1 INTRAVENOUS FILTER BACKGROUND OF THE INVENTION [0001]Intravenous (IV) fluids are
typically filtered to remove undesirable material(s) from the fluid before supplying the fluid to a patient.
In order to prevent air from entering the vein of a patient, in-line IV filter devices preferably provide for
liquid-air (gas) separation. Additionally, air in the tubing and device housing downstream of the filter
element must be removed before 1V fluid is supplied to the patient, and efficiently removing remaining
air, e.g., small gas bubbles, can involve manipulation, such as tapping on the device housing to
dislodge the bubbles. [0002]In order to reduce the size of IV filter devices, some devices have been
provided having two separate filter elen@ﬁf@%\{ % \‘g§ detgr:(}éln flow, wherein two fluid flow paths
are provided along first and second outside inlet portions to a common central outlet portion. A portion
of fluid to be filtered passes along a first fluid flow path from a device inlet and a first outside inlet

portion of the housing, through aBAE KifeRQldMerpFahtlintd ¥ ENHRbdh outlet portion, and another

portion of fluid to be filtered passes along a second fluid flow path from the device inlet and a second

outside intggoaprtion @fihenbes a0y FHNRUTE & sRENVHfikridaterasl anttiidieabe wafsmpr)outlet

portion. The filtered fluid passes from the common outlet portion and through the device outlet and

through t{IBIAJR i Refiens: SuepbANd dGteid iR BaUER  dBPFER i MIHRYERLIY Hite MRS bRy
methods fig ipRIpHIEAY, iR VPRtieNisy REY bfefetdBARX @ Forl itfuidNMF{gdddparation.

Additionally, air in the tubing and device housing downstream of the filter element must be
removed before IV fluid is supplied to the patient, and efficiently removing remaining air,
e.g., small gas bubbles, can involve manipulation, such as tapping on the device housing to
dislodge the bubbles.

[0002] In order to reduce the size of IV filter devices, some devices have been provided
having two separate filter elements utilized for “outside-in” flow, wherein two fluid flow
paths are provided along first and second outside inlet portions to a common central outlet
portion. A portion of fluid to be filtered passes along a first fluid flow path from a device
inlet and a first outside inlet portion of the housing, through a first filter element, and into a
common outlet portion, and another portion of fluid to be filtered passes along a second fluid
flow path from the device inlet and a second outside inlet portion of the housing, through a
second filter element, and into the common outlet portion. The filtered fluid passes from the
common outlet portion and through the device outlet and through tubing to the patient.
[0003] However, there is a need for improved IV filter devices and methods of supplying

IV fluids to patients.
BRIEF SUMMARY OF THE INVENTION

[0004] An embodiment of the invention provides a filter device comprising a housing
comprising at least a first section and a second section, (i) the first section comprising a top
wall comprising an outer surface and an inner surface, the first section including a first filtrate
downstream chamber, the first filtrate downstream chamber including a portion of the inner
surface of the top wall, (ii) the second section comprising a bottom wall comprising an outer
surface and an inner surface, the second section including a second filtrate downstream
chamber, the second filtrate downstream chamber including a portion of the inner surface of

the bottom wall; wherein the first section including the first filtrate downstream chamber also



[0004]An embodiment of the invention provides a filter device comprising a housing comprising at least
a first section and a second section, (i) the first section comprising a top wall comprising an outer
surface and an inner surface, the first section including a first filtrate downstream chamber, the first
filtrate downstream chamber including a portion of tfe inner surface of the top wall, (ii) the second
section comprising a bottom wall comprising an outer surface and an inner surface, the second section
including a second filtrate downstream chamber, the second filtrate downstream chamber including a

portion ofteldamat lsastans HrshuepbaambraaNrHBRfthentshambrs AneludRsiAatheRatting &b
downstrepifRGBITERIA tRIRFIULES AdRASHIRISIfITHE\RRS R asBhsH AR AN ikstseeph hamber

includes another portion of the inner surface of the top wall and/or wherein the second section

including tHEASEeNBSHIEATe-ByTPRI AbINOHAHADRY 1875 GRB RRFSSGY REA ST MBS RN NG EREXHEmber,
and the speRRARBSGRBAMRET dRSIHEas AR RO Siihedoreionstans ahineteaitmyal; the

housing further comprising an inlet, an outlet, at least one side wall having a side wall inner surface,

and a caliH 56 CREPRHBYARB IRIsEraa pHleEHIaRRE 08 elAE WatkbAY N IRSIdRdValE IRREF WiRece of the at
least oneygifle wualtydblteie@ppMsiNthat aastds Frans speracheRasERARABhAARRYAHEfRU ARmenNts,

each filter element comprising a hydrophilic membrane, the first and second filter elements each

having aRUpeRbIFSarEREaNalk BENRERRRA SNE AL EAHd TSR CORMTPACHLNG HRYBYE in the
housing mtmaﬁ&m%fléﬁdﬁhwépamm&mgmgw fjiropiemeanteiagelBranetdndbabaysing
u

across a second fluid flow path; the housing including, in the cavity, an uEastream inlet chamber

between HETRISEAIH EaSHARKIG AhUPFHGEMN SUEECE T RCICKBRHEAR SR8 HE WY Il inner
surface of|aeeat leas aRposELivalk aodsing sastcanysutaeeoal pat fitied #lessesis finemhousing

defining the first fluid flow path between the inlet, the upstream inlet chamber, the first filtrate

downstre2lRTMERLR ANROSSY BUte: NARARGIACTRESH Seet BluhEnviaiisBedqusing d8akEiRst fluid

flow pathinahd celefiping thetreeens duwrafitwmribaiwecnptiednel theddpstieafinigiacchamber, the
second filtrate downstream chamber and the outlet, wherein the second filter element is disposed

across the <UL HUS HERENSAM PRIFBERY hetarrt s Uit aitheAtoraraes1de WAl 3bthsam inlet
chamber jgdirearatarieid peritiandeiveenthaupsiiaagdeararemetikeriin Ao pasopshilies

Socond LB ol FaLFA EHEIR LIS HhEr 476 LEUILeH o PODSHERS) BT RGP LR channels
wherein the first filter element is disposed across the first fluid flow path; and, defining the
second fluid flow path between the inlet, the upstream inlet chamber, the second filtrate
downstream chamber and the outlet, wherein the second filter element is disposed across the
second fluid flow path.

[0005] In a preferred embodiment of the device, the upstream inlet chamber is free of a
solid partition between the upstream surfaces of the first and second filter elements.

[0006] In an embodiment, the device further comprises central channels in the first and/or
second filtrate downstream chambers that are covered for the majority of the length of the
channels.

[0007] Yet another embodiment comprises a filter device comprising a housing
comprising a first section and a second section, (i) the first section comprising a top wall
comprising an outer surface and an inner surface, and at least one side wall, the first section
including a first filtrate downstream chamber, the first filtrate downstream chamber including
a portion of the inner surface of the top wall, (ii) the second section comprising a bottom wall
comprising an outer surface and an inner surface, and at least one side wall, the second
section including a second filtrate downstream chamber, the second filtrate downstream
chamber including a portion of the inner surface of the bottom wall; the housing further

comprising an inlet and an outlet, and a cavity bordered by the inner surfaces of the top and



[0007]Yet another embodiment comprises a filter device comprising a housing comprising a first
section and a second section, (i) the first section comprising a top wall comprising an outer surface
and an inner surface, and at least one side wall, the first section including a first filtrate downstream
chamber, the first filtrate downstream chamber inclgding a portion of the inner surface of the top wall,
(i) the second section comprising a bottom wall comprising an outer surface and an inner surface, and
at least one side wall, the second section including a second filtrate downstream chamber, the second

filtrate ddvoHSFERAIIBHRIABRINREILIFEE phRlidtTabRRAValAbe Hf thangRtsReaIsaFiORouSsing
further compEsiRshNi MR AT IR S RIRUEUDASIRIRS S HikienaHifasas dfitbe top and 3

bottom walls, and an inner surface of at least one side wall of the first and/or second section; a filter
comprisifStf BERILAMPESHI RSB AR P senbnaie B RS g wesnd AtiecalemaRiscarhiant¥omprising

a hydrophifiggatesaRr angadbariy st dehseeand iieccienarisraas RMERCnRMY RKFRaE fithace and a
downstream surface, the first filter element bein% disposed in the housing across a first fluid flow path,

and the SEUSHPAEEPSIBHERTINEHIPW R ANTHITRSHENY YA Sls8eeat bt IsRASEAJW 1Path; the

housing inelidfig actosde ey, FRNdNSHGRHM MBI fidredMec M ihe eRaleamupdtfagas of the first
and second filter elements and bordered by the inner surface of at least one side wall of the first and/or

second SO ARBEHRENEE R UNSHERES Ui aeSH N @ Mt Sararibliing GBS GiFle first fluid flow
path betwerithe HYlre iARREHRab MIEfaBReABEdd eI o theaindawnstieamehambenand the

outlet, wherein the first filter element is disposed across the first fluid flow path; and, defining the

second fitheIYRSEITS LGRS AT the fitiek elrRsipstBa APHHROdRInBe the st Huin irapsownstream
chamberpgdéretpeilgbttheigisuiagsrianshiiter elemenitif tisRarrihasrans dhaireand fhad flow

path; whereijn the top wall inner surface of the first filtrate downstream chamber and the bottom wall

inner surBitEoMRe L8 dBR it ke fIemettds Aisersermsressdheddstdid Hpathy @ridges providing

a pluralityerififgnelectirl chadrely giecting dridHeamehendopstriteamlsusiesspfiteedtsh@nd
second filter elements to the housingﬁoutlet and wherein the to(%wall inner surface of the first filtrate

downstreBIah ARKSLEAD FRaBBRAAAR RHIED WRRIER Jrgre Qg HiErifIeREBLR ASPASSH chamber

each congprire @essysatianad TRIkhgdtis witkeeiandéabpeenemitardiacetbeiearnfisatnd, wherein
each central channel has side, top, and bottom walls formin faclosedt ,g—:'for t least a majority of the
gt oGP R T &G0 BRI AL Ik S BTAREr HARE BTt SRR A Brmprising a

housing eaamwsisiegch 5difﬁﬁrﬁ@ﬁi@blami@ @t@tﬁ@@Mn({)atbmfaﬁtﬁ%mmﬁaﬁm?&mmm V_vaI: y
comprising an.outer surface and an inner surface, and aj.least one side wall, the first section including
o et i T AR G SE e B B S RO AL BSTRERa i Ehamber
includingmmn@amnétthﬁderﬁwfa@mpﬁ\Maﬁ tarl]@ewglkmg%ﬁtaefifmswﬁntaa@dmmgﬁémwdimuwaaother
portion of the inner surface of the top wall, (ii) the second section comprjsing a bottom wall comprising
i e i i e b A S e S
second fileateydshansétehan ishaddrainad despeothdrvert athantherintls sed.onbchidiratadhosenstieam
chamber includjng a pertion of the inner surface of the Qotto all, and the secaond vent chamber
incucing IO BoiEn GP B GAUPELIALS B0 AR MR Abl5aRiG RIARRCBhiBFiaing an inle
and an olgiefthofineth centityl bisadeskd by the inner surfaces of the top and bottom walls, and an inner
surface oé@bﬁast ne si%%wall of %%Hgst ?I d/or second sectjon; a filter.comﬁrisin at least first and
second s ap f ?)Q)c} EWBQP ) nis" edc It 2R ?%Pr%‘?@?r%ga? %TQ‘H%nilic membrane,
the first asminpeisingafifiest stetivendaccaskcbayiseg ton L@ tredfinss setaion aompridmyrstspamlburface, the
first filter element being disposed in the housin ross a first flyid flow path, and the second filter
element RTIR G1BHLH (0 6 LR L S a0 A5 A b Mo TSR, in the
cavity, annehsdirguanfirdefitinatetew sttesse ottive hap sineanfi st kiacashamhtiee, finstfinstifdeacnd filter
elements and order?g by the irlm r surfa(r:TE of ait least one side W?l oftthe fir tanéiéb)é ec[ond section
and the (SABYFAILHECICHIEL FHRS-hINORET the TB&t AR A ISP BAAY #08 Yd'Riid partition
between Vot icirenizeriackesiot theofhst porti seobtit filtesralerfaentst thetopustg(detiresgcdrelfirst fluid
flow path bettween the inleta Eh?turl%su m inlet chamberf_ the stt filtgflte downstr?am cham{ber and the
outlet, wRere e HSp et BEmEnt'is' aiiPBERYA&ToSE tha T Hitlid AOW DR AAd, defiding the
second fliegbtflove patviztytae et ddettitrei nglstiean setzinchiditnate rddhestezzondHdindie dathanstream
chamber and the out whereln Jne seeona fiter sloment s disposed aftose e segppd fuid flow
path. [Ooa‘gﬁ?n another em dchmen , a iHerevice comprises a‘fiousing comprising a first section and
a secondimeartsunfatedirtstedaatton wahh @nsitige adomd/adnt argonisén gnalu dintparsetHarceoaiahard inner
surface. {he frst section indhicing.afisLflals dounsiram ehamber and 3 fisl vent gliamber, the first
filtrate downstream chamber inc uglng a portion of the inner SUMAce'of fie top wall, an Hie first vent
chamber including another portion of the inner surface of the top wall, the second section comprising a
bottom wall comprising an outer surface and an inner surface, the second section including a second

filtrate downstream chamber and a second vent chamber, the second filtrate downstream chamber

including a portion of the inner surface of the bottom wall, and the second vent chamber including
annother nortion of the inner <irirface of the hottom wall- the horticeina fiirther comnricina an inlet and an



5 being disposed in the housing across a first fluid flow path, and the second filter element being
disposed in the housing across a second fluid flow path; the housing including, in the cavity, an
upstream inlet chamber between the upstream surfaces of the first and second filter elements and
bordered by the inner surfaces of the side walls angl the upstream surfaces of the filter elements, the
upstream chamber being free of a solid partition between the upstream surfaces of the first and

second filter elements; the housing defining the first fluid flow path between the inlet, the upstream
inlet chard{ibR, GREHrRPTIBrREE LYdhR BIRsa AV dACH P BE FigaRIREGRAEe MBS R A DR eV ERent is

disposedaagrqgsstmdissdlvid flovHeainsand/staliasy Rerac sl dvicbipMaadabrRIYeRRRRINIEL, the

upstream inlet chamber, the second filtrate downstream chamber and the outlet, wherein the second

filter eleni@FRNd ERERRFBRPHABEY tHE sE ElHEFNEACABBIHEIRTOAT MEIREHE G BYARRtHE devices, and

methods gbmpradhedavicard edibat filidr eiemdas BBERIRIRIRIIARN (PstreatiaweBdRyatems including
the devices, are also provided according to embodiments of the invention. BRIEF DESCRIPTION OF

THE SEVERATrABALSTesE: i SHART RIESy berre rigRaced I Hisd2eshieackpid adi<liBWe (top

perspectiygyigythaRbitAE9se (IR FIPRE BYandRyheiRgRBSGIBERY P emkeditresy #idbentiltiidevice of
the present invention, showing first and second housing sections, a filter comprising first and second

filter eleniOMiPaRs R BCLSESIG ARG dBIEAYARh ARERTSEAN ARG LG BReE PRI et Kl ments, and
first and gpepeshyQiFshampbeIsfilePdd kidurrl Zivds dderntexmPharaatbegimeninef soerititesdevice of

the present invention, Figure 2B is a cross-sectional side view along line 2B-2B of the device shown in

Figure 2A! [l 8198 Wk efidhal st andiensphiprisechen apthib e bR YRsWHarrERfURe SNeGnd
Figure 2[3jisraimectirnalsvieamalpaatitediigdiobihesoryisarahomvpetivEdaure #ier surfaces of

the first and second filter elements; the housing defining the first fluid flow path between the
inlet, the upstream inlet chamber, the first filtrate downstream chamber and the outlet,
wherein the first filter element is disposed across the first fluid flow path; and, defining the
second fluid flow path between the inlet, the upstream inlet chamber, the second filtrate
downstream chamber and the outlet, wherein the second filter element is disposed across the
second fluid flow path.

[0009] In another embodiment, a filter device comprises a housing comprising a first
section and a second section, the first section comprising a top wall comprising an outer
surface and an inner surface, the first section including a first filtrate downstream chamber
and a first vent chamber, the first filtrate downstream chamber including a portion of the
inner surface of the top wall, and the first vent chamber including another portion of the inner
surface of the top wall, the second section comprising a bottom wall comprising an outer
surface and an inner surface, the second section including a second filtrate downstream
chamber and a second vent chamber, the second filtrate downstream chamber including a
portion of the inner surface of the bottom wall, and the second vent chamber including
another portion of the inner surface of the bottom wall; the housing further comprising an
inlet and an outlet, opposing first side walls and opposing second side walls, wherein the first
and/or second housing sections comprise opposing first side walls having inner surfaces, and
the first and/or second housing sections comprise opposing second side walls having inner
surfaces, and the housing comprises a cavity bordered by the inner surfaces of the top,
bottom, and side walls; a filter comprising at least first and second spaced apart porous filter
elements, each filter element comprising a hydrophilic membrane, the first and second filter

elements each having an upstream surface and a downstream surface, the first filter element



[0013]Figure 3 shows a partial view of a downstream wall of a first filtrate chamber according to an
embodiment of a filter device according to the present invention. [0014]Figure 4 is a top plan view and
a bottom plan view of another embodiment of the filter device, wherein the housing includes a clip.
[0015]Figures 5A and 5B are exploded views (top perspective view and bottom perspective view,
respectively) of another embodiment of the filter device, wherein the center channel in the first and
second filtrate downstream champbers is covered for most of the length 6 of the channel. Figure 5C is

a sectionB§iRAIRBTY ihES AOSEING IR B SHo Al tvmgivan s g sergrsiHeheAvdeRibled.

being disposed in the housing across a second fluid flow path; the housing including, in the
cavity, an upstream inlet chamber between the upstream surfaces of the first and second filter
elements and bordered by the inner surfaces of the side walls and the upstream surfaces of the
filter elements, the upstream chamber being free of a solid partition between the upstream
surfaces of the first and second filter elements; the housing defining the first fluid flow path
between the inlet, the upstream inlet chamber, the first filtrate downstream chamber and the
outlet, wherein the first filter element is disposed across the first fluid flow path; and,
defining the second fluid flow path between the inlet, the upstream inlet chamber, the second
filtrate downstream chamber and the outlet, wherein the second filter element is disposed
across the second fluid flow path.

[0010] Methods of priming the devices, and methods of using the devices to filter fluid,
e.g., for administration to a subject, and systems including the devices, are also provided

according to embodiments of the invention.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S)

[0011] Figures 1A and 1B are exploded views (top perspective view and bottom
perspective view, respectively) of an embodiment of the filter device of the present invention,
showing first and second housing sections, a filter comprising first and second filter elements,
first and second filtrate downstream chambers, first and second vent elements, and first and
second vent chambers.

[0012] Figure 2A is a top view of an embodiment of the filter device of the present
invention, Figure 2B is a cross-sectional side view along line 2B-2B of the device shown in
Figure 2A, Figure 2C is a sectional view along line 2C-2C of the device shown in Figure 2A,
and Figure 2D is a sectional view along line 2D-2D of the device shown in Figure 2A.

[0013] Figure 3 shows a partial view of a downstream wall of a first filtrate chamber
according to an embodiment of a filter device according to the present invention.

[0014] Figure 4 is a top plan view and a bottom plan view of another embodiment of the
filter device, wherein the housing includes a clip.

[0015] Figures 5A and 5B are exploded views (top perspective view and bottom
perspective view, respectively) of another embodiment of the filter device, wherein the center
channel in the first and second filtrate downstream chambers is covered for most of the length



[0016]Figures 6A and 6B are exploded views (top perspective view and bottom perspective view,
respectively) of another embodiment of the filter device, wherein the first filtrate downstream chamber
further comprises an inlet, and the second filtrate downstream chamber further comprises an outlet.
[0017]Figures 7A and 7B are exploded views (top perspective view and bottom perspective view,
respectively) of another embodiment of the filter device, wherein the first filtrate downstream chamber

includes a single vent. [O_OlB]Figu_res 8A and 8B are exploded views (top perspective view and bottom
perspectRegerianashetiaR P ofinashrbperh ARGt e GRS ablhesexire &ieVtAdrsecond filtrate

downstregy), e d HHULRSH WY, [0019]Figures 9A and 9B are exploded views (top
perspective view and bottom perspective view, respectively) of another embodiment of the filter

device, WRBHSH the B IREEELANGI R xRl AdRIS G S RB RS SBRIDIF Y BreaNEIO%RM 10B are

eXD|0de%ﬁi@ﬁ&ﬁwpﬁﬁ&ﬁ\)@wm&ﬂﬁp%ﬁémﬁiiwtﬁ@m,téﬁégﬂ%ﬁ}/ﬁ)b{ér@frﬁﬂ@thﬁt
embodiment of the filter device, wherein a component of the outlet is attached to both the first housing

section aﬁﬁrﬂﬁ%@&%@%ﬁﬁ@%"ééﬁ&@?r comprises an inlet, and the second filtrate downstream

chamber further comprises an outlet.

[0017] Figures 7A and 7B are exploded views (top perspective view and bottom
perspective view, respectively) of another embodiment of the filter device, wherein the first
filtrate downstream chamber includes a single vent.

[0018] Figures 8A and 8B are exploded views (top perspective view and bottom
perspective view, respectively) of another embodiment of the filter device, wherein the
second filtrate downstream chamber includes two vents.

[0019] Figures 9A and 9B are exploded views (top perspective view and bottom
perspective view, respectively) of another embodiment of the filter device, wherein the
device comprises three housing sections.

[0020] Figures 10A and 10B are exploded views (top perspective view and bottom
perspective view, respectively) of another embodiment of the filter device, wherein a
component of the outlet is attached to both the first housing section and the second housing

section.
DETAILED DESCRIPTION OF THE INVENTION

[0021] An embodiment of the invention provides a filter device comprising a housing
comprising at least a first section and a second section, (i) the first section comprising a top
wall comprising an outer surface and an inner surface, the first section including a first filtrate
downstream chamber, the first filtrate downstream chamber including a portion of the inner
surface of the top wall, (ii) the second section comprising a bottom wall comprising an outer
surface and an inner surface, the second section including a second filtrate downstream
chamber, the second filtrate downstream chamber including a portion of the inner surface of
the bottom wall; wherein the first section including the first filtrate downstream chamber also
includes at least one first vent chamber, and the first vent chamber includes another portion of
the inner surface of the top wall and/or wherein the second section including the second
filtrate downstream chamber also includes at least one second vent chamber, and the second

vent chamber includes another portion of the inner surface of the bottom wall; the housing



DETAILED DESCRIPTION OF THE INVENTION [0021]An embodiment of the invention provides a
filter device comprising a housing comprising at least a first section and a second section, (i) the first
section comprising a top wall comprising an outer surface and an inner surface, the first section
including a first filtrate downstream chamber, the first filtrate downstream chamber including a portion
of the inner surface of the top wall, (ii) the second section comprising a bottom wall comprising an
outer surface and an inner surface, the second section including a second filtrate downstream

chamberYHBESEEHRI RIRARN dO\n St OAHEEIRAIRBE R RICAYRH HaViih BT HeeNAN &Gl FHEASSS the
bottom walh WhsFRjHEIadHEst SEEIOMIREILHRBENSr IRsUBIIANE HONONTIRAR) SRARDAIRISIRsEdes at

least one first vent chamber, and the first vent chamber includes another portion of the inner surface of

the top wallltBfaldpaRHUIR fdR W Albcd HHYSATBRY 78R alrBRaN & 5 ABH SaneRd SRASRIAERAPEMber also

includes ﬂlt@@érﬂ@ﬁtéﬁ%@ﬁqiH@ﬂél@h@m@fmﬁﬂ@iH@%?%‘P@ur@h%%p}hﬁﬁ‘ll%ﬁi'ﬂl%ih'é!‘iﬁ@ﬁ%mdportion of
the inner surface of the bottom wall; the housing 7 further comprising an inlet, an outlet, at least one

side wall 389G IS SeMaN RS SR HIE A HBSH LA #Y RGRIBPE  BYRSTRABY St Rae o fitRE top and
bottom waitsy areehtie BenRy sisptaea pf therpilgaghenssidwrwallia IR KaMBansite aédeast first and

second spaced apart porous filter elements, each filter element comprising a porous hydrophilic

membrard&hel§RanL ABIRe ARRISREINd S REHI G ACFORRGisRT A I Put £l BatRathe AHSdownstream
surface, ih@lﬂdﬁﬁél'iﬂﬁﬁéﬂfﬁ\ﬂgy,%iOgsﬂiwﬁﬁﬂiéﬂféﬁmmmmm% fresinilvifrtexy epthe fifd the

second filter element bei‘ri]llg isposed in the housing across a secaond fluid flow path; the housing

including@id BFEAMHC LRt ARt RASHRIRE AL I LEREE Y tofe GhLRFedHPatPRESISMRH PGt and
second filfer plaresmisurnddacstered iy tenene! siarfaesing Betiniigass ang fide el pag the upstream

surfaces of the filter elements; the housing defining the first fluid flow path between the inlet, the

upstreanP S BEeLHE HRSRRMAD bR e HEH S B als SaMngieren Ghagresh 3ne kst filter

element isutigpasreeactnssitheriligt dloideiew ppvsandcdelithedgiteerragarnshilvthflavg path between
the inlet, the upstream inlet chamber, the second filtrate downstream chamber and the outlet, wherein

the secof8THHER HEREANE TP Sy Rathdatweenshiednle g HBOY RIS 3IARSFe tafraRFoNd

embodimgitaetibiensiesdne chamb@sireipiit ibiRlet NRRRREH ith & se ol @fRdiceRanEHOR BRfyseen the
upstream surfa&%ts of thi#rst d second filter elements and/or at least a portion of the top wall of the

first filtraf PSMIEFEEAEHAHBEMARA Xt least a portion of the bottom wall of the second filtrate

downstre@upehamhearpistsprapane ot phdransiube kb Re 2Bk psatamreietrethemurasmenis:of the
device, the top wall inner surfa&% of the first gtrate %%Ftream cham Er and the bottom wall inner
AP

surface o RAEHBAR RIOALEHER ML cH EehABASER B BRGRANSBURling a
plurality eéhapeeiioriiof weaopelaltieeingriuiitfrenithencosunstieanbsifacadabthebraband second

flter elent}?eng%ttt(())rt# %5\?8? Itﬂg ge%tcl)?ltd filtrate downstream chamber is transparent or translucent.
[0023] In more preferred embodiments of the device, the top wall inner surface of the
first filtrate downstream chamber and the bottom wall inner surface of the second filtrate
downstream chamber each comprise a plurality of ridges providing a plurality of channels,
the channels directing fluid from the downstream surfaces of the first and second filter
elements to the housing outlet.
[0024] Preferably, the first and/or the second vent chamber further comprises a vent port
and a vent including a first microporous vent element arranged to allow gas to pass (e.g.,
from the upstream inlet chamber) through the vent element and the vent port.
[0025] In some embodiments of the device, the first section including the first filtrate
downstream chamber includes two first vent chambers, and the two first vent chambers each
include separate portions of the inner surface of the top wall and/or the second section
including the second filtrate downstream chamber includes two second vent chambers, and
the two second vent chambers each include separate portions of the inner surface of the

bottom wall.



[0024]Preferably, the first and/or the second vent chamber further comprises a vent port and a vent
including a first microporous vent element arranged to allow gas to pass (e.g., from the upstream inlet
chamber) through the vent element and the vent port. [0025]In some embodiments of the device, the
first section including the first filtrate downstream clgamber includes two first vent chambers, and the
two first vent chambers each include separate portions of the inner surface of the top wall and/or the
second section including the second filtrate downstream chamber includes two second vent chambers,

and the tl94&cond \Vsnbahaivb 8F2EdERTAHN GO SBIPAUBERE rNSrLWICHBITHIRE CUIPASESf the bottom

wall. 8 [Q@ﬁﬁh‘l\ﬁﬁéﬁﬁéiI‘éGIWtH%rﬁ@fjHiW%c%‘ﬁ&mh@@Wﬁsﬁ%ﬂ%ﬂ&ﬁ5@F§hﬁét°8’@”'&5{?é?§ocﬁﬁtra|
channels in the first and/or second filtrate downstream chambers that are covered for most of the

length of TS PdHASEIIO®S T dBRTElEmbodiments of the device, the first and/or second housing
sections pappfise hesghieasieamiee wiahdamine thegie walldneeiohdiesingXesiample, the

housing can comprise opposing first side walls having first side wall inner _surfaces, and opposing

second sFERAIRtRAG0HE°SEeRR 8l auall dpyihpeF wel \/\'}Fl’éer%ﬁqrtfﬁé%d:ﬁiﬁéa@b‘?#pﬁ%s the cavity
borderedhyidig tamesopubiReasHpbENR) R BRIéa0Al B ndaitefitaliriandnharbisiandy tig second

housing sections comprise the opposing first side walls having the first side wall inner surfaces, and

the first RIGHBISLAUBHRAONRIIT]3WERCTE Lhsisitswatl d BB BIiAGESe WAIREELIESN IS Adving the
second siggprbiecaviiaBerichyisale heePBnasing dirsisids, wallsararfignERYyparalie! to

each other and the opposing second side walls are substantially paralle| to each other. )
first and/or the second housing sections comprise the opposing first side walls having the first
side wall inner surfaces, and the first and/or the second housing sections comprise the
opposing second side walls having the second side wall inner surfaces. Typically, the
opposing first side walls are substantially parallel to each other and the opposing second side
walls are substantially parallel to each other.
[0028] In another embodiment of the device, the housing further comprises a third
housing section, the third section comprising the at least one side wall having the side wall
inner surface. For example, the housing can comprise opposing first side walls having first
side wall inner surfaces, and opposing second side walls having second side wall inner
surfaces, wherein the housing comprises the cavity bordered by the inner surfaces of the top,
bottom, and side walls; and the third section comprises the opposing first side walls having
the first side wall inner surfaces, and the opposing second side walls having the second side
wall inner surfaces.
[0029] A filter device according to yet another embodiment of the invention comprises a
housing comprising at least a first section and a second section, the first section comprising a
top wall comprising an outer surface and an inner surface, the first section including a first
filtrate downstream chamber, the first filtrate downstream chamber including a portion of the
inner surface of the top wall; the second section comprising a bottom wall comprising an
outer surface and an inner surface, the second section including a second filtrate downstream
chamber, the second filtrate downstream chamber including a portion of the inner surface of
the bottom wall; wherein the first section including the first filtrate downstream chamber also
includes at least one first vent chamber, and the first vent chamber includes another portion of
the inner surface of the top wall and/or wherein the second section including the second
filtrate downstream chamber also includes at least one second vent chamber, and the second

vent chamber includes another portion of the inner surface of the bottom wall; the housing



[0028]In another embodiment of the device, the housing further comprises a third housing section, the
third section comprising the at least one side wall having the side wall inner surface. For example, the
housing can comprise opposing first side walls having first side wall inner surfaces, and opposing
second side walls having second side wall inner sugfaces, wherein the housing comprises the cavity
bordered by the inner surfaces of the top, bottom, and side walls; and the third section comprises the
opposing first side walls having the first side wall inner surfaces, and the opposing second side walls
having thSBRIGFRITRIEE HgaAnHHET &R e 4t BHOAMPS NG TSR YR Weto Ravig adifa skitokdy IBR%Hodiment

of th_e inVﬁfﬂfK&ésf}@ﬁb%i@&%ﬁa?f@éﬁﬁ@ ﬁ&@\ﬂéﬁéﬂ%\%@@éﬁoﬁdi%@WP%@F@@%@Q%&%iOW the first
section comprising a top wall comprising an outer surface and an inner surface, the first section

including@*ﬁ%ﬁﬁ@ﬁt@@@%%@r‘@%ﬁ%ﬁﬁ@b{ the RS fnFiReca SIS QRIIBEH FERWME a portion

of the inngf ﬁb'lffﬁﬁﬁ;ﬁfsih? &@%&%@“irﬁ?ﬁm@ﬁoﬁﬁﬁ&ﬁ QMFM&?EI& fiRataemerml @aprrfiging an outer
surface and an inner surface, the second section including a second filtrate downstream chamber, the

second fitEREHSARTSHIN %h&ﬂﬁ%@?ili&m% Apfforel ane SRFRICRI IR BRRTMVIRG!;
wherein e pdtepcdardpcklingdbienitalifieade s fieam IEhanhehalsang didgesattemest one first

vent chamber, and the first vent chamber includes another portion of the_ inner surface of the top wall

and/or wHEHEIRGAE"SETRALSEELtd ML RASTh G A dNesteSRRCKTt &I ESIGRE BE!a URRASRSEINGRS includes at
least onenaepiAthyRI3E GABIAEIT ARUFIR ﬁmﬁﬂ@b\r@mﬁ@aﬁ&mmﬁwﬂ@ anatyerPapiaaash the inner

surface of the bottom wall; the housing 9 further com{ﬁrisér&an inlet and_an outlet, opposing first side
§

walls haVRIGHHRATBREE DEAVGARAPSUPRIEAE! SWdAGRHES 8RB KA EHEFMEEREBMd side wall

inner surfasgsrcans) it iviesiafaces piises sideavilishpid eiedfyréhm Keicesidpaastfdhe top, bottom,
and side walls; a filter comprising at least first and second spaced apart porqus filter elements, each

filter eleniMEUniBRLRRY SARY EhEPRACOHEMERS AL AR IGBALHIP DEBNEFAITEF HIBRISHEEES AThaving an

upstreaniiruffidearans AP WNstreamentyfarehonsifigddtianeg e ar PRIRDFDFNNER bt ipeising
across a first fluid flow path, and the second filter element being disposed in the housing across a

second fAHEHEN PRTHEARR RIS SHAPRIUEH I Sh ARy NS eapL RS h NG B thetween the

upstreamsi¢raaereditidifliestand seconn bt elemente finst Harderes patihenangteinpaes of the
side walls and t?ﬁﬁpftream surfaces ?{ the filter element, th(f u streamé]hamber bﬁin free of a solid
df i f

partition BRGNS PR, PERIEER, 5 (AR HRSLEBRL IEE C RASPREm e RRE A BN Gefining the

first fluid flowhpatareuatirthadnietothR i patEeaMti et sy, drentirstisidigtesdawnreiseaim chamber
and the outlet, vﬂ‘uere'n the first filter element is disposed across the first fluid flow path; and, defining
the secorgCROfM HWJ@W’B ween the inlet, the upstream inlet chamber, the second filtrate
downstreguBohamhearsandibehouéieboulreaindiivieedoricefikpreladse abiaptisprosetoasiags the second
fluid flow path. [0030])n still another embodi(gnent, a;‘bleser d?_vice is Provided compris'[g\%{a] housing
comprisi afaﬂﬂ GG %ﬁ‘f&%{@@go%?%% ia?ﬁttﬂnt ﬁ'ljgt USkaH 88&%%%”8 ?059 i ,:omprising an
outer surtaogpeivith@an voer surface aatdraineasiuofiesideadvialbahie issti e alion tnclildingaidrst filtrate
downstream chamber, the first filtrate downstream chamber. including a portion of the .inner surface of
tho top B 18 BEE T8 QROH CETABH S BEbARE Tl CO phay EAToRer CEATAHIG an mner
surface, andicleastitiasid sunfatie bietisetp e ¢iip thinsdadinisectien@oachfilticite ddonsinaaal
chamber, the second filtrate dqwnstream chamber includjng a portion .of the jnper surface of the
bottom wATRFPGHAT AU S LRSR QAR AR, TR 2t R el b e nctudes at
least oneséicgbrent lcldamlaesscand file fiestiownstedmiiainibety thessecwtth €l pateidovefstreammner surface of
the top wall and/ar wherein the secopd section including,th cond filtrate dowpstream chamber also
incluces SHICHE! JHH KLRB A VTR o0 L S A <R ST B P R DB kRGP portion of
the inneriaulfidiey ohéHfirfiditoaevdalyibiechousiamiberthizo dochyaiésiagl eastiolet frsd \emtatiéetband a cavity
bordered by the inner surfaces of.the tpp and bottom walls, and an inner surface of at least one side
vl of VLD B T o R S T A SO G b P S Hh porous
filter elemétigj e tahsetentesdotiom presinigng thecegaimid ¢iltehte eovensinegrthehtinsberradssd aolud dl tatr
elements, each having an upstream surf and a downstream surface, the first filter element being
Cioposea LTRSS YR e AT RGOt Ve 0 R e AR DG Sposed i
the housingercofzca ceiterin flom Wald, e hptiséngduring cochpdisiggiantivd etawvidyaraoutipsteadra inlet
chamber henusen dhe e suriages, obhe el and secend st slements, and.bordered by the inner
surface of At feast one side wall of the frst andlor 2econd Section and e upstream surfaces of the
filter elenteastyrib el towusithg b ring dnd/trsetlond fectipath bikeweanphsimgleat,|tast Gipstesdm inlet
chamber, the fishfllaie downatiesm. hambstand e quliet aherein (e fist fligr element is
disposedS SerosshAe firRduRPHow pa?h; and, efflnlnget a'secondund gFlowypaﬂ‘iJ between the inlet, the
upstream inlet chamber, the second filtrate downstream chamber and the outlet, wherein the second
filter element is disposed across the second fluid flow path.



[00311Yet another embodiment comprises a filter device comprising a housing comprising a first
section and a second section, (i) the first section comprising a top wall comprising an outer surface
and an inner surface, and at least one side wall, the first section including a first filtrate downstream
chamber, the first filtrate downstream chamber inc%ﬂing a portion of the inner surface of the top wall,
(i) the second section comprising a bottom wall comprising an outer surface and an inner surface, and

at least one side wall, the second section including a second filtrate downstream chamber, the second
filtrate dONATEREAR ERhBANthescantg ApRiesEBtRRChRABY AR LPBIARB BETRIHANEIR the housing

further C%ﬂﬁﬁfé@rﬂ@dﬁ@é@ﬂ%@ﬁs@*ﬁﬂ@% ﬁ@ﬁ@f’@é’i_ G%{S&@i ﬁ%@“ﬁohrﬁ?ﬁé §W6§§§$i@‘t¢!@ia0p gnd
bottom walls, and an inner surface of at least one side wall of the first and/or second section; a filter

comprisifiPWRaHs AR RICLHies SLBeNAPaIR HBIDeS e iy BR:PAHRIRT BEERSAeRcORMEHE comprising

a hydrophib mermkraneuiityfirkl andeesanddiag cipnpsticfathdiayinamn biaiseamsiaee and a
downstream surface, the first filter element being disposed in the housing across a first fluid flow path,

and the sSEEITaSHtENe BTSN EIEHE5 B MEHR NG RIMP LS B¥LNe LAy HRea AbA [538h; the

housing ingdUsdRAN AN BTeHSaHIR A /BPSERRA EUabRRAMBRI Reivas sttt BrapaFHafaces of the first
and second filter elements and bordered by the inner surface of at least one side wall of the first and/or

second sEEEAENIEHOUHE RIS HEdULiTHIE AW BRARGINEIREIAEH PEERRIFGT IS fluid flow
path betwagRtibe Rkeirdba BRI IRIGIR ARG dhe firsblilatafawnsiearschrebrinwd the

outlet, wherein the first filter element is disposed across the first fluid flow_path; and, defining the

second fll§id fRRNeSAH BRstihedHThEUId dlow Baibanda AF TG g PRsond il CLEB WAl BRIRR AN stream

chambertpaghibe @itigistubrT aicihaaasandiitet lameritisdiapeseshl dranbesaitetre et fluid flow
path; wherein the top wall inner surface of the first filtrate downstream chamber and the bottom wall

inner surtRr IR il SRR HIERL BENHHS HRIseth arrens the sereBhiride R WiBAity of ridges providing
a pluralityopieanngls; shetrbiesnbéRidiaatiteniviskira mitseleponstivpsisigrlsaspigthe first and

second filter elements to the housing outlet and wherein the top wall inner surface of the first filtrate

downstreSHIRHERLR EH OB SHEM SHEMNAART Qb He A BrHHL SCUSRFADRRE DR HRYath chamber

each congprifrisimeataliehanratéehaid amviciesr a0 daePer IHasnoestiberthannelst ertowherein
each centrahﬁjannel has side, tﬂ%ﬁ and bottom Wa”E f?rmi?ﬁ a closed tube for at least a majority of the

length of'84 '@grﬁrfars&fm@ld QSR SPEfaRE B RISHTTERE ouApLearL GRAMReT BRI frst
filtrate doystieaar ehamharalsaceanPisep aalls{ivemeceaonassdiienfisinpeniehassnneliting
another portion of the inner surface of the top wal|, and the second sec ionei’ucltlHdin a second filtrate
downstre2MRHSAHE QR SHHARTAN AL LOEH SRR ALR A dFath et BhY AR riERaRIBEr including
another pettion diclbeiimyessiviiaddedttheohoikooamyaiatiba2ite seanidfineetaibnarata@s embodiment
of the present invention, a filter device is provided comprising a housjng, comprising a first section and
= secondh CBRHEh I (AL POLLRR A B SEN S on AL ORI SAR) S RLP B HEB g an fner
surface, aosh@tideastoidesigelwalbuihe finsd aestitly bedmtunoby thstitisate dasnstrernophmaber and a
first vent chamber, the first filtrate downstream chamber inclyding a portion of the inner surface of the
top wal, SRUPT A1 SBFCHATRSH R BAOHAGE SSRA bPIAE S PRSP el (1) the
Isecond s&@i;mn @mﬂm” h‘r@ifggaalégsttﬁmtwafﬂ mmml _ igﬂagearapmﬁmuu%aﬁaearetbmdmeaathffaeeaand at |
east one side wall, the seco ection including a second filtrate downstream chamber and a secon
vont cha R R T OB A S Ho BB R AU S L SR A LA of e
bottom wallupstebtine ssefauechivie atdoinasipeminstcfdurg tha dtive fifrortidenehtiingeispostalin dfidhe bottom
wall; the housing further comprising an inlet and an outlet,.and a cavity hordered by the inner surfaces
of the tor T BRI A VS 0L A R LA e Bl BREHRE K tor socond
section; ddilsingaonpsssareg cnie &sii di f$o e the tunidospmeaid cdpdirigydnahes fatatye mmupstssapach filter
element cgmprising a hydrophilic membrane, the first and second filte ments each having an
Cpotrear UEL B R S St e s R S B L PR e hoveing
across a fivsddratitoivepatier anddtectet dewd tfivrer stemetit dfdingfisposéa secbedrsratomgaadross a
second flyid flow path: the housing including, in the cavity, a stream jnlet. chamber between the
Cnstreart B B R ) e e R e D R RS e ot ot e
one side healezintte findttatihd/ apsezzondhdetatimmbed th2 fivet ddstieatovastizasscbbthiechiliad ehements, the
upstream chamber being free, of a salid partition between the inper, syrfaces of the first and second
fiter etor L e R R B S e SR T o e
chamberdétfimifings tHdtsate rabilun dtfawpethamatvesearttiet e e thet ypdtessmitihet hatfileer thieseeotds
disposed.across, the first fluid flow path; and, defining the second fluid flow path between the inlet, the
pareant TR QAR el R Ao MR R SR L o ARl RS e cecona
filter element is disposed across the second fluid flow path. [0033]In another embodiment, a filter
device comprises a housing comprising a first section and a second section, the first section
comprising a top wall comprising an outer surface and an inner surface, the first section including a

first filtrate downstream chamber and a first vent chamber, the first filtrate downstream chamber
inchiidina a nortion of the inner <irirface nof the ton wall and the firet vent chamber incliidina another



wherein the first and/or second housing sections comprise opposing first side walls having inner
surfaces, and the first and/or second housing sections comprise opposing second side walls having
inner surfaces, and the housing comprises a cavity bordered by the inner surfaces of the top, bottom,
and side walls; a filter comprising at least first and fh cond spaced apart porous filter elements, each
filter element comprising a hydrophilic membrane, the first and second filter elements each having an
upstream surface and a downstream surface, the first filter element being disposed in the housing

across a 3FsaRe Aerephiividhleneadacuherfitdhe omsrlidanty wislseed thetHeshBligatty across a
second flyigyHoe atbhdhd E1oiRingei BetsHN Gal iR CAMXCEHF URSERAMY Highehashkatbatveen the

upstream surfaces of the first and second filter elements and bordered by the inner surfaces of the

side wallST@PRREFHTARRH AralkEal By B ifess BraMieing aRAkIgHEY-BRAANEOEE KBAEGIRe of a solid

partition BEvEREG MR, e REeSREINE JiiFhaRbPREOATART SlesnenifieflfhRueing #efining the
first fluid flow path between the inlet, the upstream inlet chamber, the first filtrate downstream chamber

and the QIYSING/ABYERBdeMesEEediemKA I87REpudack Afibe sk FHER R HaviRA s £ NaRP e efining
the secondfinel ftavsmatalpaive enrtac siehdRecdRatiRrate biet-cAAtRaniieaarend fiisate

downstream chamber and the outlet, wherein the second filter element is disposed across the second

fluid flow S [EtASUEA datEaY I SR/ andREass (RaRitR? BkGIcERaRBeIsENtY YWHEIIRASRRSTESh be
assembledaniel Adesiieed | LPBb@HHANAIRTEAHNG Del RHIiNG Memanistandisrieysr tents) as

compared to dual filter element "outside-in" 1V filter devices. Preferably, filter devices according to

embodirBRE AR GRIMER) FdMphidd RAURTRGECHISRAST IR RN (Gl tARCHRR AR IHE D &rs.

Another glviefikase abWinsRainsiierddl diteesinyiers asrordug tadhednvaatns etk thiRareeomprise
one or more vents, as compared to dual filter element "outside-in" IV filter devices, is that proper

priming d&ﬁ'B@'rﬂﬂ&@%iﬁp(}&mi@m@d@ﬂe\r/éwff?&ecl%megé%‘ﬁ’@mWt@?ﬁ@%%ﬁ?ﬂ%referably

self-primenefugifig-Psitend. filtidie gvisereiprsmehnaedstodem ey addbenag éiliraamiser iftitesired, the
device can be hung vertically with the inlet Eositioned \Ligwardly and the outlet positioned downwardly.

[0035]AnEFABB ST HEAAPRCABHHG ELARHIRGAY 98 RIVERKBREESHRIAGEL Re<RAHG™ W through an

embodineoBef the fiftescdeyanee hathexrihelemibedpiRRedTRNbREhEI MeHim comMpiisryieassing a
fluid, such as_%lqlv fluid, throygh the inlet intq the jnlet chamberchgassin some of glﬁgzlfid along a first

fluid flowRSQUICEH GAGIPLSHIG ARG HRMPHRIIE fH Ui rECHRAAA Lo e OB SR UM Hatthrough the
outlet, passiiehssomerditieaftophaineametegdivideiou ot utranginarseerie, filiaraglement through

a second filtrate downstream chamber and through the outlet, and passing air or gas from the inlet
et AT R AR e e A e
;:lorgprise%m@%@mmﬁlf\;arﬁdiWatwgbwfli:ﬁ@uu@md hﬁmﬁ%titu’r,lacﬁu%j?ipbrﬁ@ﬁfbﬁﬂwé m‘éemgr{é}%‘@id fhyariety of
uids, preferably, IV fluids, can be filtered in accordance with filter devices, methods, and systems
oo L A R PR oA BT PO, i B HARC Sl Ty Srosteally
acceptableaflu(@) andseesnbigextsdardenfipidiny plboaiim ofdlLidenpaisinged bukesartecmavii the

i ti d the fluid b ibl i ther. F le, fluid b dt
e o T e A A T b W e SRRl R e e aror o

nutrient. dberfitiekncahabhthecmhingleshdnedforchaxgdr itidesicedd RRTdmbnstie@nchaftie device are

suitable 1El%rc ug%geeat%gr]ct%pcl)ifct%téqﬂﬁérigﬁlr g(izg%f the bottom wall, and the second vent chamber
including another portion of the inner surface of the bottom wall; the housing further
comprising an inlet and an outlet, and a cavity bordered by the inner surfaces of the top and
bottom walls, and an inner surface of at least one side wall of the first and/or second section;
a filter comprising at least first and second spaced apart porous filter elements, each filter
element comprising a hydrophilic membrane, the first and second filter elements each having
an upstream surface and a downstream surface, the first filter element being disposed in the
housing across a first fluid flow path, and the second filter element being disposed in the
housing across a second fluid flow path; the housing including, in the cavity, an upstream
inlet chamber between the upstream surfaces of the first and second filter elements and

bordered by the inner surface of at least one side wall of the first and/or second section and



passing fluid(s) to any subject such as a patient, e.g., embodiments of the device are suitable for
administration of fluid(s) to humans, and to animals. Embodiments of the device are suitable for use in,
for example, applications involving apheresis. An embodiment of a system according to the invention
comprises an embodiment of the device, at least Of{? 14 conduit (preferably, at least two conduits),
and at least one container for holding a fluid to be filtered, preferably, wherein the container comprises
a flexible container, e.g., wherein the container is placed in fluid communication with the device inlet

via a firstle®HBRHE3 UsTacRsPIA R HEaN emaRtant g IAAMGBATRRAE BRI BiegsB 35l housing can

be any S%Eﬁh'i%ﬁbéﬂ@eﬂ-%e W@”Yaﬁ%%@'ﬁ_’reﬁ&ﬁ@ﬁ@e&ﬂ@ﬁi@ér Meﬁfs?riﬁ@ﬁéléfnd— he h.ousing
can be configured for ease of use and/or for subject comfort. For exanéilél, the housing can include

one or meFEHPENBEdirsivilvid HRwmathhrivRaTeNs Aisk LierHRSHSAY B! SeditnbRinieifire housing

section wifaau Hotviietandimisiianiaredinaomastinithe st ARac IemiH RAisfiRERINg, a
bracket, a CE), and/or an eyelet for attachment to clothing beddin&g&nd/or another structure, e.g., for
&3

support SheHee Hf‘fﬂjfbo%ﬁ’ﬁmisﬁ%igﬁﬁ[@@%@]?E%CH%QH@ Eloyvaibchapuess feadntiiing the art,

utilizing, {RsexamMRRAIRIGSFEINNSE Hhdam RetERINPsReamvEEmigeny eidinau sadiddremupacy
sealing, ultrasonic sealing and/gr heat sealing&gdditionally, or alternatively, the housing can be sealed

via injectRSRAMSINRS StameEnkis HsRPSRh RS KIS eecand R4 SRy RatRin the housing as is known in the
art, e.g., [g@mmp@ﬁ%mhmt@rﬂ@b@lﬂﬁ@rﬁ!,aqﬁ IRerdotaBenaseiderbiRiiedoninimg 891 The housing
a

can be fabricated from any suitable rigid impervious material, including any impervious thermoplastic

material, SHFHOR RNEGRRRAIS SaRHANHES(IISL e HFORUNEIRG flaHAHE YRS ARREHE the housing is

a polymegyieecanaeiriinbby sukfaBs RAESMsPEAEADRI HRaNiPg TRt Flthea ARRRAMCcRATRIOPY lene,
polystyrene, or a polycarbonated resin. Such a housing is easilﬁ/?and economically fabricated, and

allows ot V&P EFa3IRReN e SHALIH AR B W RRECRBLERE DF dBS| HN9fePREHINN Y B be
fabricateghaeebuii@lesta ey PR N esiethe BirioventandrbenHetuaméisingtiecjoRPrede tHansarent or

A thie G NS0 WAl The SHCONTSachon Compriaing A Dotorm wall comprising an outer U=
surface and an inner surface, the second section including a second filtrate downstream
chamber and a second vent chamber, the second filtrate downstream chamber including a
portion of the inner surface of the bottom wall, and the second vent chamber including
another portion of the inner surface of the bottom wall; the housing further comprising an
inlet and an outlet, opposing first side walls and opposing second side walls,
wherein the first and/or second housing sections comprise opposing first side walls having
inner surfaces, and the first and/or second housing sections comprise opposing second side
walls having inner surfaces, and the housing comprises a cavity bordered by the inner
surfaces of the top, bottom, and side walls; a filter comprising at least first and second spaced
apart porous filter elements, each filter element comprising a hydrophilic membrane, the first
and second filter elements each having an upstream surface and a downstream surface, the
first filter element being disposed in the housing across a first fluid flow path, and the second
filter element being disposed in the housing across a second fluid flow path; the housing
including, in the cavity, an upstream inlet chamber between the upstream surfaces of the first
and second filter elements and bordered by the inner surfaces of the side walls and the
upstream surfaces of the filter elements, the upstream chamber being free of a solid partition
between the inner surfaces of the first and second filter elements; the housing defining the
first fluid flow path between the inlet, the upstream inlet chamber, the first filtrate
downstream chamber and the outlet, wherein the first filter element is disposed across the

first fluid flow path; and, defining the second fluid flow path between the inlet, the upstream



section, and in some embodiments, the housing comprises first, second, and third, housing sections.
The housing includes a cavity, bordered by the inner surfaces of the top and bottom walls, and by the
inner surface of at least one side wall. [0042]Each of the components of the invention will now be
described in more detail below, wherein like compgrents have like reference numbers. [0043]Using
the embodiments shown in Figures 1, 2, 5-8, and 10 for reference, the illustrated filter device 500
comprises a housing 200 comprising a first section 101 and a second section 102, and a filter 50

comprisiny&FAee e APe HRSCHAJ1HER (9 Wo B BRI RBRMBS ABF IS Wlet, yhefRl ipgtstraPEIement 51"

comprisifggy biehiayi9ariHeset HEes s IMPRNE ﬁgwtﬁﬁ§econd filter element 52' comprising a
second heﬁ/%c&c;ﬁhilic microporous membrane 52, sealed in the housing. The filter 50 is disposed in a

cavity for h the YWYARIAgLaERIVireI DBASHRIYS TElReXiPes AGFRE RGO AA MYENHGEFAREBRIN Figures 1,
2,4, 5, a@eMlchuiiRS RRRNRR AGRHREbIRMMOARIRS leanthalsmiiekAdR94AtinotaRERRRgiments,

the inlet and outlet can be associated with different . . . )
as compared to dual filter element “outside-in” IV filter devices. Preferably, filter devices

according to embodiments of the invention comprise housings allowing the user to view the
outlet chambers. Another advantage of those “inside-out” filter devices according to the
invention that further comprise one or more vents, as compared to dual filter element
“outside-in” 1V filter devices, is that proper priming can be more easily verified. Such vented
devices according to the invention preferably self-prime or auto-prime, i.e., the device does
not need to be inverted during filling, e.g., if desired, the device can be hung vertically with
the inlet positioned upwardly and the outlet positioned downwardly.

[0035] An embodiment of a method according to the invention comprises passing a fluid
through an embodiment of the filter device. For example, one embodiment of the method
comprises passing a fluid, such as an 1V fluid, through the inlet into the inlet chamber,
passing some of the fluid along a first fluid flow path through a first filter element through a
first filtrate downstream chamber and through the outlet, passing some of the fluid along a
second fluid flow path through a second filter element through a second filtrate downstream
chamber and through the outlet, and passing air or gas from the inlet chamber through at least
one vent. In a preferred embodiment of the method, the method further comprises passing
filtered IV fluid through the outlet to a subject, such as a patient.

[0036] A variety of fluids, preferably, 1V fluids, can be filtered in accordance with filter
devices, methods, and systems according to the invention. Suitable fluids are known in the
art. Typically, the fluid is a physiologically acceptable fluid, and can be a sterile fluid. A
plurality of fluids can used in accordance with the invention, and the fluids can be compatible
with one another. For example, one fluid can be used to prime the device before
administering another fluid, such as a fluid comprising a drug and/or a nutrient. The fluids
can be commingled and/or mixed, if desired.

[0037] Embodiments of the device are suitable for a variety of applications, including
passing fluid(s) to any subject such as a patient, e.g., embodiments of the device are suitable
for administration of fluid(s) to humans, and to animals. Embodiments of the device are
suitable for use in, for example, applications involving apheresis. An embodiment of a

system according to the invention comprises an embodiment of the device, at least one



sections of the housing (e.g., as shown in Figure 6), or with an additional (third) housing section (e.qg.,
as shown in Figure 9), or the second section can include the inlet and outlet (not shown). In some
embodiments wherein the device is in contact with the subject during use, it may be desirable to have
the inlet and outlet associated with the same housim; section, wherein a housing section without the
inlet and the outlet is placed in contact with the subject. [0045]As shown in more detail in Figures
1(A-B), 5(A-B), and 10(A-B), in these illustrated embodiments, the first section 101 comprises a top
wall 110 eeRApRRTgTarklyict ashiuorcond it aRddhiastpricenere dha hRldingea Buiddeitgate

downstreqy aapibRr Hhantha dirstesy riveremirisha skiicaiotaumnss gamihambgr 10

including a portion 16 of the inner surface of the top wall, and the first vent chamber 15 including

another poridierdsoplassdrindiuid rareyntrrlig Wit (e e SdebMiE dHEbROIAYIbARbASes a bottom

wall 120 ginmiisHg @0 Qi siciaseJiaPthaae\dek ipngstsurface 120b, and includes a second filtrate
downstream chamber 20 and a second vent chamber 25, the second filtrate downstream chamber 20

includingl8958Htion 26 HEIREIFEP LGRS YIRS BRRSEWaleas Rt eiaReId e PR HEMber 25
inC|Udingcr’H%QIBﬁroI99r,tl§}fIr2§19§1F5}‘? TReRsWitaseanfthedpeiieredvel «L3der eaismtfensutpeuding

other arrangements and numbers and/or locations of vent chambers, are encompassed by
embodinfHREBF (O REBMRYR, Bed 0SNG GRS GRS B (MBS, of (Redp | guxingy, JeAass [0046]The
illustrate@ fitist aneheasachoastieeaisHE &iloa IRRIdithy-SebtRIAvih QUAHR)inléCaRd . BtfetE, and

10(A-B), each include at least one side wall, wherein the side wall of at least one section has an inner

surface 2MACEH BLABPIEGHAHB tls SUNRCEPRHSHRMIETISS/HRIALIY (AL TGS NG GUR GREIRAIPSBXRAFE (not

shown) ofpgaiteshihereesaIaming (didmg vt dhdtituardipeSe gnadkQuiberfisplehqusiTefReCtion
101 comprises opposing first side walls 115 and opposing second side walls 115', each side wall

comprisitgBRSHEICSurface 115a (for side wall 115), 115' (for side wall 115') and an inner surface
115b (forpsasavall Fhohoubing thar Isddranallat 1SRnend thensesondi RaugiTorseeiinne @] comprises

opposingfirst side 16 walls 125 and o fOSinP second side walls 125, each side wall comprising an

outer surfBEET8BBSEHYr LrANRsIVe s §OMaEG laghr Weldipgn o) aqyeney SRy 18, (L&seRiGre 2B)
ﬁorderedsban ﬂ_ﬂigeaingvar ﬁb:iﬁfa?aﬁrr{yﬁ th@ib@wgpaanw_ﬁttmm%di_ﬁeaé melhgazith baner?_sseafhlaaeﬁ_apf the first L0
ousing sectign side walls. t em iIment illustrated in Figure \-B), the first housing section
furthor cORH O ACIOH B Dee L L SEEHRRAD HAIRD Sl e 548 h 1 § el
such thatpedior of inpetBupiasss, ibledad it Fith @andetnaraiperieriad tomigyromieg surfaces
118b and 118' b, respectively, and a portion of outer surfaces 115a and 115'a each form a portion of
%]urfacLE fﬂ%‘ é‘?\ 5 E]n%

tongue oH8f ¥ GoD128 1aPESAIECHTR R M HRD S LU RBRIVIOY S BEHSIRh 02 further

comprisemdigingahinimesesuidasesetobl fnicsitieenal| WARh #nebighatib{towitisenevlllid2hgnd a
groove 128 for eggﬁﬁin%ﬂ)é ton%u . In these illtbstrated embogdiments, the fitfingg?f the first and
second HYQSHTEESedfichl 46T eh B BB U th-A B SHEE QIR FIRE Bnd section 102 do

not provideripmeesiusfacas lnosdepoly e, caeiason ke eoliedpyrRniopaly sigtdimigto such
configuratigns, e.g., the first and housing sections can each include ipner surfaces projecting upwardly
o proviaB R DA AL e DEIA T PR TR RSB R VFch 8 AL podiments
the housinigeloetons v sshgtauttidlid paraligh drasisggide dealledetbe howshme@nteodiments
wherein housing is generally round or oval (not shown) the housing.sections can each comprise at
st one LA R Sn T RS AR THBIB FULRSTR NS RSP RS, (ot Shown)
the houstnghsparéansraaanslacencomprise at least three side walls, wherein the inner surface(s) of at
least oniﬁéihf sidj: Wa%/l’é@ Tﬁd the inner surfaces Sf ‘%}E tOé) and l%ottom walls border the cavity.
Additiondfly 61 altef VRGN, THe HAGEY COMREMRALL VSt E AR SRS HENGAG Kiiions (e.g., as
shown inskdgiore &{AiBxpmderdiodinesths;drecodiming detweess testfiicstand] spdomddsaotising, and the
third section.provides the side. wall(s) bordering the cayity, [0048]In the emhadiments i|lusfrated in
Figures f’eg{’l%rhsd g?ge %Lglf&l Zuéﬁépgéwty, gord%rea\ﬁ)y ﬂ{e mnelr sunaces obf({ﬂe top anol 0Hom

walls, and by the inner surface of at least one side wall.

[0042] Each of the components of the invention will now be described in more detail

below, wherein like components have like reference numbers.

[0043] Using the embodiments shown in Figures 1, 2, 5-8, and 10 for reference, the

illustrated filter device 500 comprises a housing 200 comprising a first section 101 and a

second section 102, and a filter 50 comprising spaced apart first and second porous filter



comprising spaced apart first and second porous filter elements 51', 52' comprising first and second
hydrophilic microporous membranes 51, 52, is disposed in the cavity 40 of the housing, wherein the
first and second filter elements 51', 52', each have an downstream (or outer) surface 51a, 52a and an
upstream (or inner) surface 51b, 52b. In those emh@diments wherein each filter element is a
hydrophilic microporous membrane, the downstream surface of each filter element is the downstream
surface of the each membrane, and the upstream surface of each filter element is the upstream

surface GHBREBSCH metnidfinr St IbE &I RaH6 aim EPRPIHE BA HISEHEEPRIHIEEM S ARSI additional
filter elemeiphinagtitnsiedha filiefEr AR Scenmh i RPN e e MYERDSIHIROhRAGYIIUS -J-» an

upstream fibrous prefilter and/or a downstream support such as a fibrous element or a mesh or a

[
screen, tREERNARSIPEars et @ hadtingild PR ARSERP daHIBROBSE MY ARIBaFF AR ENBT the each
support %ﬂﬁ/@ﬁé"fi@gﬁé@ﬁ%ﬁm 260i8f sAchiilies alibent&as inashadiorisgiauface of the each

fibrous prefilter. [0049]The upstream inlet chamber 5 is located between the upstream surfaces 51b,

52 of the M AAd ¥l AIEP B IaRNeRS A inksd L AR YRR ACe, the following discussion will refer
to 51b and@id as theotstEambdseRGeheiing sambienes HausbcibrARsRArRHfaces can be

fibrous media as discussed above) and bordered by the upstream surfaces of the membranes and the

inner surfEHENSTIAhERRVNAALE MRS SRR UEETER) i ph s phadditional (iRl 8k eifirst section
of the houisifign IR HeaeRHRciMenigliHsyRigcte sestg Sctivh vaatiralyénted phenahebiglagatrd

between the upstream surfaces of the first and second membranes and bordered by the inner surfaces

of the sic'N4Ms dPFRNMKFERRAURANSIMNETRBLINRH G thdn IR WS ISR BEIENGHB albes. In
each of thegenddstiribré eMbedimenift hiribuaepies tinfacaiih ehasahrrisdsaey ebaisalid partition

between the upstream surfaces of the first and second membranes. [0050]Using the cross-sectional
view in FIYIREDER RRUURS-SRULpaMNQY §ns I IRIASR 15 QRIS AR kaSE WHeRRIACHYN IdHging has three

sections apjéet.the inlet and outlet associated with different housing sections), the first and second
filter elements are disposed in the housing 200, and the housing defines a first fluid flow path 151

between HéRllet 1AM ELEESEA! ehigige ARk CiRainard LB Tkt MItESE downstream

chamberifiQsteaediampodietehtsvier eintbeficst filtecataimiess Stoflvalratercampringraneutd) is
disposed acig'oss the \fjﬂriifluid flow pﬁlth 151: and, defines the second floﬁd flow pat 1F5%ébetween the

inlet 1, inféFBs&dI0a AR 48 Hen SERER H ARetih HirHErS? St dU s Rty fhhamber

20, thbe ouﬁ@ggf&s%amaaér&aarqm ﬂgﬁnwmth%ﬁmgﬁfmmrﬁaﬁﬁmgmﬁiMQﬁr&inmm;gta!iﬁégihnﬁn@ted as |
membran .is disposed across the seco ujd flow path 152. Figures 1A, 2B, and 5A, in particular,
R1o0 Shof dPEUBUE ot BLA 9B WAl G i 5 MGk FRASEB sl e G 2 RAH Brtrance to

the upstregr ineimiasbecs ofitirome wanbadinentscng Ssandiatite toaypeicliesintaich faw (e.g.,
toward the sides of the sides of the inlet chamber 5) and improye the priming efficiency of the device.
(0061 IPre 4B PR AR LCICA B BB L D B e i LS B85 secton
and/or thfilgaeoaclnusing sectiber ipClites sheonends) chaatbeably, weaseeontheilwatt comprises a
hydmphodt())i\c/:vr%{(r:ergtgocrﬁaunsib\é?r}toelln% u((ajri]rt1ga£l %oart\l/c?nnEg %%tthrg?rqﬁe?rs%fr ggg Igf the bottom wall, and

the second vent chamber 25 including another portion 28 of the inner surface of the bottom

wall. Other configurations, including other arrangements and numbers and/or locations of

vent chambers, are encompassed by embodiments of the invention, e.g., as shown in Figures

6(A-B), 7(A-B), 8(A-B), and 9(A-B).

[0046] The illustrated first and second sections shown in Figures 1(A-B), 5(A-B),

6(A-B), 7(A-B), 8(A-B), and 10(A-B), each include at least one side wall, wherein the side

wall of at least one section has an inner surface and an outer surface. In some embodiments

wherein the housing is generally square (not shown) or generally rectangular (e.g., as shown

in Figures 2, 5-8, and 10), the first housing section 101 comprises opposing first side walls

115 and opposing second side walls 115°, each side wall comprising an outer surface 115a

(for side wall 115), 115’a (for side wall 115’) and an inner surface 115b (for side wall 115),

115’b (for side wall 115°), and the second housing section 102 comprises opposing first side



18 wherein a portion of the inner surface of the housing section (other than the portion of the inner
surface forming a wall of a filtrate downstream chamber) comprises a wall of the vent chamber, even
more preferably wherein the vent chamber comprises a plurality of ridges providing at least one
channel directing air or gas from the downstream sygfaces of the vent elements through the vent ports
in the housing. For example, the embodiment shown in Figure 7 comprises a single vent, wherein the
first housing section comprising the first filtrate downstream chamber comprises the vent. [0052]In

those emiirhén ) dARPERG eLERMCHAONIISES attRAT R YVGE RAMPIESHIG BAOURh§ W ERSSoN can

include twosarFAPERIMGIMA 2PSYOr 15 SRFATENPHPTIS SRGHPA GRIMIYEE g6 PISy BoRRIed .0, as
shown in Fl%lge 8). More preferably, the first and second housing sections each comprise one or more

vents (e.§Y. B€ dmskaurfacRsrbida [op gdbefipm wallsasnrlachin Brisiey Haspaghebitshicroporous

vent e|enﬁ@%iﬂ@@.&ﬁ&ﬂ‘&ilél@V\Waﬂk‘?w}ﬂ&@@m%&méﬁthﬁ@@rﬁﬁf@iﬂﬁ&a% H’(N@Hiﬂh@ﬁﬁéﬂ%l}sw passed
from the device. Fi]?ures 1B and 5B show first vent chambers 15, wherein the first vent chambers each

further coRTH986! 8 LifEtlRNE BRI 8es Aang westARHI Heikatsrs BRI RSO BB e &dforstls &3Parranged

to allow gag to passshranantRadi shaenpsresnpnAadriaectrst sieakdensoh teHirsivent chamber.
Figures IA and 5A show second vent chamber 25, wherein the second vent chamber further comprises

one or mBPESBIHANRIS BBF{SYachTdl ARSLHBh YLt TRRRT MBS /RIS HBR I HERISH A FRCR?

arrangeditpsalipy oS d@RASRERT @Lﬂﬁiﬂtﬂi}@ dﬁ@ﬂ@de\@ﬂé SUEl R0 @ﬂgdﬁﬁcﬁmﬁgrﬁ%‘écﬂ%qw of the
second vent chamber. Figures 6-10 also show first vents, and the embodiments shown in Figures 6

and 8-10%RRH8156603% BHE V&SRR A ARG FMBIRS S VEHARNSE SU D SE R HAr ent

microporgial Nydiopme iG rhefpsairann thse, anogittratsasiereingtignaUtrr eHHace aftreveall of the
device hqusing includes a recessed vent port, the outer surface of the wall preferably also includes at

least one W&iELRS: eRbOAURrRE et HHING AL FHShtH RRSP LA G sreons P8R 102nt ports 29

are recessgetherns tierexiariiel Susfaes oo Perrkesat ridasoh 20 2anifepRiph aiiérilomdesludes vent
slots 29a. Sych an arran(‘{:{ement may provide more efficient venting when that side of the housing is

placed nEAFIBHRG HYHERWAR, &IBWENARLINSIRVERHASY 'SIBER NG LT SURS B HaHSMS §9taped to the

patient ark BRe Mayidisel heetisitearieh indeeimhodimneots plossaates upvdetertpanddeA, vent
slots 19a each provide a channel having one end near or in vent port 19. [0053]In the illustrated
embodinRaS SSRGS %iﬂ‘@é N JeRNG W LAIBR in particular (and also shown in some other

illustrateqogangodimenéshatiieashanaetiembbaiaidie inaaodarmputacadilhyottbetighhpusing section
comprisin th to%ljwall 110 of the first filtrate downstream chamber 10 and at least a ﬂgé"tion 26 of the
inner surP8!'bBBPEF AR LA VAl Euhing SURESMRBHPEL JIREH IEAWEINT $0%5PER Wecond filtrate

downstreauararogr(36 oW hcEs g el diisafandger ddnprikdovwastieragichamibemdl2
(second downstream chamber) providing a plurality of channels 1 la, 12a, the channels directing fluid
asaing FoATTR LR GRS SR M G B P AR s B
passagewsyidae aan @icheiotprigeiaalbasatheastidomel Bf thieeridgesesuppostiteaisvoistréam surfaces of
the filter elements (the illustrated downstream surfaces bein own as membranes) against liquid
prossure AR SR L R PO GARERL Tt B AR EHS BALR AEIGETCR AR arty. as i
also showaiditioigillg ol AltckBath/AlanhedBvitpasiadmpivedisadssatvonamt shineholsdrglustrated
embodiments), af least one other portion 18 of the inner surface 110a of the first housing section
Compris EEHANASS GraT LB e LS AR AP LS 3 0 EERoE S DHESepAR T the inner
surface afetiomdeectivhé)nsiticeskhitticrctidn pooujlisitie tigchoili) batic) ehidvavdgcond second vent
chamber ch optionally comprise.g plurality of ridges,14, 24 prqvidi t least one channel 14a,
24a direc@raé%jas fr@ht\ %’ﬁ%‘%ﬁﬁﬁ?ﬂﬁaﬂﬂfﬂ@% ?(Iﬁ" geée’lnéem%r%sﬁggl{%Irﬁhﬁw@%rgoports in the
housing. ¢orsprisingpzedinaeats fivitenairsébenderirobs fillers énacdu kst 23, cantpasingpfinst afdhe ridges
can support the downstream.surfaces of the vent nts against ligyid pressyre while preventing the
Conmsie PSR T IAERE IR0 e piAERe B B2 BB IFHE AR i

housing, wherein the first and second filter elements 51°, 52°, each have an downstream (or

outer) surface 51a, 52a and an upstream (or inner) surface 51b, 52b. In those embodiments

wherein each filter element is a hydrophilic microporous membrane, the downstream surface

of each filter element is the downstream surface of the each membrane, and the upstream

surface of each filter element is the upstream surface of the each membrane. In other

embodiments wherein the filter further comprises additional filter elements (in addition to the



[0055]Preferably, the inner surfaces of the top and bottom walls of the filtrate chambers each comprise
three or more channels, optionally wherein at least one channel associated with the top wall and at
least one channel associated with the bottom wall has a greater depth and/or width than at least two
other channels associated with the top and bottom,walls and arranged substantially parallel thereto. In
some embodiments, such an arrangement promotes more efficient filtrate flow to the outlet. In the
optional embodiments shown in Figures 1(A-B) and 5(A-B), the central channel 11b, 12b in each

filtrate chAIIRAIFESCAGRYAROPBRISHANEME WIS TARSN AV DtASK ATERFEIBAM {HY QS PEHNAY filtrate

?hamb?%%ﬁ%‘éﬂiﬂ/@ﬁé‘étﬁ@@pﬁbﬁwmwd%iglfﬂ?r&@’em@ﬁjéﬂpér‘)i Hﬁ@!ﬁi@g%é@éﬁmﬁetﬁ@vﬁ%ﬂié%?han”e|
in the first and second housing channels are formed to include a raised bead IIf, 12f for sealing to the

downstredtiassrpd casiohitice sikateaidide Rt s s sAB R aiRiohae Saehganer Rl QHBRN in Figure

3, at leasysemPiifadddgaachliifter inelies eradedhd hpsttmpagiaseararnesaibripendicular to the
channels. In some 20 embodiments, such an arrangement may provide more effective filtration

surface a?l%i,'@.@., by contacting less of the downstream surface area of the filter elements and

reducing joliading. [¢@e (Hshesrndienaniet 8 fiRicarHisernaeMmhinpigdtensdrfadessnerily similar to

the embodiment shown in Figures 1A-B; however, in the embodiment shown in Figures 5A and 5B, the

central clR&HMefifist3ng SBCRD JUFF’Hﬁ%%ﬁ%bé@?é&%@%%amwawm':’L%Wa\"’r‘rhlajor
portion (rgee treteratdys2s ieant apows$A%rRER EhrRNMEEREER Hebdheidipsilishside, bottom,

and top walls form a tube-like structure (Figures 2D and 5C show cross-sectional views of the

respective BaREPF XN HBISHSHBPUR AMPRCUITELARAYSE PRARUSRTES W 1 WREeapbE 655 Of the
length, agsk iméhbidHeiratadiriiedisnfates iemelsirowald Wy RichmigadeeRe piRiesalTaceagroviding

a sealed tube with an o en_igﬁ where the fluid enters the channel and sealig{ig&th,e rest of the length of

the tube. JhaRRY OB o HER e LA L NG AR Bt R (B AP ROGTRE RS LUSEas g BiP¥E™ 1h8 liquid
more effigigtdaeanee dhaniswin fevardvonarihRohamramsuiieeobastfientaaeedsi Figure 5C,

the surface of the channel wall 11d, 12d facing the downstream surface of the membrane has a slight

central d8FERERIRSIRNG BRYISIEA Y LIt SMEISHEFRSES Of the IRMRIT-H NG hESRFIA QTN the other
channelsh {06 glAninptah ahave sthtacn bpdinaeitias. infdacie LR entiveatsdhe tops of the

embodiments, the illustrated upstream chamber is free of a solid partition between the
upstream surfaces of the first and second membranes.

[0050] Using the cross-sectional view in Figure 2B for reference (and as is applicable to
embodiments wherein the housing has three sections and/or the inlet and outlet associated
with different housing sections), the first and second filter elements are disposed in the
housing 200, and the housing defines a first fluid flow path 151 between the inlet 1, inlet
passageway 1a, the upstream inlet chamber 5, the first filtrate downstream chamber 10, and
the outlet 2, wherein the first filter element 51" (illustrated as membrane 51) is disposed
across the first fluid flow path 151; and, defines the second fluid flow path 152 between the
inlet 1, inlet passageway 1a, the upstream inlet chamber 5, the second filtrate downstream
chamber 20, the outlet passageway 2a, and the outlet 2, wherein the second filter element 52’
(illustrated as membrane 52) is disposed across the second fluid flow path 152. Figures 1A,
2B, and 5A, in particular, also show an optional flow baffle 75, downstream of inlet
passageway la and adjacent the entrance to the upstream inlet chamber 5. In some
embodiments, the flow baffle may deflect liquid flow (e.g., toward the sides of the sides of
the inlet chamber 5) and improve the priming efficiency of the device.

[0051] Preferably, the filter device comprises one or more vents, wherein the first
housing section and/or the second housing section includes the vent(s), preferably wherein

the vent comprises a hydrophobic microporous vent element and a vent port, more preferably,



ridges forming the central channel in the first and second housing channels are formed to include a
raised bead 1 if, 12f for sealing to the downstream surfaces of the filter elements. Sealing the ridges
forming the central channel in the first and second housing channels to the downstream surfaces of
the filter elements can also provide a tube-like stru ﬁjre for priming and separating air from the liquid
more efficiently before the liquid flows through the channel. [0059]The inlet and outlet can be
associated with the same housing sections (e.%. as shown in Figures 1, 4, 5, and 7-10) or different

housing Y4183 Bt OEHeRVANAT BIYTReeHf éé\%ﬂféﬁﬁc@ipﬁ eibRINAA, theRarkiviy Yebion can
include ajjiptegipddeatARIRAINEN G/ ARAHEAb(PSIR biRiHe) iSolapnss nalnlivaries snet and/or

outlet as shown in Figures 1, 5, and 7-9), a housing section can further comprise a separately

d 7-9), Se a S€
attachab®OERRYRSH BOtR PRI aRAK CHEIEHHEMANCRYTBRLEAME 45ebmIBFERY &f fiédBRitiet attached
to both thadijrfing e ReseererAdmEstEESRSHaN<r gadtRROMEIRERArRRRrACEo BYRINAYEHR Of

arrangements. For example, a housing section can include an integrally attached inlet (or outlet) and

the housfI§MENSIEiRHIHING UHRERINISHB IR YERSL T Uik amaie B APRREResE SAPYYB N attachable
outlet (orppyars 1QQRIMLeTQ Bigyielotmnelirtpt Bemamheiding dhssisateshifiesisgweginieratiawn as

male connectors, the invention is not so limited, and, for example, Figure 4 shows an inlet comprising

a female (OMPRIEEEN 9RREEFBMEAIRREBMNhcluding male and female connectors, including luer

fittings (Fﬂm52]4 ShpWEGRB éntBbaRTRLSIng:r | Hehditiiee @%ﬁﬁ@@@lﬂ RASE 1R kapwnHe thetart.
[0061]Embodiments_of the filter device can include additional structures, for example, gne or more of a

bracket, BRYSAIFRFIANARE 15F 45 AWM ERTIBr B INEAIR GNBQE di G eSPRAdICLMIh RPN GRNANE e for
support apeasenriwichad@iyisisalionriarreyaaBle. A el referdb iy aweetitst Bed ¥eesHBhslshey includes

a clip 700 (shown attached to the first housg%gssection), comprising an arm 701, comprising

alternating'OPpEASHIXBR 5D 9RE M MO M 8 r AHVERYVAHAEHHE tre Riebide A BhehPs clothing,
bedding, whtaampHigns i ugarpAtiAche’ieptreRaliant(endbnantpstienops:, Hlanaigeallustitive

alternative, the filter device housing further can further comprise an eyelet, comprising an opening for,

illustrativEPEREREIAB SHEMAPEIIE HOW BRI ARFRE TIOE ToRBSYKS aRhy 8% HBdisIRaterials are
suitable feousiRe g chigDerts Xinehesngthe first vent chambers each further comprise a first

vent port 19 and a first vent microporous hydrophobic membrane 61 arranged to allow gas to
pass through the first vent membrane and the first vent port of the first vent chamber. Figures
1A and 5A show second vent chamber 25, wherein the second vent chamber further
comprises one or more second vent ports 29, and a second vent microporous hydrophobic
membrane 62 arranged to allow gas to pass through the second vent element and the second
vent port(s) of the second vent chamber. Figures 6-10 also show first vents, and the
embodiments shown in Figures 6 and 8-10 also show second vents, each vent comprising a
vent chamber, vent port, and a vent microporous hydrophobic membrane. In those
embodiments wherein the outer surface of a wall of the device housing includes a recessed
vent port, the outer surface of the wall preferably also includes at least one vent slot. For
example, in the embodiments illustrated in Figures 1B and 5B, vent ports 29 are recessed
from the external surface of peripheral ridge 126, and the peripheral ridge includes vent slots
29a. Such an arrangement may provide more efficient venting when that side of the housing
is placed near, or in contact with, a patient’s skin and/or clothing and/or when the housing is
taped to the patient and tape may block the vent port(s). In the embodiments illustrated in
Figure 1A and 5A, vent slots 19a each provide a channel having one end near or in vent port
19.

[0053] In the illustrated embodiments shown in Figures 1A, 1B, 5A, and 5B in particular

(and also shown in some other illustrated embodiments), at least a portion 16 of the inner



prefilter elements and supports) and vent elements in accordance with embodiments of the invention,
and suitable porous materials are known in the art. Preferably, the filter elements and vent elements
comprise microporous membranes, and a variety of suitable membranes are known in the art.
[0063]Additionally, in those embodiments wherein the filters further comprises supports comprising
screens or meshes, a variety of materials are suitable for use as supports, and suitable materials are
known in the art. [0064]Hydrophilic membranes suitable for use as filter elements include polymeric

membrarfEact kABROH EIHETSPIEH LSS OB IRNRha O YIGH IEHA ST B fisidiiraselyamides (for

gxample d@ﬁhﬁ)’éﬁﬁw EnsmBY 10m otk 1681 ﬁ%o?ﬁ%@z@éf BRIVHReE fakl aQnes 68 Ge RRWSYIfones,
including aromatic polysulfones such as, for exampler,?golyethersulfone, bisphenol A polysulfone,

polyarylsifiétiBg a%(dipB RBH$SE M B9 LIBN YA da:ind thaiResentHe ath QMR MEREEDride

(PVDF)),MHHH%O%V@@WISIUHil%ﬁopﬂbp?és?‘mi@ﬁ%t%Wﬂ%&ﬂﬁ ehdAfRaNthylidag. and polymers and
copolymers made from halogenated olefins and unsaturated nitriles. Examples include, but are not

limited tod PERFSERTEHAMPET) BAAVIS AR VR IDhatRBAN et dAAtamiE s By i HlErRAtghBuid
terephthajadeinf oo anddbraisreashnabrtesop B PaRSnBHIRIRT B YRSERIG caBdtlet

polyamides. [0065]Other suitable materials include cellulosic derivatives, such as cellulose acetate,

celluloseRFSPIsMANE 22 4MJI S5H e Cetd R ISB P oMRSEEMIRSE tHe S1deSURRATEINS P WERLIRAR butyrate.
Non-resigoiadatAe il FilfrdlenseBta sth st Bty RIGP R MR.Arfaces being shown as

membranes) against liquid pressure while preventing the downstream surfaces from blocking
the channels.

[0054] Similarly, as is also shown in Figures 1A, 1B, 5A, and 5B in particular (and also
shown in some other illustrated embodiments), at least one other portion 18 of the inner
surface 110a of the first housing section comprising the top wall 110 of the first vent chamber
15, and at least one other portion 28 of the inner surface of the second housing section 120
comprising the bottom wall 120 of the second second vent chamber 25 each optionally
comprise a plurality of ridges 14, 24 providing at least one channel 14a, 24a directing gas
from the downstream surfaces of the vent elements through the vent ports in the housing. In
some embodiments wherein the vent chambers include ridges, at least some of the ridges can
support the downstream surfaces of the vent elements against liquid pressure while
preventing the downstream surfaces from blocking the channels.

[0055] Preferably, the inner surfaces of the top and bottom walls of the filtrate chambers
each comprise three or more channels, optionally wherein at least one channel associated
with the top wall and at least one channel associated with the bottom wall has a greater depth
and/or width than at least two other channels associated with the top and bottom walls and
arranged substantially parallel thereto. In some embodiments, such an arrangement promotes
more efficient filtrate flow to the outlet. In the optional embodiments shown in Figures
1(A-B) and 5(A-B), the central channel 11b, 12b in each filtrate chamber has a greater depth
and width than the other channels in the respective filtrate chamber. Optionally, as is also
shown in Figure 2D, the tops of the ridges forming the central channel in the first and second
housing channels are formed to include a raised bead 11f, 12f for sealing to the downstream
surfaces of the filter elements.

[0056] In another optional arrangement, as shown in Figure 3, at least some of the ridges

11, 12 include grooves 11c, 12c angled or generally perpendicular to the channels. In some



[0066]Exemplary membranes are disclosed in U.S. Patents 4,702,840 and 4,900,449. Other
membranes, including those disclosed in U.S. Patents 4,906,374, 4,886,836; 4,964,989; 5,019,260;
4,340,479; 4,855,163; 4,744,132; 4,707,266, 4,203,848; 4,618,533, 6,039,872; 6,780,327; 6,783,937,
and 7,189,322, may also be suitable. [0067]Fibrous{nedia, for example, non-woven media such as
those disclosed in U.S. Patent 5,133,878, may also be suitable. [0068]Particularly preferred are
commercially available media, such as those available from Pall Corporation under the trademarks

SUPOR(BMIESEBAEORE) AT ROSTISVINERY) POYIARBR RRfeaiitblEatiehiriitesiredich tas those

availablegfyoipnati (LR SHIPR HOWRSHRE AR His Y THE Bt NASHRnkd ahiREtR0ifd UORODYNE(),
LOPRODYNE(r), CARBOXYDYNE(r), IMMUNODYNE(r), BIODYNE A(r), BIODYNE B(r), BIODYNE

C(n), MUQWKN@(r), as well as commercially available fibrous media, such as those available from Pall

Corporatjposder the:Eathiiaiknt Bl Bavealee PR wHITAKRUIRCHRIB Y rRRBRIN dhfmbBnes

suitable for use as_vent membranes include polymeric membranes. Suitable polymers include, but are

not limite8S MRAGERGNShEWRi B Y TBS L/ DrBpYRMEVER dGE RTINSV BE I FdRiHa e Polyolefins,

such as pAlyBH aHHRERAGHIRAMAPAVE SISESINRARIFES (PRMBEH G PAMAEEHRIHETRaIIaNd),
polyvinylidene difluoride (PVDEF). Suitable membranes include, but are not limited to, those disclosed

in Internat®ShiQrBUBRICLRIAIAB. (RRFEPIEfeiaRY adid e@?é"?‘@&ﬁﬁ%@i?ﬁ%‘?@@% lgngsh sysh tatsome

embom”tﬂ@%li@ﬁﬂ@)%‘&&ﬁ?ﬁﬁ&@b CRIMPFSSHRBETIROSEH GF!@QF@@ 20k deoghulie membranes,
as disclosed in International Publication No. WO 91/17809 and U.S. Patents 5,126,054 and 5,451,321.

In those SFRABGRARNARE! KiswROLiG Erpariipssatahehamnalsesh ﬂ{ee’r‘%%%ﬁn%%’rﬂﬂr% f&8es liquid,
and supejgIQRaehbIaRYIEBTNS afl e RidIh SaR th BRSHItRtRMEN Ambibdnedny diprRANiGHIeIYDRNE is

contacted or covered by the liquid. [0070]A filter element and/or a vent membrane can have any

suitable ﬁégg%{ggg{nr@cg_egp’referabIy, providing a sealed tube with an opening where the fluid enters
the channel and sealing the rest of the length of the tube. In some embodiments, such an
arrangement can provide for separating air from the liquid more efficiently before the liquid
flows through the channel. In the embodiment shown in Figure 5C, the surface of the
channel wall 11d, 12d facing the downstream surface of the membrane has a slight central
depression 11e, 12e, along part of the length of the wall, running generally parallel to the
other channels.
[0058]  As noted above, the embodiment shown in Figure 2D, optionally, the tops of the
ridges forming the central channel in the first and second housing channels are formed to
include a raised bead 11f, 12f for sealing to the downstream surfaces of the filter elements.
Sealing the ridges forming the central channel in the first and second housing channels to the
downstream surfaces of the filter elements can also provide a tube-like structure for priming
and separating air from the liquid more efficiently before the liquid flows through the
channel.
[0059] The inlet and outlet can be associated with the same housing sections (e.g., as
shown in Figures 1, 4, 5, and 7-10) or different housing sections (e.g., as shown in Figure 6).
Alternatively, or additionally, a housing section can include an integrally attached inlet and/or
outlet (e.g., the housing is formed including the inlet and/or outlet as shown in Figures 1, 5,
and 7-9), a housing section can further comprise a separately attachable inlet and/or outlet
(e.g., as shown in Figure 10; showing a component of the outlet attached to both the first and
the second housing sections), or the housing can include a combination of arrangements. For

example, a housing section can include an integrally attached inlet (or outlet) and the housing



a pore size (for example, as evidenced by bubble point, or by ICL as described in, for example, U.S.
Patent 4,340,479, or evidenced by capillary condensation flow porometry), a pore rating, a pore
diameter (e.g., when characterized using the modified OSU F2 test as described in, for 23 example,
U.S. Patent 4,925,572), or removal rating that reduces or allows the passage therethrough of one or
more materials of interest as the fluid is passed through the element. The pore structure used depends
on the composition of the fluid to be treated, and the desired effluent level of the treated fluid. Filters
and ventSEEHRATb AP AHECRDITINESIAJSRS ST COMPBYIRE SRBMESSFOEPPFAS Iy GEshaRieREtSE (9€ filter
elementsjjgepelected based upon the use of the filter device and the fluid to be filtered as is known in
the art. Typically, the filter elements have a gore size of about 5 micrometers or less. In some

embodir&REOlvher¥ihigdhaialatand RRIBLAEMRRY, RhEp dEstialediksy druisroee aR 652

micromeigige YAASLTAIS, BRI TSEHGHATR BsoRRHRAtA, 9bRRPlNaFIREANS S SArpiREably
selected as is known in the art, e.g., to preclude the passage of the IV fluid therethough at the

operating PrES IR fRMAle CRaResidim A Ak SaRRECHT the WE G HeHe A6 E381348 typically about

0.3 micraspiessors, IReudiy QUBFERIAGIY FydraucsRivRiars dlelemmSr-ing et r #n@eypfabout 0.2
micrometers to about 0.02 micrometers. Vents can comprise multiple layered or composite

membrarfsE2Rip #agare KW R B A% and vent membranes can have any desired critical wetting
surface teossan (CWrboditdaisnsrtie fReesaiteleatisel RRIEAAIHSD Sl tuledpienibxathpléilter

elements have a CWST of about 72 dynes/cm (about 72 x 10 5 N/cm). or more, in some embodiments,

about 80 WFrISRAFE @b Braskst £’ R e¥plRidrE aHReRRIEIN BN RedHRIANYI filter is a
sterilizingyfifi@lartbreuittiae elegnanis i tV\easesont iR ERINGIRAIHPAT GO Bk slipRS /& Hakauh 84 x 10 5

N/cm) to about 90 dynes/cm (about 90 x 10 5 N/cm) or more. Typically, the vent membranes have a

CWST intieEAJECRASNE BB HGhINGIUTEsR SHBUODATYNES ARCIEA AR NS ABURIRGS G138t 24 x
10 5 N/cronthesial dheeVWET ceapharyanerarilyMedpposed teeth 702a and 702b for

illustratively, attaching the device to a patient’s clothing, bedding, or to another structure
attached to the patient (e.g., a plastic loop). In another illustrative alternative, the filter device
housing further can further comprise an eyelet, comprising an opening for, illustratively,
hanging the filter device to a support during use.

[0062] A variety of porous materials are suitable for use as filter elements (including
prefilter elements and supports) and vent elements in accordance with embodiments of the
invention, and suitable porous materials are known in the art. Preferably, the filter elements
and vent elements comprise microporous membranes, and a variety of suitable membranes
are known in the art.

[0063] Additionally, in those embodiments wherein the filters further comprises supports
comprising screens or meshes, a variety of materials are suitable for use as supports, and
suitable materials are known in the art.

[0064] Hydrophilic membranes suitable for use as filter elements include polymeric
membranes. Suitable polymers include, but are not limited to, polyolefins, polyesters,
polyamides (for example, any nylon, e.g., Nylon 6, 11, 46, 66, and 610), polyimides, sulfones
(e.g., polysulfones, including aromatic polysulfones such as, for example, polyethersulfone,
bisphenol A polysulfone, polyarylsulfone, and polyphenylsulfone), polyvinylidene halides
(including polyvinylidene fluoride (PVDF)), acrylics, polyacrylonitriles, polyaramides,
polyarylene oxides and sulfides, and polymers and copolymers made from halogenated

olefins and unsaturated nitriles. Examples include, but are not limited to, polyethylene,



[0074]The surface characteristics of the filter element and/or vent membrane and/or the inner surfaces
of the housing can be modified (e.g., to affect the CWST, to include a surface charge, e.g., a positive
or negative charge, and/or to alter the polarity, hydrophilicity, or hydrophobicity of the surface) by wet
or dry oxidation, by coating or depositing a polymeéé)n the surface, or by a grafting reaction.
Modifications include, e.g., irradiation, a polar or charged monomer, coating and/or curing the surface
with a char%;ﬂdwz)ol mer, and carrying out chemical modification to attach functional groups on the

surface. &} yéens:iBAY vy e rapatbyay BB bRl et esdrsrbintate dBET hdifhs plasma,

vapor p'mn@@rﬁ’&%%s(ﬁ?&ﬁé‘ﬂ&%%ﬂ@& ﬁoWe‘f'i%, @Ve@fé?@,%@_rp&%ﬂ’ﬁ@@.t light, electron beam,
or to various other forms of radiation, or by surface etching or deposition using a plasma treatment.

[0075]ThEPRSRI fluiPHRBSYPaRMUmRicsRIR dngbile €5HulPsis NedupRYRInty Ehasse R iashoaee e fluid(s)
being filteegrl d6e droprsae Usal Ao dtiiadiirsprihiid i8n01bs aderupisiatpidhenaliareloss patient

(e.g., a neonatal versus an adult). A typical hold up volume may be in the range of, for example, about

0.1 cc to HBYRE N BHRAISINEH HIePHEN FRalgss AT UPVYHANELYRE downstream filtrate

chambergoigsgpout 2,aapldpsmdnaiarabirealistbde® isOLs!aRte 007 5P aasardangeomie an
embodiment of the invention, a method for priming a filter device comprises filling the device with

p
liquid, e.&TRARPRIRER Sl P HANG AR AIISB A bhes TAtREif- BHO dé ik R0nigRsaS8H Rt one

vent, the glgyiceapref gl self guines.of, U primen 7 Be6thede \dae; dossmaneedd® e, inverted
during fillin el.%g_if desired7_the device can be hung vertically with the inlet positioned upwardly and
the outlepp%@ el fotviRiary. R 3R @aAIsbe A4MABEr can be filled from the bottom up, and air

or gas is @ispraced tisesiaibeiy et Bamprane Ve RURCSIE 40 thes@disiteaniirosnent. Filtered
fluid fills the downstream filtrate chambers, and, unfiltered fluid continues to displace air or gas through

the vent ﬁ?éﬁ%ﬁa?’fg’(§7§nm&ﬂﬁél%gﬁéﬁﬁ?k?llﬁet chamber is filled with liquid. [0077]Fluids may be
processeosgiccordanieiaith satendimests AnteriaNGalaNaiNE amdia, such as those available

from Pall Corporation under the trademarks SUPOR®, VERSAPOR®, and POSIDYNE®.
Commercially available membranes, such as those available from Pall Corporation under the
trademarks ULTIPOR Negs®, ULTIPOR®, FLUORODYNE®, LOPRODYNE?®,
CARBOXYDYNE®, IMMUNODYNE®, BIODYNE A®, BIODYNE B®, BIODYNE C®,
MUSTANG®, as well as commercially available fibrous media, such as those available from
Pall Corporation under the trademark HDC® may also be suitable.

[0069] Hydrophobic membranes suitable for use as vent membranes include polymeric
membranes. Suitable polymers include, but are not limited to, polyolefins, particularly
polypropylene and polymethylpentene; perfluorinated polyolefins, such as
polytetrafluoroethylene, polyesters, polyamides, polysulfones, polyacrylonitriles, and
polyvinylidene difluoride (PVVDF). Suitable membranes include, but are not limited to, those
disclosed in International Publication No. WO 91/17809 and U.S. Patents 5,126,054 and
5,451,321. In some embodiments, vent membranes can comprise superimposed hydrophobic
and hydrophilic membranes, as disclosed in International Publication No. WO 91/17809 and
U.S. Patents 5,126,054 and 5,451,321. In those embodiments comprising superimposed
membranes, the hydrophilic membrane faces liquid, and superimposed membranes allow air
or gas to pass through until the hydrophilic membrane is contacted or covered by the liquid.
[0070] A filter element and/or a vent membrane can have any suitable pore structure, e.g.,
a pore size (for example, as evidenced by bubble point, or by K as described in, for example,
U.S. Patent 4,340,479, or evidenced by capillary condensation flow porometry), a pore rating,

a pore diameter (e.g., when characterized using the modified OSU F2 test as described in, for



suitable period of time. [0078]All references, including publications, patent applications, and patents,
cited herein are hereby incorporated by reference to the same extent as if each reference were
individually and specifically indicated to be incorporated by reference and were set forth in its entirety
herein. [0079]The use of the terms "a" and "an" antz*l 'the" and similar referents in the context of
describing the invention (especially in the context of the following claims) are to be construed to cover
both the singular and the plural, unless otherwise indicated herein or clearly contradicted by context.

The term@ @Rt iR HARED Bl ueinEM YR ratbis il gduaes @ BHQWWERRAISa8Spen-ended

terms (i.@nhemeaaaiith dhehBiambid Malimiest IReldniRSROFIiSR At RRF ddaNepidrnges of
values herein are merely intended to serve as a shorthand method of referring individually to each

separate VAROMRRRE WA SoRpRS QibesustneaNien aldhetbidHe ks ireatedeans bessriRdvalue is
25 incorpgrpigst ielr tae thpeciicatinn @St fevienriiveividiaalboresHed g Rjdretapds described

herein can be performed in any suitable order unless otherwise indicated herein or otherwise clearly
contradicteBMRRSEEMEIAThe use of any and all examples, or exemplary language (e.g., "such as")

provided fograin. is e pdRdsReiRe of beitardieRinaitstRedneadionsand sined d0ioosmafifritation on
the scope of the invention unless otherwise claimed. No Iang_lilage in the s'pecification should be
ia

construedAHARITIH I 1R HR-HIEHREdERKNOMIY d3%aFiial X8I B ket FIHRGAIRIGH
[0080]Prefsieer eorkeaIns AFcRiiiRINEISaN RISHARSEMPOEI Ry WiGkIAING ePRsE mode known to

the inventors for carrying out the invention. Variations of those preferred embodiments may become

_ n
apparentt6'tHaLY HHEFaaRPEIAR thd X AT S ARAHPLR VSRR description. The inventors

expect skiigrbprtisant {GoRMpIgotFECh. yapakonsing, aPEieREateanIstdne§) vepiersrapignd for the
invention to be practiced otherwise than as specifically described herein. Accordingly, this invention

includes SRI§HGHife VYW S5 AVhieAtsBMie!udp Bemersags pEa iVl LSiRO4EREHHE hereto
as permigeringrusats awizboreer exaaiyece® pinatian #f dhenahererdasprbrgspiements in all

possible variations thereqgf is encompassed by the inventjon unless otherwise indicated herein or

otherwiséya@m// %WFQO@C‘E@WBQ‘%@F&&H!GSS’ more preferably, 0.2 micrometers or less, e.g., In the

range of about 0.2 micrometers to about 0.02 micrometers. Vents can comprise multiple
layered or composite membranes.

[0073] The filter elements and vent membranes can have any desired critical wetting
surface tension (CWST, as defined in, for example, U.S. Patent 4,925,572). Typically, the
filter elements have a CWST of about 72 dynes/cm (about 72 x 10” N/cm) or more, in some
embodiments, about 80 dynes/cm (about 84 x 10™ N/cm), or more. In some embodiments
wherein the filter is a sterilizing filter, the filter elements have CWSTSs in the range from
about 84 dynes/cm (about 84 x 10 N/cm) to about 90 dynes/cm (about 90 x 10° N/cm) or
more. Typically, the vent membranes have a CWST in the range of about 22 dynes/cm to
about 24 dynes/cm (about 22 x 10™° N/cm to about 24 x 10 N/cm), though the CWSTSs can
be higher or lower.

[0074] The surface characteristics of the filter element and/or vent membrane and/or the
inner surfaces of the housing can be modified (e.g., to affect the CWST, to include a surface
charge, e.g., a positive or negative charge, and/or to alter the polarity, hydrophilicity, or
hydrophobicity of the surface) by wet or dry oxidation, by coating or depositing a polymer on
the surface, or by a grafting reaction. Modifications include, e.g., irradiation, a polar or
charged monomer, coating and/or curing the surface with a charged polymer, and carrying
out chemical modification to attach functional groups on the surface. Grafting reactions may

be activated by exposure to an energy source such as gas plasma, vapor plasma, corona



26 CLAIM(S): 1.A filter device comprising: a housing comprising a first section and a second
section, (i) the first section comprising a top wall comprising an outer surface and an inner surface,
and at least one side wall, the first section including a first filtrate downstream chamber and a first vent
chamber, the first filtrate downstream chamber incMﬂing a portion of the inner surface of the top wall,
and the first vent chamber including another portion of the inner surface of the top wall, (ii) the second
section comprising a bottom wall comprising an outer surface and an inner surface, and at least one

side wall dFe"86oRBRSRNGA HFEIGIRTE 2o abt dUitrie by HlarH @h BRIBLICA R R4 Al Gent

chamber¢dhasecrpehfibris @9‘%\&5&%&%@6%@;56§1H9if‘@sﬁ1§’9fﬁl%§rﬁ’5 fh%ﬁﬁ‘l@ﬁ(. surface of the
bottom wall, and the second vent chamber including another portion of the inner surface of the bottom

wall;  tR&RbusingRIRITEEFBRISiNG RuMe: Al b UGA SR VAT EaRAYIHS A8 daNSY AW Biner
surfaces pkthgitRs) BempaieravaiSiridansnanauiface miatieastorRecitaurihatha firss and/or

second section; a filter comprising at least first and second spaced apart porous filter elements, the

first and SERISAHOEIBAHERtS ke R RRARRIALNRISHIRAGHH I AR ERIdtHR YRIBRMB%E5AA Hifer

elements gaghohandnexampleSHISAINS Y daes Aofl s deWNHLEBAM aHBGwmdhE, first titarpirmpnt being
disposed in the gﬁslf@éng across a first fluid flow path, and the second filter element being disposed in

the housiYR)\4es FeRIT FiRRED Shambers g ahous t6G REIGE I §Ta Rt e ARRY L drP FSRFeam inlet
chamber|pgfween the upstream surfaces of the first and second filter elements and bordered by the
inner surface of at least one side wall of the first and/or second section and the upstream surfaces of

the filter €94 RInts, tRATRISHEAVENA AP BRAYRLATINS LWRAAIA B HORVSE RTIRY RIS
surfaces @vifee H6aiRESRANMANMEEFERMATIquid (e housiravtgitriagtresfirst thoskflow path

between the inlet, the upstream inlet chamber, the first filtrate downstream chamber and the outlet,

wherein FBIRALMHEE YBRHRIALTS dRY6LEaMRSES ThIEaRSPIR HF Ho WA CeRICE#INg the second fluid
flow pathsbgtpia@estbedietpiiteypisremadeletchoss et Nt seeenaliliaie davgsiegm ghamber and
the outlet, wherein the second filter element is disposed across the second fluid flow path. 2.A filter
device ¢ Wgntg_e device can be hung vertically with the inlet positioned upwardly and the outlet

positioned downwardly. The upstream inlet chamber can be filled from the bottom up, and

air or gas is displaced through the vent membrane(s) and vent port(s) to the outside

environment. Filtered fluid fills the downstream filtrate chambers, and, unfiltered fluid

continues to displace air or gas through the vent membrane(s) until the upstream inlet

chamber is filled with liquid.

[0077] Fluids may be processed in accordance with embodiments of the invention for any

suitable period of time.

[0078] All references, including publications, patent applications, and patents, cited
herein are hereby incorporated by reference to the same extent as if each reference were
individually and specifically indicated to be incorporated by reference and were set forth in
its entirety herein.

[0079] The use of the terms “a” and “an” and “the” and similar referents in the context of
describing the invention (especially in the context of the following claims) are to be
construed to cover both the singular and the plural, unless otherwise indicated herein or

77 L6y

clearly contradicted by context. The terms “comprising,” “having,” “including,” and
“containing” are to be construed as open-ended terms (i.e., meaning “including, but not
limited to,”) unless otherwise noted. Recitation of ranges of values herein are merely
intended to serve as a shorthand method of referring individually to each separate value

falling within the range, unless otherwise indicated herein, and each separate value is



27 a housing comprising a first section and a second section, the first section comprising a top wall
comprising an outer surface and an inner surface, the first section including a first filtrate downstream
chamber and a first vent chamber, the first filtrate downstream chamber including a portion of the inner
surface of the top wall, and the first vent chamber igicluding another portion of the inner surface of the
top wall, the second section comprising a bottom wall comprising an outer surface and an inner
surface, the second section including a second filtrate downstream chamber and a second vent
chamberi A RYUEESLIfIG A6 tREpHSaEan e ot eI hEIAY JEHISH BB itMeMetiedte of the

bottom W@ébcﬁ%@dﬂ@r@ﬁ?@ﬂﬂb@%&w% @Qifb%I@WH@?Dﬁ@%@fﬁiﬂéﬁm&im&éaﬁ%fﬁ@@iﬂfdhe bo.ttom
wall; the housw&%urther comprising an inlet and an outlet,é?%oosmg first side walls and opposing
1 i

second sRIBERYHAS CRPRENCRITHAHFS bRV RNERE o ' h YRR RTFBY BRG] CXATPRISE OpBURTRIARSt side walls

having inpapsatéaeas, eadihe rsfRnadamerGANd iRsinied SREIYNS FOMPIIREIRRRINY second side
walls having inner surfaces, and the housing comprises a cavity bordered by the inner surfaces of the

top, bottdRAYERHANRAE HRARST0t POSERANTHEH PRI Sim Y 8B RORS: ATy HteI O Eisa OREIMSE porous filter
elementsg|gaaeyfilies flrmaGE 6@ MPHpEeR AN SRbIG FReaANY dbentiishdmnd st diiprelements

each having an upstream surface and a downstream surface, the first filter element being disposed in

the housHlgBRIbES eSSHRUA SRR RIAtFE ahEerHBVEBESA filter element being disposed in the housing
across a gReond fluseiiaveatmbodintBedOUSIRADeH b ErdtisbE BRYIBLrain URSKiEaTY ineiehamber

between the upstream surfaces of the first and second filter elements and bordered by the inner

surfaces 'BPHFERINNITBEIRYAOTS Sotrealry g pat LeedPYRatinter YRtiakeRs AhboRsRretstethamber

being freergbatiFAEALP AT OBCBRTIVARIAIER HPSIHeAET SkfAgSssRIlthe fkshangseraihtitae elements;
the housing defininlg the first fluid flow path between the inlet, the upstream inlet chamber, the first

filtrate dRISIREEHTSSHRINL: ahef Ay aliaes: exhsststi AL aTUsamtdP SIERIRASHS NS BLNS S oss the first

fluid flowgpptiapaath, dednirdritesasond@ itiidftawinashtheiweenshetiokRl otherupstiteamainlet chamber,
the second filtrate downstream chamber and the outlet, wherejn the second filter element is disposed

across thPSIHGANRASCHORA et I3 AR NS MYFLHRG. Includas AISTRRPLAFARRRS AV first section

and a seeqoiyslentsost, i} Bid EBirasiorGRMPTigeglaiinPapahcenRistoaapepwieesface and an

inner surface, and i’:lt least one side wall, the first s cﬂon inclu ing % fidrstI filtrate _dovi/nstre m chamber,

the first ﬂzmg(i@%)ée aw. Moreover, any combination of the above-described elements in all possible
variations thereof is encompassed by the invention unless otherwise indicated herein or

otherwise clearly contradicted by context.



downstream chamber including a portion of the inner surface of the top wall, (ii) the second section
comprising a bottom wall comprising an outer surface and an inner surface, and at least one side wall,
the second section including a second filtrate downstream chamber, the second filtrate downstream
chamber including a portion of the inner surface of 4he bottom wall; the housing further comprising
an inlet and an outlet, and a cavity bordered by the inner surfaces of the top and bottom walls, and an
inner surface of at least one side wall of the first and/or second section; a filter comprising at least
first and %Hﬂ@aced apart porous filter elements, each filter element comprising a hydrophilic
membrane, the first and second filter elements each having an upstream surface and a downstream
surface, the firstfilter elefiientdeeiog cismpeRriegtn the housing across a first fluid flow path, and the

second filter element being disposed ﬁn the housin%across(i second fluthcilegow %ath; the housing
including, in thet ARG TURRERIAH st SRR erbanmeand AR L AR U Fasl Yt the first and
second filiemptiingnrt apdvatirceredisivighe muner sufireend ah ipast sindasigavdalt fathediesidnd/or

d i d th tr faces of the filter el ts; the houysing defining,the first fluid
fow patr Baln BN TSR o 0o e AR SR o At Lah SRIHEer and the
outlet, whissefirstidtfinst didionstieane ohisniepioskdlimgrags thenfisstiidridosupfatie; efritle dedinialg, the

d flui .path b the inlet, th t inlet chamber, t d filtrate d t
e R ol B SRR e e B B
path; théss@ndikectignwathpriségatiattenofihik dosidiitiate aoursteesicehaddreimand the bottom

Il f t d filtrate d t b h i lurality of rid
broviding TCHLA) 6 GAah A A Gl L CErUEA R WA G LA COBCEES! e s
and secastdhffiiber etfennastend treatiubasiber othtiese amatViithieaes i thensopavadhambersudackngfahe first

filtrate downstream, chamber and the, bottom wall inner,surface of the second filtrate downstream
chambor ROLR Lo NG, SHITASS Bl TRt el At AL T s W Hnmels. and!
wherein eactheendréboteihelimas sitfactopf twedodrowalialls forming a closed tube for at least a

majority of the length of. ea as to pass, thr the first vent
RS ok

Aisaan cential ehannel, FR.aranded i.elaw gas o Passdt 4
element and the first vénlgpgr%; SncPWRERETY A 'SECBNGVER! c?wamger%r{ er COE'IS ' a second vent

port and msecamtheesfitictudmgnd bettonowalls;gmolranisnve ns witacecolt arieasyenktoidd ol befthe pass
through the second vent&le ent and the second vent port. 5. The filter device of any one of claims

1-4, wherein at é%lrs egoﬁ]orﬁ%%'g?;[he top wall of the first filtrate downstream chamber and at least a
portion of the battoktervealhpfitiegsedessd filttaedspoodrgzacedlaapatbporicus dilgpatemeotstrdiasiucent.
first and second elements each comprising a hydrophilic membrane, the first and second filter
elements each having an upstream surface and a downstream surface, the first filter element
being disposed in the housing across a first fluid flow path, and the second filter element
being disposed in the housing across a second fluid flow path;
the housing including, in the cavity, an upstream inlet chamber between the upstream
surfaces of the first and second filter elements and bordered by the inner surface of at least
one side wall of the first and/or second section and the upstream surfaces of the filter
elements, the upstream chamber being free of a solid partition between the upstream surfaces
of the first and second filter elements;
the housing defining the first fluid flow path between the inlet, the upstream inlet
chamber, the first filtrate downstream chamber and the outlet, wherein the first filter element
is disposed across the first fluid flow path; and, defining the second fluid flow path between
the inlet, the upstream inlet chamber, the second filtrate downstream chamber and the outlet,

wherein the second filter element is disposed across the second fluid flow path.

2. A filter device comprising:



6. The filter device of claim 1 or 2, wherein the top wall inner surface of the first filtrate downstream
chamber and the bottom wall inner surface of the second filtrate downstream chamber each comprise
a plurality of ridges providing a plurality of channels, the channels directing fluid from the downstream
surfaces of the first and second filter elements to the housing outlet. 7. The filter device of claim 6,
wherein the top wall inner surface of the first filtrate downstream chamber and the bottom wall inner

surface of the second filtrate downstream chamber each comprise a central channel that is wider
and/or deeper tRAIPUEEGEMPRIRGAIETSt segliathangifepeganit eeot emaite 718 rbionCAAPEISHial

channel hagsidsy &%ﬁ*@d@%@éﬂt\é@lﬁﬁﬁé@ﬁ&ﬁ](Fi%?gdﬁb&f@lﬁ@ﬁ@%ﬁéﬂQMW%t@ﬁﬂﬁngth of

each channel. filter device of claim 7, wherein the ridges providing each central channel are

sealed toth@@slnEsEERmMShHaRbs A e fifdt sltrARamber, the fkskidirse SRR AP Eomprising
passing R flHidfrpsgidasT tieasyicpratany RO GVEARIMAdLR first vent chamber including

another portion of the inner surface of the top wall, the second section comprising a bottom
wall comprising an outer surface and an inner surface, the second section including a second
filtrate downstream chamber and a second vent chamber, the second filtrate downstream
chamber including a portion of the inner surface of the bottom wall, and the second vent
chamber including another portion of the inner surface of the bottom wall;

the housing further comprising an inlet and an outlet, opposing first side walls and
opposing second side walls, wherein the first and/or second housing sections comprise
opposing first side walls having inner surfaces, and the first and/or second housing sections
comprise opposing second side walls having inner surfaces, and the housing comprises a
cavity bordered by the inner surfaces of the top, bottom, and side walls;

a filter comprising at least first and second spaced apart porous filter elements, each
filter element comprising a hydrophilic membrane, the first and second filter elements each
having an upstream surface and a downstream surface, the first filter element being disposed
in the housing across a first fluid flow path, and the second filter element being disposed in
the housing across a second fluid flow path;

the housing including, in the cavity, an upstream inlet chamber between the upstream
surfaces of the first and second filter elements and bordered by the inner surfaces of the side
walls and the upstream surfaces of the filter elements, the upstream chamber being free of a
solid partition between the upstream surfaces of the first and second filter elements;

the housing defining the first fluid flow path between the inlet, the upstream inlet
chamber, the first filtrate downstream chamber and the outlet, wherein the first filter element
is disposed across the first fluid flow path; and, defining the second fluid flow path between
the inlet, the upstream inlet chamber, the second filtrate downstream chamber and the outlet,

wherein the second filter element is disposed across the second fluid flow path.

3. A filter device comprising:
a housing comprising a first section and a second section, (i) the first section
comprising a top wall comprising an outer surface and an inner surface, and at least one side

wall, the first section including a first filtrate downstream chamber, the first filtrate
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downstream chamber including a portion of the inner surface of the top wall, (ii) the second
section comprising a bottom wall comprising an outer surface and an inner surface, and at
least one side wall, the second section including a second filtrate downstream chamber, the
second filtrate downstream chamber including a portion of the inner surface of the bottom
wall;

the housing further comprising an inlet and an outlet, and a cavity bordered by the
inner surfaces of the top and bottom walls, and an inner surface of at least one side wall of the
first and/or second section;

a filter comprising at least first and second spaced apart porous filter elements, each
filter element comprising a hydrophilic membrane, the first and second filter elements each
having an upstream surface and a downstream surface, the first filter element being disposed
in the housing across a first fluid flow path, and the second filter element being disposed in
the housing across a second fluid flow path;

the housing including, in the cavity, an upstream inlet chamber between the upstream
surfaces of the first and second filter element and bordered by the inner surface of at least one
side wall of the first and/or second section and the upstream surfaces of the filter elements;

the housing defining the first fluid flow path between the inlet, the upstream inlet
chamber, the first filtrate downstream chamber and the outlet, wherein the first filter element
is disposed across the first fluid flow path; and, defining the second fluid flow path between
the inlet, the upstream inlet chamber, the second filtrate downstream chamber and the outlet,
wherein the second filter element is disposed across the second fluid flow path;

wherein the top wall inner surface of the first filtrate downstream chamber and the
bottom wall inner surface of the second filtrate downstream chamber each comprise a
plurality of ridges providing a plurality of channels, the channels directing fluid from the
downstream surfaces of the first and second filter elements to the housing outlet and wherein
the top wall inner surface of the first filtrate downstream chamber and the bottom wall inner
surface of the second filtrate downstream chamber each comprise a central channel that is
wider and/or deeper than the other channels, and, wherein each central channel has side, top,
and bottom walls forming a closed tube for at least a majority of the length of each central

channel.

4. The filter device of any one of claims 1-3, wherein the first vent chamber

further comprises a first vent port and a first vent including a first microporous vent element
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arranged to allow gas to pass through the first vent element and the first vent port; and
wherein the second vent chamber further comprises a second vent port and a second vent
including a second microporous vent element arranged to allow gas to pass through the

second vent element and the second vent port.

5. The filter device of any one of claims 1-4, wherein at least a portion of the top
wall of the first filtrate downstream chamber and at least a portion of the bottom wall of the

second filtrate downstream chamber is transparent or translucent.

6. The filter device of claim 1 or 2, wherein the top wall inner surface of the first
filtrate downstream chamber and the bottom wall inner surface of the second filtrate
downstream chamber each comprise a plurality of ridges providing a plurality of channels,
the channels directing fluid from the downstream surfaces of the first and second filter

elements to the housing outlet.

7. The filter device of claim 6, wherein the top wall inner surface of the first
filtrate downstream chamber and the bottom wall inner surface of the second filtrate
downstream chamber each comprise a central channel that is wider and/or deeper than the

other channels.

8. The filter device of claim 7, wherein each central channel has side, top, and
bottom walls forming a closed tube for at least a majority of the length of each channel.

9. The filter device of claim 7, wherein the ridges providing each central channel

are sealed to the downstream surface of the filter element.

10. A method of filtering a fluid, comprising passing the fluid through the filter
device of any one of claims 1-9.



