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COVBI NED PUMP, FILTRATI ON, OXYGE M“MMWMMEEBUBBLER Aﬁgﬁﬁj ?!ealoé of
| nvention The invention relates t kable to forma custom zed
conbi ned YO B48hp, filtration, oxygeradwizen and/ or debubblRET/UHIPE48E2 uUS.

Such apparatus may be used, for exanple, in an apparatus that delivers
fluid to and/or circulates nedical fluid through a manmal. 2. Descri ption

of Related Art Aum@LMCOMBmDF@m qnmnﬂAquow OXY@ERAfMoNd through a

manmal often require that ORUWHER I,\%L* ({,%I tered and/ or
debubbl ed dependi ng on the spec I C ut| |zat| on e apparatus. Further,

sone type of punp is generally also required for pushing or pulling the
fluid through the apparatus. For exanple extracor

poreal cir h
bl ood may require oxygena AGKG PN VENHEINDDI i ng wl‘mmHHllmas
wel | as so?;re type if the blood is to be reintroduced i nt @sasgramal .
Oxygenation in Mﬂ% a fluid, such as, for exanple, blood, in close
20 25senough pr gxé mv&ﬁhoh%memeao&qestémkame% wﬁﬁ%e&st&ma&ﬁwnhﬁﬁledoy and may
react with the fluid. This can be acconplished by passing the fluid al ong,
for exanpl pump,rfdtrsuqlweoxbfgeaatlomwg/endtbubblenmmramsa Sueh pbparetusintaly bexygien on
the other side. Filtration in ui d hrough Qr QuUS
subst ance, ?qr GRAERE P AR APDArAtS %P'a‘i/q?‘éﬂﬂ'p %é‘hcjo g)or FiEght atﬁ? @9%&51?%%&1‘?‘@%5
| ar ger thagn&r%‘gtal n size from passing through. This allows undesirable
conponents wthin the fluid to be renoved. Debubbling involves renovi ng gas
bubbl es frg,ma Diestitintion GOR cRied e, where a fluid has been oxygenat ed,
extraneous air or oxygen bubbles may remain in the fluid. These bubbl es may

be rédRoved by pé@ﬁﬂh@s thatdeliver @ aaden gircwlge flaidthysugh aanagamaleftergedititg/ | i qui d

bI d
gaet her ot FLG Rl B Bl BRI B Rop 8] ool s b Esh  cbubot 1 mg- o
fluid prioatiiAtieebf the bppieatd) Fi@thes)déraé wero&:phﬁbwgeni: zdustohre QUfEd fer manmal

are known. Known appar at us, however, are |ar ge and y. Further, these
known appapushing apy @Erﬁ@rﬂﬂuldjhrdw f@nenpaa&tus E‘Degxmrd@t ethmqrmryalappar at us
wth deS|re.d ts inte atedln e uni a for
oxanpl o LIS an oS e rEdhitesgyEeriin filap e asdiet dERRHiRE gF e Bipon

purrp/l xyge [ 2R b dISF d, %dﬂ&!?l? RR@la, forned of a
t wo 913 SEE%%'%NBER 20% st glga%urlé)&glf/gﬁérin}econbl ne ﬁ?/‘i/latﬁ'hl a r?ﬁenbr ane

oxygenat or encl @xggbnaﬁd»dnnnohetmiaang]g fluid, SuchRa; fonexaxple,BHladd} iBd@bse whi ch
di scl oses a caydi ot ony/ venous bl ood reservoir wi t h a defoam ng

filteri ng BFOXIRER 1 tY8EN 50 that the 0XY8rY dnahsgrbed hy ap B%@é’ﬁﬁ%?@@’l“gdl&/i ce and
; U. t
P aes o v G Sl it pe secoftpiitfiee byisdifle e TRui@ 86 36; ARG, ShELiapbPAS

5, 158, S33, oxyenidtioti merhinranssuppliedwith ety genrodithé omaysﬁ&eerﬁiuﬁnbﬁsnemmhr/ pl eur al
drai nage unit_havin t?wl ntegrated therein punp neans and apparatus far

filt@Ping mna@msb h@|n9wsabﬁange§ormm afdtrationggembieae, thiti ch

di scl Lorh dsi 9 d f
oxt 1 acor poPBAFIL %%Fse%s%ﬁ&%g%a iy S R RORRFPI SRR T vt on
provi des mqhekﬁ&léé@ﬁmeh@ withid @il @%bezﬂededo \Debubbling ineblvesrenR¥ingenat i on

and/ or debubbl er apparatus. The conbined apparatus is capabl e of punping a
f1uid throgapbubbley Somm gnideFor exsmpley wherata fhijd his been okygenated/ extratesiws bbl i ng

Support oA St SOEen bR el B8 &di%ﬁ?%ﬁ@?p%yf streaedipact
appasat us 60t al g Rk LA cn{%éﬁ?@%ﬂdé&pe%ﬁ%?%@hﬁ&n@ﬂf“ or

degaSS|ng anes are |sposec ers. According to

one aSpectd@u@k@memetmmmmm§ﬂwmm¢m RaPtEReRowh, appar at us'
capabl e of one or nore of punping, filtering, émenatl ng and degassing a

fluid, conprisi Agpaxatuplfoxmwg@qahng, fdtcaogand/er g aiwid erior tosdediveningd t o
formoneo dul afllterln nmodule with a filtration
rerbr ane. dloReE TR ApBR e Mt ate ke mﬁpn@ra% W an
oxygenati o p,gﬁgeg bubbl i ng
nodul e wi tﬁeq&g‘ggasm ng me radr?lgc;SE spos%%ﬁﬁﬁv\egn sugport menbers; and

wher g0n eaittegrated; umitirgapparatus némtdemaimdmmhems integryted ano dehimitary at | east
one ot her nodul e having a different function selected fromthe group

consi st i ngapmaraiesResgior exanple, (g, Pmy@%é@ﬂé%n‘mhlsbﬂ@blwm intagrateddi ng t o
anot her aspect, of the

t hod of
assenbl i ngPWRP/AEYEaNAP Egpﬁaﬁ"? %@J?Ir??ﬁ\{’g &‘)Irg:ig’fdﬂ e |s§%g i’ﬁd’ %ﬁ}vg? °

degassing a fluid, conprising:
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formone or nore of a-punping nodule, a filtering nodul e, an oxygenat!I ng

nodul e and a debubbling nodul e; and assenbling at | east two nodul es

t oget her, each nodul e having a different function selected fromthe group

consi sting of punping, filtering, oxyg gatlng and debubbling. The invention

S partlcularly applicable in a portabl apparatus capabl e of delivering to
wher e n1n zZj t he si ze:

d/ t fI
ETRGIIRE 3.1 R B T A I A A R A L Ut
ready por tgki ﬂ»dta«xmﬁ@ m@ss%mchgiswsesééﬁhﬁt déu&ﬁia%m CfQ w@ﬁle& he

conponents are nodul ar undesire conmponent S e renove

conponent siefoaynitpandfilterimgphdmber iategedted with us bwgez:e«dr &t@ﬁt&b@hﬂ%er ddvide desired
oxygenation, filtration and/or dg&as& ng menbranes int P bet ween t he

support n@ﬁﬁ@lﬂ@l’,gﬁt Eetept-Noqd, P, &mlmsmwgrh@dbmdd ot her aspect s
d ad t fo.th )

Gotai | od JESRI Gy BRT R e e EPPRr e . A o 5‘4?@ i he.

accorrpanylmldéém&ﬁaned éhrmat&ﬁy/vgﬂ&s résemnme&mmrafls% Eifivitlg 2 f I St punp

nodul e according to the invention; Fig I's an expl oded view of a

filtrati onntegrited ¢haxcingudipigedns andappmtanfor(ﬁitenﬁg and 6efbanmgwdqnll; asted vi ew of

an oxygenatlio ar di ng he i nventi o i s an expl oded

vi ew of aﬁéb‘%}ﬂmtg mg%éla‘eg’eh disatpsenan lﬁ@mﬁﬁ@ﬁyﬂaﬁlﬁwﬂdﬂﬁ%ﬂﬁ 3- 03- 2000
apparatus ﬁesxgned for extracorporeal circulation.

SUMMARY OF THE INVENTION

The present invention provides modules stackable to form a combined pump,

filtration, oxygenation and/or debubbler apparatus. The combined apparatus is capable |
of pumping a fluid through a system as well as oxygenating, filtering and/or debubbling
the fluid. Because the modules are each formed of a plurality of stackable support
members, the modules are easily combinable to form a compact apparatus containing
desired components. Filtration, oxygenation and/or degassing membranes are disposed
between the support members.

According to one aspect of the present invention, there is provided an apparatus
capable of one or more of pumping, filtering, oxygenating and degassing a fluid,
comprising:

a plurality of stackable support members assembled to form one or more of a

pumping module, a filtering module with a filtration membrane disposed between
support members, an oxygenating module with an oxygenation membrane disposed
between support members and a debubbling module with a degassing membrane
disposed between support members; and

wherein each inodule has a connector and selectively connects to at least one
other module having a different function selected from the group consisting of
pumping, filtering, oxygenating and debubbling.

According to another aspect of the present invention, there is provided a methoq

of assembling an apparatus for pumping, filtering, oxygenating and/or degassing a fluid,
comprising:
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SR ..." .3 13 SEPTEMBER 2002 U S 009904852 Fig. 5 is an ExptBaed 02
view of a second punp nodul e according to the invention; Fig. 6 is an

expl oded perspective view showi ng the nodul es of Figs. 1-5 assenbl ed

t oget her; and

2a

assembling a plurality of stackable support members to torm one or more of a
pumping module, a filtering module, an oxygenating module and a debubbling
module; and

assembling at least two modules together, each module having a different
function selected from the group consisting of pumping, filtering, oxygenating and
debubbling.

The invention is particularly applicable in a portable apparatus capable of
delivering to and/or circulating a fluid through a mammal where minimizing the size
and/or weight of the apparatus is highly desirable, for example to provide ready
portability and applicability to field use. Further, because the compoﬁents are modular,
undesired components may be removed, or the components may be rearranged to create
a customized apparatus, with desired oxygenation, filtration and/or degassing
membranes interposed between the support members.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects and advantages of the invention will become apparent
from the following detailed description of embodiments when taken in conjunction with
the accompanying drawings, in which:

Fig. 1 is an exploded view of a first pump module according to the invention;

Fig. 2 is an exploded view of a filtration module according to the invention;

Fig. 3 is an exploded view of an oxygenation module according to the
invention;

Fig. 4 is an exploded view of a debubbler module according to the invention;



-Fig. 7«is a front perspective view of an assenbl ed apparatus accdr FFRGEEER 2002
3-03h20®0 i nventi on. DETAI LED DESCRI PTI ON OF PREFERRED, ENBODI MENTS. FQJIS 809904852
gener al ‘understandi ng of the featutes:of t e i pvent iton;* 1 &f erenge i s nmade
") 10 15 to the drawings. In the drawings, |ikg J el &rigpieg, nurrgrates® have been
used throughout to designate like elefgnts’*'Fi'gs. 1 - 5 show vari ous
nodul es that may be stacked to forma Tonbi ned dunp, filtration,

oxygenati on anglor .debubbl er, apparatus, ,such as the combi ned punp

Li I trat ijo_n, o>r<] tﬁeﬁ?ﬁ“b d i ﬁcO%B‘HPHFWS_‘ﬂlP @ﬁ?ﬁﬁpﬂ?tﬁ? gyenﬁc_»qr,_ Asd
debubbler appall G4 f PEPpld lErSRIRE Bl RIBRne e QMR IENC. | Ol e s

gr oupabl eadsembRdtbgéiBerPindor € nodul es. | nterposed between the plurality of
stackabl e support nenber are filtration, 20 25 oxygenati on and/ or degassi ng

menbr anes depefitg. Ags efroat perspdctive aiewekan asserobldd apfdratus iab¢ardingdo the
oxygenati pn and/ or degassi ng nmenbranes are preferably commercially
avai Pabl e"YSBRM-r et i cul ar hydr ophobi ¢ pol ymer nenbranes hydrophilically

grafted in a CONNRTATEE] HEOBhEENGiI0XY! ation, to
prevent protein 'd'e%‘rﬁll\m.l on, efr ' . ) 1or exanple,

bl ood and to r &dtagemdraltundegtand thefeatufésoffthé invehtion) referdnce iempde S
preferably hydrophilically grafted all the way through and preferably has a
porosity pthedrawings. Inthe drawings, dike reference pymerals havabeen psedrtbronghgut>o t o

30u to filter. [keS. | fluid, preferably without filtering out cellular
or nol ecukoa&sbgﬁ%’o eneflgm%?ts‘t he fluid. The degassi ng nenbranes) and

oxygenat i on nempisanes)shawerabivls idules SRt ayHe staked td fRthedlcdmbiRBd Nt ai N a

| i qui d-gas boundary. The degassing nenbranés) and oxygenation nmenbranes)
pr ef er abl pumpy Bltzations @gigenation abdfor debubblersappanatus, suchfas thdbéombingd. or | ess.

The modul i ncl ude a first dul e 10, hown | _oded vi
301 n i gPUD: HIteD, SRR D SRR | SRR Rddet &1 ok n Fi g, 2

an oxygengepieed R tes€ fighres Ahe S6ABIhel &suﬁiﬁgh&%myéﬂgehﬂi&i ghd dbbuBblebubDbl er
nmodul e 40, ‘as shown in exploded viewin Fig. 4; and a second punp nodul e

50, as shepparatus dipfaroed of a@luralityrafgtackabld heppontspembers igesupable todotm
conri%ct ed to a sourcg of punp fluid and are AMENDED SHEET
5 . . oneormoremodules. " {17 13 SEPTEMBER 2002 WD 99 47189

PCTNSO97 04852 Sk B .he device
in which'the aglpl)tg at ﬁasgi S elrrlrpmliori}ggﬁ T ﬂe“%%%%%%?@r@ﬁﬁ%@%% fgﬁrg?ikr?’abl y

s: rrl I ar'Ihy ox%gqaﬁtion Emd/oedagupdt ? ing niehfbrmepﬂepﬁlndmm ) apanﬂhylapafér’stxfgds.h _
pl at e- shaped;_ however, other shapes may al s e appropri.ate. shown in
Fig. 7, tH&edippim oxxeamatien av&ogfmwﬂ%m lgre§ ¥ eRmeciglly scr ews
or bolts o g ﬁ.ﬁ]@i : gp%ﬂ&a y al so
be approprg?g‘%%?gﬁ\ég{ofﬁereg@%#ﬁ%amﬁ@lgl@%@ era':Fggclhtr(ll?ﬁll}%gjsﬁ;l | rslitqa(end)
120 a dia ??‘%ﬂ’f‘&‘%ﬂ‘ﬁé“’g”ﬁhﬁ? e ‘E“S?I‘“ﬁ%‘:%??“’iﬁ“ﬁ?ﬁ?ﬁfﬁz‘gﬁ’??ﬁéeféeﬁf

i i u : u
thi s noduldePERasserhagFe biosompabilisOwitdar exarpple bloed epdior rpduag; clotting
substanti 4 at [ A V. j.ate
mat eri al \?Vié 4%%18 %q u a?gﬁ}ra?%lh %b%ﬁlgg)p@ g&@%f@@@)ﬁ%‘f%ﬁ%ﬁ %IP ﬁet y. For

exanpl e, wady thttfughegidgrefendblyhasa SordBity Rorésigewithing radgdo LI Stor 38, mat er i al

is an acrylic/polycarbonate resin. The first (end) support nmenber 11 is

pr ef er abl W@rmmf:fhty # mm?@ ﬂhlgr;ﬂﬂbnsrm fipil, prefesshlyowitbent flteripg opke fir st
4 ! ' .
Food%; g Slta B Bblecdiie PRSI S5l ikt EnuciBEE BURLERHD I, | 1o by

{1 uid €O Qi Bndtiof niéiibrafiBd)Are b BrophitRally SiMficRrEakd 19 MaiREin EHiGuidlgasny

suitable elastic and preferably bl oconpatible material, and is pretferably
pol yur et hdwandafye Thaidegassimgpmermbranefsandiekyigenatioanembrhnafs) prefierablyui d cavity
14d 20 and tubing 14t for riecei Vi ng ftlpui f Such as, for exanple, blood or
an artifi 124 8 perasity Hf d S| oF desemorepreferabin 0w Pr le8: purp nodul e 10. The

first punp nod f. ¥ rt 14p
for sensors o THempay@iaf inifs PEREDuIB T 107 sfoaf 18 BEIAEL el
servi) t o dhlRay 1yaifiliratesr medale 20| &vsHokndin@rploded piewpinRigl2;einldkygenation

module 30, as shown in exploded view in Fig. 3; a debubbler module 40, as shown in

exploded view in Fig. 4; and a second pump module 50, as shown in exploded view in

Fig. 5. The pump modules are each connected to a source of pump fluid and are

AMENDED SHEET _
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25 The filtration nmodule 20 preferably includes a filtration b®rfBPEEMBER1Z2A02
which forns a boundary of cavity 14d, a first support nmenber 22 with a
cut-out center area 22c, a degassing nmenbrane 22m and second and third
support nBBAIIY3 and 24. The filtration menbrane 2imis FCEUUMS2a 259,
macro-reticular filtration nmenbrane nmod#fied to enhance bioconpatibility
with, for exanple, blood and to reduce clotting 30 tendencies (ljke the

ot her suppastuaed either spanualiyorfisns pentealler of the devise iwhich the appegatasisng

menbr ane 2 r [ a nbr ane
wth ar ev%’géieoig @o@i‘ﬁ%@g’éﬁé‘% rgl?beegssﬁrreé’rgr @é’ sglﬁlfl %%Hp%gt %ﬁgsgﬁ‘s"‘ for
CQZ renov ahﬁ);;uﬁfxﬁ@zﬁbéf@ﬂragleeda bOplarbahap&l; BbAePsFPatheiHabéymay alkd b@EPTE'VBER

2002 WO 99/ 47189 PCT/ US99/ 04852 5 The first support nenber” 22 incl udes

tubi ng 22t apmopxﬁatmaﬁdhmglmmgdzrthc suptplg monybprs atei poeferabdiutemB@plyor anot her
adj acent nodule, .if a ter it _has passed through hefrltratron
menbr ane ZEWﬁtﬁdgwéﬁ'g&ts gﬂ)ébétssgloﬂ’&vﬁeﬁ%‘ %ét%E?ﬁ&mT”ﬁée@ ®support

menber 23 a?ﬁﬁs{gx'a%fs@%g H!ﬂ] e 20 includes a doned-out cavity S 23d and

t ubi ng 23t R su I ch a uum may be applied to the cavity 23d to draw

gas out of the frhuﬁebtbmnpuoémﬂéleopmsmyn@clmbrm@qeam P& nidhibed 1$Uppor t
menber 24 is preferably solid and provides support for the filtration

nodul e 20. 2 grend rsumr'smppbmtlmmercut:aw can@baﬁenérzwedxmhgamg 134ndhr ough

whi ch a vagu to dr sou of t t he
degassi ng ﬁ’é‘ﬁbﬁl‘gﬁéﬂ Hﬁ’%?ll gh%Wé’g eriﬁ thisdue lﬁ% ‘iga‘d\ @3@%@‘2‘? bel ow.
The fiplt ra;doameﬁrafwrefe?&ry &in %Ws&fstahﬁﬁbpﬂzﬂ lafENie) Sid dERYbedbiied dic! ude a
port 23p for sensors or the ke. The oxygenatl on nodul e 30 i ncl udes the

degassi ng amnipraopriBd matesial wnh tadequapeni gidite adxbpre@ably alsolMioampatibilgyrbr ane

33m an oxygenati on nenbrane 34 a_seco su t menmper 34 wi,th a cut-out

center ar eHORIAMPIS, Y2HPAHSTGSIES AP %@m%ﬁmﬁ@%&e&e@ materig] Is e

degassi ng 5@2@&9 cﬁ%oﬁgt»%ﬁe spyeferably a 0.2 - 3 macroreticul ar degassi ng
w i 0

menbr ane verse W agueous pressure drfferentr al of at |east 100

mtHg surface nodht fiesd (¢ml) suyppnaaembeacian prdfbrablytsylid ahé pfdvidds saprofor member
32 includes a doned-out fluid cavity 32d. The surface of the donmed-out

f1ui d5cavi ﬂ‘? ramp wedyled §pThe fisst (end) svmqrim@bpaltlrprﬁfﬂrahlm anchgdesiayi d, whi ch

ronbr ane 2imed SAFGRlY 3, SR IR e Sicn B, ribfte IR dkbideld on
modi fi ed t g W}ﬁmﬂ)ﬂﬁﬁqmﬂiet fiel guinyp méile A8Y TRE AdpBiaghE IPHAYDe Hdel S

preferably a 0.2 - p macro-reticul'ar oxygenati on nenmbrane with a reverse
flow aqueooéalpr%stsblreolagtwa@dewfqrdblydvﬁocampa@ldsmalwlmdgs paférably nodified to

Sat Tor T oPaRPRCIRper T Hisamhe meanny s taes o dobtee o diid froiiag 10 "0

debubpl er a@cﬂﬂibﬁlgﬁm O reddifih ‘ffm@‘ihé}?&“?or@%)fé; blobd 3P Bh aftfiltidl, after it
has passed through the fil tratr on nmenbfane 33m and al ong the oxygenati on

menbr ane Spcnfus‘dtae iritd thecbavitp pdd of thepnerp IﬁGdulﬂ d¢0.uThe fiast qunpdnodnle,ammny y 35d
and t ubi ng g[e for receiving oxygen froman external souiq(z e fourth 30
support mefblie ofterinodyless way glsg macdpden pRTH1 4R ty seRserser e efBre

oxygenati o I port
menber 41, Be H?%&tl‘t%?eo%nwrrg ngﬁ rane L‘% sgggg‘lea}é’g}%%%%%ﬁ%w@ hggﬂ%econd
support rremP adulere.ng a 13 SEPT' EN~ER 2002 V\D 99/ 47189 PG'f/US99104852

6 cut-out center area 43c, and a third support menber 44. The first support
menb@6 41 has aThedibizationmedule 20 pmfemblymcludeswfdtratm meniboanedmpwhich 42m i s

f bl 25 t filt t di f dt h
b1 acompat | BTy BouRAR i GaUE |G Acaheupesn meber 2 pr@mnipn cents . °

macro-reti ssure
ero-T ot 3 Yadisaish BRI A 33‘928““%?4 SpohHaARYE 24 and o8

bi oconpat i iThe ifi ﬂtyatlo'ﬁhﬁetﬁbl&ﬁélglmdﬁgfuféralbl?mm mMacrbastiduldyi filgraticii mémbrane
forwarding fluid out of the debubbler nodule 40 into the punp nodul e 50, or

anot her adpm&md torenbanse UIGGOITmpFJbﬂ%ﬁMtb, fosexamplertdoed anditorgdugspletting t hr ough
the filtrati ane 42m and | ong ,t he degassi e 43m The

t hi r #%upp @Mfﬁewae %Mﬂﬂe"&%{ Ah%deé’l’r‘rgfs %Ban 44t

t hrough wh | uid through
t he degass!dﬁ%h rgrleﬁbrane %S%%I{?wgéeémoﬂabcﬁ gﬁpﬁiﬂa Sreﬂg%lapﬁe cor espond to the
first punpmenshthge With alrévepseciiew afheou ngmbwiiedlf&rénﬂabbf aUegs0 100 memiigforS1l, a
di aphragm 52, a second support 15 nmenper 53 with a cut-out center area 53c,
and a t hi r €Q,aenapval sprfatermedified fo enhanaerhiosampatibilitpor t menber 51 i ncl udes a
dormed out fluid cavity 51 d and tubing 51t for allowing fluid to eX|t t he

punp nodul e. The di aphragm 52 is preferably a pol yurethane bl adder. 'The
thr rd (end) support p| ece menber 54 |s pref erably soI | d and provr des 20

a o A~ o o o o o




25 through the filtration nmenbrane 2lminto the filtrati on mpdzpeaErazo2
al ong the degassi ng nenbrane 22m A small vacuum force is applied through
tubing 23t to draw gas out of the fluid through the degassi ng nmenbrane 22m
Next, theWQ8/41%% avel s into the oxygenation nodul e 30 vi a RGIYURI%84852 ubi ng
22t, passing along the degassi ng menbrade 31m through the filtration
menbrane 33m and_al ong the 30 oxygenation menbrane 34m A snall vacuum

force is appliedhefiistympenyBiempep 42 incudes Mbing22tdor faswardirg flvidiintotthe ough
t he degassi ng _nenbrane Oxygen J4s received.into the doned-out cavity
354 of °t he DHERTHSN AT T s SroB AR EAIED e abice st Tima B 1
SEPTEN-ER 38R4gh the filtrafioh menibrdne'2 1m and dlordglthe degassing merhbrand9AR048e2 11 1
111 . 11 t 1. 111 1. 1. % 1 % 11 111 .~ 1 i 30

vi a t ubi ng s8&indemugpord seabet A3 ofithe filtretioxmgéduia 20 dacludasiardomedsticavityo t he

fluid as the fluid travels along . its surface, After being oxygenated by the
oxygenat i or??’ﬁﬁ’ﬁaltgblg@?mtth@“g Ovhich & garupppay ke appligd\o the Gavidy %g‘l“‘%‘{'IBan 34t

into the d 4 ' |
monbr ane. 43 no gt frotih kst EnBARREE 228 R T Sudpert hBRPY . |
appl i ed t hroiigprdferdablygolid tnd prodided/sgfsoroft theffiltrigor ndtidleOr que fhitde
degassi ng nenbrane 43m After g‘gssi ng through the degassi ng nodul e 40, the

fluid travenpperthmsmbeecaneismiaclydanbingl24tdhwogh whidhghvacubinrgay appdied exit s
th d dul.e .50 vi.a.t ubi 1t . Th nbi , filtration,

e peoce TR R B A ba e s SRR BT oo T
m ni njati Clﬁo&flcle §§§Qdi|‘élalsyé@bélw. Iﬁmlemﬂtioﬁa%&%tﬂ@%ﬁ?@%xg?gthgg?ﬁgﬁfdg%! yner

grafting technol ogy allows the henoconpatibility o e
achi eved i may slsogictudetaqrort 28pyfos sensaisloe theldikei ng devi ce, for exanple, a

| sati | t , 15 p] L cal | h l'icall | ectricall
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nodul es 20 previ ous escri'bed may be use he punp

nmodul es 10,sebéhd smppor medtbep 84 withnddutaiut certer afdac34ehathitd aad fhieth suppet at us
can be utilized wth any device which requires 20 25 punping, filtering,

oxygehat i ngnembers 85 ¥y akhs degassingamemprage 34mdp praferablyra @ adpimeacrer brain
resuscitati evice: .an organ _pesfusion vice: an_extra-~gcorporeal

ui monary SeppORAGEGIRnaEHA, 85 402 8 15N oo b RRARRRM SR et
in such devie&e300'aFhHE 86tfice rheHiR&d tordhan@ bidbmpatisilly use, where m ni m zing
the size and/or wei ght of apparatus is highly desirable. Various changes

may be made wi t Hbha fiisepppoit meenibes 32 tihdudgsiardomedrant isheavaty 32He Thavent i on as
defined in stuh acéc S thce)\%rrxllgd-%lug htq;%'ca\e‘llny %Bc?e'#a":b":[}- forms a tortuous path for the

20 fluid, which enhances the oxygenation and degassing of the fluid. The filtration

membrane 33m is preferably a 25p macro-reticular filtration membrane modified to
enhance biocompatibility. = The oxygenation membrane 34m is preferably a 0.2 - 1p
macro-reticular oxygenation membrane with a reverse flow aqueous pressure
differential of at least 100 mmHg surface modified to enhance biocompatibility.

25 The second support member 34 includes tubing 34t for forwarding fluid out of
the oxygenation module 30 into the debubbler module 40, or another adjacent module,
if applicable, after it has passed through the filtration membrane 33m and along the
oxygenation membrane 34m. The third support member 35 includes a domed-out
cavity 35d and tubing 35t for receiving oxygen from an external source. The fourth

30 support member 36 is preferably solid and provides support for the oxygenation
module 30.

The debubbler module 40 includes a first support member 41, a filtration

membrane 42m, a degassing membrane 43m, a second support member 43 having a



.13 SEPTEMBER 2002 WHAT IS CLAIMED I'S: 1. Apparatus capabl e 013 GEETEMBERTR0D2
of punping, filtering, oxygenating and degassing a fluid, conprising: a
plurality of stackable support nenbers assenbled to formone or nore of a
punpi ng MMOGP/&718% filtering nodule with a filtration menbr REBUE%E8S2ed

bet ween support nenbers, an oxygenating nodul e with an oxygenation nenbrane
di sposed between support nenbers and a debubbling nodule with a degassing
menbr ane dispusentichacadae apd jppioird suppotienanbendd. Mherfastsuppott menthel 41 has a
connector _and sel ectjyel.y connects to at | east one other nodul e having a

di f f er ent BpY A APMEdroubilvdicarity #i6n t he group consisting of punping,
filtering, oxy I i US.: i , Wherein
the suppor t monner i arrEmBRY e frefefar) Y pSARERR AR, )

wher ei n t heenshitaRonbdifiedie eshantebipt@hpaidiliigd Thé deddreingrpanbiais 48k icl ai m 1,
wherein the nodules conprise a filtration nodule, an oxygenation nodule and
a deBubbl prefensblylac0.2 e Budgnaorersticolan degassing membrane Wisharevase Bemjenent s of

nodul es. 5. The apparatus of .cl.aim 4, wherein the nodul es further conprise
e or o AR BABG Afterergial 68 1 Rsf 100 R furbslE b d o daondte [ .~
filtrati op; . i i j gagy{ i :genbr ane
i nt er pos eg 1%2%12%&@ 'p| ue?sglé?lt?dygug? &g %ﬁ% H~3-emeﬁ%ranlzﬂragl at e%g\?agﬁi 0 IHTtahe

support newabef the débubbiernidduied( mro the gung rhadula §0,cordmotetr adjncdnk miodulzavi ty;
t he oxygenation nodyl e conprises a degasging menbrane, a filtration

menbr ane  ahaPPhiRatls.wdienthei thid hadwasssdathioveh throlivgtioe memebrane S8 ty of

t : t f . ti
moddte hadiong e 4t fgHerBRied ol BT RbndtRER S B i McCHVARRE PP
a filtraticRfcdyaganad aitn@4Mamdash MGidiEiNicana haf BE BRRRG thdieen a
plurality of support nenbers, at least one of the support nenbers of the

debubbl er ombofithe fluid/threpgh thodegdssing meimbirateddmi.ty. 7. The apparatus of claim
1, wherein the dul es conpri filtration ul the fil i nodul e
Commr i sing & f IR PETR PRI P aTle 30 mayroRaaditn e et b rhadhls T 31

bet ween s WplelbyTRIBEESa fifkt sdpiﬁgtméi‘ﬁ‘l?er afi { f@phid ?@’Pﬁ, RO

al Eﬁé—nt he
filtration nodule having a doned-out fluld cavi 13 SEPr ER 2002 9 8.
The @ppar aemsben53 o¥itti acut;outkenter area e, and 4 thatd (end neyppod meenafer She Thel trat i on

nmodul e is formed of a macro-reticyl ar hydraphohic I , an he degassi ng
nenbr ane iﬁfs‘StfsBPE’FB'Hmeb&r H}"Eﬂ%? %F%PX@ﬂE%Y‘WgS ffgﬁgf{r‘;‘hg’gvﬁt‘ %Pra reverse
fl ow aque Efﬁ'ﬁ ! i f ] : m CQZ renoval . 9.
The appar gp E‘gﬂ{ c#g(?ﬁ]ﬂ%wc%ug‘l{*btel?lﬁ&%lﬁ'e%%%g@t% b‘#é%‘es S o¥ai)'§{1ae filtration
modul e f upbheiethsi@lblaile support nmenber with a cut out center, on either
side of which are disposed the filtration nenbrane and the degassing

nmermbr ane, and dhgdhird (end)penportieasanembas S44¢ prearabliveselid andptayidescut  out

bei dj d inde. Of th . havi
o Ao odbPpdt R YR nB mBRRE SuBbork Meaier o BRAreRR HURREY dodBREC on”' "
anot her sigie caVfityl(R6t shown§ Brire@iing R TluidTETihg BaY is1govide@ talionithef | Ui d

cavity, and the filtration nodule further includes a first outlet for the

passage ofpuinpufluldsuchass aitjossnterthepunp modnld 5. Preforably bemecompatiblagntinhi ch a
vacuumi s . a ied to draw gas t of, fluid SSi.n ng the degassin
oo e Ao, galk e ed serde ip taveridrechonal B iduh Bk meRHE 0L "2,

| o I ' L Ut . iy |
o o mioperalibf, StY SIAIO Rrd? Bl GIDI0 BBt 185 pallh TorDr ane

sup@y t nmahiaghk theafiltratas mefiibearef2 lhhinite the fiMriticiambdule 20fant Atongtggenat i on
nmodul e having a doned out fluid cavity. 11. The apparatus of claim 10,

wher ei n t Hiegaisinggnembrane Alma e small veamsugidpreeris epplie gh tyking 28Wened of a
macro-retigul ar d i Q9. enbrane with. a reverse,fl ow,agueous. pressure
Gt o ent 1G5 aps SRYTIAS PihaTRrRRERE bt rbreBh gt VA BE N
oxygenat I GvaRGoGhé §x$g}hgﬁ6’n Ribdde 38 AL int él%ﬁi_ﬁ% 20E PaisiifaloRghet NE
oxygenati on nenbrane oOf the oxygenation nodule 1S forned of a

macr o- r et i deghssingaxsrgbraat 3om, theowghathe filrdtionan¢embrans 83l and abapgetheis pressure

differential of at |east 100 nmmHg. 12. The_ apparatus of claim 10, wherein
the 3t | ecxygonation meyabrancddme A snalt vasusmfgeosds pppliaddhrpueh tithingditdo
donmed-out fluid cavi Q i ses .t suppor t nbe hayi n doned:- out
Frurd cavidr™ eangtas e SCEiErEER e eehonemPRERS ATm, Unvien AUt

[ ecel Vi ng iiAHe BofBIoR! Bavity B HE 1RhE BAbnotOERBer Otk By Snien Modkige o
support neng%rs ?ncﬁﬁﬁ%ngl n outlet tor Iﬁe passage of fY%%h to an adj acent
nodul e, and wherein the support nenbers of the oxygenation nodul e further

i ncl ude a support nenber with a cut out center, on either side of which are
di sposed the filtrati on nenbrane and the oxygenation nmenbrane, and a solid
support nenber, the support 13 SEPTEMBER 2002 10 nember with a cut out

R o
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13. The apparatus of claim 1, wherein the nodul es conprise a debBJbBERIEMBER 2002
3-08:200€, the debubbl er nodule conprising a filtratiqQp nepbrane andJ& 009904852

degassi ng nmenbrane interposed bet V\Eepgsuppoﬁt penters, at EI e‘gaist:one of the

support menbers of the debubbl er m3dulie havitn .a'd’qrﬁad“@ut'.f.?w.d cavity.

14. The apparatus of claim 13, wherwei r17t he *ftItration nenbrane of the

degassing nodule is forned of a macro-reticular filtration nenbrane and the

degassi ng_nenbrane of the degassing nodule is formed of a macro-reticular

degassi ng3fwisstubing 34t and passes/drevghithe pxygppation membsang3dmiints thedhnidas of at

| east 100 d 1@. The a%parfalt us of claim13, wherein the at |east one

support &a F‘ﬁg XES 8Y® nodul e havi ng a doned-out fluid cavity

conprises two ARReingBXFREHated BY tHRDxFSOMRH midduld 30)isk AGMIthih «afgs of the
two support menbers including a first "outlet that is applied to draw gas

out of f wiaiintessalitubjngBétigtc the deébylblen mgdute dir The flaibpdshes thtdugh thd t he two
suppart rr%gbers incgll_Jdi ga a second _ outlet, for t{ue passage of fluid to an
adj acent fUERHoR membrans 4w andialengthe degassingFaembrane A3mp &) smal vaeHgn o

support AT C I el ! i . di sposed
tho f11 tr Sgis sl fublibn Alnel S ool Btk oBEne IR o s e BhRiR T U T
a cut out nfibrafie mnm&g SMABE dégRsihien oIURD, the MilileFaYel3diiong a
donmed-out fluid cavity. 16. The apparatus of claim 1, wherein the nodul es

conpri se &ke sesord peunp nndwle Hbthupegh tubing3s, andsxita theseedndpuanprmpguledr ei n
the at |east, one és)lgrrp nodul e conprises a plurality of support nenbers and a
di aphragmﬁ%‘" fnﬁo d between the support nenbers, at |east one of the

supp@ t menber sravkibindd (HERE ditior, ody ferafith hild ddshbbiER SppiR@s at us of claim
16, wherein the at | east one of the support nenbers of said punp nodul e

havi ng a docardinguto thid inventinmal loystherprinisgattonoofsigad volumesndqotyrhentong a
doned out ,flujd cavi , one of the fwo s ort nbers i ncl udi ng,.an | nl et
for recei ﬁw‘&i oAt £ (liegs ReB IR BTG 1oRBRORY AITWS B hemoSAmPEHBLIY af

SEPTEMBER {2Q02vitd t&bdsdhiXedl port nenmbers including an inlet for
receivi ngﬂ%l %‘é‘ thereﬁl,waen \%r?e e?%w?he punp nodul e further conprises a

support nenber Awmy fnitablugunopihg device,rfor éxuenplelzpmuiisatibesdretary t h a cut out
center being dispgse etyween the two_support nenbers having a domed- out
fl uibgcavmnﬂmm i gﬂﬁﬁ%@ﬁﬁéﬁrﬁ cmﬂayme@éwdts'eme&ﬁ WEroYalVefenber

Wi th a CUlmleohi3D b piifiudGled 16550 Bfsclddfs liRes MHRALIKVERTHE! ficadiGh, The

apparatus ‘o alm1, rern at [east one of the no sensor
port. 20. okygeidiod aafl dabulsbidr modules 26y 3Ppand40prédougdy described frialy therdsed),
oxygenat i ng, and/ or degassing_a fluid, conprising:, assenbling a plurality of
st ackabl e &6 the pumpEodules 10650505 f vasioussombigations,  npi ng nodul e, a

filtering nodul i : ! :

assenbl i ng at I'g%es@btv %X%%g{jeagg? (H)%g# FH‘EP?%%%?%WJ%%@“&%@% ent
func20 on geingsihg,diltering) dxyregatintarmiiorsdephssivgy 6ffa fuidsuch as.ffot &xaniple, a
oxygenating and debubbling. 21. The nethod of claim 20, wherein the nodul es

conpri se Jreipresuseitaiondsyinesan argap prfusian devicend xtra-gatposeal Pylmenasy nodul e

o0 1 TS BRI e oA AR B Sra ity <ol

designed to be portable or for field use, where minimizing the size and/or weight of

apparatus is highly desirable.
25 Various changes may be made without departing from the spirit and scope of

the invention as defined in the following claims.
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different arrangements of modules.

5. The apparatus of claim 4, wherein the modules further comprise one or
more pump modules.

6. The apparatus of claim 5, wherein the filtration module comprises a
filtration membrane and a degassing membrane interposed between a plurality of
support members, at least one of the support members of the filtration module having
a domed-out fluid cavity; the oxygenation module comprises a degassing membrane, a
filtration membrane and an oxygenation membrane interposed between a plurality of
support members, at least one of the support members of the oxygenation module
having a domed out fluid cavity; and the debubbler module comprises a filtration
membrane and a degassing membrane interposed between a plurality of support
members, at least one of the support members of the debubbler module having a
domed out fluid cavity.

7. The apparatus of claim 1, wherein the modules comprise a filtration
module, the filtration module comprising a filtration membrane and a degassing
membrane interposed between support members, at least one of the support members

of the filtration module having a domed-out fluid cavity.
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which a vacuum is applied to draw gas out of fluid passing along the degassing
membrane.

10.  The apparatus of claim 1, wherein the modules comprise an
oxygenation module, the oxygenation module comprising a degassing membrane, a
filtration membrane and an oxygenation membrane interposed between support
members, at least one of the support members of the oxygenation module having a
domed out fluid cavity.

11. The apparatus of claim 10, wherein the degassing membrane of the
oxygenation module is a formed of a macro-reticular degassing membrane with a
reverse flow aqueous pressure differential of at least 100 mmHg, the filtration
membrane of the oxygenation module is formed of a macro-reticular membrane, and
the oxygenation membrane of the oxygenation module is formed of a macro-reticular
oxygenation membrane with a reverse flow aqueous pressure differential of at least
100 mmHg.

12.  The apparatus of claim 10, wherein the at least one support member of
the oxygenation module having a domed-out fluid cavity comprises two support
members having a domed-out fluid cavity, one of the two support members including
an inlet for receiving oxygen therein from an external source and the other of the two
support members including an outlet for the passage of fluid to an adjacent module,
and wherein the support members of the oxygenation module further include a support
member with a cut out center, on either side of which are disposed the filtration

membrane and the oxygenation membrane, and a solid support member, the support
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1096 " S& ()-\\\ 'hgv}né a Hm&PG Gt %vﬁg%éié%lliﬁ‘ls@ﬁortﬁember being disposed on another
side of the one of the two support members having a domed-out fluid cavity, and the
degassing membrane being disposed on another side of the other of the two support
members having a domed-out fluid cavity.

13.  The apparatus of claim 1, wherein the modules comprise a debubbler
module, the debubbler module comprising a filtration membrane and a degassing
membrane interposed between support members, at least one of the support members
of the debubbler module having a domed out fluid cavity.

14.  The apparatus of claim 13, wherein the filtration membrane of the
degassing module is formed of a macro-reticular filtration membrane and the
degassing membrane of the degassing module is formed of a macro-reticular
degassing membrane with a reverse flow aqueous pressure differential of at least 100
mmHg,

15.  The apparatus of claim 13, wherein the at least one support member of
the debubbler module having a domed-out fluid cavity comprises two support
members having a domed-out fluid cavity, one of the two support members including
a first outlet that is applied to draw gas out of fluid passing along the degassing
membrane and the other of the two support members including a second outlet for the

/ passage of fluid to an adjacent module, and wherein the debubbler module further
includes a support member with a cut out center, on either side of which are disposed
the filtration membrane and the degassing membrane, the support member with a cut
out center being disposed between the two support members having a domed-out fluid
cavity.

16.  The apparatus of claim 1, wherein the modules comprise at least one
pump module.

17.  The apparatus of claim 16, wherein the at least one pump module
comprises a plurality of support members and a diaphragm interposed between the
support members, at least one of the support members having a domed out fluid
cavity.

18.  The apparatus of claim 16, wherein the at least one of the support
members of said pump module having a domed out fluid cavity comprises two
support members having a domed out fluid cavity, one of the two support members

including an inlet for receiving pump fluid therein from an external source and the
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a sensor port.

20. A method of assembling an apparatus for pumping, filtering,
oxygenating and/or degassing a fluid, comprising;

assembling a plurality of stackable support members to form one or more of a
pumping module, a filtering module, an oxygenating module and a debubbling
module; and

assembling at least two modules together, each module having a different
function selected from the group consisting of pumping, filtering, oxygenating and
debubbling.

21.  The method of claim 20, wherein the modules comprise a filtration
module, an oxygenation module and a debubbler module and the method includes

selectively arranging the modules during assembly.



