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*#00002* A METHOD AND APPARATU | NG PULMONARY CBI{.%W@Q
PULMONARY EXCHANGE OF OXYGEN AND AN, ¢ ERT GAS W TH THE BLOO |

| nvention r@bLRadso t he measurenment of blood flow in a subjpettvuormmre:
particularly to a nethod and a measuring pul nonary bl ood fl ow
by pul monary exchange of oxygemmmmmmmm t gas with the blood utilising a
divided respiratory system The inygntion is especially suitable for

noni toring pul monary bl ood rovv/ car gl ac out@ﬁt of a patient under ener al

anaesthetic and add DyAND APPARACTTES il VA SURIN 6 RYLNHAN

i nvention in con

under st ood t hat {ﬁ@bﬁ@?ﬁ@& %pﬁm us e}ggFWﬁ‘eégl(?lany Pﬁ)emﬁged for
determ ning the pul nonary bl aodiERY GASCWITHECTHBEWPOOD®f a subject in a
conscious state The equation that |inks the cardiac output of a subject to
nore directly nmeasured 15 paraneters is as follows: Ugas-~c (FAgas FVgas~
where FAgas..refers . to the co centration sol ubl.e . gas i

Bl veol ar  SaBhSIRERHT aHasy o e Teangene s elledid i HRiRs TR Mariilian roa
pressure to, iR oH%Q@Béz{rht‘ﬁ PSrERSA0And PRlnonfI&Sd fI&% & pulifohdi$ e%t?aﬁ%é en Of
the inert solu e gas e m xed venous bl'ood expreSsed as a fraction of
its parti aloxygessnd an treritgae witht thé bmodwldmeg azbvided respirdteryQysteal. dTlsol ubi ity
coefficient. of the inert sol uﬁ%f i.n bl 0@d, % S ‘{,\ﬁe }:a%gi ac out .ut

t hat passes‘“‘(W‘BHdﬁeﬁpﬁ%‘a%F‘Hﬁ VAl ftPW"éﬁP @opgry flaod, Heycagiacopuput

contai ni ng ﬁ[l!ﬁqnﬁwﬂrﬁ%m ¢ hidPab ggﬁ Ray i b%laonvergerﬁ t&‘ﬁ&c%ggdzthe ,
~cr~AuUg7/ 0 R~V1JCICARDI 4C SI'E Ugas is
t he upt akk invendon lrecdyinecbrf womtitih epicasol. | Hrmfa‘eanr eds 1orbeumdbsstcm‘d thaxl there at

body terrperature nd baro trlc essure time. This equatlon hol ds
Crus for T RO GHEPPRFp ceptiiter Merera g A aned i Ceiegaging e gnREHH Bpdod 5

propor ti on%wo#&raltaé Rt loRh SGBJ@&%H 2Qohscifis stae ObEYS Henry's Law. By

contrast a reactive gas does not" obey Henry's Law by reason of its reacting

chem cally with bl ood constituents. O<ygen and carbon di oxi de are exanpl es
reactiv ases. The term cardi ac out s used herein refers to the

am)unt of %f’gSﬂP%’@P 'IF‘Ef m%a&ﬁﬂ?‘cﬁ”tﬁ'@ a?ssé' L QIBRIGHITEHYY BGAESthr y

capi | | anjiseg ar'aerF}e'?&s lfhgowd: the alveoli of the lungs. If haenogl ob| n Z

saturation of the subject Is 100%then the whole cardiac output will be

equi valent to the puI nonary bl ood flow, i. e. the anount of oxygenated

bl ood passi’ng 5?){ the pul monary capillaries in the walls of the alveoli

of the Iung s Iwuas waturation is |ess than 100 %the whol e cardiac

out put includes shunt blood in addition to pul nonary 15 bl ood fl ow. Shunt

bl ood does not transport 02 fromthe lungs to the tissue and nay therefore

be i gnor edwhdiedr %) sdfemstto meycobecresitipmaf aerdf sobiiepgdsse thexilvetlarygas Miigturéref hods

in use today or described in the |iterature refer to or depend on the above

equat i oY %t‘u'ﬁS@KP@&Wﬁcﬁs frstigR a5 Ui Béf“ékl?:rﬁf'safeetw APRRBSHICHESI BP)a sanpl e

of m xed 20 venous bl ood, which would sacrifice the advantage of

non-i nvasi veness of Iarge bl ood vessels with catheters, as is necessary

with the nBgf, refeiedoythel Srackioresthhel imdrt sobatseipasng the mixed venous blood expressed as

a fraction of its partial pressure to the total pressure,

25 A 1s the Ostwald solubility coefficient of the inert soluble gas in blood,

Q. is the cardiac output that passes through the pulmonary capillaries in the walls of gas-

containing alveoli, and
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cajdi ac output presently in use, nanely the thernodilution gebﬁ}&il mﬁbst gas
exchange net hods for neasuring the cardi ac output which haz 2 t enpt ed

25 suffer fromthe problemof "recircul ati on” which Iimpsrmlnﬁrgt})gomaﬂ-; 1 >
intermttent determinations of Q- separated by relatively longinterval's to

/
wash out gas dRtsroduced.sby the previous determ nation. This restri CU.O”QE‘C ‘
frequency of taking readings of Q- is necessary to ensure that P~g,'23uhé 1998
returned to a value close to zero before”another determ nation is

performed. The sanme constraint also applies to nethods using reactive 30
gases The term "recirculation” refers to the return back to the lungs in

the m xed venhous A~,~' ~' ~~~-~n ~u_ ,,,~ ~~. ~1'" ~~~lAU 1 -3 23 Apri 12002

bl ood of gadJ} liathehasakeriatei thedlopdifen theakieenl amagsutedamunite of ualgsiei a1 bbtie
arterial blood. It is an obj ect of the present invention to overcone or at

| east al | evittimReragHee Yid baspmesic RIEaSULRSY A tM%ned difficul ties of the prior
art, or at least to provide the public with a 5 useful choice. Accordingly

in a first aspect the present invention provides a nethod for neasuring the

pul monary biraRaiLger Kolds EUOFRGherk BideddhRY: Inltflisi re@dratah Mkrt ¥ ASsolVRE €n blood
divisions of the respiratory system said divisions conprising the conplete

gas exchafigprgopmmallpfo gapattinkppessust be.yit ohestsdignry'srian. aBy gnteast h reatise gas

division with a separate m xture, at |east one .of sai as, m xtures
"hel vt ng. ek ol SoQLAEYSS Dk by resg ok s noe St e pi QorHES gas

in at | ea“g&%‘génoz{nd%}%n%éfﬁaé QRSex iégrdpgggcﬁge Fgegti ve pul nonary bl ood

fl ow of sai Vi S1 ons, etermning end tidal concentration of inert
soluble gas in at least two of said divisions, and cal cul ati ng pul nonary

bl oodf | ow from det erm ned val ues of uptake and end tidal concentration of
i nert sol ubTke GHB cagdies Appetias used bstgieisfersty the amouppofyblegghpesrunitirag which

di vi si ons, of_ _t espl,rat ory system Y] t pref bl ree
di vi si o_nz(_.) W%%%@P@gm(ﬁ R/?%ll 0 Ca?lélaﬁéste;llnatﬁgggglg gf %h rgga_?veefo lroﬁrégg ﬁ]ﬁ'g{ mvo of
the divi si aagsmegRbULO} sdndtaB6n 3P the shbiegﬁi% 100% thef $heMRhIB cadd@acoudstantiil |y
bal anced with respect to inert soluble gas, the
equivalent to the pulmonary blood flow, i.e. the amount of oxygenated blood passing
through the pulmonary capillaries in the walls of the alveoli of the lungs. If this saturation
is less than 100% the whole cardiac output includes shunt blood in addition to pulmonary
15 blood flow. Shunt blood does not transport O, from the lungs to the tissue and may

therefore be ignored. The % shunt may be estimated from pulse oximetry.

Most methods in use today or described in the literature refer to or depend on the above

equatiqn, but Fg,,, cannot be measured accurately without obtaining a sample of mixed
20 venous blood, which would sacrifice the advantage of non-invasiveness of large blood

vessels with catheters, as is necessary with the most widely used method of measuring

cardiac output presently in use, namely the thermodilution method.

Most gas exchange methods for measuring the cardiac output which have been attempted
25 suffer from the problem of "recirculation" which limits them to only intermittent
determinations of Q separated by relatively long intervals to wash out gas introduced by
the previous determination. This restriction of frequency of taking readings of Q 1s
necessary to ensure that Pg,,, has returned to a value close to zero before another
determination is performed. The same constraint also applies to methods using reactive

30 gases The term "recirculation” refers to the return back to the lungs in the mixed venous
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V\Q 981 18383 2 3 APR 2002 nrr~ ar~000~ n; concentration of inert soluble gas
in each of these two divisions being different fromeach other, and the
third divisionis ventilated with a gas m xture which is unbal anced with
respect to inert soluble gas. 5 One nethod of isolating two or nore
divisions of the respiratory systemutilises a nmulti |umen cuffidprl2002
endobronchi al catheter. Accordingly ina second aspect of the invention
there is provided apparatus for neasuring pul nonary bl oodtlow in a subject

i ncluding: ;10 muf.t izl unmen cuffed endobronchial catheter adapied,to allow
separ at o G TR st byt TR bR AR b P, FBEOB S wPSRERGPYI One o
the respiratory system of the subject, said separate divisions conprising
the conpl ete gas exchanging part of said respiratory system 15 two or nore
br eat hi ng Is{sstneqbiect of theupipient Hyyerfidrf oravistcomearat deast dlevitmonqpemont ofsai d
mufti-lu ter . te. Ssure..two or
nore gas mgg? ?@i@@‘egﬁ}%@g%ﬁﬁﬁggﬁ S\E}?eo"?h"g%g‘aépg% lé?gg?%gpot%gdes&a{lé guﬁl\%’\%@gp ®rore 20
br eat hi ng &yt eligce. sanpl i ng means for sanpling (i) inspired and expired gas
in each division andlor (ii) the fresh flow gas and the exhaust gas of each
di vision) and 25 gas anal yser for determ ning concentrations of gases in
sai d sanpl .N] ! 1 ] I (i)
ai d i napi s Skl s B DR v on d L AHAR Lol FERLARS Ble 01 3y
gas and) 3mipomrebkiodflowyisteubjbarnindadingl ati ng pul nonary bl ood flow from
said determ ned concentrations and flow rates. REG "TIFIED SF-fEFT | Rul e
911 2 3 APR 7002 WD 98118383 _; |I'CT'/AC 9711)071 ", One net hod of
engring that tiﬁﬂatﬁ%S tWh X§lURte iGisRUPRIM 81 tQpRAGH ls%“ﬁgfﬂ, ahidt BRigewe rate
and the sanme total pressure is to use a bag-in-a-box type ventilator with
each breat hi ng coppriemg therconypetegias exdhengieg part af said tegpisatpryl systeme, a conmon
wor ki ng gas. O her nethods for synchronising the rate and pressure of m xed
gas supplied to the lunmens of the catheter 5 would be evident to a person
skilled in the vahfilatihg ehéh §add BRiSIGH Qethtdpatabee galehixt@d, aPRadt alndSofisaidnot
essential for use of the nethod of measurenent defined above, but
represents a paiesintxiuggs|igcleding eminsritsolblagast us useful in making the

regui red neasurenents. 10 Endobronchl al catheters having nore than two

| unens are novel and represent a third aspect of the present invention.
Particul arly ackwrairing epddté of iaem sdiable lghaine deaist twiohef saidl divisions.

determining relative pulmonary blood flow of said divisions,

20 determining end tidal concentration of inert soluble gas in at least two of said

divisions, and

calculating pulmonary bloodflow from determined values of uptake and end
tidal concentration of inert soluble gas, and uptake of oxygen.
25
Preferably two or three divisions of the respiratory system are isolated, most preferably

three divisions.

When three divisions are isolated it is preferred that two of the divisions are ventilated

30 with gas mixtures which are substantially balanced with respect to inert soluble gas, the



| umen cuffed endobronchial catheter has three |unmens. 15 Accordingly in a
fourth aspect of the invention there is provided a triple | n d
endobronchi al catheter for providing separate gas m xtures ponge%ﬂﬁtzggfthree
separate diwpses/mi83 of the respiratory system of a subject, EaVsC1hnER

di vi sions conprising the conplete gas exchangi ng part of said respiratory
systen) said catheter conprising: 20 a primary tube having three | unens
adapted to be inserted within the trachea of a si:5ject, each of said

| umens opening at a top end thereof into a connector tune adapted to be
connected to a breathing system and opening at a bottomend thereof into
an outlet for delivering a gas mxture to one of said divisions, 25 one or
mor e i nf | ateisketraidnf ¢f inew aelablegasin eahiad thase wue divinbes el dffereat drooutdcbt s

adapted to formseal s.within the respiratory system such that each .outlet

i s capabl e®BQff ’d*gﬁi‘@%ﬁl‘wgé%%’&gs H?@fﬁ"ﬂfg‘é Wt‘%‘ 30%36 %%E%%I‘VE"@HF 88@%&&&‘9&'

divi sions juRndcs @) ﬁfeh%ﬁhfb'ié)gas?a(?h of the other divisions. 30 SUBSTI TUTE
SHEET (Rul e 26) WO 98/18383 2 3 APR 2002 mw~~wo; i oo~m The outl et may be
an opening in a tube, or a short tube with an opening) for delivering a gas
m xture to . a division of the respiratory s emfroma Lunen of the primary
tube. The @tk Methodyy i590ating (wRrad FR9TE MIGHOBS @%ﬁﬁesafra@%%mwefaﬁ@ﬂ T may
be an open) I yf M: a lumen. 5 The triple lumen cuffed
endobr onchlbg']gnc%t Ee@feg?%@g{né?ﬂg%f@teﬁés an inflatable cuff |ocated about the
primary tube and above the outlets which is adapted to forma seal within
thée trachea. 10 In_a particul arlg preferred enbodi nent the tnple | unen

cat het er i“HEPIHIREY 4n pispeandiasachPhEIEdNYaR PN HETESRIPY HELARRREES 1oR MEGRHSINFat i on
with a se ' f . hetween the first and third outlets
for form ‘r?gngodsagg':lgn agégllﬁilénst]tb egtcl?{:lgﬁltngbr onchus and a third seal in the
hyparterd al bronchus, the third seal allowing the third outlet to provide a

gas mxture to the mddle and tower | obes of the right lung and the second
and third seal ¢ ®ggdtmen cubedendoRfonghiaheatRradaP§a o Aoy enFFrase Bafeix Igfas

m xture to the , I - j.nf |l I ff
preferably encfdrjg?ggov%c%g%g g%%tr?gﬁg)lﬂ% ?‘g%adéﬁgg?sllégg%ﬁlﬁ%gaﬁ%@rs?%{%?’ Ogntﬁ%
bronchus and t bbby psuid sspasdie BivesnaiiuempiSingtthd corApise gposshbh@ng part of

manuf acture triple lumen catheters with inflatable cuffs as descri bed above
wh~; 1 h are adapii¢despHAQEHEYSENyas ni xtures to the right lung, the ;:peer
Lobe of,<the left lung and the | ower | obe of the |eft lung, although for
technical reasons it is |less convenient. 25 According to the present

invention the raRsHmARENTeaBingPykemRI6Y sUpbBOik differénominaredit@eachubipeh ocan be
made at short intervals for an extended period of tinme, while avoiding the
probl ens of resdiqd awlidymen calirserms ke saspeiatesand the BRNGRER PFASPHTEN y and t he
cal cul ations

two or more gas delivery systems for providing gas mixtures to said two or more

20 breathing systems,

sampling means for sampling (i) inspired and expired gas in each division and/or

(ii) the fresh flow gas and the exhaust gas of each division, and
25 gas analyser for determining concentrations of gases in said samples,

a flow determining means for determining flow rates of (i) said inspired and

exptred gas and/or (i) said fresh flow gas and exhaust gas and,

30 processing system for calculating pulmonary blood flow from said determined

concentrations and flow rates.
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may be perfot~rned using appropriate software on a conputer 30 Anaesthesia
is normally given through a single anaesthetic breathing s%sg g&pR %Maver
the SIJBSTITLTTE SHEET (Rul e 26) 2 3 APR 2002 PcT~AU g 7%/

~OPERLAUC: 'wd sM8B¥sW sPE =9;7;r3 00 7 1 i -, ~1r. z 'v dcemtbwodipresent
i nvention involves the use of nore than one breathing system Satisfactory
results are obtainable with two breathing systens, however nore accurate
results can be obtained with three. Further inprovenent is theoretically
possible with nore than three breathing systens. 5 Each breathing system
delivers to the subject its own individual adjustable ventilating gas

m xture to one division of the subject's alveolar volune through its

parti cul ar Oneansthodbf ¢riderity tiactheadas trigeres hée Spphedatoseth Upnensuhe sarhd afte
every part of the total alveolar gas volune (i. e. the conplete gas
exchangi ngashihe sameefal pressyre istoHeE 3 Pa-Bnd-dRa &P EFR240E Miith et b Braafiitigh one
or other o i,r diyi Si r i Nt ough
more. 1 han OGP InE vEhRR of Shpr ok Jebrith G, SEC QA BEbY

possi bl e i for@phchrérisThi @k rae dneGredserelof GaIREd gersappiaso tHblufiens st el @feter
exanmpl e of such an_arrangenent, readily achievable with existing

anaest hef i wodd besivident torpapersoposkdipdHn @iaarsi ons, namely the left lung and the
right lung. After placenent of a conventional endobronchial doubl e-cuffed)
doubl e-1 unmen catheter (a 20 "double |unmen tube"” - e. g. Bronchocath or

Rober t shawy {syiak dof thef the defiiedadpPartahi® is h@thdssehtiNdorBe GaRd nieghodestt i | at ed
witth entirely separate gas m xtures adm ni stered through entirely separate

br eat hi ng gaseremenkdriined apausd bulrepresersna Paisalagy sofiveaisnt geparauppiefuliy a

dedi cat ed s delivery s m ternatively a custom nade doubl e | unen
t ube whi cﬁ’g%é?ﬁl&f:ar?@sl%{j '%éa}&teﬁlgﬁgﬁi ght upper lung | obe and (2) the renainder

of the reespiratory system 25 could readily be designed along the |ines of
previously mentioned triple lumen tube but with conbined first and third
| urens. THadaboneiual camehvhaving Borethhs tve YNl ate afyebandoregessent s thigdt he

cardi ac outpu ight be,. by way of.exanpl e) a patient. undergoi ener al
anaest hes iag)%g#}ﬁ%grqs%rgrx{weéggn.mP Qﬁicugigly fﬁ(“%{flfrrgiﬂts 5%t 8%°€‘§f2%? .‘rn[?’ﬁ%?‘ﬂﬁl's case
N20, bei n@idh QIFRATNOSSrofichidl WdheleP hePihkdel 10ehd1g tO the AR9~NDCD Sf-tE~~'T
~P~~~1I'~1 | Z ~ APR zoo2 - T f' OHCRvvtJl:'~C4ARU4,: vf~L =~ ~ Y.i _ g _
f~ ~~ f~ patient's anaesthetic state, but this need not necessarily be so

for other ,inert gases . . . . .
q% Accordingty in a fourth aspect of the invention there is provided a triple lumen, cuffed
endobronchial catheter for providing separate gas mixtures to each of three separate
divisions of the respiratory system of a subject, said three divisions comprising the

complete gas exchanging part of said respiratory system, said catheter comprising:

20 a primary tube having three lumens adapted to be inserted within the trachea of a
subject, each of said lumens opening at a top end thereof intc a connector tube
adapted to be connected to a breathing system, and opening at a bottom end thereof

into an outlet for delivering a gas mixture to one of said divisions,

25 one or more inflatable cuffs located about said primary tube and/or said outlets
adapted to form seals within the respiratory system such that each outlet is capable
of delivering a gas mixture to one of said three separate divisions in isolation from

each of the other divisions.

30
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In this case the total alveolar volune is divided into two divisions,
nanmely the left lung and the right lung and the airway is I|$@mﬂr gzlded
into two divisions, one for each lung. 5 Each lung is then ventilated with
a gas nlxtUME)ﬁmmphled toit by its own breathing system ARyTwapkeie
breat hi ng system would suffice. In a typical arrangenent used for general
anaest hesia there woul d be inflowinto the breathing system of conponent
gases under the control of the anaest het I st by a needl e valve for each. In
this case two of the conponents 10 would be OZ (used in all cases) and N20.
The anaestheti st generally observes the flow rate of each gas flow he
controls by neans of a gas rotaneter or other continuously neasuring

f1 ownet er.  THee buttehmidyrite a/epearms Feyiubo iy 4 SHOR fehW ik AR ep&inag.Jpr delivering me

to absorb the CQZ 15 duced the i clo

cl osed ci rcl%asa{’E%B‘r’Bé‘f gi/"é“t“e’?“rg %E%%&g}ém,&lr egmtln}i%v(grl @gf’h'g&?r)hi@ gl{he
contain Sod ubm% %eg.n eF(ﬁ:Hh@ﬁ%PaslM%Et?HFthé\ph%a% uide ot @B eesh dpeRmhgl if tﬁche
Hunphr ey A ow mul t1 pur pose breat hing system adaptable to both

soda-I|ime ahﬁ)abpt&rmlmfarlutrmnl\/apl eson A or Mapl eson D systens w thout
soda-lime._ (An advantage of this make is a low circuit volunme nmade possible
by its 20 ¥ 1 exi bl e-t ube desi gn. It can also be readily converted from

spont aneous i f

preferred t)}g]e |EQ lﬁgeﬂgﬁﬁe&egr}dggf Y‘lcﬁ}gmg%}%xeerrgr\%\%gb by tzﬁ%flggglﬁ)bggggt w
from the gaabelelthe prisnasy abermd ab@lestbe bimeets whighnasdapiedgadormnd stdhevidpiheat ory
gas'is the sane as the 25 exhaust gas. Except in a conpletely closed system

every breat hrahlﬁfasystem possesses a spill-valve to vent excess gas, i.e.
exhaust gas, fromthe circuit either under manual control or acting
automatically. 30 /. - : ~11~4i~~ .iJ.. . ~Ji (...,~~ 1" u~lll-~U

2 3 APR 2001 Wﬁhﬁl&laﬂ&%&etreaﬂ efﬁbodttj&it&ﬁmplé ldﬁac:hcdmhceatxhclngessystsemﬂmble
connect to the external opening of one of the Iu ns Ow‘ﬁtfge mul ti-1lunen

endobr onchi &4t @xdeseribed attpgsat Fgmt?ina“% VHRRcEE B 1p tfélale Prarshetwean e a
cat heter moypt axaﬂtﬁﬁitgllt fﬁyﬁgrﬁﬂhga%ee%aésﬁ dtb pteq W8 rdRhid L M@th LAGH the

i nspl ration, expl re explration.

preferred fl@ﬂim't@flalt thenahwemtaltmm seab hidy\sing httdeeurbroaaérhb IPgoEYS b gas maxrdret ibr ee
di visions of the resplratorg system One nethod of doing this entails the

use of a sniieimiddigrnad dowerp @omfth'éf(’lgb’l 'é“&&'t‘qtﬁ‘teéf%oi’é 3d SEdi saabipegher or
Ut 1158 i e TR R o el R BIRE BB TR Wit Dl B8 M1

fluid. The top end cones out near the top end of the | ar ger tube through an
opening in its side, ensurlntg there are no | eaks fromthe |arger tube at
P

the point ofhesecond miatablesguff piskrsaliysnsirckesae secondpwint 2p4 ‘Shémhli‘nt@e &8t t he
| ar ger tube gr{rf)ﬁ%'sgﬂ&' o JPB'E%I blll The ot her 15 lumen of the double

| umen tube lt‘nun rons™as atl on to the double |unmen system
descri bed above.

20 It is also possible to manufacture triple lumen catheters with inflatable cuffs as described
above which are adapted to supply gas mixtures to the right lung, the upper lobe of (he left
lung and the lower lobe of the left lung, although for technical reasons 1t is less

convenient.

25 According to the present invention the measurement of pulmonary blood flow or cardiac
output can be made at short intervals for an extended period of time, while avoiding the
problems of recirculatton. The measurements can be made rapidly and the calculations

may be performed using appropriate software on a computer

30 Anaesthesia is normally given through a single anaesthetic breathing system, however the
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A siml.ar procedure can be carried out with two such smafl3 ARRMDEZ passed

t hrough a cuffed endotracheal tube. 20 The small dial'n fedsi -
;i bl ~ catheter r~~ay be) for exanple, a Faley's uri nary?gg{ Lg't%r?c/r QEO 7 1 /
Swan- Ganz catheter or simlar or customnade type The preferred for .w\ofwd!\_ 1903
subdi vi di ng VaHEPRE Foft"df the al veol ar vol ume into three divisionst 25" A
consists of a custom nmade preforned triple-lunmen catheter anal ogous In
structure to a double lunmen tube. This is terned a "triple |unmen tube" or
"triple lunmen catheter”™ A triple lunmen tube is preferred to the

t hree-di vi sion net hods descri bed above because its position in the

patient's bronchial fr

. eewgan ge checked [g%?fi b eo&lti (o b{gonc 0832}%23/ Wnerleas
30 a cuf f e @ FLRPFUIOBINHEY & the 4569 LPAL AL Preaniis ¥SMy oo HHsiRtory gesults
) Ci - _ .
1o b s o e R e TR bvoEibing S Goii Sy hfbre Blourard rehu AR O0SEHOR

f 1 exi bi | it withThiez. Fapthéreifiprdventeno sotherehenllgfpodile sieninoge hibin shrbe brvatiisg t hat
branches off the lumen of the bronchus in which the inflated cuff of the
catheter |PF¥&msthis will cause collapse of a segnent of a Lung. Though this
may happgn Wi t hout serious inmmediate effects, in the presence of |ung
pathology it could possibly cause e. g. local 5 infection or other | ocal
pat hol ogy EficH hreathfpasktehfddivershs thobubfust Y oAl AITRIdAAISadRYabNE v iR 2

usi ng techni ques known to the art, e. g. using appropriate gas sanpling and
anal ysi ng migtipentertne didsion of Teesubprak elveolapxanmeitioupli ito partisnlanbranchfoft he
gas specie y the subject, fromthe fresh gas flow) "FGFgas", between its
poi nt of e Ryor;qlﬂaétqeﬁe systemand its point of exit fromthe systemin the
exhaust gas flow, "EXHgas". (ii) The end-tidal concentrations of one or
nore of the inert soluble gases present. 15 In a preferred enbodi ment the
upt ake 00 Suchreict-ap enfureadiat sepapait of gastosihalveslar fiasovolene . &ratbmpkte
nmeasured at the external end of the divisional |unen of the endobronchi al

t ube. The Zascexrhanggenart ofsthe SesRIrpORE: FYFtamdr wassbaing wiilated Hirpughone anther.  The
term "upt ake; . ei th M n Letion, .excretion
being a ne%ﬁ;tpf @Zwégﬁﬁ'éagrﬁs,?gt é%bgljl’t(g’ag%?lg ‘{égiflgieerﬂliﬁnré)ggﬁpgﬁé aE.lcogl%sﬁng‘gﬁ?/abl y

i nproves tdigisiods PRiESRirhber®f QficH MiQisfonk &Which B Wobible ISy BRI by fechrfeali t S
responsi veness to transient or rapid changes of the cardiac output, but the
cardi ac ouwpsiderationsd still be neasured, though with a slower response tine
if thi 31%5 | atter neasurenent were omtted. The arrangenent described bel ow

foll ows'1he usual anaesthetic equi pnent pattern: Each divisional alveolar
vol ume mayrHagssBle¥karplOdt RRAYR aﬂ%ﬂgﬁﬁrﬁ eBlil gﬁ’év B! iMeEY, esthetl
consi sting of u?gp?ar afqg{psour ces of ga o’wr, olr?ga or aeachl typlcsaé%féléaés, é:ach

with a O -eduipment,Fras two such divisions, namely the left lung and the right lung.

After placement of a conventional endobronchial double-cuffed, double-lumen catheter (a
20 "double lumen tube” - e.g. Bronchocath or Robertshaw type) the left lung and the right
lung may each be ventilated with entirely separate gas mixtures administered through
entirely separate breathing systems each served by its own separate fresh gas supply by a
dedicated gas delivery system. Alternatively a custom made double lumen tube which
ventilates (1) the right upper lung lobe and (2) the remainder of the respiratory system
25 could readily be designed along the lines of previously mentioned triple lumen tube but

with combined first and third lumens.

The subject on whom this method is being used to determine the cardiac output might be,
by w'ay of example, a patient undergoing general anaesthesia and the inert gas might be

30 nitrous oxide (N,0O). In this case N,O, being an anaesthetic drug, is contributing to the
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g7i oc~~I1l~"1:nL~ ~u~j~flowcontrol and, foﬁi&f@@aﬁ%sons,
a visual nonitor of the instantaneous flowate of each of,6 the separate gas
flows. These gas flows are joined together in a single mxed fl'ow and pas$
to a breat hi'ngryystem™ FThe breathing systemallows the inspiratory gas "
nmixture to enter and | eave the divisiong.alveolar volume either by/normal--.
breathing action, or 5 (preferred) by the action of a ventilator. The =~ =~ '~
exhaust gas | eaves the breathing systemat sone point in it. The preferred
point of exit is fromthe ventilator reservoir bag (concertina bag) in the
case of the bag-in-a-box type ventilator. Gas in the hreathing system

enters one PAREW semagsthaticstalg, ik this erd, not REsessasdy g S Y Ofber e Baeer each
gas delivery systeni breathing system conbinati on, and enters the divisional

al veol ar volune during inspiration. It |eaves again during expiration. As

it enters apfipxédss the@edl WRRolat WBRniehs dBdded Bl i Gididonstnaandy aRaki @tk at a
continuous snall rate. Were a separate flow neasuring device is in use for
measuri ng bamtythaptghk &mg antd the aiavay isgikevdseadivided ovatwe divisiens, poe farteabke lung.
system uptakes, sanmpling for gas analysis and 15 separate fl ow neasurenent
devi ces y be at two locations - (1) in the gas delivery system between

the union ofadd BN ihert GARIALE Wil LHnftE dubdiRd 40 BN AMN Bﬁlﬂrgg?ﬁ&/n?r

(2) in the tube adi ng away exhaust gas. Wiether uptakes are bel

measur ed beAigerktible bieathirly SySlegawoald duffiteighsa (yplicl errafpesiest asedupt péeesil or
between the divisional inspiratory flow and expiratory flow of every breath

(body upt akanagsthesi @efeswenld b defley intayhe brgatingcsemefecompoary satesndantst s

can be made, Th yan .of ' t 0 wh system

upt akes is ©RYP F?ﬁ%eggé%gﬁggt bzyg? ﬁ ?e'réieé ?agvé)gbg%éé#mbg{égﬁss%ﬁ?eh‘éo 8fr)1+h§ c\%\pﬁﬂ%ms
buf feri ngo GheNg®e i, (LR idli Vi cabdNahd NeOPI Fit Dhystiseist Sy Wiervédtht TR ARE
of whol e system uptiakes the vol une buffer also includes the volunme of the
di vi si onal dfreaeht pasnfiow e controlT iy aeinsaat ages witameiesar other contheouslysmeasuring
uptakes is hat they are nore easily perfornmed 30 because thorough m xing
of the gas T9"90ECan be nore easily secured and therefore greater - |
=i~~~ ~'~"0 98118383 - 12 accuracy is achieved. 2 3 APR 2002 t'CT/A
C 97/0071" As there is a trade-off between the advantages, the preferred
ar r angemnmentThesréahing agstems may contain fresh canisters of soda-lime to absorb the CO,

15 produced by the patient, for example semi-closed or closed circle absorber systems (SCCA
or CCA). Alternatively they may not contain soda-lime, e.g. Mapleson systems A to E.
A preferred type is the Humphrey ADE low-flow multipurpose breathing system,
adaptable to both soda-lime absorption or to Mapleson A or Mapleson D systems without
soda-lime. (An advantage of this make is a low circuit volume made possible by its

20 flexible-tube design. It can also be readily converted from spontaneous breathing mode to

IPPV mode by flicking a switch.)

The most preferred type is the non-rebreathing system whereby the fresh gas flow from
the gas delivery system is also the inspiratory gas and the expiratory gas is the same as the

25 exhaust gas.

Except in a completely closed system every breathing system possesses a spill-valve to
vent excess gas, i.e. exhaust gas, from the circuit either under manual control or acting
automatically.

30
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whol e system upt akes and body uptakes in conmbination. Thls allows an
opti mumresultant 5 accuracy and response. Exanples of met hzg Agg
measuri ng the necessary uptakes are given below Each of th thgg may
be applied (@ &ishgr whol e system uptakes or body uptakes, ang.@bifer-in
whole or in part. The term"inflow' apples either to divisional FGFgas or
to divisional 10 inspiratory t7ow in this section according to context, and
simlarly "outflow' applies to EXHgas ot’to divisional expiratory flow The
use of flow nmeasuring devices 15 Exanpl es of flow nmeasuring devices include
t he pneunot achograph, the hot wre anenoneter and the turbine anenoneter.
O her devices which neasure gas flow accurately are also suitable. The
response ti WEa&fbrEzhﬁinEIsﬂytemeﬁ@wdnngctdevﬂmtdmalroepbmimgrof ohé of the Ifilneny @fthgas
changes over 20 tine. The response tine is preferably such that the device
i s capabl e ohulticlumenieadolrpeshial isathges wuabeyiyp 2 CORBHYI AN PG| vehiek 815 iB@udd #res
Wil result | ven | onger .upt ak I D case _of whole
ek ipinty ArvrtBE S o BRC S Eah e PRl Bk Bt ARl i

syst em upt aké ween“rnspira € atory

measur enment %xhﬁed b& masthepvapaddng pk@ileidnr endering them usel ess unl ess
special breathing circuitry 1s enployed. 25 In this regard inspiratory and

expi ratoryb sanpling Lines nay be connected between the inspiratory and
expiratory ljnmbs res ctive!b .of an | PPV breat.hi ng. system and . a gas. .

el veer. s BrsIGrTamdnoh % ifventh wab st R e MBI RER B8 uBef B e

W th the vegtifeairadtoRykdtat sanpling and analysis of the inspired gas is
trirggered when the 30 ventilator is in its inspiratory phase and vice
versa. This could be achi eved by an SUBSTI TUTE SHEET (Rul e 26) W O

98/L8383 _1; 2 3 002 .t ~cr/~~r~~,/yo~i ~ ropri at.e conbi nati on of
sol enoi d vaPPesed pladnpts sipihe e gl ot BRRRE BAGG 53 S3naith: o
control uni haddkti &dwh 8ncoObHENBERH ofitddduBR MEBA InlRt O 1 ORRKAE 48 fhele the
i nstrunment response tinme is conpatible with fl ow changes, the rapid

response 5 hihgtungl it ol geemsiurthergandetie ceff mflatdsiewinls @ dninmmwo vplunet oforir wi t h a
rapi d gas apal,yser (RGA) to yield flowate signals of individual gas. .
speci es (Vxﬁu’lgor xtéﬂﬁpéc%f?%ﬁy%[ﬁeﬁret eé‘?pg?{’éllosflstg?gé rft?tberﬁhécﬁ‘g. WIMBEIRYS t he
gas m xt ur esiganens@iigehertaré Rsliieak s Bam malwg@r t@be fxthé pb@ bf 8at.1 FAGLmall wbe
concentration in the gas m xture of gas x) 10 This stream nay be conbi ned

with a cor resgitas ngpgeenesmnoflung argl thylargérgnbd therreprisdemefi thet lungt he atheous

inspirati or expirati si gnal s. respecti,vel. rom such t]o asuring
devi ce sﬂxg HUEWBP?%&“QI%QH@F%W%WF%ER d??BPK%@'ﬂJﬁ op i fhe “meﬁﬁmﬁnsi gnal
fromthe deykeg: dBYriedCPgput ati onal process the FX signals fromthe RGA nay

be nultipliéd by the corresponding V, or V~ signals fromthe device to form
a resultant 15 stream of signals) each representing the instantaneous

fl t f x. int t of the. subj 's divisi |, ai d al I

vol une, V. Simbisproqetgalir iR eh gt Bt ol Eadin it diafel Buer

the tinme intgfedahd@fachBasSiHeeent, t, gives the volune of x that has passed
\Y VT

over this tinme V.~x or Ex. 20 The tinme interval chosen is conveniently
the durafdon of inspiration or the duration of

The small diameter cuffed flexible catheter may be, for example, a Foley's urinary

catheter or a Swan-Ganz catheter or similar or custom-made type

The preferred form of subdividing ventilation of the alveolar volume nto three divisions
25 consists of a custom-made preformed triple-lumen catheter analogous 1n structure to a

double lumen tube. This is termed a "triple lumen tube" or “triple lumen catheter"”.
A triple lumen tube is preferred to the three-division methods described above because its

position in the patient's bronchial tree can be checked by fibreoptic bronchoscopy whereas

30 a cuffed flexible catheter is placed blindly and is also prone to migration after placement
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expiration in the case of belly uptakes, the instrunent detectigggt pr%
changeover nonent frominspiration to expiration as thefnnnea@mzf r W
separating positive (inward) values of flow fromnegative (o rA) 0@e§.1
25 If the inward passing and outward passing volunes of x are thus neasured
with each breath.lher:.the difference between themis the uptake SéahJ@?FQ)
breath, UTx The rate of uptake of x, Ux, is UTx multiplied by th C 19983
respiratory rate, RR Alternatively Ux ¥ay be determined nore directly by
taki ng the average of (V~-V~,~ evaluated over an integral nunber of
respiratory cycles. 30 RECTIFI ED SHEET (Rul e 91) 2 3 APR 2002 ~. w~U~7104~
~ ~r oF~ea ~uc~~aa~m sPf =Y7~S.i - 14 Algebraically: Vix = Fx' VI and VEx
= FX' VE t becatse of [is*teRibriey. “’H\iyﬁﬁy‘r@hlt\'fﬁ&cbfﬁﬁioﬂf&le\%ﬁin%f“aTbﬁ‘focﬂuQ tidre

use of an insoluble gas to neasure flow,, n 1. ,i An insoluble gas,
"mar ker gadiranahasoffehativesh et the bednehabyinkwivivkn tiel ioflatad e ff\ofthdeathater lgas. This

inflow, is allowed to mx radially and is_then sanpled periodically by a
gas anal yserill cpuge eallapgs off a soggignt %@%P‘{B‘E SE{?PEE/FQIS g@ﬁwgw 'SCEPUPar ker
where FI", ~~k= .| f. i i d. 20
T the samiriy48eos Jh FLbaRER: CERAEHRIBIA Y SoulBOARly SaRCTERIEAL (2ot
the VI signaestidibyr diferised pathofoggdhltle longerstaie. Wway as the V- signals

generated by a flow nmeasuring device and uptakes of any gas of interest may
be neasured on a breath to breath basis. 25 To achieve this end, expiratory

fl [ I d. i. : d K h
paci co. of TRMRRUBNE Pobierss ST HoRike BURE SnBaREY Kol e §Fps R EThE
far beyondaw}gpﬁmg%rag@imlﬂn%Q{d@ag,sﬁ?@qmpg{éﬂ{ lumen of the nmufti-lumen tube
may be tlan~Ced by two nmarKer gas 'delivery ports to the airway, one on each

side. The di stance between each port and the sanpling point is suftic~ent
to all ow radi al Igigxin of marker 30 gas in the gasfl ow. =

| .= ~A, ~ ' ~"] 2 3
APR 2002°WP o5/ THa HBtale-or paeectaon or maefaf |k BFpeden By theesubiegt: Eam texi ¢
i nsol ubl e gas. f o 6L @ ' ' BLr JandE ;
sul phur hexaf| u§>ré ?r{;g%selﬁ%\g’n an rra’n%ﬁ?ggswﬁ%;ﬁ%toﬁéayﬁﬁﬂgﬁgltg%mt
conveni ent concef¢xiafromnthe akdtéry in tecexhawsdgnd flowdYEXKHgasle stores in the case
of a gas found naturally in the atnosphere. This applies particularly to
nitrogen but if trace 5 concentrations are to be used it nmay apply to other

o ston pungi & K¢ SEAG BT RARE: SRS ot o o8 ORRR ESESRiProct i on

is madeifor conpliance within the breathing system Another nore common
exanple is the concertina bag of a bag--n-a-box ventilator where the vol une
of gas del ivepreferigd embodimgntahe uptake etjexcacting dfyeash sapatait gasdpesies fromedctie

t he box. VIe al so be asured b | upe di spl ace t er eby, .
Spi T ot et DB ISRIHRIES Aepe BRETELATY of PRV S OROORRERAT Ble HapoBthiELubE ¢ o
function tkerepmoBidpeiAlsed REQM ARG U5 bie fRpiPiSAL &Yy PRY lepRlaptRY" By eat he
into and out of a spironeter. In all these cases,” spironeter

used herein refers to both uptake and excretion, excretion being a negative value of

20 uptake.

This latter measurement considerably improves the response time of the cardiac output
measurement, i.e. its responsiveness to transient or rapid changes of the cardiac output,
but the cardiac output could still be measured, though with a slower response time if this

25 latter measurement were omitted.
The arrangement described below follows the usual anaesthetic equipment pattern:
Each divisional alveolar volume may be served, from above downward, by a gas delivery

30 system, consisting of separate sources of gas flow, one for each type of gas, each with a
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or , bag di spl acenent may be transduced into an electrical signai for the

pur poses of further cal culations. M xing devices 20 F,n, l ktt 23dARR 2002
measurenents nay be considerably sinplified if discrete vglunmes o&nga ﬁre] .
m xed | ongi tudinally before neasurenent because then conp Bn ti): 1 :
processes angd. fastnl.6sponse tinmes can be dispensed with. 25 M xing may be.-.
performed by passing the flows of gas through m xi ng boxes, or by %%’iYPFn@da
themby e. g. a fan, or enploying otherllsinilar means of either mechani cal
baffl es or active mxing. 30 tc~t~cn cu~~~r rv"tA o~ v 2 3 APR Z002 CVO
98A8383 _| Constraining to uniformflowate ("CI";:1(~97i UU71" |f

i nspiration and expiration occur at a constant tlowate and a sufficiently

| ar ge numbeilowhofRS MBatorSafepreassids viuhl menikdio AR RnahedusFlongh® drreaat h.
sinple inspiratory or 5 expiratory averaging of multiple values for

F', a~ke~ arof thésepargn gds dewe. hEhesalgas flawis are pinedetegetheran sfsenglhmixedsowiand

time in this case is exactly equivalent to unit vol une.. Suggest ed gas
anal ysi s t dafmioqursathinecsysielon s brea wsmﬂ@%@swpgaogggﬁwl@wﬂ%m e

techni que ?gﬁer in(fi 9%1% ﬂIe digRloR §eoq{|}a&l%§xjn§ gf@éﬁ&ﬁ{r@%ﬁrﬁ?b&mir@e&hoﬂ%@ by

reason of fapi d response rate to chan y averdaging, giving a

nore prec gsreftec) By Miad ddtion 0Bl veahlatborRPhedang® pas Ravesdhe bRathing system at
spectroneters) infrared spectroneters, photoacoustic_devices, paramagnetic
and par amagefee peinaéwitstThe prefered ok af Reifrimiramthe sentdafar feservair bag

Cal cul ation of The ratjos of .02 upt.akes o ubdi.vi si ons of the total
al veol ar v&‘io& Q?Qa%?slgt}h%ﬁaSF8f§ECC A VPR QPF‘QE‘?“I?#Q& r relative pul nonary
bl ood flows. This will certainly be true if pulse 20 oxinmetry shows a high

haenogl obin OZ saturation (e.g. 95% 100% . (Pulse oxinetry is universally
used as a Gnir theibrepthing aystem ehters smevienehyofial thulsinldmen aalst, ere beidg pati ent s.

b oxygaRaREiFIoBgah B RaHeT nuseBtRrsyRge e oSt TNLTRGS Bg0i ng
measur emengs; i bREoIa ol HuringspidBbH B lefdes GB4n RErAZLEMEADLET ASic

fol | ows.
enters and exits the tube lumen the gas may be sampled and analysed at a continuous smail

rate. Where a separate flow measuring device is in use for measuring body uptakes, it is

also preferably located here. For whole system uptakes, sampling for gas analysis and
15 separate flow measurement devices may be at two locations - (1) in the gas delivery

system, between the union of flows of separate gas flows and the common gas outlet

and/or (2) in the tube leading away exhaust gas.

Whether uptakes are being measured between divisional FGFgas and EXHgas (whole
20 system uptakes) or between the divisional inspiratory flow and expiratory flow of every
breath (body uptakes) there is a range of ways by which these uptake measurements can be

made.

The advantage of measuring body uptakes over whole system uptakes is that the response
25 time is faster because the only volume buffering change is the divisional respiratory
system volume. In the case of whole system uptakes the volume buffer also includes the

volume of the divisional breathing system.

The advantage of measuring whole system uptakes is that they are more easily performed
30 because thorough mixing of the gas flows can be more easily secured and therefore greater
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The calculations will be illustrated by reference to the two division nodel

previously outlined but correspondi ng equations exist to ap
nunber of divisions. For the 30 purpose of the follow ng na%gnéPRg@ﬁz

di scussion \N&@S/Y\Hs!s be used as the type gas but any ..... s PCT/AEITIOTLT - « - - )
e -, .n..t" clw w0 98118383 _ 1; _ soluble inert gas "x" wll also
give a valid result. 2 3 APR 2002 1'CT; -~I~")A(10? i " J f The uptakes of

N20 (UN~oL and UNZOR) for the left and ¥i-ght |ungs respectively are
governed by their respective alveolar fractional partial pressures of N20
(FA, ~~oL and 5 FAh20R ), the m xed venous fractional pressure of NCO
(FYN20o)) the Gstwald solubility P f coefficient for NZO h, and the

respect we |a0grashad fhickedt he cardi ac output (Q-L and Q-R): s ~~"2()~ "L
~ (FANZUL FVh2p ) ... 1 f s UNZOH =Qcu ~ (Fnn~oH - F~~r ~0)

........ . +.....2 10 The respectwe uptakes mthe left and right |ungs

é.re measur e . i mul t aneou so that FvN2o is the sa in each. The nost
effective @1555 s tﬁf’é’(é-?ﬁgefﬁ?ﬂﬁ‘(‘iﬁdéﬂwﬁﬁh@% P eef‘éﬁ’ %@Wepﬁ@ Pl Mratties are
as 15 wi delyhoieRateh ﬁHtaf(Esode%ﬁg uPfaRES 1n3DdREBbR! Shid NoWsI ophithiR¥dslli SR
N20 transfer inthe lungs and thereby make N20 uptake nmeasurenents nore
preci se. Prefuragbind esponkeing i s ventilated with a gas m xture containi ng

60% to 80% of NZO (soluble inert gas) white the other lung is ventil ated
with a gas m xture containing 0-20% NCO, preferably 0% More preferably one

lung is vemgl | ' LNy 5o 1 YNz 0
Bp( nmHQ) m%??ﬂga{eﬁgfmeﬁ%rd glfﬂﬁge@sﬁ{%gﬁ lﬁg{%%yvl\;b 'Eb%eigrg?g& Wu“r/'e%g%%? gfhglgeng

no N~O. Pr efedrodbimayt eeapplied topgigiet whelewgystakelptakener badygumakes nagladiihee inupt ake
(excretion the other_25 lung.. The ratio of the res i ve oxygen
upt akes, L?"bgf,e,qé '8 Rt UOE t?ﬂ%qf’}ﬂpy t2RBlIE GKEheTlo lw,SlOfl%!fF.e(g!ngapzp( 0 dipigiqnan

~1 -1 FET 18 iddbifarod flow 1 e Rl adddedng WP&nekl! sdCaRubey QRN aSpfiRshows: 3

EXHgas or to divisional expiratory flow
The use of flow measuring devices

15 Examples of flow measuring devices include the pneumotachograph, the hot wire
anemometer and the turbine anemometer. Other devices which measure gas flow

accurately are also suitable.

The response time of the flow measuring device 1s relevant if the flow of gas changes over
20 time. The response time 1s preferably such that the device 15 capable of following flow
changes clesely. Incompatible response times will result in even longer uptake
measurement times in the case of whole system uptakes. Contamination will occur
between inspiratory and expiratory measurements in the case of body uptakes rendering
them useless unless special breathing circuitry is employed.
25
In this regard inspiratory and expiratory sampling lines may be connected between the
inspiratory and expiratory limbs respectively of an I[PPV breathing system and a gas
analyser. Sampling and analysis of the gas muxtures could be coordinated with the
ventifator such that sampling and analysis of the inspired gas is triggered when the

30 ventilator is in its inspiratory phase and vice versa. This could be achieved by an
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23 April 2002 Under anaesthesia there could be areas of the lung that are
poorly ventilated so that the haenpgl obin of the bl ood passing through such
an area is less than 100% saturated with 5 oxygen when is pag AR 2002 o
the arteriakysygissgy The "Sp02" neasures the saturation in pheaoeral
systemand is a universal nonitor. If the Sp02 indicates that the

haenogl obin is saturated (Sp02=100% this indicates there are no poorly
ventilated areas. If this is the case (Wn’i'ch is usual) the uptake of oxygen
1 o fromany given area of the lung, or fromthe right lung to the |eft
lung is strictly proportional to the blood flow through that area of |ung.
Accordingly, a nethod of determ ning the relative pul nonary bl ood fl ow

t hrough an asmaopriat¢ vargbinstioreefSwiendid Vedvaseinaht venmhaggears whichkes opdratedhiysa
statenent is not true for the update of N20 or any ot her gas that does not
saturate a cedenogt conprobuit highcs caQrdinggsdoyith Hiery entlatai OBeraigkes | ess N20 s
taken up by poorly ventilated areas than by well ventil ated ones even if
the respective blood flows are equal, because N20 obeys Henry's | aw and
less of it divaseltemsirimbhieshonkefimt heesnpsibleasish flowtdhengekveelragid gespondeor e
of it when better regional ventilation produces nore in the 20 al veol ar gas
of that reyiodrhe flowInensemng-éevigeanalobe agd|iy camupftigneyth 2 sapihgas aelyse ESidde
haenogl obi n, i t? on(ﬁaznt.r at,iop. i.n .%)I 2odS i %C%I & s the sane All m xed venous
bl ood ret ur iP H5'd BOVFRLC pghals OF PGHIFURL BP¥FEC!St (Yhe body has the sane | evel
of desaturation at a particular nonent 25 in tinme (usually about 75%.
Therefore the uptake of 02 fromparticular places in the |Iung nmust depend
on the bl oodfof Exanplardaligitzadnsignapbtseaen Ham BnRGAHIMPHNE therass saigiuro eam20,

whi ch obeys Henry's L upt ak i .l depend hoth on the, regional bl.ood flow
fate and. onraet b Riia YHES e SHRBPRRs B i e ERLANG oA Mhae.
30 Ther efjor ¢his@q@&hir@@sbelconaaiamwﬁhatz@v:es@hemgiswérh@w%usvg@@nﬁent ain three
unknowns, nanely Q-R, Qm and Fv~T2o. 2 3 APR 2002 P~-C:'AUQg 7/ 00 71
7 P ~OPER~VIePGHENRD INGagRfeons UBp RN orjexpiration signals respettively fidowsuca tlowx L +
Q@R 5 The cal cul ations can be carr.ied out o i,ne by a .conputer.. The gbove
Set of o mireaEgsRuas SERRE SPLLERHBIm LB RGN B nedef B TBGN LugadT on
10 UN-OL | from ADEGRcd. By WQbknpuliddnalGRBkess AR 206 EANGORe HGA The gssertion
above that the nost effective values for FANZOR and FA ~20L are when the
two val ues mnbiplisd Wy dled soreependinge; di Vusigaalh fromhibe decgposionblaeresdanbe

d t d with the help of thi. tion. Th | f EANZOL, and
Facr DoR B Misirko aigfey Sadh Bpresating SRS Paco b Mok ek RE e, OB REBR wi 1
be as w del §ppRPauALEshaR8irReP 8hPhIfeAbSRIume NEObr 1Nd  frkd¥éERnlst (A8 rbdifiant

inspired fractional N20 concentration in the eft and right lungs 20

r espect i vel spreafnroXNFgDalsarver ANDERIntereal rpd asaaswampnt, t,hevaR@e selutigent x that has
concentration gf NZQEi nt exR}red gas at the end of expiration.) As these
two val ues TGl EESUHF daf separat ed the quantity (FA-, ZOL ' FANZOR)
beconmes smaller. As this is the difference between two nmeasured quantities
the relative error of 25 this difference becones greater and greater,

t endi ng 20@\Etrectime fintenivalychasen iEAbKEnienHn NxodR)rat@nefsinspretipn or thesduraweyofl i mi t

of zero. Therefore the errar §Pf2 Qé%al itg’ approaches i nf%ni as the end
expi rat ory BHEROR ¢ 51E oS PCRLUPBETo s B RN GEElUE BY ARFOEFY S RROPSHS

di vi si onal | : uhi i i i t he
i ght | ung) oA | TS e orhctt B SAR A Sopiafng Bofive TRARS

m xt ure | n vahies of alew iftom segadss (ditward) ones.

25 If the inward passing and outward passing volumes of x are thus measured with each
breath then the difference between them is the uptake with each breath, U;, The rate of
uptake of x, I'_Ix, is Uy, muitiplied by the respiratory rate, RR. Alternatively I.Jx may be
determined more directly by taking the average of (\‘/u—\'/Ex) evaluated over an integral
number of respiratory cycles.
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e 4 - '~~~ ~~cCc" ~. ..%"", | 2 3 ARR,2

98118383 PC fi.~<)710071'."' to calculate the cardiac output b afﬁeﬂﬁédﬂﬁz
separate sets of results and then conbi ne the neasured &adla auypggoz 1
each inert gas calculaUOn into a single value by weighting each accordi g 7
to its estippfed marain,.Qf error in the appropriate manner These ,, .
cal cul ations are preferably carried out by a conputer. 5 The douﬁzé lLumen’
endobronch~al cuffed tube may be nodified-into a triple |unmen tube The
third | unen may serve the right upper |obe bronchus or the | eft upper |obe
bronchus One advantage of a third lunmen is that it may be ventilated with
air or a gas mxture 10 containing insoluble gas The inflow of fresh gas to
a cl osed cigg%ﬁngﬁﬁﬁéhing system wi t hout soda-lime that is connected to the
third | unen u ion of the respiratory system ) could be cut oft for
prol onged penods because uptake fromit would be very sl ow because of the
presence of 4i nsol.ubl e gas. (Any gas renmoved fromthis systemthrough
sanpl i ng ne¥dsK ¥ be repl a¥¥d with i ¥sotii e gas or air. ) The m xed venous
partial 15 pressure of each gas dissolved in m xed venous bl ood woul d
rapidly conme int aﬁuilibriun1mﬁth t he gas, m t he rebreathing system of the
third lu fx ich s -lime isyom.ttedyso C02 is also in equilibrium
In this aggv?%e)nixéﬁ vengﬁg tensionémbfoélﬁw?elevant gases, which woul d be
of interest and value to the anaesthetist in their own right, could be
given to him This can be done by ventilating the dw sion and sanpling of
end-tidal gas. In 20 GddiMmoYrea di rect know edge of the partial pressure
fraction of the solug;q=bnqﬁ§ gas mthe m xed venous bl ood woul d increase

t he accuracy of the Q¥ determ nation when conpared with the independent
determ nation calculated as in the foregoing equations) and used to correct
it. 25 A further advantage of a third lunen is that it can reduce errors
associ atéd with a phenomenon called V/ Q mismatch. A theoretical assessnent
of the er;&r assogiated m%#h th ulnnq?my bl oodf | ow nmeasur ement nd~cates
that the jh8rusgt9 ragén%qlu &8P 12 qaﬂ%r&yo o reside tn VVQ msmatch 30 This
s an inperfection in |lung physiology which essentially inplies a failure
to match the g~t~FI ED SHEET (Rul e 91) ~.1~Z g A~Pr~ 2002 QQ7 17 Y
nOPCRbI JC~@aRubdluble Baky 'adarken gas 2. 1canvieradidedhet dsteasly knpsmyflqyonatel, 3h,,@f, tolae | ung
exactly to.its perfusion with blood., WJvl~. ~ | The term "perfusion”
Cofers to ilowoaraped B i E?Sb“llyrﬁnédﬁweaﬁwp%lpﬁﬂgaﬁﬁﬁﬂ Dhg fTy Thhe

l ung i s Re Sty WM t her unevenly such that the nbst dependent 5
parts o#gthgﬁlung?&%gggkgﬁg’kgmer parts, have a higher perfusion than those
not so dependent. A change in body position neans that any particul ar smal
region of the lungamill probably change its perfusion by reason of changi ng
its vertical di ¥3aYeew«fFamthe heart) which is the controlling factor. The
di stribution of blood flow throughout the lungs will change. 10 Along with
this there is also a change in the regional distribution of ventilation

whi ch qui t heteOsel Y i§ReGhRSiohiIRofbbARER0H bf hef gld Muasubbr mal |y al | parts of

Tmark

the lung have a ratio of ventilation to blood flow, the VVQratio, that is
approxi #ftely the sane, and normally about 0.8 at rest. This value of 0.8

is likely change, with exercise for exanple, but..its upiformty 1
changes. ilHF SEBPEEY M Pe g e e R ge e BeaseRs Bt Pt olenaRr v/ o
mat chi ng i f o SMiheal t i

ressura o e BEL il Excbap uRFeaRRNAY S0 TRIENGR celorh@R byl o P ML | ¢ he
dead spacedevienmidyupthieestofanyg lgaabf interest may be measured on a breath to breath basis.

25 To achieve this end, expiratory flows are most conveniently measured by using a second
marker gas (another species of insoluble gas). In one arrangement a single sampling point
not far beyond the external end of the divisional lumen of the multi-lumen tube may be
flanked by two marker gas delivery ports to the airway, one on each side. The distance
between each port and the sampling point 1s sufficient to allow radial mixing of marker

30 gas in the gasflow.
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tree, within which there is no gas exchange) is equal to the parti al
pressure of those gases in 20 the arterial blood. Mreover these parti al
pressures are the sane in all parts of the lung. V/Q matchi n BSAPRi 2002
close to pef\joesw%}lsis'? heal t hy young adult lungs. In chil dhoodP@thwa ohqt er
life it is ['ess perfect 25 In all people it is not perfect under
anaesthesia. Also in various forns of disease and even in such body states
as obesity it is likely to worsen Thus 4lf-all human patients under
anaesthesia V/Q msnmatch will be encountered, and when anaesthesia is
conbined with age factors, body weight, and body position (lying flat is
worse in this respect than sitting or standing) and the effect on the |ungs

of e.g smoki mrkéagiagé hRBN6 A6 AR-@xReioRRIe Bis. | ExA@leddst s3bh @{gspmem@éed 2
3 APR 2002 mA~g7/ 007 ~; "N ~.pea.ruc~.c.atuo.~c smzs ~,v~s It can be shown

mat hemat i cal hefiutrhatitrogent hegopr adpinodieailludhide meomand manpetipas.t itahaypbessdne of
a gas in the end-expired breath (aEXCI,udi ng degd s&ace gas,, anely the first
part of the ¥WHOPEIGHSIRINUAHI RS IHAFETOURE Dy tgsug §ores dn B’é?rctaF P HB¥ssure
in the arterg : J apj.: it o I actly
the sane. 5 ?‘:ldo}r?itg%? y ﬁgghelaaz?g%?%?tﬁgyg r%? a?}r(::tﬁleapgr#t) ﬁftﬂ%te {%;nggrt\rc?@g nunber
of publ i shedopameansoshoets basseddbimay apple emetier patsweeweli.he cardi ac out puts
measured by prior art gas uptake nethods of neasuring the cardi ac out put
and alternative nethods of neasuring it they have been tested against. The
present net RQFhuhe hiede igvib& capabl e of denonstrating reasonable 10
agreenent with existing net hoc}s that do not rely on gas exchange
(thernodilution being the nost widely used of these). A study in older and

si cker patients ere gﬁgrgﬁi abl e V/_me' smatch is expe%t ed has confirned
this. Howevem FRAPE TRAFHTY EEhWRALal RIFPBPYMY) IEARFEHRR'E WIER HEEIMS Avessiadie of

error thah Lheda é‘&ﬂ‘{'&ﬁbhuﬁﬂd dr cbRipREck QYR W redidth !

over come usi na olrlle 0 thelpossfl; t)lreC mgt %locgs lt %t ar%rtﬁp g%%ﬁéﬂﬂ%ﬁ“ﬂ% es
possi bl e. Wuorhmonekamplshs thg coocdrend bag dfedbaganidilmor wentitatdroviized trewetirhdat t he
invention will give nore reliable resué&)s i f@hr,ee al veal ar, vol une

di vi si ons a$%¥ %gﬁfareeﬁyt%gaﬁa%%nsbedﬁglaate Wi Er ARt SHPPaBside edwsr c\omendthe

probl em of Méﬁﬂ@gﬁﬁgﬂy% ﬂsusg{ei%nécpt%kmémwf%e@fagwo%e[ér-fmvé léﬂﬁg%g ubéy, &

phenonenon ex roning lungs. If we consider a young
adul t | yi ngori the tbrecestirpi bag MOsbd ¢amsed foduaction 1kesngpibmdics.c Spp@apukiet ween t he
FN2o, in_the case of, N20 (as a soluble inert gas), a sured by a gas
anal yser 17 nPrgatging PaLss Bay Deeathg W&ﬁ’ldh‘é‘té’ﬁa spiforg {-rgiggﬁ{esq:ca,sgszgplr%ge{ he
F~; ZO of 't hg b edidcBRbnd Mafb@lidhddleddRrol 4 W&ourifal Neral Br Ha farthBF
subj ect ishﬁr eg;zﬁgl?)ng a rgljasa}{finﬁxtrure %f ur(l)i formréorrplé%gi ti Bn i@{@gm ungs
The FN~o (afaldolatiod). can only be accurately 30 neasured by specialized
techni ques. The discrepancy is evaluated as A-aDNzO . .. . ..:; . ~" _
V... _ 23 APR 2002 ~r~t~v 9 ' j d 4 ~ '~ ~" P uJPERVALIC ~CARDI AC aPE
9'1y9 - 23 Mixine dévicess ~L ~ga If this discrepancy is sufficiently large it
w | | interfe#xén%vi twc? he accuracy of the neasurenent of Q- because the
equat i on2here Q- is derived contains the variables F~ZOL and F~ZOR The
vari abl es which are readily neasurable ar takenﬁgé)ibe equal to the

equi val ent Krari Al Boinggsurements may be considerably simpli f discrete volumes of gas are
mixed longitudinally before measurement because then complex mathematical processes

and fast response times can be dispensed with.

25 Mixing may be performed by passing the flows of gas through mixing boxes, or by
stirring them by e.g. a fan, or employing other similar means of either mechanical baffles

or active mixing.
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bl ood, , F~ZOL and F~20R and the equation referred to should be properly
witten with F~2oL 5 and F,NZOR in the place of F~ZOL and F~, 229R\PR t208pul d
be entirely inpractical to neasure the variables F, NZOR and F~ZCL directly
as this wouka 9smgadve sanpling bl ood fromthe pul nobnary vei ner/adeemrinsi de
t he chest. However this source of error can be entirely elimnated if all
alveoli in a single alveolar 10 division can be caused to have exactly the
same concentration of gases in them Thg usual situation is that there is a
spread of concentrations of FNZO within a division because there is a
spread of V/Qratios within the division. The term V/Q neans the ratio of
ventilation, V, that a particular alveolus gets to its perfusion, Q The
val ue of FAKoostraimiug té whiferm flowaatet ai ned gas mixture will be different
fromthat found within another 15 alveolus if the V/IQis different. 2.
Theory of bal anced uptake If however the conponent gases of the i nspired
gas m xtur ey 1B{bi Bﬁ'aﬁdjegﬂnrattxhﬁ owtat%Qoﬁﬁé&ﬂWrat@%éa shﬁ‘ﬂl % éﬁfrﬁ)er of
entering the ood at the sane relative rate that they are ered
to the al vepdsumalysesmrabmde dutitge theatoarsatof aisingle brieathe sitmpde g:apreao@rrﬁ t aken up

by the bl ood becones de en en .pgnl on_the bl oaq:flow The ventil ation
becones i rePHPRRY AHRIRE Beslor Camet A Ty SIPPIHIES dheccal@arianef mass

inspired g ed gas m xture
becore .deﬁﬁ“?aer‘%F%ﬁé%%ﬁgﬁrﬁﬁﬂ*@%ﬁ@?2’595%‘%%@“2‘%“&2”??.@*‘%re s
bal anced uptake. It can be descrl bed mat hematically and it is found that
for normal adult val ues of and whol e body Uoz, and Fv~, 20, may not be
more than AY8EeSkethEILARA lﬁ‘%*PCWqV§§ ue. 30 At this value of Fv,~ZO there is
one possi ble gas m xture that can be given to the subject that will produce
bal anced uptake. Below this value of FvN2o and right down to a zero val ue
of Fv,;zo ﬂmercen@nerarannuaya/ mMemse;i ﬂgl mw srmstpbleeazl:hga;ae mnxi fUrﬁﬁorOrfapr@Zgaand N20
that can be given to

ff
PCTI AU g 72nalysismay PI-OV‘dfrﬂherbEﬁ? data fy; E&‘@@&F&Sl (A aBlﬂcfeéiéfr’"?e ke 0 kaange and )" ~
PVRBoG f ofF ATEHAE" givlia Hblc pre&stucreinllodBh ML K SORENEMAT D | e

the PvN2o spesasmeevqlinfrited 3;7ectrbmetead phoOhcdusiiR devitdseparampgricgid ahd0 | evel )

rises fromzero in one mxture while it falls from80 % in the other,

beconi ng t PRFABASREtISACRNSND dewiges apd Rgmanscatier 29asers.o | i e between 60 and 70 %
5 For jeonpl ete bal anced uptake, carbon dioxide (C02) also nust be added

to the inspired gas njxture in physiological concentration. It has now been

di scover edCakealationeofa@nposi ti on of the right breathing m xture, the 10

"bal anced- upt ake"” m xture) can be cal culated froma know edge of both the

cardi ac output and the m xed venous fractional pressure of N20, FvN2o (and

al so the W@MQPF Bﬁﬁ@sn(;frsﬁbﬁlgmons ok tHeUb P abd1at rg&gxgwre BNaq Yol ues in

t he range present 1 n nost patients, every specrfl o

val ue t hergcarately w;ﬂqoo&mlrbblengaeulmmshlcbocbﬂws t”lhas wilbcdraigigbettine ippsisd bl e
rati os of nitrous oxide to oxygen in the balanced uptake m xture. This

bei ng t R@ @Bty shews high hae@oglgbin Hysaauen (e-8.i Bb ép%Pt éﬁ@%erlwew $rial
and error C&ﬁv&?zltlgrgustem %ﬂﬁn% h[tbrghf’aévg%ﬁnuf ana t e il ?1% OfIf the

two bal an k€ m Xtures unen "wou vent

segnent oftha hhétﬂ@gl@bmé@lz ftiration ik lmaghnghtdlm atioo rep b itoseh dﬂ éreuedaﬂonle
need for this arises because the value of FYvN2o needs to be kept stable

over tine @rmughribesubdidpens . control. Such a system ensures that the al veol ar
gas m xture in each conmpartnent (whole |ung or

25 From the foregoing measurements and the end-tidal F, . values, ()C can be calculated as

follows.

The calculations will be illustrated by reference to the two division model previously
outlined but corresponding equations exist to apply to any number of divisions. For the

30 purpose of the following mathematical discussion N,O will be used as the type gas but any
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segnent thereof) is uniformin conposition throughout that conpartnent and
that the 25 perfusing blood that | eaves the conpartnent (to zgﬁé&gbfe

bl ood | eaving the other two conpartnments and formthe arteri has
fracti onalwpnesssse val ues of N20 that are the sanme as theedNRm@h7ithe
breat hing gas m xture for the two bal anced uptake m xture conpartnents. 30
Accordingly it is believed that this inpovation would inprove the precision

and accuracy of the method very consi déf abl y. The invention will now be
described with reference to sone exanples and drawings which . _ , n. .._
, CvO 98118383 2 3 APR 2002 1'('."2'I v(;97/Ol; t" illustrate sone

preferred aspects of the present invention. However it is to be understood
t hat the paslubleuhent ghy"}df wilh@sagicoapahygiresgltexanpl es and drawi ngs is not to
supersede the generality of the preceding description of the invention. 5
In the drawings Figure 1 is a perspective view of a triple |lunen, cuffed

endobr onchi e ordi ng”to .t i I Lgur i,s, a parti al
Cross sect:r’gl%lgﬁ &P‘n%\,\‘,}@?#?ﬁgm@r%“& ”ﬂi)n@ﬁthgg%{@g{]&egggtf1%8545}5?%&%%%329ted m t he
respirat or yoveysddes) @birtrbPesivie] Bedolar Fr@H6R Bartidl PreSiud@ AN (FCQl,, and
representation of "apparatus useful for the neasurenent of pul nonary bl ood
f1 ow m asskhj,&ot thd 1Bixedfvensusrfoactiondl ipeessiurawi’ Ny© (g gy), ehdl Ostwaids scdutihifypl e

| umen cuffed_endobronchial catheter 1 having a primary tube 2 ewhiche

| ncl udes. t9RPEETIARNS bt 2 ?mseﬁqﬂvem@gt%g@é OEH}?e%é‘Y‘é%%UtP‘b‘r(%w eﬂﬁr Rixig

I ndi vi dual gas m xtures to the right upper |obe bronchus 3 feeding the
upper | obe of the right lung 4) the right hyparterial (or right truncal)
bronchus 5 feedigg Hg, 2(1szng1|:@\. and | ower |obes of the. right |ung 6, and
the left main bronchus (or left fung bronchus) 7 feeding the I ef~ |ung 8,
as shown in fiddne 2Q.8t (Fhgunt-Epu,gf primary tube 2 the.three Lumeng become
t hree i pdependent connector tubes 9, 10 and 11 which are |ocated outside

t he nou when the catheter is in position within 25 the trachea 12 of a
subj ect. Rk Rp¥cifidket $n RIS AnHER Bnfend rﬁe%sdremmaﬁéb%s@%etmﬁ of its
proxi mal half designed to overlie the tongue posteriorly dowm to the
glottis openpbny.thdsmeainsechhere is a tracheal cuff 14 which, when
positioned, lies entirely within trachea 12 and when infl ated through
intlation funnel 15 tirmy seals primary tube 2 within the 30 trachea 12.

9~~~D SHEfFhe Gidst Efrétlive values to use for Fayon and Fyyo, are when the two values are as
15 widely separated from each other as possible, in order to maximise N,O transfer in the
lungs and thereby make N,O uptake measurements more precise. Preferably one lung is
ventilated with a gas mixture containing 60% to 80% of N,O (soluble inert gas) while the
other lung is ventilated with a gas mixture containing 0-20% N,O, preferably 0% More
preferably one lung is ventilated with a gas mixture containing
20

Bp(mmHg)-150

x100%N.,0
Bp(mmHg)

while the other lung 1s ventilated with a gas mixture containing no N,O.

Preferably there is positive uptake in one lung and negative uptake (excretion) in the other

25 lung.

. . " Ld ’ o
The ratio of the respective oxygen uptakes, Uq,z and Uy, , equals the Qg to QcL ratio:
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| mredi ately below the distal margin of the tracheal cuff 14 outlet 16 of
one of the internal |umens opens to the exterior of the tube on its left
hand side and term nates. This outlet 16 is at the bottomof the end of the
| umen fed by connector tube 11 and provides gas nmixture to the 3wli0hg 8.
Its upper margin 17 |ies about 2cm di'dfal to the tracheal cuff 5 14. Beyond
the outlet 16 a tube 18 containing outlets 19 and 20 curves to the right
and slightly posteriorly. Qutlets 19 and 20, which are in the formof two

| umens or Qu@s=Uex?®hd fromthe |unens of primary tube 2 t3 which
connector tubes 9 and IO respectively are 10 associated. Two centinetres
below1the’MmMﬂmlwsthnaQﬁﬂMMmoutIet 16 and on the left side is the upper
margin 22 of.a dis i.nfl at e cuff.23. Thi per

encir ol es GisEatsS R i 590 b st R et A el VeRUReS R0 REMS ¢ ne
l'ine of thﬁeﬁ‘[@glgbiﬂ &fthé15180&Hisfmrghﬁrohg1$sweﬁraala9eaaa 1R HRAADORS Axiriek yithup the
tube 18. On the tubes right side the margin is proxinmal to its |evel on the
t utfes | ef toxygetewhsn lsmssem@nmﬁteartenalrsgmmz4 of distal cuff 23 on the other
hand obliquely crosses tube 18 in the other direction so that on the right
side the margin 24 is distal by Icmand the width of the 20 cuff 23 on the

ri ght si derles‘sposhmgisandsahe §Hhdation b the Bitéli0 Bystéif ah@ld a Biapetsslinthitor 3M wi de
conpared with [cmw de on the left. Wen in position distal cuff 23 lies

around t héhe SpB1 mdmaws ltiraéﬁwﬁusmogll@émrls gﬁvratmlr(tspﬁﬁkOO&’@) thise indlifaes 2thergl so
extends into the h al hus,,5) which,is th xtensi on of the 25
Cight mai PTBPORGRT e BRRSRgleatdlaiiot i) B B 8 ehesnue 5.
Omng he ri ghdm fh@poglsélﬁ@re@foﬂﬂns mﬁgaeorlﬁo@n@le Gedhk ek f0 ehwRlefibRin Eﬁ@r’stﬂi&ﬂ@ upper

and | ower nargins of the distal cuff 23 outlet 19 opens to the exterijor.

lth | eL 19 nr@pww@a@é@e plood Htova through thasarea plelung. Asgordpishn @ mth@ﬂyofe 8mn
wht on_ et S TR S bl SoEhow BrsHbd o & A RSB ARGIARE 02

firmy athamhedmh@ehhpwﬂaier surface of tube 18 to a distance 1-2cm around
Y Cem 2 3 APR 2002 .rm~qgi'/ ~~7 1 F W
PEK\ 11C C 4RD AC VEF 37 Y3 -27 the” perl nmeter of opening 19. One to two mm

di st al to ffeqdeied is %{t%éqfo%hqu) 1{% ‘Nﬁgt(ﬁ'lan %Flfer égs ThiPGek Rof SR es at

out | et 20. e Cross-section at eas It is parallel wth
t he obl i querritrstelecule seohidsrigembglobm claf tﬂlemnmhsmtelssaNza(is itzken apssopeontyl y oval
'n shape. ventilated areas than by well ventilated ones even if the respective blood flows are
equal, because N,O obeys Henry’s law and less of it dissolves in blood when there is
less in the alveolar gas, more of it when better regional ventilation produces more in the

20 alveolar gas of that region.

To summarize when O, fully saturates its carrier molecule haemoglobin, its
concentration in blood is always the same All mixed venous blood returning to the
heart from the rest of the body has the same level of desaturation at a particular moment
25 in time (usually about 75%). Therefore the uptake of O, from particular places in the
lung must depend on the blood flow rate to that place and only on this whereas for N;O,
which obeys Henry’s Law, uptake will depend both on the regional blood flow rate and

on the regional concentration of N,O in the regional alveolar gas.

30 Therefore, equations 1, 2 and 3 above are simultaneous and contain three unknowns,

namely QcR, QcL and Fszo.



The tracheal cuff 14 and the distal cuff 23 are inflated by

inflating tubes 25 and 26 respectively which open into &_ rr?aalgngilzbo&ml | e
proximal |y they extend within the body of primary tube &{4¥ 9\/\5 0 7 1 7
additional mni lumens) toward the proximal 10 bifurcations 27 and 8
respectively, .Beyondt he,bi furcations they extend | Gcm as independent: .
tubes, Wthin this independent part of each tube 25 and 26 are ifot- -0
bal | oons 29 and 30 and at the proxinmal l@nds inflation funnels 15 and 3 | ,
whi ch may be replaced by cuff val ves nounted beyond fenal e Luer
connections. 15 The respective internal dianeters of the three |unens
should be 1:2:2 with the unen feeding the right upper | obe being the

smal lest. Rgire 3 is a diagrammatical representation of part of a
preferred enbodi nent of the invention. 20 Notes: 1. Tubes carrying gas are
denot ed thus: 25 2. Arrows al ongside, or entering, or |eaving denote
direction of Sows- 3. Odinary arrows (-~) denote one direction only and
i ncr easi ngQ Rapoubl e ended arrows (H) denote respiratory tlowi.e.
tidal in nature, with or 30 wi thout pauses of no flow, associ ated with

inflation and det 7ation of a division of r . D oL~ 2 3 APR
2002 ~~~ 5~The'chlcglatlons~calﬂHécﬁrrledh&‘ondirﬁﬂy a~da}nputeICARDI W SPC . 9,7.99 -28 /
.~r1l "1 UJIl.I L_the respiratory system 5. Electrical connections are

denot ed by si ngl e black lines. The direction of current is denoted by

ar r owheads \8S& | | ressure
32 'whi ch n'zg Sé o%?fg %ﬁgﬂt%m qous eéu::xtx?nf,‘ilgz?d;wﬁé}y ?\?edgf) tﬁgg)gls%gz Qdaugn? Irough a
gas regul ator or reducing val ve 33 into a conductlng pi pe mhere it is of
sone tower pressure, 400 kPa being typical. Fromhere it passes through a
flow control valve and a visual flow display 34 e. g. a rotanmeter. Beyond
this thq gas, 10 now at 4§ ust above a#bient pressure, is joined by a simlar
flow of IRZO. The sou ceL@f N2© i al(»é;l)_ simlar, high pressure supply 35,
gas regul ator 36,Uge tl al heormphd ual flow display 37. In addition the
conducting pipe_divi iogt/o two\af U@R )t he regul ator 36 and the second
conducti ng patfiway bypq es the cgntrol val ve and.wvi.sual...flow di spl ay 37.
Instead it passes throu K8 sof*Ehbi d stepping valve 38 or sinmlar
electronic flow control 15 device capable of regulating flowate in
response to electronic signals, in this case comng fromthe conputer 39.
It now rejoins the flow fromthe control valve and visual flow display 37
and t heqs j Dhengssetpioniabdvet thet Q¥ nidsowffemting ivales foatF j1ist ardioP Lamlvﬁﬁh thE R ur e
and also, in the case of divisional gas delivery systens %upp ying the

ri ght uppevaluis\irs aowideljl f2parated: fremreiagihother aidpassihiedcandwetentonbtested!wvithghon
RWMLD, is joined by a E?pe carryjng ﬁg CQZ whose source is . simlar to that
of Oz. It hedp pUHYS ¢qu3 a'ruegg ensupil Faue, bgiag 25 stdalusenarated isang
control V%Ht%v@cggzh\éﬁ%ualL %rtlds Bd' sp| *m/beA' %s \l?v?c{e?y seplar%'terc]i' ans%ossxgle%oa g,onZO gas

flows at ové a
and Fy,or being the inspired fractlonal N,O concentration in the left and right lungs

20 respectively. (Fun,or and Foy,or are measured by the RGA as the concentration of N,O

in the expired gas at the end of expiration.)

As these two values become less widely separated the quantity (Fan,or - Fun,0r) becomes

smaller. As this is the difference between two measured quantities the relative error of
25 this difference becomes greater and greater, tending toward infinity as (Fay,o1 -Fan,0r)

tends towards its lower limit of zero. Therefore the error of Q, also approaches infinity as

the end expiratory concentrations of N,O become equal to each other in the two divisional

alveolar volumes (which in this case are the left lung and the right lung).

30 More than one soluble inert gas may be used in the gas mixture In this case it is possible
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The conbi ned fl ow now passes through anaesthetic vaporizer 43, in the case
of' the 25 divisional gas delivery systemLLD only) where it (rgag Ei ck up the
vapor of a potent anaesthetic agent at a dialled percentage tARR 12082 at e
through it. Woog/i1g®3 nmi xture with contained vapor of potent pnagsthetizc
agent if this has been added now passes past common gas outlet 50 into
breat hi ng system 51 conprising breathing 30 tubing of wide bore 52, 53, and
bag-i n-a-box patient ventilator 45 equi'p‘;@e’d with gas _.a ": -.~, '
98118383 -29 2 3 APR 2002 1" CTi-1U9?/00?1" overfl ow nmechani sm 55 desi gned
to allow the concertina bag of the ventilator to remain gas tight while it
is filling (e~;piration) but tripping the gas overfl ow nechani sm 55 as soon
as it is fulio dattuldtdréretoaphiaf ourpis tytthoke) sepacie sdhaot feaultstead therscanmifihoieaf t er
this point mtine but before inspiration be%ins escapes fr?n1the b

ventilator bagasyes AT PERHSY cahl ERIAS cHC H‘é‘"blﬂ‘ﬁ%ﬂ)é‘i“ﬁeov L’(’ifbf"FﬂﬁéSg‘?gagMEn
| nspiration Bealny @an dlid dfﬂa?@W%rﬁ?mﬁ{etagﬁ@Rﬁﬂg HAMEr PTRAERLRYILPRE 53
ating valv )

of wi de bore |ntdo non-"br eat hi ng own patient connectlon

57 and indemgmﬁémagrctama‘d dut bplaeolnpren. t ube 58 (consisting of one of
i ndependent-tube part of I O right upper lunmen 9, of right mddle and | ower
| obes lunmen 10 or of left lung lumen 11 ) From here the inspiration passes

into the as\ﬂ{h?gjroitlﬁitgei‘uﬁ!st%Igr?(lo%Fon;c;:Rlég{ém‘fegiit}\.q)cg Vh&% b@@ﬁ&ﬁﬁ%ﬁ%toeﬁ(ﬁgﬁggg?%n?tﬁgg

pl ace. 15 ator I g toward non-r

inflating vahyehipd dner Ray Serasighe diphb upper IO rbndug loethedas uppér Ibbéd Bronchus
inspiratory gas at a steady flowate 59 The inspiratory gas passes forward

a sufficient distance for radial mxing to occur and is then sanpled at a

is then sampied at a
carrios i OHeRuSufaesiPE Rl R of SR PEL B BAR ) o L ERBPEo Dre

(1) is agot&@n@nthghaghuionsd sthd@tiol dthrer gaotenoioss passbeghmghgasm rom
each of the three divisions to gas analyser 49. (Inspiratory gas is al so
sanpl ed as Mthpgseds ligshaliacoregeted ghiedhird hingen Ghed disonserpe resgira®ni s not

o r ebr eat WOV RO SRE PP talpRe s Bhon 3PSl T HEhig e Q2"

same way asbdcalised¥ thOpreb@iot 8alMsMbledak Al Ang g¥lenfved trom thisSsy¥@in thtough
sanpl ed for the purpose of determ ning individual %as concentrations 30

present at tanwliagdeeds torhe repleced it inselrblRigagopair nt The mEssH vanesypastivd

g)lég rzgtjﬁz ;?rg%uge of Sikh gas dissolved Tn I 7drlob€b133d would fabldiReofhe o St
with the gas in the rebreathing system of the third lumen, from which soda-lime is omitted
so CO, is also in equilibrium. In this way the mixed venous tensions of all relevant gases,
which would be of interest and value to the anaesthetist in their own rnight, could be given
to him. This can be done by ventilating the division and sampling of end-tidal gas. In

20 addition a direct knowledge of the partial pressure fraction of the soluble inert gas in the

mixed venous blood would increase the accuracy of the E)c determtnation when compared

with the independent determination calculated as in the foregoing equations, and used to

correct it.

25 A fturther advantage of a third lumen is that it can reduce errors assoctated with a

phenomenon called \.//(') mismatch.

A theoretical assessment of the error associated with the pulmonary bloodflow
measurement indicates that the major source of error 1s likely to reside in V/Q mismatch

30

This 1s an imperfection in lung physiology which essentially implies a failure to match the

RECTIFIED SHEET (Rule 91)



_ 2 3 APR 2002 L . ° ~IJ division) 61. The sanple stream pas?edi a
sol enoi d which is shown of sol enoid bank (2) 44. This solféfg' %2082
6ty Ygds /

consists of three sol enoids passing inspiratory and expi f(})@u7 1 7
each of the three divisions to gas anal yser 49. 5 Sol enoi ds of the second

sol enoi d bank,., 44.Wi.ch, 4 s shown, pass inspiratory or expirat or@;";g@g,’al;mg
sampling lines 61, 46 and 47 of the three divisions. Finally solenoi’ds of:"
the third sol enoid bank, solenoid bank'(?é), al so not show, pass EXHgas from
sanpling point expiratory gas 63 of each of the three divisions, to gas

anal yser 49. 10 After passing non-rebreathing inflating valve 54 it becones
gas di scharged from patient, 40, and has the conposition of EXHgas which

recei ves i nfbavamin 6B paidisn 0F thebiding ERicslyits its peirLsioh asthigdsar e, this tine
to a solenoid of solenoi'd bank (3) which is not shown. It is sanpled at

sanpling point, expiratory gas ( 1 st division) 63. 15 It is inportant that
non-rebreatphjng inflating,val ve 54 be of d nstrable efficien inits
const ruct i o{ﬂ.‘e %"We];pe%?@ Bef%ﬁsﬁ%é@ @WV&?F@&@WWIEV%WQBEYWr e | eaky
and not sui fii o ST r sto
i naccur acy ggg{lfﬁg glfgd%rfgegg)?r{rf%@n‘zm%Otogg%%lgglﬁl?gég?’ Sglgf gﬁg@g%ﬁiéﬁggbép ??xﬂ (2)
and (3) opepartsrofrthé Aingpieathd lowesgarast hiveea bightr papfusion thirethosxotsol enoi d

opens so that gas flow through the anal yser is contjnuous. The gas anal yser
shoul d be adapgpdent.gschangs insbadychgsitionaneans deat iapy Rerticwlar smpll Fepiqyy 9f thaleng

connect tonaviabroSf (e dis PR R0 b oty f Filefle o G ParR REVERS o,
through anaeyfeivhicdris eatn@ollimpamctéd. TR dfsasbulion G aldpaddw mgbﬁ%guaﬂ@huﬁ@r

is lost fromthe system for nost anal ysers and nust be 2 200z rcr;

~ug7 ~ 007 will ghan@pCR~"~JC CARCl ;\<'. SPE 29'1'98 -31 ;' "~ ~'~~JL ;J ~~
account ef for as a spurious conponent of uptake in the case of nspiratory
gas sanp %d fromthe breat hi ng system 51, and of inspiratory and

expi ratory Aage afRhi€ thefd RAsBAldhEiYe if MM eEhAMistribution of DentARR wfich quite
expiratory gas sanpled fromgas discharged from patient, 40, the |l oss of

gas does natosplgauhtthes be chasgeuintbéxbdfftow. Noridlyatl plaes ofhe ditigdraveh rdtlveofSy st em
is conducted hoth nu apdepy operation of .the c uter 39. | n

exanpl e of at&ﬁb@?ﬁﬁ%}t %%ﬁﬁ%mg %’HWP‘HWB@ ,snf ﬁ@"}aﬂiﬁkm_{spper
| obe di vi sigany BYDThis \Jaﬁjg&grotsl%%kagi té Bhdni&! with ¥efdiseFoP Baindpled bHI s RNl N9

79 N20, 14 % QZ and 7 %
15 changes much less, ventilation is matched by the body to perfusion.

If \.//(.) matching is perfect it can be shown mathematically that the partial pressure of all
gases of interest in the end expired breath (excluding the dead space, namely the bronchial
tree, within which there is no gas exchange) is equal to the partial pressure of those gases in

20 the arterial blood. Moreover these partial pressures are the same in all parts of the lung.

\.//(.) matching is quite close to perfect in healthy young adult lungs. In childhood and in later

life it is less perfect

25 In all people it is not perfect under anaesthesia. Also in various forms of disease and even in
such body states as obesity it is likely to worsen Thus in all human patients under
anaesthesia \.//(.) mismatch will be encountered, and when anaesthesia is combined with age
factors, body weight, and body position (lying flat is worse in this respect than sitting or
standing) and the effect on the lungs of e.g smoking, quite considerable degrees of it can be

30 encountered



The left lung division) LLD 8, is ventilated initially wth }00%

whi ch a potent anaesthetic agent vapor (e. g. isoflurane) haé ge&?ﬁa@&d by

t he anaesthetic vaporizer 43 to produce a correct |evel W?t?eﬂﬁ I? 1
ventilation has been adjusted to produce an end ti dal | ue ) /
. G5 to . 055, The ventjlation is nonitored by the system 15 operator (in
general) the anaesthetist). The ventilation of the RUD 4 is then s a}U@ a3
| evel of y of the level of ventilatiom¥-the LLD 8. The right middle and '

| ower | obe division 6 is ventilated initially with 0%20, 93%Z and 7 %

COZ. Its ventilation is set at a level of 3/4 of the |level of ventilation

of the LLD 8. 20 After a period of five to ten mnutes the follow ng may be
done. From f hen hOSRiEHaRBHaRAly tHatl R the PREGIE LAVIQMSsitcNGR paftial PrsiidPoffa

(FI' N2oR~ and FETN2oRUD) the inspired to end tidal difference is calcul ated.
The sane i sgad amételend-tehmrélﬂarwtt es@ludiity deadispdce iges memely thefidsephrt pethe BxpiBRUD

and the I~~, . LD, . FI N?7ORUD FETN20RUD - | ETDRUD .FI NZ LD -

FETNZORMLD br¢ g Iapger be equal fo its pariial Ripssafe i dieriesal blood b tspigsably
rc~ra_,r~-, ve in value the flow of N~4 fromits
gas del werycmggﬁn ithfnd lloi(w;&?&et utgg éy t he sol enoid stepping valve (3). The
degree of5 reducti on ~s related to the type of breathing system The

preferred type is a non- rebreathlng S I n th S cas he degree of
reduct i on .%o&%@at agcented AbeRsFoss mﬁleteay Gand & pumber gl Hblshe e dioveg, by

a fornmul a:
G 21 re | TRl pablef BSR4 Qv GRS o R i TS e methods
fresh gas bf mensutiagofie ddrdiacrottpet ddfltemiarige dlethndeoﬁdedsynmgme tt@ashadtebeener y

system The rcent reduction desired ~s the absol ute value of | ETpR~,
After all otasfﬁg agaiggt i e Rressnt %‘F‘i‘ﬁﬂl‘% SREFE “b‘?e $aRablR epdgmonsirating B e)

e now TRk B YAl AR haTH] 0P PN BBl BB BB LRl T

FVvNZ~ or are conti nul ange but e at| on e new

still be dﬁitbet widelytused bﬁB\IeSe)OfA itﬁkinm ddmhh@stcleeﬂjpuﬁémwherefap%%lewarru
should be made in a sim/lar wa | ETORUO ~s positive, a , 20 VFGFNZORUD
shoul d be B¥jmaehy ewkeddgapﬁmyw dithiey easl ng VFOr NZORUO s~nrlarly, but it
shoul d be adjusted to increase F, NZORUn above its initial value of 79%If
|E.rpRUn is positive and F, ~,Z~RUn =79 % bal anced uptake in the

RUD( | ~ETDRHBweb9r apmlfﬁmotbt:ﬁmmdrrbps Vi) sisngtdidenaink @soiroe bherdivha isint i |
| ETnRVp is equal to process may disturb the balance in the RUD
and somng S burquantifieds Jt tsrbetl‘t""&él%ﬁl%ghlﬁﬁspb!féﬂ Wéxéegwg}or%tqu\% ¢ pesidle

adj ust rrentm%&oap&a%lg&%em?ﬁeh&a@g% adj ustnments to the VFG N2oRUO

wilt be norée respon than equal

While not wishing to be limited to theory it is believed that the invention will give more
reliable results if three alveolar volume divisions are used on the basis of a technique which

20 can overcome the problem of \'//f) mismatch.
Theoretical source of error

1. \‘//(‘) mismatch is a phenomenon exhibited by all functioning lungs. If we consider a
25 young adult lying in the supine position there is a small discrepancy between the Fy,00
in the case of N,O (as a soluble inert gas), as measured by a gas analyser in a gas
sample taken from the end of expiration, F 4,0, and the Fy_ , of the blood that is
draining the lungs, F,y,, In this example the subject is breathing a gas mixture of
uniform composition into both lungs The Fy,, (of blood) can only be accurately

30 measured by specialized techniques. The discrepancy is evaluated as A-aDN,O



30, increnents or decreases of V~:GFhz~~,~ wll in altering | E[pR-"
because of the -.-.-~~w~- r~~~.~T /r1..1.. I\1\ 2 3 APR chgkak%nz

98118383 - : mathematical relationship. 1'CT/: 97/C)(1)Z;3;7AFL9t71€/61r£rG7 1 7

because the RUD is the smallest division adjustnments to it wl

di sturb the yalue.of ;FYNgo As such disturbance may take sone m nutes ﬂt'l
mani fest itself fully it is S preferable as a matter of policy to maléé 998
adjustment to the V,.cF first) wait ford3stabilisation and then make

adj ustnment to the VFGF-n?0U~1LD bei ng gui ded by the value of the increase in
Vr cN2oKw achi eved. The rise or fall of the value of F'N, oR~,~ (end-tidal
FAN~oknz~D are |likely to occur together but in opposite directions after

the initialpgh 'd?rg%dr%p%%y e%uhﬁ%ﬂﬁﬁrgéwmwn?eﬁ%wh kheedc¥uray HEhE HeEMet¥ntd

change in car tput or a charge in whole dy O 10 ‘uptake. The ratio
of the nse of Q. becagss teeRMLtDN: Where Q. i dgrEed samainsthe sarabiss e taod Fan b S- 20

over nost gfhgggﬁalﬂéas'w ofPhre reNaily mitk %lé‘?%tﬁ(ﬂfl%%% elgﬁzil £ PHe ¥ ﬁﬁlvé%‘tg\%?lﬁgie?w

0-65 and 6 respec |ver approxi he st egy o

VFCFNZQaun bfood sE g rand &, QMR Efel eg@tioH reftoreédto Bicuabd propérly witteewah Fg, fest
to make the initial stabilisation nmanual Idy To this end manual adj ust fent

under Vi s'}'uall1 Emmz r"bthelpéacﬁé’(ﬁgmmalandiﬁheonb t wauldhentiedly @Spéﬁcélﬁ#ldf’ mdause the

cont rol R:W’t er ough ,a | ds val rovided in
the pref er v e sysf’é‘?ﬁ aﬁ‘ﬂﬁmﬁ% gllr éé‘éo ?)qeﬁ"garvg K‘Pg h@oﬁﬁ bal ance
val ues to peinahBCcieans, dbépumdghﬁarc}wge 20 in the RUD and the Iovver one in

the RMLD gives the system operator the choice over a range of F v~, ~~,
hi gher Fv~,, 0 values causing themto be closer together) |ower ones farther

alp?rt : TheH}jfvbvltﬁ t?fs ngmﬁgf ehat cﬁiﬁb@ferﬁt}:reﬁ/lselhﬂﬁh?te@ ahalbgveott mijzﬂlﬁﬂgle Adebdlary by
a oW n a oW O | 0 the eft un romlts as el.lver Syst
Cnosi t1 18 Gixisths G boraisedia lhare FRACHH Ahe HBIONGPIIRIAN §f Basen & Uielbe T bR U

matter of mdﬁ@imtmamh@rquamyie@ﬂ of 8bndeftrMdig rofﬂ Itl‘ﬂnsaeﬂlv@loﬂéﬂe&zhﬁé' It@rre
val ue of Fv~, ~~ persanet er whi ch can~be cal c ated f romQ-.once it is

first knowda spfeaééﬁ \H@ [3E88 AR e WiV isipRC kfhaﬁ%rnBU/@ém@ﬁa ﬂ’cerrago ¢4l ue through
adj ust rrentveqlla%ﬁsz@lalf@ganﬁﬂaﬂarlaivesﬁfa geR t@ﬁ@%@fﬂﬁeg o ﬂ%fmsé me &“r rrern

at 1>r>~T I D

* OPCRV\ 1J @@qmmtwww gasgnixgye b‘éﬂéﬁ(ﬁéﬁefs}ﬂ akrem; thatbfeuqrd wﬁbmmgtfmﬁd the
RMLD bylf"dil‘fb%'id’ﬁel'f“u%‘& ?ﬁﬁlﬁeféﬁ? VFG n~ZCRUD and VFGFNZORMLD when i nbal ance
spont aneousl y appears e output of the conputer, 39, to visual display
74, printout 75 or RS232 interface 76

2. Theory of balanced uptake

If however the component gases of the inspired gas mixture, in particular the most
20 abundant ones, N,O and O,, are entering the blood at the same relative rate that they are
being delivered to the alveolus from above, the rate at which these two gases are taken up
by the blood becomes dependent only on the blood flow. The ventilation becomes
irrelevant because in this case (and only in this case) the inspired gas mixture, the alveolar
gas mixture, and the expired gas mixture become identical in composition. This state is
25 described here as balanced uptake.

[t can be described mathematically and it is found that for normal adult values of (-)c and

whole body 002’ and FVy,q, may not be more than approximately 0.37 in value.

30 At this value of FVy , there is one possible gas mixture that can be given to the subject
that will produce balanced uptake. Below this value of Fvy, and right down to a zero
value of F¥y , there are always two possible inspired gas mixtures of O, and N,O that can

be given to



S wll go to other electronic devices, and/or any other useful moptpyt ,
modal ity and will also be capable of carrying information concérni‘hg dﬁ@/ﬁ' of
t he val ues of the various paraneter variabl es observed h a i -
instrunents or calculated fromtheir readi ngs and/ or ot%?’%?rjs (l;Oe@an1 /
its menmory or commynicatged to it fromother sources, e. g. manual-input or
RS232 conmuni cation from ot her el ectronic devices. 10 Nunerical /Exadpte 303
Suppose that relevant variables |isted el ow posses the stated plausible

val ues: 15 Inspired FNZO |eft=0.8 Inspired FNZO right=0 Al veol ar
ventilation left=2L/m Al veol ar ventilation; right=2L/m Q-L=2.5 L/m Q-R=2.5
2L/ m FYN2o =0.4 20 (The value of FvN2o lies m dway between inspired FN~0 on
the left a [ e ot ' ' jLCi st 5 Lhce
the i nduct | oyt B (o EE T Bl Bk o R, AR B

, N20=0. 5 UgaRnfixtupes Aren0FEN j0b 2nd=ghoup 80 foniN Jhe Aslthe BFap riseizoward 043¢ thewalge des

can now be cul ated. . A l.ar gas n_be consi red to.be r ped t.he
et ol Eove e ik YR P RE:s TRlim 2frorifibge ARG Whig R AL M Y il
because t hehabhen!beceiiigl thesameenby,ane0 .88 patiead itngmek awle bewee®as ahs 70meel y

permeabl e to 30 N20.) Let a nmss bafance equation be set up such that the
mass of NZO carried into each .. v 2 3 APR Q02 ~~ ~;.:,ug 71 00
717 nrogge - TBtake’ darboinr dio¥ide 180, Y lso must b sdded 1PHE i i's
equal to Oggr ?réélg fefe balatchd 3&%‘;& Srbon m? ide (8 Ngo_sofin/aﬂhela?l:'\:/dNtzd?‘e b6

' @cL~~NzO_EANDOiturevialpbysiclogicabouncemteationF| NZOL is the left inspired FNZo and
VAI'L is the left alveolar ventilation. FINZO.' vAI G +FI ?Jz0' ~cL' a' NgO .
F~,,zoG - n VAIL +~cL' "N20 J O Simlarly: i n FINyOR VAR +FVN20' ~cR

~' NyO FANZ@FhasAbR beea Hiscavdredtibb tHdNdpositiohN? @he bgle beedtisitig atieard, rthen t he
equations: ,UN20L - ( FAN20L - FVNZp~' QcL~~N2Q. ari ¢ UNZpR =\ FANZOR - FVNZ~

R D0 BRGSO oy B QUSRS TEoTR oA Mdee ef B ocH gz oL
=0. 307692 hddmnMisRd v&&@?_@%lamh{l Bresbie o NEC Y URARKSo HiRtIBSmoBloBRY Mel

human subjects in health will approxinmate 225 30nmis/ m n. (When"tissues are
not sat ur a¢@WeRFratiPnNZO, uptake fromthe left will be somewhat increased.
Qutput fromthe right will be sonmewhat decreased. The uptake rate at the
start will be approximately 615 misimn on the left side with [ittle out put
on the ri ghtturnfloat that fordVias enlas in elre rangesthas wils be presentiimatast pat@Ad, for

Lﬂ pts ggngég?v?:%gg%ﬁ'}c;\iwgﬁ%wg% gﬁ&wésﬁgggﬁg %)ésl (r:r(?r}q%s}/tio%g,othgz i?slt(r)ﬁ se'?yutt“?d po-I;rs]i%Eeeaf ter
ratios of nitrous oxide to oxygen in the balanced uptake mixture. This being the case it is
possible to find these ratios simultaneously by trial and error by using two lumens of a
triple-lumen tube, one for each of the two balanced uptake mixtures. The third lumen
would ventilate either a segment of a lung or an entire lung with a non-balanced mixture.
20 The need for this arises because the value of Fv , needs to be kept stable over time and

under proper control.

Such a systemn ensures that the alveolar gas mixture in each compartment (whole lung or
segment thereof) is uniform in composition throughout that compartment and that the

25 perfusing blood that leaves the compartment (to mix with the blood leaving the other two
compartments and form the arterial stream) has fractional pressure values of N,O that are
the same as the Fy  of the breathing gas mixture for the two balanced uptake mixture

compartments.

30 Accordingly it is believed that this innovation would improve the precision and accuracy

of the method very considerably.

The invention will now be described with reference to some examples and drawings which

- o v
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30 and, a half hours left uptake ~s only 25 mls per mnute greater than
right output. Tissue uptake .. r r ..r ~..~r.. i. c.~~,.rJd Z 3 APR 2002
~,~~LT~i /0071~ P OPER .AtJC CARDI 1C SFC -87 93 - 36223 APRJ200298
need- not be \gogiggs ed a serious cause of any |oss in preci gicamwhoors
measur enent of uptake and output.) The cal cul ated val ues for FANZCOL and
FANZOR after tissue saturation are: S FnN2aL =0. 646154 FA-~r2aR =0. 153846
The cardi ac output equation derived previédosly is: UJ o1 + UO- - UNOR 1

+ U0~ ' _ ' ~~~tv20L-FAn~zoR~ 10 Inserting the values for the variables into
this equation: 0.307692 1 + 0.125 _ 0,307692 1 + 0.12S 0.12S ~ 0.12S Q- O
S (0.6461S4-0.1S3846) _ 2x0.61S384 0 Sx0 492308 15 =S.00 L/min. ~ . __~r

U~ ~2ReARRR e eReBSLIBRET the STEEAN i BAGET LHowever/it is (31hE OMERSMbd

this specification and the clains which follow unless the context requires
ot herwi se, t Heat ey prriiewanyiod dhe acspmpanying exsrples ped dsavingoifpior esipetsede the

"conpri sing" %wgéllq%?tﬁénﬂgéﬁﬁr@%&sé tidmiﬁfhé RSedidpl Usion of a stated integer

or group of gers but” not tthe exclusion of any other integer or group of
integers 5 Those skilled in the art will appreciate that the Invention
descri bed ?e{ ein is susceptible to variations and nodifications other than
t hose specPficHf HAYBELribed. It is to be understood that the invention

I ncl udes al ( such variations and nodifications. The invention also includes
all of the steps and features referred to or indicated in this

speci fi cati diigurtd isrdperspeuttd yiewrot aakipleduimes| opffed rddetmynchind cathkter according

conmbi nations of any two or nore of said steps or features
to the invention.

10 Figure 2 is a partial cross secttonal view of the triple lumen catheter of figure 1 inserted in

the respiratory system of the subject.

Figure 3 is a diagrammatical representation of apparatus useful for the measurement of
pulmonary blood flow n a subject.

15
Referring to the drawings figure 1 shows a triple lumen cuffed endobronchial catheter 1
having a primary tube 2 which includes three lumens (not visible). The three lumens are
for providing individual gas mixtures to the right upper lobe bronchus 3 feeding the upper
lobe of the right lung 4, the right hyparterial (or right truncal) bronchus 5 feeding the

20 middle and lower lobes of the right lung 6, and the left main bronchus (or left lung

bronchus) 7 fzeding the lef. lung 8, as shown in figure 2.

At the top of primary tube 2 the three lumens become three independent connector tubes
9, 10 and 11 which are located outside the mouth when the catheter is in position within
25 the trachea 12 of a subject. Primary tube 2 is molded with a bend 13 towards the centre

of 1ts proximal half designed to overlie the tongue posteriorly down to the glottic opening.
Distally there is a tracheal cuff 14 which, when positioned, lies entirely within trachea 12

and when inflated through inflation funnel 15 firmly seals primary tube 2 within the
30 trachea 12.

RECTIFIED SHEET (Rule 91)



nr=rr~r>~n cuFFT Rule 91) -38 The Clainms: 1. A nethod for rreasu2i31g\pn1czpﬂz
pul monary bl oodfl ow in a subject including: 23 April 2002 isolating t
nmore divisions of the respiratory system said divisions?Comyr |gst7ng EQXI;
conpl ete gas exchanging part of said respiratory system ventil P/ 1 /
sai d division. Wiho.A Separate gas mxture, at |east one of said gas . 0 1
m xtures including an inert soluble gas. 10 deternining uptake of~inert- (‘-
soluble gas in at |least two of said di vi&rons, determning relative
pul monary bl ood fl ow of said divisions, determning end tidal concentration
of inert soluble gas in at |east two of said 15 di vi sions, and cal cul ating
pul monary bl oodfl ow from determ ned val ues of uptake and end tidal
concentrati mnﬁﬁlatw béloRhe! Hls?ai gﬁa'igm%?%wmiésl Qfff PXYQRD-1629 0Re ofH¥EhIRAGhI
according to alm’l wherein two divisions of the respiratory systemare
i sol at ed. 3!unmnmpﬁ@doah@©xtdlllwgoﬂtbe &ubgian ivs Igfidiaad sidg and) tarppnatgsy i Bliig aytlet
conprise the left | u e t ng to
claim1l vvhef% té%ﬁ Q&f gF anﬁgq?é_ﬁ %@Eﬁe%oﬂﬁ%ﬂ }ég%&%f({}rt%%sﬁgm 0& 9@8%&&9 t hod
according tmuamltmtﬂe Isficlugg 8. dts uppas tnaegie 1flies abalitgam dibialt torths rracepl ¢ufes 30
two or rmre j nert sol ubl e gases Z 3 APR 2002 '0 98118383 1' CTi:W97/00"1
; O thod according to claim1 wherein said (pert soiubie gas
conpri ses sevofl | urane and/or desfilurane. 7 A nethod according to claiml
wherein at | east one of said gas m xtures conprises 5 nitrous oxide and
sevof | ur aneBeyond eief dutieané agube hdcordainmgomtidisrid and 261 cuves tovther Bght agdlislightty i s

under anaest het (c. cordi ng t erein sa d u t akes of
i nert sol uBiostegqey( sOqt@tngSE %‘?‘ﬂ?(ﬁ Hhigh Ianméﬁe f%?flfwmgama%% ¥ %} &XRd par ker
gas. 10. A i ses
Q0% t 0 30% By o YRRFEPE AP %b@e“?*a%‘i‘@%fﬁ%&?ﬁgﬁs??éﬁﬁ”égé&ﬁ%?’éw
conpri sex) Qsio@na?&f’/ol neri soluble gas 15 11. A nethod according to claim 10

wherein said other gas m xture contains none ofi said inert soluble gas. 12
A met hod according to claim1l where(n one gas mxture corrpri ses 20 inert

sol ubl e gasrvﬁ{‘%enhﬁxgggépgll r e | %&;rﬁ{rlﬁ%ﬁ? bt 6ﬁﬁ?lﬁ%§o hesl%ftcgldquttﬁeti@epbl €

gas. 13. A reirn three divisions

expi rat or y nsysinep ¢ £dis@Pinflaeble Aff 13 AhiRippedmasgeRditng dndircleatube 113
wherein two of sa(d d(visions are ventilated with gas m xtures which are

subst ant i abblquséy awdaébatvmtthq&@r@é& secdors aliong thedline @dm plaegi 8 ther wéf the
concentragtion .of rt, sol ubl in i,ons. bei n
G Tt or erdo Pgkin 22 8Xnds By, 5 2o Gog 78, M heiRstlebh SRR il 1 v o
gas m xt ur gropgino s lé&bl%ttﬁé abeetbiindidd by e&Rect to inert soluble gas
RECH' | FI ED SHEET (Rul e 91)
The distal margin 24 of distal cuff 23 on the other hand obliquely crosses tube 18 in the
other direction so that on the right side the margin 24 is distal by lcm and the width of the
20 cuff 23 on the right side is much greater than its width on the left hand side - 3cm wide

compared with 1lcm wide on the left.

When in position distal cuff 23 lies around the right main bronchus. The right hand part
of the cuff 23 also extends into the hyparterial bronchus 5, which is the extension of the

25 right main bronchus beyond the origin of the right upper lobe bronchus 3.

On the right hand side of the tube 18 and centred midway between the upper and lower

margins of the distal cuff 23 outlet 19 opens to the exterior. Qutlet 19 is elongated 1n the

axis of the tube 18 and approximately 6-8mm long by about 1%2-4mm wide. The distal
30 cuff 23 surrounds opening 19 which opens into the upper lobe of the right lung 4. The

distal cutf 23 1s firmly attached to the outer surface of tube 18 to a distance 1-2cm around

VAR T
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A net hod according to claim 14 wherein said tw divisions are iuﬁst@]@ﬁnl y
bal anced with respect to inert soluble gas and carbon di oxi de. &2+ .A od
according to claim 14 wherein the bal anced concentrations {mui@e?t/Sg 0 7 1 7
soluble gas in said two divisions is determned by: ' determ ning expired
tidal concefAtFation*of" ¥Hert soluble gas in said third division) gstimtin
cardi ac output of subject, 10 cal cul atipg-approxi nate hi gher and fév\eﬁ 1938
bal anced concentrations of inert soluble gas fromestimte of cardiac

out put and end tidal concentration of inert soluble gas in said third
division, 15 adjusting concentration of inert soluble gas in said two

di vi si ons tg}?sai d a‘{)rp({foxi matﬁ hi gher and | ower bal anced concentrati on)

adj usting cBRAERMET Y PPSRINEAEr t “sol ubl e gas, in each of said two divisions
until substantial balance is attained, 20 cal cul ati ng pul nonary bl oodf| ow
whil e gas m xtures provided to said two divisions is substantially bal anced
with respecOnt¢ @ twenm distaliid theghistal rdrgin/24vef the distal caffdl3ngbe @8 edraiinatdsiat
wherein said third division is supPI ied with a gas 25 m xture containin

none of saitehéPt Tdgicrassseeion at putlet 2008 9BHAuECasTt i prgalied withtheobligie diptal m

14 wher ei . hu I i . plurality of tine

i nterval s? é%%i@ $Q%Qng{|ﬁ‘gghg>§g%tr I rslgcg?%al(l:%gﬂly%tv%gm\iﬁé&éi n the pul nonary

bl oodflow is calculated at a 2 3 APR 2002 WO 98118383 ~cn ~ w-~; oom
plurality of tinme intervals and the bal anced concentration of inert sol uble

gas rn sai dlheviachealicsfiotfisanidsthe disthl euffeld arp infiatesbbis bva enf€ inflagiog tabes @araidac
output or tagtal o en.uptake.. 5 20. £ ratuys for asurin ul.ponary
bl o6dt | ow ACA L] LA W Sherrig® GRS GRS pteimal Diustreh i e
catheter adgay @ plithady hﬂ)\é’ﬁ@@%@%ﬂaﬂ%ﬁdi%%ﬂ%iﬁ?ldm&n@) B%aRd Ql\é!ﬁ?@ﬁrﬁa‘i’ two or
nore isolated divisions of the respiratory systemof the subject, said

i sol at edlMibifusdatinss 26amd 28 iresgedtivelyc obgyloat! ehaybifureatodna ngynextqralr t0cof assand 10
respiratory stem two qr. nore breathi ng syste for,  supplyi ng.different
U o5 ¢ SERERETL RS o VIR e ber e e ok ek bt TR Carmiioh b g
the same t 9bahdBOSHT Y fhe droxillt eRds MRAGoDARNOE!5 RN 1 SYRIEHTay BE riR¥ B9
gas nmixtureS to sard two or nore breathing systens, “sampling neans tor -
sanpl i ng (cxffivabes tdinedchbesumd fepthlghterd sonaetionsli vi si on and/or (ii) the
fresh fl ow gas and the exhaust gas of each division, and

15 The respective internal diameters of the three lumens should be 1:2:2 with the lumen

feeding the right upper lobe being the smallest.

Figure 3 is a diagrammatical representation of part of a preferred embodiment of the

invention.
20
Notes:
1. Tubes carrying gas are denoted thus: =
25 2. Arrows alongside, or entering, or leaving denote direction of flows.
3. Ordinary arrows (—) denote one direction only and increasing flow.
4 Double ended arrows (<) denote respiratory flow t.e. tidal in nature, with or

30 without pauses of no flow, associated with inflation and deflation of a division of



20. gas anal yser far determ ning concentrations of gases ~n saizj S Fﬁm
fl ow determ ning neans for determning flowrates of (i) said 358 gnd

expired gas and/or (ii) said fresh fl owgas and exhaust gag; .detgrm , d
25 processing systemfor cal culating pul nonary bl ood f|OM/fgbé?;gLG??()%? 1 7
concentrati ons,and.flawr.ates. 21 Apparatus according to claim 20 further

i ncluding a sanpling neans for sanpling 30 gas conposition deli argﬂ t3ng
breat hi ng system from gas delivery systébr SUBSTZ1' | JTE SHEET (Rul Lg6)3‘182
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22. Apparatus according to claim20 further including a sanpling neans for
sanpl i ng exhaust gas from breathing system 23. Apparatus according to

claim 20 mhereinﬂﬁuﬁﬁﬁnﬁMﬁqﬁggmffed endobronchial 5 catheter has two or

three lunens. 24. Atriplé lumen, cuffed endobronchial catheter for

provi di ng separate gas m xtures to each of three separate divisions of the

respiratory_syst of subject, said three divy|sjons c rising the
conpl ete gad excﬁgﬁﬁlcﬁgc%fz‘f“%ﬁ aé%‘i?‘?ilofe@ |§moﬁq€)¥’§i’cl§3’§?%n1?ﬂ€6"§%ﬂog fat het er
conprising: a pri . i aptedy to be inserted
wi thin the trach‘iedgpeg#ls;&gglﬁbe?? t%}%é'%c &g?rll gglgéaﬁ?%gens g)peni ng at a top end
thereof isto a connector tube adapted to be connected to a breathing

system and opening at a bottomend thereof 15 into an outlet for .
del i veri ng 4 ggasout&eliPeunder drigh pressizg 32 sihichsay Be ceained farsxamplsring: abl e

ffs | t bout i d ' t ub / ' - . f
ceal o wi tmioPRg Peshs bt Bl et AREUARF v EhE Ak oS i AR bin?
del i vering ywheda s i§loX athe [dvwerPiess@re, 260 KP4 BEiAE tinear dtrémdieyd Bipafes tHrough a
i solation from 20 each of the other divisions. 25. Atriple lunen cuffed

endobr onchiflw centtdtvalveand ardsuad) flow dispindL 4. ghaviolageterf iBeyond s diegtabe cuf f
| ocat ed out the primary. tube and above the out]e i i §,adapted.to
orm a 11t S0 is RbpTR FpIE! RieSbHe o fostey o Aijar spa Ty uf patfes of
endobronchingly &3S Allad e fHeliind Qupl 2350 &2 (HAABEIE BREONANOLIAY 3B e
cuff | ocated between thé fTrst and third outlets and about the secon

out |l et for floer displgy 37 s doadditiseahe ¢condutteng pigtdividesnntouwoafier thetraguldios8al i n

the hyparterigl bronchus, the third seal allowing the third aoutlet to
provide a @%fit e SAGUGPE: PR HARNRESSES 19 QAR PR andy s dlow éﬁwamag

and the seqaad 9PfAsses theough a solenoid stepping valve 38 or similar electronic flow control

15 device capable of regulating flowrate in response to electronic signals, in this case coming
from the computer 39. It now rejoins the flow from the control valve and visual flow
display 37 and then joins up with the O, flow mentioned at just above ambient pressure
and also, in the case of divisional gas delivery systems supplying the right upper division
RULD and the right middle and lower lobes division RMLD, is joined by a pipe carrying

20 CO, whose source is similar to that of O,. It derives from a high pressure supply 40, gas
regulator 41, and control valve and visual gas display 42 before joining the O, and N,O

gas flows at just above ambient pressure.

The combined flow now passes through anaesthetic vaporizer 43, in the case of the
25 divisional gas delivery system LLD only, where it may pick up the vapor of a potent

anaesthetic agent at a dialled percentage of the flowrate through it.

The gas mixture with contained vapor of potent anaesthetic agent tf this has been added
now passes past common gas outlet 50 into breathing system 51 comprising breathing

30 tubing of wide bore 52, 53, and bag-in-a-box patient ventilator 45 equipped with gas



- 43 23 April 2002 allow ng the second outlet to provide a gas m xture to
t he upper |obe of the right lung 5 27. Atriple |unen cuffed, endobronchi al
catheter according to claim25 having a second infl atable cud 3 APRa2B(2
bet ween t heywfd §splgagnd third outlets and about the second oupdghbHgf-or m ng
a second seal in the left bronchus and a third seal in the hyparteri al
bronchus, the third seal allowing the third outlet to provide a gas m xture
to the lower |obe of the left lung and tB2-second seal allow ng the second
outlet to provide 1 o a gas m xture to the upper |obe of the left lung. 28.
A nmet hod for neasuring the pulnonary blood flowin a subj ect according to
claim1 in which the relative pul nonary blood flow of said divisions is
measured by de€low Mmeftinisies 1edsaned @ allow aftonber@Ag Baobt Baiventlhdr $d AAgain AY
L. AE. A . ASL. ASyY. AE. AE. AIE. AL! S. AF9. A. A, . ALL. A. A9[r. A% AS . A AF9. AL. Al . A .
Al 9. Al 9. As% gas ugle wisle it I faling\eRpikaticn) Aut mepping, (he sAsg¥eatlomItdchagisrasiy. R0
. A9& . AR#9BU& 3Vf ~xsnmhc2Y] c” , . :
a] c*a] c" aU] ca%i g %&;}] @ HFé%PE%E E‘éﬁq%gf%g] tha fuoher B8 S TLON R UsT) tRisPoIRt LA i) R ¢
a] ca] cal] ca] %&&"iﬁgﬁﬁ%ﬁﬁﬁﬂs Ees from the bag as ventilator bag gas overtlow 56 which has
NQ>#0=Ng{ vgl gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] calU] ca] ca] ca] caJ ca] ca
] ca] ca] ca] tahe apmppsiadrcal EQFga] ca] ca] ca] cal 3p\_ %
b[ 3, u}xsnid_Z]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
c a]Jca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calq&y * -
Lpl " n" " #o#AGTNED B P Ac s gls Abks Mosfite concertina bag down breathing tube 53 of
aJ cal ca] ca] ca]ca]ca]ca]calca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca ca?ca? cajcalc
a] ca] ca]c  wide bore into non-breathing inflating valve 54, down patient connection 57 and

| 1 * % % 1 - -
g} gag]c ?a]lff’ i‘ﬁé‘%gﬂ‘@nmﬂ% Bt tnplk Tl b 58 consisting of e orindip@en- G b Sal 3l cal €
a] c"all c" gl Qifﬁmﬁﬂe@hlﬁ}ﬂ&?gl &M%ﬁ]ﬁéh@%&%%ll&%sQ%Eﬁh@%} sale@ﬂ%ﬁg} ani%)Ca] c
al . /0030001112D3) 34u4444444475555M666X7788k88: | wmhc”Y] ] ca] ca] ca] ca] caJca]c
aJ ca] ca] ca]ca] ca]ca]ca] calcaV]ca]ca]c.a]c.a]ca]ca]ca]ca]ca]ca]ca]lca]calcalc

l:0: . E U ; <<<U5<7<] <J<OXT<a<p<<== . .
21 5215 oo Mg O D e B B O ] e P 4] g e ) ca
c"a] cal] ca exchange takes place. _
Ul cral] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! AAABnBBCv CCCCDD. D4DBDEESF) FF
GRCEA | I ]

] ca ol o) DahERES RS ST b R A e R AR s R e iR R bt o
PNQQORR_RRS: Rfed I difow vehbleXlzad €1) to inspiratory gas at a steady flowrate 59 T

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]h(e:a] cajcalc
a] ca] c: a] calnspirdthry g pasEe rg qubficient Vigiadal wo YA Y¢ e¢cur and 1s then

A A B Aol
C=C?CJCZCYCLrRECE &6 & G6I6AKId (not shown) of solenoid bank (1).

ddztni d_Znid_Z] c]]ca]ca] ca] caU cal] ca] caU] ca] ca] ca] ca] calU] ca] ca] ca] ca]ca]c*
a] c"al] c28] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]calca d

ReUe[ f - h>hKhhhi. | # wi j#LIT111Y N [
St L R e R LT T T
a] ca] ca] ca] & 62 WleClld®evisions to gas analyser 49

pnppp! r$r5rrr?sssssttktttt#uuuutiuuuvy! vv#wzupkf [ V]]ca] cal] ca] ca] ¢

a] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] c”a] ca] ca] ca] ca]ca] ca]ca]ca]c
! h I - kfa\ Vkf "

2] cal ca ca CAPUAICH Bt A WP £4] BRFE0T Poh L phdcibh s? it s sampitng 11 °

E/} K/I T‘[Sg %%%ﬁgg%%jﬁt?} f@} ggl@fﬂcrﬁ@'\aﬂi@i%ﬂ%ﬁﬁlﬁ%ﬁ%ich might fail to pass non-

WV] caV] ca] cebealitsdthalingihlealéaU] cal ca] ca] ca] ca] ca] c&aj ca] c

al cal ca] ca] ca]ca]ca]ca]ca]ca]calc”a Ohz ~r

x-19% {vqgl gb] XV] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c"a]ca]ca]ca]

ca] ca] ca] ca C | *Fal s . ,

qn]#L { qu ]g b] l}%}?(}ﬁi@] %%L@%} éag%egg}a(ggih%%%gﬁaﬁ%é tglazls rﬂ)?l—rebrcathmg inflating valve 54

a] ca] ca] ca] caligaysai cadegli@pios alecplrpadecid]derlealinaindaidavkesddrtnakeal c&a] ca
'L,/ 4zC~Kz{vql gb\ W] ] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca]c
&a] ca] caP@&nfeser ) thegnd f by Rraitb 4T saTRIH]ecRiita]nsRiraary Jeiexpiratory gas (Ist

“n| wmhc”Yl gb\ W] ]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal]c
a]J ca] ca] ca] ca] ca] ca] cal] ca] ca] caU ca U] c”al] ca nBOY[fs?yX J[

5Be| w mhc”~YV] ] ] ca] cOa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

]ca]l ca]ca] ca]ca]c
a] caU] ca] ca] ca] ca] ca] ca! ] : N gT. +5x} wr +gbi-w] FFaafl &) cav] csa] csaU csal ca



{vgl fa\W/] ] ca]calc aU]c 2

a)J ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]c”a]ca]ca]ca]ca]ca]cal ngaabca;] éfﬁcgqlea]
caljc"aU]c"a]c"a]cal -cfinUs~ L)OR_ %vql gb] XV]]]c i 007 17
a]J ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]ca]ca]ca]c YN e

a] c&aV] c&a] c&al] c&a ca]ﬁcagts] ca] ca] ca] ca] ca] ca] ca] ca] ca! (&"9$7f Xe - <UL ;';,gr-}
| wr mhcAYV] | I]’P&“;{;‘CcéiT dj'cil"ca] ca] caV] c$a] c$a] c$a] ca] ca] ca] ca] ca] ca] ca] ca] caf ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cxl -

PN TEX X" " #MEPH#HCES IS WBR& A ' (| | wmhc”YV]]]] ca]ca] ca] ca] ca] ca]ca]ca]calc
a] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caBuyZ
;93" 109%& ()- '109%& ()-!'#109%& ()-!'y &0W%?& ()-!n(0y &10%& ()- NIy

&10% 0P -&. &t 1L 109& - " R - . L .

ot () er bt B Seele it Basies(oh a sglsmeic which i hop o s9lepgig ok Bhao
Y& () - Y+! 108& (This¥olehBfdBbdnk-cBMiisty ﬁ@hré@%l'&ioﬁdsﬂagiﬂ’%’l%iratory and expiratory gas
B 2 S Ok o kg dbredvisio o Bl et rare 1) - o

#1004H8! ()-MLO%H& ()-W  NQUE-\=, & 109%4& ()- +"10%4& ()-y) ! 109%& ()-
'110%4& ()-"$10%4& ()-9"! 10%H&' () - Q>dE~\ =<Mb10%4&' ()- 8! 109%&' ()- 4

" 10%_&' . . . . . . .

0ok (5 13 Solsnoigs of the secopd solencid bank 44, which is shawn, pess inspiratory or expiralg
10HH 10HH! |2 h0figH&MD)ind HAOVET , (46- D NTE\RE41BA0 &idns- Hindl 3o6okinp)dsDEARE & () -

| 110% & - 110% & - 10% & - g3dEuVY7% . .
10% & () - g/)ltbi%l &oleyoig%%,ggo@mid%nﬁéﬁz,?&bm%&hwu99@6@6}7&@5 (o sAmpiim\pPaigy, / 10

O G 1o ediidusda & n SEME bRy i A M e |, O
bdEMbCYBFf 10%& () - 9" 109%&' ()- Y@ 109 ()-1 109%& () -

"109&' ()-"y' 10%& () - S[ dEmbCY%t109&! @)-ys" 109%& () - 10%&' () - 109&' ()-9109& () -
"109& () 103 AfgEmecgpBamogbreathing guigeting valvodid: it &e@ﬂgwmdl(sqha(a@o MPAYEBIR' ()

-uquj @y10%R' (): 100s?10%&. () - | P: L .
0o () . o b BB eBog i ShE ek hlstaerees dodey of okt i )2 F b
)16}/24%(&; () - YsL&X¥ol1éd as Before, tHisl Ene @ Q%8lcnd dDrE0PsBoid) badik 19 &hich i A%E&hown. M is
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15 It is important that non-rebreathing inflating valve 54 be of demonstrable efficiency in its

construction. Other makes of these valves, e.g. Ruben's valves were leaky and not
suitable. Efficiency is important because retrograde flow leads to inaccuracy due to

double sampling.

20 Solenoids of solenoid banks (1), (2) and (3) open in rotation and close at the same moment

the next solenoid opens so that gas flow through the analyser is continuous.

The gas analyser should be a rapid gas analyser capable of defining the expiratory wave
form.

25
The solenoids are controlled by computer 39 through electrical connections 64-72

inclusive. Gas analyser signals are sent to the computer through analyser-to-computer-
lead 73.

30 Gas discharged from gas analyser is lost from the system for most analysers and must be
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After a period of five to ten minutes the following may be done.

From the inspired and end-tidal concentrations of N,O in the RUD 4 (Fyy,orup and
Ferngorup) the inspired to end tidal difference is calculated. The same is done in the

25 RMLD 6. This difference is called the [grpryp and the Igppvip. Thus:

FINgORUD - FETNgORUD =lgrprup

F

IN2ORMLD - FETNQ_ORMLD = lerpRMLD

30
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10
where {’FGFNzoRUD is the current fresh gas tlowrate of N,O 1n the RUD being delivered by

the gas delivery system.

The percent reduction desired 1s the absolute value of Igppayp-

15
After allowing a period (for stabilization of the new Iy, of up to a minute) the new Ip;, is
evaluated. Stabilization may not actually occur if either Fvy, or Qc are continuing to
change but evaluation of the new Iy, should still be done. On the basis of this, further
adjustment of VFGFNzORUD should be made in a similar way. If Igpprup iS positive,

20 \'7FGFN20RUD should be adjusted back again, by increasing \./FGPN20RUD similarly, but it

should be adjusted to increase Fjy,qrup above its initial value of 79%

If Igrpryp is positive and Fiy,orup =79% balanced uptake in the RUD(J;prppup =0) can be
obtained by raising N,0) flow to the RMLD until I eyp is equal to 0

25
This process may disturb the balance in the RUD and some back and forth tracking may

be necessary between N,O flow adjustment to the RMLD and to the RUD.

Small adjustments to the \'/FGFM(,RUD will be more responsive in altering Iy ppyp than equal

. » N . . ~
30 increments or decreases of Vygen,ormip Will In altering lgpppy p because of the
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10% & () - @ 1084 @CO)malﬁslztdﬂtﬁS&lt(n) 1d theB1Q800& 1 )belg PaEded by the value of the increase in
'\‘/FGNZ(,RUD achieved. The rise or fall of the value of F,y,orun (end-tidal Fyy,opmep are
likely to occur together but in opposite directions after the initial stabilisation because they
are most likely to be caused by a change in cardiac output or a change in whole body O,

10 uptake. The ratio of the rise in \U/FGFNzoRMLD :rise mn vmpwgmun 1s expected to be 15-20
over most of the range of F,y,oumip and Fanorop  Values (which are 0-65 and 65-80

respectively approximately).

The strategy of adjusting the \./FGFMURUD first can be computerised although probably it
15 remains best to make the initial stabilisation manually. To this end manual adjustment
under visual control is made available but a parallel system of finer control by a computer

through a solenoid stepping valve is also provided in the preferred system.

The initial process of adjustment of the two balance values to be selected, the higher one
20 in the RUD and the lower one 1n the RMLD gives the system operator the choice over a
range of FVy ., higher Fvy , values causing them to be closer together, lower ones farther

apart.

The value of Fvy o that determines this can be set independently by allowing a flow of
25 N,O into the left lung from its gas delivery system (positive value of \./mmzoma ). The

choice of Fvy g to be selected 1s a matter of judgment.

The computer can be programmed to set a particular value of FVy,0. @ parameter which
can'be calculated from Q. once it is first known. It can be programmed to track and

30 defend this value through adjustment of \'/FGFNZoLLD , and it can be programmed to defend
the
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be capable of carrying information concerning any of the values of the various parameter

variables observed by the measuring instruments or calculated from their readings and/or

other data stored in its memory or communicated to it from other sources, e.g. manual

input or RS§232 communication from other electronic devices.

10

Numerical Example

Suppose that relevant variables listed below posses the stated plausible values:

15 Inspired Fy,q, left=0.8 Inspired Fy o, right=0
Alveolar ventilation left=2L/m Alveolar ventilation; right=2L/m
Q.L=2.5L/m Q.R=2.5 2L/m
Fiy,0=0.4

20 (The value of Fvyq lies midway between inspired Fy,, on the left and inspired Fy,o on the
right if sufficient time has passed since the induction of anaesthesia for saturation of the

body tissues with N,0.)

AN,0=0.5 U2 =0.125L/m
25 Uo, =0.125L/m

The alveolar Fy , on the two sides can now be calculated. Alveolar gas can be considered
to be formed by the direct mixture of two streams of N,O-containing fluid. (This is true
because the alveolo-capillary membrane separating blood from gas is freely permeable to

30 N,0.) Let a mass balance equation be set up such that the mass of N,O carried into each
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5 where Fiy,o is the left inspired Fy, and V, is the left alveolar ventilation.

P ~F1N10L Vi *Fomo- Lo Mo

AN OL™ Y
2 Vo +Q, Ao
10 Similarly:
FIN.,OR wr V0 QcR N,0
F =
ANOK . +QcR-}‘N,0
15

Upzor, and L'JNZOL are calculated from the equations:

UNzOL =(FAN20L 'FVNZO).QCL.AN),O

and UNzOR =(FAN20R -Fsz() )'QCR‘ANzo

20 Using the stated values for the variables on the right:

Unoo =0.307692 L/m
Unor =0.307692 L/m

Thus expected uptake rates in normal human subjects in health will approximate

25 300mis/min. (When tissues are not saturated with N,O, uptake from the left will be
somewhat increased. Output from the right will be somewhat decreased. The uptake rate
at the start will be approximately 615 mls/min on the left side with little output on the
right. The uptake rate at ten minutes is approximately 340 mls/minute and the right
output 1s approximately 280 mls/minute. Thereafter uptake declines more slowly. At one

30 and a half hours left uptake s only 25 mls per minute greater than right output. Tissue
uptake
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The calculated values for Funyor and Fyy,or after tissue saturation are:

5 FANZOL =0646154
FAN2OR =O. 153846

The cardiac output equation derived previously is:

. U\ -

R l 0L
U 1+— -U 1+—
NZOA{ i N,OR U02R]

oL

e A(FAAQOL -F ANIOR)

10
Inserting the values for the variables into this equation:

0307692 1+2125] {(~0.307602) 14212
0.125 0.125

0= 05 (0.646154-0.153846)

_ 2x0.615384
0 5x0 492308

15
=5.00 L/min.
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understood to imply the inclusion of a stated integer or group of itegers but not the

exclusion of any other integer or group of integers

Those skilled in the art will appreciate that the invention described herein is susceptible to
variations and modifications other than those specifically described. It is to be understood
that the invention includes all such variations and modifications. The invention also
includes all of the steps and features referred to or indicated 1n this specification,

10 individually or collectively, and any and all combinations ot any two or more ot said steps

or features
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5 the complete gas exchanging part of said respiratory system,

ventilating each said division with a separate gas mixture, at least one of said gas

mixtures including an inert soluble gas.

10 determining uptake of inert soluble gas in at least two of said divisions,

determining relative pulmonary blood flow of said divisions,

determining end tidal concentration of inert soluble gas in at least two of said

15 divisions, and

calculating pulmonary bloodflow from determined values of uptake and end tidal

concentration of inert soluble gas, and uptake of oxygen.

20 2. A method according to claim 1 wherein two divisions of the respiratory system are

isolated,

3. A method according to claim 2 wherein said two divisions comprise the left and
right lungs respectively.
25
4. A method according to claim 1 wherein said inert soluble gas comprises nitrous

oxide.

5 A method according to claim 1 wherein at least one of said gas mixtures comprises

30 two or more inert soluble gases
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nitrous oxide and sevoflurane or desflurane

8 A method according to claim 1 wherein subject 1s under anaesthetic.
9. A method according to claim | wherein said uptakes of mert soluble gas 1s
10 determined using an tnert insoluble gas as a marker gas.

10. A method according to claim 1 wheremn one gas mixture comprises 60% to 80% by
volume of inert soluble gas and the other gas mixture comprises 0 to 20% inert

soluble gas

1. A method according to claim 10 wherein said other gas mixture contains none of

said inert soluble gas.

12 A method according to claim 1 wherein one gas mixture comprises
20 inert soluble gas and the other gas mixture comprises none of said inert soluble

gas.

13, A method according to claim 1 wherein three divisions of the expiratory system are
isolated.
25
14 A method according to claim 13 wherein two of said divisions are venulated with
gas mixtures which are substantially balanced with respect to said inert soluble gas,
the concentration of inert soluble gas in each of two divisions being different from
each other, and said third division 1s ventilated with a gas mixture which s

30 unbalanced with respect to inert soluble gas

RECTIFIED SHEET (Rule 91)
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15. A method according to claim 14 wherein said two divisions are substantially

balanced with respect to inert soluble gas and carbon dioxide.

16. A method according to claim 14 wherein the balanced concentrations of inert

5 soluble gas in said two divisions is determined by:

determining expired tidal concentration of inert soluble gas in said third division,

estimating cardiac output of subject,

10
calculating approximate higher and lower balanced concentrations of inert soluble

gas from estimate of cardiac output and end tidal concentration of inert soluble gas

in said third division,

15 adjusting concentration of inert soluble gas in said two divisions to said

approximate higher and lower balanced concentration,

adjusting concentration of inert soluble gas, in each of said two divisions until
substantial balance is attained,

20
calculating pulmonary bloodflow while gas mixtures provided to said two divisions

is substantially balanced with respect to inert soluble gas.

17. A method according to claim 14 wherein said third division is supplied with a gas

25 mixture containing none of said inert soluble gas.

18 A method according to claim 1 or claim 14 wherein the pulmonary bloodflow is

calculated at a plurality of time intervals.

30 19. A method according to claim 16 wherein the pulmonary bloodflow is calculated at a
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5 20. Apparatus for measuring pulmonary bloodflow in a subject including:

a multi-lumen cutfed endobronchial catheter adapted to allow separate gas mixtures
to be provided to two or more isolated divisions of the respiratory system of the
subject, said isolated divisions comprising the complete gas exchanging part of said

10 respiratory system,

two or more breathing systems for supplying different mixtures to each lumen of

said multi-lumen catheter at the same rate and the same total pressure,

15 two or more gas delivery systems for providing gas mixtures to said two or more

breathing systems,

sampling means for sampling (i) inspired and expired gas in each division and/or

(ii) the fresh flow gas and the exhaust gas of each division, and

20

gas analyser for determining concentrations of gases in said samples,

flow determining means for determining flow rates of (i) said inspired and expired

gas and/or (ii) said fresh flowgas and exhaust gas determined, and

25

processing system for calculating pulmonary blood flow trom said concentrations

and flow rates.

21 Apparatus according to claim 20 further including a sampling means for sampling

30 gas composition delivered to breathing system from gas delivery system.
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22.  Apparatus according to claim 20 further including a sampling means for sampling

exhaust gas from breataing system.

23.  Apparatus according to claim 20 wherein multi-lumen cuffed endobronchial

5 catheter has two or three lumens.

24. A triple lumen, cuffed endobronchial catheter for providing separate gas mixtures
to each of three separate divisions of the respiratory system of a subject, said three
divisions comprising the complete gas exchanging part of said respiratory system,

10 said catheter comprising:

a primary tube having three lumens adapted to be inserted within the trachea of a
subject, each of said lumens opening at a top end thereof into a connector tube
adapted to be connected to a breathing system, and opening at a bottom end thereof

15 into an outlet for delivering a gas mixture to one of said divisions,

one or more inflatable cuffs located about said primary tube and/or said outlets
adapted to form seals within the respiratory system such that each outlet is capable

of delivering a gas mixture to one of said three separate divisions in isolation from

20 each of the other divisions.

25. A triple lumen cuffed endobronchial catheter according to claim 24 having a first
inflatable cuff located about the primary tube and above the outlets which is
adapted to form a first seal within the trachea.

25

26. A triple lumen cuffed endobronchial catheter according to claim 25 having a
second inflatable cuff located between the first and third outlets and about the
second outlet for forming a second seal in the right bronchus and a third seal in the
hyparterial bronchus, the third seal allowing the third outlet to provide a gas

30 mixture to the middle and lower lobes of the right lung and the second seal

lr;
1
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lower lobe of the left lung and the second seal allowing the second outlet to provide

10 a gas mixture to the upper lobe of the left lung.

28. A method for measuring the pulmonary blood flow in a subject according to claim 1
in which the relative pulmonary blood flow of said divisions is measured by

determining the uptake of oxygen in each of said divisions



