1 Molecular Exchange Device 5Description of Invention The present invention relates to a molecular
exchange device. In particular, the present invention relates to a molecular exchange device for use
with an analysis and control apparatus and a method of manufacturing a molecular 10 exchange
device. Molecular exchange devices, such as dialysis probes, are known in the art. Such probes relate
to use for insertion into a subject, such as in a blood vessel, for use in dialysis, detection of substances
or levels of substances 15 within the subject. Such probes generally include a porous membrane past
which a perfusion fluid is supplied and removed. Molecules from the perfusion fluid can pass through
the membrane into the subject and vice versa. In the latter case, analysis can be carried out using
internal or external apparatus to ascertaiidiez nles&xxhaheg tBigvicelecules and their concentrations.
20 The membranes used for dialysis tubing such as that in the prior art probes typically have very thin
walls to promote effective diffusion, which means that they provide very little structural support and, as
such, the thin walls do not maintain their shape in use. In order to provide additional support to the 25
membranes, thP éissriptiresfhadentiun wire placed within the centre of the tubing to provide support
for the membranes during insertion into the subject, as well as to prevent the walls of the membrane

from collapsing.when the membr ent. .
PSINg presem INVeRtion relates to a molecular exchange device. In particular,

the present invention relates to a molecular exchange device for use with an
analysis and control apparatus and a method of manufacturing a molecular

10  exchange device.

Molecular exchange devices, such as dialysis probes, are known in the art.
Such probes relate to use for insertion into a subject, such as in a blood
vessel, for use in dialysis, detection of substances or levels of substances

15  within the subject. Such probes generally include a porous membrane past
which a perfusion fluid is supplied and removed. Molecules from the perfusion
fluid can pass through the membrane into the subject and vice versa. In the
latter case, analysis can be carried out using internal or external apparatus to
ascertain the presence of certain molecules and their concentrations.

20
The membranes used for dialysis tubing such as that in the prior art probes
typically have very thin walls to promote effective diffusion, which means that
they provide very little structural support and, as such, the thin walls do not
maintain their shape in use. In order to provide additional support to the

25 membranes, the first probes had a thin wire placed within the centre of the
tubing to provide support for the membranes during insertion into the subject,
as well as to prevent the walls of the membrane from collapsing when the

membrane is bent.

30 However, despite that addition of a thin wire, such probes are still prone to
collapsing against the metal wire during insertion and, particularly, when bent.

In an attempt to overcome this problem, the wire was replaced by a hollow



30However, despite that addition of a thin wire, such probes are still prone to collapsing against the
metal wire during insertion and, particularly, when bent. In an attempt to overcome this problem, the
wire was replaced by a hollow 2 tube within the membrane, typically positioned along the longitudinal
axis of the probe. The hollow tube provides elongated support that also acts as a supply or a return
line for the perfusion fluid. 5 One of the major disadvaptages of using such forms of internal support for
the membrane was damage to the membrane during the insertion of the internal support and during
insertion into a subject. In a further attempt to overcome the problem of providing sufficient support to

10 the membratub e roidieis vueeerfmmbdaha}/it}qpislad;t kmmjthmeﬂ nadnmbralme tobhgituginet axigmé
supporting stru%ure SL%h aﬁ.% % oW stzlnless steel tub é el tubert owd s elongation and
assists in the inSertfon of the %wé)e ug SRV g&e%pt'ggu% AR s tﬁg &ﬁ’dé?%n?é cﬁoglcal
conditions, the glpplyseddnreheasisenidiytied pectupimbéisidieaken due to contact with fluids, 15
resulting in fragmentation of the membrane tubing from the supporting structure within the subject. The
membrane tubing of such hollow tubes could also fragment due to mechanical damage caused during
insertion irfo th@se lgktie20kijoralis al tamizge sicsuginy coes Wotins afsubdgzot(isumpbdfartioe animal
body), it is clear that fra mentat n of the mer mbrane,is not geswed @iue to tll% otFnhlaI .d mage that

could be cause@%ﬂ? Rid'8zc ?s |%gt|s§ esuéﬂeans]bnrt%s%l e 8rt'Uﬁg{ ﬁte N&tials of

the membrane suppeldtaredydoiorcpimgertiiole ithesassobjetisastrous. However, when this occurs in a
system 25 within a subject such as the circulatory system, lost fragments could be moved into areas
(for example the heart) where they could be life threatening. Even if such fragments are spotted before
serious damagéncariwtoar atiemgtoy alvetrcutie filag otk oa s gs duidlirey sydiigieBt support to

10 the membrane, probes were formed having short lengths of membrane tubing
glued on to a supporting structure such as a hollow stainless steel tube. The
steel tube provides elongation and assists in the insertion of the device. The
disadvantage with such probes is that, under physiological conditions, the glue
used in the assembly of such probes weaken due to contact with fluids,

15 resulting in fragmentation of the membrane tubing from the supporting
structure within the subject. The membrane tubing of such hollow tubes could
also fragment due to mechanical damage caused during insertion into the

subject.

20 In view of the use of such probes within a subject (i.e. a human or animal
body), it is clear that fragmentation of the membrane is not desired due to the
potential damage that could be caused. When this occurs in tissue such as
muscle it is unfortunate but, as the materials of the membrane are relatively
bio-compatible, this is not disastrous. However, when this occurs in a system

25 within a subject such as the circulatory system, lost fragments could be moved
into areas (for example the heart) where they could be life threatening. Even
if such fragments are spotted before serious damage can occur, the removal

of such fragments causes further injury.

30 EP 0675695 discloses a dialysis probe wherein the dialysis membrane is

attached at the proximal end of the probe to overcome the possibility of the



probe becoming loose from its anchor, due to the fact that the anchoring area is not within the subject.
Although reasonably effective, this is a relatively complicated and expensive probe to manufacture.
Moreover, the tip is not protected in any way, which leaves it vulnerable to damage. 5 In an attempt to
overcome the disadvantages described above, EP-A1105045 discloses an arrangement in which a
tube formed of a dialysis membrane is mounted on a rglatively stiff support member. In particular, the
support member is elongate and a tubular dialysis membrane extends along 10 one longitudinal side,
folds back in a U shaped fashion, through an eye or a notch, at the distal end of the support member,
and then passegsrbaekoagamatdghe agpbsite itsgitetinalcidetoTihe sapptitahirenhachoovigessapport for
the tubular membrane aﬂg air%uch the F[1)ro IS more robustgpd stteffeCEBAe than itsI {ed cessors.
15 However, the Srl],l% St e ePHgéesC otp 8\%% arq?/a}c?‘r%rt'g Brto the extelRarwaAllS sttheY
membrane. In pantiplics¢ble s drexpe neraa ppobeidedrtamédadtunctheMaks oé thehmedipbisamein
position during US% to epsure that flow, of f|l]lid Withip thre tubular membrane is not impeded.

. Wik Raris:

Furthermore, tHE TGRS &F MY W MBFANE W TRe 'Y grr)% ghg&mr%%?/'cause a kink and/or

creases inhe membrane at the tip of the probe, which can impede the flow of a fluid within the tubular

membrane and, consequently, impedes the efficienc .an§ accuracy of the prabe. Moreoyey, this probe
= <t relatively oA I A iy 8GRI g S eo e ey b A
manufacture. 25 \050456t gisctosangmhatiingenmeambramdiiths diffidodt tiomeedt thfe anelrabysise

around the support member, thereby necessitating further complexity to the manufacturing process.
Ferthermore. TR 0 LR OB b L e ol o ML o e
difficult. 30 WOs29&9 8 ahisotysisseloraghtdenridr antdvtitar idial gsid ane mbsaekf@xié mdsakbag includes

two changels through which the microdi IS splution can flow. An gpening is defined in the catheter
body. A mOroc o0 AT N A R D s AT R P R Ve & e
opening acrossnottbh ahénebdéstalreindolidtysisuppy take pibee, dime themdpas ¢ sheabkd @dyzsist
membrane to th eogtside%‘ ﬁ%%@{ﬁg{% bpgpéemeﬁqs tshat tgr r?nies réighrr(i)slf gatst@e mrif:rf%giﬁ% Sis
membrane will ragnpeonqsf'rom the catheter body, whichHR2UIE HIRe dFl)sagvanﬁageDsp discissed above
with regard to ftaboientattonb0i¢Sand G 398 kjsitiespohanisrordielysisystobed ncasti i fdietiysis can
occur .
than its predecessors.
15
However, the support member does not provide any protection to the external
walls of the membrane. In particular, there are no means provided to maintain
the walls of the membrane in position during use, to ensure that flow of fluid
within the tubular membrane is not impeded. Furthermore, the folding of the
20 membrane in the U shaped fashion may cause a kink and/or creases in the
membrane at the tip of the probe, which can impede the flow of a fluid within
the tubular membrane and, consequently, impedes the efficiency and
accuracy of the probe. Moreover, this probe is still relatively complex and, due
to the complexity of the manufacturing process, costly to manufacture.
25  Without pre-treating the tubular membrane it is difficult to insert the membrane
around the support member, thereby necessitating further complexity to the
manufacturing process. Furthermore, maintaining the tubular membrane in

position against the support has been found to be difficult.

30 WO 99/45982 discloses a catheter for insertion into a blood vessel for

detecting substances. The catheter disclosed therein comprises an elongate



along the entire length of the dialysis membrane. The only protection provided by the walls of the
probe reduces the overall surface area of the dialysis membrane and thus the efficiency of the dialysis
across the membrane. 15 US 2005/0251087 discloses a microdialysis probe that is supported by an
elongated external frame to hold the tubular membrane in a desired configuration. However, the
tubular membrane is not held securely by the frame amd there is a great risk that the fragile
construction could easily break 20 during use. Furthermore, little protection is provided for the tubular
membrane in this arrangement, which could lead to the disconfiguration of or damage to the tubular
membrane thmomemihmmtvjmth‘dnrmwehra@hammehl WiematerdalisysigLsedtiorfaan a frame

of sufficient str nd as such i size rall device res ect othe volume
of i that 25 (N b T LBB AP NSRS Bl SR AR e AR DASTaA Reeron
into the subjectvemdmisreaigphpdivie tthpralisildt ¢f dheolgaitiaiethbquieseotangetitieonolpepingide a
molecular exchanr%e dey, Fbe that OVErcomes. or mltegatesmsomfﬁ)ﬁal of theﬂ1 \% 3advar es. 5
For the avoidarft8 ot ddubt, the?gfl%\ﬁ % pé-r?n% MreNidy 13 FitiOAL LD AtiNEd below:
Molecular Exchdra(lysls time sdiesntiv et @Xtlizangésioieany sudgirebadiedyle meéoembasltttmemsllwling but
not limited to d| Sr‘ thr%flltr%lon dru d livery etc., from thelpl V|ce to exte nal en irgnment and

vice versa. Th smg IS structeclctr ahsy}ssurlrt] br Aferd %(hmﬁgt the U ?anctaa oW of fluid
or molecules |shydyerwembthrmﬂgjthtu5|watt®wdi:tmlaammgmsediscussed above with regard to

fragmentation.

10 US 7,008,398 discloses a micro-dialysis probe in which dialysis can occur
along the entire length of the dialysis membrane. The only protection
provided by the walls of the probe reduces the overall surface area of the
dialysis membrane and thus the efficiency of the dialysis across the
membrane.

15
US 2005/0251087 discloses a microdialysis probe that is supported by an
elongated external frame to hold the tubular membrane in a desired
configuration. However, the tubular membrane is not held securely by the
frame and there is a great risk that the fragile construction could easily break

20 during use. Furthermore, little protection is provided for the tubular membrane
in this arrangement, which could lead to the disconfiguration of or damage to
the tubular membrane when inserted into a subject. Moreover, a great deal of
material is required to form a frame of sufficient strength and, as such,
increases the size of the overall device with respect to the volume of fluid that

25 can be passed through the device, which makes it both more invasive when

inserted into the subject and more expensive to produce.

It is an object of the present invention to provide a molecular exchange device
that overcomes or mitigates some or all of the above disadvantages.
30



10 within which it is intended to be used. Hence, in biological applications where the molecular
exchange device is intended to be inserted in a human or animal body, the casing is made of a
material that is resistant to a biological biocompatible environment and prevents substances from
penetrating through the casing. The material of the casing must also be rigid enough to ensure 15 the
device is not easily damaged during insertion, but flex#le enough to allow a degree of bending of the
device during use. Preferably, the casing is constructed from high density polyethylene (HDPE),
polyamide, carbon fibre, stainless steel or similar material. 20The distal end of the casing is the end of
the device that F&)mmledadmibadesefteﬁ)imt} three efolicovingenierme/hich iméermidalr exdiaveehs desired.
The proximal end.of.the casin of the device that is not intended to be inserted into the
environment in%ﬁﬁlc ?r?c‘?l@é‘u?% §§ﬁ"g% IS desired. The 25 distal and proximal ends of the casing
are adapted to allow the |nsert|on/W|thdrawaI of perfusion fluid to/from the fluid passageways The
distal and promm s are so adapt to a Iomlnsertl /Wlthdr wal of acg] bonal onents such

as probes, senso?e e%)fS Sl onﬁoﬁﬁ&% aefyg ?ysqgms &0Y oS 1C1XP g e9<change
aperture isba pmmmposllﬂmcasmgdln@ bmpmﬂshth&eatﬁmdralwmamm thir dtich palsagoesliagry he

exchange apert en| t e.external wall of t Alternatively, the exchange
h Eég 0 ernal rllvwoul ! Hf é’a/Y I ly, th h
aperture may b% % ’po? area tg )fﬁe exchange 01 SRS HBIEEM3s 5 to/from the fluid

passageways from/to the enV|ronment external to the device. The porous portions are porous to the
extent that theyr%erm'tstﬂ‘g* iy I@c%'é’t?ucted from any suitable material, such that the substantial
flow of fluid or molecules is prevented through its walls in the environment
10  within which it is intended to be used. Hence, in biological applications where
the molecular exchange device is intended to be inserted in a human or
animal body, the casing is made of a material that is resistant to a biological
biocompatible environment and prevents substances from penetrating through
the casing. The material of the casing must also be rigid enough to ensure
15 the device is not easily damaged during insertion, but flexible enough to allow
a degree of bending of the device during use. Preferably, the casing is
constructed from high density polyethylene (HDPE), polyamide, carbon fibre,

stainless steel or similar material.

20 The distal end of the casing is the end of the device that is intended to be

inserted into the environment in which molecular exchange is desired.

The proximal end of the casing is the end of the device that is not intended to

be inserted into the environment in which molecular exchange is desired. The
25 distal and proximal ends of the casing are adapted to allow the

insertion/withdrawal of perfusion fluid to/from the fluid passageways.

The distal and proximal ends are also adapted to allow insertion/withdrawal of
additional components, such as probes, sensors, connectors to
30 monitoring/analysing systems etc.



exchange of molecules across the fluid passageway and/or casing. A skilled person would appreciate
that different sized molecules will require different 10porosities to permit the selective exchange of
molecules. A flow chamber provides the passage of fluid from at least one fluid passageway to another
at least one fluid cavity. For example, the flow chamber may provide passage of fluid from one fluid
passage way to another 15 fluid passageway through,gor example, a connecting tube or an open
chamber. The subject is any suitable environment in which the device may be applied. For example,
the subject can be a human or animal body. Alternatively, the 20subject could be part of a industrial,
chemical or ferifieatatitmasrotesextharfgst gspecteidizegmeisendinnent@sinyaratepmmsdediae

molecular exchange deEvice com {i ingﬂaf: sin extendinglﬂqom a thl)qximal er}tj Fo a distgl end,
supporting at 1€ 4 IB%IE)Oa sag%\?/a)}é th%T%FﬁI S\ﬁ%%ﬁt eez%%%ﬂ& AR G ?e%%l; the
casing comprisopeaingast iheecsxeimel yead e rthecdasfiiye eAltbmdisialye nheaaxicieng® sipsat wed,
wherein a porti(r)rp of bhe quisT?Drassa%?wayﬁ%oosée(rjn Rg tEI_Ie ex% n%e ap tur? (5 g rous, Tlhe main
advantage prowo% f tfe REOR& %?(cha 98 OVice NSBFEEEINERR Wﬁ?‘l?ﬁg §re58n?cvaeeshtion is
that the caSing fsufrporttharftlijor plestagesvay easnivio thedcpassagesvdexitéheatisithg fdeviee ensures
that the

The porous portions are porous to the extent that they permit the selective

exchange of molecules across the fluid passageway and/or casing. A skilled

person would appreciate that different sized molecules will require different

10  porosities to permit the selective exchange of molecules.

A flow chamber provides the passage of fluid from at least one fluid
passageway to another at least one fluid cavity. For example, the flow
chamber may provide passage of fluid from one fluid passage way to another

15 fluid passageway through, for example, a connecting tube or an open
chamber.

The subject is any suitable environment in which the device may be applied.
For example, the subject can be a human or animal body. Alternatively, the
20 subject could be part of a industrial, chemical or fermentation process.

In a first aspect of the present invention there is provided a molecular
exchange device comprising a casing, extending from a proximal end to a
distal end, supporting at least two fluid passageways extending from the
25 proximal end to the distal end; the casing comprising at least one exchange
aperture between the distal end and the proximal end, wherein a portion of the

fluid passageway exposed by the exchange aperture is porous.

The main advantage provided by the molecular exchange device in
30 accordance with the present invention is that the casing supports and protects

the at least two fluid passageways. The casing further ensures that the



7 porous portion of the passageway will not fragment in use, whilst ensuring that the passageway
maintains its shape and maximises the flow of fluid therein. In an advantageous embodiment of the
present invention, a separator extends 5 along the casing for at least the length of the exchange
aperture, separating the at least two fluid passageways. In a further advantageous embodiment, the
separator extends along substantially the entire lengthyof the casing, from the distal end to the
proximal end, separating the at least two fluid passageways. Preferably, the separator extends along
the central axis of the 10 casing. The separator provides the advantage of ensuring that there is no

exchange of fluitmeie perntiovoaitheopa fised) pasyagitwaySr dgeneby impseyiwhitinbsisi efficibaty. The
separator also provides support to the two .or more fluid passageways, particularl the porous
ortion of e P8 RASVAGPTAE CRITALS RSy BmAy Ho BR Tt b et
Advantageously, the two fluid passageways may be arranged on aligning sides of the central
separator. Advantageously, two or more fluid passageways may be arranged around the central
separator. Prefirabl AL AN R eI ol HIPSR et B AR SR S R be 20
arranged &ouraldhg thatcasepdmtat teasrihe rengite detiscobrubiangaraparhaegsaparsidgvice.
The molecular gxchange be for analysis, dialysis, delivery, recqvery and extraction of substances
etc. Duing usd 1t Ao TR0 Gr A aTRAad Ui dL it

gsaéée%vé@e/ls r%gye/odJeﬁiveerP r'lrjrg];etr(') the

external envirotimeesé pd thio d exieads reoeas sautsttaetiady ahBueh res kaggivay #tencagibg, Useah for
recovery, extraﬁ'%ieon S %rpalgﬁids % a t%uebstance fr(?m th environrﬂent §Hrrou?di8% ﬁtpeéﬁdevi%‘]([:-j iicglto the

passageway to measure thé overall drug RSREN. 158 énvslgg&é Mt exchEet 6F Ui V\[')%ssageways

will be selecteddassapaviaysarfetfetiably Stheasepardtoidpdendgeaiayg #Hie cenéidleasispaitinby

defined b¥dhe casin and[er separator. For e>c<1am%e th quiFI asspdeways ar e%t g ast one tube held
- . ¢asing. 2 SRalAIQk provides e gdvantage o nsuﬁ/ﬂ% ﬁa efe is ho ",
within the casing. Tn ®ne embaodiment of the Invéntion the porous region o luid passage way is a

porous membraaxe temgle o ifithich bedvoesminat & tine rer dikiit ad s sh desta ye) ds evbthe iexyoioaige
aperture. Prefeaabll the ﬁi least on%tube isa orouFSmembrgne. Mare Hr%e{ﬁlglyfwtge orous

membrane is a4 Ss',ls’s efficlency. he~separator also provides’ suppo or more
fluid passageways, particularly at the porous portion of the passageway. The
separator may or may not be integral with the casing.
15
Advantageously, the two fluid passageways may be arranged on aligning
sides of the central separator.  Advantageously, two or more fluid
passageways may be arranged around the central separator. Preferably pairs
of fluid passageways in fluid communication with one another may be
20 arranged around the central separator to permit multiple sets of molecular
exchange in one device. The molecular exchange may be for analysis,
dialysis, delivery, recovery and extraction of substances etc.. During use in a
subject, for example, one set of fluid passageways may deliver a drug to the
external environment of the device, whereas another set of fluid passageway
25 may be used for recovery, extraction or analysis of a substance from the
environment surrounding the device into the passageway to measure the
overall drug content. It is envisaged that each set of fluid passageways will be

selected for a particular function.

30 In an advantageous embodiment the at least two fluid passageways are at

least partially defined by the casing and/or separator. Alternatively, the at



In an embodiment of the invention, substantially the entire area of the tube is 10 porous. In this
embodiment, the tube can be made of a single type of material, which obviates the need for forming a
separate porous portion in the conduit adjacent to the exchange aperture and makes the molecular
exchange device even cheaper to manufacture. This embodiment also provides the advantage that the
porous portion does not need to be carefully aligned wgth the at least 15 one exchange aperture of the
casing. As the hollow tube is only exposed to the external environment at the exchange aperture of the
casing, molecular exchange will only occur at these desired points of the casing. In a preferred
embodiment thicastemsd dh&dlmmseaWayfsomehaqmrakimahtZﬁw’rildllgo d&iniﬁtdbyertd@fdmimsing,
folds back on |tself63t the di st }and exte distal end to the % nd of the casing,

providing two fla'bd sggs é{/aﬁxgﬁ%%ﬁsly ? éuﬁ IRE2PAARYANE RS HR circular
shaped 25 crohembwnmm Tfhnsoe:s&tges theohelIembuberterbe)pﬁwlmmmmmecpoeohenregtanon
within the caS| f Ie the cross .section m ?y hav one o degs ﬁ% es or be

ffie ptl (0

D-shaped or be pro cP Fgﬁﬁlﬁg HEhBISWPRIGY mﬁch aa\Ngy 2 e‘fﬁ&eﬁc%or
exchange.59 Inthpegievsech @naipadiiséalts ticks tbttlrtlhmaydbalsgeml;mmnrené’wfémtﬂlyldﬂpasﬂagas;\tays and
drawn from other f|L{ d% assa %vrvoa Sto ensure flow ff|UIer thl tﬂew%emS A%‘é%‘ geousl the
exchange aperfbrg g gp% Ing m e cas%g pretera eoR/?o?n? yre ovi 8 such asrby% utting, an
area of the casutiglysismelt@natize embodiment, the exchange aperture is a porous area, preferably
formed by treating the casing to render a portion of the casing porous. 10 In a preferred embodiment,
more than one exchange aperture exposes the same fluid passageway. In one embodiment, the
porous portiondrof&te mboelithanibokthrcinvegd drbapdraiaan talie tdfenatimeparesité sh& Healpoiesity of
each POrqi porgg%lu\év.'“n this embodiment, the tube can be made of a single type of material,

which obviates the need for forming a separate porous portion in the conduit

adjacent to the exchange aperture and makes the molecular exchange device

even cheaper to manufacture. This embodiment also provides the advantage

that the porous portion does not need to be carefully aligned with the at least

15 one exchange aperture of the casing. As the hollow tube is only exposed to
the external environment at the exchange aperture of the casing, molecular

exchange will only occur at these desired points of the casing.

In a preferred embodiment the at least one tube extends from the proximal
20 end to the distal end of the casing, folds back on itself at the distal end and
extends from the distal end to the proximal end of the casing, providing two

fluid passageways.

Advantageously, the at least one tube has a circular or non-circular shaped
25 cross section. This enables the hollow tube to be positioned in the correct
orientation within the casing. For example, the cross section may have one or
more straight edges or be D-shaped or be profiled to orientate the hollow tube

in such a way as to optimise its efficiency for exchange.



depend upon the intended function of the specific porous portion. In a preferred embodiment having
two or more of fluid passageways or two or more porous portions on one fluid passageway, the porous
portions have 20 different porosities from one another. The use of porous portions and/or fluid
passageways having different porosities enables different selections of molecular exchange at
different exchange apertures along the casing. For ex@mple, when the device is being used to deliver
a drug into the 25 bloodstream of a subject and monitor the concentration of the drug in the
bloodstream, at least one porous portion will require a porosity that enables the drug to pass through
the porous aredrintaréiferiddodshtsaineet sittleast vice map usep artipplidtt foaoagabddite aflaiding the

drug bound to a carrier, such ascgglasmaglproteiglI forﬂex mogll?e albumin,tto§ass thﬁEL\J&]h F}F hpllow
30area into the%@%%%ﬁv@%ﬁié’b sfgé']v@w 9.ml' Re fatter 5o §%%?t\|’\6?¥ (S TGN RBwikream to
other porous pavitbinvhid desject to the flow of fluid 10 within the at least two fluid passageways, will
need to have a porosity that allows the passage of larger particles, i.e. the drug bound to a carrier as
opposed to the drug alone. A skilled person will appreciate that the desired porosity of the porous

portion of & fluidpesstaymoagiyll thepearchpogtheapearef ibe amlapdeitigat ia intemdeddinge
exchanged acrgss.the porpus portion adjacent ta the exchange, aperture. This arrangement will enable
ol B it
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passageways have aligned exchange apertures. In use, an exchange aperture may, rest against the
internal walls oPl ze\%%@el BF@V%C%:IE%@ gggéggt? t‘l:ﬁeCS(S)'rh st%orr i%%‘%f%ﬁg ?Irlﬁ npé)zsglgeev(\:/gg/'g%jacent to

the exchange gpemuie, as it is often the case that the device is not inserted into centre of the vessel.
By providjlrbg aligned exchange
In a preferred embodiment, more than one exchange aperture exposes the

same fluid passageway.

In one embodiment, the porous portions of the more than one exchange
15  aperture have different porosities. The porosity of each porous portion will
depend upon the intended function of the specific porous portion.

In a preferred embodiment having two or more of fluid passageways or two or
more porous portions on one fluid passageway, the porous portions have
20 different porosities from one another. The use of porous portions and/or fluid
passageways having different porosities enables different selections of
molecular exchange at different exchange apertures along the casing.

For example, when the device is being used to deliver a drug into the
25 Dbloodstream of a subject and monitor the concentration of the drug in the
bloodstream, at least one porous portion will require a porosity that enables
the drug to pass through the porous area into the bloodstream and at least
one porous portion that has a porosity allowing the drug bound to a carrier,
such as a plasma protein, for example albumin, to pass through the hollow
30 area into the respective fluid passageway. The latter porous portion, located

further downstream to other porous portion with respect to the flow of fluid



15apertures, it is more likely that at least one of the exchange apertures will be in contact with the flow
of fluid within the vessel. Alternatively, the exchange apertures may be positioned along the respective
fluid passageway so that the apertures are not aligned. Such an arrangement 20 is advantageous
when the exchange apertures are intended to be used for different purposes. In a preferred
embodiment, the casing supports the at least two fluid passageways in the form of a tube, which are
separated by the central 25 separator along the length of the exchange aperture. The separator
provides support to the tubing, whilst enabling a substantially large extent of exposure to the fluid
passageway. |mstindn EhreeaibleéifnemﬁoeﬂulitarpﬁMMaqelewimawedcw hwesahst&nﬁﬁﬂytﬂm entire

circumference O‘é the e osed tube th Fé rOVI %a aX|rtnum€surfa§e argz?gand mcreasmg the

efficiency of thé 30"k gnBé osfalg%lecug ilpl% %’fer?éd Ié?n Oatm@RE'BF R AVERLGH f’he at least

two fluid passagppeysdite tedddrugafoor. th@\wpbedt@amdnevmdrappmmmthataﬂmertmqtahce of

the hollow tubes bemg{ (% d where the enter, a exit theé)orous seﬁlé)n thereb blln
he gﬁ’/\/

substantially 104928k cwgﬁﬁ){g}é‘?@g e fp E? B%'? YAthd! e

exposed. Hhis pnfoméemmecaﬂiaahmgis cblhmadedlstmg)memhwt@dreamlsthermmewegwntlorcontact

with the enwronrgent ext g | to th deV|ce Prierably,rhhe at least two f|UId pass; ga}/ﬁc, gre sealed
E; n h% &

by glue. 10AdvA {38% ?y, e ST S BPHE Tevice €6 aprrr%egea p‘?u

free (unbound to carrier) concentration and the total (unbound and bound to
carrier) concentration of the drug to be determined.

10 In a preferred embodiment, the at least two fluid passageways have aligned
exchange apertures. In use, an exchange aperture may rest against the
internal walls of the vessel preventing access to the porous portion of the fluid
passageway adjacent to the exchange aperture, as it is often the case that the
device is not inserted into centre of the vessel. By providing aligned exchange

15  apertures, it is more likely that at least one of the exchange apertures will be in
contact with the flow of fluid within the vessel.

Alternatively, the exchange apertures may be positioned along the respective
fluid passageway so that the apertures are not aligned. Such an arrangement
20 is advantageous when the exchange apertures are intended to be used for

different purposes.

In a preferred embodiment, the casing supports the at least two fluid

passageways in the form of a tube, which are separated by the central
25 separator along the length of the exchange aperture. The separator provides

support to the tubing, whilst enabling a substantially large extent of exposure

to the fluid passageway. In such an embodiment exchange of molecules may

occur over substantially the entire circumference of the exposed tube, thereby

providing a maximum surface area and increasing the efficiency of the
30 exchange of molecules.



the casing. More advantageously in this embodiment, the separator extends to the distal end of the
casing and contains a fluid aperture to allow flow from one of the fluid passageway to another fluid
passageway. 15Alternatively, the distal end of the casing is formed as a tip containing a flow chamber
to allow flow from the end of at least one of the fluid passageways into the end of another fluid
passageway. Advantageously, the ends of the fluid pagsageways are within the flow chamber, such
that any bond between the end of the fluid passageway and the distal end of the casing is remote 20
from the exchange aperture to avoid fragmentation of the tube/porous membrane attached to the
inside of the cakirg pRredeed kntbedime mhainhe imanticenber arfaagetwerflda dessegenays

substance. For exaﬁé?l the ansor ﬁrrangem%?t IS ?ﬁfibre o&atic an%.a 25 reflector, wherein the fibre
optic and reflectdf & ﬁ@s"ﬁﬂ%’né@ rgﬁ & afeta 300 O RE EVRESE %]e%p@c‘f%ﬁﬁ?c%‘?nce °
measurementsiter leadtonp lebgze b ottt richeeashegneenierAdiedinekivehetipo s geistianyave
guide, conduct(t)ﬁ, ?q‘())toelﬁ(%%i% eIecgo-acEVﬁ orﬁisgéroc? Enical.rsenn:iig?r.r %Z{royi&ﬁ additrional
materials to the'intefidr and/or ext istal e the’casing. Preferably, the t IS

ials to the IETTr SHHTRr ekt St tHe of fd BF the cUiRGTPrERE DIy, the ThARS
integral with thesejmaradbithil dieig rEdesggniag tthaenektosaded higiprothdes talaakiaraate
separator. 5The fchannel ma z%?#ngtlr%ud throu h(t)?t e distal end of the casin tg\ﬁfaru%ulﬂqémto the

flow chamber. A sUtH AR en ,?ﬁg fiAid aR ther [536(1)5@ ito SRS or Mot Of the Huid

passageways. &fiicomsesiihe eriearsd id@otsihleevite flukieieraly\pasked atongabie twa fluid
passageways inta(l)stshae g{,%alsegpeosf etg% 8apsin uaend then drawn out through the channel to the proximal
end 10of the caosmg. an advantageous ! odiment, the channel delivers a composition to activate a
particular drug being administered by the device.
10  Advantageously, the distal end of the device comprises a plug in the end of
the casing. More advantageously in this embodiment, the separator extends
to the distal end of the casing and contains a fluid aperture to allow flow from

one of the fluid passageway to another fluid passageway.

15  Alternatively, the distal end of the casing is formed as a tip containing a flow
chamber to allow flow from the end of at least one of the fluid passageways
into the end of another fluid passageway. Advantageously, the ends of the
fluid passageways are within the flow chamber, such that any bond between
the end of the fluid passageway and the distal end of the casing is remote

20 from the exchange aperture to avoid fragmentation of the tube/porous

membrane attached to the inside of the casing.

Preferably, the flow chamber has a sensor arrangement for detecting a
substance. For example, the sensor arrangement is a fibre optic and a

25 reflector, wherein the fibre optic and reflector are positioned at the distal end
of the device to enable spectrological measurements, for example,
spectrophotometric measurement. Alternatively the sensor is a wave guide,
conductor, photoelectric, electro-active or electrochemical sensor.

30 Advantageously, the molecular exchange device further comprises a channel

leading from the proximal end of the casing to the distal end of the casing to



15 The channel may also be used to receive an additional component. For example, a guide wire may
be inserted for positioning the molecular exchange device into the desired position within a subject.
Advantageously, a probe may be provided within the channel, such as electrical, sonic or optical
probes, that may be used for detection and/or analysis. In a preferred embodiment, 20 the channel
may be exposed to the environment external to the depgce, to enable such a probe to have direct
contact with the external environment. For example, a fibre optic or light source could be provided at
the distal end of the molecular exchange device to allow guidance of the device during insertion into a
subject. 25 Prefemlitie teditiorshahatediakthe tasimges@daptydriexstimhoichetaztehtbeteodr
cannular, to accommodate insertion of the molecular exchange device, into the subject. Insertion of the
device using DGR o9 caota) AW i S Taioe PIBEALATL 4 ons BRPRIOHE
proximal end optiedecabiggtiseaclomkablésmatmgiwihiyeine meotrahah@ioftheesdpearédoconnecting to
an invasive port. In a medical application, it is possible that the subject will already have an existing
invasive port inserted. Therefore, preferably, the proximal end is a lockable- 5 mating arrangement or
anchoring fnenibies fohannekctiag tegoplyxidting thvasgre forthevhiistak duak oflamageasagseh by
insertion of the m?ll%c Iarlr IE‘)%Cht%ngﬁ devi grhrg%rthqr?ustl)jeﬁt. M%rr%lﬁ)cg fergb y rt]iéeﬂpri x(i:mralll ﬁgd of the
casing is adaptga }orua?tac Rentto 216 pump: The purﬁp ekt E)ump% R0 the Huid
passageways grakeridtavon&oon e fiuiof pihes dgavagsstgensaye. IOt afubsefldfbtmevegbetie device.
Fluid may flow inoggmléjir\?vﬁﬂoqségﬂr%%] the glui%p 8ﬁagt%vé’ast|8f thsesde\éice. 'é’hletgn réd I%u?e of the
individual fluid BassageWay willf&ePrine MatRertte ump purov%aes S Tomito tHroug t etﬁluid
passageway ineane df5tlokr ectsdmooa b tth lir e hems oAt thvith loghaibier ebianed| whtretpeodevilechals two or
more of flw)d pass eg\éagﬁ the supply to and/or return of fluid from each of the fluid passageways will
depend upon its require ftgﬁction. Advantageously, the proximal end of the casing is adapted for
attachment to 20 an external device. More advantageously, the proximal end of the casing is adapted
for attachment }H t\évg or fnor ofe %)ﬁtserré% gggiceshth% ong or mare eﬁ/eerpal a(lje(\:/ci)(hels ma betattached
directly to the ends of e uiél%assageways arl?%e’proximalaengs OCH 6 device Or IRdires R/ attached
to the fluid passajeatzya paricunecting hdingyadtinistered by the device.

15 The channel may also be used to receive an additional component. For
example, a guide wire may be inserted for positioning the molecular exchange
device into the desired position within a subject. Advantageously, a probe
may be provided within the channel, such as electrical, sonic or optical probes,
that may be used for detection and/or analysis. In a preferred embodiment,

20 the channel may be exposed to the environment external to the device, to
enable such a probe to have direct contact with the external environment.
For example, a fibre optic or light source could be provided at the distal end of
the molecular exchange device to allow guidance of the device during
insertion into a subject.

25
Preferably, the proximal end of the casing is adapted for attachment to a
catheter or cannular, to accommodate insertion of the molecular exchange
device into the subject. Insertion of the device using a catheter or cannular is
a minimally invasive procedure.

30



In a preferred embodiment, the external devices analyse the composition of the fluid drawn from one
or more of the fluid passageways. Advantageously, the external device determines the presence of
one or more molecules in the fluid from the fluid passageways and/or measures the
amount/concentration of 30one or more molecules in the fluid. More advantageously, the external 14
devices control delivery of a drug into the patient throygh the molecular exchange device. In an
advantageous embodiment, the device can provide a self-maintaining 5Smechanism for drug delivery,
to maintain the concentration of the drug at a predetermined level. The present invention further
provides a systktortor preferdlity theeopoexitratioriod a difstisebstsing insa Buitbpkabigevediyngf the
molecular 10 excharg?e device, The system co risgs a molecy\lll xchange device, zrtco?trol device
en

inked 1o the mALBLRE -0 A G KRGS Ok TR SR, on Sk TERSS BSMontMafion of 2
second substamoedital fapgljzassagdiiaypasdiblenthas tthe sulpjplst aithel festiguisiarme existanguid

passageway, preferably in response to the measured concentration. This will 15 subsequently
it the coh aRALBR bR o dRER fiand & e AT ANE AN e TP I leBiA R ehange
device. ThB firstnatitgeamahgebsahoes araghbeitige semer difiereon frectirmne@natherxisting
accordance with a further aspe t.oF]the resent invention theae bs provided 20fa ethoq Q

| il

manufacturing AYoeCuR? exdhi ger \Jn%ees,t %%ﬁo%ag&%pns\(ng] ﬁ%t's%p% .%)@Pm?ﬁ%%? a

casing exchange device into the subject.

More preferably, the proximal end of the casing is adapted for attachment to a
10 pump. The pump allows fluid to be pumped into the fluid passageways and/or
drawn from the fluid passageways, to ensure flow of the fluid through the
device. Fluid may flow in both directions through the fluid passageways of the
device. The intended use of the individual fluid passageway will determine
whether the pump provides fluid flow through the fluid passageway in one
15  direction or both directions. As will be appreciated, when the device has two
or more of fluid passageways, the supply to and/or return of fluid from each of

the fluid passageways will depend upon its required function.

Advantageously, the proximal end of the casing is adapted for attachment to
20 an external device. More advantageously, the proximal end of the casing is
adapted for attachment to two or more of external devices. The one or more
external devices may be attached directly to the ends of the fluid
passageways at the proximal ends of the device or indirectly attached to the
fluid passageways via connecting tubing.
25
In a preferred embodiment, the external devices analyse the composition of
the fluid drawn from one or more of the fluid passageways. Advantageously,
the external device determines the presence of one or more molecules in the
fluid from the fluid passageways and/or measures the amount/concentration of
30 one or more molecules in the fluid. More advantageously, the external



H)providing at least two fluid passageways within the casing Hi)forming of at least one exchange
aperture in the casing 25 Advantageously, steps i), H) and/or Hi) occur simultaneously. For example,
the casing may be formed by an extrusion process that provides the at least two fluid passageways
and/or the at least one exchange aperture during the forming of the casing. 15 Advantageously, the
method further comprising the step of forming a separgtor to separate the at least two fluid
passageways. Preferably, the casing is formed by moulding. More preferably, at least one 5 exchange
aperture is formed by the moulding of the casing. Advantageously, the casing is formed through an
extrusion processvivks ecatiroitatsivesly, dheaexithgngempbhgupatiefariied dghcutiggreolegudaportion of
the casing. Alternatively, the exchange aperture is formed in the opening during the manufacture of the
casing, for exar%)f)(f %lﬁ%g%\ﬂc&trusion process. In an 10 alternative embodiment, the exchange
aperture is a porous area, preferably formed by treating the casing to render a portion of the casing
porous. The caFri]n ma b% éreated duﬁl |a(r}g/cl)qr,[p st f%rmation of thre c%singo. Trﬁe r;t}re%%m(ra]nt may be
by laser, such as | AEAGEA %%egur%f sr% QAT ,eet ﬁ}/r'@e o%&aﬂo%\,”u o Sait 1ea Ie'rﬁ’{%luring
an extrusidn protadsacisothier Idnongcadiabeigationmpeickseetho cdiovetrizattar of n@edulgsdtam the
inside of the fluid sagewa Ito the environment external to the device and vice versa. Ina
preferred embo%ﬁé%ﬁ?%%{ﬂg eg\sl,%mo fluid passageways are inserted into the casing after the forming
of the exchange apertures. More preferably, the 20fluid passageways are inserted into the casing after
the sealing of “ﬁé"St&'e%%%Pf ineeeating- %?taﬁfé’v‘fééfs the f!%g%P%ssa;@?W%XSt?&ﬁ% 3 shaped
cross section to ensure insertion 1rto the casing in the corfect orieftation. More advantageously, the
fluid passagewayrieené aiioolaf oa Mostcsobktasbaped ardsscseassaimvwaierdhtibe imoldwlamen. In a

preferredm exchange device. The system comprises a molecular exchange device, a
control device linked to the molecular exchange device, wherein the control
device measures the concentration of a second substance in a fluid
passageway and controls the supply of the first substance into a fluid
passageway, preferably in response to the measured concentration. This will

15 subsequently maintain the concentration of the composition in the
environment external to the molecular exchange device. The first and second

substances may be the same or different from one another.

In accordance with a further aspect of the present invention, there is provided
20 a method of manufacturing a molecular exchange device, the method
comprising the steps of :
i) forming of a casing
ii) providing at least two fluid passageways within the casing
iii) forming of at least one exchange aperture in the casing
25
Advantageously, steps i), ii) and/or iii) occur simultaneously. For example, the
casing may be formed by an extrusion process that provides the at least two
fluid passageways and/or the at least one exchange aperture during the
forming of the casing.
30



25 embodiment the cross section of the fluid passageway has at least one straight edge. More
preferably, the cross section of the fluid passageway is D-shaped. In a preferred embodiment the
distal end of the casing is formed sealed as 30part of the moulding process. Alternatively, the method
further comprises the step of sealing the distal end of the casing. Advantageously, the distal end of 16
the casing is sealed by any method that causes the mgecules of the distal end to flow together, such
as heat sealing, cold sealing or crimping. In order that the present invention may be more readily
understood, non 5limiting embodiments thereof will now be described, by way of example, with
reference to thé\deaomagaoyisiy,dringingseimadidorthéigemripissimgotaeallstieistrafiofoofintiyrsa

embodiment of a molecul rexchan[ etdevi in accordance with the present invention and an
anchoring 10unsi9%aﬁ%tl(alrt es&gﬂ(r:%%n B%&ﬁg%aaﬁf% u%@; %&3@3\%&% enlarged view of a distal
portion of the first embodiment of a molecular exchange device in accordance with the present
invention; 15Fi$-'!'.1r e 31

i accordance BTN LR, TROLTHOR PLULSE +1s HTULC S HRE RAELs B Mo 4p M0 men of
a moleculad exeh@hgegedpe rsedi )&t thedugi thEa;moulding of the casing. Advantageously,
the casing is formed through an extrusion process. More advantageously, the
exchange aperture is formed by cutting away a portion of the casing.
Alternatively, the exchange aperture is formed in the opening during the
manufacture of the casing, for example during an extrusion process. In an
10 alternative embodiment, the exchange aperture is a porous area, preferably
formed by treating the casing to render a portion of the casing porous. The
casing may be treated during and/or post formation of the casing. The
treatment may be by laser, such as laser ablation, x-ray, spark erosion,
etching, oxidation, use of salt treatment during an extrusion process, or other
15  microfabrication processes to allow transfer of molecules from the inside of
the fluid passageway to the environment external to the device and vice versa.

In a preferred embodiment at the least two fluid passageways are inserted into
the casing after the forming of the exchange apertures. More preferably, the
20 fluid passageways are inserted into the casing after the sealing of the distal
end of the casing. Advantageously, the fluid passageways have a shaped
cross section to ensure insertion into the casing in the correct orientation.
More advantageously, the fluid passageway has a circular or non-circular
shaped cross section for orientation into the lumen. In a preferred
25 embodiment the cross section of the fluid passageway has at least one
straight edge. More preferably, the cross section of the fluid passageway is

D-shaped.

In a preferred embodiment the distal end of the casing is formed sealed as
30 part of the moulding process. Alternatively, the method further comprises the

step of sealing the distal end of the casing. Advantageously, the distal end of



20 Figure 5 is a cross-sectional view of the first embodiment of a molecular exchange device sectional
through BB;  Figure 6 is a cross-sectional view of the first embodiment of a molecular 25 exchange
device sectioned through CC; Figure 7 is a cross-sectional view of a second embodiment of an
molecular exchange device in accordance with the present invention; 17 Figure 9 is alternative
embodiment of a molecular exchange device in accorglgnce with the present invention; 5Figure 10 is
an alternative embodiment of a molecular exchange device in accordance with the present invention;
Figure 11 is an alternative embodiment of a molecular exchange device in accordance with the
present inventidine léaFiigy s k2 &exh bjteangtive rod atiah eyduyes rtreemdiotkeb arfgih deadistalin
accordance with t?; Fﬁgssent in\{ﬁntion' iqure, 13 i? a croas-secliional view of an alternative

embodiment of &' %‘%J%Qeexgﬁaﬁ%%haagu BIh Sl A PrSLIR i ention; Figure 14 is

a cross-sectional view of an alternative embodiment of a molecular exchange device in accordance
with the presenf inventionl;] 20Figure 15 is,an embodiment Qof an a(g)rparatug. in accordance with the
present n order that the présent invenfion may be more readily understood, non

5 limiting embodiments thereof will now be described, by way of example, with

reference to the accompanying drawings in which:

Figure 1 is an overall illustration of a first embodiment of a molecular
exchange device in accordance with the present invention and an anchoring

10  unit to hold the device in position during use;

Figure 2 is an enlarged view of a distal portion of the first embodiment of a

molecular exchange device in accordance with the present invention;

15 Figure 3 is a cut away plan view of the first embodiment of a molecular

exchange device in accordance with the present invention;

Figure 4 is a cross-sectional view of the first embodiment of a molecular
exchange device sectioned through AA;

20
Figure 5 is a cross-sectional view of the first embodiment of a molecular
exchange device sectional through BB;

Figure 6 is a cross-sectional view of the first embodiment of a molecular

25 exchange device sectioned through CC;

Figure 7 is a cross-sectional view of a second embodiment of an molecular

exchange device in accordance with the present invention;

30 Figure 8 is a cut-away view of an alternative embodiment of a molecular

exchange device in accordance with the present invention;



invention. As illustrated in figure 1, there is a first embodiment of a molecular exchange device (1)
according to the present invention comprises a casing (2) made of 25HDPE, extending from a
proximal end (3) to a distal end (4); and an anchoring unit (15) to hold the device (1) in position during
use. As shown in more detalil, figure 2, the casing (2) supports two fluid passageways (7a, 7b)
extending from the proximal end (3) to the distal end 3@(4); a separator (6) extending along the length
of the casing (2) separating the two fluid passageways; two aligned exchange apertures, between the
proximal 18 end (3) and the distal end (4) of the casing, exposing the fluid passageways (7a, 7b). The
portion of the fluid passageways (7a 7b) exposed by the opposed exchange apertures are porous. 5In
this embodlme the casi ng %@ es two nt rnal I mens (5a %Nc}fﬁaat ext nd Wlth the casmg from

the proximal end'%ﬁo ed Yﬁ) %\n% g (6(‘3 r?tegrg {heeé%sﬁpgg&) &XI&RqY! along
the central axBanctbneiaaemgnta)tuefpmgeﬁhnammiUmnens (5a, 5b) within the casing (2). It is also
envisaged that the separator (6) is not integral with the casing (2), but firmly

5 Figure 10 is an alternative embodiment of a molecular exchange device in

accordance with the present invention;

Figure 11 is an alternative embodiment of a molecular exchange device in
accordance with the present invention;

10
Figure 12 is an alternative embodiment of a molecular exchange device in

accordance with the present invention;

Figure 13 is a cross-sectional view of an alternative embodiment of a

15  molecular exchange device in accordance with the present invention;

Figure 14 is a cross-sectional view of an alternative embodiment of a

molecular exchange device in accordance with the present invention;

20 Figure 15 is an embodiment of an apparatus in accordance with the present

invention.

As illustrated in figure 1, there is a first embodiment of a molecular exchange
device (1) according to the present invention comprises a casing (2) made of
25 HDPE, extending from a proximal end (3) to a distal end (4); and an anchoring

unit (15) to hold the device (1) in position during use.

As shown in more detail, figure 2, the casing (2) supports two fluid
passageways (7a, 7b) extending from the proximal end (3) to the distal end
30 (4); a separator (6) extending along the length of the casing (2) separating the

two fluid passageways; two aligned exchange apertures, between the proximal



10attached thereto. In this embodiment, the lumens (5a, 5b) each hold a fluid passageway (7a, 7b) in
the form of a tube. The tubes (7a, 7b) are suitable for fluid to travel within the passageway. The fluid
may be supplied or drawn at the proximal 15 end (3) of the tube (7a, 7b). The tubes are formed from a
porous membrane that allows the selective exchange of molecules in one or both directions across the
membrane. The level of porosity of the porous membrgge will depend upon the intended use of the
molecular exchange device (1). The tubes (7a, 7b) have a porosity that enables a specific molecule or
composition 20 to cross the membrane from the environment external to the tube (7a, 7b) into the tube
(7a, 7b) and vi(mwde(saaﬂw ahmdistdaeusle(éi td)iethmlmsiiag exxphasiog dleeictle:id)oaﬁssageways figures

2 and 3, the ca ( has.lzﬂ n|n exch n ?iures 25 9a 9b) ch ex (7a 7b).
It is also enwsa%brI the ag %%n(Q% ?arg o?%faﬁ% gﬁg th% I ﬁéu%? %a%Y Z (32) In this
embodiment themmsed:mxuhﬁagmap@imi‘mtabe oaoTd) adjacent to the exchange aperture (9a, 9b) is
exposed to the external environment, as shown in figure 5. The tube (7a, 7b) is sealed to the casing

(2) by, for example, glue 30 and this arrangement holds the tube away from the surface of the
separator &), skrcthibadrbh@tiroestibistantmdiyn g QR@Yodsff ihesciveamitearale wiidwest ba, 5B ) thatb),

including that adjace tto change a ertur is exposed to t equiranme In this

embodiment anc}% ghown th gureg e diela encﬁ)@? S}%i, éli%eb &)ecgr% qnlngd::ll chhamber

(10) that permn:seqhara’azrs(ﬁjemf@fhjlwmmfn@rma@hg\@)ulwﬂae(ﬁ@s tdhg titbeyemtrel (@kis dfithenvisaged

that fluid may flow in ei erd ectlo ach tube (73.7b) such, the flow ghamber (10) permits
%?th g¥ "he §3 Iumen(sELEg P@)\{vqﬁl AR ¢ ?sbegd%? PR Qrg

the passage of fftid’ Irec ns i.€. from one t e other and VictVersa. As
illustrated in figareigatfedlektatribe separator (6) is not integral with the casing (2), but firmly

10 attached thereto.

In this embodiment, the lumens (5a, 5b) each hold a fluid passageway (7a,
7b) in the form of a tube. The tubes (7a, 7b) are suitable for fluid to travel
within the passageway. The fluid may be supplied or drawn at the proximal

15 end (3) of the tube (7a, 7b). The tubes are formed from a porous membrane
that allows the selective exchange of molecules in one or both directions
across the membrane. The level of porosity of the porous membrane will
depend upon the intended use of the molecular exchange device (1). The
tubes (7a, 7b) have a porosity that enables a specific molecule or composition

20 to cross the membrane from the environment external to the tube (7a, 7b) into
the tube (7a, 7b) and vice versa, for a particular use of the molecular
exchange device (1).

As shown in figures 2 and 3, the casing (2) has aligning exchange apertures
25 (9a, 9b) that each expose a tube (7a, 7b). It is also envisaged that the
apertures (9a, 9b) are not aligned along the length of the casing (2). In this
embodiment the entire circumference of the tube (7a, 7b) adjacent to the
exchange aperture (9a, 9b) is exposed to the external environment, as shown
in figure 5.  The tube (7a, 7b) is sealed to the casing (2) by, for example, glue
30 and this arrangement holds the tube away from the surface of the separator

(6), such that 100% or substantially 100% of the circumference of the tube



10configuration of the flow chamber (10) is tapered, to allow easy insertion of the molecular exchange
device (1) into a subject. As shown in more detail in figure 3, the tubes (7a, 7b) extend into and
terminate within the flow chamber (10). The tubes (7a, 7b) are sealed into the 15 casing by, for
example, heat treatment or glue, such as UV curing glue, cyanoacrylate, two-part epoxy resin and any
other appropriate method, including mechanical mean® In this embodiment the molecular exchange
device (1), as shown in figure 7, is further provided with a channel (11), extending from the proximal
end (3) to the distal end (4) of the casing (2), that 20runs internally through separator (6). In this
embodiment, a§7s)ort), imbnding e tatiesdia 1diharexolodites: tapatoremedatpdbedharinel (11).
The profile of therﬁubeﬁlgza\l,. 7b aIIo%N the correct orientation of the tubes (7a, 7b) in the lumens (5a,
5b). 25 The chah %rlra T)I’I(S\c}l § T means to transport materials, such as a drug, into and out of the
flow chamber, once the molecular exchange device (1) has been placed in the desired position within

a subject. 20 chamber (10). The rate aof delivery of.the drug into the.device (1) can be altered in
accordance with the t&he ?ﬂﬂ%%gﬁq%eaara\fdoﬁ?o@sﬁﬁgrﬁ?ém[g}%ngé.s?hg rr]§té)4§f?:}em%r§/agmﬁe drug
can be coriroll¢8) mooteingigagtiievychattperf & Qjutbanhipeduisdhatpiseatyicka ThedHgmerahe quantity
of a drug 5 passed into,the devijce the greater delivery of the drug tg the environment external
to the device (lgsfvéﬁ%r%%bggnifearjtjgtﬁor? &ﬁ*ﬁgﬁy%ﬁ@g l:!L('aSn N 'ﬁ%gfgt&éhwé' ' iﬁy%Ys?@évrﬁ%rane. As
illustrated in figai &, idinesioituich neaglvdyiBsI@d infbonadf e subbs {fa, flow chamber (10)

permits the passage of fluid in both directions, i.e. from one tube (7a) to the

other tube (7b) and vice versa. As illustrated in figure 2, the external

10  configuration of the flow chamber (10) is tapered, to allow easy insertion of the

molecular exchange device (1) into a subject.

As shown in more detail in figure 3, the tubes (7a, 7b) extend into and

terminate within the flow chamber (10). The tubes (7a, 7b) are sealed into the
15 casing by, for example, heat treatment or glue, such as UV curing glue,

cyanoacrylate, two-part epoxy resin and any other appropriate method,

including mechanical means. In this embodiment the molecular exchange

device (1), as shown in figure 7, is further provided with a channel (11),

extending from the proximal end (3) to the distal end (4) of the casing (2), that
20 runs internally through separator (6).

In this embodiment, as shown in figure 7, the tubes (7a, 7b) are profiled to
accommodate the channel (11). The profile of the tubes (7a, 7b) allow the
correct orientation of the tubes (7a, 7b) in the lumens (5a, 5b).

25
The channel (11) provides a means to transport materials, such as a drug, into
and out of the flow chamber, once the molecular exchange device (1) has
been placed in the desired position within a subject.

30 In this embodiment, a sensor may be positioned on one or both of the ends of

the tubes (7a, 7b), the sensor measuring, for example, a drug within the flow



10 7b) of the molecular exchange device (1). The fluid may be passed along the tube (7a), into the
flow chamber, into the second tube (7b), along the second tube (7b) to the opening of the passageway
at the proximal end (3) of the device (1). Due to the nature of the material of the casing (1), the fluid
and any compositions in it will be maintained within the tube (7), except at the 15 exchange apertures.
At each of the exchange apertures in the respective l@mens (5a, 5b) of the casing (2), the fluid carried
in the respective tube (7a, 7b) will be exposed to the environment surrounding the molecular exchange
device (1). Depending on various factors, such as the relative internal and external concentration of
molecules/compbaitities, (he)spdditic ryad:eoei‘t)deilt}myzﬁ pheousayeatof the tdbelc(éa(ﬂbitamd)ﬁne
intended use of EFe molecular ex 1) moIecuL comr§ s%onsc#)resent in the bee (7a,

7b) may be sup% i %cr’gssat‘fﬁ or(i]?gﬁ ee Iﬁ%n%en (RVR0N Exiethd e evics (1) or
molecules/compusitiorzpreJéat nat@hefed@Gmy eni\merrdnwtcmajobe:dmmemtm)sshbﬂgmmdm
membrane are into th et % flrst ube(% 8 "ﬁﬁ % enth ame£ ﬁper |es for example
porosity) as the SHHet YuB a( )ugn useac% Ui&ion A e%gflv ?yqfh I QUBE Jfg) could
be used tosupplysaed oinkdstite diﬁertemt (mplethdegﬁ(mtwoﬁtmnﬂ;edmdr)a&ﬁuﬂﬁe MM@diiﬁenmt
properties. 21 As illustrate |n f Hjl |stal @w]of the caS|e %Zﬁ |en comprlse
a plug (12). To permlf1 oW b& |II% BeS 5’ sepg\?gt% fSW ap reaﬁB) to
allow flow fromhﬁmtsbeuﬁiaa)d@ﬂsammhat}me (ﬁfbbrmndnece versa. 5 As illustrated in figure 9, a further
embodiment of the present invention comprises a casing (2) having an integral separator (6),

extending from the proximal end (3) to the distal end (4) of the casing (2). A fluid passageway in the
form of a tube édahalstraikhiorigwie!de inrnseasf(bial) inagnlibepsmathaltbtoerdfIhmtiieedisia,end (4)

of the casll Oql nd he dIS Iend fti?ec mgrhbeﬂds back on |tself a dlexte ds back

into the se ond It nl?gbrﬁé’ utf’ﬁle % ? 5% proxi Iue%@@s PiRe casm%?%; B}gwdlng a

single uninterruptes (dhg () T, fdxmmi'ramlmdemw mampoondrtm«ema@)aﬁ)ﬂgatbasm@@h

Therefore, frag in use, is 15 reve ted. The tu ga)(g% bonded
CP'[I

along the Iengtﬁ]J g%jagntg e&t)lét%%t%'@?zb Falﬁa%sgﬁgvnvta¥|0n ra %eprr gwgrow
bonding. A furtihieveralfdilibeasttoftties naverdioh tretretewal) oist treeceesing é%)thhedasdrdoed am;h
reference to flgg(r)?n%gg%ﬁsexceﬁt thﬁt g‘ee tHﬁ%?n 5|W§ddlsn?hm the tube (7), except at the
15 exchange apertures. At each of the exchange apertures in the respective
lumens (5a, 5b) of the casing (2), the fluid carried in the respective tube (7a,
7b) will be exposed to the environment surrounding the molecular exchange
device (1). Depending on various factors, such as the relative internal and
external concentration of molecules/compositions, the specific porosity of the
20 porous area of the tube (7a, 7b) and the intended use of the molecular
exchange device (1), molecules/compositions present in the tube (7a, 7b) may
be supplied across the porous membrane into the environment external to the
device (1) or molecules/compositions present in the external environment may
be drawn across the porous membrane are into the tube (7a, 7b).
25
The first tube (7a) may have the same properties (for example porosity) as the
other tube (7b) and used for the same function. Alternatively, the first tube
(7a) could be used to supply and/or absorb different molecules/compositions
and, as such, have different properties.

30



20end (4) of the casing is fully contained within the casing (2); the casing being in a similar
confirmation as shown in figures 2 and 3. In use, the fluid may be passed along the first passageway
(7a), through the distal end and along the second passageway (7b) to the opening of the 25
passageway at the proximal end of the device (1). Again the fluid is exposed to the external
environment at each exchange apertures along the casing, permitting selective exchange of
molecules/compositions across the porous portion of the tubes (7a, 7b). 22 within the tube, such that
fluid may flow along a internal tube and back along the external tube and vice versa. There is no fluid
connection betWeeitiubeatea ﬂnlidglﬁesagvadkﬁa(VanaW)Smlfcthamasiagg@hmmysadtdtahllwét}r

example, for use when one of the prowd s me e 5 an the rtube (7b)
monitors the concoRy gﬁorﬁll&@% (E?l?j Iecu.f?eg oM t|o Wﬁ%nni% fﬂp ﬁregard

to the latter, mdepak@fmmﬁ)ohm@msftmmsapbetwc(ms)pmtajlmwfﬁbwt&ber(%)efrmmal(é'aa)xterrhw
environment |nt the ttubeé.;b% e device (1), and travel along the tube (7b) to the proximal end (3)
of the casing (23 aﬁd 8ar?| bf ¥ &EEM &I SBdevice (14) for analysis, as shown in figure 15.
Alternatively, as shown in figure 11, one tube provides two fluid passageways (7a, 7b). 15A further

erpoment AL FUSPAER. R OB B e R SR B Dt e
shown in figuresdiBpaised 4 itasEnvicgeavingt amollegutﬂr&;oﬂnm’nge( ), extending from the
proximal end (3) to the distal end (4) of the casing (2). A fluid passageway in
the form of a tube extends within one of the lumens (5a) from the proximal
10 end (3) to the distal end (4) of the casing, extending beyond the distal end of
the casing, bends back on itself, and extends back into the second lumen (5b)
from the distal end (4) to the proximal end (3) of the casing (2), providing a
single uninterrupted tube (7a, 7b), anchored, at least, at the proximal end (3)
of the casing (2). Therefore, fragmentation of the tubes (7a, 7b), in use, is
15 prevented. The tube may also be bonded along the length of the casing (2)

but only to retain its orientation rather than provide additional bonding.

A further embodiment of the invention (not shown), is the same as that
described with reference to figure 9 above, except that the tube at the distal
20 end (4) of the casing is fully contained within the casing (2); the casing being

in a similar confirmation as shown in figures 2 and 3.

In use, the fluid may be passed along the first passageway (7a), through the
distal end and along the second passageway (7b) to the opening of the

25 passageway at the proximal end of the device (1). Again the fluid is exposed
to the external environment at each exchange apertures along the casing,
permitting selective exchange of molecules/compositions across the porous
portion of the tubes (7a, 7b).

30 As shown in figure 10, the two tubes (7a, 7b) are arranged in two distinct

lumens (5a, 5b). Each of the tubes (7a, 7b) has a concentric arrangement



20 device (1) according to the present invention can be provided with a casing (2) having two or more
of fluid passageways (7a, 7b, 7c, 7d), separated by a separator (6). This permits multiple molecular
exchange to be carrying out using one device. For example, the molecular exchange may be for
analysis, dialysis, delivery etc.. As shown in figure 13, the device (1) has four fluid 25passageways
(7a, 7b, 7c, 7d). Alternatively, as shown in figure 14, thg device (1) has twelve fluid passageways (7a,
7b, 7c, 7d etc.) Figure 15 illustrates schematically an apparatus embodying the present invention. A
molecular exchange device (1) is connected with an anchoring 30unit (15), such as a luer lock, and is
in fluid commumidthiionhéytubeassich tinzn§ B aytiiam eldamal idésinal(fd)e Brelddeknalateyice (14)
may 23 analysg fluid recel?/ from the.device (1), for instance t% §tect certgin i "
molecules/com osﬁo%s "3 O ATRLYIEE offiistecu %Srﬁ%(psltl 0 8Pﬂpae)? '%p%‘? ween the
molecule/comptvadticihsdn pefbsdg‘ewaypply(ﬁathétm)ev@adﬂ) dor anstargsEneatnt@inggtablecendrations of

those composmons in the fdeSSp sageh/va%g moI rij}gj@h%@@ dewﬁ %accord to the
present inventiGA 1| gfert%l'f/ Ranuracired ylnje g e g? %av%ga WRitral

separator &) aadglurtigy obtheharigbepefTimes (ﬁbmmdrshenﬁeatﬁaactmgtmtlon levels of
molecules/compositions in the external environment. With regard to the latter,
molecule/compositions cross the porous portion of the tube (7b) from the
external environment into the tube (7b) of the device (1), and travel along the
tube (7b) to the proximal end (3) of the casing (2) and carried to an external

10  device (14) for analysis, as shown in figure 15.

Alternatively, as shown in figure 11, one tube provides two fluid passageways
(7a, 7b).

15 A further embodiment of the invention, as shown in figure 12, comprises a
device (1) in which the external walls of the casing (2) are arranged at the

exchange aperture (9) to form a concave apperture (9a).

As shown in figures 13 and 14, it is envisaged that a molecular exchange

20 device (1) according to the present invention can be provided with a casing (2)
having two or more of fluid passageways (7a, 7b, 7c, 7d), separated by a
separator (6). This permits multiple molecular exchange to be carrying out
using one device. For example, the molecular exchange may be for analysis,
dialysis, delivery etc.. As shown in figure 13, the device (1) has four fluid

25 passageways (7a, 7b, 7c, 7d). Alternatively, as shown in figure 14, the device
(1) has twelve fluid passageways (7a, 7b, 7c, 7d etc.)

Figure 15 illustrates schematically an apparatus embodying the present
invention. A molecular exchange device (1) is connected with an anchoring
30 unit (15), such as a luer lock, and is in fluid communication, by means of

tubing (16), with an external device (14). The external device (14) may



10 crimping the distal end (4), either before or after insertion of the hollow tubes (7). However, other
methods of manufacture known to those of skill in the art are also possible. For instance, the casing
(2) could be formed as an extrusion process, with the walls of the casing (2) being removed to form the
exchange apertures (9). Alternatively, the exchange apertures could be formed by 15treating the
material of the casing (2) appropriately, as would be agpreciated by those of skill in the art, to render
the wall of the casing porous. The molecular exchange device of the present invention and one or
more external devices can be used to analyse, measure or deliver industrial, 20chemical, fermentation
and animal or malalysnnﬁosjtiwse%d rfrolecutes ede\lfiaag@ ()i,e\fme ilrnmarln@euwddetMUsU'rmjmhemical
or fermentatlon eg and the uman or anim t?] A exch an %‘ e advice according

10 the present I B e et
restricted to thesuppWammaylsI@’mmmsesitmnmtmblaoﬂwds&aisslwpnhamc Bystelmyvicasdigs fear,
mouth, tissue fat T]d internal (ﬁans 24r\l/c\:/gﬂf1 fed in tp? §e0|f|é:grtri10n aﬁd claims, he tﬁrm
"comprises' ‘and’ %n?ﬁnsm%m Uit R e e H Pthe speeﬁ% c%e?ttures s?epso integers
are includeésl. Thadsageveagsot to be interpreted to exclude the presence of other features, steps or
components. 25 Claims
A molecular exchange device (1) according to the present invention is
preferably manufactured by injection moulding the casing (2) having a central
separator (6) and plurality of exchange apertures (9) and then heat-sealing or
10  crimping the distal end (4), either before or after insertion of the hollow tubes
(7). However, other methods of manufacture known to those of skill in the art
are also possible. For instance, the casing (2) could be formed as an extrusion
process, with the walls of the casing (2) being removed to form the exchange
apertures (9). Alternatively, the exchange apertures could be formed by
15 treating the material of the casing (2) appropriately, as would be appreciated
by those of skill in the art, to render the wall of the casing porous.

The molecular exchange device of the present invention and one or more

external devices can be used to analyse, measure or deliver industrial,
20 chemical, fermentation and animal or plant compositions. The molecular

exchange device may be used in industrial, chemical or fermentation

processes and the human or animal body.

The molecular exchange advice according to the present invention is intended
25 to be used in the human or animal bodies including but not restricted to the
circulatory system, insertion into blood vessels, lymphatic system, muscles,

ear, mouth, tissue fat and internal organs.



1A molecular exchange device comprising; a casing, extending from a proximal end to a distal end,
supporting 5 at least two fluid passageways extending from the proximal end to the distal end; the
casing comprising at least one exchange aperture between the distal end and the proximal end,
wherein a portion of the fluid passageway exposed by the exchange aperture is porous. 10 2.A
molecular exchange device according Claim 1, whereda a separator extends along the casing for at
least a length of the exchange aperture, separating the at least two fluid passageways. 3. A molecular
exchange device according to any one of Claims 1 to 15 2, wherein the separator extends along
substantially th§\eratire usegthirf this qusmgfidm'mrthamﬂswlamﬁ tothee mmh;ndbentbrmﬂraain@ the at
least two fluid passa ewa S. g& cu ar exch r%e devjce cor |n p ﬁ]ne of% ims 2 to 203,
herein the sepP Aot St YR QRS AL LHeAE aEh e SPR T AR aIE oo
according to Clmmgbrwma'elmmwﬁdld ﬁwagewayarerelerrtmgmj iotegticptey sodesaite tentral
separator. 25 6.A molecul ?‘ e devic accordln to Claj m 4, wherein two or more of fluid
passageways 416 3?ra%%8 ?r nd %%rgah?%lps?‘e%%?gtorp K Molecular exchange device according to
any one ofghe  preceding claims, wherein the at least two fluid passageways are defined by 30 the
casing and/or separator.



26 8.A molecular exchange device according to any one of Claims 1 to 7, wherein the at least two fluid
passageways are not defined by the casing and/or separator. 5 9.A molecular exchange device
according to Claim 8, wherein, the at least two fluid passageways are at least one tube held within the
casing. 10. A molecular exchange device according to Claim 9, wherein the at least one tube is a
porous membrane. 11. A molecular exchange deviceggccording to any one of Claims 1 to 7, wherein
the porous region of the fluid passageway is a porous membrane bonded with the casing at the
proximal and distal ends of the exchange aperture. 12A molecular exchange device according to any
one of Claims 10l&m4§, wherein the porous membrane is a dialysis membrane. 13. A molecular
exchange device according to any one of Claims 9 to 2012, wherein the at least one tube extends from
the proximal end to the distal

1. A molecular exchange device comprising;

a casing, extending from a proximal end to a distal end, supporting
5 at least two fluid passageways extending from the proximal end to the distal
end; the casing comprising at least one exchange aperture between the distal
end and the proximal end, wherein a portion of the fluid passageway exposed
by the exchange aperture is porous.

10 2. A molecular exchange device according Claim 1, wherein a
separator extends along the casing for at least a length of the exchange
aperture, separating the at least two fluid passageways.

3. A molecular exchange device according to any one of Claims 1 to
15 2, wherein the separator extends along substantially the entire length of the
casing, from the distal end to the proximal end, separating the at least two

fluid passageways.

4, A molecular exchange device according to any one of Claims 2 to
20 3, wherein the separator extends along a central axis of the casing.

5. A molecular exchange device according to Claim 4, wherein two

fluid passageways are arranged on aligning sides of the central separator.

25 6. A molecular exchange device according to Claim 4, wherein two or
more of fluid passageways are arranged around the central separator.

7. A molecular exchange device according to any one of the
preceding claims, wherein the at least two fluid passageways are defined by
30 the casing and/or separator.



end of the casing, folds back on itself at the distal end and extends from the distal end to the proximal
end of the casing, providing two fluid passageways. 14. The molecular exchange device according to
any one Claims 9 to 2510, wherein the at least one conduit has a circular or non-circular shaped cross
section, preferably, the cross section has one straight edge and, more preferably, the cross section is
D-shaped. 15. A molecular exchange device accordingsto any one of the 30preceding claims, wherein
the exchange aperture is an opening, preferably formed by cutting away a portion of the casing. 27
16. A molecular exchange device according to any one of Claims 1 to 14, wherein the exchange
aperture is an dpening, préfenalidy fitamexichy trpattayite aesorditgrenderysoperidrOtditne dating
porous. 5 17. A molecular xch?r?g%éi vice @cgordinsgﬂto any one of t e%eceii[é? %aims, wherein
more than one ex%%%rﬁé”aﬁ“&tﬁ ee o“é%t LR Q%Np%gsgé%vvgy. ¥ 0 8uf%ﬁ’sér>]<%hange
device accordirgnti@arsepaeatdithe preceding claims, wherein the porous portions of the more than one
exchange aperture have different porosities.

5 9. A molecular exchange device according to Claim 8, wherein, the at

least two fluid passageways are at least one tube held within the casing.

10. A molecular exchange device according to Claim 9, wherein the at

least one tube is a porous membrane.

10
11. A molecular exchange device according to any one of Claims 1 to
7, wherein the porous region of the fluid passageway is a porous membrane
bonded with the casing at the proximal and distal ends of the exchange
aperture.

15
12. A molecular exchange device according to any one of Claims 10 to

11, wherein the porous membrane is a dialysis membrane.

13. A molecular exchange device according to any one of Claims 9 to
20 12, wherein the at least one tube extends from the proximal end to the distal
end of the casing, folds back on itself at the distal end and extends from the

distal end to the proximal end of the casing, providing two fluid passageways.

14. The molecular exchange device according to any one Claims 9 to
25 10, wherein the at least one conduit has a circular or non-circular shaped
cross section, preferably, the cross section has one straight edge and, more

preferably, the cross section is D-shaped.

15. A molecular exchange device according to any one of the
30 preceding claims, wherein the exchange aperture is an opening, preferably

formed by cutting away a portion of the casing.



19. The molecular exchange device according any one of the preceding 15claims, wherein the at least
two fluid passageways have aligned or non- aligned exchange apertures. 20. The molecular
exchange device according to any one of the preceding claims, wherein the distal end of the device
comprises a plug in the 20end of the casing. 21. The molecular exchange device according to any
one of Claims 2 to 15, wherein the separator extends2g the distal end of the casing and contains a
fluid aperture to allow flow from one fluid passageway to another 25 fluid passageway. 22. The
molecular exchange device according to any one of the preceding claims, wherein the distal end of the
casing is formed as a tip containing a flow chamber to allow flow from one end of at least one fluid 30

passageway intg.the end qf angther fluid passageway. 28 23. The molecular exchange device
Becorcing 10 Il 22 wibr IR A E R, HEE A 01 LB GRS ST TS fow
chamber. 24.1Hewhalezinlathexehahgagevaseatoerdncio apeoing offtdderabR?2 otmad, wherein
the flow chambgrcgrﬁr? at ensorire]lrrfngserﬁerrlt to,P%Te?feraft\}%éenaprlleesvp(?ctrologic measurement. 25.
The molecular &X argge%lé:\%e% @Jrdl 8t88 ai %2 oran N gp%%?r‘ologic measurement is
spectrophd&ometric measurement. 10

17. A molecular exchange device according to any one of the

preceding claims, wherein more than one exchange aperture exposes the

same fluid passageway.

10 18. A molecular exchange device according to any one of the
preceding claims, wherein the porous portions of the more than one exchange
aperture have different porosities.

19. The molecular exchange device according any one of the preceding
15 claims, wherein the at least two fluid passageways have aligned or non-
aligned exchange apertures.

20. The molecular exchange device according to any one of the
preceding claims, wherein the distal end of the device comprises a plug in the

20 end of the casing.

21. The molecular exchange device according to any one of Claims 2
to 15, wherein the separator extends to the distal end of the casing and
contains a fluid aperture to allow flow from one fluid passageway to another

25 fluid passageway.

22. The molecular exchange device according to any one of the

preceding claims, wherein the distal end of the casing is formed as a tip

containing a flow chamber to allow flow from one end of at least one fluid
30 passageway into the end of another fluid passageway.



26. The molecular exchange device according to any one of Claims 24 or 25, wherein the sensor
arrangement is a reflector, wave guide, conductor, photoelectric, electro-active or electrochemical
sensor. 15 27.The molecular exchange device according to any one of the preceding claims, further
comprising a channel leading from the proximal end of the casing to the distal end of the casing to
provide additional materials to the interior and/or exteggr of the distal end of the casing. 20 28.The
molecular exchange device according to Claim 27, wherein the channel is integral with the separator.
29. The molecular exchange device according to Claim 28, wherein the channel is formed within the
central axis of tB8.separatbhe2m@6ciUlhe exclemuigr éavicengecdeaticg trGlain@R) amemie thfeClaims

27 to 28, wherein the I'}zinn | prayides access to/for an optical, sonic and/pr electrical probe. 29
31.The molecu il SO G HEARe L LA Do R Be P prseans Bt E4iRsEin the proxima
end of the casing is adapted for attachment to a catheter and/or cannular. 5 32.The molecular
exchange devigg,according to any one of the precedjng. claims, wherein the proxi nd of e casing
is a Iockable-m%e%hg Pre Rdfetiia? exc ange SvicE 830! mgeto any'one g}abFalms 2t

5 to 23, wherein the flow chamber has a sensor arrangement to, preferably,

enable spectrologic measurement.

25. The molecular exchange device according to Claim 24, wherein the
spectrologic measurement is spectrophotometric measurement.

10
26. The molecular exchange device according to any one of Claims 24
or 25, wherein the sensor arrangement is a reflector, wave guide, conductor,

photoelectric, electro-active or electrochemical sensor.

15 27. The molecular exchange device according to any one of the
preceding claims, further comprising a channel leading from the proximal end
of the casing to the distal end of the casing to provide additional materials to
the interior and/or exterior of the distal end of the casing.

20 28. The molecular exchange device according to Claim 27, wherein the

channel is integral with the separator.

29. The molecular exchange device according to Claim 28, wherein the
channel is formed within the central axis of the separator.

25
30. The molecular exchange device according to any one of Claims 27
to 28, wherein the channel provides access to/for an optical, sonic and/or
electrical probe.



arrangement and or anchoring member for connecting to an invasive port. 33. The molecular
exchange device according to any one of the 10preceding claims, wherein the proximal end of the
casing is adapted for attachment to a pump. 34. The molecular exchange device according to any
one of the preceding claims, wherein the proximal end of the casing is adapted for 15attachment to an
external device. 35. A system for controlling the concggitration of a first substance in a fluid
passageway of the molecular exchange device, the system comprising a molecular exchange device,
a control device linked to the molecular exchange 20 device, wherein the control device measures the
concentration di i secondubstaoleinan fbd@fpmsgagd%xzandmmﬂio@ the si.mply)métrm fittsd
substance into a fluid ePass eway referabmln response to é 4l asured concent atl 5 36.A

b

system accordlﬂg &5 Eian v§he R'EHE ?a%r&’ n& L cescr%séy%esthg & oroJlfferent
from one anothatta’&ﬁmerytstem batpetedding/arsedfamalantaining mechanism for drug delivery to
maintain the concentration of the drug at a predetermined level. 30
5 32. The molecular exchange device according to any one of the
preceding claims, wherein the proximal end of the casing is a lockable-mating

arrangement and or anchoring member for connecting to an invasive port.

33. The molecular exchange device according to any one of the
10 preceding claims, wherein the proximal end of the casing is adapted for

attachment to a pump.

34. The molecular exchange device according to any one of the
preceding claims, wherein the proximal end of the casing is adapted for

15 attachment to an external device.

35. A system for controlling the concentration of a first substance in a
fluid passageway of the molecular exchange device, the system comprising a
molecular exchange device, a control device linked to the molecular exchange
20 device, wherein the control device measures the concentration of a second
substance in a fluid passageway and controls the supply of the first substance
into a fluid passageway, preferably in response to the measured

concentration.

25 36. A system according to Claim 35, wherein the first and second

substances may be the same or different from one another.

37. A system for providing a self-maintaining mechanism for drug
delivery to maintain the concentration of the drug at a predetermined level.
30



38. A method of manufacturing a molecular exchange device according to any one of the preceding
claims, wherein the method comprises the steps of: i)forming of a casing H)providing at least two fluid
passageways within the casing 5Hi)forming of at least one exchange aperture in the casing 39. A
method of according to Claim 38, wherein steps i), ii) and/or iii) occur simultaneously. 1040.A method
according to Claim 38, further comprising the step of ®@@gming a separator to separate the at least two
fluid passageways. 41.A method according to any one of Claims 38 to 40, wherein the casing is
formed by moulding. 15 42. A method according to any one of Claim 41, wherein the at least one
exchange aper@8e is rmethby tfemapwlthotudhthe meleguléBerfnwﬂgeddmdoedmm@nw tme of

Claims 38 to 42, wherein tﬂ‘ 200a3| |sf rmed throru F%n extr SI rocress A}Eﬁ@
according to anil/ e gf(él he §§? ergln trﬁ% XC gng 8?1%5 %B?tl?ng away a
portion of the cgsing. forming of a casmg

ii) providing at least two fluid passageways within the casing

5 il forming of at least one exchange aperture in the casing
39. A method of according to Claim 38, wherein steps i), ii) and/or iii)
occur simultaneously.
10  40. A method according to Claim 38, further comprising the step of

forming a separator to separate the at least two fluid passageways.

41. A method according to any one of Claims 38 to 40, wherein the
casing is formed by moulding.

15
42. A method according to any one of Claim 41, wherein the at least

one exchange aperture is formed by the moulding of the casing.

43. A method according to any one of Claims 38 to 42, wherein the
20 casing is formed through an extrusion process.

44. A method according to any one of Claims 38 to 43, wherein the

exchange aperture is formed by cutting away a portion of the casing.

25 45, A method according to any one of Claims 38 to 43, wherein the
exchange aperture is formed by treating the casing, by a laser, such as laser
ablation, x-ray, such spark erosion, etching, oxidation use of salt treatment
during an extrusion process or other microfabrication processes, to render the
casing porous.
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25 45.A method according to any one of Claims 38 to 43, wherein the exchange aperture is formed by
treating the casing, by a laser, such as laser ablation, x-ray, such spark erosion, etching, oxidation use
of salt treatment during an extrusion process or other microfabrication processes, to render the casing
porous. 31 46. A method according to Claim 45, wherein the casing is treated during and/or post
formation of the casing. 47. A method according to agy one of Claims 38 to 46, wherein the 5least two
fluid passageways are inserted into the casing after forming the exchange apertures. 48. A method
according to any one of Claims 38 to 47, wherein the fluid passageways are inserted into casing after
the sealing of td& distal entl ondbibe casoglingp .té QkinoHaccatding o tary castngf Glaireatdd to 48,
wherein the at Igast one {J}Jidﬁasts ﬁ%ew% ha§®circular or non-circular shaped cross section,
preferably, the FEEOSREH KRS ORE LRI geecgﬁtlf%ore 15preferably, the cross section is
D-shaped, for orientation into the lumen. 50. A method according to any one of Claims 38 to 49,

wherein the distal end of the casing,is sealed. 20 51.A metho cordin, any.one of Claims 38 to
50, wherein the distal end'i&ofr{hee%h c%g%.iﬁﬁqgrsge'% g"bﬁ‘%é%”s?e Cfn%ﬁ%'gf s%%ﬁﬂg%@ﬁn@ﬂ%@'gr mgchanical
methods. 5 least two fluid passageways are inserted into the casing after forming the

exchange apertures.

48. A method according to any one of Claims 38 to 47, wherein the
fluid passageways are inserted into casing after the sealing of the distal end of
10  the casing.

49. A method according to any one of Claims 38 to 48, wherein the at
least one fluid passageway has a circular or non-circular shaped cross
section, preferably, the cross section has one straight edge and, more

15 preferably, the cross section is D-shaped, for orientation into the lumen.

50. A method according to any one of Claims 38 to 49, wherein the
distal end of the casing is sealed.

20 51. A method according to any one of Claims 38 to 50, wherein the
distal end of the casing is sealed by heat sealing, cold sealing, crimping or
mechanical methods.





