtures

- of HEMA and MA and a minor amount of tertiary butyl
35 _alcohol to assist wetting) to modify their CWST values

k)



35 - efficiency are reduced. Exanpl es 43 and 44 presented I n TabIe 5
further illustrate the effect of i ncreasing the CMBT of the microaggregate
“renoval and adsorption el enents of the g&h ces of Exanples 19 to 34.
Exanples 43 and 44 are 5 identical to les 19 to 34, except that the
CWST. the second |ayer is 81 dynes/cm the third and fourth |ayers have -
CWsT{ sf of 77 dynes/cm. and the adsorption el enent has a CWST of 81
~~dynes/cm The data show t hat efficiency for the second unit of PRCis -
greatly reduc®yerthe rangExﬁﬁ%Pe§34§°t£°a8dyﬁ?%éﬁﬂtedE¥ﬁeREbF€r6thﬁere5run

‘using the cor&hguﬁaéleﬂSs@ffﬁesﬁteﬁrdﬂ tihe el cpyeepiltén] ang theer

1o a v i n PREREES ofneh o fuesc fcnd eﬁai%‘fJ oS5 gebe ndBR IRCC Do

15 capacity amnstnﬂutédnftonexanphesep@rted34n Table 2 for Exanples 19 to

o e e 5 ARk R SefaniAEI6r 1 468 Unbliod 34 Prafaady! 88, 52

5 and: Exanplb%uhgczbestﬁOHStb@ ﬁbﬁﬁ% Witeef BRE H@EéeGS|hgdtﬁbesane ba5|c

' CO”StrUCt'0”1a¢ﬁ%a¥bt3ffbél iﬁ”ﬂaéﬁ éf8ﬂ?5ﬁi£€édnﬂth§91etngféfter
t han 94 dynes/cm The resulfs ©Obtajned romless than optimal at 52

“dynes/cm to UpeiREFoRE BBiBseXGRed?e 963 v somewhat 25 less effective with

- respect to both efItcisnsqeanﬂncmahmetysftuafNEmbggiuQSprhothEorpagsa@eon1
65-75 to 2] €38 £7 £ 0 Ain £ YOGS, S Wit Gr KOIP! BrQéRcd %ihén éhe cwsT
- . . of the filter medium is below 75 dynes/cm. This may be
L o related to the.surface tension of the PRC, which, as noted
o ~ above, has been repbrtéd 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 6f_filter media is in excess of 63 dynes/cm; a
more preferred value is in excess 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 éxémples 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
- 251-considered marginal with respect to maintaining consistent
performance, hence 54 dynes/cm is a less preferred value
of the CWST. o _
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 a 7.7 cm ,
' '~ diameter anvil and with an applied pressure of 4.3 g/cm2.
PR 35  The filter assemblies used in examples 169-186,

s on gy man € -



represents a preferred configuration of this invention. Nevertheless, it
shoul d ‘be kept in mnd that all of 30 these exanples are superior to all
. currently avail abl e devices for bedside nistration of red cells.
- Exanples 49 to 52, presented in Table 7, e prepared in the sane manner
as the pediatric size exanpl es of group 19 to 34 except as follows: kg &
Exanple 49, the 35 gel prefilter element was omtted. |In Exanple 50, nife
second l.ayer was also omtted. In Exanple 51, the third layer was onmitted -
in addition teresenbedyin Bable. 17, ncenpriredsthren| preferassor ption

el enment ‘was used.. ﬁsrn?feberﬁeﬂambeﬂabé«; thet b8 mbﬁsﬁenaesadeaiear to

clogging 5 was decrease yer was re an ,ayerage of 308
- nl to, respecﬁ?'@e‘!’?veﬁl‘ﬁgb %esggi 5% éﬁ mwas?ﬁggsﬁﬁi Preg. %‘P fhe .
'_stepped por e ¢hibtkhésatoHn. 6761 em of Fohi prefioemt hnumber tios al dayky of

Sty v o ARt rarbead PO Cantels Septoigeld kel
el ement, tfma#@ﬁmﬁ@ﬁﬂndveth%ﬁ lgi@oovenpaezgemgcaggeperyayarggeaggpegates

toget lher Wit fu;w%t& ﬁﬂﬁéfgé}’gilizVﬁh@hﬁﬁtédsﬂémenﬁtdwhgwlﬂiiﬁ galsthéhews
exanpl es- use needl| e egd non nma

appr oxi mat el &“g‘é #ﬂ?ﬁ%ﬁfﬁ? Pb§?§gg§£¥ ﬂ hﬁdtﬁogﬁ"ﬁﬁF egoxghegg'éd to
proportional 'Thenaibdee  thwochrefermsdwehencoémbihed mnnphesoedeatlastedbly to.

the thi Ckﬁ?sggg eWdtEda 1en8LapPopyhclnblY Qﬁacagﬂagsgswat lEyagp! es 19_

‘'to 34, havin een pre ame -mannef exce W th respect to
t he thlcknessﬂmhlsﬂeo éfpre%$u§¢eﬂ§ﬂp for ten SHCh assemblies ranged '

from 5 to 7 cms of water column. : - ' “
_ For preform number three, seven layers of melt blown
~ web were used.. In order, these were: one layer of- 3 5

15 micrometer diameter fiber at .0069 g/cm2° one layer of 3.0
micrometer diameter fiber at 0052/cm2° one 1ayer 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 layers ‘calendered in assembly to a thickness of |

20 0. 296§Em, 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.f 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 last 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
layers was underlaid prior to hot oompression 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 mo .
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The data shows | oss of capacity at thicknesses at and bel ow 0.56 nm
Exanples 19 to 34 have a gel prefilter elenent thickness of 0.90 rm A
number of tests run at 0.65 and 25 1.14 nm have shown very nearly equal
results. Based on these data, the préTEtred range is in excess of about
0.6 myn The upper end of the range has not been explored beyond t he test
at . nm Based on post-test 30 mcroscopic exam nation, we believe it
to be probable that considerably thicker first layers up to 2 to 3 mm

ﬁoul d be gseﬁwﬁﬁc@@d ﬁfﬁé’éts?ra ib@f'f?ﬁhﬁdzdebf tﬁégssélagsi(wseﬂseﬁre not ,
owever, desjrable e DU resu n i ncr ease up

exanple, in Yﬂ% ad u??i%%n %?zu ?Eﬁﬁﬁ%g s%dxlhgéﬁese ?ggtg (62Ff£€?f of
effective: assem&l1e$esadnreparedﬁwarennsedtﬁmckhbsef|hbeeexamphesd up .
%ol une by 6. ny i ng

the make- up %?%m 220 TERFE Sodrle | Elle MAVHES Nofo RERARLYREREHECUE "D
~sane dens¥t yim Menstﬂgdﬁt%mim¢ rfeher gmrefdaqmqg%wbm@svh@z] conpar ed

Which i s 25 féﬁﬁf@rcaﬂ‘ yobt te"ri]“‘?‘i@’ PP Zng 3 of eHEthiddipidrotnl oEnt:
ichis % 1t hi S se V] |
t han’ necessaﬁ?g a%eb% UeLers yes ‘I’\"elY)‘?leYe?fe%g%?g%?' ?nﬁ“&E’l’ 323 10

mcrometer faberometérs, nd cthie . renaiveingeyonp oRyfder Ubeyerd Wariéd the

sk of not gt gl ngs Lhg CoPREA Ve (0 9355, Ry ERSakEALS dhbhg Lus! 00 N0

~which is an
10 sample groups. The three preforms when assembled had a

| total thickness te of 0.474 cm, and these were assembled

N~ into a housing with ridge to ridge clearance tj of 0.444
' em,_thereby compresSing the-element'aseembly to 0.444 cm.
_ Examples 169-174 presented in Table 17 were performed
15 using PRC 24 days old. All sixftests_successfuiiy met the
. criterion noted above (i.e., less than 30 ce residual with
- pressure head of 115 cm of water and flow rate <1 -

cc/minute) ' ,

Examples 175-180 were performed with PRC of average

20 age 34.5 days; five of the six tests met the completion

o criterlon. ' ' '

Examples 181-186, run with two day old PRC, met the
completion criterion, and more. important, show 100%
efficiency of 1eukocyte.remova1 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
lleukocytes from PRC, but these examples are directed:
primarily to use with relatively fresh (recently drawn)
PRC, and are better suited for applications in which fresh

30 PRC is used. Of more than 100 units of PRC listed as used
” in examples 1-168, only six more than 20 days old were
_ ﬁsed:with filters of the type which are the subject of
this invention. Of the six, two which used 29 and 30 day
old PRC clogged prior to completing delivery of two units.
" 35 . In U.S. hospital practice, PRC anti-coagulated with




" Fi ber dianeters: other than 23 n1croneters may be 15 used for the gel
_prefilter, as long as the average pore diametéer renmains in the desired
~range. If fibers with average dianeter differing from about 23 ‘microneters
~are used, the weight W per unit. area t< ‘g%OVIde appr.oxi matel y equal pore

di aneter can be calcul ated with adequate ~accuracy for fibers of N o
di aneter d by the fornmula: W= 8.8 [err] ng/[err] and 20 < d.< 26 25 M
- to accurately measure pore dianeters in t he range .i ni which the ge

oprefilter is gifeolipe ;?éﬁnﬂ%ed line ed | #ftér ‘stos i?ésf@ft%Ytgeﬁﬁs tO
verify that a glven materi al. whi ch_has been conpressed, o, a thickness of -30

0.9 mm has a diBgksQns Jmayiedgrakie ot Py ndeospital BErchEC®ilter in |
accordance‘MﬁéréftuSﬁmﬁﬂéd(ﬁnGﬂhé(DMbpdrtioﬁ|dﬁw¢prﬁncedoruseahehlch S

T in a sol utbBae (il T2 4 8s Hadi. df% FroSbE mor o T

- 61 holder & n eﬁhimlatéﬁa Wast“l%u cmgsame (E=XEy V3 eatmthdatha'pressure
- can be appli ef, agam tapn f&ﬁiéf&éﬁiﬁs dé\T W&ruﬁﬁéwft ﬁ«fs whifen the
paraneters dlscusse above, - pressure de at: an. alr ow 5 rate of

0.5 crs/ secorkhes kanainden tmq mrhhf [RNG angkd o#sﬂseﬁﬁm teal ¢ foxHBREt 8. 5
.cm wat er lehﬂspiﬁhlsfﬁdﬁdﬁﬁny two kinds of leukocyte depletion =

idevices, one ‘for fresher and the other for older PRC. ,
a 10'.Thus, to be more practically useful, a device 1ntended for :
' use -in hospital bedside service should experience at most
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 limit beyond
15 ‘which they‘may notnbe.used for transfusions. The same
* _ device must have high removalﬂefficienchwith'PRC”OE'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 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 51ze..
range and 'CWST, but differ with respect to the mode of use IQ_J :
25 of these. components. o o '
The gel prefilter of examples 1-168 uses a s1ngle
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
den51t1es of the gel - prefilter of examples 169-210 are
substantially greater than those of examples 1-168, and :
the pore diameters are smaller.. :
'In examples 187-199, shown in'Table'ls,'the-gel
35 prefilter-of3examples 1~-168 was tested in combination with




bet ween about 4 and about 6.5 cm water colum. Exanple 57 is directeq to
~_neans by which the resistance to cl oggi ng of .devices in accordance with
“this 10 invention may be further ‘incre ?g This may be acconpli shed by
varyi ng the pore size of t he n1croaggre removal el enment continuously
rath T vt han stepwi se. Exanples 58 to 65 were prepared as presented I-n Tabl e
15 Pand their. behavior i.n processing PRC is presented in Table 9. The '
;flrst four - layers are identical with the first four of Exanples 19 to 34. -
The adsor pt i theemdrcroaggregates prefiilter! and thef alsdriptionilemdi®E fi bers:

di at 9k 59 n ho r.€Co essed to
e on 0 il Giliae OYED-Theld dyTERLERATGS UL ARSI
in the adul t tes¥ehoysgnyg wikhr taurf Qe372r em,othe g?lswu&ﬁelmeaeeaemani an.

F2 pore snzewaetea&pQEsetar%ee agremd'aEB&areQBmgl%sﬁhﬁﬁgﬁetefs Tot al
fiber surface are he five |ayers 25 was uare neters. Total

volume of °the fiv xpgp £s %33’5383358 tE?&nﬁF§§tGGa@0WF§h g%3Bpdessented in
Tabl e 9, wera69-aBl6awith Eé&pabest58the Ganﬁge&httlbﬁt otfh‘thbhl rd preformed

I i bers 30_c ess t hi ckness of
A M R e g e o R
esti mated toepemeptsi andndisfer an&théthouespeb&y&p theimaqe1u5|ng 4.5

- micrometer fpbef11eéeeonp@ﬁéssée£9ga hHeCERCERORRE: Q@degb%“@eétiﬁ sity of

an _estinated pore dianeter rati ters.
' ghglagégistléﬁ essen%ially equa for both, respectively 29.2 and 29.3

_ days. ‘The gel prefilter of examples 169-186 showed ‘only 1
"d\~/' : of-lz‘cloéged,_for a 92%_success_ratio. EXamples_187-198,
| which had been assembled'with the gel prefilter of
'-.examples-lflss showed five of twelve clogged for a 58%
' 15 success ratio. The superiority of the gel prefilter of .
' d' examples 169-186 for use with older PRC is, therefore,
-gclearly ‘demonstrated. :
' COmpared w1th examples 1-168, the pore diameter of
_ ‘the’ adsorption element of examples 169-198 is larger, Wlth
20 a preferred pore diameter in excess of 6.5 micrometers,
: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 ekamples 169~
' 186, except that the preform comprising the microaggregate
andradsorption 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
examples 1-168 for use w1th fresher PRC.
" The ty 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 thickness as in



el ement, conpri:sing five layers of 4.5 micronmeter diameter web radiation
grafted to a CWST of 59 dynes/cm was hot conpressed to a single 0.277 cm .
~thick preformof density 0.229 .g/cc. ant 'F2 pore dianeter rating.of 7. 45
“mcroneters.  The resultlng data are sh in Table 9. The data for ..
‘Exanples 58 to 65 and 66 to 73 are conpared with those of 19 to 34 and 98v1*
to 97.in Table 10. The perfornance with respect to Ieukocyte removal . v
efficiency of - Exanples 19 to 34 is clearly superior to 10 that of Exanples_:'-
.58 to 65, whiedtanplesirk69-sl8auperior to Exanples 66 to 73.. This is =

sur pri si ng, becausgyd g %Egége;‘%f% el © {,Oéx ¥}snﬂsbﬁﬂi80¥{:§5 by

adsorption in the oup and ‘the | dent| ca
both have 4. (®2 <3 2a¥s netBhe Aty jshew @a%mraeeo ‘aelvsheleggﬁslnéfam

difference betvaﬁfbé&e%ﬁw o BB, of-mei@r&& réstﬁﬁthtseraaw 8tagpger

Chan that of S O B iy %r%g%@#%ﬁﬁiﬁé 4F Ffer

t herefore, |siamg;rtpnre¢diamet§r Qﬁfexamptgs 16986 oncConsequenttyppfar med

when Exanpl e éﬁ%? t é?{&fié?h 5&@f@' 8sL0 e
surface ar eaﬁg Eg?ep%roupfﬂ to % (;59 squa?n goxg %L %gé'ag'%-?f ace -
~area neasurerfif ml¢¥°¢%$%#ﬁﬂler t han that of : Exanple group 66 to 73 °

(4.07 square 25 - ft!'ﬁéﬁﬁér as/@hENPpPere SHDUPE 1ohé Or Qaisbébﬁeérned

B T s

to 73 (6.9 me:'lrenmﬂeroz)uld‘lbm nmméamd)rtacarelhmbdmedlavmichametees% o
snaller poreﬁ%f&éfﬂaiﬁfafﬁ¥ﬁﬁFédﬁghéﬂéisilyfﬁqﬁﬁf é?fi@iency. however, N
we have not explored the range above 8. 2 micrometer e
diameter because of the undes1rability of 1ncreas1ng the
15 hold up volume for the benefit (1f any) of still fewer
instances of clogging w1th very old blood. Nevertheless,
it should be understood that a deVice w1th pore opening
.1arger than 8. 2 m1crometer, or- larger than 10 micrometers,
. would fall within the scope of this lnvention.
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 inabllity 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
cells deform'readily. If older blood tends to form
rouleaux, then thls phenomenon may account for the larger

35 pore .diameter required to prevent,clogging by older blood



34 group Is the factor -which accounts for its superior'perforhance conpar ed
~With elenents of larger pore dianeters. Exanples 96 and 97, shown in both
“Tables 10 and 15, 35 provide. further evidence of the effect of pore size

of the domnstreanrelenent ~As noted in Tables A and 10, and the -
descriptive paragraph devoted to Tabl e7§5, the structure of Exanpl e 96 ‘and
" 97 didsfer fromthat of Exanples 58-65 only in that: 5 . (a) The

adsorptlon el enent ~.contains |ess‘fiber, and the el ement assenbly has a
total surface area of 3.13 [err] éb) The average -pore dianeter of the
adsorptroH°§IEhﬁn?dF§rBt6°ﬁ1@ﬂéﬂéﬂ rof bbipi iaventionbstantially smaller

- fiber surface aEealier fi\hal tio! ﬁpb@ﬁ.cﬁ@§8f19t lﬂ;n wasl kRgiceaSmBhaer »Lhi ckness
(0.145 to g es ‘96 anq%i7 E nrsr nrf&cantly better "t han.
Exanpl es 5 335 eﬁu?ﬁ %nﬂﬁﬁﬁﬁ eoﬁ? ovgli RE JRMOST LSS e

di anet er oisEaempmptl§Hednby93ds65pt1on, EaahpteSh&ﬁBbiggi1th$wgfmn"Tab|e
3, were prepar in n a a to of.Ta
éxcept t hat the?g sosagﬁgﬁgﬁﬁgﬁgnQ§§as§%gé Fg?g% %?%% 1HBnsit¢tand
smal | er Dpl§ $%9%¥H$§n@¥@r}emﬁﬁaﬁ bﬁsaésorpéaen d@m@tqﬂsﬂ 1¢ad Hoodpener e

run using ﬂ%&%ryeehar;omp%&tﬂauq%ﬁe\u} %éfbtﬁxﬁ@iﬁ? PébQﬁti? h*i&%wheSt |
The tende hrs relativel sh, PRC to cause cloggi ng | ess than
- with ol derﬁ%q: e¥u8ﬁ g’ 'K& M1FREEURL B tglf‘?ﬁt?ﬁeetfgéf%epé’ﬁorted

elsemheneande|w1th ‘reduced blood loss due to hold-up by. a
_ combination of adsorption and filtration;' provided that
o the pore size of the last element of the'device is in the
preferred diameter range and that adequate preflltration

has been provided to prevent gels, mlcroaggregates and

- other: components present in the PRC when it is received

from the blood bank from reaching the last element.

_ This app11cat10n is - divided from U.K. Patent
.Applicat1on No. 8824581 which is directed to a'device for
the depletion of the leukocyte content of a blood product
,compriSing_ at least firét, second, and third porous
_eiements with the second element interposed between the

first and third elements, each successive element having a

smaller pore diameter than that preceding it, the'first
;element:_including means for removing gels, the -second

(NS ' ‘element ineluding means for removing microaggregates, and

' ' 'the'third element including means for removing leukocytes,
and at least the third element has been modified to a CWST

of from greater than 53 dynes/cm to less than 90 dynes/cm;

and to a device for the depletion of the leukocyte content

' bf ‘a blood product . comprising at 1least one integral

element preformed of:'synthetic fibers, the surfaces of

. said fibers having a modified CWST of from greater than 53
,ﬂﬂ' ' dynes/cm to less than 90 dynes/cm; and to a device for the -
depletion’ of leukocytes from a blood product comprising at
least one element in whieh a fibrous medium has been
radiation—grafted and thereafter hot compressed to form a



_:ts use in transfusion, a lower linmt of 4 microneters . is preferred,:- o
lower limt of 4.2 microneters is nore preferred. Thus, pore di anet er can .
~ strongly influence |.eukocyt e renmoval ‘ef ficiency. This was an unexpect ed”

- devi ce,

- The data of Tabl'e 13 indicate that when used with 25. fresh bldod. pore

sizes as snall as about 4 microneters can be used, ‘while achieving the

-objective of passing two units of PRC prior to clogglng Parenthetically,.

all the tests in this series showed 100% renoval of |eukocytes. Thus, for

use with PRC derived from bl ood drawn pdout 30 four days or |ess prlorfl m:f

di scovery cferdnt | flnaecoralmrqnu awitle BelGWST toft frouk %R EbhAR by

-~ fibrous nedi c. c
- or anul ocyt5éasq'a°r 21?%5 gr}?éé han %% ,ﬁur Eﬁﬁe tﬁ’(r)?a deﬁcﬁ?ﬁﬁﬂl ﬁbcwrenwa:/vlhgl le.
bl ood accaurbléed pzoduct4@@mﬂrn§unQﬁa%rn ?%Eké@§?8sp°5P85c8%6%F %é to'5

the red cqlis £ siz81cRintakiditpoubmnangdealstt s gastowdys needsd
00ssi bl e 47 erisatt hoEagd ol ye peedisibeen
Exanpl es 5oL hePws, Wﬁhz H?goo Ozl'%eoenjvﬁ U‘Enghgyfélg gt ﬁ%lgggpéb%gs\e%tgrae :
si gni fi canthgeduel OﬂSrstn Hhd ethectthlezﬂjcsﬂlgm?né RANing @ aq’gﬂlsf’ﬁg a

b oo el FreAve? ) 4 56] TUE g o0 pasaceychosgid ko s

anples

: _
at a flowmetkods dfclepietdng bPhe |¥ﬁ$$?$r€gﬁg‘ﬁf§€#§£ i 11]%? E| erHJ-n

of effecthgpbé?ﬁﬂlﬁg§ﬁg slichhheviessect equal to the pedlatrlc si ze of

ow rate and to :
This appllcatQOn Jfgo contains subject matter -related

to UK Appllcatlon No. 9110881 dlrected ‘to a method for \/

determlnlng the wettlng characterlstlcs of a porous med1um-
‘comprising. applylng at 1east one or more drops of each of
at - least two different 11qu1ds hav1ng different butl
closely spaced surface tens1ons to dlfferent locations on
the ‘porous medium and 1f necessary repeat1ng this process
untll, -of two l1qu1ds w1th ne1ghbour1ng surface tens1on,f
. one is absorbed into the medium, and the other is not; and
m'subject matter related to UK Appllcat1on No. 9110882
'-dlrected to a device for separating one Or more substances
from a fluid to be administered to a patient, the dev1cep
_comprlslng a hous1ng including an inlet and an outlet and
f defining a fluld flow path between the 1n1et and the

outlet and a _separat1ng . element d1sposed Wlthln the - Q_I

housing across__the fluid flow -path- “and 1nclud1ng= a
downstream surface, .wherein the inlet communicates' with
the housing near the bottom ‘of the housing and upstream
from the separatlng element and. wherein the hous1ng
- further includes passage means for allowing air in the
‘fluid to separate from the fluld, the passage means - belng'
‘disposed downstream from the separating element and
commun1cat1ng with the outlet near the top of the housing,
- the hous1ng 1nclud1ng 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, and

»”



quantity of fibrous nedium equivalent to that contained i'n the adult size
~units of Exanples 19 to 34 (a preferred configuration). This was :
acconpl i shed by use of eight 20 layers, as follows: The-first and second
| ayers were each identical with the fi st??ayer of group 19 to 34.. The
third lLayer was simlar to the second %3& r of group 19 to 34, but used 15 =
nmy/ [ “g#ch of 15, 10 and 7 nicroneter fiber dianmeter medi um which were laid
“up-and 25 hot formed to a disc 0.15 cmthick. The fourth, fifth; sixth,
and seventh | ayers were simlar to |layers nunbered 3 and 4 of Exanples 19
C0 34, oxcEWP)EREt MARER Tl ashra Skep} s2pbien Py P30388H0 AT Ssttadensi ty
0.18, 0.20to0a23evdtt kS Eh&CdeplBLi6hIBEN thed 1cafiodyer chngerd® ogqual
in fiber diangter. and eniigé)to.that of gﬁoug 19 to 34, but ﬁm%ﬁg thi

vei ght of i BErP%al 88HHFe SR TS 1Y 3 ot RPEE . (NG I RRRITAL cBHETEDY o |

to 0.304 cof ndhewdwea fébukesi dgspoeedt dst s dousdiosr amdepbkifosmedi ity PRC
is shown i-Q 1 gt Y gl 0 bg at | bejit. .35 o
.~ﬁﬁrgihally8%%§$%§ f%ggﬁggﬁg%g; ghﬁeﬁggga%fe ?ﬁgggggatgn?0r§°Eeblgé eé’ged
nore than Brie® Hay5aidCOABEPPAd -t hese data with those of Exanples 19 to
34, the advantages of using the sane total quantity and type of each
fibrous nmediumin a device with larger cross section area becone apparent.
‘5  Exanples 79 to 85, presented in Table 12, show data obtai ned when
"Adsol bl ood" was used. Except for this group of exanples, all of the :
whol e bl ood and packed red cells used in the exanples were run using CPDA-1
processed blood. CPDA-1 is.a combination of anti-coagulants and S
o . _ _ . .



10 nutrients desi gned to i ncrease

remain effective when transfused

-CPDA-1 PRC,
tel |
range),

n

18

a patient.
the red cells are suspended in pl asma; . due to the higher
concentration in PRC (hematocrit generally in the 70 to 15 80%
its viscosity is quite high, and for this reason capacity for -

pertbd durihg whi ch the red'cetls'
"I n CPDA-1 whol e bl ood or
red

tends to be less than capacity w th whole bl ood,
Wthin the
class of blood 20 product has been devel oped in which after centrifuging

is 1 ower,

" to concentrate the red cells to near to 100% they are resuspended in a
sal i ne solution containing preservatives which extend the useful

and VISCOSIty i's much | ower.

for which the henatocr
| ast several

years,

life of

‘a ITGVV

the red cells .by about 7 days conpared with the CPDA-1 system This class

~ of bl ood 25 product has been defined as "products in which the red cells

are suspended in a physi ol ogi cal
such systemcurrently seeing sone use in the USA and may be considered as

and Japan
type of bl ood product contains only a very small

representative of others in the USA . Europe,.

pl asma and the red cells have been resuspended.in-the | ow viscosity
viscosities are even

physi ol ogi cal -fluid,

five elements in the

19
.51
.51

0.41

2¢
k)
4

adult size device is .

.064
.056

0.64 0

fluid nmediunt'. .

59
59

13

4

0
0

.20
.23

(Table 9)

0.64 0

4,07 square meters(]?

73, all run on the device sized for
faul tl ess perfornance on Adsol
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[)
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4
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5
.08

S
.090

0
0.13 0.10

po—

5o (1

‘The. Adsol

30

As this

systemis one

proportion of the orlglnal

| ower than those of whole bl ood.
Exanpl es+79 to 85 Used the form of device enpl oyed. 35

in Exanples 66 to
The data show

pedi atric service.
blood desplte t he fact that the dEVICE° of

15
10

.09
.14

2a

Total surface area of

59

15

.076

.29 0.30
0.41

0

2b
c

66 - 72

19
0,51 .
0.51

{Table 9l'

five glemcntS'in the

39,
59

15
12

4

., 069
.061

0.64 0.19
0.64 0

adult size dovice is

.21

4.07 square meters -

.5

59

.4

4

Y

.5

1.77 0.229 0.277

14 - 95

- See text

ALl

11, 12 and ]4)

{Tables

so'2)

23

.08
.09

. 090

0.13 0.10

.0

o115

7770

15

19
0.29 0.30

2a

6.1

0,280 0.137

07

-

96 ~ 101
(Table 15)

98

59

10.

.14

.076.

2b

ta

.069 0.5
061

2c

59

15
12

4
4
4

0.18
0.21

" 0.64

Total surface area
'S elemants w ];l]ﬂ

of
(

0.51

0.64
0.83

-4

.53

59

.5

1

102 - 106

'See text

(1) Estimated Hicroscobicallyf
(2) Surfaces Not Modified -
{3}) Ffor Adult Size Device

{Table 13)

“{b
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and 66 to 73 are not the nost preferred of this invention. 5 ° _
Devi ces having the confrguratrons of Exanple$ 19 to 34, 58 to 65, 66 to 73,
s and others were run using whole blood with CPDA-1 anti-coagul ant. ' Behavi or
i mnth respect to capacity and effrcrency were generally simlar to the data
= report-ed .for the Adsol product. 10 : Exanpl es 86 to 95 are presented I n
Tablb‘ﬁ4. Exanpl e 90 was not actual |y performed; the data entered are the.
averages of Exanples 19 .to 34. . Exanples 86.to 89 and 91 to 95 were
perforned and are simlar to exanple 90 except t hat -t he adsorption elenent
adensrtres and t hi cknesses were 15 varied, while the wei ght was held.
-“ constant. As may be-seen in Table 14, the pore dianeter is a critical
f’deternrnant of efficiency, whi ch for the first unit of PRC transitions from
% 87% at a pore di aneter of 7 mcrorreters to-99.2% at 6.3 mcroneters, . and

%t(} 100% at" 6. " : ; _ efficie cx‘for t hey ”H o
& | frdm Zboutd T atf 6, 2 Lol o
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nmore preferred range is about 5.8 to 6.3 mcroneters. 35 . Exanpl.es 96
to 101 are presented-in . Table 15, and. escribed in Table A These
exanpl es were prepared in the sane way Exanpl es 58 to 73, except that

t he downstream |l ayef was made using three instead of five layers of 4.5 .

~microneter fibers hot preconpressed to .the thicknesses and 5 densities =~
% not ed.
¥ was 1.

~Total surface area of the five elements in the pedlatrlc si.ze, u
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preference are discussed in nore detail bel ow The Preferred Linmts of Pore
- Dianeter 30 As the data of, exanples_l«%gg were reviewed, a nunber of

concl usions were drawn in order to def the preferred range of pore

di areter. (a) Based on- exanples 102-106 of Table 13, tested 35 using only
.» fresh PRC, a low linmit of 4 mi cronet er s was preferred, with 4.2

m criggeters nore, preferjed. ~ b) | Bas¢d on exanples 86 to 95 of Table 14, an
upper limt of § lHnrgggng; s, whs_g¢en as preferred, with 6.3 mcroneters
= nore preferreds§ aslegwer = el g. 5 mcmmmemswmrnﬁewed Wi th
; 5.8 microneterds3npPE preferr d. fc) ]The data presented in Table 10 suggest -
¥ a range no nar@¥per{thad 6.1 to .6 ficroneters as nost preferred; further,
#-since the res g r BEdanplles 6p-73fof Table 9 10 are far, berterfthan any
¢ "Brioduct avail Gk B O[S WPiAG| a less preferred’ upper limt of 7.4
g3mjcroneters IS j s? fidy ( Flnal }y, a. revrew/pf .exarples 19- 34« - 58- 65, -
4 66-73,--86-95 d§?6 100 jt akeh topet hér |nd|cated a*15 preferied range of .5
% to 8 micromet eBls FhdRBIMB S| BB REAd range of. 6.tqQ 6.7 microneters. As to .
 the 16w Iinit, Osi nap 8&e QRSP €| dafilprefer to useidnly fresh blood for
¥ patients such s 2 Bbse i-th Hisapilifies such as thal assem a, a preferred
§ | ow end por.e ~di prret gr shpul d{be 4 m croneters. :
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‘Taken toget her wrth the ot her consi derations |isted above, a preferred :
range is 4 to 8 micronmeters. The | ower t of this range is preferred for
use wWith recently drawn PRC, vvhrlethe$ part is preferred for use with
25 older PRC. The dévicés used in Exanples 107 to 168 (see Table 16) were
prepared in the same manner les 19 to 34 except t hat the nmedi-um.

;_.USed to make t el de.fi I t_er d been scrubbed and rinsed and theref o&e/
§ cont ai ned ho, gt urgﬁt%ﬁ. e%ﬁ es 107-119, were prepared with no .
* surface rmdrﬁr gon,_ nd‘- ' f 52 dynes/cm Exanpl es 120 to 168
conprise ele ?s V\/nich, prefilter, were o
. radiation-qgr, fﬁed..(u_'si jg mjxtur - HEMVA and MA and a ni nor armount of - _
_;_tertrary buj §! ¢I35 ala%chol [ si s wetting)-tao,; modi fy - their CWST .values - _
j.-69 over the '™ ge&from 65 TYo 4T !;_es/cm Except for -t he- absence of - ' >
¢ surfact ant . f mthe gel [ nd thetr varm g -EWST..values, Exarrpl es .
i 120 t'0168 egeguag gin n'to exanples::19 t o 3455 . AL of -
i the exanpl esd07 To G | | r enoval .-of . Ieukocyt es fer the first —~ *
. ‘unit of PRC sge@, and thq: i sted in
* Table 16 for##he gecond’ uni { tis seen in Table 16 that
; clogging priog 'to:passcge']1 “units occurs ‘Wi th .greater frequency -
: when the CWET|o# tihe~feill t-a% s bel-ow 75 dynes/cm  This.my be
: related to the £&ff ace {t ens e PRC whi ch, - as not ed '
: " 1 el .
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‘above, has been reported to be .73 dynes/cmfor the plasma and 64.5 dyhes/em_

- for the red cells. 15 Based on th ta of Table 16, a preferred
value of the CWST of filter nmedia is in ss of 63 dynes/cm a nore
. preferred, vajue ip injexcess ‘of 70 dynes/cm and-.a still nore‘preferred
I val ue |s xcedp of%75 dynes/cm It should, however, be noted that the
2 data ® oB8he8&) exanples are better than any product now on 't he -
% mar ket .& B gt he Codrse of preparing exanples 1-210, filter assenblies
fwith f 54f dyngs per- cmrwere nmade and tested with satisfactory
% result ver,} CWsT.val ues only two units different fromuntreated PBT
+ fiber ) 8Fi dyjed marginal with respect to maintaining consistent
% perforrra'ﬁ' = herl§f 5&|dynes/cmis a | ess preferred val ue . of -the £WST. The
£ needhedupel dsed [ n e anptes~169 ‘et..seq was. scr ubbed prior“to use to.tenove
3 the fi 1 ri capt, 30 rinsed with water, and.then dried,: The melt bl own -
£ el SluB k2@ herw se not &t r_adT._atfon gr aﬁ ed to ob‘t aimia: CWBT of
% 64 dyn céng| PEXHbr R&l hi ckness was neasured usi ng.a 7.7 cmdi aneter anvil
i ah Wkt & ppl-i gd pressure “Of 473 g/ch 35- “'The filter assenblies
< used.in exampl es [L69-186, - presented in Table 17 conprised three '
preforr JFo pre orm nunber one, the 23 m crorreter needl ed non-woven web .
% describ d"é sHit cal endered to a thickness of ..076 cm For preform
F nunber two; Iayer off 5 23 m cronet er average fiber d| amet.er . 0077 g/cnt
# needl ed o o
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_ non-woven web was .I ai d over a 20 m cr onet er. -év_erage fiber dianeter .0081
‘g/[err] ungrafted nelt bl own web, and t% wo hot cal endered in assenbly to
a t'hi ckness ( . 102,cm The above two eforms were conbined in the order

f}; listed, teg wi th isdpropyl alcohol, and air passed at 0.5 .
i cns/ secw Lg:g{ deogl f@elten such assenbl ies ranged from5 to:7 cis of
& wat er pr ¢f or-) minther three, seven Iayers of . melt "hl own vveb We
% used. thege weye: “¢ne l'ayer of 3.5 15 nicroneter di ameter fi ber .
% at . 00€ ne llayer| of 3.0 micronmeter dianeter fiber at .0052/ [err];
x one | ayg n% OgRLErod aneter fiber at .0063 g/ cn2; and f.our I-ayer_s--_ '
g of 2.4 0 iber aneffer at .0061 g/cmZ per |ayer, all seven |ayers
@ cal endeg enblly to] a t |ckness .of 20" -0.296 cm for an. average: S
i densi t y§jofR WUt Ja tde above ‘Tonstruction, the first and second o
% prefor qepseoptecq first: sel-énent . ~denpfed the gel -prefil L8L
i3 el ement toNjr @ao| ayerls of the thi-rd prefsrm constitute f he's” el
# m-croa movdl 25 el-¢nent, aJthough t hi:s-el ement.. al.sQ: contrj butes '
ﬁ kocytes py a s,orptl_on The | ast four layers of the third :
& e tiie adsorpfion.elenent. I'n order to raké it possible to
R o dil ameuferaedf the three layers which constitute-the 30
enmeft , d thhe pore dianeter of the adsorptlon el ement,
Y m ¢roaggregdte | ayers was underlaid prior to-hot
o |ly¢r «of| a# @pen pored ungrafted separatlon di sc. - The
¥ adafi en diacg had an average .pore di arreter 35 greater o
Poeferk; " hg¢nce had no . - . U
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significant effect- on performance of. t

ggf,

ot her than a thickness .

ssenbly,
- increase of 3 x..004 = .012 cm Filter &dSSenblies so prepared were used in
Sall of the exanplep 169-210. ' $ meang, the layers were readily
¢ separated 5 ialipubes to|det er Eueéar pbre di aneters by OSU-F2 testing.
¢ Layers nunbeE gl% 8| afid 3]0f i rfl Brefprmhad pore diameters
i respe_czlvely «aBput 19) 16 ahd-13 |icronpters, and the remel ni ng group of
4 four layers afi] ed|in pofe dia ' rom6{5 to 8.2 microneters anong Si.X
© 10 sanple gdolpsE] The fhree 1 Jhef assenbl ed had a total thickness
i [err] of 0. 4345m% affd t heSe sefbl efl into a housing with ridge to
. ridge clearance'tfil of 0.444 ¢ Fby cofpressing the el ement assenbly to
-0y 444'.-_'_~'Cm Ex lees 169 114 pre in Taple 1% were perfprnred 15 usi ng -
chE% | &5i x t &ts ssBul | | met™t he .cii teri on™not ed above
R G Y an. 8p € r¢skdua presspre head $of - 215 56m. of: wat er and -
f| ow rate < Blcd & nut e) ] Exan f5- 180f were performed Wit h" PRC of
“ fHverage 20 adt- 34. b daysj] five P si X fests met:-the goapletion o
. criterion. Exanplep 181- 386, \ two-flay ol d PRC, net the conpl etlon
*criterion, and dbrp i npodtant, 100% e{ficiency of l-eukocyte renoval -
» for the first u§ 8| shd E{n"‘z jelef f { ci ency -of 98.8% f or the second
~unit,. Exanpl egq.1-1p8 desgdri be 5 for fise in-removing. | eukocytes from
* "PRC, but thesq ex8fpl es -qre di primafily to use with relatively fresh
3 (recently draBR RRCx anq @ e. sqi tedl. for applications_in which fresh
' . .  lowg -t 1 i : ] o
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30 PRC is used. Of nor e than 100 unlts of PRC listed as used in exarrpl es -
1-168, only six nore than 20 days old We%gsed vmth filters of the type "
which are the subject of thi's invention the six, two which used 29 .and
30 day old PRC clogged prior to conpleting delivery of two units. 35 '

In U S. hospi til, Nt} -coagutated with: X : :
s . CPDA-1is pegm {tgd te ) ter storage for up.to 35 days Persbaé -
% knowl edgeabl e 9§ BV.'%. I ' Ctice were questioned on t he proportion °
% of CPDA-1 PRC Z'e han.15-20 days of age; the mean of their
%5 estimtes W : horities estimted that about 80% of -all
o transf usi ons_1 aphil e the remainder ‘use .dnly-one. It is
% | ess pract i chIg o carry two kinds of;| eukocyt € depl eti on:
% ‘devi.gesy om her “for ol der”PRC. 10™ Thus, to be nor.e--
=% pract, ical | Y. fu) ed for use. i.n.hospital, hed5| de service;
& shotd: &'z‘@xperj fm r‘f-‘_-of iMstances” R hich th_
fz;:;?;_dew ce. cl ogort ul 1. units. of bl ood, even.if those . i
UL t&™are neg or IImt beyond 157" whi-ch they may . not be.
% used- f_or_ tr_ag f dpvi ce .nust - have hi gh- renbval efficiency
ie wWi.th PRC of I er 99.5%to 99.9% for the first unit
% passed, and ‘eyed I second unit passed. The test articles
i 'used for exalpl BSY: 20 to the test articles of exanples
;- 169-2106.in that ng pf the sane fiber dianeter and weight is
3 used to A : o I : . ' .
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fabricate the ge

simlar with respect to pore size range
of these conpone

prefilter,

.. to the node of use 25

7 1-168 uses a single |layer of needl ed non-woven,
% the gel
| ayer's_of needl ed non-woven,
the depsities of the gel

web.

Do, T

Blood
Hold~-Up.

End Flow

Fluid Flow Data

.. TABLE 9

e )
Jant el

ng Pressure

TIPS T

R
ae o®s "'
L.

LRI GT
Hema~- -
tocrit,

u

. Blood Bag pata
E \ No.
Example Weight, G

'ota

.Furt her,

Rate, vnitS.
cc/min  Volume, ce No.

Head, Inches

Time

-Bags Age,

prefilter

tar

Sec. -

1]

tart

No.

 20.6

En

Y8

Used Da

8.5

11

73

19

5.5

and the melt blomn.conponents are general ly

ey

The gel

CWET, but differ with respect
prefilter of exanples .
whereas the conponents of

I n accordance with exanples 169-210 preferably use two

in 30 addition to a third layer of nelt blown-
prefllter of “exanpl es 169-210 are

substantially greater ‘tRan those of exanpl es 1-168, "and the pore dlaneters

'+
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ed sPlo dled NG J0 o dls otsfsens]i aldly &’
3 yﬁﬁ o 8R! B3Yf K3jeL8
12 f or™ja™dYo5 Stic e"'és"r“ft N
sernr 'thg gell prdfiltler df .ej
0gge 58% . -
ol e ﬂ& ol e Al AN Aol AN A
2lalsd|g|s]dla]ls]|S|a]|s
-~
- - ~ o~ o o]~ o~ & | A ]l o
.. “: 2] It! .
a{e|s|rR|S|I|[s|g|lals]=
" 0 'lm . .-? ) n
S|l |sls]|sf{s|ayala]%
Rl&fal(3|ala|aals|l=|y
nelegple|sge|alalalelr
MR ERERES ENE RN RN R
ol | o] s n:rﬂ Alealalala
o Q o (-] o © (-] o k-3 o o
D I B R B T = -
a o - ~ ™ -« n w |~ o o
0 o L - L] r!ﬂ L - o L] L' 0 L -
- * -

re
QQ. 99@.

ref lte

an Dl es

mbthe oo

orpgi.on

he aver

1°g Og

e£l6R A1 8RS

g1 98"

shpwed

N I'-lN - N i N
A I - I
™~
[ 3 [ ’ f

- - |~

els|&|s
0 n "
‘o | 3 o | g
AlalAlS
IRl R|R
R I - -
- - - -
(-3 -] L4 g
0 ~ - ~N
s lsla}a
o - « ] o
T~ o~ ~ ~

hge

a1l btheriwéré'pediatiic size.;

*Adult size device. -



R L SN SR

o
K

.:-
LS
o

15
169- 186 for

success ratio.
use with ol der.

Conpared with exanples 1-168,

of

of .

exanpl'es 169-198 is |arger,
6.5 mcroneters;

1The Superiority of the gef
PRC i s,

ther &g
the pore dia

€,

with 20 a preferred pore dianeter.

‘prefilter of exanples
clearly denonstrated.
ter of the adsorption el ement

n excess

smal | er pore- dlaneter adsorption el epalnle bh the ability to successful l'y .

pass two units of 25

.ol der

PRC i s shown by exanples 199-210,
Tabl e 19. These were._ oreoared iin the sane manner as exanples 169

1

shown in

RR

1

e cept that the preform conprising- the njcro egat e and lad i
eﬁeﬁEnamphﬁsthbesanpressed to an averag ﬁgg 0?509194 ggcgg d Q%
adsorption ele DH_L had a- 30 pore. Lot hr e t-asts nf 5 11 2 anrJ
512 mcroneters |naywﬁewed o]=3 ived.frdm e ! sl
r EQﬂN§FFﬁA¥r=sﬁ # FEi EeFh settingl o _?Etﬁe hpusfhis Lsed¥$%p xaines
199- Zéﬁﬁﬁgs adf ul® gﬁogﬁtﬁ ?hat the gel prefilterfel ement Jwas 35 cdnpr essed
at] aBY to. ess as in X | ¢s 46 g6 6“? e gt |
‘tHe used.in eggigggeEQQQ 10 was. 29. dgyggﬁ Theadg%% show T ni ng of }
I | ogged, {f oratio of 23@60 fgys 847§S mﬁghggzratl@.gﬂg
94% 5 for exanplgéngésy §7é|nd|cat|ng he des?ri Ppty df the larjger pore
dijlaneter of exapppggelpah8fer Consequenilye,® pr feg(gd Horegdgangterz.4
rgnge -of this i Vﬁmhkgﬁekérgreater : : - : : P
Surface Area, 3.29 3.13 4.07 *450f\4.
Square Meters ' - ' '
No. of fesfs'failing to'pass: -0 0 0 _1=
. two. units - o _ X o .
Average efficiency for first 100 100 | 100 100
Average efficiency for second 99,9 {100 99.2 95.li=_
' Average hold up volume of 20.8 20.4 22.3 24.2
pediatric device, ml . = ' S
Average hold up volume of the -~ | 3641 35.7¢ | 39.2 43,3%
adult size device, cc’ b : | .
; Volume of the fibrous elements,' 27.1 26.6 33.3 35.5
cc . . .

*Esfiuated.datum'

o

LV

exanpl es 1-168 show preferred ranges of pore dianmeter -
"in excess.of 4, 5.and 5.5 nmicroneters respectively. The effect of usi ngw/

W)

©



than 5.2 microneters. Insofar as the upﬁaﬂ end of the range is concerned, .

SRR SRS

10 it is believed that the pore dianeter of the adsorption el ement coul d
.- be increasedjto|weld{ aboye I cfr omre{ers ‘while maintaining substantiall y
* equal effichemay; byweyvsl .o &o{ explored the range above 8.2
m'cr_orreteﬁﬁ taeib s °of S Rle Jinglesirability of increasing the 15
¢ hol.d\up v a or .the benefilt (if any) of still fewer instances of _
: clogging 3 & ry ql d b{ ood. erthel ess, it should be understood that a
devi ce wi th®p -opqni ng] | ardger than 8.2 mcroneter, or larger than 10
ni cr onet e | & gflalqt o @i nStPe Rcppe of this invention. 20 Human
bI ood, both a- 4nd ektra{corporealf,. will under sone .Circunstances form .
"roul eaux""’ rAPR LEdo condli tion in-which the 7. 5:mi croneter '
; diameter g i GAPERY kred cells adhere to, each other-in a
.- geonetri ¢ gonf pgursgli onnt esarbH 4 fol | .of- coi’ns:- 25 ..Roul eatx-tend. to.
Foformin t Highn bddy afk a fesult of Jviral |nfect|on for exanpl e -
¢ knfluenza®lor the cqmmn col q,. sofre “bel i ef exists- that' the T nability of
-:.‘-"roul eaux tq pas$ thrjoughjthelsmalfer g¢apillaries of the circulatory system
§ contri buted 3% . hrgﬂrug_pﬂa I‘f c'qm rt $0 acconpanying these infections. In
- .the human Hogg@fcapijl l'arfes ljess than{7.5 nicroneters in dianmeter under
¢ normal conditiohs pgss red c4lls freelly, as the individual cells deform
i readily. Ijf qBder El,ood tends tof forfgn roul eaux, then this phenomenon nmay
P gfggtrmgl ];grot'?% Iuaztr_ger‘?_?:a u:.pqrgz d.algeﬂ er._ requi red to. prevent cl oggi ng by
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et e taatametete s nwe-atede TN Te B te sesa® tuaatetet fat te it nt PR R

75 of the adsorpti on el ement of this if ion. Earlier in the application,
it was stated that "... it has been widely accepted that the rem)val of
| eukocytes is acconpl i shed by adsorption, rather than by filtration." The

di scl osures - of} .t nfir that | eukocytes are renpved by
adsor pti on,,|Rug B) ' Lowasly ¢ bt , particularly. for . -
relativel  SI8HEEY ° : a#A e A ved w th .equal .or greate{/
ef ficienc | os die to hol d-up by a
! conbi nati enfijof tiol pfovi ded it hat the pore size of
. the last ﬁl'- _tge. rceL rred dianeter range and that:
. .adequat e & ded_a o0 pievent gels, mcroaggregates
© and other c PRC when ift" is recei.ved fromthe blood - .
;- bank fro cobrs ol Teisl oafplication s divided ¥
.. from - U K8 i NS B8 &BBINWYI ch lis directed to a device.
-for the'd kocyt ¥ Epnfiy dF'la bl ood ptoduct conpri sing .
~at . |east g and J'thifd pproug elenents with the second :
el ement i he fjrst |and fhird el enents, each successive
el ement- hayi e dipnmet¢r thhn tHat preceding it, the first’
el ement_ i Q;.,Nr'e,qui 2T g,akd the second el enent -
i ncl uding. q" m cfoagqregafes, | and the third elenent o
i ncl udi ng 1fe _ d | eukocytjes, pnd g4t least-the third element has
beén rmodi f ife N rom preatler than 43 dynes/cm'to | ess than 90
dynes/cm ' r the degletipn of| the Ieukocyte content .of a -
bl ood prod | ehsf 9ng¢ ™tedfall el enent preformed of ()
synt heti.c 8 unff@rep Qofl & | & S ' . '
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said fibers having a nodified CAST of from greater than 53 dynes/cmto | ess
“than 90 dynes/cm and to a device for t depl etion of | eukocytes froma

bl ood product-.conprising at | east one e nt in which a fibrous rredi um has
been radi ation-grafted and thereafter  hot corrpressed to forma 76

coherent filter element with a CWST of fromgreater than 53 to |ess than 90
dynesyonr and to a-device for filtering aTabledidr oduct. conprising at |east
three porous el enents, the first elenment conposed at least in part of a |
: needl ed fibrous web, the second- el enent’ havi ng a smaller pore size than the

¥ first, and the tE¥ample enenDensityy a cmatcd:mafsst gréa Telsh'-ﬁn 53 FB P§§§'
% than 90. dynes/.cm &wi_to et hadecof di 165 : »
¢ bl ood peg oduct -using such.devices. Thi's appl i catl on al so cont ai ns subj ect
:';-rfatte% related:to UK Appllcatlon No. 91108%;5%@:6“6(1 t.o"a et hod for 6 1_
§ dai erioni ng the - wd®*g char a®edddi stics of 0 .

2

Shei (i

ous medi um conpri si ng

S a’pp Ying. at [‘east ‘one or moré drgps of eacg 3& I'east - two di ffereq

Pl I|qU| ds . haV| ng - diq:f er ent bt9t ! osel y spgced ‘surface, tensions to

(. Oiff fet ent? 1 ocat . ons on the po “redi um a dlr?{f necessary- Tsepeating th|4sz

i process-until; of 304 l'i qui ds Qi nei ghbo surface tension, one is'"~ -
% absorbéd into the ium and ot her and subj egle matter rel gt gd

2 to UK Application ”;@d 9110882ot ri‘!I(’esect ed to te1v2| ce for se([;ztasr ating one or

# nore substances fr];HB-a fluid toozge adm ni sgp qpbto a patlegbt the devigeg
-_'s_corrprl sing a hou5| i ncl ud| ng ‘an inlet and ‘an outlet and . .

o | |
‘*pverage of the data of examples 19-34.

'._s -b-.g-{' DS

RN




defining afluid" fI\_c')w' pat h- bet ween t (nlet and the outlet and a
separating elenent 'disposed wthin housi ng across the fluid flow

SRR

AR © L DL M KA o

.path and incli u ing ;a downst,ream surface, wherein the inlet conmunicates
“with the hou ha Rowt gm+off &h¢ &oysknd -and spqtream fromthe
separating g 3d |Wierjeion [t e |heudi ng |far tiher |i mclludes passage neans
- for allow r],g. He fHuicd |t gt depadate |f Lo khgd U Jdid, the passage
‘means bei ndi Hi qo®ndt Bednt? fir§m| Thg <sqp&rgdtfng elerment and
‘comuni-cat igh§ ottt l|et* flear |tfte |t Bp |of* |h& Holsilng, * the housing
including a pal. ¢ : the do gtljeamisgrfa.ge of, ‘tlhg eparatl ng el ement
~and defini ng3&@}p - ag‘d 1psqage |nBansSi I"CEL_IGI gp ja ‘sl ot disposed in .
the wall andtg i g9 Eet wger] ot Hegpllegup saffds tihe qutl et ; and | g
77 subject nat jed tlo - plllcat'icn Ng. 9402841 dijrected to a device L
~_for_the de e IHuRddyt &jcandent fof -4 b dod roduct conprisi.ng at: .3
| east onegi FateAs|oR HogMog&| Ei%rgs dexglo i n ‘a housing ‘and" 5
_preformada(:t"closel ..qontrjol I §d- di nefsi or}s, |dendity] and pore size, '
: prIOF t'o %&d do| ool ¥dil on| ool o] o oc] oo ' ' '
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[err]-{err] ~ Table 10 Exanple Numbers: - 19-34 . 96-97
58-65. 66-73 DOWNSTREAM  Fi-ber Di aneter 2.6 4.5 4.5
4.5 microneters, ELEMENT Thi ckness, cm _ "~ 0.152 0. 145 0. 251
0. 277 DATA Density,. g/ cc 0.16% . 0.270 - 0.252  0.229 Pore

- Daneter - - - 6.1 6.6 .6 7.4 mcroneters Surface =~
Area, . = - 3.29 3:.13 -~ 4.07 4.07 Square Meters- No. of tesﬂs_

. failing.to pass 0 0 .0 1 two units- Average: -
efficiency for first -~ 100 1Q9,. 5400 100 unit, % Average
efficiency for second 99.9 100 99.2  ~'95.1-unit, % Average .

.. hold up volunme of - - 20.8 20.4 22.3 . 24.2 pediatric device,

- m Average hold vol une of 't. - 36.14 ,35.2*_ 39.2 43. 3% s
adul t size device, cc Volunme of the fibrous elements, ' 37.1_ 26. 6 v
333 355 'Bxample . CWST = Number of units passed prior to
- ' Numbers  dynes/cm - clogging S s

o _' .0 1 2 (no.dloggihg)'_'
. 107-119 - . 52 1 3 s
120-125 =~ 63 [} 3 12
126-140 % . 1 0 14 -
141-156¢ 87 0 6 16 Bl
157-168 109" 0 1 11
ot
;



Density,

cne

0

Tabl e 13 Exanpl e
-CﬁES g/ cc
0.17 - 0.152

[err]

F2 Pore No

[err]
102*

[err]

% of Tests

cc *Estimated datum
di a.

Thi ckness,

d ogged
6:1 103

0.21.

0

0.19

4.7 104

0. 137
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Table 16 1

2 .

4

_ 39 b g Exanpl e .
.CV\BT Nunmber of units passed prior to Nunmbers ~ dynes/cm
clogglng o 1 2 (no clogging) 107-119 52 AR
3 9 120- 125 o 63 0 3 12 126- 140
75 y 1 0 14 141-156 87 )
16 -157_-1)8 o 10 0 1 11 [err] dP [seﬂr]
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third porous elenments preforned to closely controlled dinension,
sdensity and pore size with the Seccwéﬁzrenent interposed between the-
-first and third elenents, each successive elenent having a smaller
‘pore dianmeter than that preceding it, the first elenment including nmeans
for removing gels, the second elenent including means for renoving
m cr daggregates, and the third el enent including neans for renoving

1 eukocy es.dg. A methqd .for the depletion of the |eukocyte content of a
bl ood roduct | - compri ding passing the blood product through the device
of claiin kat3L1h90 ' - | - , |
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CLAIMS

fl.““A device for the depletion:of the'leukocyte content;of

a blood product comprlslng at least first, second, and
_thlrd porous elements preformed to closely ‘controlled
_dimension;:den51ty ‘and pore 51ze w1th the second element
"1nterposed' ‘between the f1rst and third elements, each
) successive element having a smaller ‘pore d1ameter than
| that_preced;ng_rt, the first element 1nc1ud1ng means fort'
'_removing gels, the second element 1nc1ud1ng means for__E
removing m1croaggregates, and the“thlrd element including \,)'
means for remov1ng leukocytes. - ' | ” E .

2.. A method for the depletlon of the leukocyte content of_
a blood product comprlslng pas51ng the blood product :
through the device of cla1m 1.
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