1 2 MAY 2005 -1 Gas Exchange 5 The present invention is concerned gggpya}, ,
met hod of maintaining gas in a predeterm ned pressure range duri Algagic
exchange process, and apparatus for performng a nethod of naintaining gas
in a predetermned pressure range during a gas exchange process. The
invention is particularly 10 concerned with maintaining gas (such as
oxygen) in a predeterm ned pressure range-during the oxygenation of
bl ood. The present invention is also concerned with the recirculation of a
flow of gas around a conduit containing a menbrane whilst maintaining the
gas flow ng across the 15 nenbrane within a predeternined pressure range.
Wien cardiac surgery is performed, dJeRsdBpgiaRd2chnique used is to stop
the heart and use a mechanical device to punp blood around the body of the
unconsci ous patient which 20 al so adds oxygen and renoves carbon di oxide
fromthe blood of the patient. The machi ne used tg carrycgut this
roceduresis ar ary, b i ne ce t€% urgery
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passed al®dng ¢heceanpedi tvel flacmadhtblieimgrbgase. (such as oxygen) in a
predetermined pressure range during the oxygenation of
{) blood. The present invention is alsoc concerned with the
recirculation of a flow of gas around a conduit containing
a membrane whilst maintaining the gas flowing across the

15 membrane within a predetermined pressure range.

When cardiac surgery is performed, one common technique

used is to stop the heart and use a mechanical device to

pump blood around the body of the unconscious patient which

20 also adds oxygen and removes carbon dioxide from the blood

of the patient. The machine used to carry out this

procedure is known as a cardiopulmonary bypass machine.

;1) Once the surgery is complete, the patient is removed from
the cardiopulmonary bypass machine and the normal function

25 of the heart and lungs are restored. The part of the

bypass machine that adds oxygen to the blood and removes

waste carbon dioxide from it is called the oxygenator.

One common type of oxygenator in commercial use includes a
30 gas permeable membrane. A gas mixture containing oxygen
(typically a mixture of nitrogen and oxygen) is passed
along one face of a membrane whilst the blood of the
patient is passed along the opposite face of the membrane.

Oxygen diffuses through the membrane into the blood and



en diffuses through the nenbrane into the blood and 12 MAY 2005 -2  _
\?(/ag'?e carbon di oxi de gi ffuses fromthe bl ood through the menbr &ha WA oLW0Re
gas stream The carbon dioxide is then carried away in the gas stream and
exhausted to atnmosphere. 5 The system described above is adequate for
normal use but is wasteful of fresh gases as the gas streamis vented to
t he at m)éphere. Al'ternative gases to oxygen/nitrogen mxes in the gas
stream may be desirable in certain circunstances. Such alternatives nay,

for exanple, iv.ﬁlgtadeaﬂomrﬁ&é&w%ﬂﬁ%%réﬂcﬁhésbtlr&%dgaéqf@%[‘ %@:Ch
is advantageous, for its anaesthetic and/or brain protecting propertfies
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therefore an aimof the present invention to alleviate the
prior art highlighted above. Therefore, according to the first aspect of

t he presemnt i W) i vi.de od- of mai nt.aini n gas
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gas-COntainir@&f@ﬁﬁgygﬁéeéf %ﬂﬁﬂggﬁt E%%%%%%seé%§? %o%hgxample, include
10 more expensive gases, such as the gas xenon which is
{j advantageous for its anaesthetic and/or brain protecting
~ properties. The use of such expensive gases has previously
been restricted due to the economic disadvantages when they
are exhausted to the atmosphere.
15
It is therefore an aim of the present invention to

alleviate the problems of the prior art highlighted above.

Therefore, according to the first aspect of the presgent
20 invention, there is provided a method of maintaining a gas
in a predetermined pressure range during a gas exchange

process which includes:
RJ circulating a gas in a first conduit having a gas-permeable

7- membrane wall portiomn;
25 permitting the gas to diffuse through the wall portion into

a second conduit;

replenishing the diffused gas via at least one inlet port;
permitting the gas to transfer from the first conduit to a
gas-containing reservoir if the gas pressure exceeds the
30 predetermined pressure zrange or the gas exceeds a
predetermined volume, and permitting the gas to be
transferred from the gas-containing reservoir to the first
conduit if the pressure in the first conduit falls below

- the predetermined pressure range or the volume of the gas



ot an SR

30 predeterm ned pressure range or the gas exceeds a predeterm ned;vehunme,
and pernitting the gas to be transferred fromthe gas-containing Teservoir"
to the first conduit if the pressure in the first conduit falls below the
predet erm ned pressure range or the volune of the gas -3 falls below the
predeterm ned volune, so as to maintain the pressure of the first gas in
the first conduit substantially within the predeterm ned pressure range. 5
It is particularly preferred that the predeterm ned pressure range

i ncl udes anbi Eallpriesbow echdastacrilarmiddel vbilisie ,CisbcHkatbNga £RPGUL trhas a
physical volunme which is _ substantially the sane as the predeterm ned

vol ume. 10 THRTGERUEF t R& reSBF voilt LSk t 2 Sret ABd deedr diftAgsto t¢rnduit
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delivery in the first conduit, substantially wthou fresﬁ gases bei ng
|l ost to the atnosphere. If a |arge accidental excess of fresh gas were to

be delivesed 156 t@sthgaftﬁ§hl§9@9Uibre?@%r@&ce§§aﬂasﬁﬁgﬂE#f%?@%éf%#héﬁ

even energe fromthe end of the_ reservoir, and there woul e no danger ous
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that the gas in the first conduit I ncludes as may optional ly
i ncl ude a gasSdhftamteatby thsesase ans apaesphedétersimbdasoltme . exanpl e,
xenon, or another gas in Goup VIII of the Periodic Table of the 25

El ements (such as krypton). Alternatively, the gas may optionally include
any sui thbl e Hae tiee wde e argservoipr dhechienguathigl atcosdenyi sagachd hat
%?f anaest het{ ¢ 8aSion can allow small imbalances to occur between gas
uptake and delivery in the first conduit, substantially
without fresh gases being lost to the atmosphere. If a
large accidental excess of fresh gas were to be delivered
15 to the first conduit, the excess gas would move into or
even emerge from the end of the reservoir, and there would

be no dangerous pressure build up.

The second conduit typically contains an extracorporeal

20 flow of blood. When the second conduit contains blood, it

is preferred that the gas in the first conduit includes

oxygen. The gas may optionally include a gas suitable for

8 use as an anaesthetic, such as, for example, xenon, or
another gas in Group VIII of the Periodic Table of the

25 Elements (such as krypton). Alternatively, the gas may
optionally include any suitable gas for use as a brain

protecting drﬁg. It is envisaged that the anaesthetic gas

and the gas for use as a brain protecting drug may be the
same.

30

The membrane wall portion is preferably an oxygenator
membrane. Such a membrane should be substantially inert to
reactions with blood, and should be impermeable thereto.

Preferably the_membrane wall portion is of a gas-permeable



and the gas for use as a brain protecting drug may be the

Con | e\
menbrane wal | portion is preferably an oxygenator menbrane. Suc 1N
nmenbrane should be substantially inert to reactions with blood, and should
be inpermeable thereto. Preferably the-nenbrane wall portion is of a
gas- pernmeabl e 12 MAY 2005 -4 filmof a polymer such as m croporous
pol ypropyl ene hollow fibres, or alternatively a silicone rubber menbrane.
However, it is envisaged that any commercial oxygenator nenbrane may be
utilized. 5 Thélgagfperpedbiner newbh are miatTopor i oo kymropyihede tiool perm t
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oxygenat or, t ich_gas _exchange _takes place, is prefera
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therefore preferable to include a further step whereby the
carbon dioxide is removed from the gas contained within the

first conduit.

The membrane of the oxygenator, through which gas exchange
takes place, is preferably substantially at atmospheric
pressure on the gas side. If the mean gas pressure is too
high, gas bubbles may undesirably be forced through the
membrane to the blood flow. It is therefore envisaged that
the internal surface of the first conduit has a low
resistance to flow (typically by having a sufficiently
large diameter). In a particularly preferred embodiment,
the pressure may be maintained substantially at atmospheric
pressure Dby positioning the reservoir substantially

adjacent the gas permeable membrane.

It is preferred that the gas is circulated around the first
conduit by a motorised pump, such as an oscillating

diaphragm pump or a small turbine type pump.

The reservoir may be an open ended conduit, vented to, for
example, ambient atmosphere, or alternatively, a vessel of
variable volume, such as an inflatable bellows, bag or the

like, manufactured from suitable gas-impermeable flexible



h ressure may be maintained substantially at. atnospheric pres,»;stgrg::'_,.‘rl_gy,_’;s,é‘__iéw
Eogigioning theyreservoir substantially 25 adjacent the gas pernpabféi VAtHN
menbrane. It is preferred that the gas is c!rculated around the first
conduit by a motorised punp, such as an oscillating diaphragm punp or a
smal | turbine type punp. 30 The reservoir may be an open ended conduit,
vented to, for exanple, anbient atnosphese, or alternatively, a vessel of
variabl e vol une, such as an inflatable bellows, bag or the Iike,
manuf act ured $heatingt ablRrefasaliper mdedl ecid exéBbevobrsheeki Rdssel of

- rvair ks a vessel of —variable volune, the gas is
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the vessel ofastbte gesidSoverislpiedesr esoddidtd hanaas showd Jded dde, 2
m xture of at t of

is provided ME?% 211 ndi vi dual inlet port therefor. However, it is

envi sagedst hat each conponent of the gas 10 m xture may enter through the

) typically includes oxygen and xenon. It is desirable
That bwygen 15 pr oSt TR UiuiTeosoF: SRPHbBULnCbdD 200%prefet a8l y 30
to 100% (f ur theastpr efver abhpod@¥rsq 159808482 'régéﬂ’céﬁg8§eh§ RECRGY 1N

d as
about 0% to 100% (preferably 0%to 79% 20 to "70% when t enon 1s use
an its neur Pt oﬁ'gctﬂr&ﬁ’l&%e‘f’ﬂ}és?n amddnggwalofinketm port therefor.

However, it is envisaged that each component of the gas

10 mixture may enter through the same port.

The gas typically includes oxygen and xenon. It is
desirable that oxygen is present in an amount Of from about
0 to 100%, preferably 30 to 100% (further preferably 30% to
15 80%) . Desirably, xenon is present in an amount of Ffrom
about 0% to 100% (preferably 0% to 79%, further preferably
20 to 70% when the Xenon is used as an anaesthetic or for

its neuro protection properties).

20 According to a first embodiment of the present invention,

each inlet port is in communication with the first conduit.

(j Advantageously, each component of the gas is introduced by
controlled injection. The control of the injection may be

25 manual or automatic. The flow of gases may be continuous

or intermittent.

According to a second embodiment of the present inventiomn,
a first inlet port is in communication with the reservoir
30 and a second inlet port is in communication with the first
conduit. Typically, the first inlet port introduces
oxygen. Preferably the second inlet port introduces xenon.
In this embodiment, it is preferred that the flow of oxygen

through the first inlet port should be continuous. -

| east two conponents. Preferably, each component of the gas
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further preferably anaesthetic or for 20 According to a first enﬁbalﬁéﬁpgwa
of the present invention, each inlet port is in communication with the
first conduit. Advantageously, each conponent of the gas is introduced by
control led injection. The control of the injection may be 25 manual or
automatic. The flow of gases may be continuous or intermttent. According
to a second enbodi ment of the present invention, a first inlet port is in
comuni cation with the reservoir 30 and a second inlet port is in

communi cat i onPREEArehéyf thet floonduirencly ihvalugh theeskicbstd fAlet Porsy

i ntroduces o ferabl y .t he second inle rt, introduces xenon. In
![hi s enbodi m%%sgg??llfégp?ga%r%égnt’ha% T hSOPEER,&&g%OWtJﬁﬁ oligh tafe i r st
inlet port sheohdiheocusntrninusrmiftdiy ROOGes6.Preferably the flow of

xenon through the second inlet is by controlled injection; the controlled
injection may be a continuous or intermttent process. 0 5 The second

enbodi nent haShe¢ heeadndntagedimeat HaoHd eslvaltsghs cRBRUBIA Y rf¥$%% be

t ticall ded (due mal function, for exanple oxygen w |l t]
oy dr ann FAE 018 HaEMFat £y "B ot e L SRR viee A6 gl Funcibivon bed

into the bl obdraexamplels eaRIALRILITEIREANS® SO &A1Y 0a28RhSt ndd0 {4k
mai nt ai ni ng a¥§$t'ent' vital functions. If too nmuch gas such as Xenon were
s

to be acciden “PREFOGUEER™ MG (IRSFTHRIT comdans, ishebsampeak cissm
shoul d be fltisheld] ap@yabyobhetBONbkPYAHABXYBERALELAY o as to assigt

10 in maintaining a patient’s vital functions.

{) If too much gas such as xenon were to be accidentally
introduced into the first conduit, then any excess should
be flushed away by the continucus oxygen flow.

15 Advantageously, the reservoir is mainly filled with oxygen
at all times, even if a large accidental bolus of xenon is
given,. This is desirable in termg of safety for the
situation described in the second embodiment of the
invention to occur efficiently. Accidental large xenon

20 boluses could otherwise fill the safety gas reservoir

mainly with xenon rather than oxygen, which is, of course,

. undesirable.

According to a particularly preferred embodiment of the
25 present invention, there 1is provided a method of

oxygenating blood, which method includes:

circulating oxygen in a first conduit having a gas

permeable membrane wall portiom;

permitting the oxygen to diffuse through the wall portion
30 into a second conduit;

replenishing the diffused oxygen via at least one inlet

port in the first conduit;

permitting the oxygen to transfer from the first conduit to

an oxygen-containing reservoir if the gas pressure exceeds
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15 Advantageously, the reservoir is mainly filled wth oxygen _aﬂ_%ﬂﬂﬁY 2065
times, even if a large accidental bolus of xenon is given. This is
desirable in terns of safety for the situation described in the second
enbodi ment of the invention to occur efficiently. Accidental |arge xenon
20 bol uses could otherwise fill the safety gas reservoir mainly with xenon
rat her than oxygen, which is, of course,-7-undesirable. According to a
particularly preferred embodi ment of the 25 present invention, there is
provi ded a nétifodroedebsyyénati myds Do mbnghbrmthmﬁﬁsnghu&ngcaiﬁfPEﬁt|ng
oxygen in a h g per nmeahl e. menbr.ane
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of the gas fa l%ﬁ?% he predeterm ned volune, so as to maintain the

pressure of th YR & P(,r(‘?ﬁ}&t}letrmlé"@@sﬁ)&”rﬁﬁ%dn%/ ¥gndsin a
predet ermi ned pressure range 10 The blood is preferably an extracor poreal

flOMIOflgloo%he blood is preferably an extracorporeal flow of blood.

£
K) The

hereinbefore.

method is preferably substantially as described

15 The method according to the present invention 1is
particularly advantageous as it permits exchange of gases

Lo occur in an extracorporeal flow of blood, within economy

of use of fresh gases.

20 According to a second aspect of the present invention,
there is provided apparatus for maintaining gas in a
predetermined pressure range during a gas exchange process
ij which apparatus includes:
a first conduit having a gas-permeable membrane wall
25 portion;
at least one inlet port for introducing a first gas into
the apparatus; and

a reservolir arranged to contain the first gas.

30 The apparatus may be used in the method of maintaining a
gas in a predetermined pressure range during a gas exchange
process substantially as described hereinbefore. The
apparatus advantageously substantially mountains gas

) flowing across the membrane wall portion within a



O The nethod is preferably substantially as descriped her ei nbef orle; 157 THé"
nmet hod according to the present invention is particularly advantageous as
it permts exchange of gases to occur in an extracorporeal flow of blood,

wi thin econonmy of use of fresh gases. 20 According to a second aspect of

the present invention, there is provided apparatus for naintaining gas in

a predeterm ned pressure range during a-gas exchange process which

apparat us incl udes: . _ _ _ _
25 portion; &r9dstsromed mrasspure famgs.ntroducing a first gas into

apparatus; and a reservoir arranged to contain the first gas. 30 The

apparatus nmay be used in the nethod of maintaining a gas in a

pr edet er m nedhsw exmamaiangeydbe g apgas cedelangaduprocesstedbsbantbal |y
as descri bed

rej-nbefore. The . apparatus advant ageously substanti al
nmount ai ns gas 3&$n§%§c?8§%epﬁe ﬁ@%ﬁ?@ﬁ%@vwﬁ? %ﬁ%ﬁq %M§%¥41aavggse{
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envi saged that when the systemincludes a vessel of 10 variable volune to

act as a reservoir the systemoptionally

0

10

15

20

25

30

It is envisaged that when the system includes a vessel of
variable volume to act as a reservoir the system optiocnally
includes a control port arranged to permit gas to exit the
apparatus if the pressure in the system exceeds ambient
pressure i.e, the inflatable bellows is full and permits
entry of I) the first gas; ii) one of its component gases
or iii) ambient air, if the pressure in the gystem falls
below ambient {(i.e. the inflatable bellows, bag or the like
become substantiaily empty) .

Advantageously, when the apparatus is used for the
oxygenation of blood, the apparatus includes means for
removing carbon dioxide from, for example, the first

conduit.

The apparatus is typically maintained substantially at
atmospheric pressure, in particular about the membrane wall
portion. It is envisaged that the first conduit may have
a diameter sufficiently large that provides a low
resistance to the flow of gas. 1In a preferred embodiment
the reservoir is typically positioned substantially

adjacent the gas-permeable membrane wall portion.

Typically, the gas-permeable membrane wall portibn is an

oxygenator membrane, substantially as described above.

a first conduit having a gas-perneabl e nmenbrane ma{L
e



includes a control port arranged to permt gas to exit the apparaﬂd@aﬁﬁf 2085
the pressure in the system exceeds anbient pressure i.e. the inflatable
bellows is full and permits entry of I) the first gas; ii) one of its
conponent gases 15 or iii) anbient air, if the pressure in the systemfalls
bel ow anbient (i.e. the inflatable bellows, bag or the |like becone
substantially enpty). Advantageously, when the apparatus is used for the

20 oxygenation of bl ood, the apparatus includes neans for renoving carbon

di oxi de fromThieor appameiters t hepfiicadlly cendliiesThe appakat usnhact ypheal |y
mai nt ai ned S%bSt%nt%?bbyﬁ?t 5 atnospheri¢c pressure, in particular about
the menbrane WA Fet¥ortO% tE9% SRGTedYet i PRaP Tt REYEIETSt ahdai eefapdhave
a di aneter sufflieti patky (baegertbal pooVies i AW cd B _%tfa'&(:%etc%nhhgay ow
of gas. In a Q&g%erred enodi ment  the reservoir is typically positioned

substantial | { ABd &Rt -t he gas- per meabl e nmenbrane wall portion.

Typi cal |l g, the gas-perneabl e nenbrane wall portion is an oxygenator

menbr ane, substantLaII¥ as descri bed above. 12 MAY 2005 -9 The apparat us
typi cal Iy i nECGR&81Rgf Frst Faret gpedingrtefad siley steonchespectodficthen of

oxygen) and aregesrd ihnbetiHort chr &f &rabl xn;LeE trdberr%”éﬁaducﬁ{é og ﬁén
second gas such as xenon). 5 According to a first enbodi nent of tHe"Second
aspect of théDRlEFePORt PAPern epmmuRd chition Wikdt ther fiamsd tdomdsecand
inlet port are in comunication with the first conduit.
10 According to a second embodiment of the second aspect of
(j the present invention, the first inlet port is in
communication with the resexvoir and the second inlet port

is in communication with the first conduit.

15 Preferred features of the present invention will now be
described, by way of illustration only, with reference to

the accompanying Figures, in which:

Figure 1 represents prior art gas exchange apparatus;
20
Figure 2 represents apparatus according to a first
embodiment of the present invention;
'e
O
Figure 3 represents apparatus according to a second

25 embodiment of the present invention; and

Figure 4 represents apparatus according to a further

embodiment of the present invention.

30 Referring to Figure 1, there is shown a known type of
oxygenator indicated by the numeral 1. A gas mixture
containing oxygen 4 (usually a mixture of nitrogen and
oxygen) is passed along one face of the membrane 2, and the

blood of the patient is pumped along the opposite-face of
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10 According to a second enbodi nent of the second aspect of the p?éggﬁﬂ &l

invention, the first inlet port is in comunication with the reservoir and
the second inlet port is in comunication with the first conduit. 15
Preferred features of the present invention will now be described, by way
of illustration only, with reference to the acconpanying Figures, in

which: Figure 1 represents prior art gasl®xchange appar at us;

20 Figure 2

represents apparatus according to a first enbodinent of the present
i nvention; Fitdif aerhirapreesent Oxygear dtif usesotdirogaho thes eeabdtan25into
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according to a further enbo prese
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nitrogen and oxygen) 1S passe

bl ood ofEihetpaamhuenbsqnqugheﬂanm t he opposite-face of 12 MAY 2005. -10

t he nenbrane 3. Oxygen diffuses through the nmenbrane into

wast e carbon di oxide diffuses fromthe blood through the nmenbrane into the
gas mxture &efﬁrzungﬂnﬁ1F1§u»@CEéIﬁhéfﬁﬁuiﬁérhﬁﬁeﬁéﬁy h&vihee@aS,gLream 4
at nosphere. Referring to Flﬁyre 2, where |1ke
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present invention indicated by the numeral 20.

The gases passing along the gas face 2 of the oxygenator
membrane 25 are recirculated around a loop of hollow tubing
21. The blood 22 of the patient passes along the other
side of the oxygenator membrane 25 in conventional manner.
At the membrane 25, waste carbon dioxide diffuses from the
blood 22 to the gas side of the membrane 2, into the gas
stream 4. This waste carbon dioxide is removed from the
gas stream 4 by passing gas stream 4 through a container
filled with carbon dioxide scrubbing material 23. The
gases are recirculated around the loop of tubing 21 by a
motorised pump 24. At the oxygenator membrane 25, oxygen
diffuses from the gas stream 4 through the membrane 24 into
the blood 22 of the patient.

As the carbon dioxide is being removed, the volume of gas
in the loop of tubing 21 slowly falls with time as gas
(mainly oxygen) moves from the gas pathway 4 into the blood
stream 22 across the membrane 25. The rate at which this
occurs would typically be about 250ml per minute. Fresh
oxygen is added to the gas loop 21 through port 26 and
xenon through port 27. The concentration of each
constituent gas within the gas loop is monitored in order

to guide this gas addition process.

—
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10 present invention indicated by the nuneral 20. The gases passifi§ #ngils
the gas face 2 of the oxygenator nenbrane 25 are recircul ated around a

| oop of hollow tubing 21. The blood 22 of the patient passes along the

ot her 15 side of the oxygenator nenbrane 25 in conventional manner. At the
nmenbrane 25, waste carbon dioxide diffuses fromthe blood 22 to the gas
side of the nenbrane 2, into the gas stihéam 4. This waste carbon dioxide
is renoved fromthe gas stream4 by passing gas stream4 through a
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are recircul gied ﬁrég}pdgggedépwegédggﬂ ggezg;]agy l%oﬁgottq{é ﬁg%gﬁggem. At

t he oxygenat or nenbrane 25, oxygen uses-rromt gas tP‘iPough
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is being re I in | oop_of .tubi.ng 21 slowy falls
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woul d typi cal]l ty 250mL, per _mipute. Fresh. oxygen is added to the
gas I'oogp21 ﬁ%?ﬁ?%ha%@ar t 236‘%%?1 n?(%%oﬁot %Pgﬁﬁﬁaﬁéﬁﬁ’_ PFChePebHE®Mt FBEI on
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guide this gas ddi.tion process. 1 -11 As a bal ance is occurring
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the pressurefiresht hesgas tegpoirsrkeptdentesir&DHHrlughl Hoxds esdall ¥7at or
near atMsPNELhE RIFSAHL Cexdlsd Lo Srerat "doun e reservoir 28
temporarily without being vented to atmosphere from its
€) distal open end 29. After further gas uptake through the
membrane 25 takes place, the gas which was forced into the
reservoir 28 1s drawn back into the loop 21 from the
15 reservoir 28 as the gas volume within the loop 21 starts to

fall once again.

Referring to Figure 3, where like numerals have been used
to indicate like parts to those shown in Figures 1 and 2,
20 there is illustrated apparatus according to the second

embodiment of the invention is indicated by the numeral 30.

r) An open-ended reservoir is provided 38. 1Into this runs a
constant flow of oxygen through inlet port 37. Xenon is
25 delivered in small guantities as required to the gas loop
21 through inlet port 3s6. If =xenon is transiently
delivered to the gas loop through inlet port 36 at a rate
faster than the total rate of gas uptake from the loop 21
into the blood 22, the excess gas volume will move up the
30 reservoir 38 as described in Figure 2 above. If this
“excess volume” 39 exceeds the volume of reservoir tube
between the loop 21 and the oxygen inlet port 37, then any
more excess gas will be flushed out of the reservoir 38 by

_ the oxygen flow through inlet port 37.



5 ended reservoir 28 connected to the gas loop 21 which allows sne ﬁ%ﬁ 05
i nhal ances to tenporarily occur between the rate of gas uptake and f h-
gas addition to the | oop, wthout excessive pressure buildup. If slightly
too nuch fresh gas is tenporarily delivered through ports 26 and 27, 10
some of the excess gas can enmerge down the reservoir 28 tenporarily

wi t hout being vented to atnosphere fromriigs distal open end 29. After
further gas uptake through the nenbrane 25 takes place, the gas which was
forced into #EEoTr €38r hei added| tn dvalwsdmdio ititeo lidep Raopi2h paasethecl5
reservoir 28 \ t op starts onc
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Into thi§ russbatacohafagt cbhewaat exygae thepugh inl et port 37. Xenon is
25 delivered in small quantities as required to the gas |loop 21 through
inlet port 36. If xenon is transiently delivered to the gas |oop through
inlet port 3$hatsystamedebaﬁh@@ﬂfﬁﬂ1HﬂyhﬂénﬁﬂléEﬁégéﬁdéﬁsaépéﬁkeo$%§n1the
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inlet p then any nore excess gas will be flushed out of thé

reservo?pt38 89 *the oxygen flow through inlet port 37. 1 2 MAY 2005 -12
{j) The text relating to Figures 2 and 3 describes these
systems being used “fully closed”, as this is the most
economical and most desirable mode of operation, This
15 means that fresh gases are allowed to enter the loop at a
rate more or less equal to the uptake of each of these
gases into the blood via the oxygenator. This is the most

efficient mode of operation in terms of gas consumption,

and therefore running costs.

20
The system {comprising; oxygenator, gas recirculation pump,
carbon dioxide absorber plus mechanism allowing this “loop”
,é) to be open to atmosphere such as a reservoir limb) can also
be used as: “semi-closed”. In thig embodiment, fresh gases
25 (for example oxygen and xenon) are introduced to the loop

through a port or ports, for example ports 26 and 27 in
Figure 2, The flow of these gases is arranged to be
continuous and the flow of each gas into the loop is
arranged to slightly exceed the uptake rate of each gasg
30 from the loop by the blood via the oxygenator membrane. In
this mode, there is a continuous “spill” of excess gas from
the system which allows the loop to be functionally open to
atmosphere (such as the reservoir 1limb in Figure 2). At

the same _time, fresh gases partially recirculate around the



Xenon can be added in boluses to the |loop 21 with pauses to nEaSUﬂ@ Ph ¥ Zies
new gas conposition within the loop 21, and this allows the operator
(manual or automatic) to keep the percentages of each gas conponent w thin
the m xture 5 substantially constant in the |oop. The system described in
Figure 1 is regarded as an "open" system which neans that no fresh gas
passes through the system and thereforelBhrough the oxygenator, nore than
10 once. The text relating to Figures 2 and 3 describes these systens

bei ng used " f@OBy clfsgedimes hafiors exitenmdthe esnoat?ncal Thhs mﬁeoagd .
desirable no rat, 1 ns S seg are a

enter the Iogﬁﬁg%tg%%ka?ggﬁorgggg Igggggqug%g t%%@ up ake CBFeathtb? Mt hese
gases into t ReésEiddedvi dnt Hslowegehat crs  Thies fseshefgmt igef ]baﬁtem%ymde
of operation ga 0 n efo 0S
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this nmo re i.s continuou spill" of excess the system
whi ch aﬁlows gﬁ56f858 t%gﬁgs LﬁéEQQﬁ%S%YQ gpeAtept.  This Tmeans that
{j though less economical than the fully-closed modes of use
L1

described in Figures 2 and 3, it does not require such a
high level of vigilance in terms of monitoring and control
as is necessary with the fully-closed modes of operation,

15 in oxrder to be used safely.

Referring to Figure 4, oxygen plus or minus xenon is taken
up from loop across oxygenator membrane 2 by blood of
patient, the volume of gas in loop 21 and bellows 41

20 therefore decreases. The bellows 41 does not collapse
under its own weight and eject its contents out of end of
reservoir limb 42, because there ig a one way valve 43 in
the reservoir limb which only lets gas move INTO the loop
and not out of the loop.

25
When the bellows 41 empties, the continued gas consumption
from the loop across the oxygenator is replaced by oxygen
drawn into the loop from the reservoir limb at the same
rate, This gas is drawn into the loop 21 wvia the

30 aforementioned passive one way valve which requires a very

small pressure difference across it in order to open.

If xenon is injected into the loop 21 via the port 36, the

bellows 41 will £ill to accommodate the extra added gas.



at nosphere (such as the reservoir linb in Figure 2). At the sane- QZH?JY i,
fresh gases partially recirculate around the 12 MAY 2005 -13 | oop

times before exiting the system This node of operation uses |less fresh
gas than the open system described in Figure 1, as the fresh gas is
partially recirculated. It uses nore fresh gas than the fully-closed 5
nodes of operation described earlier innMgures 2 and 3 as in fully-closed
node, the fresh gases are fully recirculated until taken up into the

bl ood. Semi -t owed! @pé:ra]te‘edn faem abhadrastaye itovienés , aastibernien wise t he
gas conposifiPh ?ﬁogggp reaches an equilibriumand 10 therefore stays
relatively constan 'S means that though | ess econom cal than the
fully-cl osed nodes of use described in Figures 2 and 3, it does not

require suc v of vigilanc n terms of npnitoring and contro
as is necesglék??/r%\#‘?ﬁetﬁ% f%"ll?ySJc‘? scgﬂtﬁi?dé?ycﬁerﬁﬁé’r%ﬁ%@r“ gt Fr@dr to
be used 5af eiggatReFer pragstiecFbatng 4p Q?yggﬂeprétOEthn%%t&%UQﬁqkﬁniaken
up fron1|oop ac s;ﬁgxy enat or. menbr ane of patient, the vol une

of gas in | obp Iaiwé\/\/slﬁliOZOtkt‘%erlé%% e2aecr%@@e§>rqwtb%<ﬂl dwom 1

does not coL@éﬁﬁﬁnv@nﬁﬁéssuﬁeobﬁlmﬁlQBtb?ngh%l%%Et'%%a%o %1 ﬁ*ﬁ:Qﬁfe”d
of reservoir linb_42, because there Is one way val ve

reserv0|rI|?HFMB?%BOHﬁI§1Ié¥§ﬂ§h§qﬁﬁﬁ@QQVRjt¢%¢¢®o§asawérﬁoﬁdd@d ¢fo t he
| oop. 25 Whethd heods! | ons éﬁeegﬁék§§ortBgegoﬂbtﬂgﬁg g%%y%%%?ﬁ@P%ﬂ%@y'from
t he IogP across the oxygenator Is replaced
added to the loop automatically as fast as gas is taken out
67 via the oxygenator 2. The bellows 41 allows added gas to
- be accommodated without pressure build up. The bellows 41
and valve 43 are positioned substantially adjacent the gas
exit side of the oxygenator 2 to keep the pressure in the

15 apparatus low as substantially at atmospheric pressure.

The system described in figures 3 and 4 is particularly
desirable as when the gas mixture in the first conduit (21)
comprises a mixture of oxygen and another gas such as

20 xenon, then the volume of gas taken up across the membrane
from the conduit equals the oxygen uptake per minute plus

the xenon uptake per minute. If no fresh xenon is added,

{j this combined volume loss is replaced with oxygen drawn
into the first conduit (21) from the oxygen filled

25 reservolir system. Therefore, in the absence of xenon
addition to the loop or first conduit (21), the oxygen
concentrations in the first conduit (21) will slowly rise.

It is envisaged that in use, this slow rising oxygen
concentration is counterbalanced by small repeated xenon

30 injections into the loop (21). The end result is a
substantially constant =xenon and oxygen concentrations
within the loop (21). The system therefore has inherent
safety, as failure to inject xenon causes the oxXygen

concentrations in the loop (21) to slowly rise which is -



drawn into the loop fromthe reservoir linb at the sane rate. Th § Bas i
drawn into the loop 21 via the 30 aforenenti oned passive one way val ve asty
which requires a very snall pressure difference across it in order to
open. If xenon is injected into the loop 21 via the port 36, the bellows
41 will fill to accommpdate the-extra added gas. 12 MAY 2005 -14- It w |
not leak fromthe reservoir linb as the-bme way valve 43 closes. Therefore
the gas side,of the oxygenator is protected from 5 negative pressure build
up by the fatTPPRAEEXEPaSBRYgen Wobkd be drawn into the loop 21, and
protected from positive pressure build up by the fact that the height of
the bellows 41 would increase if extra gas were added to the loop. If the
operat or does not hing, oxygen is always 10 added to the | oop automatically
as fast as gas is taken out via the oxygenator 2. The bellows 41 all ows
added gas to be accommodated w thout pressure build up. The bellows 41

and val ve 43 are positioned substantially adjacent the gas exit side of

t he oxygenator 2 to keep the pressure in the 15 apparatus | ow as
substantially at atnospheric pressure. The system described in figures 3
and 4 is particularly desirable as when the gas m xture in the first
conduit (21) conprises a mxture of oxygen and anot her gas such as 20
xenon, then the volunme of gas taken up across the nenbrane fromthe
conduit equal s the oxygen uptake per minute plus the xenon uptake per
mnute. If no fresh xenon is added, this conbined volune |loss is replaced
Wi th oxygen drawn into the first conduit (21) fromthe oxygen filled

O
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25 reservoir system Therefore, in the absence of xenon addition t of Zniay 205
‘l.oop or first conduit (21), the oxygen concentrations in the first conduit
(21) will slowy rise. It is envisaged that in use, this slow rising
oxygen concentration is counterbal anced by snmall repeated xenon 30
injections into the loop (21) . The end [ﬁgylt is a substantially constant
xenon and oxygen concentrations wthin the |oop (21). The systemtherefore
has i nherent safety, as fadilure to inject xenon causes the oxygen
concentrations in the loop (21) to slowy rise which is 12 MAY 2005 -15
inportant to sd@dms |ife. 12 MAY 2005 -16 Clains 1. Apparatus for
mai ntaining gas in a predetermned 5 pressure range during a gas exchange
process which apparatus includes: a first conduit having a gas-perneabl e
nenbrane wal | Ypor t PBRATALREsdi9¥oi Pai Rt &isHRAMi 8aBi g wit Prdvetemdned
conduit, 1@ the regeexgife behige aBLADAS ol YaGONUANANGKY PSR fiw?lighi nl et
port arranged to introduce an, anaesthetic gas directly into tﬁe I rst
conduit, wherein t REPPEREMS ottciusdesrr anged to pernit flow of oxygen
contained in the resefiest téndbe: fhdwingc anduist pdbnéinid gndrinssil gahf t he
first conduit falls beLOM/.anbient. 2. Apparatus according to claim1,
wherein the reservofr™ -to%

a reservoir in communication with the first conduit,

10 the reservoir being arranged to contain oxygen;
a first inlet @port arranged to introduce an
anaesthetic gas directly into the first conduit,
wherein the reservoir is arranged to permit flow of

oxygen contained in the reservoir to the first conduit

15 if the pressure in the first conduit falls below
ambient.
2. Apparatus according to claim 1, wherein the reservoir

is substantially adjacent the gas permeable membrane.

20
3. Apparatus according to claim 1 or 2, wherein the first
conduit is a continuously circulating conduit.
4, Apparatus according to any preceding claim, wherein
25 the reservoir is an open ended conduit.
5. Apparatus according to any preceding claim, wherein
the reservoir is a vessel of variable volume.
30 6. Apparatus according to claim 5, wherein the vessel of

variable volume is an inflatable bellows, bag or the
like.

7. Apparatus according to c¢laim 5 or 6, wherein the

35 vessel of variable volume is manufactured from gas



is substantially adjacent the gas pernmeabl e menbrane.
according to claiml1l or 2, wherein the first
circulating conduit.
25 the reservoir is an open ended conduit.
preceding claim wherein

5 or 6, wherein the
-17 12 MAY 2005 inperneabl e sheeting. 8. Apparatus according to any of
claims 5 to 7, &hichhppaieltudesicaceaitsotopah BEGEQ%QHEysaE%@QQegﬂ{ ,

5 gas to exit the apparatus if the Pressure In the system exceeds anbi ent

pressure. 10 9. ApparatusEcRof At &%ty PrrEesrb iy arangedvberesmitt he

conduit is a continudusty
4. Apparatus according to any preceding claim wherein
5. Apparatus according to any
the reservoir is-,a vessel of variable volune. 30
6. Apparatus according to claimb5, wherein the vessel of variable volune

is an inflatable beligumedddeoshidieind i ke.

20 3. Apparat.us ., ...
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7. Apparatus according to claim

35 vessel of variable volunme is manufactured from gas

perm t

nmenbrane wald porti gmd staneeiygenat eippgmRaRuana.s 1ohe ApPasALHS 3gcqading to

any preceding claim ei.n_ the nbrane wall portion is substantially
%&%ﬁ%%bF %%di SBAGFEYYD" bl ood. 15 11. Appar at us

according to any preceding claim wherein the nenbrane wall portion is of
a gas-perneabl egfil

inert to
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the membrane wall portion is an oxygenator membrane.

Apparatus according to any preceding claim, wherein
the membrane wall portion is substantially inert to

reactions with blood and impermeable to blood.

Apparatug according to any preceding claim, wherein
the membrane wall portion is of a gas-permeable film
of a polymer such ag microporous polypropyylene hollow

fibres, or a silicone rubber membrane..

Apparatus according to any preceding claim, wherein
the gas-permeable membrane wall portion is arranged to
permit the gas to diffuse through the membrane from
the first conduit to a second conduit, and a second
gas to diffuse through the membrane from the second
conduit to the first conduit.

Apparatus according to any preceding claim, which

includes a carbon dioxide removal means.

Apparatus according to any preceding claim, wherein
the first conduit has an internal surface of low

resistance to flow.

Apparatus according to any preceding claim, wherein

the first inlet port introduces xenon.



fibres, or a silicone rubber nenbrane. 20 12. Apparatus accordi ng 1(3 Eﬁ“w 2805
~preceding claim wherein the gas-perneable nenbrane wall portion is
arranged to permt the gas to diffuse through the nmenbrane from the first
conduit to a second conduit, and a second 25 30 35 gas to diffuse through
the nenbrane fromthe second conduit to thRg-first conduit. 13. Apparatus
according to any preceding claim which includes a carbon di oxi de renoval
means. Apparatus according to any preceding claim wherein 14.the first
conduit has an ipnterpal_ surface of J.ow resistance to flow _15. Apparatus
according to an%gbr e%%)ci’}rr%ugl AT THOHETei 1P ¢ RBY f BESCeRARgt Poim, i ittisduces
xenon. 12 NAY 2005 -fi&rther Appanaless aceekcdnt i «anyphreceadi-ifdqshaidy
whi ch further incl C i nl.et t arranged to introduce oxygen
into the reservoir thﬁt%ozax%%agg?%%n alélggfg?‘ﬁgr?ﬁeﬁﬁ?ﬁ%r eceding claim
wherein the’ apparatus includes neans for renoving carbon dioxide fromthe

first conduit when UpARRALALIRLES:indSE] LR LDE.O¥¥geNafion of, bl god.

the apparatus includes means for removing carbon

dioxide from the first conduit when the apparatus is

used for the oxygenation of blood.



