APPARATUS AND METHODS FOR SUPPORT OF A MEMBRANE FILTER I N A MEDI CAL

| NFUSI ON SYSTEM RELATED APPLI CATI ON The present application clainms priority
to U S. pabento/apyssi cati on serial No. 12/273,899, fil edprowsedenci’8s 2008.
TECHNI CAL FI ELD The present invention pertains to nedical infusion systens
and nore particularly to the support of nmenbrane filters incorporated
therein. BACKGROUND Fluid circuits of nedical infusion systens typically
include at |l east one filter to assure that air, and/or other gases, are not
i ntroduced, for exanple, into a venous systemof a patient, along with the
i nfused APHARATUS ANbivIEREIQD)Pd-OR ISP PORI Offes MEMPBIRANRIAIL EERdMA ane,

whi ch extends between an inl d e e filter, and a
hydr ophobi ¢ nmenbr ane whi chrﬂ\@ébgﬁgls”ﬁ'gp%&h #ﬁgﬁ_ﬁwet and vent hol es of the
filter. The hydrophilic menbrane is fluid perneable, yet gas inperneable,

and the hégr og{lobi c menbrane is fluid inperneable, yet gas perneable. The
desi gn RiRBABBEYAPPLICATIQNese nenbrane-type filters are known to those
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housi n {hters may be susceptible to failure, if the filters are
enpl oyg?(gbhl}l?gg?%‘ﬁbsystens that inject fluids at higher pressures.
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BACKGROUND
Fluid circuits of medical infusion systems typically include at least one filter to
assure that air, and/or other gases, are not introduced, for example, into a venous
15  system of a patient, along with the infused fluid. The membrane-type filter includes a
hydrophilic membrane, which extends between an inlet and an outlet of the filter, and
a hydrophobic membrane which extends between the inlet and vent holes of the
filter. The hydrophilic membrane is fluid permeable, yet gas impermeable, and the
hydrophobic membrane is fluid impermeable, yet gas permeable. The design and
20  operation of these membrane-type filters are known to those skilled in the art. One
such filter is the Speedflow Adult 0.2 um Positive, which is available from GVS
Group (headquartered in Bologna, Italy).
Membrane filters are typically constructed for relatively low pressure
applications (i.e. less than approximately 3.5 bar or approximately 50 psi), and to be
25 relatively inexpensive, flexible and disposable. Thus, the housings of these filters
may be susceptible to failure, if the filters are employed by infusion systems that
inject fluids at higher pressures. Support for the housings of these filters has been
proposed, yet, there is still a need for new apparatus and methods for supporting
membrane filters.
30



The follow ng drawi ngs include those illustrative of particular enbodi nents
of the present invention, and therefore do not |limt the scope of the

i nvent i oowoBhey/m@pesi ngs are not to scale (unless so statred)usand/ 0ss78s

i ntended for use in conjunction with the explanations in the foll ow ng
detail ed description. Enbodinments of the present invention wll hereinafter
be described in conjunction with the -&dppended drawi ngs, wherein |ike
nuneral s denote |ike elenents. Figure 1A is a perspective view of an
exenplary nenbrane filter. Figure 1B is a perspective view of an exenplary
prior BRIEFUREISGRWTHOMSORJTHIEBDRAWINGAS er shown in Figure 1A. Figure 2 is
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enbodi nents. Figure 3B Is a cross-section view through section Iine A-A of
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of an exenpl ary infusion. system. Figure 4B is a perspective view of a
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suitable alternatives that can be utilized. Figure 1A is a perspective view
of 18n dRedpeashowribFigvee N ter 10, which is very similar to the

af orenment i onggd,fd 3 {5 pRHPRICHEE VI GV r&fnBYable P Sadddrding to some

embodiments of the present invention.
Figure 3A is a perspective view of the filter of Figure 1A secured within the
clamp of Figure 2, according to some embodiments.
15 Figure 3B is a cross-section view through section line A-A of Figure 3A,
according to some embodiments.
Figure 4A is a perspective view of an exemplary infusion system.
Figure 4B is a perspective view of a portion of the infusion system, shown in
Figure 4A, which may incorporate embodiments of the present invention.
20
DETAILED DESCRIPTION
The following detailed description is exemplary in nature and is not intended
to limit the scope, applicability, or configuration of the invention in any way. Rather,
the following description provides practical illustrations for implementing exemplary
25 embodiments. Utilizing the teaching provided herein, those skilled in the art will
recognize that many of the examples have suitable alternatives that can be utilized.
Figure 1A is a perspective view of an exemplary membrane filter 10, which is
very similar to the aforementioned filter supplied by GVS Group. Figure 1A
illustrates filter 10 including a housing 12, an inlet 125 and an outlet 127; a first fitting
30 152, for example, a female Luer lock, is shown joined to inlet 125, and a second
fitting 172, for example, a rotating male Luer lock, is shown joined to outlet 127.
Figure 1A further illustrates housing 12 including a first sidewall 12A, a second



illustrates filter 10 including a housing 12, an inlet 125 and an outl et
127; a first fitting 152, for exanple, a female Luer |ock, is shown joined
to inlet WwdBp10z03g4sa second fitting 172, for exanple, a rporatseovg/osEse Luer

| ock, is shown joined to outlet 127. Figure 1A further illustrates housing
12 |nclud|ng a first sidewall 12A, a secondsidewal |l 12B and a perineter
seam 123 at which first and second si-dewal | s 12A, 12B are joi ned toget her,
for exanple, via adhesive bonding or ultrasonic welding; vent holes 126 are
shown formed through a protruding portion of first sidewall 12A, in
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15 100, which is very similar to an auxiliary housing provided by GVS group for support
of a filter that is similar to filter 10. Figure 1B illustrates housing 100 including a first
part 100A and a second part 100B; each of first and second parts 100A, 100B
include a cavity 105A and 105B, respectively, to surround and support housing 12 of
filter 10 when auxiliary housing 100 is assembled around filter 10. In order to

20 assemble housing 100 around filter 10, first and second parts 100A, 100B must be
fastened together around filter 10. Figure 1B further illustrates each part 100A, 100B
including securing features 110 formed therein, and fasteners 115, for example,
thumb screws, inserted into two of securing features 110 in first part 100A. In order
to fasten parts 100A, 100B together around filter 10, cavities 105A, 105B of parts

25  100A, 100B must be aligned with filter housing 12, and securing features 110 of first
part 100A also aligned with corresponding securing features 110 of second part
100B; then, fasteners 115 must be mated with the aligned features 110.

With reference back to Figure 1A, in conjunction with Figure 1B, it may be

appreciated that a length L1 and a width W1 of housing 12 are either less than or

30 equal to a length L2 and a width W2, respectively, of cavities 105A, 105B, so that
when auxiliary housing 100 is assembled around filter 10, filter housing 12 will be
completely enclosed within cavities 105A, 105B. Furthermore, a depth D of each



to fasten parts 100A, 100B together around filter 10, cavities 105A, 105B
of parts 100A, 100B nust be aligned with filter housing 12, and securing

f eat ur es WOQomiospissst part 100A al so aligned with corresporus2ong/oszstiri ng
features 110 of second part 100B; then, fasteners 115 nust be mated with
the aligned features 110 . Wth reference back to Figure 1A, in conjunction
with Figure 1B, it may be appreciated4hat a length L 1 and a width W of
housing 12 are either less than or equal to a length L2 and a wi dth W2,
respectively, of cavities 105A, 105B, so that when auxiliary housing 100 is
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several H§¥nt ag(g%tﬁfctbrg exa e%gﬁﬁdlhgpﬁ éolp?zo'g ?eélbul k and the handling
thereof. In Wahtfmnheraeferenee reFgfuradB, itinay bbeipprégatbdthatsthewdsigmet vent
hol es 126 may, be bl ocked éeone of first and second parts 100A, 100B, when
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10; and, with respect to handling, the aforementioned steps, which are necessary to
15 assemble auxiliary housing 100 around filter 10, are relatively numerous and tedious.
Figure 2 is a perspective view of a removable clamp 200, according to some
embodiments of the present invention. Figure 2 illustrates clamp 200 including a first
support wall 210, which extends from a first end 211 thereof to a second end 212
thereof, a locking feature 250, which is connected to second end 212, and a second
20  support wall 220, opposite first support wall 210, which extends from a first, terminal
end 221 thereof to a second end 222 thereof. Figure 2 further illustrates locking
feature 250 being formed by a first sidewall 201, which extends from second end 212
of first support wall 210; first sidewall 201 is shown extending toward second support
wall 220 and including a terminal portion 21 that bends toward first support wall 210.
25 According to the illustrated embodiment, first, terminal end 221 of second
support wall 220 bends away from first support wall 210, such that first, terminal end
221 can interlock with terminal portion 21 of first sidewall 201, when second support
wall 220 is deflected toward first support wall 210. Figure 2 further illustrates second
end 222 of second support wall 220 being flexibly connected to first end 211 of first
30 support wall 210 by a second sidewall 202, which extends opposite first sidewall
201, and allows for the deflection of second support wall 220. According to preferred
embodiments, clamp 200 is an injection molded plastic part, such that each of walls



support wall 210, which extends froma first end 2 11 thereof to a second
end 2 12 thereof, a |locking feature 250, which is connected to second end 2
12, and aweeocmwmmosgapport wall 220, opposite first supporPCTWske09D6388 which
extends froma first, termnal end 221 thereof to a second end 222 t hereof.
Figure 2 further |IIustrates | ocki ng feature 250 being forned by a first
sidewal | 201 , which extends fromsecond end 2 12 of first support wall 2
10; first sidewall 201 is shown extending toward second support wall 220
and including a termnal portion 2 1 that bends toward first support wall 2
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15 terminal end 221 of support wall 220 interlocking with terminal portion 21 of sidewall
201, in order to secure an inner surface of second support wall 220 against a first
major surface 121 of filter sidewall 12A, and an inner surface of first support wall 210
against a second major surface 122 of filter sidewall 12B. Thus, clamp 200 supports
housing 12 of inserted filter 10 against pressures that result from fluid flow through
20 filter 10, which may otherwise cause the joint, which connects first sidewall 12A to
second sidewall 12B, at seam 123, to fail.

Figures 2 and 3B illustrate each of first and second support walls 210, 220
including an optional inward projecting plateau 245, which forms the corresponding
inner surfaces of walls 210, 220; a width WP of each plateau 245 (Figure 2) may be

25  approximately 0.625 inch, when width W1 of filter 10 is approximately 1.14 inches.
According to some preferred embodiments, the inner surfaces formed by plateaus
245 are spaced apart from one another at a distance that is less than a thickness t
(Figure 1A) of filter 10, when locking feature 250 engages first, terminal end 221 of
second support wall 220 to support housing 12; this spacing may be between

30 approximately 0.02 inch and approximately 0.05 inch less than thickness t. Figure 2
further illustrates second support wall 220 including an optional, outwardly projecting,
strengthening feature 265, in the form of a rib.



supported by clanp 200; and Figure 3B is a cross-section view through
section line A-A of Figure 3A, according to sone enbodi nents. Figures 3A-B
i |1 ust r atwofnroaisg4sser m nal end 221 of support wall 220 iporaskaolos3Tgs Wit h
termnal portion 2 1 of sidewall 201 , in order to secure an inner surface
of second support wall 220 against a first major surface 12 1 of filter
sidewal | 12A, and an inner surface of-%4irst support wall 210 against a
second mgj or surface 122 of filter sidewall 12B. Thus, clanp 200 supports
housing 12 of inserted filter 10 agai nst pressures that result fromfluid
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cabinet 410 in order to shield radioactive segments of fluid circuit 300. Infusion

15 system 400 may be used for medical diagnostic imaging, for example, Positron
Emission Tomography (PET), wherein doses of radiopharmaceutical, which are
generated by elution within a radioisotope generator 321 (Figure 4B), are injected, or
infused into a patient. The infused dose of radiopharmaceutical is absorbed by cells
of a target organ, of the patient, and emits radiation, which is detected by a PET

20  scanner, in order to generate an image of the organ. An example of a radioactive
isotope, which may be used for PET, is Rubidium-82 (produced by the decay of
Strontium-82); and an example of a radioisotope generator, which yields a saline
solution of Rubidium-82, via elution, is the CardioGen-82® available from Bracco
Diagnostics Inc. (Princeton, NJ). Embodiments of such an infusion system 400 are

25 described in co-pending an commonly assigned U.S. patent application serial
number 12/137,363 (Practitioner Docket number 56782.1.6), which is hereby
incorporated by reference.

Figure 4A illustrates a reservoir 315 of fluid circuit 300, which is mounted

outside cabinet 410, and Figure 4B illustrates a pump 333 of fluid circuit 300, which

30 s located within cabinet 410 and is supplied by reservoir 315, via a tubing line 310
that extends through a sidewall of cabinet 410. According to Figures 4A-B, pump
333 provides a pressure pulse to drive infusion injections, first through a filter, via an



described. Figure 4A is a perspective view of a radi opharnaceuti cal

I nfusi on system 400; and Figure 4B is a perspective view of a portion of

i nf usi on wpBMs436 that includes a fluid circuit 300. PCHUISe004463788
illustrates infusion system 400 including a cabinet 4 10, in which a
portion of fluid circuit 300 is enclosed, and which includes an access
panel 432 by which enclosed fluid ci r-c7u1t 300 may be accessed for

mai nt enance thereof. A shielding assenbly 420 is al so shown encl osed within
cabinet 4 10 in order to shield radioactive segnents of fluid circuit 300.
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15  With reference to Figure 4B, input tubing line 325 may be connected to first fitting
152, at inlet 125 of filter 10, and output tubing line 327 to second fitting 172, at outlet
127 of filter 10. According to exemplary embodiments of system 400, filter 10 is the
aforementioned Speedflow Adult 0.2 um Positive (GVS Group), and filter 10 and
clamp 200 are each of a size defined by the corresponding and exemplary length,

20  width, thickness and height dimensions set forth herein, above.

Filter 10, being supported by clamp 200, may be directly mounted within

cabinet 410 of infusion system 400, for example, along an inside wall 407 thereof
(Figure 4A). Alternatively, Figure 4B illustrates infusion system 400 including a
holder 317 for filter 10 and clamp 200. Holder 317 may be formed from a

25  thermoformed plastic sheet into a clam-shell structure, which encloses filter 10 and
clamp 200 in an interior space, and allows inlet and outlet tubing lines 325, 327 to
extend out from the interior space, in between opposing sides thereof. Holder 317
may be hung from a structure (not shown) along inside wall 407.

According to some methods of the present invention, in order to assemble

30 filter 10 into fluid circuit 300, such that the filter can withstand the aforementioned
pressure pulses without failure, filter 10 is first inserted between opposing support
walls 210, 220 of clamp 200, either before or after connecting one or both of inlet



of between approximately 75 psi and approximately 125 psi are typically
applied to inject doses, or boluses, of the radi opharmaceuticals, that are
gener at edwbyposyshesm 400. Thus, those el enments of fluid ecrasedsBesyss whi ch
are downstream of punp 333, nust be able to withstand pressure pul ses of up
to, and possibly exceeding, approximtely 125 psi. Furthernore, these

el ements of fluid circuit 300 are typi&ally required to function for as
many as 310 to 325 injection pul ses, at these pressures. According to sone
enbodi nents of the present invention, fluid circuit 300 of infusion system
400 i ncorchoutt dittirfgsl 13, 17Q, towhliet and sulletppbimgelthesy323, 327, BsXpecficelyexanpl e,
as is i|)Jus rat d in Fiqures 3A-B en inner rf aces of opposing support
a1 5 A isBBGs indelied. oo assertiinc Has 30 nedtron LoraBieecond, of
filter @%ktﬂﬂalﬂﬁzo ?&Né’(”deﬂfbpé@ddbrﬂ\%@% beéir vish 9B 22 QDo rHRY t@"eﬁgﬁgé first,
separation of housing sidewall's 12A, B at seam 123 when under the

af or enmgatminakeng 2@ aisecpnd sepponva ?r?@fwrtfeiﬂﬁklrtg)feﬂttg‘ar?ém clampui0Q; ubi ng

line 3 be caonnecte o first f| inl t 125 of .filter 10,
and SoutBREL RGP e 3ortafs® SE Suretrt WAlF 2001730 egalst bodSadioig 1 ¢ o
10 . Ackefadiesd 2101 2X @FRItéT 30. em‘ﬁ@@d@aﬁhg stdp m@tw&/é@&méd bitedr Beotesort he

af orenent i oned Speedf | ow Adul t ositive S Goup), and filter 10

and cl &@fer 200ngeiingintat and Qutist i'gln@éﬂlﬁ?edm@flf'ﬁ@r tote é@ﬁﬁ@%ﬂ%ﬁ@w'@(eml ary
| th,
gl 2o ST DSOS oB g AR

cabi net200 haydfe nenicu&ddromyfﬂtaerr04fb@,exénTple§wméﬂectuag dirg} m setonde wal | 407
thereof éﬁﬁl ure 4A) . Alternatively, ?ure 4B il lustrates infusion system
4000 nc' & 20h QReaway ot gpe faPPEh@F q frlgaze E'I%r%ﬁ”ﬁtﬁ‘@' enfa|2aéro 3 17 may be

f or med Jdpgqmélhg%@gfﬁg{ @nfér%&'vﬁtﬁﬂé‘% ndl bftich 51 6%;%*[‘%" gm%lqlrﬂ)@lt 4pe. which

encl ose ter In an int r|or space, | ows I nlet and
out | et thabclagp 20(kmaydis re€3|2§ed o mmrmntjamthef filben t he i nt er| or space, in

bet ween Oppqaitlggégrlpagﬁgg%fqé q%sprlp t?ﬁe |nve|¥t|on hgsuBgef C 8gncr esdI waCt ure

(not shown)
reference to specific embodiments. However, it may be appreciated that various

15  modifications and changes can be made without departing from the scope of the
invention as set forth in the appended claims.



According to sone nethods of the present invention, in order to assenble
filter 10 into fluid circuit 300, such that the filter can withstand the

af or ementwonenh/gpsssur e pul ses without failure, filter 2POTIUS2000/063788 nsert ed
bet ween opposi ng support walls 2 10, 220 of clanp 200, either before or
after connecting one or both of inletand outlet fittings 152, 172 to inlet
and outlet tubing lines 325, 327, respectively. After filter 10 is

i nserted, the one assenbling circuit 300, need only press second support
wal | 220 toward first support wall 2 10, or visa versa, in order to engage
first, Itamim:nal end 221 of second support wall 220 with | ocking feature 250

f cl 200, t ' ' rf f t | 210, 220
agal natT i QYRR IS (1 SHDBEr il & NoSBBOGN o PRTEFai e ite b8esiiong ot ep
may be jRQLERGEArsehidier sllh%fdér a cofll iisjoF SIMEES, idpok e Ble ﬁr'%@n%%@rl et

fittings 152, 172 of filter 10 to corresponding tubing Iines 325, 327. \en
ci r cui tswacei sndiashickoeass, de thickrassbging defieediroauthe first majcirguirizoe temy be

f filt 10, f le, b flecti first d
<1 ewal e SSHRNY sl Ssacer ph R IGTHIOR asBiaf % aihmeDec b BPMEERARRS: enc
221 of FuPpeng & ﬂhaﬂ%ﬂleﬁﬁmﬁ@é wiatrest eedh surfdtel eidnength epsadPsurfade of
first sidewall 201 , so that clanp 200 n%i/ be re-used to sugport anot her

f11 Uer @ending beoyedpiy aietelianscs fescrisl o ¥iss T¥ovefil oheacts been
appr eci o T3S BRER R B o S BT R e RR Slembing b st

depar t i ngaffirstrsuppertsealpmchidindra firstwant amhaagcort ehdf dppasitet the fagpeandied
claims.l claim 1. A renpvable clanp for support i_nglua housi ngeof_ a menbrane

filter, tASSRB0dISHEPPH ¥YaldPRECSE thestrshairnorsyal.dpeludngse Hshder|nGt

surface, op | | | ; , ' iekness
bei ng defi nélégﬁf%rgdméiéﬁgf)?éli %@tcmarrg'?(gsrlt%lsjtﬁ%?g%ét?ﬁ?ﬁé@é%?%}%ﬁéﬂ%e, at
a | ocati on aecond sapporimmall Ipgeing riwedly aofd idweblg eohaedsd tatue Hest egdiagdize t han a
| engt h and g each surface ex

bet neen . f ITEPSURROE: WEREP AT HTS st PaTINGI CEReT 119 SEond, SHOLRT Al BT - each
surface exF REVO BRI SREE FonPHdMePs@pdrowklteangengt h, and the clanp
conpri S| ng'locking feature connected to the second end of the first support wall and being
configured to engage and disengage the first, terminal end of the second
support wall;
wherein the first support wall has a width, defined from the first end thereof to the
second end thereof, and the width of the first support wall spans the width of
the housing of the filter, when the clamp is assembled about the housing;
the first support wall, in proximity to the first end thereof, is spaced apart from the
second support wall, in proximity to the second end thereof, over a distance
that spans the thickness of the housing when the clamp is assembled around
the housing;
the clamp supports the housing when the clamp is assembled around the
housing and the locking feature engages the first, terminal end of the second
support wall; and
the clamp is removable from around the housing when the locking feature

disengages the first, terminal end of the second support wall.

2. The clamp of claim 1, wherein at least one of the first and second support walls
has an overall length, defined in a direction approximately orthogonal to the width of



a first support wall including a first end and a second end, opposite the
first end; a second support wall, opposite the first support wall,

i ncl udi ngwve 2biwesb4sst er mi nal end and a second end, opposiPCe/USh@9f6378% ,

term nal end, the second end of the second support wall being fixedly and
flexibly connected to the first end of the first support wall to allow the
first, termnal end of the second suppdrt wall to nmove toward and away from
the first support wall; and a | ocking feature connected to the second end
of the first support wall and being configured to engage and di sengage the
first, theffinstraalppertdvaf, ankehe @verall lsngihoistiessathlan tivd dgregtih of kree housing ®lippor t
wal | ha%ﬁ gvm'dth, defined fromthe first end thereof to the second end

t her eof "€ &8t he width of the first support wall spans the width of the
housing of the filter, when the clanp is assenbl ed about the housing; the
first supgort wall, in proximty to the first end thereof, is spaced apart
fromt ik $eeotaingappleir waihereinihg fisstiseiopgritvealt ineluses @ndnwatd prgedisig, over

a distance_ that ans _the thickness of the .housing.when the cla i

2 ssenbitlaeap g B astabt SO T BrGHet SRuBRARA PR A RatfRo e 1 amp
I s asseanBlisda’y profutting plateds ionthex it Ehgpo@aiding feature engages the first,
termnal end of the second support wall; and the clanp is renovable from

around t he housing when the | ocking feature disengages the first, term nal

end of th [N | | a8l in at |east
one of .hghéﬁﬁﬁggﬁglgﬁﬂ&%’% sr%'Bpﬁlp F n&ﬁﬁoédkﬁ@fe%&ur%veﬁggpéslt%@ng{sﬁ,, defined in
a di r eatrmimadppd ok theasedondasugpogionall, the pldteavs didispdddaeagart fbnmsomport wal |,
and the overall length is less than the | ength of the housing of the
filter.anpthergyerad ‘éigri?”@f? toatdp ness th@ﬁéh%itmckr%%ssf(?frtg? hoysisrt wal I incl udes
an inward projecting plateau and the second support wall includes an inward
projecting plateau, opposite

5. The clamp of claim 1, wherein the second support sidewall includes an outwardly

projecting strengthening feature.

6. The clamp of claim 1, wherein the first and second support walls and the locking
feature are integrally formed.

7. The clamp of claim 1, wherein the first and second support walls and the locking
feature are integrally formed by injection molding.

8. The clamp of claim 1, wherein the first and second support walls and the locking
feature are integrally formed from a polycarbonate resin.

9. The clamp of claim 1, wherein:

the locking feature is formed by a sidewall extending from the second end of the
first support wall to a terminal portion thereof, the terminal portion bending
toward the first support sidewall; and

the first, terminal end of the second support wall bends away from the first
support sidewall, such that the first, terminal end interlocks with the terminal
portion of the sidewall, when the locking feature engages the first, terminal
end.



the inward projecting plateau of the first support wall. 4 . The clanp of
claim 3, wherein, when the |ocking feature engages the first, termnal end

of the sewondissppert wall, the plateaus are spaced aparCTiuseomonFsanot her
over a distance that is less than the thickness of the housing. 5 . The
clanp of claim1l, wherein the second support sidewall includes an outwardly

proj ecting strengt hening feature. 6 -1The clanp of claim1, wherein the
first and second support walls and the |ocking feature are integrally
formed. 7 . The clanp of claim1, wherein the first and second support

wal | s afd Tihe claogkohgafedt whergindhé rackgrgpielayureads farchdayby ajfiesttdidewatbl di ng. 8
. The cl of .clajm 1, wherej first nd €CO upport walls and the
ook nENiGe £587 18 scaticeand, O biient SURbeT Al L DAL ESTPERE 3 o The
clanp C&ec@ha'srae%valv@&éﬁa.ﬂ ddb%shé’% ﬂ&t%ﬁféﬂwl%'f&eﬁ@rﬁﬁﬂﬂ@%@ o%hﬁ@&\ta' |
extending fromthe second end of the first support wall to a’term nal

por t i orthe fiesteastd, oftthe firsfravippart wall toi tbe seendd egdtaiihe @ecmd supart wagpor t

sidewall; and the first, termnal end of the second support wall bends away
fromthe first support sidewall, such that the first, term nal end

i nt er| ocksAwhéthotiler syemisig Peidrhioranefiilieh et isdRIRClrcuinbea riddcalocki ng
feature engages the first, termnal end.10 . The clanp of claim1, wherein

the | odeUﬁQ)nf%@ttQmethesﬂW%ﬁ%@d'Bg aahwswrs@ the donaing iesliueingi Q@Dqst*r!ﬂmallﬂf second

end of SPRCELL A4BR0 ek hoRl b H ARLLATEASIR, &1 EcaRd eV |

ext endi ng opp05| te and fTexrb Ofinect t he

first endopkutibeed, lthétnagurp@macesaidvmg)aﬂéngtlseeﬂeddlaQCbemfveeh@ fhed onet support
wall . 11. A rrethod for assenbling a nenbrane filter into a fluid circuit of

a nedi 4 2 fApioyiet &) fieier: Ard ﬁlW*P'H} exteping 3RpPraxinsiiely Rythogreahiguibeng
i ncl udq@,g%nggﬁglﬂﬁrﬂ@hw cS gplgﬁ:ﬁs and at | east one vent hole fornmed through

at | east e opposin
inserting the membrane filter between connected and opposing walls of a

removable support clamp;

securing an inner surface of each of the opposing walls of the support clamp
against the corresponding major surfaces of the inserted filter by only
pressing at least one of the opposing walls of the support clamp toward the
other of the opposing walls;

connecting a first fluid line to the fluid inlet of the filter; and

connecting a second fluid line to the fluid outlet of the filter;

wherein neither of the opposing sidewalls extend over the at least one vent hole
of the inserted filter, when the inner surface of each of the opposing walls of
the support clamp is secured against the corresponding major surfaces of the
inserted filter; and

one of the opposing walls of the support clamp spans the width of the major
surfaces of the inserted filter.

12. The method of claim 11, wherein the connecting steps follow the inserting step.

13. The method of claim 12, wherein the connecting steps precede the securing
step.



maj or surfaces, the major surfaces having a | ength, extendi ng between a
fluid inlet and a fluid outlet of the filter, and a w dth extendi ng

appr oxi mawel2gioasb4segonal to the | ength, and the nethod ecmmstew0e378s

i nserting the nenbrane filter between connected and opposing walls of a
renovabl e support clanp; securing an inner surface of each of the opposing
wal | s of the support clanp against théZcorrespondi ng nmaj or surfaces of the
inserted filter by only pressing at |east one of the opposing walls of the
support clanmp toward the other of the opposing walls; connecting a first
fluid IMheThe mdibod bicldimrllewhefeinhpee$sihg againshthecopposing nallaoftdwond 1l ui d

line to the fluid outlet of the filter; wherein nejther of the opposing

51 dowe | IUOPOR SAHIPSRRNIS R0 Eae THBALEN O OEtne SRPIRL P B BT | t o
when t Rgith BNGEkisfdaAGR &nrRRedd ©f arl BRd 8PRASHIRGr WRtHSoModiMtesiieRRAst ¢l amp

I s secured agai nst the corresponding major surfaces of the inserted filter;

and one of the opposing walls of the support clanp spans the width of the
maj or syrfaces .of the.inserted filter. .12 . The hod. of. cl aim 11, wherein
he contrch g Gedh LRI PEIP TRt G g el B R SrElin BeRbGt ol'ar m
12, whenhembramefitsitereci@ SétaReNR RGigdeet e sEGI ditbitdreina #idid othet met hod
of claim1l, wherein pressing against the opposing walls of the support

cl aLTp rieepfitae ciiCeihdagim@marane ifan ancleding & NN the heusiigoseliigingi @ewal | s
o1 dewa T ol sUTALE #F SEPSREFRRN P08, Sifhstho YR Rl rupial®, B 11,

fluid chickness,ithe thidkmessebeaimgrdetined froht e firehmerediriaet we ene geddnd d i nl et
line of the circuit and a fluid outlet line of the circuit, the nmenbrane

filter MACr gHIfAge.AtRlesatiRn ?E%‘drﬁaeﬁnﬁ?fﬂ H%’i”ﬂ&terﬁé’féhff PHEACER 2P AT ace, a
second | 884 fanS4 B an@RPRARKNST £56h Eiifisde, TRE Bngth bf 856n s@fc&extending

between the fluid inlet line and the fluid outlet line, and the width of each surface
extending approximately orthogonal to the length; wherein the system further
comprises:
a removable clamp assembled about the housing of the membrane filter to support
the housing, the clamp comprising:
a first support wall including a first end and a second end, opposite the first end;
a second support wall, opposite the first support wall, including a first, terminal
end and a second end, opposite the first, terminal end, the second end of the
second support wall being fixedly and flexibly connected to the first end of the
first support wall to allow the first, terminal end of the second support wall to
move toward and away from the first support wall; and
a locking feature connected to the second end of the first support wall and being
configured to engage and disengage the first, terminal end of the second
support wall;
wherein the first support wall has a width, defined from the first end thereof to the
second end thereof, and the width of the first support wall spans the width of
the housing of the filter;
the first support wall, in proximity to the first end thereof, is spaced apart from the
second support wall, in proximity to the second end thereof, over a distance
that spans the thickness of the housing;



t hi ckness, the thickness being defined fromthe first major surface to the
second maj or surface, at a location around a common perineter of the
surfaces,wandionsp4sg | ess than a length and a wi dth of each/useomacsFsst he

| engt h of each surface extending between the fluid inlet Iine and the fluid
outlet line, and the width of each surface extending approxi mately
orthogonal to the length; wherein theldystem further conprises: a renovable
cl anp assenbl ed about the housing of the nmenbrane filter to support the
housi ng, the clanp conprising: a first support wall including a first end
and a secthedclamp, sugpootsi the holasinig wisén dredlockingdeatude engpges thealidsf, opposite
the first sggfort wal, | |nclud| a flrsi term nal end and a second end,

opposi te theSfmina e”@QFm%%@Coé‘ﬁ' APRst walb & end of the second support wall
bei ng fi xaH MapipdisrbmovBbe ﬁ&ﬂ%@uﬁ@tﬁé’hét*j@né Wheh tBBJo&ing Rsatlie st support

wall to allow the first, termnal end of the second support wall to nove
toward and adAe@ng‘ag@mthaélrStn tesminralgpdraf thelseconrthauppaorbwialing f eat ure
connected to the second end of the first support wall and being configured
to engage and di sengage the first, termnal end of the second support wall;

wher ei M@.henhé infgsion eRB@nht ofalbalim h@sf@th@r@bmpr@ﬁqhaedbfnre@m Wwhrhfdtnedstend
thereof to the second end thereof, and the wdth of the first support wall

spans tRestion gt eoluid lescwibissenmiossd; and whereist themermorare fiseang thewal |, i n
P OX Mk BoldBafc] Sbo 88 ARk SraRAGGeg RAn By Second suppor

wal |, in proxim secon over ancé that spans
t he thlckness of the housi ng; the cl anp supports the housi ng when the
| ocki ng feature enga ges the first, termnal end of the second support wall;

and t hel ol B InfusipB sysienn ef Elagm 18 BEHErORBINKISING AGOWIRE 0T the MBI f eat ur e
di sengafes ahB8nhé rémbvabi8'dBMB! a&idhfbd thEe8B6GN And WRRSGEI R/ dabinet

includes an internal feature on which to hang the holder.

18. The infusion system of claim 15, wherein at least one of the first and second
support walls of the removable clamp has an overall length, defined in a direction
approximately orthogonal to the width of the first support wall, and the overall length

is less than the length of the housing of the filter.

19. The infusion system of claim 15, wherein:
each of the first and second support walls of the removable clamp include an
inward projecting plateau, the plateaus opposing one another; and
when the removable clamp supports the housing of the membrane filter, a
surface of each plateau is secured against a corresponding major surface of
the housing.

20. The infusion system of claim 15, wherein:
the locking feature of the removable clamp is formed by a sidewall thereof
extending from the second end of the first support wall of the clamp to a
terminal portion thereof, the terminal portion bending toward the first support
sidewall of the clamp; and
the first, terminal end of the second support wall of the removable clamp bends
away from the first support sidewall of the clamp, such that the first, terminal



16 . The infusion systemof claim15, further conprising a cabinet in which
at least a portion of the fluid circuit is enclosed; and wherein the

menbr ane Wol2oavosausd t he renovabl e cl anp, assenbl ed t her eabastoovmaszssrount ed
within the cabinet. 17 . The infusion systemof claim 16, further
conprising a holder for the nenbrane filter and the renovabl e cl anp,
assenbl ed t hereabout; and wherein thel#abinet includes an internal feature
on which to hang the holder. 18 . The infusion systemof claim 15, wherein
at | east one of the first and second support walls of the renovable clanp
has an over ard intartpicks withf theddrmimabpalitioa cif itlos s@eprathaf e elaynmmviegteal to
the width of the first s gort wal |, an%}tge overal | Igngth is less than
the length JPCKIAG GRIHG ﬂéﬁ fCIgrAR &ngppes the grst, temainale(idi on system of claim
15, wherein: each of the first and second support walls of the renovable
clanp include an inward projecting plateau, the plateaus opposing one

anot her; and when the renovabl e cl anp supports the housing of the nenbrane
filter, a surface of each plateau is secured agai nst a correspondi ng maj or
surface of the housing. 20. The infusion systemof claim15, wherein: the

| ocking feature of the renovable clanp is fornmed by a sidewall thereof
extending fromthe second end of the first support wall of the clanp to a
term nal portion thereof, the term nal portion bending toward the first
support sidewall of the clanp; and the first, term nal end of the second
support wall of the renovable clanp bends away fromthe first support
sidewal | of the clanp, such that the first, termnalend interlocks with the
term nal portion of the sidewall of the clanp, when the | ocking feature of
the clanp engages the first, term nal end.



