DEVI CE AND METHOD FOR DEPLETION OF THE 5 LEUKOCYTE CONTENT OF BLOOD
.AND BLOOD COVPONENTS TECHNI CAL FI ELD: Thi-s invention- relates;%ghggneég%

for depleting the 10 |eukocyte contenty af whol e bl ood and &
therefrom particularly from human packed red bl ood cells |nclud|ng cells
whi ch, have been stored prior to transfusion for any period up to their
allo$eﬁle storage period, and a device for effecting that depletion. 15
BACKGROUND OF THE I-NVENTION It has been the practice for 50 years or nore
to transfuse whol e bl ood, and nore recently bl ood conponents, 20 from one
or nore donors to ather persons. Wth the passage of tine and accunul ati on
of research and clinical data, transfusion practices have inproved greatly.
ne aspect of current WEQENDSHEMDWG)MMQB om'ﬂm admi ni st er ed;
rather, patients cells
(hererna ter PRCH —platel et

- goncentrate. These conponents are separated fronlmhole bIood by

CEntringinﬂEgﬁﬁi$£¥Oﬁf§ﬁDpr0VIdlng, as a third product, plasm, from which
vari ous other useful conponents are obtained. 30 "In addition to the
t hree above-Ilisted conponents, .whole bl ood contains white bl ood cells

(known col | ecti vethi/s abnventkiny ties)atods Vta:li la)useﬁhtﬁ&sroﬁfdd@lehnh@etmst

or ot ect1on SEuSRErs ShFane e RIS, S pfrou s Guibvadov e

therefrom, particularly from human packed red blood celle

including cells which have been stored prlor to
transfusion for any perlod up to their allowable storage
period, and a device for effecting that depletlon.
15 .
- BACKGROUND OF THE INVENTION

It hes been the practice for 50 years or more to
transfuse whole blood, and more recently blood components,
20 from one or more donors to other persons. 'With the
passage of time and accumulation of research and clinical
data, transfusion practices have improved greatly. One
aspect of current 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 plateiet-concentrate. These
components are separated from whole blood by centrifuging,
the process.providing, as a third product, plasma, from
which various other useful.components are obtained.
30 . In addition to the three above-listed components,
whole blood contains white blood cells (known
'collectively as leukocytes).of various types, of which -
the most important are granulocytes and lymphocytes.
White blood cells provide protection against bacterial

on

35 and viral infection.
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-2- In the nid to late seventies, -a nunber of investigators proposed that
granul ocyt es be separat ed fron1donated bl ood and transfused into patients
who | acked them for exanple, those whose own cells had been 5 overwhel med

~this practice is generally harnful, since patients receiving such -1)_

iby an infection. In the resulting |nvest|gat|ons it becane apparent that
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cipient in other ways. Some of e vira
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induced by transfusion therapy, e.q., Cytomegaloviral_  5~)

Inclusion Disease which is a life threatening infection
to newborns and debilitated adults, are transmitted by
the infusion of homologous leukocytes. - Another

: 11fe—threaten1ng phenomenon affectlng immunocompromised

- 20

25

patients is Graft versus ‘host disease (GVH). a dlsease 1n

which the transfused leukocytes actually cause

irreversible damage to the blood recipient‘s orgéns

including the skin, gastrointestinal tract and

neurological system. Conventional red cell transfusions

have also been indicted as adversely influencing the

survival of patients undergoing surgery for malignancy of _

the large intestine. It is believed_that this adverSef v
effect is mediated by the transfusion of agents other than

. donor red blood cells including the donor's leukocytes.

30

35

Removal of leukocytes tq'sufficiently low levels to
prevent the undesired reactions,'particularly in packed
red cells including those which have been stored for
relatively long periods of time, is an objectlve of this
invention.

In the currently used centr1fuga1 methods for

separating blood into the three hasic fractions (packed
red cells, platelet concentrate, and plasma), the
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30 red cells including those which have been stored for relatively |ong
periods of time, is an objective of this invention. In the currently used
centrifugal methods for separating bloog into the three basic fractions
(gacked 35 red cells, platelet concentTate, and plasna) t he - 3-
| eukoeytes are present in substantial quantities in both the packed red
~cel |l s»dand pl atel et concentrate fractions. It is now generally accepted that
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Whol e bl oo s rare é used as suc |ns units are processed
|nd|V|dU%II§°b9h%enQ iengat|3h1%ramgrox1mates reducing the total

content of leukocytes in a single unit of PRC (the
L quantity of PRC obtained from a sxngle blood donatlon) to
'k,f - less than 0.1 x 109.

15 Defining a Unit of Blood, .and a Unit of Packed Red Cells:

Blood banks in the United States commonly'draw about
. 450 milliliters (ml) of blood from'the_donor'ihto a bag
 which usuélly contains an anticoagﬁlant_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 individually by centrifugation or by
- gravity settling to produce one unit of red cell
25 concentrate 1n blood plasma, referred to herein as PRC
' (packed red cells) Thé 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 which usually is in the range from 70% to 80%. Most PRC
units are in the range of 250 to 300 ml, but variation
below and above these figures is not uncommon.
% Drawn whole blood may alternatively be processed by
separating the red cells from the plasma, and resuspending
z - 35 them in a physiological solution. A number of



S gravity séﬂtling to produce one unit of red cell 25 concentrate in blood

- plasnm,

of PRC varies considerably dependent

referred to herein as PRC (packed red cells). The volunme of a unit
400 the hematocrit (percent .by vol une
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In parts-of the world other than the United States,

Apatted drehdid Wora d.erm bl ood product” includes anti-coagul ated: -,f: _

blood banks and hospitals may draw less or more than about ' -
450 ml of blood; herein, however, a "unit" is herein NS

defined by the United StateSf practice; and a unit of PRC
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 with similar properties.

Previously Available Means to-

Remove I.eukocytes Erom PRC

 The Spin-Filter system for obtaining leukocyte
depleted packed_red'cells is described by Parravicini; - Q)
Rebulla, Apuzzo, Wenz and Sirchia in Transfusion 1984;
24:508-510, and is compared with other methods by Wenz in
CRC Critical Reviéws in Clinical Laboratory Sciences 1986;
24:1-20. This method is convenient and relatively
inexpensive to perform; it has been and continues to be
used extensively. However, the efficiency of leukocyte
removal, while generally 90% or better, is not.

'sufficiently high to prevent adverse reactions in some

- patients.

35

Centrifugation methods are availabie whiéh'produce



derived fromone unit of whole blood. As used herein, PRC refers to the
bl cod product described above, and to sinilar blood products obtained by
other neans and with simlar propertigse 20 Previously Avail able Means to
Rénnve“Leukocytes From PRC The Spin-Filier .systemfor obtaining | eukocyte
25 depleted packed red cells is described by Parravicini, Rebulla, Apuzzo, .
VEnz-énﬂ Sirchia in Transfusion 1984; 24:508-510, and is conpared with
ot her net hotleway Yénalsno€RTeGkotytes rviedscell§) i butakhkabkoageory

Sgi ences 1986:; 24.1-20. _Thi hQd. i gnvenien relagj 30
iﬁexpensiveﬁggoggF?ggn?rPFeﬁggE%egﬁlgﬁdgE%n ¥ eé°?g£¥egﬁséh gé%%hsively.
However, thandfsterdhihyopf| thRopyeduetnbsasuchhthatgidtemustybgonsed

“better, - is Potn$Hf bhcheakky high to prevent adverse reactions in sone
patients. 35 ‘Centrifugation methods are avail abl e whi ch produce
lower |e%els of PEBRECPeEBofla fey ienkecybatdendetiape sushrabory
procedur es shlfheawa&skithy 6PsibylyCepprifing fhdzéhecredi tpylds,t haver oduct

| aukocyt o dbsbl PEnar8ialiSEs BubTHReed RRVE a1 SaavpntatbE EoRC (T ooen r o
cel I's, haveetenambrad;chighdrebiiabihity sexeicesaandncapsotfbe usedonical ,
hi gh reliabhtip¥qseqei ce, and cannot be used at bedsi de.
10 . A number of devices have been proposed in which
‘fibers are packed into housings, and whole blood passéd
through them in order to remove microaggregates and a
o portion of the white cell content. These devices have
all reqﬁired saline to be applied'either before or after
15 use, or both before and afte? use. Further these devices
have been poorly suited for use with PRC, in which they
show early clogging and often or always fail to remove
leukocytes to below 0.1 x log-per unit. of PRC or of whole’
blood. None are ideal for bedside use.
20 ' .
Characteristics Desirable in

a Leukocyte Depletion Device

An ideal device for léukocyte-depletion use would be
. 25 inexpensive, relatively small, and be capéble of
N 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 1eaét one unit (the product of a single blood
30 donation) of red célls‘in which the leukocyte content has
' been reduced to a total of no greater than 1 x 10%, and
preferably to a level of less than 0.1 x 10°. The
capability of delivering a full second unit of packed red
cells with maintenance of the high efficiency with respect -
N 35 to removal of leukocytes is also desirable. ' Further,

ol



10 A nunber of devi ces have been proposed in which fibers are packed
i nto housi ngs, ‘and whol e bl ood passed through themin order to renove '
m croaggregates and a portion of the white cell content. These devi ces

{_ have all required saline to be appli 8dTeither before or after “use, or -
both before and after use. - Further these devices have been poorly su@ed
for-.gi use with PRC, in V\/m ch they show early clogging and often or alwa
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woul d' be pras JHIRX PRIGPOERi ont bt ithel !‘e&”&'e'llsa%@:l@irfaaﬂ. e%ferﬂ;e| ivering
bl ood to',the_patient w thin gbout 3$ secong_ fgﬁ t| onf\t? t he bag of."
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mai nt enaRgs S 10 thiid) ishvientiionsy With respect 35 to renoval of

| eukocytes”is -al so desirable. Further, -6- because of_ the hi'gh cost and

linited avai | Revicef whichybgveo@re¥iously,beenidavedapede ifoul d del i ver .
the hioghettempts to meet this objective have been based on the

use of packed flbers, and have generally been referred to
as filters. However, it would appear that processes
_ utilizing flltratlon based on separatlon by size cannot
succeed for two reasons. Flrst, the various types of .
15 1eukocytes'range from granulocytes and macrocytes, whlch'
can be larger than 15 micrometers, to lymphocytes, which
are in the 5 to 7 micrometer and'larger range. Together,
granulocytes and 1ymphocytes represent the major
_ proportlon of all of the leukocytes in normal blood. Red
20 blood cells are about 7 micrometers 1n_d1ameter, i.e., ih
size between the two major components which must be |
removed. Secondly, all of these cells may deform so as to
pass through much smaller openings than their normal
size. Accordingly, and because it can be observed by
25 microscopic examlnatlon that leukocytes are adsorbed on a o/
variety of surfaces, it has been widely accepted that
removal of leukocytes is accompiished by adsorption,
rather than by filtration. ' - )
Attempts have been made to redqce leukeéyfe
30 concentration in blood by exposure to a variety of
surfaces, including polyamide, polyester, acrylics,
cellulosics (e.qg., cotten), cellulose acetate, and
silicohized:glass wool. Fibrous devices available to
this date have at best been only partially;successful,
35 for the reasons described below. As the problems



possi bl 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_tjne, including up to the date
bé@ond which its useful life will have expired. Such a device is an object
~of this:invention. Devices which have previously been devel oped in 10
attenpes to neet this objective have been based on the use of packed
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m crometers, to | ynphocytes, which are in the 5.to 7 mcroneter and Iarger
range To ether granulocytes and Iynphocytes represent the najor

proporti Blood Cempopent ReGOVeEY i n normal bl ood. Red 20 bl ood cells are
aaput 7 mcroneters in dlaneter l.e., in S|ze bet ween the two nmj or
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accepted th eukocy es 1s acconpl i y adsorpiion, rather
than by ¥@| tFRerenara; seYipral eauser frnrANeLd kRRRVEEY KOt y¥ed 30
concentrati ageils bl ood by exposure to a variety of surfaces, i ncl udi ng

pol yam de, polyes acrylic cel l.ul o |csdé1 L. cotton), cellul ose
acetate, and sili é%{n 7HeS %‘Fﬁs@ UG ot ]tff ﬂg’tf?c‘é‘%ea‘a refHg o
N tubing and the drip chamber; : :
' (b) Losses due to liquid which remains within the

15 device itself at the conclusion of the
transfusion; and _
(ec) Losses due to adsofption on the surfaces of
" the device, or due to mechanical entrapment
‘within the device.
20 (d) Loss due to clogglng of the filter prior to
| ' completlon 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
chambef connected to the patient's vein, thus avoiding
'the_use_of side connections which are, for example,
required if saline is used for priming. Losses can be
further reduced if the design of the device is such as to
30 permit use of a relatively small drip chamber. Losses .
due to cause'(b) are referred to generally, and are
- reported herein, as "hold-up volume" measured in

o

milliliters. Losses due to cause (¢), if any, will be
reported as due to adsorption. As for losses due to cause
35 .(d), one of the objectives of this invention is a device

[



this date have at best been only partially successful, 35 for the reasons
descri bed bel ow. As the problenms -7- attendant on the earlier devices
are reviewed, the manner in which the device and nethod in accordance with
.this invention are superior will b&c®n® apparent. 5 Bl ood Conponent

Recovery In the preceding section, referenceé was nade to the desirabii%ty
of jrecovering a high proportion of the packed red cells delivered to

 separ atlegl rbBes 30 F1ege BLouRfumlbrporassorbaduoadripgovery of red
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adsorption o surfac evice, or
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to coaplae~dueohawﬂagp&heagdghebtopessnbleored|CeIMfrbbowdryLosses due to
cause (a) can be mnimzed by use of a device which in bedside use reqU|reg
only to have its 25 inlet - connected to the blood bag and its outlet to a
drip chagapacd&ynected to the patient's vein, thus avoiding the use of S|de
‘connections which are, for exanple, .

As separated. from whole blood in current'blood
10 banking practice, packed red cells contain not 6n1y a
propqrtion,ofgthe leukocytes present in the blood as
drawn from the donor; but also some platelets (which tend
to be very adhesive), fibrinogen, fibrin strands, tiny fat
globules, and numerous othef cempOnenté-normally preeent
15 in.small'prop0rtions; Also contained are factors added
at the time the blood is drawn to prevent clotting, and
nutrients which help to preserve-the red cells during
storage. - N ' a
- During the centrifuging process which concentrates
20 the'red_cells'and'partially separates them from the
‘remaining cdmponents,'ﬁhere is a tendency for
microaggregates to form in PRC. These may comprise some
red cells together with leukocytes, platelets, fibrinogen,
fibrin, and other components. Gels, which may be formed
25 by flbrlnogen and/or flbrln, are frequently present in ' ' Q)
PRC produced by blood banks. o :
The gels are somewhat viscous, and though 11qu1d
form a separate gelatlnous phase in the blood plasma.
Once segregated by flltratlon, gels may be identified in a
30 spent filter by their tendency to cohere in strlngy forms
" when manipulated under a microscope at 30 to 50
magnification. |
Packed red cells can be refrigerated and stored for
use within a period of 21 to 42 days or more depending on
35 the additive system used. For CPDA-1 anti-coagulated PRC,



required if saline is used for primng. Losses can be further reduced if.
t he design of the device is such as to 30 pernt use of a relatively snal
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to cayse (c), i f any, will be reported as ‘due to adsorption. As for |osses
due topCause 35 (d), one of the objectives of this invention is a device
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structure, mlcroaggregates, gels and occasionally fat
globules tend to collect on or within the pores, causing

depletion 5nloyee AYHIEshie NEgRERL.PossiDl et elbaeLL gsﬁaitsixgecapac"ty.

blockage which inhibits flow. _
In hospital practice, bedside transfusions usually

15 use-gravxty, developing no more than 0.1 to 0.14 kg/cm2 to
induce flow from ﬁhe'storageebag through the leukocyte
removal device to the patient. For this reason a
particularly important characterlstlc of a separatlon
device is its resistance to clogglng.

20 Because of the unusual and highly variable _
comblnatlon of clogging factors, the experience of a
person skilled in the art of filter design is 1nadequate
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 durlng 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 of about 64
cc. The same device was rated for use with two units of

»

- blood product which had been freed of plasma by
~ centrifuging and subsequently resuspended in a
= 35 physiological solution. Predecessor devices by the same

packed
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red cells together W th Ieukocytes pl atel et s, fibrinogen, fibrin, and
ot her .conponents. Gels, which- may be formed 25 by fi brinogen and/or g
fibrin, are frequently present in PRC produced by bl ood banks. The gels are
.somewhat viscous, and though |iquid; ¥brm a separate gel ati nous phase in
the bl ood plasma. Once segregated by filtration, gels may be identifigg_in'
a 39 spent filter by their tendency to cohere in stringy forns when '

| ated_und f d cell:
b By aAEkuh el o8 R BToRh, BRehOr PRALELFRLRR; oB1abEts ol e o
nmor e depehbdi egsohogevelre &hdstdevlsesnennasbdngéurbéﬂna maakstedoagulated
PRC, - gﬁdtﬂﬁsp§éﬁh§§bﬁ|Sysigéaﬂﬁrﬁgi'BgviEetB€c£h§e b# §§c€§¥§veDur'n9

storage, " the numb Si Z& 0
Further, §EPIMPREYhHE& £4°g@AB8al |y form which may conprise fibrinogen,
degenesat ed prDb&h&es51ﬁndcﬁaﬁﬁaﬁéatﬁﬂtﬁuﬁhﬁsClﬁGéﬁﬁloﬁndahhbéh often

t-ai t to.b
T oukocyt o8e=aBRRE 55 ARy TN ER BRIP Koy ERh BunBPe B SpREE BE0PES 4 nen
dr awn naywhmibemaentalhanglhargverggebnémevalOeftlcientytgeeheakocyte
- depl etiong ﬁﬁﬁ'Qﬁoﬁﬁggb'§§Stgﬁ§9&9551§téyakﬁé§ tﬁ%ﬁrﬁﬂeﬂeeﬁétéi gel s and

occasi onal f at ul'és’ or wmthin the pores, causing
bl ockage ﬂﬁW@HerhFBPbsafpﬁﬂtllﬁoﬁogﬁﬁﬂalepraéﬁlEétegeﬂ§|B§°FF§ﬁsfu5|ons

USU&'hﬁ. four units of PRC, might have an 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 dev1ce s1zed to process
15 a single unit of PRC with .greater than 99. 9% efficiency,
| but capable of passing a second unit while maintaining

L]

L)

~ high efficiency, is seen to be a very useful and
economical size, and has been-selected'as~a pxiﬁary
objective'of this invention. As discussed below, unless
20 otherwise stated, it is this size of device (which will be
referred to as an ﬁadult" 51ze) to which reference is
being made. . '
- While the devices described herein-are'ﬁrincipally
directed to_the primary objective described above, by
25 proportionEIIy changing the dimensions,'equipment -;)'
suitable for use with larger or smaller quantities of PRC
can be made. A version of the device in accordance with |
this invention, designated as a "pediatric" size, with
approximately one-half the area and hence one-half the
30 capacity of the adult device, has been extensively used
during development of this invehtion,'for.reasons of
economy of whole blood and PRC used for testing, and
because there is need for such a unit in hospital
practice. _ o : | '
35 : The microaggregates which cause_clogging'vary in

croaggregat es increase wth tine. T« -



15 wuse gravity, developing no nore than 0.1 to 0.14 kg/cnR to induce flow.
fromthe storage bag through the | eukocyte renoval device to the patient.

Far. this reason a particularly inportant characteristic of a separation
device is its resistance to clogging. =281 - Because of the unusual and
highlgﬂyariable conbi nati on of clogging factors, the experience of a person
skill in theart of filter design is |nadequate mhen applled to renoval

of the unde5| abI co 0 isted a ve f ov |, inventive
appr oaches 2% n%?\ ?gq%ﬁ)* STt %w’é‘f f?’ﬁ en? ilter,
partlcularlyquhnhltheaﬁ&Kshae dmstrxbutxmhfwmthtag&aiawe*qlldmg perlod of

e, The besingbmiporfeN sh5 Giit e BidEla A Wetlle £5THRE e

devel opnent I'STinvention was rat 0 nenufacturer to have a
capacity, forT@m@lSamnc@h‘ghlmwmebm fhmness tand SRl ®b! d- up

"vol une ofsa é4f&e iB&JEé@%ﬂ%’éﬁelﬁ\B& Sid Ell Bt gEgnifidanto units of
bl.ood product had een fr %ﬂ e QY centré%u i n d .
sibsequent | ypf‘égﬁg 1389 ﬂaﬁk ‘ngs? Jgg?%%‘ﬁ’ B i ﬁ‘g‘é‘gﬁessor

devi ces by t(peseemt by -¢6lumanef acddirezlls) and|wisces beyotamodahip vol ume
of. about. 52 \;% h&\;&zeé wi@és %g%é ce 'i' ovéxo {ﬁnﬂlrrar ket ed and was

repl aced by Iar device" ause o excessive equency of clogging. 5
Devices in &b&%ﬁ%@i%%ﬂstmlsefi R tGIEeL AR eRSeyefl ¢ mmq/er any

reqU'redl@unéﬂfréﬁeyﬁ'0&rﬂ$bf§«¥rom one unit of blood to the next.
- Under these circumstances, whlle the development of a |
prefilter draws in part on sc1ence and on experlence
~ | 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 efficient, small volume gel
prefilter system which will contribute to the objective’
of achieving high efficiency of leukocyte removal while
rarely or never clogging on one unit of packed red cells

20 and which will pass all of two units in the great |
majority of gasés, be it with newly drawn or with older
“blood, is an objective of this invention. '
~ For an important class of patients, namely those such
as thalassemics who are dependent on regularly repeated
kJ  25 transfusions in order to maintain life, physigians
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 old,
thalassemics require two or three units of PRC at 3 week
30 intervals, however, if older_PRC'is used, transfusion at
more frequent intervals is needed. Some .physicians whose
patient roster includes thalassemics will not use 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 designed to have a
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fﬂtalnlng an aver age reanaI efficieney greater than about 99. 5%
y greater than about 99.9% However, such a unit, for exanple, one

process 10 ‘four units of PRC, nlght have an internal vol unme such

JAMat as much as 30 to 50% of the red3®lts could be |ost by hold-up within
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sized to.
efficienc
efficienc
" sel ected
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descri bed
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e if it were enployed to process a single unit of PRC. Mst ()
one or two PRC Units are needed by a patient Hence, a deviTe
ro a singd ni t_qf mnth ter .

5 gg éﬁ&glgpoP §§§Vnan§ §8 ﬁdpﬁﬁ %ﬁlntalﬁlhg hi gh

Y, |sFgeenheombeeageaﬁyamseppllgnuleoomonwbabhsazeerxnd has been

§§gﬁ1?&b%@p§§?§%i¥ﬁ 8k {:ﬁésmeveat hQBredA?Q@:A%SEéS@ﬂaPe' ow,

Ot herw se st Is size evi c be

28 ke 3R days er mpye) PF§°EhT-eh“F§fe§En&§ P§1I§éFﬁé that. Wile the
enerfbedehetenaaamy felfivepality dtaeeaedabacﬁhy witARAYy objective

FoRaeacy, phar.PhoRobs REtpysaREdPEpucRsphoRRE I8 neT Tuct. A

versi on oantihiowehodd up.actailiarectei comphetei passagenpfdassguendd as a

'."pedlatrl
the 30 capacity

Gnit! 18 SWLkhyARA" PXLHB! skyeREe1 k! 1heeREeRs ad opepfig one-half
of u

the’ a evi ce eeh extensive use ri ng

developneﬁPr§P‘FﬁF§nFﬁ%éﬁtPBﬁ thﬁrphﬁﬁéﬁhénofaE@oﬁBﬁybe ﬂﬁ@ﬁélbtéod and
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practi ce.

15

20

tRe bggﬁéﬂgh and because there is need for such a unit in hospltaf
35 accordl ngE§,f8389_ £834 Es“chﬂhiguiﬁvgh%gghngrvarY "
directed to use with both fresh and older PRC. e

Ease and Rapidity of Primin

Ease of use is an important characteristic of any
1éukocyte-depletion systen. - As noted'above, for leukocyte
depletion dev1ces, ease of priming is a particularly
important factor. The term "priming" refers to start-up
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

25

30

35

is always desirable to conserve'nurse/technician time,
but can be life sav1ng when qulck administration 1s

v .

o

required as, for example, vhen serious blood loss is U

unexpectedly experienced during surgery.

Preconditioning of Leukocyte

" Depletion Devices Prior to Priming

‘A number of devices in current use require
pretreatment prior to passihg blood, usualiy consisting -
of passing physxological saline, which may or may not
be delivered to the patient's vein.

The necessity for such an operation is clearly




size from about 200 m croneters down, and vary in quantity and size
distribution with age, as well as randomly fromone unit of packed red
cglls to the next. The gels-vary with respect .to both firmmess and
ghantity. 5 Large -fat gl obul es appear-in3za-small|l but significant proportion
of pa&igd red cell specimens. Hematocrit (percent by volume of red cells)
and v osity can each vary over a.wide range. This variability in
characteristics makes the causes and onset of clogging 10 extrenely

Wzrl abl e frofRBhandasimbla.oden Shendeasans getePUthddt W% cunst ances,

Wil e the dqm_eida‘mn-n; gdctiigi.efilter draws in part on science and on
experi ence conmmon, t o those f}gﬂ_\)llar.wth he field_ of filtration, there is

a | arge conponent l}ﬁ TSR HfF MRS & ﬁ%er%ej.q}nh&ﬁ A%t of an _
~effective prEiey tiorclulde mowval of acid mytdmilysamaaldevdqpaﬁ gel prefilter -

system wy C?ﬂeln&/%\é]xﬂ @Ee"nt zg#tg.roquo%cﬁe‘(ﬁégs Ut hg! gh effi ci ency

of, | eukocyt l'e rare never cloggl ng on-one“unit of packed

réd cells 2Cedidigre ragtate fidexs, ossURENGa of ifreadomy fxam mjority of |
cases, - be i trgpdfymMBBAdH WMLH méyt Imeo seitodth ﬂaa;xﬁmomle!féﬂs/e aMa this

i nvention. For an inportant class of |ents na t hose such ‘as’

t hal assemi cs‘%ﬂ‘%rfg&fé&mﬁnt” Y& éﬂfé’é’teé@/i?nl‘?lg 1888 i n

o][ ](cjer t 0 nmeigE aihe |irdtegyitysics &nﬁ% mwnaaala; sﬂﬂm Esubmlﬁﬂléfrﬁr Jlr?s;h i

efficie c n e atively fresh PRC. |
19, (KRG JEINAl ANLHOLHCSe 0 {2

t ransfused I'S I'ess ve d t hal assemnics require
two or three uni tAn ebirRtimve @ﬁA/é?éMQ(J-nVan@rl\mI 9-5 mmcme older PRCis

_ used, trans“dé%l%ﬁn device which requires no preconditlom.ng pr:Lor '
~ to beds:Lde use.

>

15 Definition of Pore Diameter

Below_zs'micrometers “pore diameter" is as. .
determined by the modified OSU F2 test described in the
‘section headed Examples. Above 25 micrometers,

20 mnicroscopic observation was used to estimate the
approximate diameter of spher1ca1 partlcle which would be
retained by a porous medium.

- _ o | _ | .
Definition of Element and of'Integral'Element
' o 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
1ayers'whicn 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 51ng1e layer, or in combination with one or more
_other layers. '

o 35 The expression- “1ntegral element" denotes a portlon
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not ed abo&@$embledeukocyte depl eti on devices, ease of prining is a
particularly inportant- factor. The term"primng" refers to start-

of f|OM/Of PRC fron1the bag t hrpugh the filter to the drip chamber.
obj ect of ¥ d. ep that tinme to bel ow about 30 se

short pr|n1ng perlod i s al ways desirable to caonserve nurse/technician tine,

10

When a liquid is brought into contact with the
upstream surface of a porous.medlum-and a small pressure
differential is applied, flow into and thfough the porous
medium may or may not ‘occur. A condition in which no

up 20
An
conds.

"flow occurs is that in which the 1iqu1d does not wet the S

15

20

25

- 30

material of which the porous structure is made.

A series of: llqulds can be prepared, each with a
surface tension of about 3 dynes/cm higher compared with
the one preceding. A drop of each hay 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”:emained
unwetted when a liquid with a surface tension of 29
dynes/cm was applied. S

Similar behavior is observed for porous media made
using other synthetic resins, with the wet-unwet values
dependent principally on the surface characteristics of
the material from which the porous medium is made, and
secondarily, on the pore size characteristics of the
porous medium. - For example, fibrous polyester

(specifically polybutylene terephthalate (hereinafter

35

"ppT") sheets) which have pore diameters less than about
twenty micrometers were wetted by a 1iquid-with'a surface

12.

A

-
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e life éaving when quick adm nistration is 25 required as,
when serious blood |loss is unexpectedly experienced during
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esﬁ&fheguigahgetenSLOns varying by 2 to 4 dynes/cm, and

observing the absorption or non-absorption of each 11qu1d.

The CWST of a porous medium, in units of dynes/cm, is
defined as the mean value of the surface tension of the
liquid which is absorbed and that of a liquid of
neighboring surface tension which is not absorbed. Thus,
in the examples of the two prededihg paragraphs, the
CWST's were respectlvely 27.5 and 52 dynes/cm.

_ In measuring CWST, a series of standard lquldS for
'testlng are prepared wlth surface tensions varying in a
.sequential manner by 2 to 4 dynes/cm. Ten drops of each
of at least two of the éequential surface-ténsion
‘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 intoc or obvious

wetting of the porous medium by at least nine of the ten
~drops within 10 minutes. Non-wetting is defined by

non-absorption or non-wetting of at least nine of the ten

" drops in 10 minutes. Testing is continued using liquids
of successively higher or lower surface tension, until a
'pair has been identified, one wetting and one
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

can be preparedTin a variety qf ways, however, those used



section headed Exanpl es. Above 25 microneters, 20 m croscopi c observation

was used to estinmate the approxi mate di aneter of spherical particle which
(mould be retained by a porous nmedium Definition of Elenent and of Integral

El ement 25 The word "el enent” as used6éabove, and generally as used herein,

denotes a portion of the overall assenbly which consists of porous meq:}n
~thei{formof one or nore |layers which may or may not be bonded to each

ot her,. bug i ch erforns deflne function within the filter '
iassen‘ol y. ‘Ea‘%h \3‘? ‘&%‘F 'b‘? Rt ‘E%?fé‘F’rH’F‘Byh%‘F”&o‘fﬁﬁ%s& on, to

controlled density and pore S|ze either as a single layer, or in .

conblnatlon\Mtgb Sh SPr llayers. 35 e P& essi on
~"integral eIenéﬁfﬂgg%ﬁUTESJQLﬁﬁTtlon _14- ?r¥%e oV%?a assenbly which |

contains one or nore |ayers of porous web, with (4¥Ne$#€®R are nore than

one) tdie | ayer sshpigif thydréeide il afateAn i Nntegralogleneny is a unitary,

conpl ete struct havi its.ow integrity, 5 self cont ai ned and
i ndependent of Al:]"f‘?g b%e&%e ’é’f@?‘lt‘é‘ HAYSFE assenbl ed. 9Nt t9%g of Fibrous Media”

10 When. esodium chitrdteughtwatrdo contact wi t1s thegupstream surface of
a porous nedluqﬁggiﬁg Q@II pressure differential- %% pplied, flowinto and
t hr ough the porous” medrum may or nay not occur. ohdi tion in which no

Acetic acid in water - . 38 - 69
10 Ethanol in water 22 = 35
' n-Hexane- = . . o 18.4
FC77 (3M Corp.) S £ -
' - ' N\

FC84 (3M Corp.) o 13

15 'Wettin qf3 ibrous Media b Blood .
In packed red cells, as well as in Wholé bldOd}'the '
red cells are suspended in blood piasmai which has a
surface tension of 73 dynes/cm. Hence, if packed red
20 cells or 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 con31sts 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 biood, in which the normal heﬁatécrit 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.S8.,
1983, pp. 276~297.)
35 . The beneflts.cpnferred'by preconditioning fibers to



fl'ow occurs is that in which the liquid does not wet the 15 material of
whi ch the porous structure is nade. A series of |iquids can be prepared,
~each.-with a surface tension of about 3 dynes/cm'hi gher conpared with the
one precedlng A drop of each may then be placed on a porous surface and
obseryed to determne whether it is 20 4absorbed quickly, or remains on the
surfa For exanple, applying this technlque toa 0.2 mcroneter porous
polytetrafluoroethylene (PTFE) filter sheet, instant wetting was observed
for a*lqu|d with a surface tension of 26 dynes/cn1 However, the structure

V\gmal neld Zmetiamemtgmhﬂmmbmé fhagt'.?tﬁi mTeﬂﬁlgﬁnﬁﬁeﬁﬁc dynes/ cmh :
s applie avior is observed for porous nedia made usi ng ot her
synt hetic g%§$%€¥ fh?ﬁ“%%e wet - unwet val ues dependent principally on the

surface charact efakt | ¢kenfpining for canyyl réason whe chone cupbng ukowexdi um i s

o - Forb Sy 68 ehe¥ oﬁ’i“g MRS éﬁ?ﬁ?ﬁfﬁié ety thf%ﬁé’m”-s

't er epht Al ﬁ’@?ﬁ?e’?%a‘ﬁ%’fl ¥7'BT“§/ "? \/%I'B‘B‘}% meters. | ess
t han about Sbgnifbeaytly credeted s mmmtk@bﬂ&, athé gréduotion aisurface
-15- tensi C}go&%vép dyg éxfugﬂ e?ert%f"eﬂg J&Off%ft.edt Ynéadd Al d Wth a surface |

t ensi on of nes/cm”'n or tharacteri ze 1hrs behavi or of a por ous
medi um the ter rr(bl:r i An chnpertant pepect @f tins olnvenkigm s Hehe been

defined as gpscsvopd GEQQVfiﬂ¥5hélﬁgﬁfﬁ ¥reated to convert the fiber
10 surfaces to a perticular'range of CWST perform better with
respect to time required for priming, efficiency and
resistance to clogging than do fibrous media with CWST
values outside of those ranges. |

(c) Synthetic fiber media whose CWST values have

15 been elevated by gfafting'have superior fiber to fiber
bonding and are for this reason preferred for use in
making the preformed-eleﬁents used in this invention.

(4) Portions.of-unmodified filters may remaih
unwetted, thereby inhibiting flow through those areas.

20 ' (e) Devices made using unmodified synthetic |
fibers are recommended by their manufacturers to be
flushed with saline prior to use. This operation is
undesirable since it causes blood loss due to hold-up

'\J, within the complex tubing arrangement required, adds'to

25 cost operatlon time, and operation complexity, and
increases the probablllty that sterility may be lost.
_ (f) Blood has been observed to clot when exposed to
unmodified synthetlc fibers.

30 . '
DISCIOSURE OF THE INVENTION:
s N .
_ In accordance with the subject invention, a device
d and method for depleting the leukocyte content of a blood
' 35 product is provided. ' ' :



porous nedium may be determ ned by individually applying to its surface, .
“prefeerably dropwi se, a series of liquids with surface tensions varying. by 2
to 4 dynes/cm and observing the. absorption or non-absorption of each
lii.quid. 10 The CWST of a porous nediu inunits of dynes/cm is defined as
the mean val ue of the surface tension df the liquid which is absorbed ej?
that of a liquid of neighboring surface tension which is not absorbed.

Thus, 11 the gyl &gy 6ot 14 01 ey PALEOT @b Moyl BE 15 EVETpg vere

respectlvely s/c asuri series of “sTandard -

I'i qui ds fQﬁP]t%"swfhgoéretbﬁep%ﬁ‘élﬁowtﬁ aartent é’rf5| énsbiapgdi npreduat

sequent i Qiorﬁfﬁﬂf@ln?y a"-ttOlélash/n%&{éi%n@%@r@ﬂopéléfneﬁ@hoef ﬁénL\ﬁa§ént\/\D Of
t he sequ§pt|al Séﬁﬁ ce tension 2 st.andard Ilguhg gd egdeni

pl aced orf T&f%s SEY pdPti dndoRS IR 5B LET an FLA88¥0o stand”
for 10 micontesol XY erdiaternsidrs madenafittyr  404dni potes. sm,tl pgiogx dedi ned as

absorpti ious wetting of the porous medium by at |east nine of
‘the ten %bidd]ops%%%yn 10 minutes. Non-wetting is defined by '

non-absorption or non-wetting of .at |east nine of the ten drops in 10
m nutes. Test gy Bf f@dnt n%uah@@eil%&@upésswsewm@l ylmgneioﬁr | ower

surface tension, untj p been i.de one wettin one 30
mon- net t (TG Ctor o et lhn athiesSas, Tk cf i ihTncen SPaR thhe cvsT
is then vidnhi meuhetyteng@mvd:l f cand ominimézee, lddwe afemagodfwithihwo
surface t i ltgt&ge C?]lfu@eSI ngl e nunber to specify the COAST.
Appropriate s 11 ons i varyi ng surface tension 35 can be prepared in a
vari ety of ways, however, those used _ o
(a) Previously dlsclosed-dev1ces have used relatively NS

small cross sectional area perpendicular to the flow path,
and as a consequence the liquid flow path



-16- in the devel opnent of the product described herein were: Solution or

. fluid Surface Tension, dynes/cmb5 ~Sodi um hydroxide in
wat er - 94 - 110 Calciumchloride in water .90 - 94
$odiumnitrate in water 19 87 Pure water _ :

72.4 . Acetic acid:-in water : 38 - 69 10 Et hanol .in water
22 - n- Hexane : . 18.4 FC77 (3M Corp.)
15 FC84 (3M 13 15 Wetting of Fibrous Media by

Bl ood In pa&?§8gggdtéélféltﬁ§ mefiunsisnrebativelyoliongas. r eheel | s are

duspended i preffeestefll aswiceshiihabosraafise§ @gent %50 PEn¥BoYARS/ CM
n contact with a

Hence, if p cells,or

pOr OUS nedlgﬁssgﬁoﬁﬁanggﬁg ﬁEFFfﬂﬁmgn?FQBCBﬁFPFPdEﬁgfﬁﬁrtﬂstH%d ™ has a
‘CWET of 73 Qynbsh0d1oprhegpendlhghmtbhelflow pathpthreughbyhe of ilepccupi ed-
by red cell e;he a e l.sa y from
08 105, | BeaiBic sBoBROREEEL OTna ELRYeL F1 PELL oL ALY LN A B8 Ean "
tthe red ceIFgrﬁﬁéﬁsﬁPvegtaﬁﬂedfbﬁlPﬁl§°rE§SﬁﬁnttﬁbogglngchchﬁﬁaQrer|stlcs

of the red pebba baﬁhﬂﬁﬂiﬁ tbelﬂeioéﬂg Pehgui ghantiEhes JdPigeis #hgo true

for whol e bl ood, in whi he normal - hematocrit ranges 30 ffom 37 to 54% .
The surf ace™EREPGATEP2 ﬁ§ red cell surfaces is given in the literature as
64.5 dynes/cm (b) In order to make the larger cross sectional

10 area economic and practical and to obtain the required
degree of prefiltration, each of the pdrous-cohponents of
: the preferred device in accordance with this invention is
o . preformed prior to assembly to closely controlled |
' dimension and density to form in whole or in part an
15 integral element, self-contained and independent of other '
elements until assembled into a dev1ce in accordance with
-the subject invention.
Due to the pressure developed by the packlng in
devices utilizing packed fibers, devices used hitherto
20 have had smaller - cross-section and greater depth than the
products of this invention. Preforming eliminates the
pressure on the inlet and outlet faces of the housing'
which are inherent in a 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 ionger
life in service. ' - '
By permitting the use of thinner walled injection
30. molded hqusings, preforming mékes.it'more practical to use
‘larger cross sectional area leukocyte depletion devices
which have longer life in serviée, coupled with at least
= equal and usually better leukocyte removal efficiency,
' . equal or better red cell recovery, and 1ess hold up, when
"+ 35 compared with devices that use fibers or fibrous webs

L ar
«m




("Measurenent of Surface Tensions of Blood Cells & Proteins”, by AW
Neumann et al., fromAnnals N.Y.A S., 1983, pp. 276-297.) 35 . The

- benefits conferred by preconditioning fibers to -17- CWST val ues hi gher

i than the natural CWST of .synthetic 4idzers include: (a) Wwen primng for _
any reason is done usi'ng |lower pressures than the 0.2 kg/[err] used |ﬁ;}his
study, for 5 exanple by graV|ty the tinme to achieve priiming is -

-significantlﬁgreduced At g/%err] the reductiogn is, however, so
smal | as P8° dﬂPFPcGIP°P5198a§ ssepblyan PRBEPTRIPIa2BECt of this
t i nventi oncoatirfibutiesc greaylyhéd kelinotionedfatheedhtdrhalcvolame dbie fiber-

10 surfacenel 94343 LECUhRh . 20HESOLAUET-Go{ G081 DELECRaM EB. hETREC 10

time required &reiclant eS|s ance ging than do -
fibrous nu9|31Whan GhsTfnamecsaeaeybau.otOth@gberangagvaéc) Synthetlc fiber

nedi a whoges@UBLY &g‘usadheﬁetﬁé aBeeR§! 8¥apLOCBEsIRAL h-GErNFYEuRMPET | OF

fiber to fiber ing ., and_are for thisS reason preferred™for use in nmaking .
t he prefoPﬁeERGIEﬁéﬁFstGSE&°Bﬁlpﬁrs i nvention. (d) Portions of unnodified
filters may repeviceswpaivedbebicadbylbsbabahdngohbowatler eigeht hose areas.

2 €8s made using unnodified nthetic_fib are
reconnendé&éﬁ§pPﬁ & Nﬁﬁ&?ggtﬁ SrfbaBéYfPﬂééeH° ephagg|§ﬁ§ BPVSP to use.
Thi s oper meddn as preéddiltelsealongeviithcauserxebfidnelyoporddelasthol d- up

10 stage con51st1ng of fibrous mats, all packed within a
plastlc hou51ng. These devices have not had the
- efficient prefiltratlon and filtration made possible by - -QJ
preformlng. None of them have used preformed elements,
ror have-they used any means equal in result to hot
15 preforming, which achieves efficient pore diameters at
higher densities,.hence for equal results-occupies less
volume and holds'up less blood. This is reflected in the
comparatlve performance of the dev1ce now marketed which
comes closest to matching the products of this invention;
20 that device uses melt blown fibrous web readily
' 1dent1f1ab1e_as belng in the form in which it comes off
- the machine, hence not preformed by any method. That
product, compared with the product of this invention, has
about twice the_hold-up'volume, has significantly lower | )
25 efficiency, and in the United States is rated to pass . o/
only one unit of PRC, compared with two. |
(c) The preformed element located in the upstream
position of the assembly of preformed fibrous elements,
hereinafter referred to as the "gel prefilter", has as
30 its principai function'the removal of gels which are
present in a'substantial proportion of the PRC units
supplied by_the blood banks. 'The extraordinarily
effective'gel.prefiiterlmakes possible the use of devices
with a smaller internal volume, with less blood loss due
35 to internal hold-up. .



within the conplex tubing arrangement. required, adds to 25 cost, operation
time, and operation conplexity, and increases the probability that
sterility may be lost. (f) Blood has. been observed to cl ot when exposed to
énnodi fi ed synthetic fibers. 30 DI SEL@BURE OF THE | NVENTI ON: I n accordance
"W thythe subject invention, a device and nethod for depleting the |eukocyte
cont ~of a blood 35 product i s provided. 18 The subject invention

" provides a devigce for the depletion of the |lg koc g C of a bl ood
product conpri sVRgle: thegel oﬁ‘é“'g‘l"ﬂfeg‘?%la‘b\f TR ‘éﬁlt?\o?/}; &?é bres

(cjh spotsed | @igfheustngo quanpisypritedis treeverttiveless aneadilydppirsi ons,
ensity an ore r f nd novel
g? opg, gé £€1iaP & PEn vﬁ%ﬂé% qlfl?alplgalfig t‘?‘%‘h h&ébeed

features I'nvent 1 on i eving, high efficiency
dnd capaci sgofed heukothan 1enboalS daws.ieentaing =bSFantidINi thin the

appar at gis hBEeugéls(éﬂaEr&é!éQUfﬁd i Srd DLk dpas € echdRve dsesl. remt i vel y

SonsequencEREnEeL| GANBORE GHIBEERECE (7 JHIFE (Hhe rYFTERe g %endi el atively
| onger. Thprefilter prov1ded to remove and contain the gels.
this invention, we have prov1ded two types of gel
prefilter, one compr151ng-a single layer for use with
10 relatively fresh PRC, and a second eomprising two or more
layers for use with older;PRC. Filter assemblies fitted
; -with the single layer when used with fresh PRC will always
\Jd deliver one unit of PRC, and only rarely fail to deliver
~ a second unit prior to clogging. The'mﬁlti-laYer gel |
.15 prefilter performs similérly for older blood near to or at
its out-date limit. These gel prefilters constitute an.
important aspect-of this invention. _ - ' .
(d) While the gel prefilter is extremely efficient
i removing gels with a very small increase in pressure
20 -drop, and removes as well microaggregates which
frequently are present suspended in the gels, it removes
at best only a small portlon of the mlcroaggregates which
are not contained within the gels.
Removal of these freely suspended mlcroaggregates is
25 'accompllshed by one, two, or more layers of preflltratlon
using filter media- of successxvely smaller pore diameter,
-and these are followed by a layer ‘whose prlmary purpose is’
to remove leukocytes, sometimes denoted herein as the
nadsorption element". The resulting fluid dellvered to
. 30 the downstream element is substantially free of gelsland
microaggregates and has been partially freed of
1eukocytes. : |
= (e) A surprising discovery was that the downstream
B (adsorption, or for brevity, "last")_element removes
: 35 leukocytes from the suspension:by two mechanisms, both



preferred devices in accordance with this invention are |larger in.cross
sectional area perpendicular to the flow path and correspondingly the flow
path through the filter 5 nediumis shorter. The larger filter area at

- ‘the upstream surface so obtained helpg to prevent clogging by PRC or bl ood
~containing relatively large quantities of gels and mi croaggregates. ( ;
~order to make the larger cross sectional 10 area econonic and practlca--and
to obtain the required degree of prefiltration, each of the porous
conponentopesfatt ireg rmaﬁmltambqjmhme iOmen s totemiSm Wi $ kby m¢son'p/cerctn onis :
pref or e Pl Qlicd & 808 4! thd F B bl | ofh gl LEISHP 1l density to

formin whol e or c&] par I ntegra erren cont al ned and

i ndependdritl tgrateiorer é?@reﬁt@%meiqhml%ﬂﬂhtbsaeﬂ%‘%@%@ﬁ PY¥accor dance -

wi th the vdhjictof Meatdiiht L IO Ailfe DRSSt Ee devBhOnssbdhg t he packing in
deV|ces ut|I|z g ngKEd fibers, devices used hitherfo 20 have had snall er

cross”sed® s é&b‘t"r?’tﬂ?&r’rﬁ P RptR2Ringithe RBfion. .

- Preform ranaadeﬁemacsestﬁ@efnrwuremm tWitHin edr avel owitd espdaiceic of the
housi ng which are inherent in a packed fiber system preformng al so
permts &S enent ;- for exanple, ‘the first stage 25 prefilter of the
assenbl ed dew(cﬁa) tNDd)emetam'r dfethec dhijlreas Sunt Pacyef tmavymrandtower or

hi gher d oW T nty contributes to

| onger’ n ser vf%%gﬁperré\ ttlﬂr%gnpkig lfls}e l?é %& 17°¢d | nj ection
30 A8l déd’dmmmg%lmpr%ﬁ dRE tdnesieds i, s aaqreiceomzlex oan@enqea ger cross
sect i onalg ja feiaed 18t kafar Q«diﬂﬁi Yppeardad %&é@lﬁbﬁ@ve longer life in

- 'servi ce, cou Ied w th at :
p f the CWST of éﬁe flber surface is too low, for NS

example that of unmodlfled synthetic flber, relatively

- higher pressure is- requlred to force the PRC to flow .

15 through. More serlously, areas of the f11ter medium tend
to remain unwetted, preventlng flow of PRC. Further,
clottlng may occur, espec1ally with flner, hlgh surface
area flbers and w1th older blood N

_ For reasons Wthh are not well understood, some

20  filters which have CWST in excess of about 90 dynes/cm
have been observed to have lohger priming times. Since
‘there appears to be northeoretioal reason for the CHST of
the filter media to greatly exceed.the surfece tension of
water (73 dynes/cm) it appears advisable that the CHWST be k) |

25 ‘held within a range somewhat above the CWST of untreated '
polyester fiber (52 dynes/cm); and below about 75
dynes/cm._ Nevertheless, f11ters w1th CWST in the range up
to and over 90 dynes/cm and above have functloned well.

(g) The hou51ng 1nto whlch the element assembly is
30 sealed is unlquely des1gned to achieve convenience of
use, rapid priming, and’efficieht air ciearence, this last
1ead1ng to improved eff1c1ency, longer service life, and
~further reduction in hold-up of PRC.
(h) The lateral dlmens1ons of the elements are
35 larger than the correspondlng inner dimensions of the



equal and usually better |eukocyte renoval efficiency, equal or better red
cell recovery, and |l ess hold up, when 35 conpared with devices that use
fibers or fibrous webs -20- packed into a housing at assenbly. :
Freform ng al so contri butes greatly tro2Becucti on of the internal vol une of
the fglter assenbly, thus reducing blood | oss due to hol d- up within the
filt&/assenbly, to higher reanaI 5 efficiency, and to the ability to
process a lﬁ ger vol.ume o “% rlor to'cléﬁgﬂgg. Devi ces have bgen

di scl osed- aHQUgIRE AREE WRiEh F 8% PoF A8S s OPRer¥IBP1Sr mhtle woven
ahd non- moVenenadeaeasspaeélbfed$saJfm@mthMeadnmweoﬁtﬂﬁdq Phameeténst 10
st age consi sLi f f b I C |c housi ng. -
These deV|c§% ﬂggg no ? % ”fgé ?c#%%?Iéﬁng%§ 3%3% f||trat|on made
possi bl e bydp§E?§ﬁﬁrngThREnerevlﬂﬁ%ﬁY%EWeeﬁéégt%V%f%$mbEn%IQNmﬁQENlHEN' have
they used aagy FRRBEregdAtel Piteith A 16sés lof affé@emélgarwsfl B eves

Leff t -~ di t t I | t
Cucupi o5 | COLeBEPRe anA ABPHETRRCee EREERER eomtrde | win Bl Erelon iof e

“conpar at i vether bmocrdnheldf-up Ireo tame cef niive nee sexlelly Whiatpared switlosest to

ot ol 1. ¢ EoREAGUSK BrOLeLl SEOINEAD b Plbnd it SUhE e gL el t DI oV

fibrous web e as ormin it conmes off -
t he nachlneelﬁEﬁD§ ﬂgﬁepbéYorﬁbucbybkmgk$m£lﬂnllﬂTﬁhep¢Qmmmsss%®npared with
the proggctapbathis invention, has about tw ce the hold-up volune, has
significantly | ower ' ' ' ' :

 BRIEF DESCRIPTION OF THElDRAWIEGS:

' Figure 1 is a cross sectional view of an exemplary
15 rdqpletion device embodying the present invention.
| Figure 2 is an elevation view of the inside surface
‘of the inlet section of the depletlon device shown in |
Figure 1. '
. Figure 3 is an elevatlon view of the inside surface -
20 of the outlet section of the depletion device shown in
Figure 1. |
_ Figure 4 is a cross sectional view of the outlet
section shown in Figure 3.
\;' 25 BEST MODE FOR CARRYING OUT THE_ INVENTION:.

Material for Use in Construction
of Leukocyte Removal Devices

30 . A variety of starting materials other than fibers

- can be considered; for example, porous media could be

_ cast from resin solution to make pdrous'membranes, or
= sintered powder media could be used. However,

considerations of cost, convenience, flexibility, and

e 35 ease of fabrication and control; point to fibers as a



25 efficiency, and in the United St at es is rated to pass only one unit of
PRC, conpared with two. (c) The preforned el ement |ocated in the upstream
position of the assenbly of preforned fibrous el enents, hereinafter _
referred to as the "gel prefilter",-ha& -as 30 its principal functionjhe
renoval. of gels which are present in a substantial proportion of the (PR
units supplied by the blood banks. The extraordinarily effective gel ™
prefllter makes sibl g the use qf devices with a smaller internal volune,
with less pd?eo%f"lp%i et a}qrrﬁ’ér‘nal hol d- up. -21- \Wile the gel

; content of any Bpernrdem umlatcmfevléR@onosl pxfiming with dhentfiibyoust is

never t hel oy Lgx{idfd MPRAAEY oy g%etix%mab's%c\éﬂ bt Eigrakkahigat PRC which

has been stor nore than 10 to 1 contains substantially 5 nore gels

than does GsRdharataly Addedk sa H‘&ﬁ?“&edﬂ‘& surfpge femsdom @t thecr eases, so
rrulst tlfse mwae poduie gait wcmm ea&owtd@irbt gqm}ce arl&émco]pt Fu nthe
gels. In t vention \.e Vi Res, 9 prefilter, one -
conpri si n§ 4kﬁ wﬁﬂ?ﬁﬂ§ﬁpﬁ%t g’fO LV? gpfmﬁ% &X' PRC, and a
second cornpmcﬂme;i tthatnrb]mnde dompenentodeviees shoullde bePREdeFpift er

assenb' | Chdtdrtf %wﬁhém?@g&@w%f whe@h%ou%eggqahh e £h PRC W ||
ways deliver one uni nd only rarel Iver a second -
unlt pr|oﬁqﬁfQQQxﬁﬁqﬁ}On'HﬁaﬂﬂHQFr-ﬁaFéﬁxgéplfS inythe maagepefs 3Pns

sim | ag y gor el difes) i G ddighled: .Or P%hc'th%a@.ubo%ﬁaéﬁaﬂlbns'rhese gel

refilters ,constityte an
P dictate the use of commercially avallable fibers.

Synthetlc resins from which flbers are prepared | - . W
commercially 1nc1ude polyv1ny11dene fluoride,
polyethylene, polypropylene, cellulose acetate, Nylon 6

15 and_66, polyester, polyacrylonitrile, and polyaramid. An
important"characteristic of resins is their critical
surface tension (zisman, "Contact angles, wettability:and

_ adhesion" 'Adr. Chem. Ser. 43, 1-51, 1964) .These resins

have crltical surface tensions (X;) ranging from less than

20 25 up to 45 dynes/cm. Experience has shown that the CWST

' of filter media in the pore size range needed for the

products of this invention can .be expected to be less than
about 10 dynes/cm higher than the ); value of the solid
plastic. For example, for polytetrafluoroethylene, 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”commerc1ally
available synthetic fiber has been found which has a CWST
higher than about 52 dynes/cm. |

" In U.S. bedside transfusion practice, PRC is
30 administered at a rate such that two units are infused

over 1.5 to 4 hours. We have observed that when an
unmodified melt 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 fzbers have CWST greater than 52, but



I nportant aspect of this invention. (d) Wile the gel prefilter is .
extrenely efficient in renoving gels with a very small increase in pressure .
20 drop, and renoves as well m croaggregates which frequently are present
duspended in the gels, it renoves at-heSt-only a snmall portion of the

m cr g&ggregates which are not contained within the gels. Renpval of these
freeﬁ:Jsuspended m. cr oaggregates is 25 acconplished by one, two, or nore

| ayers of prefiltration using.filter media,. of _successiyel gal | er pore
i areter, Dneirs S Sy han R 15 B RRE RS i 0se 1 £ 1o
remove | eulddemedier axetiotegatemaldy lcongiercdalilye avaddabdei-on el enent .
The result 'é}%éﬂéﬂﬂ: d5lHesen de} Uhith bie %‘H%Stth%ma%ﬁb@%t s
substantially free of - gels_ an nlcroaggéfgates and has. been_partially freed
of | euko_cyt?“é&ro(“t%terﬁ §d’r pHianetgrdicaso Per Ppages byh dhe W@%M?P’ﬁ@gm:
(adsor ptsl Oprddeds) dHE\Udnpard@siith patiRal raperes such ¢ikegktes from
t he suspensi on by two q&ﬁﬁ%glsngﬁﬁpo 0 erat|n§ |nultan§0§skg. One
nechani sm &M & DtSHth o5 5%§$@%EF5 A8 PF‘F@S? §F'Pacé&dP®Ehe
second i s nrfidde arean.forTaeisarpttione ofalienkocyities] andef f ective by virtue
of the quanfit IRET Y ] 0 .%?&j ds
principall y%t%‘% r%{ér#;i ni néjﬁiﬁé%ﬁgr.g’%&i‘g‘%e?’g@o?s@%%ﬁ te?pﬁr%gdi umw t hin
or bel ow afdddwirs ©f agivern pongdilamekeron Foxt khisi Beasowfaces, to
pronot § geas iRl MBitd M- Rot BT Bhited #orf Mah@fadtu®ing
' leukocyte removal devices with optimally low hold-up
_ volume. For example, a commercially available paqked .
. cotton fiber devicefcurrently 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 described
in this application. Furthermore, the makers of this
device require saline to be passed before and after the
PRC has been passed, and the device is not suitable for
. bedside use. Additionally, blood so processed must be
20 used within 24 hours. _
The art of surface-grafting has been the $Ubject of

extensive research for 25 years or more. Numerous
publications in the scientific literature and a large
number of patents describe a variety of methods and

25 procedures for accomplishing surface modification by
this means. One such method employs a variety of
monomers comprising an acrylic moiety together with a
'second group which can be selected to vary from
hydrophilic (e.g., =COOH or -OH) to hydrophobic (e;g.}

30  saturated chains such as -CH3CH3CH3) , and these have been
used in the process of this invention. Heat, UV, and
other reaction energizing methods can be used to initiate

2 and complete the reaction. However, cobalt source '_ '

' radiation_graftin§ has been selected as most convenient
. 35 and has been used in this invention ;o7modify the CWST of




10 inducing flow of PRC through it, is nore conplex and nore difficult

t han woul d appear at first sight. If the CWST of the fiber surface is too
low, for exanple that of "unnodified synthetic fiber, relatively higher _
{1 pressure is required to force the-PR&t-o flow'l5 through. Mre serlously,
areas of the filter mediumtend to remain unwetted, preventing flow RC..
Furit her, clotting may occur, especially with finer, high surface area™
flbers and wi th ol der bl ood. For _reasons_whi ¢ch are_not well _understood,

some 20 TiPFPREsBakSch ﬁﬂv@“EMB?drﬁr8x5%§§°EF°ﬁboﬂ%x§Br8§n8§/cn1have been
i obser vedmbnohare bengeéhgphei kongmeérsesan Benfeuhldewhiehpwald to be no

theor ot | 6abal8°8N el ol pPUBL oL o DL LGL FRdbatRaghed! Ly exceed the

surf ace ears VI Sa t the CW\BT .
be 25 mehiichi thﬁnCHSﬂ‘ahge bemamhacrabseé fremCPBTEof anyt deaivedpol yest er
f'bers(5§agﬁafﬁéceb aenﬂlaﬁlagf§Q035525b9¥n63/sa1meaﬁﬁﬁéahs&eeﬁe filters

ran% to and over gs cm, and above® have functioned
wel | . (ghethnd dAsssr BeﬁnPB°MﬁrchTPﬁeuEP%ﬁeﬁ mitsdmpPeti BY3Bhesealed is
unlquelypdeeigyedftmiqnhaevwlennuaﬁfaceeteﬁSMGns atprdonri m ng, - and

efficie h a adi ng oved effi-ci ency, |onger
serV|cen%e$%ér QQ% ?ﬁhe& tﬁﬁét?%ﬁh?ng%a %§Reg?§ﬁ h) The lateral

di nensi ons ofDunéngl&hendsvaiepssntlafgthlsh&nvenﬁienfr eydaeEEng i nner

d'neﬂﬁlOﬁérafpfaﬁareahagihagmhaka mhlﬁﬂléﬂegrarelaasaahled For exanple, if

the el enents ar di sc for the disc,outsid anet er,
_ accomplgshed by compghnds containlng an ethggenlcally _
unsaturated group, such as an acrylic m01ety combined with ' Qj'

a hydroxyl group (for example, -hydroxyethyl
methacrylate, or "HEMA") A second acryllc 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 comb1nation_w1th HEMA, and by varying
the-proportibns,.anysCWST betﬁeen 35 to 45 to o?er 110 -
dynes'per'cm can be obtained. The devices so made are
20 distinguished from devices prepared using components
treated with surfactants,rin that surfactants are removed
by liquid passing through the device, whereas the |
alteration of surface characteristics obtained by graftlng
is permanent, and 1s not ‘removed or altered by any amount
25 of liquid passing through the device noxr are the phy51ca1 /
properties of the liquid altered, and in particular the '
surface tension is not altered.
Liquids with surface tensions lower than the CWST of
. the porous medium will wet the medium and, if the medlum
30 has through poreées, will flow through it readlly.
Liquids with surface tensions higher than the CWST will
not flow at all at low differential pressures, but will
do so if the pressure is raised sufficiently. If the
surface tension of the liquid is only slightly above the
35 CWST, the required pressure will be small. COnyersely, if
_ U y




is made 0.1 to 1%l arger than the housing inside diameter. This provides
very effective sealing by formng 5 an interference fit-with no | oss of
effective area of the elenents, and contributes further towards ,

m ni mi zation of the blood hold-up volume of the assenbly, conpared with a
conprgssi on seal around the periphery of #Re"filter el ement assenbly, which
‘bl ocl&flow.in the conpressed 10 area. BRI EF DESCRI PTI ON OF THE DRAW NGS:
Figure 1 is a cross sectional view of an exenplary 15 depletion device

enbodyi ng the _pre L Lnvention. (Figure,2 i el evatiqn vd t _
I nsi de surf acte"Rgf a?%geFﬁPgtlaée%teitgr?gg'f %Pﬁe'%gg{]&ng\r?%fe%hcﬁgas p\%fnqunl%ﬁ gure
1. Figure 3 ieofathel diguiidn iw digdf, the ipreisgereunfeapu 1zl dfo tindune | et
section of the;depl8hhoRdeMifie Shown in Figure 1. Figure 4 is a cross

sécti onal vi_e\?vl"o?t ello%tel' gl;ﬂ;glect.i on shown in Figure 3. 25 BEST MODE FCR
CARRYI NG OUT THE | NYENDRENbeps disgovegedusbaty ehan rudithH bl disefh e

LS cors GURSa? pressukeias sbus a0 e et b b
col ut on 1o nEREThAPosS AenBYRREd ns Lo SheR SO £ OB used.
However, consteasibnonflol testls donvecuends af non-binifiorm dfasid®mase of
fabrication agd fORHLY soRQ' Arehd L'P%he 3t remain dry. This is
' highly undesirable in a leukocyte depletion device, first .
10 because the pressure.drop is higher causing earlier
¢109ging, second because ali the flow passes through only
\_ '_ a portion of the available area, again incfeasing the
probability of clogging, and third because only a portion
of the fiber surface area avéilable for adsorption of or
15 retention by filtratipn of leukocytes is used for that
purpose and, as a result, leukocyte removal is less
‘efficient. ' |

20 Solutions to the Problems of

Boor'Wetting of'Syntheti¢
Fibers and Conseguent Slow Priming

_ Fiber éurfacé characteristics can be modified by a
\4'.._25 number of meﬁhods; for example, by chemical reaction
' including wet or dry oxidation, by coating the surface by
- depositing a polymer thereon, and by grafting reactions
which are activated by exposure to an energy source such
‘as heat, a Van.der Graff generator, ultraviolet light, or
30 to various other forms of radiation, among which
_ X;radiation is particularly useful. |
" o As examples of thesé variouélmethods,-stainless
steel fibers can be made water wettable, i.e., provided
with a Y ¢ greater than 72 dynes/cm by oxidation in air
35 at about 370°C to produce a thin oxide surface skin.



preferred starting material. In order to achieve good primng wth the
fibrous nmediumfully wetted and in the absence of surfactant deliberately
added-to reduce the surface tension of the 5 blood product, it would-appear °
tat first glance from el ementary coasigeration of the physical chem stry.

I nvol ved that bl ood conponent deV|ces shoul d be nade of materials mhlgzz
have CWST val ues about equal to the surface tension of water, for exang e

in the range of 70 10 to 75 dynes/cmor higher. Practical consi der at i ons
dictate thntheti& oxgarici and yghass | sitherd | hey sbe Syoatedilsyresins from
oL oh by BB BrREs NPRAS SUoROTIE 4 bl Ynddic 4 By PURLERDE T uor T de.
polyethylen [xﬁypro yl éne, cellTul ose"acet

pol yest er(e{ﬂﬂ ya@mmﬁﬂ ineietnand|atarthe dotmrlﬁirpm'@mhkm act eristic

of resin féuéf“”WhiiéttﬁéJaﬁbwé6ﬁ@tﬁéﬁ§'éﬁu(8%58?§ kné&@Rt €6t tiRded €s,
wettabili: d adhesi on", 51 19@H§H°These resins

hove. o i t1amfller MERh Cdutrart met il callon Fortnt s SRAPI0 25 up 10 45
dynes/ c museder radicat hos gtmﬂtnnqlatwném dAfified éuttwnderdia in the pore

-.si ze ran r ct f n- be expected to be.,
| ess than J%%%&%&#Q &§ ﬁh{?&éé%%?* 5§é3€?%€ of the solid

pl astic. ¢Qn5¥§§#ﬁ#kﬁ fk#x¥k4y'%¥rtﬁliﬁﬁ¥kﬂ ek therkinds o€ 18 and CWST

is 27.5, Mf@cé@rt&@%dﬁ%@rm&ﬁrfié&r% tﬁﬁé,wi&éri—ahie“@f and CWBT i s

2 Neralalleab et E Ay £ bl B SIOLCt) Sod by Deo beeg found vhi ch
“practi ce,avi alsl S0f el nact bt ey athe r@cttmsemrrednetmmo unin stlee e i nf used
over 1.5 slﬁa]ect:'l? %&eﬁ@lmvf-zoéjéfétYf&\ t&?&f%& I?Qs been focused \J
‘on because of the ab111ty to prepare synthetlc organic
'flbrous media with CWST over the full range of from 50 to
15 well above 75 dynes/cm. The products are very stable,
~have undetectably low aqueous extractables levels and, in
'.additlon, improved adhesion between fibers is obtalned
when used in preformed prefiltration or adsorptlon
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 cnenging'the surface characteristics of the
‘red cells. This can be accomplished, for example, by
25 providing in the leukocyte depletion device a surfactant o/
' or a soluble material whlch reduces the surface ten51on of
the red cell suspen81on.
' The gel prefllter element used in preparlng test
devices for examples 1-106 was 1mpregnated with a solution
30 of a non-ionic surfactant which induced a surface tension
of 48.5 to 51.5 dynes/cm in PRC flowing through it.
Examples 107 et seq were performed using no surfactant.

35



unnodi fied nmelt bl own polyester is used as a filter, clotting of the PRC
can occur within a 2 to 3 hour period, conpletely bIocklng the filter. 35
S me natural fibers have CWBT greater t-han 52, but nat ur al flbers

|l er than about 15 micronmeters in-dyqnmeter are not generally
conne ially available. Synthetic fiber webs which are | ess than about 5
mcrofeters-in dianeter can be made by the. nel t bl owi ng' 5 process, and
conpared W th natural flbers such fibers require one third or less the
mass to pr@Eebectlp Prich Diamatexr foxf or adsorption of | eukocytes, and
cénsequent Idse%glmu%k;;é_;é/%#&m ﬂé&% &ated into filters of a given
pore di aneter or 'S reaso natural Tibers are not well suited for
manuf acturing | eukocyte removal devices with optinally |ow hold-up vol une.
For exanple,. a W&é&ll iy tavaléeaiﬂﬁ:rpaféembdzommrééwlm&ge currently

more thdh BECTPRS 3 JrNSRs Mol et dfGiter e tlon Med 15

t i s appl i deukocytes t¢termh€a,' surfauderis cwldehlxs mp:feed eapglithee saline to

gﬁl Itoggisgdfor %E%if%g use mlonﬁmﬂg oﬁég"f’é@g‘e’éﬁ%ﬁ? 615 n(tjtsed

within 24 m@ivenreight f s%lfl?%i'g"'r VRS BRIPPTHEO
ext ensi ve reramstdr (of G YERSrs), dAT TrerdEl OIS Mé@ﬁ&é@ | n the

| gg;;{d; dAStatins e0de. A0S WIS RS RpdlEpplibe @ variety of

mechanlsm for 1eukocyte depletion, it is to be expected
that finer fibers will have higher capacity_and that the

__\“I ‘quantity, as measured by weight of fibers necessary to
achieve a de51red eff101ency, will be less if the fibers
15 used are smaller in diametér.

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

20 hou81ngs and/or proposed to be used for leukocyte
depletlon. '
selection of Fiber Material for
Use in LeukoCxte Depletion Devices .

o 25

o A number of commonly used fibers, including
3polyester, polyamldes, and acryllcs, lend themselves to
radiation grafting because they have adeguate resistance
to degradation by X:radiation-at the levels required for

30 grafting, and they contain groups with which available
monomers can react during or after irradiation.

As noted above, fiber diameters should be as small as
possible. Synthetic fibers made by conventional spinneret
extrusion and dréwing are not currently available smaller

* 35 than about' 6 micrometers' in diameter. '




25 procedures for acconplishing surface nodification by this means. One

such nethod enploys a variety of nmononers conprising an acrylic noiety

. together with a second. group which can be selected to vary from hydrophilic
(e.g., -COOH or. -OH) to hydrophobhc;@e.g , 30 saturated chains such as.

- CH2CH2CH3) , and these have been 'used in the process of this inventi S

Heat, UV, and ot her reaction energizing nmethods can be used to initiat# and

conplete t he reaction. However, cobalt source radlatlo rafting has been

selected as n¥sitchApwingmt iDswhigh maltseeresiBdipna uakedntion to

fmodify thatsv\ﬂbei—s byl Bbheyh vanaclay stteandofr gasehmt icoll1emiteaur es. of
nononers or

d h_wi od fib t -
of poIybﬂ?yﬁeﬁgﬂtngﬁﬂtﬁﬁﬁatgggﬁ gﬁgfﬂ Egﬁ?nhég %@ghagﬁgﬁeaégéorfog?SZ
to any dasi7odd andahas bpenogaadha@hyaextengedsobbe thebyepzsswitd by the -

met hog d? ébg%dtﬁbeﬁﬁ 1EQErURRﬁit'b?‘%1bé %aﬂ&tﬁgﬁwﬁbout caf liquids

wi th Sur tensions at om tenperature 10 dynes/cm
Durlng tﬁébéevépéﬁnbﬁtméﬂebhlglthVBnFﬁﬁﬁntd¥9F€§s vebgewd th £3ReEd usi ng

nedi a i ngWhnekettsal kB tnaa eaeaaphiabedeaargomwnﬁeeep abmaw_a an

et hyl eni cal |l y unsatura rogg uch as an, nnleg%g gbéned wth a-
vt oxy! SRGRETE: SPCERKTR, webBi 0B 6R08; ARL TEN MiEp Bverhge  ElEgR ) ' A
second addgmetetrodessr thanchwbSmiasometeys hawplhben(ﬁhﬂeor net hyl

ot N6 Y30 S GMUD) rellbEnaleiloh epauagolll SRARRTE RiCORRlS to have

| ower CMBT cAn De used i n-corp |na I on rying
flne fibers than are others. Resins whlch work well

include polypropylene, polymethylpentene, Nylon 6, | '&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 material because it also
1ends itself to radiation grafting and to subsequent
. conversion into preformed elements of controlled pore size

by hot pre551ng.
20 ‘ Polyester PBT has been the pr1nc1pa1 resin used for _'
the development of the products of this invention and is,
except for the gel prefilter, the resin used in the
examples. It should be noted, however, that other resins-
may be found which can be fiberized and collected as mats
25 or webs w1th fibers as small as 1.5 micrometers in o/
diameter or less, and that such products, with their CWST
adjusted if necessary to the optimum range, may be well
suited to the fabrication of equally efficient but still .
smaller leukocyte depletion devices.  Similarly, glass |
30  fibers, appropriately treated, may make possible devices
with very low hold-up of blood. : .
The critical surface tension (X;) of PBT has been
reported to be 45 dynes/cm and its CWST in the form of a
fine fibrous mat has been measured as 52 dynes/cn.
35 '



t he proportions, any CAST between 35 to 45 to over 110 dynes per .cm can be
obtained The devices so made are 20 distingui shed from devi cées prepared
i ng conponent s treated with surfactangs,- in that surfactants are renoved
b 1iquid passing through the device, whereas the alteration of surface
gt-eri stics obtained by grafting is pernanent and is not renoved or

%o by any anount 25 of I|qU|d paSS|ng through the device nor are the
phy5|cal r0g 1 dtiané . fidltergarticul ar the surface
tension i's not altered. Liquids with surface tensions | ower than the CWBT

of the porous mediumw Il wet the nediumand, if the nedium 30 has through
pores, will flowNeRreayrni vebeaareyforngdi Y @i VArdetyaed mé&ddisons Thiegher

than the CWeTnukk! mBQt pb! UsBEndbd £h Aow 4if Eﬁ[e?n‘é'r@ eRtTASE Froaut Wil |

dd so if the pressure is raised sufficiently. If the surface tension of the
liquid i3 oRPyten ghﬁﬁylaboeadtﬁ@ %%ct@\sfml“hélFeaaﬁP&&S&P@sﬁi’ré will be
smal | . Cbnmeﬁiﬁ ybeut or Gbemdwhireestipl bﬁtweebftbaeamsEaamdo&he sur f ace

t &nsi ft t Il b
i gher . 1t PAESE: Eﬁ A eBETE BavEr SR ESGRE- o FhoAPREReT SYSRE™S Ninder
pressur e 't of phesst Areughtaufiedr and dnawnhashcba$1au6uSTfﬂaamanﬁ$,dynes/cn1

| over tha”m&{% h Q%dtﬁeﬁ %ﬁ@c&té&?hf’@o iLg)ﬁ’thE”@% BB oRECY! 'cﬂ Gac'ﬂ‘fl S is

non- uni f or I on at sone area remal n
hi ghly 19 defpl dpwedi hyasheprbejer dephiri apddeeldectionseni@ nl?éféa\sase t he

pressure dr931t509|€bﬁﬁ Ca@ﬁénguﬁﬁébéeén ‘which the fibers collect is
' mov1nq in the machine dlrectlon, generally at speeds of
L about 10 to 1000 meters/minute; as a conseguence of this
linear motion, the fibers within the web tend to be
15 'oriented more or less parallel to each other, and quite
generally also parallel to the plane. of the web, they may
thus be classified as "planar parallel®.
“"Needled" webs, also known as "needle punched" webs
are'made by further processing a. planar—parallel web by
20 passing it through a machiné;fitted with a large.number of -
rapidly 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
pulled to the opposite face, where they become entangled
25 with fibers at that face. _
| Multiple water jets have also been used to accompllsh
interlacing of fibers throughout the thickness of the web
and the prdduct of these (and other methods if they exist
_ or may be developed) will be referred to hereinafter as
30  hav1ng been "needled".’ ' '
Needled webs are lofty, as they.are made with very
low density (often ranging in voids volume from about 95
= - . to about 99%), and are relatively thick (often over about
| " 3 to 5 millimeters), Their structure when examined by
. 35 microscopy gives the appearance of an assembly of random



cl oggi ng, second because all the flow passes through only a portion of the
avai l abl e area, again increasing the probability of clogging, and third
because only a portion of the fiber surface area avail able for adsorption
of or 15 retention by filtration quzeukocytes is used for that purpose
and, as a result, leukocyte renoval is less efficient. 20 Solutions £0Jpthe
Probrens of Poor Wetting of Synthetic Fibers and Consequent Slow Prinm o]

Fiber SURLBRELEDALARIEL! LGS0 F Y B TROLT bEfRYeR GRcnURCERE Mot hods,

for exanplée em cal ron 1nclu |on by
t coating cmswnra&bebymepbemlwge a%ot%eﬁvebheaednmaxnbebyegnatpu ng

react'OnéffefcaaayeaaeéggaiﬁeobunSX£H§afﬁa1Opaftfaﬁret tAE 48bSEEP as heat,
a Van der_ G aff ﬁgenera tor,: ultraviol et 8 or 30 to various other forns _

of radi 2P}0R9 9fbFg WRLER' F%P?]t?éﬁ?dﬁ*ﬁh %%rpéPtFEEFarI?h$§eful As
exanps esstfutbage isr inustiGhdocontBast el sheebrieheaﬁioanobearrade wat er -

wett abl e d wt t eglgm by OX|dat|on_
in air 3g1£g$r Bgﬁgy?gir aoge%uce ﬁ@%f%& e sur g%g %ﬁg :
Synthet|pauag&ﬁlctan§hglntsneleﬁrthﬁﬁyehe andtebiel pen9nee§emh|ch contain

at or neaﬁeﬁnaugaa a059§etlus £&t&lin w8y §eistytapg Abakhenether a
hydr op hI|ICF%rOU he above nethods and ot hers known to those 5

familiarSWF °§uPFaEEenﬂﬁPf|cat|on techni ques can be used, radi.ation
grafieng, whephas;rbiéodujelsdeppear to be readily able to enter

into the very open surface of the coils of a needled
non-woven while entfy into a non-woven with fibers L
oriented patallel to the web is more difficult. It : ' '\‘ﬁq
further appears that once gels have entered a needled web |
15 they tend to be efflclently retained by smaller pores,
which may be readily seen.mlcroscoplcally to be present;
In effect, the curly fibrous structure allows easy entry
~and good retenticn, while structures comprising relatively
_ straight fibers do not provide easy entry, and hence clog
20 rapidly as gels collect at their upstream surface.
~ As gel laden blood flows through a needled fllter
medium, smaller pores are randomly encountered, and these
are sufficient in number to have the net effect of
collecting all or nearly all of the gels within the
25 medium. This occurs with a very small increase in | : Q.if.
pressure drop, since the larger pores remain open.to
provide free paSSage'for flow of_the red cells suspended
1n plasma. | ' '
‘Whether or not these concepts of the filtratlon
30 mechanism are valid, it has been found experimentally that
the needled non-wovens are peculiarly (and unexpectedly)
effective in allow1ng entry of gels and in then retaining
then, while_permitting bloodfor PRC to flow through then
with a very small or negligible pressure drop .increase.
35 . In the course of the development of this invention, ' -% _



appropriate conditions, has the advantage that considerable flexibility is
avai l abl-e in the kinds of surfaces that can be nodified, in the wde range
of 10 reactants available for nodification, and in the systens avail abl e
fior activating the required reaction. | o the subject invention
[err]gwadi ation grafting has been focused on because of the ability to
prep@ synthetic organic fibrous nedia with CAST over the full range of
from50 to 15 well above 75 dynes/cm The products are very stable, have
undet ect abland qur kep o sthe tiixstaMass dfevsedled, weln ridihe rreanpdgoyed
adhesi on bejaaapi £ | i ént SorfPIRINBE MY US4 NydF &f AIABe 1 6dnd tration or
adsorption elenents. 20 . ternative nmeans for coping with fhe poor
wetting chARachivqick mhwﬁ%ﬁwqﬁmm&%%%%tw%r face
t é,n;csi on 01;]. dtheprt asith im?w‘ toYdyrap @;ﬂ:mﬁﬁé Scanisa Balsle neittch matﬂgi Pg t he
surface cteristy (o] Y s e o _Thi o Lshed, for
exanpl e,s'cba"r% e‘é{%@iﬁ%g i%he{kﬁee tl%%l}ck‘éoéiy eéi cfe%l%%l%n%%gl\ﬁcipa J’slji.Jérf actant or
a*sol ubl e mepatate Wayers efumediuge sithhcterprd poxs aires strning
suspensi on.;gThe G9! P Sdpd Hrddl YV 565§ drbdEdad | dlint 83 slavd cas for
exanpl es 1;@%? was | npregnated with a sol.ution 30 of a non-ionic L
sur f act ant ape ed HPesf tests afeDh PIANE PRYL kAl NORTHRYY M i n PRC

~ flow ng thmmdia, tandxone aerk)dueicesafuler e performed using no surfactant.
35 10 The use of needled webs made possible the

‘development of the filters of this invention, which are

capable of éonsistently processing older blood with high

\f’ | efficiency, without clogging and a hold-up volume of less
~ than 30 to 35 cc.
15 ' While means other than needling may exist, or may be

 developed in the future, which produce media which on
microscopic examination are similar to the needled media
used in this invention, it should be understood that
products made using such media fall within the scope of
20 this invention. | ' |
A wide range of fibers, fiber combinations, and/or
binders can be used to form the punched web. "Any of these
may be used if (a) they are amenable to subsequent
controlled compaction by hot compréssion or by other
,\dfzs méans and (b) they are made using ﬁatgrials and under
conditions appropriate for use in a device for processing
~ human blood. . o
‘ ' The webs used in the gei prefilters in the examples
of this invention were formed using needle punched fibers
30 with a non-ionic lubricant-finish (Freudenberg Non-Woven
Ltd. Partners grade P14 of nominal weight 80 grams per
' square meter), in consequence of which a surface tension
of 48 dynes/cm wés measured when a 32 cm? disc'was
immersed into 300 ml of demineralized water. When gel
* 35 prefilters prepared from such fibers were used to process



Sel ection of Fiber D anmeter for Use in Leukocyte Depletion Devices As noted
in the section headed "Characteristics 5 Desirable in a Leukocyte Depletion
Devi ce", adsorption of |eukocytes on fiber surfaces is widely accepted as
.the mschanl sm of |eukocyte renoval. Since the surface area of a given

wei ght of fibers is inversely proporﬁ‘bnal to the dianeter of the fi E
and renmoval of |eukocytes by 10 adsorptlon to the fiber surfaces is a’g# .

signific ans for lLeukocyte _d e sto ted that
Fioor 11 bR S REEEARE (hERSERE, Ber e e fHkme (o S B FPERGR LT by
by wei ghtf rofm fhhﬁerdsemmwedncz&dméxmaametraa @ﬁrfnecsu/emyt—,o w815 be | ess
i f the fiders;l U$ﬁﬂ1 mal 'sei tr'end
has been t’?’o Slir)se%fl ner éggl}t;ce"?s for rEl<oc tef'?e '

&etlon |stor|cal . asthe'_

t echnol o§PHAEARG St &R %F’é%lﬁcé%ﬁépitéptél AingefSINgs THERINEY, t hey

havg fsoormAtsirereaWhggole;eenspmkﬁ:ch Imrti onzalpegal rmﬁdkdi@rm?op%%gd é® be
used for _Leukocyte ep |o.n el ecti on of Fiher ter or ejn
Leukocyt E—?"B@E\ et ihF peR m ‘E:etﬁa'rﬁ)t?#va s#e?jrfi BERS, it uding °*
pol yest elpar;aﬂt;emalcbe.s anrdoarcrym asse | end einempkéseslo'b eddi aegontlygE af ti ng

because deﬂygg t t ad a Il on at
‘the | evefsléﬁr equ:{a(r?lec'gl for egl S%‘?l ﬁgﬁg gegﬁgé %%?gﬂr?%r(%ﬁiﬂuvétﬁkﬁ

avai | abl &SROVGY dateraant NaSHRDrang t“éﬁftqfr rERskdn. As not ed above
fiber diameters should be as-small as possible. Synthetic fibers made by

conventlcin Iprqplrnorgerelte t ement -

_The principal function df the element following the - N/
. gel prefilter is removal_of mieroeggregates. A subsidiary

function is removale by adsorptidn of a .portion of the
leukocytes. ' -

For these purposes 1t preferably comblnes two, three
or more 1ayers of_melt blown web. The laye:s constituting
this element are preformed;separateiy'and'located adjacent
to each other. | ' |

The Adsorption Elemen

_ The principal function of this element is Eo-provide
the largest portion .of the fiber surface on which
'leukdcytes -are removed by adsorpt1on. It is most
conveniently fabricated by preformlng a number of layers
of relatively smaller diameter fibrous web to form an
1ntegra1 element, or as noted above, it may be combined .
‘with the m1croaggregate element to form a single integral
element. comprising the adsorptlon element and the
microaggregate element. |



~extrusion and draw ng are not currently avallable smal l er 35 than about 6
m cronmeters in dianeter. Melt blowng, in which nolten resinis
attenuated into fibers by a high velocity streamof gas and collected as a-
nén-woven web, came into production imM #Re~1960's and 1970's and has been
gr adyfiryy -ext ended over the years with 5 respect to the lower limt of
fiberwsd amreter with which webs could be made. Wthin recent years, webs

mnth fiber dfffgg r3a 8§§e£hggs m croneters have been achi eved, and

re recentI7‘—megs—oé—good—qua%£§€§mﬁth average fiber dianmeter |ess than
t m croneters have been nade. 10 Some resins are better adapted to
mel t bl owi ng of fhnﬁfh’ééi-saégéﬁbéfeaé)é&% " P@swéaﬂ%&hwmkav@i

i ncl ude pon E{iene nethiﬁgentene | on pol yest er PET

(pol yet hyl e BRFhd: ai':‘ sembled Hip  ERe ¢ W%p%?‘}%%t‘%
terephthasatﬁichhbgfégabateheuenﬂoandEany@ds$m§t&6@5éndm@mw beafpupgel. O
the above llﬁéed resbns g ter PBT'Lg.ﬁyprefﬁrred nater%ﬁ. becaﬁge It
al’so | ends i 88 FOFB PE’BF t ?a????@a ol 1R SR %En?r 8% P% nt o
pr ef or ned eI ﬁcmned to ibhegnal eshpusemkiaes)ylmanprmewglem

Pol yest er LollBEnRE€e8nt he principal resin used for the devel opnent of the

products of tﬁls Invention and is, except for the gel prefilter, the resin
used in the exanptes. It should be not ed, however, that other resins my

be foundlmhig#sgggpbgoﬁibgraged and collected as nats 25 or webs with
fibers as s | . 1.5 nifr peters in dianeter or |less, and.that such

a
products, wi . etion Device

N ' As shown in Figures 1-4, an exemplary depletion
' device 10 generally comprises a housihg 11 and a
15 filter-adsorber assembly 12. The housing 11 has an inlet
13 and an outlet 14 and defines a fluid flowpath between
the inlet 13 and the outlet 14. The filter-adsorber
assembly 12 is disposed within the housing 11 across the
fluid-flowpath and serves to separate undesirable
20 substances, such as gels, fat globules, aggregates, and
- - leukocytes, from a fluid, such as a suspehsion of packed
red cells, flowing through the housing 11.
Two sizes of depletion devices have been tested,
. differing only with respect to the area through which the
L 25 packed red cell suspension is passedQ The smaller,
defined as the pediatric size, has an effective area of 32
cmz,-and the lafger, defined as the adult size, has an
effective area of 62 cm?. In both, disc-shaped
filter-adsorber assemblies 12 are accommodated in
30 cyllndrlcal housings."
. Housings can be designed to accept a variety of
shapes of filter-adsorber assemblles._ One such is, for
o example, a square. Those and'other possible forms would
' in principle all be functlonal, prov1ded that adequate
. 35 flow area is provided.

L



adj usted if necessary to-the optinmumrange, nmay be well suited to t he

~fabrication of equally efficient but still snaller |eukocyte depletion

s devi ces.

tension [err]

theiformof a fine fibrous mat has been neasured as 52 dynes/cn1 35 - e
of hbedled Vb 144 VONS y a variety
; of nmeans. The? %‘g@s %ﬁl tréé}i'tsuspe I}%}pl&n al r t e];d are extrt}ged from5 .

Simlarly, glass 30 fibers,_appropriately treated, may make
'-ipossible devices with very Iomlhold?uﬁbor bl ood. The critical surface
of  PBT has been reported to be 45 dynes/cmand its CW\ST»

‘nol ten pl aatlev mepe cerPremipX U5s AF makgrink obWh wouWksyike) 1888 or drum

while sti |re1ﬂaﬁl]éo%fgﬁﬂd1§€@ﬁfhx§§n%ﬁ Ej@.{t té&iimr@éwv?a fa{éie&?ﬁmleﬂ n o
S em e | re extrude as,conti_nuou I anments,
D 3HETE bisa pOFET POt Rl A Wi i e

anot her
whi ch ar

speeds of

not i on,
paralle
t he web;

t
t

fdlmmdby
suspenss onflhter-radmolrbetlmembiicﬁsa ik iseplisid i Wﬁnedl'ﬂ'&' surface on
whi ch the

é%% rémgﬁiésg 0 sas@ny& Q;hé [Pé{fpﬂ@ﬁP' nSidhietddmn. generally at

as “a consequence of this |inear
t REfegkive preq n1? h%"%t?"’c dhe 18P 1Fopthage FeriNSDr | ess

Eﬂﬁ&rﬂéi‘?rho@@ihwlﬁﬁm&ﬁ%@éhh:i&&ofnafe%}-laﬁs&ﬂ)éﬂ‘le pl ane of

al'so knowé‘si%eﬁ%t P UL YA o CNRAL PR (TS 2O ng 2

pl anark@arptéférned, bglmouquammg: | foxtnks m@h ke rwszdsd.ne dirdwchmi th a | arge "

nunber

15

20

25

30

35

of housings wlth an effective cross sectional area of 32 and

62 cm? have been used in- developlng this invention.
Housings_can be fabricated from any suitably

‘impervious material, including an impervious thermoplastic

material. For example,_the housing may preferably be
fabricated from a transparent or translucent poiymer, such
as an acrylic or polycarbonate resin, by injection

‘molding. Not only is such a housing easily and

economically fabrlcated but it also allows observation of .

the passage of the fluid through the housing. The
housings are designed to withstand normal abuse during
service, as well as internal pressures up to about 3 psi
(0.2 kg/cm?). This permits light construction, which is a
desirable feature of this invention made possible by the
use of preformed fllter-adsorber assemblies. The force

required to compress the fibers of an efficlently designed -

filter-adsorber assembly by packing of fibers into a
housing is as high as 68 kilograms for a 62 cm? disc, or
about 1.1 kg/cmz, requiring heavier, bulkier, and more
costly housing construction.

While the housing may be fashioned in a variety of

- configurations, the housing 11 of the exemplary separation

device 10 is preferably fashioned in two sections, i.e.,
an inlet section 15 and an outlet section 16. The inlet
section 15 includes a circular inlet plate 20, and the

webs,

s

.\_)'



rapidly reciprocating nmultiple barbed. needl es, which randomy engage fibers
and pull or push themthrough the thickness of the web, causing fibers from
one face to be pulled to the opposite f wher e t hey beconme entangl ed 25
méth fibers at that face. Miultiple wale Jets have al so been used to

acconplyd sh interlacing of fibers throughout the thickness of the web and

t he g{%ﬁuct of these (and other nmet hods if they exist or may be devel oped)

wil | ref er e|n Vi.n e  pindee | ed webs
are lofty, eir{ﬁelhe%/ a,_f'l‘?f de WI %ea\%elfk%‘ﬁﬁ% d’éﬁ‘ Q-If‘;,’](a% Z""(rjfJ ‘r%%ngl ng g‘n voi ds
vol ume fromwedout2 DWhichfacesdhe \mﬁid:m sainfidase|of thlieck (often over.

about 3 to Efmt{éf_t@a&;ﬁ)er%émbqt czture when exam ned by 35 m croscopy
gi ves the appearance of an assenb| anet er COI|S nany

v?/ random, .~ - 32- ﬂi'@
of* which are ori etedieh 1h&el e%@epaﬁlmdem @1 Hlet, plepun 22
and may & temtwden Cﬁﬁerwaaﬁsmhw&hmhxpdﬁmamts&rnﬁcqowﬁ ithie of the web

‘for blood g o) ructure is in
stsr.ong cont féait‘%%]t%&?% dﬁlaesﬁbmgﬁ '4 ar 51 ané%orpgaarn% 5%1033 Woven web in
whi ch the fidspectref mh%llimteniuqme Yhlearinlet t1%e dedivearsl thie dlwignd, even
when quite W%&“es :irg[ gﬁélrﬂﬁ GRS d&e'r%afii tie riﬁﬁft&ﬂ‘%ﬁ'-&i{eace of the |

web. 10 pear, to r ead] able to enter into the
very open sm%jé"%fnfhea%cﬁ*}%mbf“hlﬁgé’(ﬂ% 1h&n n while entry into a
non-woverp wi th f il sinlet may be variously configured. However, the

inlet 13 of the exemplary separation device 10 includes a
‘longitudinal inlet ridge 23. The inlet ridgé 23 extends
o along the outside surface of the circular inlet plate 20
_ parallel to’a'diamétrical axis A of the housing 11, which,
15 in use, is positioned Wlth the dlametrlcal axis A oriented
" generally vertically. The upper end of the inlet ridge
23 may be fashioned as a socket for recelving a hollow
spike 24 which is used to pierce the bottom of a bag
_ containing the fldid, e.g., a blood bag. The inlet 13
20 further includes an inlet passageway 25 which opens at the
upper end of the hollow spike 24, extends through the
hollow splke 24 and the inlet ridge 23, and communicates
‘with the 1n1et plenum 22 at the bottom of the inlet
section 15. _ : :
. 25 The wall 21 of the circular inlet plate 20
— finciudeS-a plurality of'generally-concentric circular
ridges 26 which define concentric circular grooves 27.
The ridges 26 abut the ﬁpstream 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
_ access 30 extends between the inlet passageﬁay 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 thehgccees 30 |




oriented parallel to the web is nore difficult. It further appears that
once gels have entered a needled web, 15 they tend to be efficiently
retai ned by snmaller pores, which nay be readily seen mcroscopically to be
present. In effect, the curly fibrauggstructure allows easy entry and_good
retention, while structures conprising relatively straight fibers dalrnet .
provi de easy entry, and hence clog 20 rapidly as gels collect at the#r

. upstream surface. As gel |aden blood flows through a needled filter medium

smal | er pdeginer theaiddetyptenen?2; edhicnodistsibutessthi¢ i Llwid i n nunber .
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red cel |l sreuppenent aggpbgates MMeidEtied! ldbye { HBSEracLons Stm t he
filtra |0§ 3 .necggnls* are valid |t.hast§ﬁ€n %oeﬁd'exPeélnentally t hat
the neddl BYOFEANGoGLRY 8FOPRTHT S TURCEHMRQECHRS| P fective in - .
al | owi ng passageWwagels and thetixbet gpbemam22 heendt, wat | theesamd t i ng bl ood

or PRC tog.flow.h .1 he Lt b syal r L gib] e ssure drop

i ncrease. té&lg-'- Heb E‘?ﬁgpﬁégc%r%e‘%?" %@%eﬁl%&%&%&?hﬁ' i%egnt i on, ,
and pri ordepthhefi thet ipletoplenam|2? iRoreatest cxtinphesbeftami s

inventi onoehyfdr RBfishgt €3t andedEcFedsds LA oMY ORe eveivecadl Bedd eving
consrstentlappass

age of t uni ts-of PRC, w th bl ood hol d-up vol une 3
compalObl ® §PtA BAMUER ¥aluecat the horizental eerterides of nany as 15 or
nor e the housing 11. ' _ S ' -

The outlet section 16 of the housing 11 includes a . U

circular outlet plate 31 and a cylindrical collar 32
. which extends . from the periphery of the circular outlet

15 plate 31 to the periphery of the circular inlet 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, |
e.g., by an adhesive or by sonic welding.

20 The inside surface of the circular outlet plate 31
defines a wall 33 which faces the downStream surface of
the:filterfadsorber assémbly 12. The wall 33 -includes
a plurality of generally concentric circular ridges 34
which define concentric circular grooves 35.. The _ _

25 ridges 34 abut the doWnstream surface'of the : S
filter-adsorber assémbly 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

30 as possible to minimize hold-up volume within the
housing 11 without unduly restricting fluid flow.

In accordance with another aspect of the
invention, the wall 33 further includes a péssageway
such as a slot 40 which communicates with the outlet 14

35 at or near the top of the outlet seqtion'lﬁ. The slot




separate | ayers of nmedium w th stepped poré sizes varying in 7 to 10 steps
fromover 50 micrometers down to 5 to 10 microneters. These tests used
planar paral | el non-woven nedia, and none were successful. 10. The use
oﬂ needl.ed webs nade pOSSIb|e t he developflert of ‘the filters of this
i.nven n, which are capable of consistently processing ol der blood with
high“£:§|C|ency w t hout cl ogging and a hol d-up volunme of less than 30 to

35 cc 5 Wi | e neans ot her_ than needling nay exist, or may be
devel oped in #Re Whighecohheehs pEbuwid cfremi eachief the FiFeatabi

exam nati on ageosivek! 85 hﬁdtbﬁaﬂeéﬂéeeh69ﬂ1@a&seé tﬁetbmeleﬂvrnxlon it
shoul d be under stood ihat ro gs naﬂb %g gg such gﬁ g falhﬁgﬁthln t he
scope of 20 tRFEIPRERAY; 8¥TeRAR; HEOP TR PRt Che LEPP B %t i ons,
arrd/ or b|ndersutaetbeeutédntm6falonghﬁh@umehEﬂcmbbaxi@ny of Inhtse may be

used if (ay tQﬁ%mﬁi?ﬁgnﬁgggkgtRQn5&§§f%€efﬁéC€ﬂér@iégg SEMPRELL PO by hot

conpr essi on ‘of eans an ar e usi ng naterials and
under condltléﬁsraﬂéﬁaﬁrpaﬂétﬂﬁF but the depth cof { the ppbetsdP ngWhidin

bl ood. The wekg ysadtep th&ngﬁhepaeﬁtﬁtéfsthé é@eleﬁaﬁpéﬁﬁmois;hls :

I nvention were forned. u ge d%e unched fibers 3 lonic

| ubri cant - flanﬁrFPFSEd g g RoROTBORNER ¢ the PP R g%?aﬁ%tgﬁﬁ of noni na

. wei ght 80 gr asecpdéonsfjdaatongt the, ventromkeqmnmck.ofAMberhahlvelYace :

t ensi on o 48tﬁ¥”ﬁ§&§ﬂg ¥nggsgé§g @Q ¥£¥ €k LSCq ypegpsmrersed into
er

300 m of en1nera Ters prepared from such
fi bers were ubeusibgpr beswidth may vary, or the depth may remain

_ - 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. | ' '

' The outlet 14 may be variously configured.
However, the outlet 14 of the ‘exemplary depletion
device 10 includes a longitudinal outlet ridge 41 which
éxténds along the outside surface of the outlet pléte
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 receiving a tubing
conneqtor or other apparatus. The outlet 14 further
includes an outlet passageway- 42 which communicates
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,
£filling 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.



34 PRC, the surface tension of the plasnma of the PRC effluent - fromthe

-devi ce was reduced from about 73 dynes/cmto 48.5 to 51.5 dynes/cm
~Simlar surface tension data were obtained with other surfactants
i including 1Cl's Tween 80, BASF - Waydistte's Pluronic L101 and Pluronic F68,

al | of which are physi ol ogi cal | y- - acceptable for use - in 43
parenteral s. Prior to-use in exanples 107 et seq the surfactant_u' '
present in .the _needle ed nedium was renp ﬁ det ergent “washi ng
and wat er ¥ PlHQPanS?HEeNPSr5£BgréﬁatﬁhffenﬁﬁglﬁﬂeabFl E?% V°YH%ct|on of the
el ement fohtﬁynngeheegebemleéohtainiﬁgreuayehsnénnintoaggeegwtnet A

eukocyt cEubBos 2 nogsoR, s EoRIToRT Fﬁdféi‘ﬁ%#"&" arfue B ARG

.l eukocyt e pur poSes | I Nes tWo el or nore .
| ayers Ofthﬁltsbbﬁwﬂwhége the aiyels bensleselyngeparetedeﬁtmm the

prefOrgﬁdﬁieaiaahsgﬁeaaﬂohoca&ﬁé é‘ﬂkaﬁﬁéﬁ ffsse%e&.bsésﬂheo &rpt i on

El enent €r|n0| functi on of | eprent provl de t | ar gest
portion ®©Btlekeldsppepd QGrFBEerlﬁhngwﬁlEhdl%ﬁk%%y%ésthar%1°Feﬁ%ved by

agslor ptloand isl lhlmb&t aaﬁbléeawneféétadfaéfbﬁateﬂebyl saow?@:g a nunber
o ayer ogglonke! Eho!Ebb R BhEhufLalChBenh BEBSapREkebS, O
m cr oaggr pgasagetrayeat . toThusn]aislﬁglverytegfﬁtlehthgnCIeamed|Srm@ ~ the
adsorEB'OEne fibGEEAY 1128¢ thBCeRbapPAPY" 8851 EL£bA BB ice 10
according to the invention. For example, in a depletion
device which has an inside diameter of 8.9 centimeters, an _
initial air volume_of 36 cc, and a slot 8 centimeters \J
high, 0.73 centimeters wide, 0.2 centimeters_deep at the
15 bottom, and 0. 33'centimeters deep at the top,'the residual
volume of air pass1ng through the outlet after 1 or 2 cc
‘of blood has passed through the outlet is estlmated to be
less than 0.1 cc. _
In order to understand the 1mportance of the slot
20 and the flow_passage configuration, the equivalent
operation of a conventional.Ieukothe 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 w,
- between a b;ood.bag upétream from the conventional
housing and a transparent drip chamber downstream from
the conventional housing and thence to the patient.
During priming, the housing along with the drip chamber
30 is inverted and blood is forced through the
conventional housing into the drip chamber. This has
the disadvantage that some pressure head is lost, but,
more serlously, fluid reaches the exit of the .
_ conventional housing and enters the drip chamher while
35 as much as 1 to 2 cc or more of air is still trapped in



‘Filter Adsorber Assenbly A "filter-adsorber assenbly"” is obtained when a
gel prefilter is assenbled in the correct order wwth a 5 m croaggregate

el gment .and an adsorption elenent. Al of the conponents may be separately
pref ormed, or they may be forned to int-eggial- subassenblies in any '
conveni gnt conbi nation. .10 Description of an Exenplary Depl etion Device As
shown y o Fi gures 1-4, an exenplary depl etion device 10 general Iy conpri ses
a houstng 11 and a 15 filter-adsorber assenbly 12. The housing 11 has an
inlet 13 and &eogom¥entionnd BeupABg.a Whend3tkewhactr P&t kdEAd: h@sinlet 13
and ‘the outl ebebh cH1Aedtledennagaer aeipaghaibey, 12t andi theshoustihgi n t he
-housi'ng -11 across th-fI%i% fk wpat h _and serveg to sgﬁarate undesirable 20
subst ances; sd&f XSTHENEd £ thedp pormal ppeikien. IRAVARIKScytes, from a
flaoid, such areseswsyisnsiforflufidpdokéter bdttehl of thewdrdpt chawbert he
housing 11, T lZes s len) et deyxi.c v sested, differing only
W th respegt ?§d$ﬁé %ﬁg;%?%?%uéhg&ﬁigﬁbtggugé §§§§§g°?ga cell suspension is
passed. ‘The snal | efhejdranspazenthdrppdrhepberspeEfoFRS anservdee ¥ area

of 32 [err], peeduifttiny odserdativndosthleqedphetsicate RaA¥oaghethective
area of 62_[ernL; | 1 betgpidis%-sggged_fihéer-adzgrb%i assenbgigsolz are
accommodat ed BrF3FPEFE M EPEREGSHRTs FUAB8EFRgSOEanBY FEFHoARERPo accept
a variety. of It also performs a second service in that lagging air
'-_10  entering from the conventional housing is prevented
| from reaching the patiént. -Instead, the lagging air
displaces an equivalent volume of fluid in the
— reservoir of the drip chamber. However, the reservoir
| must be large enough to ensure that the lagging air _
15_'nevér totally displaces the fluid. Otherwise, the air
‘may enter the vein of the patient.
Systems which permit a significant volume of air,
e.g., 1 to 2 cé, to reach the drip chanber after it has
been returned to its normal position, tend to do so
20 'nonereproducibly. Thus, the larger the volume of
lagging air, the larger the volume of fluid which must
be‘cbllected'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.
25 Because many of the fluids-administered to a patient,
e.g., fluids containing blood componénts such as red
cells, are often difficult to obtain and exceedingly
expensive, wasted fluid:can-be very costly. By maximizing
air clearance and thereby allowing the use of a smaller
30 reservoir in the dripfchambef, the depletion device
f accordiﬁg to the preéent invention significantly reduces
_ the amount of fluid wasted during administration.
- The filter-adsorber assembly 12 preferably
comprises a number of individually prefofmed layers as
. 35 described below under the heading Fabrication of Fibrous



shabe;!of'filter-adsorber assenbl i es. Che'such s, for exanple, a-squafé; |
Those -and ot her possible forns would in principle all be functional,

- - provided that adequate 35 flow area is provided. - 36 - A Square

filter-adsorber assenbly would in theory al | ow nore economi cal use of.
material, but would be 1ess reliabl® 4% an interference fit seal
t he manner described bel ow for housings fitted with disc shaped 5 A
fi'l ter-adsorber assenblies. If sealing is obtalned by- edge conpréssi®en

b h , f i .. F |
. Chose roqEhemetE.Y, RN’ CRA HeEe10phEHE, BEaGe . RotRinDE MeRel T her

assenbl i esonsiapiated WPFht&ﬁtﬁﬁﬂeﬂhépénéBCPFP°§é§PdaF§elbasﬁFeferred
al t hough Qh&e&nhqrmenmagubetu&addeserﬁeuaaabhousln&e Wt Rgadtébhective .

t I d I t hi
Cvent | onveRBuATIebIs, VAEh: A8FPeSEator L SRICKIRERORY Th¥orviovs
mat eri &l , fuathu&aﬂgoabemnpssemb&y.thénnbpuasway,litnmasrpa5515me teanpl e, _
the housi pggay jRERLAL clorro? bAGCkEAURL UaoPuAg! sANERRAENT Of trans]ucent

pol ymer, such as an acry onat e re ecti.on nol di ng.
Not only thicksness. ho@ﬂ #gcba§PF?aaﬁBee€éﬁ§#P§&lPﬁtﬂsspl &heelipsuefit al so

ﬁllows Ob%aev&&ag%sDEGZO3uhefp%ﬁeaga1et hha BhunéttaeewgbnhhaaQOUSIngllThe
TRLERE e i Al Tl b aRhed B, M e B
const poct fdnterradsodrber assemhly.
'~ To provide an interference fit of the fllter-adsorber _
assembly ‘12 wlthln.the,hou51ng_;1, the filter-adsorber NS
elements were cut from large precompressed slabs to a
diameter O.l-to'l% larger than the inside diameter of the
15 cylindrical collar 32. The filter—edserber elements were

cut in such a manner as to maintain true right cylindrical
form at their outer edges. . This, coupled with the slight
oversizing, provides good edge'sealing) i.e., an
interference fit, between the outer edges of the |

20 filter-adsorber assembly 12, made up of ‘the various
filter-adsorber elements, and the inner perlphery of the
housing 11, with 100% utillzatlon of the full area and
volume of the fllter-adsorber assembly 12, thereby
mlnlmlzing hold-up volume. :

25 The edge sealing obtalned by the 1nterference fit has s
been shown on its own to be adequate, however, the _
“importance of providing high reliability in ptdduction
units7is_such that an auxiliary seal may be considered
desirable. Such a seal can comprise a peir of inwardly

30 facing flanges 1 to l.sfmillimeters wide,-dimensioned such
as to dompress the filter medium-between_these periphetal
flanges by 20 to 60%. Assemblies with and without this
auxiliary seal have been used in the development of this
1nvent1on. '

35



desirable feature of this invention made possible by the 25 use of
preformed filter-adsorber assenblies. The force required to conpress the
fibers of an efficiently designed filter-adsorber assenbly by packing of
fitbers into a housing is as high as 68.kjsagrams for a 62 [err] disc, or
about 1,1 kg/[err], requiring heavier, bulkier, and nore 30.costly housing
constiygtion. While the housing may be fashioned in a variety of
configurations, the housing 11 of the exenplary separation device 10 is

preferably fZabrdeation iofo FiedrbusnElements an inlet section 15 and an

outl et section 16. The intet 35 section 15 includes a circular inlet
plate 20, :and the i nside surface of the circular inlet plate 20 defines
a wal | 21 which fZhes filrouss elementgr whiehoprehassembdedydsdobdheassenbl y

12, I8 o Sl Cobprit, than 32 alane (e
accor danc@ wifﬁigfﬁ‘é‘“égp%%\ﬂ“%lsheela eRE; Hh,i‘#’hgﬁrﬁlo@sl@’&eﬂql T he
fluid to the functiignsanuin?a prefertredr coh€ ibaratihonf ofhdhieousi ng 11, as
Tovever |t hoheiobvEl gerpition. devids of Shafdnventiont gnn SR 90
| ongi t udi nal thel erdeniga 3hichh&henfduidi £d3owss &heseddaylexsy the outside
surface of thepmred.ar inlet plate 20 parallel to a dianmetrical axis A of
-the housing 11, "which, 15 in use, is positioned with the diametrical axis A
ori ent ed1@ener al | yever t Pcfimpt elementpisr referard ko AR dhe gfde
prefilter. A high proportion of whole blood and PRC
specimens contain gels, which very effectively clog filter
‘media. These gels form a phase distinct from, and not
miscible with, the blood plasma in which they are
15 suspended, and visually are seen to have higher viscosity.
The state~of-the-art procedure for coping with clogging of
Hfilters 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
- removal filter can be made by usihg as a starting.material
\_ 25 non-woven web made by the needle punching process, with
average fiber diameter between 10 to 40 micrometers,
preferably between 15 and 30 micrometers, and more
preferably between 20 and 25 micrometers. Needled webs
are made using a number of multiple 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 majority of the fibers
_ have the form of irreqular shapes, with very few straight
* 35 sections. Gels appear to penetrate easily into this type

e



23 may be fashioned as a socket for receiving a hollow spike 24 which is
used to pierce the bottomof a bag containing the fluid, e.g., a blood bag..
. The inlet 13 20 further includes an inlet passageway 25 which opens at the
~upper end of the hollow spi ke 24, extnds t hrough the holl ow spi ke 24 and
the inlet ridge 23, and conmuni cates with the inlet pl enum 22 at t heg bgttom
of the inlet section 15. 25 ~ The wall 21 of the circular inlet pFate

20 i ncl udes glurallty of l.I'y_concentri ylar.rid gs 26 Whi-ch
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of the | nf8; “BaeBids,a5ouBVing BaarAPeY ndtrhes rle atiin g LT "

to mini m £41kelrd hopsiogune The snelheushngsing ﬁ#éieepﬂhiOfthhé inl et plenum

\2/; It ;5 %gr eﬁhﬂﬂbrahohﬁ‘% hpt heEsohibba, hQ!é&hBingl pRied 198S 84S 8Poalto gg%t he

' compared with filters fitted with conventlonal : '

preflltratlon. _ _

While the gel prefilter does not recover

,mieroaggregates directly by flltratlen, the gels it

15 retains frequently contain a Substahtial number of
mlcroaggregates in a wide range of sizes, and these are
efficiently retained along with the gels.

' 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
eeslly compresslble, Webs made using fibers much less
than 10 to'zo_micrometers may -tend to be excessively
~compressible, to the point where a few inches of pressure\
head during bledd‘flow_Could cause a web partially filled.

25 with gels to be compressed, thereby reducing its pore - W -
diameter to an inefficient range. If made with fibers '
much above 30 to 50 micrometers, performance for gel
removal deteriorates'beeause the open area at equal pore

- size is smaller compared with webs made using finer

30 fibers. : ' '

- Prefe:red'materials for making the gel prefilters
are polyethylene terephthelate'(PET) and polybutylene
terephthalate (PBT). The PET web has been used. in the
form of 23'micrometer average fiber diameter web at a

35 ~weight of 7 to 9 mg/cm?, while the'latter (PBT web) was a

[
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10 A to a m nimum val ue at the hori zontal centerline of the housi ng 11.

The outlet section 16 of the housing 11 includes a circular outlet plate 31 _'

an% a cylindrical collar 32 which extends fromthe periphery of the

i kcular outlet 15 plate 31 to the periphery of the circular inlet plate
20. The gylindrical collar 32 is preferably integrally forned with the
citculsgfoutlet plate 31 and joined to the circular inlet plate 20 in any
suitabl e mannér, e.g., by an adhesive or by soni ¢ welding. 20 - The

i ngi de sur f acmedt blewni webl withual €ilpent didhetieki nEs 20nalilcrddetkirsh

faces the domgﬁhrggghsaraggghe/cﬁheoklngﬁtagsggber assenbly 12. The wal |

33 includes a pluralit ener al é concentric~circular ridges 34 which
define concentric bFrEHF&FaSPéoVBQ ET mediunshapi hgds toe LWt at he

downst r eam. suaEagg s, hha thét ﬁbrédéﬂahéteﬁsﬁagbh&r§%r thad diesiveal,
grooves 35_co | ectivel out gé pl epum 36 h collects t e fluid

passi ng t hPough PﬁgeFl¥PeFeﬂﬁggr RiS o ERALYERE WEFRe EREPFESFEI P et
plénun136 i s smd2ler thitkn@bs.asApothebwebsoarenveirye comptessibdkeyne

e Poshigei Lo ENGUlag ke G5LARS R s LOloahd gcorcance
passageway suBRagyrement: depotipdcascthaufallcouti testile ot follows3s at
or near the top of Al Beagutheliiageternaibe 18MReskOin the aws 6@ avhi ch

col l ects f|UId froggggggrogalle C|rcg
per, w th the jaws oriented vertically -
downward. The jaws are then slowly opened. The
vernier setting at which the disc falls is the "fall-
out" thickness of the disc. | |
For examples 1—106, a single layer of PET medlum was
15 used with the surfactant-lubrlcant on the fiber retained.
This was hot compressed using the fall-out test to a value
of 0.18 to 0.22 cm. A clearance of 0.9 mm was allotted at
assembly into the filter housing. Examples 107-168 were
simllar except that the surfactant had been removed prior
20 to hot compression. _
Examples 169 et seq were made using:
(a) _dpstream, one layer of PET hot compressed to a
nominal fall-out value of 0.075 cm. .
'(b) Downstream, in the order noted, one 1ayer of PET
o 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 asseﬁbly of (a) and (b) was 0.15
30  cm. | | ' -
C 2. The second element is the mlcroaggregate removal -
element, whose function is to remove aggregates which
form partlcularly in older PRC.
. Preferred material for'makihg this element is melt
35 blown PBT web. | '



grooves 35-and channels the fluid to the outlet 14, preferably extends from

the bottomto the top of the outlet section 16 along the vertical axis A

In the 5 exenplary separation device 10, the width of the slot 40 renmains

- constant but the depth of ‘the slot-4§s which is greater than the depth of
the outlet plenum 36, increases fromthe bottomto the top of the’ o‘tI

section 16 along the vertical axis A Alternatively, 10 the helght Way be

| ess than the diameter of the housing, the width may vary, or the depth may

remai n const arfor Fuse exeeRiite as otgd tinrmexamples Ir1681 Hehimp of the

housi ng. al plifer Sl 162 18 Sl il AChutdl i €REUSEddPBADOUL BO% of

t he |nS|d aneter 15 "housing.” ‘Thé outl et 14 may be variously
.configur °¥bmever the outlet 14 of ‘the exenplary depl etion device 10

|nc:c udes ? lﬁ@fﬁt@féﬁa@udﬁr rmawda;ll Iﬂ’ﬁ:@e(tﬁybrﬁl@ﬂgvéﬁlam)ut& dﬁ ‘
surface of the outlet plate 20 ar.a t ver axis A The

| over BndPHFFI¥R %’(R?’étéﬂnbegtee 41rﬁ‘ﬁ§f?‘?fe“?e§% lg_h' qua é b| ng connector or,
as a sockmicremetex=i ving a tublng connector or other apparatus The outl et

14 further inc} Lg%ﬁg 25 wth
- the slot 40 at or ar %Ee top of @'he hous#ﬁ%% extends t%tagiegh t he

outlet rikijeenidiapeteparabat the | ower end of the outlet ridge 41. As
bl ood starts tp éi érﬁﬁw&w 1&1@@ BN . 9 indéFémétesd ravakdye bott om and

S99 a8 s oF ST MELE S, e R ant ot of |
_been posSl&yerI() reduce but not to elimnate conpletely, - _
As used in examples 169 et seq, the microaggregate -QJ

removal elements comprised the following, 1lsted in order

~ of flow: | - o

15 - A flrst second and third 1ayer respectively of
'average flber 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 compre551on is 1ower compared with examples 1-168.
20 3. The third (adsorption) element has as its
'~ primary function the removal of leukocytes, primarily by
adsorption and secondarily by filtration.
For examples 14168 this element was prepared using
~multiple layers of 2.6 or 4.5 mlcrometer fiber, _

25 integrally bonded by hqt_compre551on. For examples _ "/

- 169 et seq this.element was made using four layers of
2.4 micrometer fibrous web bonded together with the
-mlcroaggregate removal layers to form an integral
assembly of the seven layers.

30 - The ﬁalues cited above and in the examples can be
varied'within_limits while meeting the objective of this
invention. To determine whether any particular variation
produces a fully eduivalent ptoduct, tests are required.
Thus, it should be undefstood_that, whiie-the precise

35 fiber diameters, weights, densities, thicknesses and



the situation in which some |iquid reaches the area 43 adjacent to the
-outl et passageway 42 before all of the air 35 is cleared fromthe inner
parts of the housing assenbly.. In the absence of slot 40, this |agging
~alr flow would carry sone red cell-contaiﬂiﬂg suspension into the outl et
tube 4%. Slot 40 allows the blood so carried to flowinto the slot, where

. the. Wz 1S harm essly separated fromthe 5 quuid suspension. The air
then rFses harm.essly to the outl 14 agh ad of ri.si.;ng fluid.Jevel in
Lhe sl ot 40 THPHEE Afddvaion s bey Vard IS Aot avang

reaches the’ te:;nnia]témt (3 o4 Ipetsspbé.yumv&ﬁ amtteu:t Irasmass,agmm widch Tlsus,

air s very ‘%Hé&l%&i %e&%%r 9% H&;’:M%d %% On%ﬁlg'@ S5 5hs gé%l P Ay |

depl etion device accor € I nve |
depl eti on deWievdiaahingeting &ﬂaq sateddohiecsives & thim |mt§°naﬁnd

Jinitial a@"ﬂﬂdﬁ“ﬁéﬂiéﬂ%‘ﬁ%deaWQtﬁ gueh 3a%§&%&6ﬁ%ﬁ%%&h!@Bﬁﬂlﬁﬂihe

centineters w de, .% entlneter deep at the 15 bottom and :

centimeters GRGP&O 3 FnvERE1PBsi dual vol une of air pa55|ng through t he

outlet after 1 or Witdr tife eixeceptian pfsthe gelopyefildeayt ladll icf dhiel mat ed

L9 be 1ess Al £ Grd Brlislihntg. deLaEI M bRd TR Bt G (e o1 O
onfiguration € equlva

20 and the OW passage . operatlon of a

convent i onal exaeas\afe ad@Mteﬁ%#YMSt/oml buﬁen@é‘»sé{ﬂ eXgessh afonvéniticonal
units, fliy d gt®ffedifcd.ne top of the housing and exits at the bottom  The -
housing of 25 such aunit is typically connected by plastic tubing

Grafti Improves Adhesion

N, During Hot Compressio

‘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 w1th respect to firmness and re51stance to fraying
when compared with discs made by hot compre551on 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 invention have used hot

25 eompre551on to form the integral elements which together

- combine to provide prefiltration, gel remqval,'and
adsorptieh, 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

. "' &
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iy,

PrL

bet ween a bl ood bag upstream fromthe conventional housing and a _
transparent drip chanber downstream fromthe conventional housing and.

thence to the patient. During pr|n1ng, t he housing along with the drip
chanber 30 is inverted and blood i§ #& Ted t hrough the conventional
housing-into the drip chanber. This has the di sadvantage that sone prj
head is | ost, but, nore seriously, fluid reaches the exit of the '

20 or i QRN L a‘pl'kiea‘d”"q‘ﬁ’%@q’&é%em.onaﬁ‘?ﬂ%us.ngasvﬁetn‘)s'

to 4 cc ofthi%nkaﬁE$¥ﬁ§en collected in the drip chanber, it and the housing:

are returned to thelr normal position, |eaving a reservoir. of: fluid in the

bott om of S X e fluid reservoir. -
The transparEnt=ei+t BET-Per O e 5‘ 3 . & HQUSINT (horvation
of the®lroplet rate through the air space, thus prOV|d|ng QU|dance for flow

regul ation. It S Yo i df‘ %@% &ir 10 .
A _

enteri ng fromthe convenﬁ onal ousl a IS pr event rom reac I ng t he

patient. |fR¥Badr RRYe HHIIRPURLY dEtatiatbedmpaxhihave the dfame of f1uid
in the resgrypiit Obyliadic Graait. Howe\grefdriifed asksndiitis ard be |arge

enough to en ure that the |la never dlsplace t he
f1uid. %i 350 1 Tigh %33”3%{‘%—“’[# ét‘*fé“?!ﬁﬁ’r‘&ht H%ns whi ch

perm ti@ aﬁgmérganttlvmh wmatfofiithe drmner Jsuz:faZ:e:mf ttthe elfmtsitﬂge. drip

chamber Eﬁﬁﬁ%n'és£@ﬁbled,_a good seal is obtained, with no
detectable bypassing during service. o : .
N
CUWST of the Elements
15

The gei prefiltér (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 dissedtion,'inspection, and testing
of the pressure drops of the individual layers, indicate
that little, if any, improvement can be: accomplished by
increasing the CWST of this layer. The microaggregate _
filter and the adsorption section are preferably modified

25 to a CWST of between 55 to 80 dynes/cm,'and.more ' \)'
preferably to between 59 and 73 dynes/cm, and still more v
preferébly'tb between 62 and 68 dynes/cm.

Red Cell Recovery.
30 : |
No significant chahges in hematocrit were detected
when the hematocrlt values for the PRC in the bag were
compared with the effluent from the dev1ces in accordance
with this invention. I '
35 Some of the incoming blood or'Eng is lost due to

.;_'_‘ BN
.‘{.\' '-'*..'



been returned to its normal position, tend to do so 20 non-reproducibly.

Thus, the larger the volunme of |lagging air, the larger the volune of fluid
ich must be collected in the reservoir, of the drip chanber. At the end.

o] the adm ni stration, much of that v616ﬁ€ Tis left in the drip chanber and,

hence y S wasted. 25 Because many of the fluids administered to a patient,
e.g. .ui ds cont ai ni ng bl ood conponents such as red cells, are often

di f1i Ut tonehhakp @3€ngKCERE! agbxeewﬁnawfcewas-rﬁétf hyid gan be very
c stly. By maximzing air clearance and thereby allow ng the use of a

Iler 30 FepPRr¥sar asnhepd-HPi BOLWBAher, the depl etion device according
to t he present I nvention S|gn|f|cantly reduces the anount of fluid wasted
durlng adntnb pr ef erabl y conpri ses
a‘nunber of SIS = ' ' Poed bel ow under the
headi ng Fabrghataﬁﬁgmi_ﬁgnﬁous El erfents. During the devel opment st age,
housi ngs ‘were constructed .for testlng whi ch i ncorporated the basic internal
configuration described-above, but in addition were _variable with respect
to the thickness EProndas hPVPtBPeadBB9B@$eis§@nBF?dlanPPﬁPs way, it was

pos? bl'e to aciatneteh:terrgdeer befmazaen’eypﬁaamyyueg fmbggt a%ztnbtekﬂess | I n
each case, tance en ri S t he inlet
and outl et ng}% Zspﬁa§e£§§m§F851 ¥ b%géqggP ?ﬂ%gﬁgﬁtngPe géP ’t hi ckness
of the 100 ffpbreexaupdeheccadcuinbes. the pvemue dhstancef betwWweenfit of the
f||ter-adsorgggers. However, the average distance between fibers

- cannot be a meaningful pred1ctor of performance as in any

U . liquid flow path it is the largest pore or pores
' encountered which control performances, and this is
~15 particularly true of deformable "partidles“ such as:
leukocytes. 1In a fibrous mat such as made by melt
blowing, the fibers are parallel to the plane of the
surface, but are otherwise_laid'down in a randon manner,
. and the pore size distribution is quite wide. Other means
20 for forming fibrous mats, e.g., air laying, or formation
on a Fourdrinier screen, also produce wide pore size
distributions. 1In these circumstances, the average
distance between fibers is cleariy a poor predictor of
performancé. A Variety of other formulae have been o
_ 25 proposed to allow calculation of pore diameters from data
~ on fiber diameter, fiber density and bulk density, but in
overlforty years of devising means to make and apply
filter media, this applicant has never found any formula
useful for calculating a priori the effective pore
30 diameter of filters for liquid service. '
Measurement of fiber surface'aréa, for example by gas
adsorption - pbpularly'referred'to as "BET" measurement -
. :. is a useful technique, as the su:face'area is a direct
' indication of the extent of fiber surface available to
35 remove leukocytes by adsorption. The surface area of melt



aésenbly 12 within the hbusfng 11, the filter-adsorber elenents were cut
fromlarge preconpressed slabs to a dianeter 0.1 to 1%l arger than the
-inside dianeter of the 15 «cylindrical collar 32. The filter-adsorber

{elements were cut in such a manner asgpo-maintain true right cylindrica

format their.outer edges. This, coupled with the slight oversi zing, ;
provi des good edge seal i ng, i.e., an interference fit, between the ot
edges of the 20 filter-adsorber assenbly 12, made up of the various % .
filter-addokeen BBEreebs, camde Htsedh o qmwtplrﬁetrey atexage hbikeng 11, with

' %10096Ut|||éfﬁﬁ@@e9f t he fuII area and vol une of the filter-adsorber

-assenbly 12, thereby m nim zing hold-up volune. 25 The edge sealing -

obt ai ned by tdeai Wwelhrs e es fndr has Daprashownton iés own to be adequate, ...
‘however, the inportance of prOV|d|ng hi gh’ rellkﬁﬁ4|ty |n productlon units

IS such.that an |I| Y., Sea be co e5| e Such a sea

can cog%rlse ap a{ rd|§i§§? %Rﬁ#&? 3@?%%@ 5 mllineters .
wi de, di mensi oneg ﬁﬁgh asua%Lchprgss iye filter nedlun1betmeen t hese :
peri pheral flanges by 20.t9 60%1. #&se lies with and without this
auxiliary seal have been used, in. the developnent of this invention. 35

-43- Fabricah¥em ©f ¥herbikex i tlileAme(3) brous el ements which are

assenbled into tggv g&; Eﬁ Ht¥¥5hqy3|ngs fonprlse a nunber of discrete
£

10 - 4 1.38a
and d =_-4 =2.9 or (0.345Af)"1
| ©  1.38RAg Ag o

where L = total length of fiber per gram,
o d = average fiber diemeter in centimeters,
15 and Ag¢ = fiber'surfece.area in cm?/qg.

If the units of 4 are mlcrometers, the units of Ag
become’ Mz/g (square meters/gram) which will be used
herelnafter :

: A second characterlstlc necessary to descrlbe a
20 porous medium adequately to permit it to be reproduced is
its pore diameter (Dpj. We have used a modified 0OSU-F2
- test for this purpcse; this test and its mode of use are
described in the foliowing'section, under the heading
Examples. _ | : _
_25 Other characterlstlcs whlch describe a porous medium
include apparent (bulk) den51ty (?) in grams/cublc
centimeter (g/cc), the fiber density (also in g/cc), the
'thlckness (t) of the elements of the medium, specified in
centimeters {cm}, the cross sectional area aveilable for
flow through the filtering element (A;) in square
_centimeters (cm?) [32 or 62 cm? for all the examples], and
the CWST in dynes/cm. Specifying these parameters
defines a filter of filter-adsorber element of predictable
behavior when used for leukocyte depletion: '

30

35 (a) Aa¢, the fiber surface area per gram, when

K



-5 individual elenents, each of which perfornms one or nore functions. 1In a
preferred configuration of the | eukocyte depl etion device of this :
imvention, and in the order in which the fluid flows, these |ayers
cbnprise: 10 1. A first elenentSks-referred to as the gel

prefilter. A high proportion of whole blood and PRC speci nens contain
gels\r%iich very effectively clog filter media. These gels forma phase
.distindt from and not T

t he.bl ood_pl asna_i n which they are 15
suspended, and vi sual F&® &§3 ng%o sV ¥eig §A¢|§tﬁsft ) Pfgthe

state-of -the-art procdddterf,odsctpendiberhsokdggengren hwhuéables

enl argerment of the pOh&%HQE the %EiEE?aﬁbEaEEmQLaih%ffhbh%bcyﬁ@%'Omed by
successi vel y varying snal pores, continuously or in steps; but this
procedure for 20 r eas s aﬁaprpﬁﬂpy under st ood was ineffective when applled

8” or toséI hehdeve(lbqpnmm obfjebltﬂvﬂebfptﬁﬁ.ts| h‘.lﬁﬁfeﬁ}'tibhl isl aV(fﬁ.tUtglil' bV\e have
i'scovered that a ver ec e_ge moval, filter _can e by using as
a*starting material 2 % NB@ %@ %ﬁ euﬂﬂ‘tfshgtf %§§|¥ 58 i ng process,
with average fiber d| a:ivgerinlget V\Easofart as4thei crosst sectipnafler abl y
bet ween 15 and 30 n1crqggtgrsisaggcggggearekﬁgaggi b%&“@ﬁﬁwzg gnd 25

ba

m crometers. Needl.ed webs afe made using a number - r bed
needl es, with 30 the EﬁﬂﬁsaGPPeﬁﬁeéeSS?ﬁsﬁﬂwaPG“&ﬁdtb@%ﬁw&ﬁd e®fi ch cause

t he flngﬁ to assune &h@dbgbquarlelagg&ﬁg | oops, circles, and spirals,

I nterspersed wt % ot.her re shape eral, a

majority of the RCﬁer3 Qe%&Pﬁ18Feigggé&P§P°§h§B§§ RﬁF very few

strai ght 35 sectlonsleuﬁebyteppaae rempeedt byt €id&zattjionnto this type
N : A fibrous filter-adsorber element for leukocyte

- depletion is defined by specifying the density of the
15 fibérs from which it is made, as well as Aé, Ag, Dp’? .
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-prbviding_prefiltration
in a novel but well defined manner, a filter can be
achieved which has substantially'1owér'volume when
25 compared with a filter principaliy dependent on
~ adsorption. This reduces the volume of PRC or blood hdld-_
up, with important economy of PRC use, while at the same
“time providing higher efficiency and better capacity
compared with the best similar devices hitherto available.
30 Whereas previously available devices depended
nearly completely or largely on adsorption, and were
relatively larger, the devices of this invention, using Dp
= . as a basic design guide, depend comparatively -
- substantially more on filtration, and as a result are
. 35 smaller. | ' -



of web, and to be effectively retained within the web, as may be seen by
post-test mcroscopic exam nation. Needled webs with these characteristics
tare generally nade thicker than desired for gel renoval, and 5 for optimal
‘results nust be conpressed to a contro®l®d small er thickness. Fabric so
made was di scoveréed to be not only particularly effective in retainigg
gels, but to do so while occupying relatively little space within the\sw

filter hou5|ng ner hol ds uq..
less blood, é"ug1 %ﬁggs%% bgggut%@é"o&%%&n%g By el S DO R
‘Wt h convéd&uﬁﬁﬂaQﬁQﬁqItratlon While the gel prefilter does not recover
.mcroaggregates directly by filtration, the gels it 15 retains frequently
contai n a_substantial number of nlcroaggregates in a wi de range of sizes,
and t hese BXABRIES ciently retained along with the gels. The gel prefilter
is madé& with | ow density in order to have very hi gh veids vol une, and when

~mad th fib n , i's
ggssl;mconplregsﬁﬁz%%de%hbgg B:silgr?ho?é%grs nuq"r%tﬁ%ss alt?‘ﬁ:’q'n 1 ,‘(i{c)a 20

ni cr onet ercPtadineade fgram heody banksy é’%} PEREEITH (L0, Amerdig@moi nt where a
few i ncheqgod¥aRSoN eﬂm@dauwamsbks%ad%m LCodhbdea i ny teparartial ly

Il)l laﬁdl ﬁgfafq tc&e[ els to be c%g](%r e%?‘PnGF th rebry%r ed:iﬁl ng | tsqqg%é)glgl arreter
nm cr ormsx: em&glvpélr:lfe)r ma.rme famd ged lcellnsaksmh@teeﬂe@ dire phyedalogyichd open ar ea
at equal|¥¥aid using the Adsol anti~coagulant system were obtained
from the American Red Cross Blood Services, Rochester - _
Region in Rochester, N.¥Y, Unless otherwise.noted, the o

tests of the examples were run with. PRC.

15 No blood product,_lncludlng PRC, could be obtalned
from the blood bank in less than 2 days after it was
drawn, as this was the minimum perlod requlred to test for
the presence of infectious agents.

All leukocyte counts were made by conventlonal

20 chamber.counts,_by_wellftralned.techn1c1ans,-and data
reported is the average of at least twO.counts by
different_techniciens. - When testing adult size
devices, two bags of PRC or of whole blood were used in
serial fashion; the weight (or volume) of blood is .

25 reported as the total for the two, but the'leukocyte : \)--
counts before and after'processing are reported for each
bag separately. For pediatric size units, a single bag
of PRC or whole blood was used, and thesleukocyte counts
before and after are reported separately for the first

30 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

35 range of normal leukocyte content of whole blood andlof-



size is smaller conpared with webs made using finer 30 fibers. Preferred
materials for nmaking the gel prefilters are pol yethyl ene terephthal ate
(PET) and pol ybutyl ene terephthal ate QP@%% The PET web has been used in
the form of 23 microneter aver age fi ber aneter web at a 35 weight of 7
to 9 ngk[err], while the latter (PBT web) was a . nelt blown web with a
filter=glianeter of 20 mcroneters and with a weight/[err] of about 8 ngy. As
pur chasked thaoEﬁﬁlnwﬂnunlmaashadhéOﬁorﬁaaaoﬂeﬁatﬁng gadgehefpore di aneter

was |arger tiayy %ﬁl uﬁtk@soiger1§ht£efﬁg¥ £ ohSs EQS Weha,were hot

conpressed to .sma RICKN are very mpr essi bl e, control
of thlcknessrwa§h9§tanlﬁbﬁeéxeyphgsahﬁﬁeﬁanoﬁsnéa§9P§ﬁ§HFn§6noted as the

“fall-out te%htomah@lcquerAdﬁtélaentﬂéaaeww deve1kSakel fokn the jaws of
a 10 ~_verni.er callg wth the oriented verthiall .downward. -

The j aws §rerFﬂéﬁb§FbmA °BB§ﬁeHereTﬁE F% Arerdope; pARUAL LXhMEANShe di s¢
falls is thenokrmall- chamberhcoltnessechnig@edi sc. For exanples 1-106, a

singl e | ayer of P umwas .15 U ur. u nt on the
fiber retained. Tﬁagnagé “noét %8%5?8§£eﬁggggﬁ Q%ﬁ% sgﬁgﬁﬁk egfiﬁg % val ue
of 0.18 to OMRAedmzMACoud&exnCeuntesn, 9 ﬂhemegnnehtnpaa1apea$$eﬁ9991|nto t he
filter housipg Wﬁseﬁse97t$6§et€£ﬁ1ﬁe”héﬁ&t&éfﬁt that the surfactant

had been renpve rior.20 to hot conpression. anpl es 169 et seq were nade
using: 10 or the examples of this 1nventlon, prlmlng times

were determined while applying a pressure of about 0.2
kg/cm2 to the bag of blood or PRC, either by hand, or with
v a pressurlzlng 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. .
Priming time is defined as the time required for _
filling the test hous1ng with fluid, and for the fluid to
£fill the inverted drlp chamber 1/3 full (approx. 3 ml).
20 For Examples 1-168, pressure head during the tests'
was adjusted as required'to'maintain flow of 4 cc/minute
- for the adult (62 cmz) device and 2 cc/minute for the
pediatric (32 cm?) device. If during a test the pressure
required to maintain the required 4 or 2 cc/minute flow
25 reached 100 cm of fluid pressure head, or about 0.1
' kg/cm2, it was held at that pressure until flow fell to
below respectively 1 or 0.5 cc/minute, at Whlch 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, end'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, pressure head during the tests
e A



(a) Upstream -one |ayer of PET hot conpressed to a noni nal faII-out value
-of 0.075 cm (b) Downstream +in the order noted, one |ayer of "PET 25
:together with a |l ayer of PBT medium. the two hot conpressed together to
iforman integral layer with a nonmi nal gfald -out value of 0.10 cm (c) At
assenbly into the filter housing the space allotted to the assembly o
and:(b) was 0.15 30 cm 2. The second el enent is the b ol
m croaggregate renoval el enent,. whose function-is to renove aggr egat edw
:whi ch for nwapar adnusaeﬂyaSnrequerequ&p mbhtaindfhaverfafb ce/memputeg this -

“el enent 'SIfedﬁriﬁgbaOt@sEBEhﬂ@Bressuréareguf?édUQS ﬂéﬁﬁﬁaiﬂsanéted in
exanples 1-168, this _elene in the order

of flow AFﬁ/E#BPﬁEdf?ﬁVeFaﬁﬁdﬁngg?ﬁg }%ﬁe%m|a§eféug€ REﬁsﬁ?rg heads age ;
fiber duanafeaboatpecnukaXcﬂg 10 wasl HenmcabnthatSPréssunglenpibforned

IZ§S¥ b azBolf ERETCHE! BIEHOECob B EL R RE Sndoh 1he8 PHACHBEE) LT, oos
of. t he preteUmhgata9er IﬁsthseﬂOlwmex@ﬁpPE@ lefteinsthe bag waSrbe@@regate
than 30 cc, the filter was consxdered to have successfully
passed that unit of PRC, as - that ‘was determined by test to
be the probable outcome during bedside service.
10 Minimal samples of approximately 5 ml were taken
from each bag of blood or PRC used for determination of

1nfluent characteristics. Where more than one unit of '\J

blood or PRC was used, they were delivered sequentially
and were 1nd1v1dua11y sampled and assayed.
15 - Leukocyte (WBC) counts are reported per microliter
(1 microliter equals 1 mm3) of fluid._ Dilutions for
counting varied from 1_count 100 WBC of relatively
fresh blood to 1 count = 50 WBC for tests using blood
~ over 10 to 14 days old. ' S o
20 The elements used in the examples were unless
’ otherw1se noted of disc form, 64.1 mm diameter for use in
the pediatric size device, -and 88 9 mm diameter at |
assembly for use in the adult size device. The stacked
layers of elements, with a total thickness of. tg were
25 _assembled into a housing as described above, with a N\
clearance of tj between the faces of the two plenunms, |
i.e., between the tips of the ridges 26 on the inlet plate
20 and the tips of the ridges 34 on the outlet plate 31,
as shown in Figure 1. After piercing the'blood bag, the
30 filters were primed by manual pressure applied to the bag,
or with a blood pressure cuff pressurized to approximately’
0. 2 kg/cmz, after which whole blood or packed red cells
was passed by grav1ty and product assays made in the
manner described in the preceding part of this section.
35 ' Lossés of red cells due to adsorption were, unless_.




renoval el enments conprised t he follow ng, |isted in order of flow 15

A first, second, and third | ayer respectively of average fi ber di amet er
3.5, 3. 0 and 2.6 m crometers, hot conpressed at assenbly with the
adsorptlon el enent described below, to ke an integral el ement. Density
after -egnpression is | ower conpared with exanples 1-168. 20 3. The
t hi r d dsorption) el ement has as its primary function the renoval of

| euk b d b

a2 1. 1B6EQRY; EberkpRTT LB b aBRReRER O Bk Yoo hpbigh. 280200
4.5 n1cronetbOSSeBedueZSO|hpégrupl9abohdedab9uh@tedoa§reé@?hn +Fb2) exanpl.es
169 et-.seq this egﬁgﬁnh1 étEEQeoESfﬂﬂt&?“ﬁe&ﬁﬁeﬁéerd@térﬁlﬁé@”ﬁéfﬁ

fibrous web bonde g m cr oaggregate renoval |ayers to form
an” i ntegral &88cHAA}L PdtﬁﬁusgaeﬂeFBSQréndBEre reported,as klecited above

apd Ln the eaagpeesrcaf haraapaedluAéhae vhithso9hot eofieEhe niinébéenbj ective
of  this 1 nvent

Fut 'y oqu vaPBRELGRER.NBre: ReptvaRe Eha, PAdborhyitef ti i eBhdcr < ooa

t hat , mhile sheepmessyredéntshis di maditied varghos oficbhéet Festesthi cknesses

and - aePeiB Edokn éri996“sb§tv?k1§ﬂoﬁ9”§ﬁﬂéé Yhileragpyevi ng
eqU|vaIent or goss even bhetter resu which is dés ¢l 0sed herein
i s. i ntended 49 H)gU|§B thet REVqEeFEN stBSHEQ?é%nnEGt?ﬂgafﬁ fieiply

ObJECtIVEG otohthminaneninoAnaagpropriate test fluid is passed through .
" the test fllter while continuously sampllng the fluid
upstream and downstream of the filter under test. The
o samples are analyzed by automatic particle counters for
" their contents of five or more preselected particle -
15 diameters and the ratio of the upstream to downstream
' count is'automatically recorded. This ratio is known in
‘the fllter 1ndustry as the beta ratio.
The beta ratio for each of the five or more
diameters tested is plotted as the ordinate aga}nst
20 particle diameter as the abscissa,'usually on a graph in
‘which the ordinate is a 1ogarithmic scale and the abscissa -
is a log2 scale. A smooth curve is then drawn between'the
poxnts. The beta ratio for any diameter within the range
tested can then be read from this curve. Efficiency at_a
25 particular particle diameter is célculated from the beta
ratio by the formula:

Efficienéy, 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
a 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_ragge of .




5 that devices made with such variations fall within the scope of this

i nvention. Wth the exception of the gel prefilter, all of the elenents are
preferably surface treated to a CWsTd@é -excess of about 55 dynes/cm but

not in excess of 75 to 10 80 dynes/cm Gafting Inproves Adhesion During
Hot Conpression 15 ~°~ ° Hot conpressed el enent preforns nade usingime t

bl own fibrous mats which have been surface npdifjed to‘gglse their

val ues by*EC®Br1nb? 2 AyAR SHERT APREREF pEBTS Pt InGd RS RPART 20 firtei

wiess
and resi stesic ecodntdn byany aheaquesisr &dspéndi ch SES mdeirbey et conpr essi on

foll d t f
thi s roashiett of b Ebr oL SEELH 08, SHEL e Elad it M8 G TR G "By hot
-conpr essi plud obth;mmgd_ ku:lgretbtiJng; a\duspensgioa eﬂaulrgl dsstofin tWaker WmAsent i on have
used NOt R GOTRLGS e Blyor kOB B E0T Lol BRI Wal<C iad Q! NeT

conbine to provide pre ration, ge vaf and adsorption, it would be
f easi bl e 1HLY divenshper @H@%F\e’éﬂre&gﬁtt@ 5V JLHRTS RER TSNS PR FIURER | n .
- bondi ng, Pé&)aoﬂefiue& Wbl | & PohdeNberOkiniinTthareabi®y Baéi ves is within 30
t he scope of is (nvention. Melt blown fibers have been preferred for use
inall bd"? ?? | ayer of these devices. Should finer melt blown or
other fine fibens, débai SElitehlé i berexamsied )l rEhals qaitedébéd | i on of

| ar ger d'ﬁ%ﬁigr flbers beconme 35 available in the future, their use in
ele ' ' :

a) Data pertinent to the manher of preparation and
to the adsorptive and filtration capabilities of the )
examples ‘are presented in Table A. I - o/
b) '~ Behavior observed while proce551ng blood
15 products through the fllters is presented in Tables 1
through 16. - '
The data of Table A are presentedpas follows:
Column A lists the example numbers and the table
‘numbers in which the blood data are presented.
20 Column B lists the sequence of the multiple
- individual fllterlng elements used in each test assembly.
The upstream 'gel prefilter element.(number one) in
examples 1-168 unless noted compfises acrylic bonded
needle punched PET. The remaining elements are all made
25 of melt blown PBT. The microaggregate removal element . .\)_
' comprises layers 2a, 2b, 2c, 3 and 4, with 2a, 2b and 2¢
hot compressed together to form a subassembly, and layers
3 and 4 hot compressed separately. Layer 5 is the
adsorptlon element, formed as a s1ngle layer by hot
30 compression. ° _
Column C lists fiber surface areas in units of square
meters per gram. Column D lists the element apparent
(bulk) densities in uniﬁs of grams per cc. Column E lists
element thickness, in centimeters._ Column F lists the
35 fiber sufface area in units of square meters for each of



- 48- Ieukocyté depl etion ‘devices woul d be within the sCope of this
- invention. Edge Sealing the Prefornmed Elenents into the Housing 5 The
housing.is preferred to be of general+y5ﬁ|sc form or nore rigorously

. dtated, in part have the formof a rlght cylindrical elenent. The

preforrred el ements are made also in right cylindrical form of dinension
0.1 to0;10 1%l arger than that of the inner surface of the hpusin When

assenfy ed, &hposlerants s(Aptaided (X i+ fb &Rt ect GBFE™BYHabETHY i ng

ser vi Ce. Q/\&Tnggr tdiean st s ddl clleatgs ﬂr‘cﬂilﬁmerméésusemeetenﬁnt may have
a. | ow CWST wi t hout har

d
condi ti on. RS o?F% %52 f%?%ﬁﬁcﬁls ?#%ggﬁf31éfﬁc£8?%ﬁ ough a
device to ca)&mpxt ofyor nchergeleprebiltedmwodiich vas| esbimpyedi ssecti on,

Inspect | an. k4 eoling: ply! Nl ERoY 9 hpunl bogel ekl dual | avers,

‘i ndi cate I mprovenment can acconpl i shed by increasing

t he CWST of deﬂermawi beh*'ehanm FR% K3 I'E%?tanﬁntﬁécﬁ%?ﬁ' fon

section are P&l edpbdpe imgli fhebife diametdiSlonfthet yarAprébilveBO

dynes/cm . and prore pref erabl 0 pbetween 59 d 73 _dynes/ d still nore
preferably tHhidh s &3 %‘% ‘ﬁ’eﬁfﬁll ?&g inh&ag the

S|gn|f|cant<gh§pg@§1m@shﬁﬂﬁl@@dntlayﬁx:detected when t he henatocrlt values
for the PRC 'n thE am les fi1a were made as 1nd1cated 1n 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 uSing five layers. Of these, the first was identical
15 to that of Examples 1 to 18; the microaggfegate filter was
- identical to that of Examples 1 to 18 except that it was .
radiation grafted to a CWST of 59 dynes/cm. The fifth
preforﬁ was_identical_to thet of Examples 1 to 18 except
thet it Qas 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,
rather than 59, were tested using whole blood with CPDA-1
~additive. Average eff1c1ency for the second unlt is
25 substantlally reduced compared with the results obtained
AN in Examples 19 to 34 (Efficiencies obtained with whole
blood and with PRC may be meaningfully compared because
whole blood is a diluted form of PRC.).
Examples 39 to 42, presented in Table 4, were tested
30 u51ng 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. | '



conpared with the effluent fromthe devices in accordance with. this

I nvention. 35 Some of the incom ng blood or PRCis lost due to
{hold-up wi thin the depletion device. d%g loss is reported as hol d-up
-vol une. Characterization of Porous M by Physical 5 Characteristics
~Formul ae have been proposed to predict pore dianeter. These fornul ae
typiical Iy use fiber diameter, bulk (apparent) density; and fiber dens§:§

ne ‘such, 10 f%xs&gﬁggemcahauw Sribéned’ Mcrdbabagoeeletiesn 11D

;However, the averag | stance between ers cannot be a neani ngf ul
‘predi ct or -dllystrateakbe sifertaaf Ingheasinguthe: GWST P ERR | argest pore

- or pores eﬂi@&ﬂh@@@dg&hereﬁaﬁélObn&eéaﬁbﬁﬁﬁieﬁ,e&éﬂehhssofStHE _

particul arl e true OEH& i g cIe i a? Ieué tes, In a .
~fibrous mafe¥AERSA8 &8”833 ? hg, ARPLPB P2 g r&Ffel to the .
_plane o6 tmdeauibadetobnxampkestheruose4taedcdptnthatathendﬂﬂrnaﬂner, and
the pore SFﬁS QbﬁbﬁthE&§Q iﬁ QE F CEHSrtHE afd E8h-ER' ™M NY .

fi brous ma orna fon on a our rinrer screen, also
pr oduce mnaercﬁehgvseCUS$f$|Qﬁt76néyne$ﬁcmheé@dctheuﬂdﬁaﬁﬁésonthe aver age

‘di stance b@&eﬂﬁﬂtfhﬁéré bﬁs@'éérbi 59887cﬂredtﬁéoaa€£ BROWOERRECE. A
vari ety of ather, fornmul ae have been osed to allow cal cul ation of

ro
pore di ameBEELCARBRY(EPE GhefFﬁE?nﬁlgﬂége? ?$SerdEﬁ§FF}Yaﬁﬁ Reed- den5|ty,
but Inlover forExappaes ab ﬁ6V48LnﬁréﬁéﬁﬁeﬂOiﬁak&bmédsapWére run

us1ng the configurations of Examples 19 to 34, except
that the fiber surfaces of the second third, fourth,
and flfth layers had been modified to a_CWST_ln excess of
94 dynes/cm. The data show that both efficiency and
15 capacity are reduced from those reported in_Table 2 for
Examples 19 to 34. - | 3 | ;
_ 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 S, 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'optimei at 59-65 dynes/cnm, to somewhat
25 less effective with respeCt to both efficiency and W/
capacity for CWST values in the range from 65-75 to
greater than 95 dynes/cm. The Exemple'group 19 to 34
represents a preferred configuration cf this 1nvent10n.
Nevertheless, it should be kept 1n 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

R fﬂ o
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filter media, this appl i cant has never found any fornula useful for
calculating a priori the effective pore 30 dianeter of filters for liquid
sgrvice. Measurenent of fiber surface area, for exanple by gas adsorption -

popul arly referred to as "BET" measur ené®t =~ is a useful technique, as the
surfaceyarea is a direct indication of the extent of fiber surface:
avai | e to 35 renpve | eukocytes by adsorption. The surface area of nelt

bl d | -
0 oun FET uehsci Qe el Outhl hgbbad! ApLSTbATELRY lBke!
of PBT, g/cclapencwas opdtted in addi;19n4to the prevignsates. thenfiber |s

[err] (2) E*Ekghﬁﬂe(éi anig)thQ ads ement was used

As
1.38Alerr] apd d= 345A rl) 38 [err]
where L = toP&IsFEﬂgéﬂ Sﬁb%FbEr Eﬁﬁ ﬁé ?ﬁecp éﬁ£°$ terc ﬁ$%ﬂ%%%r in
centi net ebs, wds decgedséf8 asfedeh quénCWa@rnemoMednﬂfgomlint&nerﬁqés of d

o b o BFpgh iy Bb *sShatbehRERs? Lear 140, (38Uo4RTHA S5/ 21 10T o
20 superiority of the stepped pore preflltratlon system of
this invention is thus clearly illustrated.
Examples 53 to 56, presented in Table 8, were part of
10 a study to determine the preferred thickness 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 e-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 compfessed at assembly to the thicknesses
noted. - The data of Table 8 may be compared with Ekamples
19 to 34, having beeh'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.
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, the preferred range is in excess of about 0.6
mm. . - o
The upper end of the range has not been explbred,
. beyond the test at 1.14 mm. Based on post-test
30. microscopic examination, we believe it to be probable that
considerably thicker first layers up to 2 to 3 mm could
be used with good results. Such relatively large
- thicknesses are not, however, desirable, as they would
result in increased hold-up. For example, in the adult
. 35 size housing used in these tests (62 cm? of ef?ecgivejl
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;forflowthrou

porous nedi um adequately to pernmit it to be reproduced Is its pore dlaneter
(Dp). W have used a nodified OSU-F2 test for this purpose; this .test and
its node of use are described in the follow ng section, under the heading

Exanpl es. 25 Ot her characteristi Whi ch describe a- por ous nedi um
I ncl ude apparent (bul k) density i n grans/cubic centineter (g/cc)y the
fiber density (also in g/cc), the thickness (t) of the elenents of th;- :

redium  speaiddhed did CRUIHIRAEE GCH 1 %,A%y%%as%e%c%ase@r a@,la\cﬁgrr]. ® 12

terrng el enent I n square centineters
or 62 [err]"°f1(5‘|mealhy tﬁh@ é’)?arrp%é‘éﬂ m&ﬁ&aﬁﬁelé\mrb’n“ﬂ‘ﬁ?&é#@hle Speci fyi ng
t hese par arreterq-esiﬁi‘s meaffwd e ngf thle| ek gownxeh@m 10f tpr gdi ct abl e
h

behavi or mhe for te d tlon the fiber surface _
area per g": 3&5% 4%%& €&d © H& e FQQQ:¢?nFéFW]) of the

filter, 5 sbute Wsimer as wtaardd ngy ereighti bfbla wigy iamel ftlﬂetzecohplarearmval
of | eukocy Lo . S YiRhicor caliy wilth ¢ gblgfay,/weg‘zo b1yl nvention i

a filter pass two units-o 0 sofar as the’

cross sect Th¢alllamsy glement,s whicheised5%t ﬁblpéﬁeé‘:oﬂaﬁ @\ﬁep?eﬂiounl t area is
decreased, pieRGRAd MR ispadc®STFok0gel collectib@N¥RAs) netlessh®ydi Bad (C) Dp -

and ¢ defi e (1P o N et o8 ch LeykRevl,es ar GuheRVed by
10 micrometer fiber is 8.8 mg/cm?. Lower weights may be
used, but with the risk of. not providing the capacity to
pass two PRC units without clogging, which is an
objective of this invention. - , _ o
Fiber diameters other than 23'micrometers'may be
15 - used for the gel prefilter, as long as the éverage pore
diameter remains in the desired range;_ If fibers with
average diameter differing from about 23 micrometers are
_used the welght W per un1t area to. prov1de approximately
equal pore diameter can be calculated w1th adequate

20 accuracy for fibers of diameter 4 by the formula:
W= g.3 42 mg,/cm?
529

_ : and 20 <_de<'26 - . : |
25 . | ] . | o
o Means to accurately measure ' pore 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

30 6.9 mm has a pore diameter within the desired range of the
gel prefilter in accordance with this invention employs
the following procedure: - ' “
~ The material to be tested made to a welght of 8.8
35 mg/cm? is wetted by immersing it in a solution of

1sopropyl alcohol followed' by placing the mater1al 1n a




A fibrous filter-adsorber elenent for Ieukocyte depletion is defi.ned by
speci fying the density of the 15 fibers fromwhich it is nade, as well as
[err] -, t, and its CWST for each component or sub-assenbly of conponents.
Wé'have di scovered that, in a fibrous Fe@ocyte depletion filter, renoval -
of leukogcytes is acconpllshed 20 partly by adsorption and partly by
f||traE§bn; An inportant aspect of this |nvent|on is that by carefully
defi ni

d. |, fi t | but
welil "deri nod NONRER. 10 Wil FRE FESE Enldleds i 4K el a1y
| ower vol e uhéthEJ.rcpnpasexievcam hefappbiecprwmﬂ@ahdnyiuypim@kiﬁr on.

adsorpt i on.  Tht su! edufiesrhip 48! #icolof N1 O5D! A0 Holdidirs i L1

i mpor t ant econony e at the sane ti OV|d|ng hi gher
ef ficiency an@i ﬁEPFﬁchﬁb‘aﬁ?tyt’é%rﬁéﬁ%ﬂlﬁﬁt#‘{?kf’Mta%l#ﬁI%ﬂ‘r def%es

hitherto agaitatkeof£30.5 cms/ y&@ég@%m@yaozaiyd @i’ﬁiix@bl::lﬁe Q@ﬁg@%ﬂependeg
oY COTP! Sk Sk, ShabE s ST 6! 4 e LSy U ey 1
conpar at i vel ypettbeéanabatuty4 nané albodt | 6 1stcmwnyvater eslwmtesult are 35
pres 5 he ercEuRiblR B1IP S5 ACEoR 5 RN lpoplod gt ot o0
© resistance to clogging of devices in accordance with thls
10 1nvention may be further increased. This may_be
accomplished by varylng_the pore size of the
microaggregate removal element continuously rather than
— stepwise. | - |
o ‘Examples 58 to 65 were prepared as presented ln Table
15 A, and their behavior in processing PRC is presented in
‘Table 9. The first four layers are identical with the
first four of Examples 19 to 34. The adsorption 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 single preform 0.251 cm_thick
having a density of 0.252 g/cc, and, in the adult size, a
BET fiber'Sﬁrface_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 Fz’ﬁore 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 cnm
and a density of 0.21 g/cc, with an estimated F2 pore
: 35 diameter rating of 12 micrometers. The adsorption

T



s,

obt ai ned from bl ood banks which conformte Anmerican Assocjatiog;of Bl ood
Banks standards. Those -using CPDA-1 anticoagul ant were fromthe Geater:
“N. Y. Blood Programin 10" Melville, %IY., and red cells suspended in

- physiological fluid using the Adsol %tTecoaguIant system wer e obt ai ned. _
fromthe Anerican Red Cross Bl ood Services, Rochester Region in Rochester, -
N. Y. Unless otherMAse noted, the tests of the exanples were run wtfp

15 gmg rqudllrag-e%@%mulsd nae:@meatle&eéltaﬁaﬁkhe R
. bank in I S than 2 ays after .it was drawn, as this wa nlnun1per|od

m
* required Fadiation g e 2 WST &t i59uQY; W@'SW Pt?ﬁ'kocyt e
- count s WeiomprRsksdy ooy @inglealo .29 7c keiTivtyi oko pieforhy ofeldensityned

t echni ci d dat dis't f at tt ts by .
11 or ond TR hd R berk Msabe Saednlnn B L0 bage of PiC of
of wha&l emllaminerumzs.usaﬂ:e rreserhtalngf dsltioare Ishown dn Tablev®l.une) of bl ood
is 25 reported, AuAE dd Fxal 1(?9‘%8“{% g d P9y hgecounts before

and after processing are repor for- each bag separ at el For pedi atric

si ze uni eemRargdhidipdhase PEC1 tghdide HES ks 9Tsda %'&ﬁ’éet R8.| eukocyt e - :-
counts bafyy éxrﬂuaiatxﬁfe HITN Hedperdt TRP area;@cytfeorrehd&am rst 30 half of -

the bag c an a sec d,sa Ie re res t|n cond hal f of
t he bag. qﬁ‘%@w&dﬁaﬁo s %% "%&FI %ilter

ef f | aent a:nat)\oﬂ&ampims &8t tloezasl,t yh:lwcéusé:umt dimtsupemm't &os are
desi gned é:%n&ﬁf?eéé‘@ 790 14Hid° id REpAls 1%%“,”%eéa%£&°%fee content of

whol e bl o
surface area available for removxng leukocytes by

adsorption in the 58 to 65 group and the 66 to 73 group is | '\-JL
_ identlcal, i.e., both have 4.07 square meters of fiber -
15 surface area. The signlflcant dlfference between these.
two groups of examples is that the pore diameter of the
number 5 element of Examples 58 to 65 (6.9 micrometers) is
smaller than that of Examples 66 to 73 (7.4 micrometers).
Smaller.pore,diameter, therefdre, is seen to improve .
20 efficiency._ This conclusion is confirmed when Example
_ group 19 to 34 is compared with Example group 58 to 65.
The surface area oanxample group 19 to 34 is 3.29 square
meters by BET surface area measurement, i.e., it 1s
smaller than that of Example group 66 to 73 (4.07 square
25 meters) Yet Example group 19 to 34 has better ' gJ
: efflclency. Agaln, the pore size of the downstream |
.element of Example group 19 to 34 (6.1 micrometers) is
smallerﬂthan 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 a6 and 97, shown in both Tables 10 and 15,
35 provide further evidence of the effect of pore size of the

-,'1!. ¥ ._; B '..'
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normal PRC. Thus, the normal operating range of automatic.counters is 10
to 1000 tines-the levels reached in the exanples herein; as a consequence,
aut omatic counter data at these Iom1|qu¥§_gre not 5 reliable. Counts
wer e therefore done manual | y usi ng normal™ chanber’ count techni que. Bag
(i.e:,;influent) counts were deternined using a Mddel ZM Coul ter Counter.
~The gehyentional centrifugal nethod was used to determine hematocrits. 10
For_I thhe exanﬁbﬁﬁsﬁi'eh?i &ééﬁéﬂgt i2=oﬁs/m1‘:ea ngnt'i'ﬁﬁiewehegﬂdt gom‘ agd e | eh
applL.ylng a pre Le apout 0. . Lot 0 el ther -
byphand,;or_&f%§2595?XSSBPF??ﬁ§p%u&?&ggeérﬁggg?gfgfgéboﬁﬁe0§g£ﬁﬁﬁg%ﬁ_mas
det ermi red boft Bxampdebeét andr afigéiffepr fxonr thatvekopsamplieswp8h6Sanual -
conpr essi on ghy{henbkpgd.bag by three randonly sel ected | aboratory:
technicians. Primng tinme. is defiped as the tine required for filling the
test housPng mﬁth(PguiaFeaﬁﬂsPBPt%ﬂ% ?1%?6“?ocPPFPiPﬁelﬁﬁ§eF%Eﬁrdr?%g
gh_finber ﬁ/ 3.f:lié|_e_1éﬁéﬁﬁ?<asaeighly Ris a totEDrsE;sﬂaﬁ{aeafrléalﬁﬁ%_321351?%1{e head
uring the tests agjusted_as_requir t 0. nai nt.a w0 cc/ mnute
for the adul i (020PY r ThéshbFedSe ROtk (EinpfteE P thr.afiararirt” 52
[err]) devi celementiuisng.& mécromeébepsessure required to maintain the

required 4 or 2 cpbBbitbethboNuRotiREERENy 18020 £ibbidshipasHr Srdgad, or
about O.1-kg/[e[r?égkt.mas he%gga; t atf%¥es§%re unt?k ?lgm/?eﬁg to bel ow
respect i ¥8| yavaslapls fernpdaprptienvppdnthedss smalles thacknesfi nat ed.
Thus; if the(binab tbow.bsn aﬁ'¥ pdpkampileseoei anacpor pegrbemhave exceeded 1.
colmnute of QuniFlciitTy " BeEebL ehak Whdhbl s °58°t8Meh: 2rhe®' e Pl ood
A, improvement can be due only to the smaller pore diameter
. of Examples 96 and 97. - o

1% Examples-103—106, shown in Table 13, were prepared in

- the same manner as examples 19 to 34 of Table 2, except

that the adsorption element was compressed to greater
density and smaller Dp (pore_diametef)_- Four tests of
each denéity of this group were run using PRC derived from
20 blood drawn 2 to 4 days prior to the test. The tendency
of this rélatively 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 objective of passing two
units of PRC prior to clogging. Parenthetically, all the
tests in 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 transfuéion,'a-lowef
'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 1guko¢yte r?$°g§;43251
' RS CALS S




been w t hdrawn from the bag, and the devi ce was- not cl ogged: ti fzhe- fl ow
rate during a test fell to or belowthe linmts hoted above,: the “dévi ce was’
consi dered to have cl.ogged, and the residual weight in the bag | s.reported.
- 35 - For exanpl es 169-210, pressu Wead during the tests- was
adjusted as required to maintain flow of 6 cc/mnute. If during a‘test,the
pressure required to maintain a 6 cc/mnute flow rate reached 115 cmy f

Fluid | abowt ) :
1 un?:l pres?&ﬁg?nganggée?Qa#1f§%%éi§ﬂtLﬁig]of Eu%@%cgegghg R? pres re
" termi nat ednoted aheveel whilef gpmanlerytes are Eaggﬁasthé§srpﬁan 30 cc, -the

filter wasceszmgl dfgﬂﬁhbe vBa¥e GHEERSEHUhbYmATSGRB1ENBN 0vdi hc@buRBC, as t hat

B et 0.k huk o abl ol PRRCh SubohyoRs, AP BreREbLacEobeg or

bl ood os PEEeused telldefnrgimati on of influent characteristics. \Were

more than one u teQkiR oggvg %?g:g@st#§§ddiggas ggrei@e§5§egggn

. sequentially an mere I ndrvi an éd” 1 Leukoc yte
( \BC) counpgsaiblﬁeﬁérFé@uﬁerth¢c b@?@ehOQQ'H?CVQﬂpﬂérb@qGEP§t13ferr]) of

fluid. D beipaped’ 9LtROHRAN ﬂe§a$89€0f69”1&n€0!3¥ coﬁgarwacwﬂﬁnrelatlvely
fresh bIood to count. = 50 for tests, us#gg ﬁ¥§ 10 to 14 days
old. 20 = Examples.68.kn; L3¢scTnPRe RECRLIGRLELC £408Bpnetfli se not ed

- of dismofOénfeﬁé.ieduéﬂhgnthercégt uSetfanghasmnglatsdngaezandevbye and
88.9 mm di afBher <31 +8586M5 4. T8F Héfe'ﬂa&@& 89“£}e§ 6% ﬂ%&b&%a1 The stacked
~ costs and blood bank pricing. _ _ _
| Examples 74 to 78, presented in Table'li, were run at -’
a flow rate of 4 cc/minute of PRC in filter housifigs with |
15 32 cm® of effective flow.area, in this respect equal to
the pediatric size of device, but with flow rate and total
quantity of fibrous medium equivalent to that contained in
the adult size units of Examples 19 to 34 (a preferred
configuration); ‘This was accomplished-bY'use of éight
20 layers, as follows: -Thé first and_second layers were
each identical with the first layer of'gfoup 19 to 34.
The third layer was similar to the second.layer'of group -
19 to 34, but used 15 mg/cm? each of 15, 10 and 7
micrometer fiber diameter medidm which were laid up and -
25 hot formed to a disc 0.15 cm thick. The fourth, fifth, U
sixth, and seventh layers were similar to layers numbered
3 and 4 of Examples 19 to 34, except that they were
cémpréssed respectiveiy to preforms of density 0.18,
0.20, 0.22, and 0.23 g/cc. The eighth and last layer was
30 equal in fiber diameter and density to that of group 19 to
34 but twice the weight of fibersrwaS'ccmpreSSéd to a
preform of twice the.thickness, i,e.;‘to 0.304 cm. The
data resulting from tests of these assemblies using PRC is
- .shown in Table 11. <Capacity is seen to be adequate albeit
35 marginally so for fresh blood, but is quite inadequate for
et
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| ayers of elenments, with a total thickness of [err] were 25 assenbled into
a housing as described above, with a clearance of [err] between the faces
of ‘the two plenuns, i.e., between the tips of the ridges 26 on the inlet.
plate 20 and the tips of the ridges 34 ©néfhs outlet plate 31, as shown in
Figure-1. After piercing the blood bag, the 30 filters were prined by
manual, essure applied to the bag, or mﬁth a bl ood pressure cuff

pressuryzed tq, g‘ﬁoy SBLE Ve Q:h%rkg% assa x&ﬂ%% ﬁckﬁ}é@%ﬂa packed

red cells was passe gravity and produc e manner
‘described in tWiprghesr Rf faanpdes 1% tﬁ&ﬁ@ﬁh%@dvantag_%s‘é% Winged

cells due to aﬁwrﬁw@rwﬁp qQUINSYY and\Qygsk P eac| #ikrole wiriRet dh
For the exanpl.es 16 - 210, l.osses due _t o hal can be.cal cul ated as =(47th

+ 12)cc. Pore Hi% G§ Miyh (13nasr cress geck pél S5 HERG: FREAF SRR i ed
OSU F2 net Hod and éBxamplems t29] tas 8he piredientcerinnfTahkel Iy tshave datanhi ch

99. 9% of the i L Gl 1 JSYWP ggq F2 ki ng
pore size. masﬁmﬁﬂéﬁgkﬁﬁéigrs%o %qﬁ%e dglg%d in
the 1970' s at KPR VAR &5 iafy theswholsg (b tRagked; red -
suspensi on of el B tudedi Bl tHe SHQAMUPAWESAWErd i WA FtEle-e.L t;ﬁ&icéésédﬂ i's

pastedtoun e e g e dyzed
by aut omatia pantn-némtsaigsmé dro tinsireasentthe pexfidd \dumtngrmha.ch the
Phnet£oted B3 S A AL YAl S S ene.
In CPDA-1 whole blood or CPDA-1 PRC, the red cells are
Y _ 'suspended in plasma; due to the higher red cell
 concentration in PRC (hematocrit generally in the 70 to
15 80% range), its viscosity is quite high, and for this
reason capacity for PRC tends to be less than capacity
with whole blood, for whlch the hematocrit is lower, and
‘viscosity is much lower.
, . Within the last several years, a new class of blood
20 product has been developed in which after centrifuging to
_eoncentrate the red cells to near to 100%, they are
resuspended in a saline solutlon contalnlng preservatlves'
which extend the useful life of the red cells by about 7
days compared-w1th the CPDA-1 system. This class of blood
25 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 andfmay'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 phy51olog1ca1
A _ fluid, viscosities are even lower than those of whole
| .blood. Examples 79 to 85 used the form of device employed
35 ‘in Examples 66 to 73, all run on the device sized for
.i‘ ," T



e e

the filter industry as the beta ratio. The beta ratio for each of. the five
or nore dianeters tested is plotted as the ordinate against. 20 particle
di aneter as the abscissa, usually on a graph in which the ordinateis a

| ogarithmc scale and the abSC|ssawégeL[err] scale. A snooth curve is then
drawn between the points. The beta ratio for any dianeter w thin the sange
tested can. then be read fromthis curve. Efficiency at a 25 partlnggr
particle diameter is calculated fromthe beta.ratio by the fornul a: ™s

Effici er;sqdwefsenéemi@@(l 'l!l‘lbeﬂa‘};a39how fau&u@ssemlcemah‘cebeha 1000,

: efficie 99. 9% | ess ot st ated, reanaI tin ited in
. the exa2%¥§glp?£g% te ﬁ%+5?n E %EP? EP@ Xﬁ@?&r?frqgwﬁlcﬁ%beta =
1, 000, hmncessthe 23 fare enoy thethestepaeaerteﬁlE@&mcnﬁeﬁhus 99.9% 35 . -

In the qu h@foEZ test, efficiencies in the range of from1l to 20-25
m croneters 2 4et er m ned using as a test contam nant an aqueous .
suspénsi on of Dei¢eschaeing dtbe, canfidgurationsi oifobxatgpdessd@pltioed by the.

AC Spar k3£’| ug %Cegp@sly 667487780 4ag OEnéyep%a%bow usifgdypbiien vater was
m xed unti di spersion was stable. Test flaw rate was 489 to 1111

liters p%¥°€ﬁuﬁ%5h RA-} santi-20RgRl aBES p@?hﬁwﬁeFewﬁéh ¥QSREE oot ) of
filter aeeacapaéﬁﬂgeameéfﬂmd:sbnéﬁewéeeu bhe2b21yN2lidabedtolRBedat a

PPl cabl gL o SXABLESed: 168, | GaBhpogiagees 10 ol fows: &) hata
' 10 ' Examples 86 to 95 are presented in Table 14. Example
80 was not actually performed, the data entered are the
averages of Examples 15 to 34. Examples 86 to 89 and 91 - N
to 95 were performed ‘and are 81m11ar to example 90 except
that the adsorptlon element den51t1es and thicknesses were
15 varled while the welght was held constant. As may be
seen in Table 14 the pore d;emeter is a critical
determinant of effieiency; which for the first unit of PRC
transitions from 87%, at a pore diameter of 7 micrometers,
to 99.2% atp6.3 micrometers} and to 100% at 6.1
20 micrometers; Leukeeyte removal efficiency .for the second_
unit of PRC_changes in parallel fashion, from about 70% at
6.7 to 7'mi¢rometers, to 99.6% at 6.1 micrometers, and to
100% at 6.0 micrometers. From these data, it is seen
that, for the adSQrption element of a device made using o W
25. 25 mg/cm? of 2.6 micrometer diameter fibers, a preferred
upper. limit for pore diameter'is about 6.7 micrometers,
while a more preferred limit is 6.3 micrometers.
Below about 6.1 micrometer pore diameter all of the
examples in this group showed essentially 100% leukocyte
30 removal efflcxency for two units of PRC, ‘and while there
are some instances of clogging, satisfactory data are seen
at as low as 5.7 micrometers. Hence a preferred range of
pore dlameter 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



to the adsorptive and filtration capabilities of the exanples are presented
in Table A b) Behavi or observed whil e processing blood 15 products
through the filters is presented in Tabbfgs=1 through 16. The data of Table
‘A are presented as follows: Colum A |lists the exanple nunbers and the
tabl e nunbers in which the blood data are presented. 20 Col urm B

listsy the sequence of the multiple individual filtering elenents, USE |
eac hzfst askessyribedrhin Lﬂf‘ﬁlﬂ%aﬁ*n geihgserexamples cHeRt PHERDE? o’nle)
exanpl €s 1- khifnalNhSp Saéloﬂﬁﬂn;ﬁm@rsaiﬁfo ars y| éxcépodedabetde edqmmnstneelaxPET

The remai ni el enents a t_bl P
m cr oaggr eg Fenbval "t e emen nirg%’prl SES %a%%és g 9!‘2% %%ei@e%%d‘; 45 wth
2a, 2b and mMmemnprestwcsm;gemmcqmpmﬁw@ tabkbeckhigknesses Ads 3

and 4 hOt ﬁ Sﬁ&@é&t el'ﬁ’otd—laﬁ{rééé éf‘@aagﬁofﬁél Qﬂv@'@l@nﬂéntéor med -
as a si ng e ayer by hot 30 -conpressjon. gl ber_surface

areas in uni¥’ ‘e sl?ﬁf%%%tm FiZH S HAS bﬁi‘:nﬂ 2) Y’P%FE %?I]é RYERRFTS

apparent (byk)cslfpstises (Fefhitabxd m)arEBaDeﬁlsﬁesCﬁbuBmlE | %t $nel ement
thi ckness, in centineters. Colum F lists the. 3,§ E gsurfg&e ‘area in
eBlenfh, Hfn

units of - squF% ABRLE 5380 et BAY bet?l%e'elelﬁe A4 x t o x 62).
Colum G I Séﬁfidajaexf.d:bes of aveaerfor mmutmeemfsbrraBETsaeas@rmhs of

sunface Area (Lot haielenord il et Letsh EhBGeRLETS). except for

mlcrometers, this 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 diameter 7.4 micrometers of Examples 66 to 73. From these
data, it may be seen that a preferred value for the upper
~ 1limit 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 1s about 5 to 5.5 m1crometers, and a
more preferred limit 1s 6 to 6.5 micrometers.
Taken together, Examples 19 to 34, 58 to 65, 66 to
73, 86 to 95, and 96 to 101 indicate a preferred F2 pore
25 diameter range of 5.0 to 8 micrometers, and more preferred
o range of 6 to 6.7 micrometers. These limits of
preference are discussed in more detail below.

The Preferred Limits of Pore Dijameter
30 | ‘ |
" 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
35 using only fresh PRC, a low limit of 4 micrometers was



et

'5 m croscopically. Colum H lists the pore si ze as deternined.; l}y .t he

nodi fied OSU F2 test, in mcroneters, also excepting the pore di’ ameter of
the gel -prefilter whi ch was estl mated&gcroscopl cally. Colum T I'ists the
CWST val ues for each | ayer. ' npl es 1-18 were nade as indicated
in Table A,  The CWST val ues Ilsted are those of media of which the _
surfaces had not been altered. Exanples 19 to 34, presented in Tabl e\é

1%t o

were al so %f@%fw ﬂ %g ﬁlcrgxnetée‘i%e c&]&esj ﬁatrr‘@ i denti.cal

t hat of Ex € m croaggregate fllter was |dentical to that

" of Exanpl es 1 t (blg Basss qmaxa.mp% Bﬁadﬁ%tﬁ%ﬁfgﬂ'éfhléj% R/NCWEPEFT 59

dynes/cm TRt fdh @refiidPomrterde rwtalsc Hedrp dd Preferpariiphathl 6.3 18

except that jt vva radi atiion grafted to. a T of dynes/cm 20 -
Exanpl es 3PAGFORELRE BARS PEETOFRERe 3 ASr@id 9HeR N REmP vy as Exanpl es
19 to 34 ememontétﬁrs hmmtpﬁnﬂier&eﬂndvﬁﬁm;seras nhia-dxetrersadicatel on grafted
to a CWBT. (g her t han 59, were tested usmg whol e bl ood with CPDA-1.
addi ti ve. Kverage efficiency for the second unit is 25 substantially |

“reduced conpar ed Gl t [Fhehdates presested ded Table: dif Siggest @ Fange
(Efficiencigs filyhawead tMdrh 6M10|t% l8l. 0shidrdntitidt PRs st prazevired);ul | v

conpared beca whol e bl |s a _dilyted formof P es 39 to 42,
present ed iTHE Ei':i’(ﬁre' 5“?&% l&s %ﬂ |5§g'7)éelql;§%% P ustrate

t he ef flect anfe iffaxr em:m tﬁ’lﬁﬂﬁ’? @froti]uet:elammniaeblce‘ dscaplteisl9 to 34. The

m cr oaggr e -q:;w Cﬂgi g th gn- el enent
had a C\/\Sng'Ifl %nes eeéseri%o%tr?ﬁg?%g tegl‘:l)%&ni es 19%%% tef’f capacity
and 35 ef fil® dwstifiiededuced. o
(d) Finally, a review of examples 19-34 58- 65,

, 66-73, 86-95 and 96-100 taken together indicated a -

15 preferred ‘range of 5 to 8 micrometers, _and a more

preferred range of 6 to 6.7 mlcrometers. _

As to the’ low limit, since some phys1c1ans prefer to
use only fresh blood for patients such as those with
disabilities such as thalassemia, a preferred'low end pore

20 diameter should be 4 micrometers. o

Taken together with the other cons1deratlons llsted
above, a preferred range is 4-to 8 m1crometers, The lower
part of this range.is preferred for use with recently
drawn PRC, while the upper part is preferred for use with

25 older PRC. - . W,

The dev1ces used in Examples 107 to 168 (see Table
16) were prepared in the same manner as examples 19 to 34
except that the medium used to make the gel prefilter had
been scrubbed and rinsed and therefore-contained no

30 surfactant. Examples 107-119, were prepared with no

surface modification, and had CWST of 52 dynes/cnm. |
Examples 120 to 168 comprise elements which, except for
the gel prefilter, were radiation-grafted (using nixtures
of HEMA and MA and a minor aﬁouht'of‘tertiary butyl

35 alcohol to assist wetting) to modify their CWST values
'.-:, ',l__ "? E i »
R :}
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Exanpl es 43 and 44, presented in Table 5, further illustrate thesgfifect of
i ncreasing the CAST of the m croaggregate renoval and adsorptionielenents
of the devices of Exanples 19 to 34. Exanples 43 and 44 are 5 identical
to Exanples 19 to 34, except -that the cvgﬁ of thé second | ayer is. 81 -
dynes/cm the third and fourth layers have CAST's of 77 dynes/cm and the .
adsor&;%on.elenent has a CWST of 81 dynes/cm The data show t hat :
efficyency fo e c nigt of [ reat | du ] anpl es .
45 to. 48, pr eé‘é%?e’éﬁ:éng%g%%ef%?m \/\Gleéraﬁ u%osgsc?ﬁ%e %éeg'cpﬁﬁlcé%égt?%ﬂst%
Exanpl es . 19 tabgdncexefpsurfiactant frowerthergelaprefilter scnmhdthedrd, '
fourth, and fihfpih yeﬁéwfféwgfn ﬂ%?dt; 188 190 aEVHs i e pfid4
Eping that both e pled

dynes/cm' The data”show |C|en9¥ and 15 capaciiy are reduced
fr'om t hose r cpERFEEUFHIQRLER exanplesabdh %R 34-to 34. Exanples 1 to 18 of

Table 1, Eganples A49116f3¢héfedaipFesd 10X P| P68 FBhowedd106% TPdneval of

20 To a8 of TakeSredorer the EEE itk ge Wad padied, apd e TON it
wi th the C\WSTavenggegeffiboiédcy uimoehidh egyoup Listedrinfbablel L§nfsyt cm The
results obtaigﬁg ¥3£¥n3&ﬁ§}£§%ﬁc%£ﬁgh inal at 52 dynes/cm ‘to optinmal at

59-65 dynes/cnt t0 Ssone ess effective with respect to both
efficiency and caplti i§ seenGasTaklecks i thatclegging rpni @5- 4 Basspgait er
than 95 dypeségmwdhenEE8NBEusE Gt Ytda i I EPEQEENEP Whéx efies rewsT
conf1guratlonogftﬁglﬁiigggnéé&ghm'is below 75 dynes/cm. This may be

o related to the surfaée tension of the PRC, which, as noted

N\ _ above, has been reported to be 73 dynes/cm for the plasma
. and 64.5 dynes/cn for the red cells. . - _
15 ‘Based on the data of Table 16, a preferred value of

the CWST of filter media is in excess of 63 dynes/cm; a
more preferred value is in excess of 70 dynes/cm; and a
. still more preferred value is in excess of 75 dynes/cm.
-~ It should, howéver, be noted that the data-for ali of the
20 examples are better than any product now on the market.
' During the course of preparing examples 1-210, filter '
~ assemblies with CWST's of 54 dynes per cm were made'and
tested with satisfactory results; however, CWST values -
‘only two units different from untreated PBT fiber are
25 considered marginal with respect to maintaining consistent
' performance, hence 54 dynes/cm is a less preferred value
" of the CWST. | _ | | '
| The needled web used in examples 169 et seq was
scrubbed prior ﬁo use to remove the fiher'lubricaﬁt,

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.
e 35"_ " The filter_assemblies used inigxamples lf?—;BSfP

st
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hbvertheless it should be kept in mnd that all of 30 these exanples are

superior to al | currently avail abl e devi ces for bedside adm ni-stration of

red cells. Exanples 49 to 52, presented in Table 7, were prepared in the

sanme manner as the pediatric size examppes of group 19 to 34 except as

follows: In Exanple 49, the 35 gel prefilter elenent was omtted. " |

Exanpl e 50, the second | ayer was also onmtted. In Exanple 51, tHR;}hird
|*

| ayer was onitted in addition to the previous two. In Exanple 52, on t he
adsor pt i on Palesested dan Tabde A, nEpuprisednthyeeapreferoshe vol ume’ passed

-.prior to cloggi %15 O%Chmed aaeeaehel enemmmewirvaaedkéam an
aver age of 308 The superlorlty

of the steﬂ&@fﬁ&ﬁ%? HF%?%%FFﬁF%&ﬂ E?gygnyaﬁ Pﬁ cFﬂ?@%ﬁF&ﬂ 9 Bhus cl earl y
i || ustrat edhicknusscof53076 ©f. pFesepredorm habber8twegr @ payerobfl0 a

study 1g deeLleulie P Leheahd £ ek Be8RetRR0% 087! Bochs! naeaiLh! e

el enment 7 t hé I on oOf 0 renove | arge aggr egat es,
t oget her winoR-yieyenewelyyasgindd ANEEhaaRE §E@ﬁ6§6riﬁVPHéggeféberThese

exanpl es UggGmdtdrdh do%flt /&fﬁéd uAgRHFEEAImBOR- Mb%h wepg aadu&hagtwo

B bpor t 1 oniy SHEEE T8 56, edEbr Bhch FRieRaragofg: Bs 388 BR-assembly 1o

t he th|cknam&esmmahe¢MdTb&e¢atnSOWefebbemBinnﬁ ha theparderwilikt&danpl es 19

A AR AR hoobl SEERNTSRCKIEOLasb W bE0CCT Lo

th|cknessegm§/sgq¢nd. pressure drop for ten such 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/cm?; one layer of 3.0
micrometer diameter fiber at .0052/cm?; one layer of 2.6
micrometer diameter fiber at .0063 g/cmzt and four layers
of.2.4'microméter-fiber'diameter'at”;0061 g/cm? per layer,
all seven layers caiendered in assembly to a thickness of

20 0.296 cm, for en'average density of 0.145 g/cc.

Ih the above construction, the first'and'second
preforms together constitute a first,elemeht, denoted the
gel'prefilter,element. The first three layers of the
thlrd preform constitute the mlcroaggregatelremOVal

25 element, although thls element also contributes to removal o’
of leukocytes by adsorptlon. The last four layers of the
third preform constitute the adsorptlon 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
adsorptlon element,_each of the three microaggregate
layers was underlald prlor to hot compression by a layer
of an open pored ungrafted separation disc. The .004 cm
thick separation discs had an average pore diameter "

35 greater than about 100 micrometers, ‘hence had no



bel ow 0. 56 nm Exanples 19 to 34 have a gel prefilter el enent thJckness of
'0.90 mMmm A number of tests run at 0.65 and 25 1.14 nm have showh>wery
nearly equal results. Based on these data, the-preferred range i$ i-n excess
of about 0.6 nm The upper end of the Lagge has not been explored, beyond
“the test at 1.14 mm Based on post-test m croscopi ¢ exam nati-on, we
belleye it to be probable that considerably thicker first layers up to 2
to 34mn could be used with good results. Such relatively |arge thicknesses
are not, homnitﬁa:anmtﬂﬁieqtsdrh@pnﬂmMmmstdﬁ tihre iassesddod lodherup. For

.éxarrpl e, int Cgllemfém% i gf?d ¥ NJdESe HY ©nl.62 ARG

effective- - ar ea mm’in thi ckness | ncreases

hol d- up vol urRsggrikpl ke S0 %%Pairﬁ@ré’e%'@ usagedpn @ide 9t e exp@Ples ere run
using the makgsgiyp1d. BWtﬁ% hdan@,34he Nayeie g@wrﬁadﬂlqr sRipaiaitiegrade

at the S ISkl Aaaieligs YR B Bl el MBI nd then
el-ement, whi dfestsih tldydesy nusbersdgn 28 @nd mncdia the elsipst prieforgel
ST 55 10" migkbEres Paketdkh PREAY of WAL URL SR WA O3 D
"with the ri s@Mrmtqrmlmmg:hmgmnw greypa L tmwﬂ@mq S’émiteltfout
cl oggi ng; Vm'ﬁb pSréuiady el 6.% td B9 i%roneters among six
10. sample groups. The three preforms when assembled had a
total thickness‘te'of 0.474 cm, and these were assembled
.into a hous1ng ‘with ridge to ridge clearance tj of 0.444
_\J’ cm, thereby compressing the element assembly to 0.444 cm.
'Examples 169-174 presented in Table 17 were performed
15 using PRC 24 days old. All six tests successfully met the
cr1terlon noted above (i.e., less than 30 cc residual with
pressure head of 115 cm of water and flow rate < 1
‘cc/minute) . o
Examples 175-180_were performed with PRC of average
20 age 34.5 days; five of the six tests met the completidn
criterion. _ |

Examples 181-186, run with two day old PRC, met the
completion criterion, and more important, show 100%
efficiency of leukocyte removal for the first unit, and an

de/' 25 average efficiency of 98.8% for the second unit.

Examples 1-168 describe devices for use in removing
leukocytes from PRC, but these examples are directed
primarily to use with telatively 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
used 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 antl-coagulated with
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m-and pr.e fheen abour
devices, one for fresher and the other for older PRC.-

Thus, to be more practically useful, a device intended for
use in hospital bedside service should. experience at most

. a very small proportion of. instances in which the device

15

20

25

30

clogs prior to delivery of two full units of blood even
if those units are near or at the outdate 11m1t beyond
which they may ‘not be used for transfu51ons._ _The same
device must have high removal efficxency with PRC of all
ages, preferably over 99. 5% to 99. 9% for the first unit
passed, and over '95.to 99% for the second unit passed.

The test_articles'used for examples 1-168 are similar
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 prefllter,_and the melt blown
components are generally similar with respect to pore size
‘range and CWST, but d1ffer w1th respect to the mode of use
of these components. ' .

The gel prefilter of examples 1-168 uses a single
layer of needled non-woven, whereas“the.components of the
gel prefilter.in'accordance_with-examples 169-210 '
preferably use two layers of-needled non-woven, in
addition to a third layer of melt blown web. Further, the
densities of the gel prefilter of examples 169-210 are
substantially greater than those of examples 1-168 and

"the pore diameters are smaller.

35

~ In examples 187 199, shown in Table 18 the gel
prefilter of examples 1~168 was tested 1n.combina;ion with

cm wat er
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-523?222 ?Z ;icgié:ﬁggdmﬁghnfﬁns ?% whi ch the resistance to cloggi ng of
-de danc I's i'nvention may be further inc :
Jgkgvg?yeFe acconpl i shed by varying theg_pore si ze of the nicroagé?gag?é
emoval enent continuously rather héd St epwi se. Exanples 58 to 65 mére
Ps Bresen?sdpresented in Table 15 A, and their behavior in processing PRC
riesented in Table 9. The first four layers are identical with the first

fourgof Exapgpl 1Q : A
of - 4’-“__L_5/_m C?gﬁ&e ix}%%g%%}g%%gawepi‘éiQ_i{%éi-oan&' eRenadeorptivn elemppts| ayers

5 N, _ irs radiation grafted .
{hen hot” 200m exsmmiessagsc3sor SPagrBLbRd: bher gosbtrabe dee ur e
1.77-squaféqﬁ§§%f§@E§# R tnl &htheoadnntcmbzeheagBETPFFEéﬂt§ErF@EEQg ea of

b enpranacty o U8 B 35,15 pilapn s seamm el et e of
.;guar e mers. Maﬂp]}éﬂ lmH-GIQStIae'ef thas Miﬁg@v%f@y%%m@esws 4.07 -

3, al so presented in.Ta Do A -9 CL. anples 66 to
that the thi¥ePHHee d'f’r%ﬂbﬁlegs %rctﬁgent&'ggﬁﬁ{fgwr@ﬁ@* &f et 0 65 except
conpr esseq tlersygiegate et ds MERETY Gy il Hiadi ber e, 50
| aygr V\-B.S'I: ﬁne g‘ﬂlijesxlgﬁé'%ﬁ%ﬁ?ﬁg{iﬁﬂfﬁ%ﬂiéﬂgﬁuﬁﬁ@@}eﬁaq e fourth
0-061 cm ancoee BEHERES- of PRE AVGRE A8 1D B Bt S 171 fr £ 5o 0 anet ¢
rating ofg12i 48 gsQaRtLaBly ddpeandior otdn, respective?ly S0 PP Srd 0o Y AMELET
- ~ days. The gel prefilter of examples 169-186 showed only 1

: - of 12 clogged, fof,a 92% success ratio. Examples 187-198,
Ao which had pbeen assembled with the gel prefilter of
~ examples 1-168 showed five of twelve clogged for a 58%
15 success ratio. The superiority of the gel prefilter of

exaﬁples 169-186 for use with older PRC is, therefore,

clearly demonstrated. . _ : _
Compared with examples 1-168, the pore diameter of-
. the adsorption element of examples 169-198 is larger, with
20 a preferred pore diameter in excess of 6.5 micrometersf
" examples 1-168 show preferred ranges of pore diameter in
excess of 4, 5 and 5.5 micrometers.respectively.
The effect of using smaller pore diameter adsorption
elements on the ability to successfully pass two units of
, 25 older PRC is shown by examples 199-210, shown in Table 19.
— These were prepared in the same manner as examples 169~ '
186, except that the preform comprising the microaggregate
and adsorption elements was hot compressed to an average
"density of 0.192 g/cc, and the_adsprpfion 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 with fresher PRC. ' _ '
The tj 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 thibkness as in



el enent, conpr|5|ng five layers of 4 5 microneter dianeter meb radiation.
grafted to.a CWAST of 59 dynes/cm was hot conpressed to a singte:0.277 cm
thick preformof density 0.229 g/cc and an F2 pore dianmeter rating of 7. 4 5
mcroneters. The resulting data are- sigown in Table 9, The data for :
Exanples 58 to 65 and 66 to 73 are conpared with those of 19 to 34 anq 96
to 97 in Table 10: The performance with 'respect to | eukocyte removal™ "}
efficiency of Exanples 19 to 34 is clearly superior to 10. that of
58 to 65, ®KpEBles 26PmlBS-superior to Exanples 66 to 73. This is
surpri sing, beCQH%QabEeagérEﬁcﬁhér?ﬁcaﬁééhahheeiamplégDXQQQZh5U¥9§ytes by -
adsorption |n the.58 t g£oug and thg 62 ' g g I iﬂlde ti i.e.,
both have 2207 98¥8re e? Br ShP¥ciha Ber afetuplye cipgdedynfPrcant -
di f f er enceabsueeesst ratdot o gstupsThiseeamphfeS|wzthaa ratipoog g2aneter
of the pu t np r smal | er
Chan ' hat S rcoxERPIERL18h- HAIPLAT 10010, OPne a8 BLPRTTLEOE LReT T O
t heref ore, 1?§9§§e90r6 ﬂwmeVerzof exﬁmkleﬁc¥69°1ﬁﬁs c@ﬁaﬁagugnth.c@nflrned

when Exa”pbﬁeQEQQlego%Q aiamétEQ”P@ﬁ e ¥EtBnExarnventi8HPi58gk8afsy The
I s-3..29 square neters %y BET surface

surface area of ang groug to 3
area measufFBABnP .2 BACropetetsSeny| | er than that. of Exanple group 66 to 73
(4.07 square 251n§bfatshs tnbtuﬁyenpéﬁdgoﬂuphé9ranga4ibaeoheéfﬁéd

efficiepcy a p r anpl e
group ig 6t3&g ggilépgﬁoﬁé & §§S QL £?§£ g?ngﬁ EEEQ rJig%group 66
to 73 (6. 9eﬁﬂmﬁoﬁepeuéﬁ b¢hb“§§ﬁ%$€@|bm vehlthhgvgelﬁrumnrpmaterﬁe 30
smal | er poﬁﬁ1ibzﬁa@hthhﬁlﬁéSQﬁBEtQRtféfﬂFnéq@&ltEffi@iéﬂc§4 ﬂ&@&@efs thQ_J
factor which account% or_its_superior . ,
. We have not explored e range above 8. 2 micrometer
» diameter because of the undeSirability of increasing the
15 hold up volume for the benefit (lf any) of still fewer
instances of clogging with very old blood. Nevertheless,
it should be understood that a device w;th pore opening

larger than 8.2 micrometer, or larger than 10 micrometers,

 would fall within the scope of this invention. _

20 Human blood, both intra- and extra-corporeal, will
under some circumstances form “rouleaux", a temm 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 N\
viral infection, for example influenza, or the common
cold, and some belief exists that the 1nab11ity 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 this phenomenon may account for the larger

35 pore diameter required to prevent ciogging by ol@erj?lood




performance conpared with elenents of |arger 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 downstream el enent. As noted in Tables A and
10, "and the descriptive par.agraph devoted to Table 15, the structure of
Exanmple 96 and 97 differ fromthat of E%Ehples 58-65 only in that: 5

(a) I{etadsorptlon el ement contains less fiber, and the el enent assenbly
has a

f 3. T di ¢
t he adsorpti on té? e&ﬁoer%t%é)% e]13en[e§{€ ]df (tm]Dse ‘t?ééﬁ{lhe Spore ameter o

i croneters ubstantially
smal | er fiber surBaiden eanlt!lh@vaanmbl@ﬁmnadsbr paisors tafked hshatsnad 4 er

t'hi ckness (thxl%a§ %Qe35haaly Eé@@plt%a W ALY Méﬁw&ﬁ %kaﬁeéy

béetiter than . nprovenent. can be due only t
smal | er . por é%l%“lﬂl’oﬁh@(d?iblﬁs‘@@%ﬂileﬁatl@r than iy 5} Heration o,
shown in Table 13¥hever@ipepsuedsi noffhe gpine nbnventonexavpifdrmlo tatB4 of

Table 2, t hat the adsor el enent_was_co e reat er
density andclseﬁihq q"‘ﬁp %rree V%g%é’r ém%%tfl?r&tgagf gzgghﬁ%ea%s ao % 01 t hi s
group were risamieny Fﬂtablerpaeﬁwubm‘m Ebsodedadivelyt ¢ erantiy pdltaﬂnto
the test. Thidendedrycoh bBI %efn%lv@h' Valth fécﬁm PRE - e%%@&eéépﬂmagcys

| ess than:with ‘ol der” bl ood, such as was used Ieast gart for .the

tests repor taif el ¥tiher EeRNCEtn. brediar 2088 Tgbqee 1@0| nB ¢drBPt hdY V\/I"%.n

used With ‘combination of adsorption and filtration, provided that
' the pore size of the last element of the device is in the
preferféd diameter range -and that adequate prefiltration
'k—( " has been pfovided_ to prevent gels, mic:oaggfegates and
" other components present in the PRC when it is reéei_ved
" from the blood bank frqm reaching'the last element..
' ' This'-'application is = divided from U.K. Patent
. "Application No. 9123781 which is in turn divided from U.K.
Patent Application 'No. 8824581 which is directed to a
dévice for the 'depletion of the leukocyte content of a
blood product comprising at least first, second, and third
porous elements 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 = element -including means for  removing
microaggregates, and the third element including means for
removing' leukocytes, and at leést- the third element has
been modified to a CWST of from greater than 53 dynes/cm
" to 1less than 90 dynes/cm; -and to a device for the
“depletion of the leukocyte content of a blood p:oddct
~comprising at least ‘one integral ' element preformed of
synthetic fibres, the surfaces of said fibres having a
. modified CWST of from greater than 53 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 which a fibrous medium has been
radiation-grafted and thereafter hot compressed to form a
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second, and third- porous elements preformed to closely

controlled dimension, _den51ty and pore size with the

second element interposed between. the first and ‘third
elements, each successive element haéing' a smaller pore
diameter than that preceding it;_ the first element
including means for removing .gels, . the _sedond element
including means for removing microaggregates, and the
third element including means for removing leukocytes.

This specification also contains subject matter

related to UK Patent Application No.9110881 directed to a

method for determining the wetting characteristics of a
porous medium comprising applying at_..least_.one or mere
drops of each of at least two different',iiquids having
different but clbsely spaced'surface tensions to different
locations on the porous medium and if necessary repeating
this process until, of'-two_ liquids with neighbouring

surface tension, one is absorbed into the medium, and the

other is not; and subject matter related to UK Patent

Application No.9110882 directed to a device for separating

one or more substances from a fluid to be administered to
a patient, the device comprising a housing:including an
inlet and an outlet and defining a fluid flow path between
the inlet and the outlet and a separating element disposed

Is.contrary to the

.



the adul't size units of Exanples 19 to 34 (a preferred configuration).

Thi s was .acconplished by use of eight 20 |ayers, as follows: The first
and second | ayers were each identical with the first layer of group 19 to
34. ‘The third | ayer was simlar to the nd | ayer of- group 19 to 34, but .
used 15 ng/cn? each of 15, 10 and 7 mcr ter fiber dianeter nedi um which
wer e I'“d up and 25 hot forned to a disc'0.15 cmthick. The fourth, fifth,
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red cells remain effective when transfused .into a patient. I n CPDA-1 whol e
" blood or CPDA-1 PRC, the red cells are suspended in plasma; due to the _
hi gher red cell concentration in PRC (hematocrit generally in the 70 to 15
80% range), its viscosity is quite high, and for this reason capacity for
;PRC tends to be less than capa wi th whol e bl ood, for which the
‘hematocrit is |lower, and vi scosi is much lower. Wthin the | ast several
years, a new cl ass of bl ood 20 product has been devel oped i n which af&g&
~centrifuging to concentrate the red cells to near to 100% -they are '
resuspended in a saline solution containing preservatives which extend the
‘useful life of the red cells by about 7 days conpared with the CPDA-1
system This class of bIood 25 product has been defined as "products in
~which the red cells are suspended in a phyS|oIog|caI fluid nediunt. The
Adsol systemis one such systemcurrently seeing sonme 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 |ower than
t hose of whol e bl ood. Exanples 79 to 85 used the form of device enployed 35
in Exanples 66 to 73, all run on the device sized for, -66- pediatric
service. The data show faultless -perfornance .on Adsol bl ood, despite the
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and 66 to 73 are not the nDst preferred formof this |nvent|on 5

Devi ces having -t he conflguratlons of Exanples 19 to 34, 58 to 65, 66 to 73,
and others were run using whole blood with CPDA-1 anti-coagul ant. Behavi or
with respect to capacity and efficiency were generally sinmilar to the data.
reported for the Adsol product. 10 Q. Exanpl es 86 to 95 are presented in
Tabl e $§; Exanmpl e 90 was not actual |y performed; the data entered are the
aver ages of Exanples-.19 to 34. Exanples 86 to 89 and 91 to 95 were
perfornmed, and are sinmilar to exanple 90 except that the adsorption el enent
densiti‘es and thicknesses were 15 varied, while the weight was held :
constant. As may be seen in Table 14, the pore dianeter is a critical
determ nant " of efficiency, which for the first unit of PRC transitions from
87% at a pore diameter of 7 mcroneters, to 99.2%at 6.3 mcroneters, and
to 100% at 6.1 20 mcroneters. Leukocyte renoval efficiency for the -
segond unit of PRC changes in parallel fashion, fromabout 70%at 6.7 to 7
mcroneters, to 99.6%at 6.1 mcroneters, and to 100% at 6.0 mcroneters
Fromthese data, it is seen that, for the adsorption elenent of a device:
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nor.e preferred range is about 5.8 t0 6.3 nlcroneters
to 101 are presented in Table 15, and
~exanpl es were prepared in the same way as Exanples 58 to 73,

. the downstream | ayer was nade u
. mcroneter fibers hot preconpre

"noted. Tot

3.13 [Jerr]

al

in the adult size.

efficiencies of 100% for
pore dianeters bel ow about 6.6 m croneters;

10 with the onset of

40

20

75

27

271

21

drameter,6.£9 mcromr--
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-64- described in Table A

Exanples 96

These

except that
g-three instead of five layers of 4.5
€d to the thicknesses and 5 densitie€s
surface area of the five elenents in the pediatric size used -
was 1.51 M2, which for purposes of conparison (ref.

Tabl e 10) calculates to-
r enoval

As may be seen in Table 15, ¥
both the first and second units 10 are obtarned at
this may be conpared in Table
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range of 6 to 6.7 -mcroneters. These limts of preference are discussed in
more detail below The Preferred Limts of Pore Dianeter 30 As the data of
exanpl es 1-107 were revi ewed, a nunber of conclusions were drawn in order
to define the preferred range of pore dianeter. (a) Based on exanples
102+ 106 of Table 13, tested 35 wusing only fresh PRC, a low limt of 4

m cro ers was preferred, with 4.2 mcroneters nore preferred. (b)
Based @A exanples 86 to 95 of Téle 14, an upper limt of 6.7 mcrometers
was seen as preferred, with 6.3 nmicroneters nore preferred. As a |ower
limit 5.5 5 mcroneters was preferred, with 5.8 microneters nore
preferred. - (c) The data presented in Table 10 suggest a range no narrower
than 6.1 to 6.6 microneters as nost preferred; further, since the results
for Exanples 66-73 of Table 9 10 are far better than any .product avail able
as of this witing, a less preferred upper limt of 7.4 mcroneters is

justifi'ed. (d) Finally, jalrev} ew of exdnpl es 19-34, 58-65, 66-73, 86-95
and- 96- 100 taken toget heisdindoc&sedsnsih preferred range of 5 to 8
mcrometers, and a -rmre%.ih.r‘qferred rapgejof 6 to 6.7 mcroneters. As to the
low [imt, since sone ghysijciaphs prejer {to use only fresh bl ood for
patients such as thosei\@'tiﬂ d%salg ldel i3 such as thal assemia, a preferred
| ow end pore L I B '
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20 di aneter should be 4 mcroneters. Taken together wth the other .-

] a preferred range is 4 to 8 mcroneters. The

| ower part of this range is preferred for use with recently drawn PRC,

is preferred for use with 25 ol der- PRC. ' The devi ces
used in Exanples 107 to 168 (see Table 16) were prepared in the same manner
as exanples 19 to 34 except that the nediumused to make the gel prefilter
had been scrubbed and rinsed and therefore contained no 30 surfactant.{ gt
Exanpl es 107-119, were prepared w4 h no surface nodification, and had CABT "
of 52 dynes/cm Exanples 120 to
gel prefilter, were radiation-grafted (using m xtures.of HEMA and MA and a
m nor anount of tertiary butyl

considerations |isted above,

whi l e the upper part

"their CWST val ues

t he absence of surfacta

val ues, Exanpl es
.34. 5 Al 052t
| eukocytes for t ki
each group |isté&d|i
in Tabl e 16 that® gl g
greater freguenc

WHen 1
Thi s may be'reI‘JeﬂﬁtQE

over the range from 63 to-109 dynes/cm Except for
Nt fromthe gel prefilter, and their varying CAST -,
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equal in construction to exanples 19 to .
07 to 168 showed 100% r enoval of ' o
PRC passed, and the average efficiency in-".
t he second unit exceeded 96% It is seen
0 passage 10 of two units occurs with '
f the fillter nediumis bel ow 75 dynes/cm
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above, has been reported to be 73 dynes/cmfor the plasma and 64.5 dynes/cm

for the red cells. 15 Based on.the data of Table 16, a preferred
value of. the CWST of filter nmedia is in excess of 63 dynes/cm a nore
pr ef erred value. is in excess of 70 dynes/cm and a still nore preferred

valué is_in excess of 75 dynes/cm -It should, however, be noted that the
dat a fo@all of the.20 exanples are ﬁ}t er th_an any product now on the
market. During the course of preparing ‘exanples 1-210, filter assenblies
with CWT's of 54 dynes per cmwere rmade and tested with satisfactory

results; however, OWST.jvaldies only two units different fromuntreated PBT
fiber are 25 (:,‘.‘cnjst;d%r adgrr gi nal with respect to maintaining consistent
per for nance, herXe3b4a dyrmes/cmis a less preferred value of the CWST. The
needl ed web usd&t|i nf exdnpl ¢s 169 et seq was scrubbed prior to use to renove
t he fi ber Iubrlad"JnE 30 rinsed with water, and then dried. The nelt bl own
websused was u -tisg o‘t%ef’m se noted radiation grafted to obtain a CAST of
64 dynes/cm P formthl ckpess was neasured using a 7.7 cmdianeter anvil
and with an ap@i%d_ prgssure of 4.3 g/[err]. 35 ~The filter assenblies.
used in exanpl 169-§L§6o-- -70- presented in Table 17, conprised three
prefornms. For efé.rm'r]unb‘ear one, the 23 mcroneter needl ed non-wven web
descri bed above wasj hot| calendered to a thickness of .076 cm For preform
nunber two, a | qyer| of -
. =£ Ll ol Ll
. ed
N R5 .
CT U o ©
2sE N |-
o S
C s,
3C 8E
wheEo ™ - i
<lf ©
-=‘ ﬂ‘l )
" :0.5.':3‘ n ©
e 4| R
S qE =i
2 {59 w
R O R
£26 o | - g
- ¢, - pils -
EE-" ©
u
. 5
z = -
el S5l g | e 3
u. E
- L]
S B3 o~ | e e
3 <z E
BB ~ | ~ ;
o= &= o
gy ]
£ © -
SEENE :
- =P g
T e L
T S _
_ E= . 2
: & z




5 23 microneter average fiber dianmeter .0077 g/[err] needl ed non-woven web
was | ai'd over a 20 -m croneter average fiber dianeter .0081 g/cn2 ungrafted
melt bl own web, and the two hot calendered in assenbly to a thickness of
0.102 cm The above twa preforns were conbined in the order listed, 10
prewetted with isopropyl alcohol, and air passed at 0.5 cns/second;
pressure drop for ten such'assenmjﬁﬂrranged fromS5 to 7 cns of water _
colum. For preform nunber three, seven layers of nelt bl own web were qékd.
I h order, these were: one |layer of 3.5 15 mcroneter diameter fiber at ~

-«

. 0069 g/[err]; ore'ﬂayhr ofy 3.p mcroneter dianmeter fiber at .0052/[err];
one |ayer ofngéﬁz Qi eroneten dipnmeter fiber at .0063 g/[err]; and four '
| ayers of 2. Eglﬂ;ﬁmm‘t‘ér SI3}b8E} di aneter at .0061 g/[err] per |layer, all
seven Iayers§§ qnd@red injasspnbly to a thickness of 20: 0.296 cm for an
average denstw&y #f 0.14b5 g/icc.|tn the above construction, the first and -
second prefol§p 3jegether cogneb|tute a first el ement, denoted the gel
prefilter elg m|. fhe*firdt three layers of the third preformconstitute
t he nigroaggg%%?lgcgeng al_{25_| el enent, al though this element also "
comtributes & .Emgd spie d efkpcytes by adsorption. The last four |ayers of
the third pregf @z constj tUte™the adsorption el enent. In order to make it
possible to Heter{nine the porejdianeters of the three layers which
constitute the 30 'micrpaggregpte elenent, and the pore dianeter of the
adsorption eliegdit~jeach-off ¢hg three mcroaggregate |ayers was underl aid
prior to hot [conyr 4sioh by a ayer of an open pored ungrafted separation
disc. The . él_n.ﬁmthj,ck,sépar At i on discs had an average pore dianmeter 35
greater than [ghoyt: 1080 crjogeiers, hence had no : - Y,
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significant effect on performance of the assenbly, other than a t hi ckness _
Filter assenblies so prepared were used in
By this nmeans, the layers were readily '

increase of 3 x .004 = .012 cm

all of the exanples 169-210.

separated 5 in order to determne their pore dianeters by OSU-F2 testing.
Layets nunber 1, 2 and 3 of the third preformhad pore dianeters
respect(yely of about 19, 16 and 13 mcroneters, and the renai ning group of

four layers varied in pore dianeter fro
10 sanple groups. The three prefornm®

5%6 5 to 8.2 microneters anong si X

en assenbl ed had a total thickness

te of 0.474 cm and these were assenbled into a housing with ridge to ridge

clearance [err] of 0. 444 cm

t hereby conpressing the el enent assenbly to
in

0.424 cm Exanples 169-174 \presg
PRC 24 days ol d. Alflgsisk tleSts
(i.e., less than QQQ: resildGal
flowrate < 1 cc/ utle) . Bxanp
average 20 age 3%. Hays; ffive
criterion. Exanplé $1-184, ru
criterion, and DL J ort nt,
for the first uni &l Sed @an 2§
unit. Exanples 1-% 8 estrijb& df
PRC, but these exahpi8s are¢ dirq
(recently drawn)
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PRC, and are better suited for applications in which fresh 30 PRC is used.
O nore than 100 units of PRC listed as used in exanples 1-168, only six
nore than 20 days old were used with filters of the type which are the

subj ect of this invention. O the six, two which used 29 and 30 day old PRC
<€l ogged prior to conpleting deliyery of ‘two units. 35 In U.S. .
‘hospital practice, PRC anti-coaﬁ ated with CPDA-1 is permtted to b
used after storage for up to 35 days. Persons know edgeable of U S
hospital practice were questioned on,the proportion of CPDA-1 PRC used
which is nore than 15-20 days of age; the nean of their 5 estinmates was

40% The same aut hor ties gstijyrated that about 80% of all transfusions use
two units of PRC he |renei_ngler use only one. It is |less practical
for nost hospital sgt CRrly E “kinds of |eukocyte depletion devices, one
for fresher and tﬁe ther® foLnoI"der PRC. 10 Thus, to be nore practi caIIy
useful, a device IF nRdgd, flokuseli n hospital bedS| de service shoul d -
experience at nosg et;v‘-’eﬁry—-%nﬁr’ ~#oportion of instances in which the
devi ce cl ogs prlgﬁ- delivierylof {two full units of.blood, even if those
units are near oguptjthe outdate fimt beyond 15 which they may not be
used for transfu§|_ 2 °|The §&meflevi ce nust have high rempval efficiency
with PRC of all ages| preferably over 99.5%to 99.9%for the first unit
passed, and over £ 24q 99%f ar| the¢ second unit passed. The test articles
used for exanpl e8 - Gla2gy SEMYShr 20 to the test articles of exanples
169-210 in that Beedied’|ndn- WGyEN|of the same fiber diameter and weight is
used to ' - o
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fapri.cate the gel prefilter, and the nelt ‘bl own conponents are generally
simlar with respect to pore size range and CWST, but differ with respect
to the node of use 25 of these conmponents. The gel prefilter of exanples
1- 168 uses a single layer of needl ed non-woven, whereas the conponents of
thei gel prefilter in accordance with exanples 169-210 preferably use two

| ayer s—ef needl ed non-woven, in %ge addition to a third layer of nelt bl own
web. gkﬂrther; the densities of t '7gel prefilter of exanples 169-210 are
substantially greater than those of exanples 1-168, and the pore dianmeters
are smaller. In-exanples 187-199, shown in Table 18, the gel 35 prefilter
of exanples 1-168 was tested in conbination with: the m croaggregate
prefilter and the adsorption el enents of exanples 169-186. By assenbling-
the conbination into a test housing with th = 0.372 cm the gel prefilter

el ement was conpressed to .09 cm as in exanples 1-168. 5 Exanpl es
187-198 arfe_t hug iden cal wilt helex nplieswi169t 185 with {respedt_tlo the
confi gurptleon ¥ Bhe 38| &pARIr2YaE BElBF| 88! 28 GrRsiand §e=gdsorpti on
el ement ,3&nd} diflfer| only With rdspdct fto thelr gel prdfilltens. {The average
age of thg PRC ysgg fol teésting 110 | isl essentially quUalafgg bgt h,
-] 3 3 v ] Q
respect i Y& §i 29512°8nd "pFAB Ry'st| “The g€k prefig t'ey of| &xangl eq 169- 186
showed opnl'y L off 12} cl bgged, {for} a 92°osche;s tatijo. jExanplies |187-198,
whi ch ha§l Bepnedssenblofd alidd) & Hes geb ofpeef iolo ers| af olex@dnpéless!le 468 showed
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- 15

success ratio.
* 169- 186 for
Conpared wi th exanples 1-168,
of exanpl es 169-198 is |arger,
of 6.5 mcroneters;
- n excess of 4, 5 and 5.5 mcronet

use with older PRC i s,

The superiority of the gel
therefore,

prefilter of exanples
_ clearly denonstrated.
the pore diameter of the adsorption el enent
wi.th 20 a preferred pore dianeter in excess -
exanpl es 1-168 show preferred ranges of pore dlaneter
respectively. The effect of u3|ng

snmal | er pore dianeter adsorption elenents on the ability to successfult

pass two units of 25 ol der

PRC i s shown by exanpl es 199-210,
19. These were prepared in the sane manner as exanples 169- . 186,

shown in
except

able

that the preformconprising the nicroaggregate and adsorptlon el enents was

hot conpressed to an average density 45101492 g/ cc,

and the adsorption

el ement had a 30 pore dianeter in three tests of 5.1, 5.2 and 5.2

68 for

m cronmeteps—which is in a nwpfnrrpﬂgxannp derived fronlexannles 1- _
use with rgggeaeaﬁggﬂghe th setting of rhg pousbggﬁ eg goqu%aﬂplas 199-
210 was aglj usted such that the gel prefillter elenment npressed at =
assenbly {o 5hersgﬂe thlcknesstas in exanpl ep 169_186. Aweﬂege age of
the PRC upeBo TN 8Xahpld2eidesPi6" was 29.[2 &dys. | the datd-$ho hi ne of
twel ve cl pggegdientor success.ratio of 25% Th|s conpares with a ra1io of
92% 5 fo exarrpl es | 6mi¢8®ssi fdi cati ng |t he-1dés| r Abksi |t y 0eslt he 0l at7g¢r . pore
di ameter of “&Xanpl es 182:186. o Lonsequent 1y, 3 brefefried ;porel digaprt er
range of 1h|s inventjon Is greater - _
‘ o ' : Pore Diameter 6.1 6.6 6.9 7.4
micrometers :
Surface Arez, 3.29 3.13 4.07 4.07 k"
Sguare Metercs
No. of tes:s failing to pess. 0 0 0 1
two units _ . .
Average efficiency for first 100 100 109 102
uﬁ-., % : )
Average effxc‘ency fo* second 95.9 10¢ 99.2 95.1
u'\..., % ’
Averace hold up volume of 20.8 20.4 22.3 25.2°
peciaczric device, ml
Averace hold up volume of the 36.1 35.7* 39.2 43.3*
_ adult size device, cc
Volume of the f£ibrous elehents, 27.1 2.6 33.3 35.5
€C

‘"*Estimated datum



than 5.2 mcronmeters. Insofar as the upper end of the range is concerned,
10 it is believed that the pore dianeter of the adsorption elenent could
be increased to well above 10 microneters while nmaintaining substantially
equal efficiency; however, we have not explored the range above 8.2

m cfoneter diameter because of the uggﬁfirability of increasing the 15

hol d ypsvolume for the benefit (if a of still fewer instances of

cl oggivg with very ‘old bl ood. - Nevertheless, it should be understood that a

device with pore opening |afger than‘§.2 mi criometer, or larger than 10
m croneters, would faHu,cgniJutbg SLAPEPfs tlhis i nvention. 20 Hunan
bl cod, both intra- and £xFra-Xqr B6f &), S®| 13 Junder sone circunstances form
"roul eaux", a tern1app|§§ o tihe :oncitibn ifn which the 7.5 mcroneter
dianeter by 2 to 3 mcrymetgr tihick rad cell g adhere to each other in a
geonetric configurationd Epsprg|i rg| @ globk] of jcoins. 25 Roul eaux tend to
formin the human body, &lredul t{of [virhl ijnfection, for exanple
influenza, or the comog| ¢alldzslandl sosteskeld df exists that the inability of
roul eaux to pass througé f‘_h‘ Smtal::l::er:‘:dam: l2arli es of the circulatory system
contributes to the nusc Iscqnfoft 30 accqnpanying these infections. In
t he human body, capill afies l egs than (7.5 m grometers in diameter under
normal conditions pass rjed ¢elljs freelly, as tihe individual cells deform
readily. |If ol der bl ood f Nds~it o™ of robl-equx, then this phenomenon may
account for the larger 35 '@ore di anetler tequired to prevent clogging by
ol der bl ood - st '
' 8ég A R B IR B
— Egs a|a|aja|n
=9
8 . >
&3 ~ 3 o <
Cre o o = o PN
I~ Uom .
S m o c o o
LEED
-;EGEE SlLejs|{S| ¢
LA PR n
i B N R - -
=4
c _
- . .
E £V -t ~ < [12] ]
:;3 o~ < - < «
TR REEELESE
= O
\— "
'lu J:’: '
sl E& 1o lalal=
o
S 83
Qo g 6| o o o~ ~ —
z 5D
< .
Bl e falalsln
Eﬁ. ~ (] ~—t
..: v < ~ o~ <
E-;E SISl R| A} R
‘23
h 2.
eol S| R E |~ | &
[ A
&




75 of the adsorptlon el ement of thls |nvent|gk3 Earlier in the
Fs been wi dely accepted that the

appllcathor, i1 wag stajed tjhat
;remvalchémlggwg)g_egg aglo®e
filtratg®mp] The i sttpstgs ~d
| euko gﬁs are{rengved py adsorpfi
partig artly fpr pglatiuely
equal gay leabpr oeilf iCbpré Y
;hol d-dp* é¥ al contfi nat{ on  q
- the po e sijze pf tHe l-apt el
di ame§er @4 R8| &
preved %éﬁ“mﬂom
when b¥lr ecki ved
- This 3 aﬁd%lca i on.
9123781 whijch {s in
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.conprising at .least one integral el eﬁa\nt preformed of synthetic
fibres, the surfaces of said fibres having a nodified CAST of from greater
than 53 dynes/cmto | ess than 90 dynes/® eahdl to a device fof the
depl etion of |eukocytes froma bl ood product conprising at |east one

el enent in which a  fibrous ium __has b g at i onpgredbied
and t her eaf t egxdigileconpr dansityy 'forrﬁﬂ*n%sboher’éngggégggr el engba, wyinh
a@g‘el':of from g@ater_thardAe to - less cl_ es/cm and. to a
devi ( for. fTTteri.ng a.bl ood product cofprising at. |east three porous®
~el-efrents, the first elenent’ co_;rposed at 'béilggz_ in part of ga needl ed fbklous
.web, the secondi@2&nent ha\{?nb a sial | er:ppre size than the first, and_the
TiHtd el ement having a OWST 'oi"'from greag‘érnghan 53 dyne®/ cm and to Aetlhods
“of ‘depl eting th&0Beukocyte RotPent of a )'00d product .using such devices. -
UK. Patent ° Application. Blo 19123781 i godirected to ® device for 4.2
depl éti on of thd0Kkeukocyte om'ent of a blood product conprising _at

| east first, second, = and h'?léd'porous ¢.aqents prefordd to. closé’l-f
controlled di m®%i on, densi® y and pore size wth the second S"L‘eérent
i nterposed ~between the fi ra(t? and thigdod ements, &fth successi A
el ement havi ng a |l er por€“dianeter than that preceding it, the
first element including nmeans for renpbving gels, the second elenent
including .means for renoving mcroaggregates,® and the third el enent

i ncl udi ng means for renoving | eukocytes. This sgeci fication also

cont ai ns subj pedrag@id®rehe data of examples 1 _-34-
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related to UK Patent Application No.9110881 directed to a nethod for
~determining the wetting characteristics of a porous nmedi um conprising
applying at | east one or nore drops of each of at |least two different _
-liquids having different but-closely spaced surface tensions to different
{ocations on the porous-nedi um anéj necessary repeating this process
until, of ~two liquids wth .neighbouring surface tension, one is
absorbed into the nmedium and the other is not; and subject matter rehgted

to UK Patent Applicatiopn. No.9 10B82| dj fect .device fior separating one
or nore substances frong®sféujd '@ be adm d (& ﬁpAtient, t he _
devi ce conprising a housing.ihelb @ Qi d A 0w lfet and defining a
fluid flow path betweerg$§esi he ¢ qHe ang A ébqarating el ement .
di sposed 77 within Thd hpus agros flui fllow path- and, ~
including a downstreaf§| SurRat & WHer Be| = ifrd ¢t communi cates
with the housing nearg° jthe| sbp B |aof gsirg| and upstream from
the separating elenent, land} whe N~lt NG ng{funthgr includes
: HE ~ . s . : .
passage neans for all £0-8) k< hesffd & gppreati esdirom the flui d,
t he passage means e+ fig di § ed] ~d am ~from - the separating
el ement and conmmuni catfig-\webh otch ud|ed~ e [taf) oOf the housing,
. . . . 2 2] ww| oc c o Ll B
the housing includirgg 8 »e| sl mgeit he ream gur flace of the
separ ating el enent and, defli ni hg & plenym passage {means including a
sl ot- di sposed in the 1§ -land! e 1Lt & &l ent the pd:enum and t he
. 3l oec] oe|f ec: wwnl cc (= Sy bl
outlet. . - - .| 2| (%) RE 23 &7 T s RE
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ERR] [ ERR] 87 [ ERR] Tabl e 10 Exanpl e Nunbers

[ | |
19-3 96-97 - 53-65 66- 73 DOMNST i Fi ber Di anmeter : 2.6
{’4. 5 4.5 4.5 micrometers, ELE Thi ckness, cm _
~0. 152 0. 145 0. 251 0. 277 DATA Density, g/c . 0.167 .
0. 270 0. 252 0.229 Pore D aneter - . 6.1 - 6.6 6.9
7.4 mcroneters Surface Area, - 3.29 3.13 4.07 , 4.07
Square Meters No. of tests failing ¥8Ppasd6 0 0
;0. 1 two units Average efficiency for first 100 100
100 100 gnit, 9% Averagg efficiency, for second: 99.9 100
99. 2 95. 1 , | 4
Example .. _ CWST " Number of unit . - ¥
Numbers dynes/cm  clogging s passed prior to
_ : _ 0 1 2 (no clogging) *
107-11% 52 1 3 g "
120-125 63 0 3 12
-126-140 : 75 1 0 - 14
.141-156 | - 87 0 0 16 |
157-1e8 - 109 0 1 11, N

LX)



unit,

24.2 pediatric device,

% Aver age hold'up vol une of
m Average hold up vol une of the

9%6. 5

20. 4

36.

22.3
1

y data.

icienc

* Bag counts-tpo-low'to provide significant eff

35. 7* 392 43} 3* adult size device, cc Volune of the fibrous
el ementjs, .3 27.1 26. 6 33.3 35.5 cc *Egtimted datum
[ ERR] gﬁR] Tabl 1%‘E§aqple Ebnsity, Thlckness - “2 'Of “Tests
F2 Porq E glcf chs * * 8 * cYodgell * aoﬁérgi] ;L02*
0.17 \j oo . 152 0 ~46.1 103 01
0.137 gH 0 104, 023: o 81848 8 8
e —~ « « o «x o 'O O O
0 B4l 105 7 5 0. Y s A AA A3
106 0.)25. 0.102 _50 3.6 *Average of the
dat a off exanpl{es 19-34 _
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-98- CLAIMB 1. A device for the depletion of the | eukocyte content of a

bl ood product conprising at |east one integral elenent of non-woven fibres
di sposed in a housing and prefornmed to chs@ﬂV’controlled di mensi ons,
density and pore size, prior to said disposal. 2. A device according to-

claiml whergin saidyprefornming is by hot conpression. 3. A nethod for the
deple,Lpn*bf thefleu%ocyte content of a blood product conprising
passjpghﬂthe bl ood |product through the device of claim1. 11800
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CLAIMS

1. A device for the depletion of the leukocyte content of
a blood-product'comprising'at least one integral element
"of non-woven fibrés'disposed in a housing and_prefotmed_to
closely controlled dimensions, denéify ~and pore size,
prior to said disposal. ' '

_ ev.c o : , _ - . .
2. A~ according to claim 1 wherein said preforming
is by hot compression. ' |

3. A méthod for the depletion of_the'leukbcyte_content of
a blood product comprising passing the 'blood product
- through the device of claim 1.
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