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ADJUSTMENT OF ENDOTRACHEAL TUBE CUFF FI LLI NG FI ELD AND

BACKGROUND OF THE | NVENTI ON The present invention
WO ed0aexm9t o i ntubation and, nore particul arly, PCDIIR006/000974

system and net hod for perform ng endotracheal

i ntubation and adjusting endotracheal tube cuff

filling. In the nedical treatnent of patients

r eqUIIJUSTNIER D BITASBRACHIEXE. TUBE SUFSAIDDING i nsert

an endotracheal tube into the trachea of the patient,

by way of the nouth, nose or any other surgically

t j - otracheal tube is

FIETT A0 HACEGRY T lggrlqi odically forces

ai r Thetpgesthteinlemigs refatesughintibatidnudne, mbie panivelarlgnd ofystem

the tube is typically provjded with gn inflatahl e cuff
andympethod forinerfonug W%&raﬁ\%hm nrﬁé@r@%@&s% &ag%trﬂCﬁQal tube
cuff‘ﬁfl\tiﬁ’%‘? insertion of the tube into the trachea. The

[ a

ed cuff is supposed to provides a seal against
t he In nthenhedicalatréatment € patianth exgquiring sereathingf pesetance, it 1s

endot racheal tupes,, | he cuff . .is br ht in
cogginpe i, eisursheel A rOgpe shdhral i ety pggof the
md¥itlhd3é % Sy Bthdd FurEball! Gested lopwnihgl O EALCOS thei éhdotracheal

di sturbed due to excess pressure for capillary vessels
tubet is tohmnastsd: tact vmatpbwmogemtpﬂicﬁ%y farces &k ipo ithechwegs Hirough

or . i nade : :
b TP ES) SRRy Rl RRBRE SERSIT By S i
is Mflaesibby o@slenticial aneanf stbeqtemiyheahe dasettidnagietheitnlysinto the

or segnental tracheonalacia with dilation of, the .
traphego B, 1nEgler] U 18 PERREH '@ PIAY4&13 SeRhPERRLRS WG gFpll of
hMMGhR, My result in perforation of the innomnate

artery anteriorly or perforation of the esophagus

postlersudr tyffedRatdogntteal eaes, rif thy dufihiy trewght vesa tcohiactowith the

. support. oftentines developed |ate commlications_of .
i A s rase e ey g eh PO E PRES A CERp R R ¥ mucosa i
dibeba ved 'tcpékceg‘;t)t%%r@fdﬂ%ﬁpi'[‘l@f}dvesbécls hi@e Gohiact SorlbQuedilting
into contact with the inner wall of the trachea under |
in ttiggnel isvhemip pe sxdeqyate hloodlav.i Eradpngeddpihenra e ease parying

deig?eggl k Lljel%t\j;j %’Itﬁhtag e?oslioenfjl i & tnﬁliecoggl %%Etp&ttiioﬁ P {%e trz?%%%iecf&)rltilage

ernore, ressure 1s | ow,

1inge CoiedebMBtal FRUMaRCiaok il dilaivest thd tfablhbad SExeamm@askamatic

ressively. between the inner s rfaceé)?f t he tr.achea

. progr. :

is Sl thikkncspersia omgY TER B PPOTHR & JbE dRTHRKS artery
FMOrIR Gk efrf PR SaNEF ttl[aae%gﬁ(ﬁ, g S &y, t PRI ORG I ring long term

anpo{géﬁt | th 3(/) t (§) causle I ggléﬁ gct i or?ls. It i sR:'tQ]her egf or%

ventinesg auppotioofiamiinteaidavélbyge ddafefconphicatedins pf émshaab stomosish érom
inner wall .

mild to incapacitating obstruction.

On the other hand, if the cuff is brought into contact with the inner wall of the
trachea under too low a pressure, the artificial respiration can be inhibited due to a
leakage of anesthetic gas, oxygen or air. Furthermore, when the pressure is low,
bodily secretions, mucous or other unwanted fluids can pass progressively between the
inner surface of the trachea and the outer surface of the cuff. These secretions can
pass from the trachea and enter the bronchi, potentially to cause lung infections.

It is therefore necessary to maintain the cuff contact pressure on the inner wall

of the trachea at an appropriate level so as to prevent the leakage of air from between
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of the trachea at an appropriate level so as to

prevent the | eakage of air from betweenthe inflated
w@edo7/ozmag t he tracheal wall during nechani cal PCT/IL2006/000974

ventilation, while at the sane tine maintaining the

necessary blood flowin the capillaries at the contact

portion. To prevent tissue danage caused by prol onged
thepih@sied cefffand e thaheal ffall ddwmgphgdnbmk:amen&rahoﬂi vliild at the same

deflates and re-infl ates_the However, this
tims THRIBHUEE S Hegs SRy @Weﬂw éraﬁ\sﬁap Vagesnt dhe etachporgion.

| ong“oegl%k‘&ﬂ Rehd 991119% Eélﬁ@dtb %dﬁ‘é’e@ ?ﬁb‘lﬁ% Srom t e cuff, the
reperf sion of the tTssue. ererore 'S proce ure .
phpwieisn petiodieglgn defitdtss apﬂememﬂam alodh el vl'ﬂxbwewescthesnprapedﬁlre is

ty. of endotragche bes have bee evel o
rergf e dretupe Y 2R OF oy & RS Se0RYS PR (USRS alfuate
repeifsOM est Peegsie.e TR Blis fRbcedird Bbdsahdbdepetdily Prevent
an endotracheal tube which prevents relatively rapid
traghest sigHdschpwideases and pepnits relatively slow

DI eSSUE A N6F EARSAcDTURLERN Goch SRULRLOL. HFQVLRDIA US.

vi sual I Ca alr pressure

PatdnBNo P&l 8M 72 Ndiscldse3 @, 1&9&)%&@6&1@&1@ réguigol foe ah hreflatable cuff on
probl em of secretion | eakage by suctioni ng. The
ancandBiichERewbe CYIHEN PEVERRBPREYE PR PTETRT AR A0 Repmits

t
1e1g¢d$éi¥ P‘S:afd%@ssﬁ Rbsad ﬂe%ﬁ%@gr}?ﬁg%ﬁ %onEde§ wgdamr{agaatmn

e trachea a and
ofithﬁauophassur@mrthdcuffnal fluids into the trachea. U

S.
|P 22\&‘25 Pb%t)e]ntﬁgg.? Af:l %(f{? aglt‘%ﬁrqg%%iﬂ foqverﬂllgvpgplélg%&rese%e ipn Eeakage

bylsQ&idiind. P HaBtrhdRhll tibé RUoBAHRR With REGRA de0Re M 4 tbrm ofa
the increases in pressure fed to the interior of the

chambien witle ecsiontpone fon swetienins priefheids imtretirashdadidnrie dhe cuff and
fo%lnﬁkﬁ&g %Ef{lm’ﬁf@%ﬁa eretﬂ%:th be inflated cuff and the

I ac % 765, 559 addresses the

I ssueSofPacanN@Nd, 561,273 GittehP&s W eoBxethkeptoblent b€ lealfake by
on the tracheal wall which,. during pr.ol onged sur ery
copuglling sihet cyfh t The hrgpsuss sWdun stheTaigt ppuipypatisall goanefqa%ﬁs in

pr%[?b‘}{ &‘r? h&nh& lrﬁcﬁ@a@esel'ﬁgmﬁsﬁ@féﬁlt i ﬁﬁfté}ﬁ)\f'd? gh@ermoﬁraglnéat Yube,

r|n s, each ca a Infla
thedetﬁ)r pIICR/ﬂgln[ngrCMDW&bll yeakag:ehlm thatealibetweon eheanﬂalnd eufffand the
R UIL rings deflate the others remains inflated.
trapheaValbduces danmmge to the tracheal wall due to

congy 8NtpaRne W r£7691549 é@@reks‘%ﬁ: Qhé Qe M%’(?hsfhfnt tsh®ic pressure
above and ot her prlor art technol OgleS however,

exemerl by thel adkenthearachial wahwhish. dnbeg prolouged stigerye ufdy result
in atpadchgaﬁestgr{o%f:shealjheipqggcgse&a s!ollution includes a cuffed endotracheal tube
having a plurality of cuff rings, each being capable of inflating and deflating
periodically such that when one or more of the cuff rings deflate the others remains
inflated. This reduces damage to the tracheal wall due to constant pressure on fixed
locations.

None of the above and other prior art technologies, however, monitor leakage
at the contact area between the cuff and the tracheal inner wall.

A different approach is disclosed in International Patent Application,
Publication No. WO 2002/076279 and U.S. Patent No. 6,843,250 both filed by the

Inventor of the present invention. In this approach, the concentration of carbon
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A different approach is disclosed in Internationa
Pat ent Application, Publication No. WO 2002/ 076279 and
wo@7/omvent No. 6, 843,250 both filed by the |PUEN2006/000974
of the present invention. In this approach, the
concentration of carbondioxide is nonitored in the
patient's airway between the cuff and the vocal cords.
dioRaked menitdred MM Patiends alrtvey ibefwezhithe coff édalethercah sords.
adj usted so _as to_ prevent th | eakage of carb
Baggdog e pasitoring tbwﬂatrpneo e 1S trAdgsiech b anfe prevent the
u 0 e r:
el B Eitnb RO, e T B Bl i adjused 10
proodide a nﬁddnﬁn mflatiop prassura,rwhncbplavehhs\lakage oﬁcdrbmjedlblxse past
Pat. Nos. 3,504,676, 3,794,036, 4,305,392, 4,770,170,
th@ﬁ“@éS 862, 5,067,497, 5,579,762, 5 582, 166, 5 582, 167,
5, 79%dR%hal DriBl k231 rBlehte BRdluaBdUS, 068at2230sThe, 504,676,

present invention provides solutions to the r obl ens
3,794436i at,800,993. h 4pF70dr7Oar 4, 8%51&67%ar 6560@6“97b n$.0Ba¥$dn 5,582,166,
%, CF The backgr ound
"5§ C‘%Z %i%‘tls’ggg\{?% t/3 %ﬂ?é endot r acheal

t ubghe llbféseﬁﬂ 1hb¢ﬂlﬂ>nﬁﬂoﬂﬂé§wlutngls ao mq&ublems ndsochttddveithfprior
secretion | eakage past the cuff to the lungs and

arteendpizacher) Uﬂtﬁlbatiﬁ‘ri’dp‘élﬂl“ﬂﬂﬁé measure with an optimal |evel
of the neasure. The background art does not teach the
opti mal val ue of carbon di oxi de concentration nor does

SUMMARY IOBRTHERBSENEI@Y her t han carbon di oxi de

concentration._ Furthernore, the hackgrou
ot e erkgmid, a0 o Roieran, b8 QpBRTATe gt ditac Jybe curt
ﬁlﬁlgg hoakageriftat mbRdfe IiRafvé fof fsebrelible 1RAUEROPS Qhe CuffTto the
ustnment. The present invention provides a method
luxagsoané yempaningnihe indjeativisenassrie ofitnan gptinead deviehof the msasuren The

roced e b tr
PSR Bpsondare FFLafRaR ASCG porb P Rishhan ARy nor
dota@ﬁ tédch\iy helsow dthe e ahrbe® dibkidd doneaitiatias. Q'Xletmélhrafry, the
enbodi nents of the invention the nmethod and system

bagkgsowndeats ey Roteifarlbhepuser ofr #diEYES P dmEy dprmpven it Yeakage
dunpﬁefél [[ﬁeacﬁw fﬁ? th*%? E%)s’e Bf‘blﬁ[‘?%& Vi&nRft Secretion | eakage

asure(s) to one or nore
opt i Tl prestht@sentiont peviteaaunehsd aad eyt watictcednf be efficiently
filling based on, the co ri son qg

usge 8 RHPRGIORGPTBPRETETY B Bl ot Feiaviachiel T ¥ eé%é@ﬂced into the
tracR¥A 'afrwgg afk@8 1§ﬁ’1&19€é6 Wi bSiGRRR W ﬁfe'&»@al c%rd%r OXy

measure from such concentration can be inferred,
or tIhe/atlev&e&:xemplm‘mandnodmﬂ:rés afithetinvesgion hd methed ang sgstem of

ect. dur.in
the plésent invention %erfn orm measulement of one or more measures being indicative

of secretion leakage past the cuff, compare the measure(s) to one or more optimal
values of the measure(s) and adjust cuff filling based on the comparison. The
measure(s) according to preferred embodiments of the present invention can be carbon
dioxide concentration, a proxy measure from which such concentration can be
inferred, or the level of one or more additives delivered to a subject during intubation
so as to identify formation of leakage duct near the cuff.

When one or more additives are delivered to the subject, they can be delivered
either to the lungs, through the main lumen of the endotracheal tube (e.g., by mixing

the breathing gas with the additive), or to a location above the cuff between the
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so as to identify formati on of | eakage duct near the
cuff. When one or nore additives are delivered to the
WG ezi492 t hey can be delivered either to the PCHAGR006/000974
t hrough the main |unmen of the endotracheal tube (e.g.,
by m xing the breathing gas with the additive), or to
a |location above the cuff hetween theinternal wall of
intdrhQ @ijoﬁqﬁe %@%& wamp canahﬁe %xieﬁ{am Qifall\’\@f theQdndbi&cheal tube.
endot r ac The | evel of the additive is
Therdeniel @f atle atdiivednimaniiongl roeanpwiterig lokatian sbidciseglected

acgor di t he | ver C gu For l.e,
acep n%lg(f ﬂ%e‘is‘?jweé‘/ Eegli]% IEeg‘{rral e I‘grrlreéln ofa% wgg’ 1§ bR the
mafARidnash@alentiofhedl habamm nitogng mtmm Bart aa abeve the cuff
above the cuff between the internal of th
betwighp ebe ' igtesnal wagll fathenabiset e ravayaynan t}j«p emt@’nal wall of the
enﬂﬁ) glﬁga?m%alan& Wﬂgn tt?en?efl*(‘fg@nlsttgea B8t ohEivbvé $he &t‘? between the
ocation above e cu t ween t e alrway and

air@aylahd alkh erdottauhe] tilbee thromohiberinpglocatiat ca:mbe:: bnlobethe cuff or
w t he cuff V\Athléheaermlnlurren of the

. bel
WigHY ﬁ%‘ﬁg’éﬁle"t‘ifﬁé engQifa WBf-di ng to one aspect of
t hea‘gﬁ? Srfé@&rd'n{g" &Nbhé @sﬁe@? bf the FFHS@M' RAeehtRnMBERO% plovided a

i nt atln a su jECt aV|n r acheal alrmay endlng
me&hddhof mtg‘smm@h@ snlat:cndcavmp rtraghsal dirysasr endigg ayith lungs. The

BUEL 55 LA I W AR e o cur

ass@bfamy\ml 9 thpuvaral oo dsthimeias ulrivag eldwvibe afcahtcords;
| east one neasure being indicatjve of |eakage of

meg@arrma bﬁelpzsfsqt leapteoneunasuts heme indicgdve e%hﬂ%&é sggyetion past
the guvf? 1§;H§s @gl%g%r ﬁféfh)e 1)94/&1'?) e %Eiu’i’?(ls) h?t}{ %Inf(%iyft aI'P‘Fevel of

neasure ng 1 n Iatlon ase
theomehslmee(sp Rpa ratiﬁxsﬁlngs mflatioh ©f glen emfﬁlbhsedmmthm @enpagiakage as to
ecretlonfroma ove the cuff .to S
gevﬁl WP G Zh rEUORT &1 QETsEP o g et cutl foths kg, white

GOfH € shi@ asMClREY denfBEMARe bitwhy SF er r ed embodi ment s
mi ITlt7 gqﬁn\iental or? descarfa%ed beeowW %he measure i s ot her

t harAacardinn toi faxthete featnesnnr prefeoned penbedimentseof e imyeation

rds Accor futh by
deyaffped F6Bi SR TEraFE T LhTRE e heh Ao PR T ERCH R e e
cuffRRRihSescaP&IfiOr M ng at I east one neasurenent of
anmbi ent carbon di oxide partial pressure, and utili 9
t he Ambrcbng tecstilbButher &etutes matih@.dﬁﬁcr&eésvﬁf@éa% @iﬂbodlmen s the

meiﬁci)cf t :?Cﬁ)llv ?'l gS 8?01{1{11?% gflﬁ] gtal)né %}/e%gl.gele gﬁto&dhrﬂglehf’ carbon

ures r ef

dl(ﬁﬁ@@ﬁmﬂehpﬁsﬁm ai’(&a&wzmg&hé ambleatrbaﬂamﬁ dmdﬁopmﬂaquaﬂere for
partial pressure.is perforned continuously, so as to
seisingvierealye olthe eptiBal Ie¥ely - ti ne val ues of the anbi ent

car b&&ogdlﬂé( kAP At eatures in the described preferred embodiments the

measurement of ambient carbon dioxide partial pressure is performed continuously, so

as to provide a series of real-time values of the ambient carbon dioxide partial
pressure.

According to still further features in the described preferred embodiments the
ambient carbon dioxide partial pressure is used as a reference partial pressure,
whereby the optimal level corresponds to a carbon dioxide partial pressure being

larger than the reference partial pressure by about 4 mm Hg.
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pressure. According to still further features in the
descri bed preferred enbodi nents the anbi ent carbon
waele@giozbaoparti al pressure is used as a refer enP@I/1L2006/000974
partial pressure, whereby the optiml |evel
corresponds to a carbon dioxide partial pressure being
| arger than the reference partial pressure by about 4
M Hyeobedifg @ BGll trartlsed ifbdturbsiid herdeb@abedr @sfetd ehodiments the
described preferred enbodi nents the optimal |evel
optimal elepeln gerrespondsydp t3 et r by digride pressyEy 08 Hpm about
to about 4 mm Hg. According to
0'é\“not g%qgé%(&:t 211)1??'?{[ ie present invention there is
pr ovActeddiag net dnmdmfaspattu&fathengreaerﬁuinjvemtonh therangs ginovided a
air ending wth I s and.vocal cords, . The net hod
mel o sdabaing o haFIng A GUP RS RSng Bl RASAcal cords.
T f¥@Yd cbl'ﬁEh%s‘ ﬁﬂetﬁng‘d fen@@t?a‘éﬁéaqttﬁqa thJ fhe tallvay; inflating a cuff
endotracheal tube wiThin the airway bel ow the voca
asseniated Vdéh |th@ rendefrasheal etibe i wighig athe azitvapt beleais ttheyrvecal cords;

ent|f| additive,thr the trach
AR TenEvere SRa, e MR b BRSPS AR < JRBeh e
er@ddadnemeum& B1oNRBHAD &l IréGell @ﬂ:@ﬂen ANeadd dokeide@eiablf addigve at a
subj ect; and adj ustlog inflation of the cuff based on

mPREOTHEAPeason iy thepods of gheguhicsta png adinsting ipfatimplthe cef based
mf’ﬁlg Erﬁ)tn'ltgﬂné 6QH @MRNéra 12 ﬁnﬁﬁﬁ&e fe%kat%%f SR H%‘lhlaﬁove the cuff

M zi ng- pressute assocl at ed ges {0t
toAhe:lmngs wdutecmrﬁmnizh@rpléssaltems&mawd garedges tcetﬂleerrkmyh rrent S
of vent i g}n destg\%ﬂl bed, bel t he mgt hod f El
Feopding; GnHrihey TRHEEGS Al BYR fricsk embadiggents gL thgjavention
désgl@&‘d' Bl AR] e @ﬁ’éih&d AKX Qﬁﬁﬁﬁseél@lg?ﬁhhg@xlheh aVighel f thd ‘é“tt least

at least one identifiable additive. Atcording to stil
orfeuidehtfiatiie atlditivs xneadseardeptimalbietehpbfter abdeast one 1dent1ﬁable
C{%ﬁ nmbodi ments the nonitoring |location is at a nostril of
SUbJect or opharynx, above the cuff between the

endop¢qedigalio sl eudid fwahies i thet diScifbddViRifend/caiboBRhaé the
the cuff and adj acent thereto. Accor ding to still

mppifaringrlopatignus at ainpstrihef theswbiesb @ronharnars abpve the cuff between
thg ggg?gt{rmgélstut)@ %nHRM]&doif He té{lﬁfz 81@5} BB Hl%lt éﬁf] 'ap@ adjacent

Ions at a suctioning I n the
thalgave the cuff. According to st|II further features in

tho SHAGHPECH SN TS TEHER ToBE Jnabre pEcaE! IcaResas the
mBfho@ FIRRS ohPasGORPHbind 8k r&@ichd Gt a QRLhisL MUiidn in the airway
above the cuff.

According to still further features in the described preferred embodiments the
insertion of the endotracheal tube comprises inserting at least one of a measuring
conduit and a suctioning conduit.

According to still further features in the described preferred embodiments
adjustment of the cuff inflation is performed manually.

According to still further features in the described preferred embodiments
adjustment of the cuff inflation is performed automatically.

According to yet another aspect of the present invention there is provided a
system for intubating a subject having an airway ending with lungs, comprising: an

endotracheal tube, adapted to be inserted into the airway and being associated with a
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According to still further features in the described
preferred enbodi nents adjustnent of the cuff inflation
wo goopee¥4er med manual ly. According to still furP¢mBrL2006/000974
features in the described preferred enbodi nents
adj ustnment of the cuff inflation is perforned
automatically. According toéyet another aspect of the
cuff eseible bNvetki iaflatel Hefovir $hd O] AREIA a8 Sd ﬂ’ﬂ?e&ﬁfng device for
i ntubati ng a subject having an airway ending wth
MERFHEBE a';:lsasfs oPg W@SUI%heléﬁ 1G24 f oh leakagseof Ss@awbﬁomcab@ée the
cdfmq?é gnt o the airway and being associated with
acuf abI e of being inflated bel ow the vocal cords;
and Acamdmgruon@lrtlremfeﬁufeﬁrmnpecefcrredwgnﬂﬂbdinm ofintbe invention
neasur.e bei i ndi cati,ve of | eakage cretion, fr
IS T Bt OF UG IRGEEH drgorBEHeH chsienal Mhen a
leV QR dicas 1dd3t MieathshRExBERRIIHN Irﬁal@ével he invention
descri bed bel ow, the neasurlngv€¢V|ce i s designed and

c onf Agording o stil g?w@lher\mﬁnrea i esorfibadrpreferrefl @aélodmfelts the

Sy, fs ﬁmﬁe Xcepﬁr?sgss{he r?p?ﬁq i %ggl 5 a0 eV%I ebefglfcrger g ggxa Ryt

enbOAide?di‘l‘hg td RE1I Sysier Tedtutel h@fh&d%ﬂﬁbéiﬁp‘refeh%d Qﬂiboﬂﬁhents the
l evel is a predeterm ned optimal | evel Accor di ng
megsuripg dgyie &y designed pad cwﬁ&%ﬁ @esignal pgn grleved of éhf measure(ﬂ
t v S
%%&%gﬁ?&%l %ﬂ?éﬁmhaﬁgqgldeéﬁpbl %a(??@e@lﬁggisejﬂgs(su e of from
abext@8Ammiigiptabowel 4 mevHp. corr espondl ng to a parti al
carbon di.oxide. ﬁ\r essure of fr

o Do 16 Sl ey e 1 E1Y e pulbackias eprad ebedimepts the

mEzt"s%nﬂ&%l@Wc@%jd&‘iﬁfe@rdne&ﬁ %' tﬁgﬂ'&ﬁ»uﬁ% 1EHREBHE lﬂ'égsurement of
device is designed an configured to performat |east

anghientnesalsaly digwmise naftwérpmseme, wam@bh thati @mbxstet paben dloxide partial

e SRS Bl it BB Me BBl e o P

opt i Aedordiay @b an AQGGILHAINGPER o@ﬁh@ﬁﬁbéﬂt Qﬁk&huaﬁ Bes¢ iprovided a
the present invention there is provided a systemfor

systetty 6%& mﬁévaﬁng dhjubitet having Praalr Ry wagingntiith dungs h The system
chélt[P}%%s da-ll- @féEl?é& G rad%%éd tﬁ%eeiﬂgé?{edaxﬁ{beﬁ'l)e%%g% and being

nserted and
asa&szued atithda wufthcapalsle fdf tcear@hiﬂfaterdf bdiew nie |vnédlaioecﬂs el aiditive
he .vocal cords;. an addi eliveri g uni
%Ws?%ﬁ PR Qperplyply; appere ﬂ@ e RehBae adeondaured to

d&i‘i’/@lf igueed & %n‘tlﬁﬁﬁleaﬁddlﬁ@étﬂn%ﬂgh ' tﬂ@ _nédd(){r%ﬂegl tube; and a

dditive through the endotracheal e;
mmsug deigjcelfovinesdrong adensliof |tlmgatéedsem&l 1dait1ttalbb; alditiweast
one

Feardreatng fr BFURF dabiibolst REmveeDRniRgTIRL AL inventon
described below, the measuring device is designed and configured to signal when a
level of the at least one identifiable additive exceeds an optimal level of the at least
one identifiable additive.

According to still further features in the described preferred embodiments the
endotracheal tube comprises an additive delivery conduit configured to deliver the at
least one identifiable additive.

According to still further features in the described preferred embodiments the

additive delivery conduit is disposed within a lumen of the endotracheal tube.
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descri bed bel ow, the nmeasuring device is designed and
configured to signal when a |evel of the at |east one

w0 dennefpabl e additi ve exceeds an opti mal | evePCDIL200v000974

at least one identifiable additive. According to stil
further features in the described preferred
enbodi nents the endotracheal 7tube conprises an

addi ticeerdited toveily Ae@ee Batur&Oinfthg dEQRFbES pFE%zjrébeémE(flﬁm@ﬁts the
e identifiable additive. According to still

I&ast op fii .
afdiby el canditi i eviealbs cprmled) tprast embetded in a wall of the

gahrdhdEnls t he additive delivery conduit is di sposed
evvi thin an]; umen of the endotracheal tube.According to

sti | Ackenditgero stdbfinthes fdaturdshia the dedcribed pptafar smbodiments the
enbo?#nﬁnts the additjve delivery conduit is
SEXTR MRSy oBBr et inlabine drten dudivstiae iaflgtiogs of; the cuff based
of RIpAhI aedeedld frdthehe ﬁl@&ﬁfrﬁ{g R8vikO sS b td %J%QL%IQE{}QE@%% Yakige of

in the described preferre enboglnent
seauetidnefromo aprvesths @t itovfthadungs, wdile opinfiroizimd prestiragissociated

d@ﬁgéé’g%ﬁ{éaﬁwa’}rhe cuff based on signals received from
€ measuring-device so as to generally mnimze

| eakageordingsecstielt fuethier fafratinwRe HERBE breb@rdd\Enbddidents the

whi | e @ njmzing pressure associated damages to the
MeAFURENE deRICE SPRIPHELStadisnlpy devieerfondisplapiag thekevelnfiheat least one
nfiesgLi bed preferred enbodi nents the nmeasuring device

conprises a display device for displaying the | evel of

t he atcérdigttocmidl fwethaufeaturedds ohicdliagrib@l pledrtedf dmibdiahents the

f?at gl:lr{ﬁs in the described preferred enbodi nents the )
YRR LG COMBHS S ARAIFIAiag ualy baingrin cammuiqatipeivith tha measuring
d6QETEsH FRHLEAA nl Mektha KB 1 TiHENK LEej i .
an alert in résponse to sign%ﬁggﬁg%§isggkgigﬁ$?ﬁ@§nﬁgm””@
dewsess ur | ng device. According to still further features

int i b ferred enbodiments the inflatin
aovi ARt ST SR B T e hifrie) sagiients the

intflagne kiyvicorisi ingcdnahugvatidy ¥itk! 108 Qedsf QRALE Ofirereby dfonning
Accordlgg to still further features in the describé

theresitha disedripeirontiols t he system further conprises a
meas uri}g; it endi ng . the, neasur i evi ce
e R0 0 | LA PRBHE IS
syfstent fugthef earhprises aimedstuienglesduit be@dn@ing ffeii 8@ measuring device to
i enbodi nEnt s . the_system further conprises a suctioning
h§ales 2BpwrBE C¥E for suctioning secretions at a

According to still further features in the described preferred embodiments the
system further comprises a suctioning device operative for suctioning secretions at a
suctioning location in the airway above the cuff,

According to still further features in the described preferred embodiments the
system further comprises a suctioning conduit extending from the suctioning device to
the suctioning location.

According to still further features in the described preferred embodiments the
system further comprises a measuring and suctioning conduit, extending to the
suctioning location, the a measuring and suctioning conduit being coupled to the
measuring device and the suctioning device so as to facilitate the measuring and the

suctioning at the location.
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suctioning location in the airway above the cuff.

According to still further features in the described
w@e@eexer enbodi ments the system further conpPCHER0@/000974

suctioning conduit extending fromthe suctioning

device to the suctioning |ocation. According to still

further features in the desaribed preferred

enbodcomaing tb REIISMEhG Pehtdfds 8 the @éEEﬂb&?ﬁre?erfEﬁdeﬂﬁentq the
and suctioni ng conduit, extending to the suctioning

megwisine gnd sedieningraeaduit srdispesed intrsrallynvitlgn domendptrathergbe.
coup \ cti.oni.n
SovPhES R O3RN, RGASHLF, 200HE SR icns e
maﬂurnng rnd guaioningeohdaialsi dispodetanethally toahs tnddtrathsal ige.
es.jn the described preferred enbodinents t

f eat he

meas g‘F?‘H ginga sl durthssi fg@“@é At deseribrdsprgteaed embOdlmem“ the
rrﬂeﬁﬁu?ﬁlg ahd Xudﬂoﬁﬁﬂgrbohﬁlﬁt {%nﬂ%ﬁ 33 wélggtethe SRERLLLOF .

still further features in the descri erre

enb odpm;dm to 561l fedberr featyrearial ﬂsmdttspnbﬁmpfefanwdwmt»adanents the

ext rnaII to.th ndot racheal tube.

mﬁésélg?“aéfrﬁ P RY Oélf“]e ‘?ﬁ‘?s{trﬁ]e(%t eMYs in the descri bed

pref A&écﬁdln@ﬁb@dll"fﬁﬂh& felQrodBASHY HeriFItp S REted ¥R M iments the

conduit is enbedded in a wall of the endotrachea

megREeMont dopafarged ot e ioraphpuinkieéthersabiedk es in the

descr, r

o DB 6ol TR TR e MM BRI Mimiofiments the
mshdurdmdnt ig peeforfed bboveshé ouff belodﬁﬁ@ K/d)d@tﬁdoﬂdﬁ ef &ﬂ‘ersabﬁect

enbo Is t he measurenent .is perfqrned at

th
or op%&?cif fpedp stif dudh; f@%tf‘reSAEél%fr ehsAigbedortsterted eﬂllhoﬁﬁé‘?ms the
mkSRLURER id rf‘otﬂﬁe&iﬁélﬁw tﬁ@gu L& Q&J ﬂ-nﬁé‘?g' nents the

measur enent 1s perforned ove t el ow t he
vocalcowdigg tofstitl ffertkmtﬂew:utes M\ctlmodezbcn@edt prefriet| enihmtrhmts the
atf eagures in the descri‘ %e ited errbog)ﬁrrents

JEEL GPE FhgitLrs SOBRITYeS ARG SRS SoReR oD Bes;th Bt and the
védagewt®. According to stl [l further features in the

descri bed preferred enbodi nents the at |east one
neasdeeordingpp isg B Juithererturss dx ittedesolbashpie eried renthwdivaents the

at}lgf;%{c 123; ﬁlfgégx?euércglgpllys%g ??.Lrb&? 5%§1de ﬁcengra h clibo etthe vocal cords.

8°'4este pre erre

enbodcemading to Bell drth@asitues Qn Iﬂlﬁa@dsbﬁbddqueln%ﬂsenﬂﬁﬂhﬂéhts the
i oxi de concentration above the vocal cords. Accordin

atﬂ?ﬁﬂé PR MeRSYFS ¢pERPTisen et dionide fancrat Aoy @ NosEH of Fhéfdsugject
emoﬁbé@@ﬁ‘lﬁ tb RGN Fhrth & A5 tuRBEn 'ﬁ?eaéel%ﬁl?e Oﬁgfeg%g%g%t%ﬁm&ts the

di oxi de corficentration at a nostri
atAezbroae ngeasmesddnhprisém athsticdl eltaibaag iimlithse otﬁ"sleakalge chear the

ot o&tselﬁg ?he en traclhe nth e.t he

According to still further features in the described preferred embodiments the
measuring comprises filtering out background data from the acoustical data.

According to still further features in the described preferred embodiments the
background data is characterized by a frequency being below about 1200 Hz.

According to still further features in the described preferred embodiments the
measuring comprises calculating frequency difference characterizing the acoustical

data, the frequency difference being induced by the Doppler effect.
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at | east one neasure conprises acoustical data being

i ndi cative of |eakage near the cuff outside the
wepwonergheal tube. According to still furtherrP¢EHI200690974

in the described preferred enbodi nents the measuring

conprises filtering out background data fromthe

acoustical data. According to still further features

i n t hecslanerbhed MiBclrRebsantRIiaeAbal plRBrRACMIBAMAhLs the

data is characterized by a frequency bei ng bel ow about

mESHHINgLompEseY ealetdating tsaveling fige ofeaconsbigelisiganls and nelizing the

" b bt / ' nmeasuri ng

A R PR LB AT IR B SR, ST ance
char actedingi tngtitifertheofestiiesdh tikadascribdieplefeepdemibodiments the
di fference being induced b

t he Doppler . .
alglerL ARC ABSHE: SHINRTSSS PISTUTY dRrheing Bicaries of fuidylow near the

csiPeekide et fdsliedearhyggbOdi ments the measuring
conprises calculating traveling tine of acoustical

si gnakeording tatstilli faithey fehtoresrinvied desgribddnprefepred embodiments the
et erni ni fluid fl ow ne the cuff,. Accardi to
BTN bt Piippisr oo flante i Biieat P AP er the cutt

owBilde tiewidbgadhagl tabe.| €ast one neasure conpri ses
pressure data being indicative of fluid flow near the

cuf f Astrrdingdorstll fufbert feawresdn thaudescrimscpretiined enapodiménts the

f r. i-n..t he: de i .nsef.err .
oG85S oS pt LRSS LR, LA L rspofprsions
nchatle dvéf mgsida thecatiowahodl tibeui d f1 ow near the cuff

ot S)de, Lhe SndflAaheal, Lhe,, ACeord 10 L0 S\ s

ateIeRe BB B U@ niHrisk €8T fer HRE HIRARNMfhARAL SERUAPhE SBlumes

data being indicative of presence of secretions near
paskiag dubaiglothe sndetracheal ¢ulebot r acheal tube. According to

still, further f. es. i .n the described eferred .
crboferrig T bl Futthe et hich oS ISP Bl eodiments the
atdedst enemegsubetRBikek BRalRE @RFhcR¥RAELST MBiid a¥NRleURB Suff outside

sing through the endotracheal tube. According to

thgt%lsl‘li?t_r@l]?&tlﬁlé?e- features in the described preferred
enboﬂl:%«gilhﬁ c;[{"l @ﬁllﬁmﬁ&%étm%g G[‘1% [ﬁfa%ﬁ%éﬁ%eglggrgfe%lﬁgSégmo]diments the

el ectric aracteristics o

mouitringeof the levdliat icastharl identiftableAsdidti @ Rpelforméd hbove the cuff
bfurther f atélres in the described preferred

M RE Yrsat rdhel the siligtti ng of the |evel at |east one

| denk béde ik §o RER IS fia?ctul@ﬁ fif ﬂ{e@cﬁ%gﬁefengd SHfthdiments the
bel ow the Vocal cords of the subject. According to

measutihg flevicheympresss amess spectrbi@edesAcididitig po stflefuredr features in
enpodi m&nt S. t hg . o

the described préferred embodiments the monitoring of the level of the at least one

identifiable additive comprises performing mass spectrometry.

According to still further features in the described preferred embodiments the
measuring device comprises a gas analyzer.

According to still further features in the described preferred embodiments the
at least one identifiable additive is characterized by measurable electric properties.
According to still further features in the described preferred embodiments the
measuring device is capable of measuring the electric properties. According to still
further features in the described preferred embodiments the monitoring of the at least

one identifiable additive is by measuring the electric properties.
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measuri ng device conprises a nmass spectroneter
According to still further features in the described
w@e@feexer enbodi ments the nonitoring of the |PUEIL20066/000974
the at |least one identifiable additive conprises
perform ng mass spectronetry. According to stil
further features in the descewibed preferred
errboxalbée%aﬁ% tb @ﬁu rPEﬁﬁéNfe&lﬁre@ QN HIRLIGOAR SRferRdFatbodiments the
anal yzer ccording to still further features in the
atdb@% ronp edlemlﬁebl@radédw@nb shamaeiatized; bie ngasuratdes magnetic properties.
if d [ har ac asu
Ac?oﬁ l & opelrﬁlle tv & %egoﬁl dl%theg d{egcrf te? | Pre%&gﬁh%ql chlents the

megAiring edsvice i3 &@ablle&q"rméaeahxm gbandgdtie phpditite N A cbiiéng to still
rreasglal ng device is capgbl e of neasuring the electric
furessin the-deserbssgpretsrise iembotimpantsthe fwtew@g therpt dgqgt one
toring of the
1d‘3m§ %Héé’?&ﬁéﬁgﬁﬁggﬁﬁfl a e a |tf%/§ggpémgéy measuring the
eI ecAccardimgap Estlﬂifalsthdkcfeamtﬁs rig theodesstiibdd pnefdrh:drembodiments the

o R O e RN i1 PO e Gl AeL Bopegs pyecording

o RASTUFBE fRatiRd e teeBEfHRE TréBfed é\ﬁswlﬂfeﬁ@ tﬁ@m@&ﬁulnlng device is
further features in the déscribed preferred
cmbbonfn@msrmmﬁlermv@gmlrprngerd@su Aecarding 4p abll duntifier features in the

aERABM #n%?eé"}ep en%%%”rﬁér'pg 2R r(%rB%glhep‘Ag ortdo&%thtarﬁihsa%iel ldditive

issiyhaelsugng thetopeicalpdgettidsng t he at | east one
identifiapble additive is by neasuri nqut he rmgneti C

pr op&eeqrang tasHH furthey fieafusetsuln the descrbyd prefrigfembodiments the
oSSR A TR EER bR AP s, coring
tomtxblriiarthexefsatums Giothedi degerited grefeired embdimehBahaimessuring dheice is

c:?pgx E@;ﬁggﬁ%é %fegftﬁ‘éé@;ﬂ‘? qugpqg g%fAéyg?dlgfas ulfllltflngtg %éatules in the
dACABETpRE: £ PRHIdimEME tEhoARRH 1Y @S at RabticdBSRIHBRadditive

preferred enbodinents the nonitoring the at |east one
ls|hYemaSﬂfrlm)thé radiafian prepérsiehy rreasurl ng t he optical

I
8 (ri‘g g ?‘ F’n&rtgfs rfgﬁp‘gfré%%asetﬁéﬁ 1%6 ?ﬁgllgﬁd Plgggfeﬁgeﬁléboglmelﬁs the

atl ket Icfnbalﬂeﬁtlﬁébl@fhaf aedrgiiérzRd by RR&SHbAD fRick@démt bitperties.
properties. According to still further features in the

Ageydingp iy Sﬁﬂeﬁéﬁeéofe@ﬁﬁ’édlnﬂélﬁﬁ dlegibedepisiariedg e@é@dle@ms the
SRR ERY L ALOR 00 AR BBSEILE Ay
stit firdher fzadtlmemhn dhenbastibddyerefennd tmbodignentsahaimonéaghg teet least

|denttf£ ble. additive is, by asuring the radiation
ons; igpatifiableaddifivegs Vﬁg@aﬁwr@ttb@ UPLGGREPIOPREESIr es i n t he

deschiQadinBEfall ffﬁféih&%&ﬁtégﬁgtt@ey&&%ﬁéd g:%rezfed%%odlmems the

identifiablle is characteri ze measur
atf leasd roms ddentifipblepraiditivescomprises at least one inert gas. According to still

further features in the described preferred embodiments the at least one inert gas is
selected from the group consisting of comprises helium and krypton.

According to still further features in the described preferred embodiments the
at least one identifiable additive comprises at least one colored gas.

According to still further features in the described preferred embodiments the
at least one identifiable additive comprises at least one radioisotope. According to still

further features in the described preferred embodiments the at least one radioisotope is
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According to still further features in the described
preferred enbodi nents the nmeasuring device is capable

wo@Roomez®lor i ng the fluorescent properties. AccoPdi/IRoe6N00974

still further features in the described preferred

enbodi nents the nonitoring the at | east one

identifiable additive is byloeasuring the fluorescent
sEEQBEbhEe gf&&ﬁédﬂlbi@ﬂ:ﬁ%@f g tdchhetfum t4disdt65H, WrRBoh FadidiSotope
descri bed preferred enbodi nents the at |east one

apdie Fvipfanatstieisginpiet i ve conpri ses at | east one inert

gas. ' t ti res.in.the

deso T RHRud ol Muiassithl Aftes RO SRRl et e grepently
kaasn icsnfigirgtting byfprovidinge gseupacbmsihet ifigpafortdiméidoascheal
.helium and krypton. Accordipg t till further
intebatigpaad PRk gRIdAeheal tp‘[;%?‘éf? filipgenbodi ment s the at

| easiyrng om?mskfdegﬁ&ﬁ AOLLRdiVA HARILAES t@ns! §RBE hefAE have

col ored gas. According to still further features in
thehremdesemitgeds onewhialy sddastbetibyrend of ¢ridmagt skilk astheartao which

i.denti fiapl.e addjtive conprjises at |east.one .
S e ndtbioliEh GBS 357 pifeppl mitpLSh sqpivelqnp o those
deeibeeB&tinkRd beueéEin tRE pRORQMITBAS Jf iR FesdneASn®iL suitable

radi oi sot ope isselected fromthe group consisting of a

meghads etidy rimapiadalei et desetibed sheton r dnli efse oefosenBiell the patent
radi 6l S0 . . . .
siURa00n A Blg e 8Bion T UPLRERT Ll UBEOA AP paterias, methods,
apd esilésyark fibwmratiwedrlyg uidhitdnendsd prbeVingiing a system
and g}gt{wod far t%grgorm' ng endotracheal intubation and
opt i FPRiCAREHABIY 486 &athad,prd exptem of ithe REpsentyngegion involves
o o . o i cal q antifi
PREQSTHE S, KORLUER, SR, F AR mBRLANL JAmARETS, or o
combiepttrotdrdof. blvecwkr,archirdmgyto skiubl instrumdngataintanklequipment of
ich this.invention belongs, Altho met hods and )
PifGER HPRSURAT GF Buv Anb e B thiedruutt frpagen, severel
séledted Brep @Rt WSREDIEMekBE LRI REANWEE @byt SttwAe A adyh8perating
present invention, suitable nmethods and naterials are
syfén of peyd figevens. orlancaselyeatioh theaef. i ar expinplepas bavdware, selected
kfid cation, ingludi finitions,. wll control,. .l .
SR i BhieRon oPEI Y DbIEHIE S L nin s Lrgs softvare,
stledtetd tsteph | ofetheninye@ivth B&ild i b enplethehedbs hi plutaling of software
I nplementation of the nmethod and system of the present
IsHYeHRnSs SRIngRFerur ek b a FOBPHEhYS IS aoiniableiopgratiag extiem. In any
S Faal. :
R Ereedt SEAH R Mo an U ARLE B2, ¥entfBh Buld be escribed o
being tperfivemedaby andada greegssop ment aofa qngfuging edatérimofhi reeadging a
E‘]:S t he .nmet hod and system of the present invention,
PRIy 9f INSEPEHASY steps coul d be inpl emented by
hardware or by software on any operating system of any
firmvare or a conbination thereof. For exanple, as

BRAEH RS RIPAT@NT @I THE DRAWINGS

The invention is herein described, by way of example only, with reference to

the accompanying drawings. With specific reference now to the drawings in detail, it
is stressed that the particulars shown are by way of example and for purposes of
illustrative discussion of the preferred embodiments of the present invention only, and
are presented in the cause of providing what is believed to be the most useful and
readily understood description of the principles and conceptual aspects of the

invention. In this regard, no attempt is made to show structural details of the invention
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steps of the invention could be inplemented as a chip

or a circuit. As software, selected steps of the
w0 poogeiden coul d be inplenmented as a pl ural it yP@F/IL2006/000974

software instructions being executed by a conputer

usi ng any suitable operating system In any case,

sel ected steps of the nethot and system of the
ini menentetzdinthawisl rbcbmayeor pifmethnmstd) ahdegstadifi g ofiee iyemion, the
R RS ey RO ok RPN AL R IUEd i the ar how the
seRESCRIRT bEMNe v chtin PROVENGD AR ih ByeAti on is herein

descri bed, by way of éxanple only, with reference to

t he adbofyamydsng drawi ngs. Wth specific reference

1O t. r.aw.n tn.detail . it Js.stressed that
the HSp ieePd B By o GhE huigr At BB e o
pur pBiskS 1ok sélldmisit fikiistrationl b enissdodraciafal iulbe cpffefusing @thalation

enmbodi nents of the present invention only, and are
a"ﬁ'reégélﬁfl% in the cause of providing what is believed

to bﬁdsh?a-ggl%tﬂd{i&faf“di%ggnf 68he oldréqﬁgl‘ﬁ% ?&qntubatincg( a subject,

description of the prifciples and conceptual aspe
acgfrdirgetoi vasiews éxemplary embbdinreagarfdhe presait irsrption;s nade

to structural detajls of the inventionin.,nore . .
0, SR S4B, BT 0! 2ol RS OB e,

vadfotle Eadnalaly RentRHirkdiRs bNEMveRion;t e descri ption taken
with the dr awi ngs nmaki ng apparent to those skilled in

t he HGs. hovb tare sshometd iHlostrations ethéhd deeativhonf ray abaustical
Led. i ractice, In.the draw ngs:. .FI.G [
fERAA el PRRMITET g, RS sREBPaRP ey o e presen

insstsiogm FIG 2 is a schematic illustration of an
endotracheal tube cuff during inhalation and,
exhal &t P68hoy EEeprepguiatisg examplnehaprogiuigriaridentifying leakage
e . . [o
bR BoRA Ao I DA BBl SlogEAL St blRsent
inventient i on; FlI Gs. 4a-b show partial CO2 pressure at
di fferent measurin tJ ocations, in various exenplary

enmbodi Shegys tﬂ?‘?e%} fRrentei beiween dhe Tunctignal, ée%e@ﬁ%‘?‘fsﬁﬁ iQf the

prédshikesinl el [QRSs Ahd R pleRGAL iR RhKAP ARP ldﬁfi;hl%aal breathing cycle,
measuring device, according to varrous exenplary
aceprd o treAtieusExemplary embedimentsadthd prasenFinGentian;shows a

DT o SRR Bl ol ST b R e
presserniFaiye éibRdheantikaoutsideah®essRabhdatuaRt i on;
FIGs. 7a-c are flowchart diagrams of another method suitable for intubating a
subject, according to various exemplary embodiments of the present invention;
FIG. 8 is a simplified illustration of a system for intubating a subject,
according to various exemplary embodiments of the present invention;
FIGs. 9a-b are simplified illustrations of another system for intubating a
subject, according to various exemplary embodiments of the present invention.
FIG. 10 shows the anatomic locations of CO, sampling performed according to
the teaching of the present invention, in a human simulator and in patients under

general anesthesia;
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FIG 5d shows the difference between the functi onal

dependences of the pressure in the lungs and the
wee@3sese2 i n a | eaki ng duct during a breathi ngPCyul2006/000974

according to various exenplary enbodi nents of the

present invention; FIGs. 6a-b are schematic

illustrations of the flow ofs air (Figure 6a) and the

presEgy, e 1 { Fuighire &ldledi TOhréss@den e erirsl d8 h&@rdance with

endotracheal tube; FIGs. 7a-c are flowchart diagrans
engpiraghgalh sebensuffopressiiresalob edipplpyddndyting i any eaperirpgngc performed

i to.vari ous . enbodi nents of the

a°§§@§£%‘19“‘?€n ven 1?%%€’tﬁﬁpﬁ§§§@‘q#€eﬁlé°§1 nplified illustration

of aFIsy Sedhoharthe Rbkbatibm Gedyveen indoirachagicabelicaff pressures and

vari ous exenp| ary enbodi ngnts, of the present )
COnlesiels misasurgdshetwesn Bh%ngFfs?WpF e Yrd! cpidsselvsing am<xgeriment

B@hecd QliedRink BR1H BiRkedn, according to

pe\?%?'itnoﬁsc e@&%patfrhy eeaﬁglolgi mar%jtrl{‘s%%]p tﬁhe g%nésent

i nvelriGson3abl howl Gostletisn tbhevean atiolioiraclicak athiconst pfes@@R and

saml in r.f or ned accor.di ng,t,o the teachi ng of the
P REHE PR  P RO BURBHCSH il at o and i n
pat i @i, S| 4UgHRs SRASiRbn dRBAACHE anitihCmeld HBO¥Eheal tube cuff

exhal ed CO2 gr essure waveformin accordance with
pressuiess, defetmiacd clibieallsuby 2 presthegiobagigisisiigshe aydible deakpgmtest and

an. expeni ne. rfoe. a r.ding to.the t in .
e Sa PR OB R PET0 18 Bl {fE LETFOUR Berminea
bybeOBRekaghahohiiathe@-=60)aed cuf f pressures and CO2

| evel s neasured between the cuff and.the vocal cor

ds,

dur i g abd shpws inerientage refo paitsats by duifiy eedatgeheal tube cuff
P Gy Bk oAb T e G GO pressure
deagrchintgpiper PG5 Isalyage@Rotiewmsn+60)t wo por ci ne nodel s;

FIG 14 shows conpari son between the initial mean

endotracheal tube cuff pressure, determned clinically
DESCRIPIYEN OFSHE PREHERIG D EMBODIVEINYE | eakage test

and exhalation-1nhalation volume difference, to the

meanllagppienett esboflinpenss semprigtes erathaveendyysEor whichkeayebe used
aqge FI'Ge 195 \§eh 0% O ee:msael € oo'fo timizi
=110 RIGReRE AREAFOR B 86 1o, Tl soptimizing
erdlogadiehicabé toff fillgfper, | ower, or accurate conpared to

the optimal cuff pressure determ ned by PCO2 | eakage )

noni ¥Yr PHgoser sddettepurdgstadioy ter presentprrapRRERs illustrated in

Fi%ggb l“éEcbﬂﬁs\Ell%?ﬁH%szzégltgngégggﬁ%%Q&éto%ﬂ%&ﬁs%ﬁc@m{@&d‘@&raﬁon

SRR, AR

stem
of a conventional (i.e., prior art) intubation system as illustrated in Figure 1.

Before explaining at least one embodiment of the invention in detail, it is to be
understood that the invention is not limited in its application to the details of
construction and the arrangement of the components set forth in the following
description or illustrated in the drawings. The invention is capable of other
embodiments or of being practiced or carried out in various ways. Also, it is to be
understood that the phraseology and terminology employed herein is for the purpose
of description and should not be regarded as limiting.

Referring now to the drawings, Figure 1 illustrates a prior art intubation system
invented by the same inventor as the present invention, generally referred to herein as

system 1. System 1 comprises an endotracheal tube 10 which is inserted into a patient
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for intubation. Specifically, the present invention
can be used for optim zing endotracheal tube cuff
wo pdoziozsy92 For pur poses of better understandi ngP€TE.2006/000974
present invention, as illustrated in Figures 2-15 of
the drawi ngs, reference is first nade to the
construction and operation ¢f a conventional (i.
ol r 4 I
o Sl AT B R QTS (e Bt nen%écf‘?’f*e%fa%d ata
locaticanini the patiend @iraaly , 11i beldw the voel wodisrist obubet Hiats dolpled to a

veallih 4FDend ghE e lietbie gt d2 e RRRE Sheno B inbrlEe 118, vie

infleiimoesaug 136t forth in the foIIovm ng description or
illustrated in the draw ngs. The invention is caﬁgble

of oPYfesm & Fpdlgrrenpsiseya eArbyediayidg(eer) wenitarldcghich gpnitors
@ tooh en\ﬁ%ﬁbrflfﬁ 3 %f"a?% cldh, hSnit @i r%ylo Hﬁ&[ 3508 L Ngkr 12,
he ™ p "8Gy enpl Gyed herernm 1 s for

raseo ermno

M:oh&mpl.ki mmplaﬂ td e@cxatmptlsm‘a aaD,shonitetingadonbieit 18gayddéibnally,
as limting. Referring ngw to the draw ngs, Figure 1
syistemy 4 Goginsises a ﬁk‘?t&m%ﬂ flevicg 29 fes Wt'@i}’é‘geﬁ‘?@ieﬂﬂ)%?te% spRfioning

loEg&Fo ovBYEMYer as the present invention, generally
erred to herein as system1l. System 1 conprises an

endoMoattve A nrubdeslen\mdlcdtthrsof tleesd¢adidg i aft wireay 11 by cuff 12

i £f 12
bk S B e, réspirp Sl Gy B et 08 Bl appce o
ailwayt €. PBRtd Sp¥raddd Mi}éuclfbnhfg' QWideh20 \OsRYr 1ﬁﬁ)ﬁéis%s XBe intubation

Tube 10 is coupled to a ventilator 114 and the
priopgsis yapmeviggfspereonssupstara of edfftld s asufrevanhtheategretions from

erg:t%iﬁn& Igisl’ggjf g_lfllc %%rgare%%n gi" ghffl%)ﬂg ?%Qe%n&ﬁrlg qﬁcr result of the

cotfihft@nso (DR c 6l 0 e @iting alfi adrivaly Nt 18aridA@yholdl af seﬁ1dﬁ@s upstream of
npnitoring | ocation 16 above cuff 12. Monitor 14 is
C‘%&%}I ed to location 16 via a CO2 nonitoring conduit

18. Addidd,ondldsYas &Y RldfQot 6P mleﬁﬁacgeaoisééﬁfétlgﬁé o éhe lungs.

devi ce 20 for suctioning secretions at a suctionin
sysm@am iptheFombbineeted uid thektechbmiof 60, oy theicdffs Aamy presence of

ChRSPER R fuftlis buSt 87 'L b afiiieos for MordiPrs terkage into the

1u|hgguces pressure related damage to airway 11. The
operation of suctioning device 20 further inproves the
i nt ubbe ipsHopnanses of wstlemV&h@ge,sb@wewoﬁ@ opis optamph ofThis is

f 2.50_as pr secretions fromenterin
oSt eid o din SR PIERE S T o, PRl e opimal
cdrﬁﬁldngs WlthoQgh tHeepreibd AL rab@ée e fcafftaeindiatd e l@kage of

airway 11 and renoval of secretions upstream of  cuff

segpetions into the lunge, it is not always the case. Due to the viscosity of the
secretions in the airway, there are situations in which the cuff is not completely sealed
for passage of air, and yet there is no leakage of secretions into the lungs. Under such
conditions, it is desired not to increase the cuff pressure, so as not to cause pressure
related damage to the tissues contacting the cuff.

Figure 2 illustrate the problems associated with leakage of secretions past the
cuff. Typically, the contact area between the cuff and the trachea is about 2600-
3200 mm® on a generally cylindrical inner wall, about 75-80 mm in perimeter and

about 35-40 mm in length. The secretions leakage begins when open ducts are formed

between the cuff and the inner wall of the trachea. The open ducts are formed due to



10

15

25

30

The CO serves as an indicator for the | eakage of

secretions into the lungs. System 1l is therefore
walzoogorm t o the detection of CO above the cufPCT/A2g06/000974

presence of CO2 above the cuff is used by system 1l as

an indicator for secretions |eakage into the |ungs.

The performances of system 15above, however, are not

clRRBEITR tenffdrbtutS RRAAGIDE thbeBjets afd therdiigat | 'I‘ﬁé‘se changes are
whet her the airway is seal ed under the optinal
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g%nefatesaﬁgatvstrnthgr'@twgenﬁge P%§ ai‘wolrlm%rew of Biedraches, resulting
int {A€ fdrH38en oklnféearfo@ﬁaenmﬁﬁa%&ﬁ @gs, it is desired not to

I ncrease the cuff pressure, so as not to cause
pr esbinder sugh spediticwneeyections phelucéd siths selrghtttic begig to henetrate

i ol SO e St tERER s MRBL SR PE TeraRd A Al The

seeeions breaduﬁﬁctéattmmrdl H6rced fgﬁa@@dpétﬁ@xt iy tﬂ@dﬂ%oh& (ﬁb@ dégrees
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abays e lrpszgl@ahwemﬁatw@ grearagl taﬁ@%(ﬁpmlecg by 4e shefaces of tracheal
t

38 A, SRGHSIRND LGRS P R e o

aicvaclaam HP edwmgnmﬂwlanm acr@xltamtyrmdddgmwmc hHERg dizedtion of the

terrper ur e, . post ur subj ect.and the like
reppitiag e %‘h‘@e@“&r‘é éagsoyesellﬁ@gg@ﬂ?agagecof secretions and
pOBREA AR O th@gmgggathl ng or anesthesia machine. The
pressure % [ow th uff increases to about 780 nmm Hg
dur i ibe isithaticnt isoaggravadedd erere timesbacausabthet inmm:timn bdgween the

d hal .at
s o0 Bnd i pdaiat Snfe B aRlsseh Bl i e0iEatign g the
setct@m'n@nQﬁld@@édch%ﬁrcﬁxﬂ@taﬁde@Cilﬁ,asmdlf-‘&&&ngé R theposhi®e of the subject
formati on of the aforenentioned open ducts. Under such

H@rﬁaa@sﬂh@mka&eezfrr@wbofwnpd RpER s Htto ttlweluggﬂem ottis

begi l. t

Che. R bruBERSE A Bulelt Br WP hiesf HIGRRh A € B hod and
sysesti ethicnsllaw ehesidbihtefdadon o IRy Ey ﬁ)hmﬁﬁtbrc &iSan gmewmhge o as to
(patie il [éqtljed abouﬂt 30-45 degrees above. t
tpgh; Bﬂw&rm@ bs{ithe Mitlatien agssue Grfrth% rln Wﬁﬂ@ cpRRgidye the

f
pfe?(l%é ?1:1%&9?13 ?‘g@g??‘{‘%@?ﬁleﬁ%@% !é%&;‘gftﬁ}l% ﬁu&‘ﬁ% the glegén? ifRhtion to
prictideeit dag beayf LealiimdtthatO:lamagblgo ther mn@ateldembﬁbi am, be significantly
ravit . The directi

B8 ey kB P80 bt ands Pakmel FopgipRE Whishgee defined

plrl@istglt[tlé iﬁﬂﬂdaﬂoh BRItadIRe Of secretions and potenti al
damage to the subject.
eference is now made to Figures 3a-c which are flowchart diagrams of a

method suitable intubating a subject, according to various exemplary embodiments of
the present invention.

It is to be understood that, unless otherwise defined, the method steps
described hereinbelow can be executed either contemporaneously or sequentially in
many combinations or orders of execution. Specifically, the ordering of the flowchart
diagrams provided herewith is not to be considered as limiting. For example, two or

more method steps, appearing in the following description or in a particular flowchart
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The situation is aggravated over tinme because the
i nteracti on between the secretions and air passing
wWo@i03/02B391 he endotracheal tube, results in PCT/IL2006/000974
solidification of the secretions. Under such
ci rcunstances, any small change in the posture of the
subj ect increases the | eakage of newly forned
dlﬁgxﬁfneiri Brtid R 406y, [cHR TR extebuttd if RedigfeRing okde (@@ eg teverse
present invention to Fr ovi de a nethod and
ordpRt ermsmt@mtlaélm evntemporageawslyf i cAddivanaly, | akabenethod steps
t n; o tinely and
desg]tlg% Idl’ 33&08?1 nﬁ i’ %}ﬁg)t? |b ggx‘%?lteegsur e of the cuff.

W‘II | @11&3 Qﬂé:tﬁb&l Begirdshat pst@s 80t andhwentingl id skps 3bedn which an
ot.hesi zed and Il e reducin he present invention
eqdé? eheat fube iy tns%¥ o e ey 2 dhe ﬁéhlecaaﬁi@a anatbod pntinues to
stbﬂ@ﬁ BANGE S URIBE hssbaitel Swint 9{@ dddeaatiedt ﬁﬁs‘é% qgﬂdtéd Wiin the

I'ntubation system operates under optimal conditions
ainhacbelaw éhateddaheatdpof the stlgedthén Vmcuisamemplapr gubkaliments of the
Refere ce i,s .now.mad re
op PRRAF el AR PR GS S % AI<Y Y ElRs AR ghogoned at
a SRRy lodR Rl il tRE alr@ay abdvrUbe @UEThahy eRBBEH AR ThSyiAth the
t he Er esent invention. It is to be understood that,
optivinek sucsioningnbtep islexeesed, it fan et protPraed ithere i jan tdigrnating,
con‘% seqsﬁ(glj %o%el%ﬁgbrgr?eosg( Sq%%e%qx/l% 51?3? bt @9: %‘tﬁé??%tﬁ‘&{e&gﬁé described
bamc ut Fon. e}@p@(w f btegl BS catmebeorpﬂaeﬁotmgd ofn teheohtimwakantanner
grans provi ded herewith is %o be consi dered c?s )
C‘Pf}t‘?ﬁlePfﬁlgeouFidrnga?rrﬁ‘i’oé‘emt‘%k?x@?utfﬁ?r% §5Phd-; eps3-37 described
bé’lm?/ea}&l't ativ'%})I Ig{%ﬁfgl %9‘%6‘&6%@& {ynRhdRP tlﬁrmétﬂo@ lo Ips back from
-particular f artdiagramin a particular order, can
stog3éxecuted in a different order (e.g., a reverse
order), or substantially contenporan usly. .
Addi (355 T, Sl VIO T e i euehiens srg mot
c&ﬁémpmhecﬁ@@ WHRY othef st dPiecMb®dd. The nmet hod begins at
step 30 and continues to step 31 in which an
endoomacaqieramtagmsethag dontiryouie curtiening 198 sgrtielieys oan dpmage the
ub e 0 n
Pl Rt TRV HRERRES B Bet SRoitnl Or Y GRiGhing e
rél\ilet/éﬁ ﬂletd@ﬁtlmdlmyadbﬁi thwititsne. vocal cords of the
subject. In various exenplary enbodi nents of .th
i nve APt adantage iy that amel Sﬁﬂ?éétl?fbb?ﬁ}’te% Hel sug&l@bn% step gnd the
u
?{\{@% g{% S ?&ftﬁ%% E)gsegﬁpr\?%tééjﬁto@)gl%tg e Cu Pfe g.fc'tlgﬂlﬁlggoperatlon on the
reanitoack laﬁmgs idemtifibaton. tAsefuﬂhdm caxphinegibeidvonhagalstge pddnsification
. exe it can be per nmed either in an
SE Y P COREPHIIRE OF OBoft BiFoRSHIstIo Wel At ndicetive of
sé@:?éﬁo‘ﬁg léﬁég@tplaﬁr BB hi§ ttﬁ@ ?ut%@ S CIHIRE Ahd &LABnidP bperation is
exanpl e ep 33 can be perfornmed in a continuous
perforned contemporaneously with the measuring step, it can influence on the
measurement by altering the level of the leakage-indicating measure. For example, as
will be explained below, in one embodiment, the leakage-indicating measure is a CO,
concentration or partial pressure. The execution of the suctioning step not
contemporaneously with the measurement of CO; concentration or partial level,
eliminates the interference between the suctioning and the measurement, because the

concentration or partial pressure of CO; is not changed by the suctioning device

during the measurement. Since the suction power of the suctioning device is typically
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cont enporaneously with a sequential execution of steps

34-37 or 35-37 described below Alternatively, step 33
w@a0v7he34execut ed whenever the nethod | oops backCT/I@m6/000974

step 37. There are several advantages for executing

the suctioning step not contenporaneously w th other

steps of the nmethod. One advantage is that continuous

highé&t them &H&?lﬁﬁﬁﬁg%%f BN &0 Afimd aePA8tid BetdER 8R! suctioning step

nmenbr ane o e subglottis. Intermttent execution of
anch ghes (Or | HEIHENS tstap p@w@mtrﬂﬁ@m oh then G8hsmeesaeragnt by the
Anot her advantage is that tine separation
%ﬁ?n&%%@#ﬁge suctioning step and the other steps
r eduBwshenmosd, ithe Badcation o€ thenfshcuemng sibp tphidr Soichd miangement
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erRiRhfla Itﬁhskf Eﬁﬂ/u@’thg@ﬁﬁﬁ’é’n‘%gﬁm aQurRYF e ;fsﬁr ment.

measur es are 1ndicative of secretions |ea age
past Apmdm@ﬂb ai preforredh embodigent Whhe mmnlsuwtmtom ﬂhg insertion of

Qper et faornmed cont r aneo ymwth t
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fagllitRE kHRG:xeO@ion@f the é}ftlohﬁlesukﬁ@ljﬁﬁ@ﬁe ndi cating nmeasure.

For exanple, as will be explained bel ow, in one

emboli YasHus expraplaarmbedimsais eftthn invieptieruthe methed @mnpuses an

T t

off RRSEEE P4 eh pfiflebd £ BRFRE M S B

isnraferabbnpeatforafed G2he tnmediateadunoindihgpaf theadubjeey eFor example,

limnates the inter erence bet ween t he suctioning and
gﬁ‘é headrirbation: s peeetorwed ; He BeneWREZCAEY olpoBy B amiulatory
t1:§l’fs§§§éﬁlfcﬁ1 @chlcqp%hé Spdlin RRROSH mé hie [ﬁucﬁé efbaShent in which
devi ce during the neasurenent Since the suction power
st Mhe perforned] e debiae €O tp,aptlantairbgshregiseutititmin farheetting a
unpi n ower, of CO2, timne aratlon h .
e O RCHOE iR icet BEpeRUaeaP S GerCabgh siraas described
bIOS! e tahien® T, BRI DB r¥0as ﬁ{eam%ahemah Ibe peHBAhQNGIRE, before
devi ce. Furthernore, the execution of the suctioni ngbl
y, in a

oxattss thsy ingartipmof the cpdeitAsheahiwe infdl bagirvhE areasur peim
c&n‘ﬁnﬁ@usoﬁﬁgjgerl q?%uél%t@t @?‘oc@(ﬂ[ %Taé f'?t%n ﬁ&a%ngu& r Wfth step 33.
envi ment, us. i

Inathisumateimént heerive as LHaB—t‘iﬁi&tvaluég mrtﬂa: Ehgbieﬁt aoppeftial pretsure is
[ i nvention the insertion of

f th
D TEAH BBk TR e ARRSTR I TRI PTG g Rt can
bé) erfifiel @ L Qlté}ﬁﬁﬁ% tharir®r Wf’tﬁ'aln}r LRhR hdfe® @gﬁ; ¢6;r%§(9&1ple, the

e optlon sucti oning ste n various ex
memumzimm ras tef parfremied \admtnatmely heithratepadb. c Al riefeencammbient

value can be measured while the system is in suction process. Since the rate of change

E?l? Hleasurement

in the ambient CO; partial pressure is expected to be low, the ambient measurement
can be performed, e.g., once per hour or even once per 2 hours

Whether or not the optional steps are executed, the method continues to step 35
in which a measurement of a measure being indicative of leakage is performed. Many
measures are contemplated. Generally, the measure can be any quantity whose level is
in correlation with leakage of secretions past cuff to the lungs. Measurements of
several different measures can also be performed so as to increase the accuracy of the
procedure. In this case, all the measures are preferably weighted using a

predetermined set of weights which may correspond, for example, to the relative
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optional step 34 in which anbient CO2 partial pressure
is nmeasured. The neasurenent is preferably perforned
WO poovlzs4prmedi at e surroundi ngs of the subj ect . PEDIL2006/000974
exanpl e, when the intubation is performed in the
enmergency room the anbulatory transportation vehicle,
the operating roomand the I8 ke. In the enbodinent in
acOlHa6} 1SERHf 3h | 'n%a@@ré BRA/BEHs cdrhsﬂatﬁj’mb%l twifie @@Jrfeth@ﬂs leakage.
pressure is utilized for settln% a reference value for
Tymealkye huturas wbhigatorilynthgneasre a8 p@ﬁm@nmt@pn of 6Pepbm® cuff or
e w. Lhe a a su
o HERS et St O P il Bl B RS Rprepsppive
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PRt O HER AR i tCR“‘HH*s 1 h‘é’“ﬂ%‘t‘%ﬁe%tv\éﬂ‘s eFgjeasuring
d&r@m@! e, the neasurenent can be perforned
alternatively with step 35. The reference anbi ent, o
val u“élm:mamem@résqfrsm is|psripriaeds gisa mwepsusernentdorptip which is
I i.en
a pgér%?bqg 0 pﬂr?ée gxgegarsﬁem dgxg(lgee [ etlgtb Ig%ndnll a{lgg (%gﬁa nbf’@%?ably, the

meBASHi @i Badatioans bdequed ﬁcoamdopt(mge the @cmeacpeff the wieairement
even once. per, 2 hours Wet her or_not the optional
while painypigingydiscanafgrt tonthe wbisst ddwei fmeeéamalesttbep mpgsyrgment

lomi(ﬁlhcﬁl pEas lt’i{eeﬁ@s@ltll Qif R}gnsgrl% o rb%t\p@e'nntﬂe'cﬂﬁf S tq\éevdéz | cords,

e I's perforned. asures are conte
aligen elnanqal carfie (age aa;tuhe orahatyex eanyl/ay bkt cyff \ahd)a<d3a¢eav dlereto.
“%s in correlation with | eakage of secretions

<4 gl Org AR URetE SNOF CORRIS MR REEH, focations (o he

opERASH ik phtidit, %eﬁﬁlﬂ%gpﬁé fn%aﬁﬁ%%iﬂea@sthé Bufif '?53 hiRAS @1 dffifed from
accuracy of the procedure is case, all th

thesteodpaint efrtbe preasusernentypcosagyanddnalyisig gelwbp\rtéd et er m ned

the Dhrd IRt M PR nRlik I BEA e B pRIRIDLFrin R to stcp

36 ot hikcht the rnedeevse klle\/\ﬂnbikuf&ﬁ ®apatid Wik ahepkage refelence level of
Typi cal ly, but not obli atorl I g t he neasure can
h@olﬁe@ﬁfer atAsardng ¢oR B O%meat BF dhs/ pﬁé‘e,sa@w?éfenﬂon the

AT U ‘GJ‘ RHGEGA0E eﬁxe( gétirﬁéel 1/ laS‘be rupﬁﬂe%genodlcally by

epresent a Pirve exanp akage- I cat
masasripp avibikad 1dhet, eis mmtlteectase ife. gxe(a@y r Binthn lprefsrrpda efbodiment in
[ uri ng devices sui for

sing one or nore nea

whishoBPIHERHG S6ITRetE dhan &3 aa%asmd%reamlf?@ aligr ey of each
MR Q'ﬁ?&eﬁa@lﬁco@ﬁﬁafr&f \R'ﬁﬁja? 9&“ tinfl rdrfiendiesgnt

invention the insertion en otracheal tube is

accoipanpéaablevehis prpﬁmbﬂy dn: mlﬁmanai dmnhmtdhtt ropedieipensure
wﬁﬁc&g% p}dﬁc&%(\jzg go”ﬁ tn%gli"g’?llalg:/ Tow 06 rl‘e':aigéeegf secretlons From above the cuff
into the lung. Thus, the optimal level enacts a leakage identification threshold. As
long as the level of the measure is below the threshold, the leakage is considered
negligible (or nonexistent) and the airway is considered properly sealed. The
threshold is typically a lower bound, so that secretions leakage is identified at the

location of the cuff whenever the level of the measure exceeds the threshold.

Alternatively, the threshold can be defined as an upper bound in which case so that
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devi ce(s). The neasurenent of step 35 is perforned at

a measurenent |ocation which is accessible to the
wore@gei4my devi ce or the conmuni cati on devi ce. PCT/IL2006/000974

Preferably, the neasurenent |ocation is selected so as

to optimze the accuracy of the nmeasurenent while

m nim zing disconfort to thg subject. Thus, for
e el i BT B LRl O (R R ROShe)el i Level gf the
In@ﬁuﬁdsbdbamheﬂhamobbal cords (e.g., at the oropharynx)

nost Hla o reprars e 3 B ER e oa b e S e R i rrmine

thisOraél, @ales ChhHe QBFHAbO ForaiitheP abiaRil , byPefmbRidal BEndidtRations
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whavéie p]iﬁ'tldlhﬂem&smfr €0, 9s elipsboed the typicah aopddphedic CO, partial

refer I | of th ure. According to a
Prﬁ?séfee(gp e(ﬁbgd?rrﬁmflt @f"gt%ﬁiz Bredeht i nvention the
opt i s, lir?‘dfe' eﬂlﬁod?ﬁﬁgtefne(wmcﬂetﬂe 1448 &H{dﬁﬁﬁlnﬁbl ééa%hrecﬁrbamal

al so be updated periodically %urln
pressued of 86, thet dpginpal devadfof ie. pgefera@tyzl’ mm Itlg,ewpcteflé ri§ ecpartial

B e e et R R AT

advbedee (RIFd Y tﬁ@@@b@l@orﬂ“pf&e@&?s&e%dulé%l%ﬁﬂm| can be measured
reference | evel. The optimal level is preferably the

durimgi theEx¢cation pesfcedure, atSe%lpté@t dlafeiladdzeseinabonpi denpting by AP the

CeBEY S REnt B o e sty R S tSom g ! Fwe e, more

prEﬁ?ab%ﬁtlb\nﬁj of %2{1%11 JORE LSnA Illgaﬁl@ﬂae pfe@?r%l'yf 10GRE I @Mequal about
t hr As long as the level of the neasure is

1 mm B, eren niore ghiefexablit Wdre@tka«g@l iaboutoAdimarldg For example,

nexi stent n e air i S .
o< G R BTSN a3k Btrte R g ARRaBIRY o rippiecamrngrson
(t&@ thievneid besindg., saoiri(jbaﬂltﬁ)ﬂﬁ{geEhgméelke(mEy Standard 62-1989
identified at the |location of the cuff whenever the

Vendijationpptandnsd derad eqeptablec dadisP i be Hioas Abstug 0.32 mm Hg to about
4 il B naﬁ'xbr\éelp}/efer%gl Czlrbﬁ?satb%hg (fﬁn[n?rgglgeftd Ngdu 37 %ﬂl H Jnore

up pe bound case so et ons age
prbﬂemiy fftoad abbutt 32 hoe &g enalefut tihenclg f eWnemebee prdfd?rebly from
I ev he re is_below the threshold. The
ab@kﬁ if’fgéPgE Lhi(?’é‘? Hgan be extracted from studies

di r egt &&dthgomq%&m abtomﬁgtegsvf%'m@b' es, charts,

graphs or ae obtail ne i 1 cal
consTldaerlaikagmmdwadhgrmbmw ehn c:ﬂbo del aumahduadisothdrothan CO;

exanpl e, xper nts perforned, by t.he i nventor of
Cmﬁ@tw@gen@ iy {vﬁﬂwm e deakagrindionine mpraswe; is pyeferably a

prbPRRA8uRT r 3R GHBER QRS presence or level of leakage can be inferred. For

example, the leakage-indicating measure can be a proxy measure to CO, concentration
or CO; partial pressure. In this embodiment, the optimal level can be the level of the
proxy measure which corresponds to the optimal level of CO, concentration or CO,
partial pressure, as further detailed hereinabove.

From the comparison step 36, the method proceeds to step 37 in which the
inflation of the cuff is adjusted, based on the comparison to the optimal level. The

adjustment is performed in a manner such that both leakage of secretion and
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when the partial pressure of COis well above the

typi cal atnospheric CO2 partial pressure (about 0.03
wa@gooan2abput 0. 26-0.32 mm Hg). Thus, in the enPbOOILPBIR000974

in which the | eakage-indicating nmeasure is partial

pressure of CO, the optimal level of is preferably P

mm Hg, where P is a partial2pressure which is above
%Dﬁeﬁd@p' ENordSSreP st)#laﬂed PA£RADEE Care %é?lferall@r ﬁfmi?tﬂ?ecpe This is

nown | n advance ore the 1 ntubation procedure),

pmferahho rdenprtef edatihy , the anffopressues and thaguraisieg ithgradually to the

utlon roce as furth r .de her ei,.nabove.
SRS P J R S e B, SRS UL SRR TR Ygerably
exe@utﬁﬂ @b @Icablte Spa0eor QEcrefiial FBbaUited 3MThdenetiBdl ©ptionally and
preferably | ower or equal about 2 mm Hg, nore

prsfesatdy.dprys hasluee step 33 qusier Adout 1rrm Hg, even nore
pr ef f{vﬁ% tXmaﬁ%eJémﬂ; ﬁ)%[aé e@!Pt?&ﬁt uF@pftpste 9‘? are illustrated in
exanpl'e SR e%

ation r
thetpartih ﬂdszcha&*cséldl“ Iﬁgjd&‘e@ 3tﬁ-ee1Hepeer fmrm st 36 @notphowm,rseé Fegure 3a)

S e PRl 0k P REALESS s eter o o

ﬂﬁqu%@%?%eeleﬁke{g)eunac%{g 1*&@&15“@551(:%@&“&16% t’-}%am@vﬁg 15 Q}Il(lig optimal

about nm Hg,” nore pret erabyfromabout .
letvel abemeeaedtm Higpn- rmghglbbx éefaka@o lhgs foeem 1é¢muj’tedoar312 thmmethod
t o about 1nmm : a2l ef erab
ety Gt ot T ack 1SV B R BBy of P TuRE binsea s
as RPpebidertRter §eahﬁ% 1P oﬁﬁmﬁh@vélqglﬁégexdee&@d? #d m@thod can either
nmeasure can al so be a nmeasure other than CO

loprraginta siep 3A or Fiep BAivthewbelkingng the inflation pressure (Figure 3b), or
prlgf)égeiﬁatgeste#:%cqgumﬁ {ﬂg%ﬁﬁ%%n ?es%rgfo? Fl%béu%‘t i@ #Q{rgé%g éléigure 3¢).

rom wh resence or leve
Feoan steg 3i7otier metiod lﬁ@a"fenemrmd);g bat:heo ktepBAg@e siepdiSc dAthengvantage

peasure can be a proxy rreasur concentrat n oL ..
othe eﬁaqulraﬁmqu&gwéc it alley %gﬁ%eﬂwﬂm%%mbﬁ {hggflation

pleSHEL it AR gsﬁf R 1hﬁé(t‘?cln ﬁgishﬁem%@&}ﬁf ERABUA& rMREE RS long as the

correspon to the optinal level concentration
leakageQR sylficiently v esthareas naéeal\alget her detail ed

her el haboyve. m.t he co [San step t he t hod .

o oc B themelrod s eGP BhbeR Rt APyt p chFed T &fpol on
tHeSinBMMidtsbehe AAS 8GLIOMat l@@ka“g@ AL r8@dhsti® miilienio®d binBlbstantially

l evel . The adj ustment is performed in a manner such

preventethotith h eaikingal logal puessurei o therfersbeur Seel eentesl facilitates an
%?}%" A eapl?lggg sg&%nce %atrﬁg% g_]regtr &’ltg i l‘Hgll Mslﬂ nlunﬂézlg%ctlons or

done by -reducl ng

prRslicé F@ﬁ’tediaalﬁagégtolthe gfagiawhly. to the desired opti nal
Ievel Bef ore pressure reduction the suctioning step
i s prhbearamdendsattierdBto clear the space of

secr gl stited, i lggﬁaﬁggﬂdlga%mtgr}ﬁeﬁﬁfer&g be %H§/ 'qf?:ﬂﬁit;/ WhB8evel is in

correlation with leakage of secretions past cuff to the lungs. Following are
representative examples of leakage-indicating measures which can be measured, in
various exemplary embodiments of the invention.

Hence, in one embodiment, the measure comprises CO; concentration or
partial pressure. The measurement can be performed using a CO, concentration or
partial pressure measuring device (e.g., a CO; analyzer), which can be located in or
communicate with a measuring location, either between the cuff and the vocal cords,

preferably close to the cuff, or at another location, such as, but not limited to, above
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preferably, |oops back to step 33 or step 35. Two

al ternative and optional execution procedures for step
wW@7200a023493 | ustrated in the partial flowcharts PET/IL2006/000974

Fi gures 3b-c. Hence, fromstep 36 (not shown, see

Figure 3a) the nmethod continues to decision step 37a

in which the nethod deci des2iwhet her or not the |evel

th@ frotd) onkﬁa{é%g Ethe Wbﬁﬁ?*lﬁg JTRAIRY Bo 8L ELHS CUJ €of@rt@Rbn, the
[ evel opti evel is exceeded,

optigrel peggeiegniveed lmh@a@@gh acbnb’é@aﬂomdbmhcﬂd)e@nm a& siated, a CO,

met. hod cont r.0ces 37b i;n mhlch
el 5o P oS B yf o B Bisht ©0: T b RD ¢ S trpm abour
0.92 o Bl tbebb@rs ;eaHgNgMdré smiﬂmlués%ﬁ{hel@tlﬁ&ﬂ predetennmed
exceeded, the method can either Ioo? back to step
o

leygl can b dsbingd bassd toncthaienatign @havhich § a@%h%lcé%%%ﬁw& ot partial

3)keq OF pProceed to step 37c in which the
m%fkﬁHgﬁgngp?essure of the cuff is decreased (Figure

3c). Réfemm:es tsepvditade ItreFrmtdsGtai—lp rvfidr slinivy tHequpisal Kk priessure,

ste 5. The nt a of .th
dpl5E 2 Oy ot SERal Miees Pt ¢ i U sk (B B e 40
repfdSerit Haktf] '%Bfe@ﬁﬁé‘ rg%adﬁhti h@: @%Jrent-ﬁ@ﬁclh%‘fdh@tt Hl@fheters The
ressure in the cuff can decreased as as the

Pdrt@aik@@e presswigf §xhelednefl thel lamgs; is tipegally j 3)- %mlnebﬂga@@ a healthy

pebrtonfiR SR sl CoRaRERE SRR L PE Tl ™ Qo

intHigdre! 42 Kage arf diehe bis@fifie idfop¥i betwdeneadifferent locations along the
subst ant i al l%“a prevented with a mninmal |ocal pressu

padih stapting frein ke cuibgad cpding pbiheragbient cay BQument 425 f”élP%‘?ﬂ of the
le?&ﬁ?’ﬂ{y \Q)gu S5k %a@ﬂfgerateg a6 QJI&Fdntg‘éﬂa.\tcp fHﬁﬁEdr@eltw&lﬁft}ﬁe cuff

ECt I OoNns 0Or r ESS darrage to
argl mmcmeammn thd Ipertimb OGadthe posssare dsoyespfr@8 abdet 40t rmteldg at the

the | aka |cat|ng neasur e, ca any . nt. i
R Re S of et T BT O e SR gEo0R e along the
subBEL kiRNSeRAR/ diopd frohloaﬂokl?” |n&fﬁ@fg ndaf ltﬂe%/ufflg) o8t 1 mm Hg at

reépresentative exanpl es of ge i ndi cati ng neasures

thwrvp@zﬂ cowls; Wishingbe phasyinx, ithe pua$su opscautheiaio)the ambient pressure.

emobl e en Phe bk 0GR 5 BE0 ool (BB r e pypnd the

vdbar tdrat) (Re epSmbepredfiermiiRas LeveinBRtbedRdin I@aou&ar ipmmeﬂg to about
u5| ng a CO2 concentration or partial pressu

PReywHEY rh?e,m%@ugng logaidgy ahexe heergcal SRFE Ar alghe pestri the
oﬂtﬁq X e'tenm?l{edcl tﬁ%n% t9. 3@3%%5&@9@19?@? | Ofer values
ther €

et ween and vocal cords,
arpmlsb&bﬁtlainplardzcbse to the cuff, or at another |ocation,

such_as, but not abovet he voc cor
{e.glhe PFF@S‘&F%WaP(;m*jﬂagré% PERSNGR Brs oo padggned using a
m‘(:"?ﬁﬁggtcfe@ OI'ibvuggh% QR %nﬁé ealeler Mde qnéi%i’eﬂy the mdeasuung

ge | entl I cation reshold) can be, as state
devi€e®f the present embodiments combines a hlgh-sens1t1v1ty CO; sensor having a
narrow dynamic range with a low-sensitivity CO, sensor having a wide dynamic
range. For example, the high-sensitivity CO; sensor can have a sensitivity of about
0.02 mmHg and a dynamic range of about 0-1 mm Hg, and the low-sensitivity CO;
sensor can have a sensitivity of about 0.1 mmHg and a dynamic range of about 1-10
mm Hg. When the measurement is performed above the vocal cords or at the nostril,
the dynamic range of the measuring device can be lower (e.g., 0-1 mm Hg) with and

the accuracy can be higher (e.g., 0.01 mm Hg).
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partial pressure which is above the anbient CO2

partial pressure (e.g., fromabout 0.32 nm Hg to about
wa20morgy2 More specific values for the opti maPCT/IL2006/000974

predeterm ned | evel can be defined based on the

| ocation at which the CO2 concentration or parti al

pressure is neasured. Refergnce is now nade to Figures

4a- bin 3P cmBOYIniRE tIRAhEdsale ddabbrRELsMERal BRRBERE indicative
PC2, at different neasuring |ocations. The solid and

ofglegirgei nees thencuff gusidesihe cagdeteachenl tyhe-t The acopstispledaiacan be
cogfgr@&g{:l g?&%&faggus%cglflﬁgﬁ% a% 89&19:3; gvhﬁéﬁc‘fanddezﬂgiﬁl%ggd fgpﬁample

ressure e
atd@e Ahdren MO\(/I the aculffe adl)hdfeylt perbo rléa,km@‘l dhc& t heomnibalenieasurmg

tial t 0. 26- }
de@fﬁ%ﬁ%‘?ﬁtw FOg'%F’: 121%3350%@%3@3 ofrécf@@fafee#wn rm%ggmagﬁ dryps egs
mb@ft%@'ﬁgs 5%‘5 §1909t89@a§886@@g56§196 %t?ws&ﬁf 6'3@9142 the

fromthe cuff and ending a mbi’ent énvi r onnment
cc(mwtsf. mﬁwhucbaredfentuyenuemmwg btyhefemﬂccmet ri c |eaking

t, f d b t th
. The G dnadrar e g or ol iR RThARE Thoden? fice s
atfiRs frsuaiardttical ﬂmv"&f it thrd\eshl HOdué® PROAMEIAy BFoiEh the
at the opposite side of the cuff (solid I|neL al ong

lepkiag slypigis amnidirgctionad ﬁ;@ﬂbtb@ prléowmﬁg@aqono Ruinsuhe bre@fhm@ cycle,
thg Prtegkﬁﬁ C%tﬁm t%e tlS %ﬁqH '5@ g@ﬁo& pagl Solﬁﬁljp E@{aﬂaﬁrgnt%aée, the

he "préss

bxeaﬂhirgrmaqiﬁmesmureaseﬁhmu pydssute il eheneagUndrgplessagd dop df about
near _t he ff (betvverei'? the cuff and. the vocal cords)
2Q Fun Blgiip HHH t Betweray We dines gnfl diesubglattiv e Tpis @fﬁsgbeéfomreglzlts in

n
alFﬁ%v{TQrotl@ tlgegfgl\&/{g ﬁi‘le el o?tfédthl‘ﬂ%ﬂ th FealRASHIC. Q)n[ thte exit from

ation cords or at t nostrii he
dggptthermir qpeddst withi tﬂlecvoltew@ bf ¢laen sieldttiom Tdibo axpa@s®R domtinues

about . er values are also contenplated The
thﬁ%‘hgilﬂ}léﬁ%nﬁ{hgg?gﬁtﬁg?l al C2 pressure is preferably

per f PhEBRAHIBIRD fANERIATISN heoudB\hE BudtaNtiBIframWMcase (when the air
dynam c range. Mre preferably the measuring device

prebairpindbe Hings gieads the pinbians Ayipaessuig) o ayma velug u(wkzeltme air
%ﬁﬂﬁ‘g ﬁx%"l tfg n&%émglw s%r %ha{: 20 9 ?I\%Iv%)obe %mg}ﬁn& air pressure).

OW- Sensi ti Sén: ving a

Thaﬁggunaﬁ@mgﬁkadameﬂow dpehd oo ﬁlermsmswttoylamﬁa seths duoct.
can have a _sensitivity of_ about 0.02

dynamgerqsaﬁegg ae sidhsnigtip- 1ilu:§fpﬁt1}q§s ofnthet H)@atlond of an acoustical
n{egé’ﬁ'rﬁg Qﬁyfcb gt ch%ng 3(5‘ %? refeftfd Qﬂl\ﬁ%d?l egxbgz 'ttltlé 1f_fﬂf%éﬁrtr?}1flventlon.

and a mc range o
Shigvn W@ugutd@ usrmatwhemﬁ;tammdptmcﬂwalrt&bb Sbpodtidited witldaltrachea

sgadd ehitedalnigd Beisen tia oxtansirator e 39 S g iarna) wall of
trdMda 56. Acoustical measuring device 58 preferably comprises a downstream
sensor M2 and an upstream sensor M1. Sensors M1 and M2 serve for sensing sound
waves impinging thereon. Being spaced apart from each other, the acoustical data
collected by each sensor port is different, inter alia, due to different relative flow
direction (outgoing with respect to sensor M1 and incoming with respect to sensor
M?2), as further explained hereinunder. The difference in acoustical data can be used
to improve the sensitivity of device 58, as further detailed hereinbelow with reference

to Figure 5b.



10

15

30

t he accuracy can be higher (e.g., 0.01 mmHg).In

anot her enbodi nent, the neasure conprises acousti cal
wael210a/03dng i ndi cative of | eakage near the cufPCDUL2806d®0974

t he endotracheal tube. The acoustical data can be

col l ected using an acoustical neasuring device, which

can be positioned, for exanpd e, above and/or bel ow t he

cuf f vagh 3GRA%e £:Gsth BBtweBARKERBrsMME tand MO URIeIt6 Me different relative

measuring devices suitable to be introduced into the
flowediteetioranmd naseardance withahe welldkfosumBoppleeffect,nthe)agoustical

Patent Nos. 5.6 18, 15.890. 488 6,168, 5368,, 6, 261, 238
s Sahesd Y pdor SMa BESR ATHPE Usohry SRt iy SRcAr Shgma
sdnBeDb P senadied 1byTHief dsfemngethe Trguatdyl diffyrehee bed@sdn fhy athestical
formation of a |eaking duct using acoustical device is
signals pepgecbly vO1 anb MbYLY edt T 6naherelfois B fkeapenchssbgd by M1

.d Th irfl h, the | eaki;ng.d ' .
ol HECETarY TSt Phetol FatstoeaPaRs SRR T apis hisher
{HAR AN DO 1BY C U repki@n@iite BXARSNIT Mhltdd: NdéMEichi®lg Sy i Soppler

e

changed periodically. In the inhalation stage, th
offpcs &8 hong ImbtEhec.i ncreases the air pressure in the

| ung . r ,OR: Of is i. .

B RSBy RS0 PR B ) R S e o
tlﬁragplllsttieswrtdsfrr]drﬁ sengof lr\]/[m\tlofsegsmrMﬁ l ungs to the f

subgl otti s, through t eaki ng duct. On the exi ro

duct AMThECTRINg %‘%p%g& e trpueh o ealdne t‘ﬂ‘é‘ accelerates’ by the
. . o on . . Chr ¢
VPRI Epehe o I RORL LM S ALl o
velheitydug twhidr isebe fliffeneize betweshdire vdiecityi of spnedh sufaboiin340 m/s),

t | un egual s the anbient air essure) to a
ol e ur LS plisieh s e €551 he ungs is

mexi mal, e.g., about 20 mm.tg ,abaye anbient air (EQ. 1)
pressure). The naxi mal magnituae of flow depends on

t he thosmusticsigoalalrieasda safsot VB atuecvelodiiygur, edhidmisbhasen of
schematic illustrations of the [ocation of an

v"a@%Cﬁ%Lti cal neasuring device 58, according to a

preferred enbodi ment of the,present invention. ShovvnﬁEQ. 2)
in Figure 5a is a trachea 56, an endotracheal tube 5

posi Thodsthnedst betwedir the searcd 6f drechcaugtichf sig@aliantl Isesods M1 and

tween the, external | I of, tube 54 and t i nt er.nal
Mot bt g eooRt By GhF s TG Hebe oEOBHS Signal o
MY giEveblry, 60RRE 58S A/viaNns= &) RepRakelY? IRAt ANowing, for
upstream sensor M. Sensors M and serve for

theamenasg o5 o mpliciia vk end Apimegssgpedtie besfvalBei ng spaced
apart from each other, the czo?%sgdcal data col | ected
reft’,

by each sensor port is diff inter alia, due toFQ3)

di f f ereaiffg@icatih \ige frh@NnditirR&t is AnmeAutBRI Qehn¥itst NDenoting this
respect to sensor M and incomng wth respect to

digtensnoe bNRY onaagbthins filver Equgtioas héd her ei nunder. The

difference in acoustig?l_d%t a and/l(‘)veJru‘sged
- a— VL) ™ a ’L)s

(EQ. 4)
or

At=2d vi/(vy —vi) (va+ v) = 2 d vi/v (EQ.5)

where in the last step, the square of the v, was neglected compared to the square of the
Va

As can be understood from Equation 5 above, knowing the value of Af, d and

vy, the value of v, hence also the presence of leakage, can be identified. Thus,
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to inprove the sensitivity of device 58, as further
detail ed hereinbelow wth reference to Figure 5b. Wen
wo e@kmepaIexi sts bet ween sensors M and M2, dueP@DIL20&/000974
different relative flow direction and in accordance
with the well-known Doppl er effect, the acoustical
signal sensed by sensor M2 has a higher frequency

aCRMRAS &d e g&gerﬁ@%éfém eRibBRhent ISR BeRBOS QE e Nkakage-

Thus, ™~ def I ni requency difference between
inglicating inaburs 1gna|csrrslat19@ avithy thel vedodtylRy byin-this\ embodiment, the

P BRI prIeHEE FoBE B T 1 BN iahm BB b ¢ Pyt 3 mis.
whenThE | Sehbugdiednt t dpRcARGbi]l dbaHzs plefeRBIE RAbAREY &uch that

exanpl e of | eakage identification by Doppler effect is
bqugmnrl mofse g fibiersd outanT hedesick gronad naise pavinlgde all acoustical data

ﬁ@Q{ervyﬂ 1elr18§1§§eggqlélsthgﬁ§egg oé?enq\f/ftﬁﬁ% h&g«gﬁhg %@ﬁ(h%edru%t Most

acous sound Trom
oﬁMbIagkgwﬂind)lﬁomdle gensrgied bitiesigRathing hedhien dDatitgt the exhalation

accel erate yth |nflueneof th ressure in the
Sqaafhaﬁ inbpfagion sEear ¥ dher ubiegtly thedlomg ot o rectiongvhich is

é}?sﬁg itd Yhe %dlr%'oﬁ:!ﬂ i & %ug{ flfeel'églﬂflg dhet V"glﬁﬁ‘ id B&ause the air

locity of sound, va (a 40 ni
exjsinds,i tieywezh thé eutfiand ftheohmgg from tthee ldve diama;gpr adi @hdotkﬂgheal tube

By oo o bl ey aB0ng o FREh cakechr g mchine

(dlaMba sthgy Bf theVdubjdcBHQheZair ﬁ%nﬁbréés@d‘ @8sin bethie e tbfa@kground
source of the acoustical si gnal ‘and sensors M and

neise isqdarckssized by agvillajory bebapeiione pgmprepiott 108X PR and vise
%1ﬁ§$§¢1§1re%sf H\% @&\g l‘lﬁllto\\}gh zfﬁeg 'Pe%\q:ntg ddLM 1?“9@1\@ ﬁ{ng}.y.Thf ndlfference

respec
bétheed dlel fondthpal dependdneesafithopRsgire Hi thp lungs byd thd\prégddredn the

ket R @r%%ﬂ%@ Ypnen Figug Neasur abl e
?:Jgnmtlh%ﬁgtte%% qf 'tl{égbafcﬁgl%uﬂﬁ fn%%é f‘cgg E))e Qi}éné‘}be \C}Bgct\ea?i;aﬁhl?ésQ of the
cdljected Zousticd] dath( Eenerallly) a¢ouatieal dada chadhctdrized b2 ftde@encies of
fr50211 about 1200 Hz to about 2500 Hz, can be identified as proxy to the leakage.
Other acoustical data can be associated with breathing, berating disorders, hoarseness
and motion of muscles, such as the heart and lungs. Although acoustical data
associated with breathing typically includes low frequencies (below 300 Hz),
intermediate frequencies (between 300 and 600 Hz) and high frequencies (between
600 and 1200 Hz), most of the breathing energy is at the range of 60-600 Hz.
Acoustical data associated with motion of the heart and lungs is typically in the low
frequencies. Acoustical data associated with berating disorders or hoarseness are
typically above the 2000 Hz.
The identification of acoustical data to be excluded can also be performed by
performing a calibration step in which the acoustical measurements are performed
sufficiently far from the leaking duct so as to define the background noise. Once the

background noise is defined it can be subtracted from data collected near the cuff.
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where in the | ast step, the square of the VL was

negl ected conpared to the square of the va. As can be
wapaens4end from Equati on 5 above, know ng t heP@HIL2E0600974

At, d and va, the value of VL, hence also the presence

of | eakage, can be identified. Thus,according to the

presently preferred embodi ngnt of the invention the

| eakpgghn 19 | 8l t

vol o o b I ESRHICR, e ook AU BURMIAY il Bmprises
peswfedath Ibplrrgomd@apw df fluil Boweieat ﬂteycuff oﬁﬁsm?m emldotnachmal tube.
PrﬂS tgtabou]% 3 ms., The neasurenent .of .acoustical data

1°55UpF €12 b i/mﬁ%slufeélrlff‘érlf %B{gﬁ?”{%@?%&g&&?‘gﬁﬁd noise is

filtPipefbs Balb arbhehfiAskoNRYRadionsi lo$¢hé3ﬂﬁwl dfcdwﬂlig@wa) and the

acoustlcal data associ ated with phenonena ot her than

Presgika g ¢uin thenirathsgh qwtﬁedq éhfk@udg)tr@dtqal tyiasst The stageation
PRSSHOLMO AR e BRRENED S MG AL MRS s

1s(aiblf)ha2(BmlerHgSibaget}mfarﬁHnentSprEHse&t )Thd die fibivinvg fhnowgh the leaking
dlrectl \/\@l ch ]g)gaphe to t he uni dérectlona é)
wreat?@%“@ﬁ@ gl@%ﬂ@.lﬂdu ylent flgw; By dhe,iumg jagair geach;the end of the

RL VE& c4:118) Gl B8R fromthe | ow
]gﬁanetgﬁaof en ofraE% ?’tubeoﬁo t he ?grger di anmet er
of thbus, ra@cmémg Bura peeferel ienthatiandnt nofs thegpreséntt ingention the

machi ne (exha on st age of t.he.s ect
PR BombRUGL At I Rt AR s g 1P UG Nibin hF gfbdiofi® The
I&B@dlﬁﬁtpeéfe@eﬁl/ xkaar axCvdcant&ay, vagheeodirt(dw RMBubstantially laminar.
conpressi on to expansion and vi se verse) whereas the

The 6w nregsieg is¢, 1k theeplebsvge enpesuring loaatiiy éeor¢aserapccorheg to the
Cglatlgl;?rence between the functional dependences of the
ressure in the lungs and the pressure-in the | eaking

duct during the breathi Ag=ciet ePhpdgbdwn i n Fi gure 5¢EQ. 6)
he filtering of the backgrou noi se can be d
Wi;ﬁr@cth iS o4 %@glwofpr?aavéreclaffql etgﬁ Jgelgine it dan ¢ g%uegtw to the

ﬁﬁﬁgl b Yis tl?&?Hl?ﬁ%% Eh%t Fst}ﬁé S8 LdcFiBhaliYea o&“ 6h?_|lzeakmg duct

equenci es ouf 200 Hz to about
(aethe batry thethe |sﬁbgldtt1a)samlrmy tltemrossaebtsaiahgzea odﬁmaubgloms at the
acousti cal, ita .can be associ ated with breathing,

PSS MRESUEPE0GEPY, hoar seness and notion of nuscl es,

suchAas fdpeesb@atite ﬁuﬁﬁeﬂéﬁ!ﬂ%&amﬁlet b\‘l’l‘éﬁ rth@‘élﬂiﬁ%télc@ﬂ th@é‘da%hea is
associ ated with breathing t?/ pically includes |Io
1§

apqug ddeiicings thebém@x/\ﬁi@mtqﬂzqft ﬁl@@tmhﬁaétdéctflnsaqg@mwésmm and
t%o‘%g 0605_1%1838 and 0?%96 Il_lzal( 1 ﬁuctel 19 habtoHteql‘b%qﬁmesP ( bgtﬂ\(frg about

nost 0 e breathi hg~energy®i s

010h &0 MBAGED Mim H@ mﬁnsl-!acco@mgl 36 iaCprefedhiti cenalssidabmit @the present
with notion of the heart .and lungs is typically in the
IVERILGTY g PEssETE dncapudif dgvieq 1S &B@l&ctﬁgé%’cbsaﬁ éanwncﬁange of about

0?&21312%%8 ﬂe?&ﬁﬁ&ﬁﬁf@blﬁﬁﬁ‘ﬁ—?g@ness are typically above
Miniature sensitive pressure measuring devices are known in the art.
Representative example of suitable pressure measuring devices include the pressure
sensors of Nexense™, Israel, described, e.g., in U.S. Patent Nos. 6,621,278 and
6,856,141, International Publication Nos. WO 00/67013, WO 03/036321,
WO 03/048688, WO 2004/072658, WO 2005/062719, and W02005/076727, and U.S.
Patent Application Nos. 20050027206, 20040207409, 20040104733, and

20020105340, the contents of which are hereby incorporated by reference.
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The identification of acoustical data to be excl uded

can al so be perforned by performng a calibration step
WO poorlo2ab2 t he acoustical nmeasurenents are perfBCHHER006/000974

sufficiently far fromthe | eaking duct so as to define

t he background noi se. Once the background noise is

defined it can be subtractegk from data coll ected near

t he Iﬁuafnf addgtlﬁﬁl 2R@b4inrng! e mggﬁﬁ{dﬁoatlhg?neasure Cfgtmgrises flow

| eakage- | ndi cati ng neasure comprises pressure
dateebeigg imbicatioe |orﬁ Qutd‘ fléw miear the owifredside tmlouaéﬁeabtubsj déow data

endot rache Pressur.e da sure usi.ng
oo i bieBTHET Mo ey Teopite Bl s Shes b imermeter. o
mé&bﬁﬂ%tdbcme li§ peetarably ab&ated nédrané Icom Withidithe GibAiie, §Rh that
e pressure (Figure 6b in the trachea outside

wheteais Alpotsr fiemdhe lungs éhrorxae thg legkaaci @ist.phe dlowy mepspringedevice

s G, A ghMIAAE bRferg A ind tnd s Ao the
flpw assdstusng Uoeicaiis chiravkrigedt by audimatdie rhggkomabaiycit3 m/s and

ters t e. sub Iottls n turbulent flow. By the ting
leﬁcﬂetl%n roty heW tesenaMipiofie SpGvet fipy (rwarmtaqedewces are

m r‘ﬂﬁﬁ'&tur‘éﬁp&sﬂle aatﬂge"fw elPe 19"%5 ljht?ew {13he a@?&ﬁen‘tﬁﬁ%&’ :ll)g'ﬂteﬂ% and

0 a pre enbo I men resent I nventio
paur applicatioss.measured at the pressure nmeasuri ng

| ocation wthin subg e l.ocation is
pr e?]té‘rsé@]l 3pofhen en Hgl Le 5:“@&‘\% 3HRe f5eswup compisss optical
dﬁé’@&hgﬂ{d@tﬂvx of f@s&?&% of 0&e@irs nRhEeHE Wi oufle éﬂdoﬁﬁ‘&eal tube.

pressure neasuri ng | ocati on decreases accordi ng to
Inethisagmlgostimenty tite megsp(ingl detdcé E@pﬁ}esvrherce méxe rglmzhme cameras

log%na? ﬁ]gl%gp 'ﬁ)lgls%ﬁi E%tr\}veegli,tl}e Cl{ft an hﬁglélduca'}\éggw:egg c’%‘ptlugey images,

prefeeatty Qﬁ@eosﬁﬂdgegnﬁ/hrcﬁr% B¢ ahhi9zdEakiimatitt ¢dakb @ of Recretions
entry to the subgl ottis) and As is the cross sectional

thggugh the leakimesdystinothediregtion ﬁ%ths rhé%u rafE eamgrag which can be

584180 45 B SLORSILILYE U e, SESTAL Ry e,
Marched00d iisoetietp: /m‘nmhﬁe@ad@ettrcamahvchmosrrs/arzxewt etThal®

nm d the cross sectional area of the |eaking duct is
abould 5leb5ARAEr SApbp mqnbmﬂaao&eek@@eolifﬁt:%mgb@&%asrzremwmprlses

difrend O HSweRE SHaRINGd R h AR LR VTR [Sﬂgﬂg 'tlggﬂéh fe dnB6tracheal

present invention the pressure neas vice is
tubharlacther embadibynt thly marrseremang earobe muﬁonn@d 2t it Hget of the

and. resol ut i of 0. ensi.tiv
brg i st Ay et e el Rl §ipv Qe {eoorded and the
diffeRNES qraa;ew&nemamhetéaf Batel A BisPHBRRUES (HBARMEiFiBMion of
devi ces include the pressure
leakage is achieved.

In a further embodiment, the leakage-indicating measure comprises electrical
characteristics of fluid above the cuff outside endotracheal tube. In this embodiment,
the fluid above the cuff is transferred into a chamber where it is being heated. When
the air contains CO;, it becomes electrically conductive at high temperatures. The
electrical conductivity thus serves as a proxy measure to the concentration of CO,
above the cuff. According to a preferred embodiment of the present invention a
leakage is identified whenever the electrical conductivity of the air above the cuff

exceeds an optimal level. The optimal level can correspond to the aforementioned

partial CO; pressure levels.
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sensors of Nexense(tm, Israel, described, e.g., in
U S. Patent Nos. 6,621,278 and 6, 856, 141,

wo pdogozsbi onal Publication Nos. WO 00/ 67013, VEZT/IL2006/000974
03/036321, WO 03/048688, WD 2004/ 072658, WO
2005/ 062719, and WO2005/ 076727, and U.S. Patent
Application Nos. 20050027208; 20040207409,
2004}3@4@&%@@ is A0H %Q@e?@é-@gg%&, 74-B ewﬁ@ﬁ‘ta%‘tﬂ%vx@gam&a%li’aqw of a

are hereby incorporated by reference.ln an additi ona

meikod gnitable intutiating e akbiget: inreaed ambodiasmtssinodiiph thedeakage is

f bei.ng i icati.ve of fluid flow near the cuff
ldg{ijt?fgdgg}cge#}lgce)'il?g%#ggﬁlestﬁg%e.su&egtiiv data can be measured

usi nghametiod begas ult isitg IMOUndeontgdd 18Steps 131 NdIBRt Br described
The rom;neasuriqﬁ device is preferably | ocated near
hgrgigabayes Whe mrsthadheans alsg) coniinue tos thenoptippel Grrioningr step 33 as
[ u g ; g t :
PR e bl | THE Sl BB BB Fa 4R, peffbifieg in an
ingermiteengr caatinemdzodl c@mempdrandoes pnamentviihnagndf tie dther method

fl oyw measurin vice |, aracterized by a dynamc .
RN ERNE Z‘E%%‘?-_ %ﬁgrenﬁpgmiﬁéryp é&eaq?te;{ ?adhbepPé/%‘HBW 13§ etinuous
mbhbr %bﬂtreﬁlp‘é%%ﬁéll\% Qith! LYeIBRSH rekétglﬁ@ﬁ\ef%eegs &f18-377 or 375-377

manuf act ured by Nexense(tmnm), Israel, and described in
desprabegl levwe Mliconaiyepasent3d candepereewied apshéeathonmsthotidoops

st.id 1l an r enbodi ment, the | eakage-indicating
b%%é%ﬁ%%‘@%ﬁ@rises opti cal data being indicative of

pr esERC tetHodS@Rtifhdso0Sstdpe3T4 thahielfd biebthiigdgas and one or more
.endotracheal tube. In tliis enbodinent, the neasurin

idgaiifiable adshipygsse deliverest thigneh the sndetiackeal dnks: athg b@a@gw gas
t U f f . I T .

A S RN 0 g L O i

orc anesthesiamahohiied stich iasleimiti oy llmeiddage adf fHeeddetiroagiched air, a

t hrough the |eaking duct in the direction of t C L
mpGSCt RS R LE MF PRl RO e dikn ARe identifidble
acdRINEkRLE BTG ablytin %icﬁfo@mk(@.‘gwgaée%ugz RSB ahd it B8 Be eRh&- mixed with

MedGadget Journal, March 2005 i ssue,

thiaorstiinguars priatda digedelivery airteands/ goigsred 3rom ¢idéfferenttcohtainer.

o g LT IO et AP  r,

ofdsWabeditabr, et pregsablgs®higkit.nr ough the endot racheal
tube. In this enbodi nent, the neasurenent can be

per f baccdivaty efifbe pdditive st prefseably performed srae e AdoW theeadditive
i I ' [ [
e s QA0S DAL AL T L P35
thoough hthes ludigh faed etogethert Wigh itltecdrbdn dikidenvate, laeakagdled $rom the
achjieved. In .a further engbodi.ment, the. . .
lupgs, Bdae ibﬁ?ﬁt_ ag iy HEas g‘nltéméﬂﬁﬂy i thesadditive; ?4";5‘? delivered to a
oS RINAHOSE st &5 Hé{wéelnut%lﬁ .aﬁ%x'g y&pﬁ%ﬁﬁ% eRWtRIcHS tube. In this

endotracheal tube. 1In s e
embodiment, the additive only enters the lungs when there is a leaking duct between
the cuff and the airway.

The delivery of the additive can be performed continuously throughout the
procedure or at predetermined time intervals (e.g., whenever the method loops back to
step 33 or step 374, as further detailed hereinafter). In the embodiment in which the
additive is delivered to a location above the cuff, the delivery can be executed once for
the entire procedure, or whenever the level of the additive at the location above the

cuff decreases to below a predetermined threshold.
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the fluid above the cuff is transferred into a chanber

where it is being heated. Wien the air contains CO it
whewoneR9IE!l ectrically conductive at hi gh tenpePEl/r2e6/000974

The el ectrical conductivity thus serves as a proxy

measure to the concentration of CO above the cuff.

According to a preferred enjgpodi nent of the present

i nv r :

el ccperElipRs SEAHiabIe UBROEL XS eEIAUET PLORIY pocaking, for
the rdditids t@he igentifiable) m\shdluld Thee @tpleai’ma:lne Imeaeilrab}arpxoperty which

corres ndtoth afor ione
cof Fp el Rl Bafiog o5t A0TeP TS e Bish e aor RIRE Rt in
thé leawehiahéntdi BENsQ e addifiveTed peeeabli t-0d @ frdth URetehPiBornent or
subj ect, in preferred enbodi nents in which the | eakage
Present dierpivirpREeyinglaw aad i kng waldeoncenteasions. t Whes uibp exitive is
[ e
o5y REFSE8 IR LA i 8 ARy SR LBHSP ASAIRIERS highes
codbatirationtsoraseo tatiotvhidestify ingntab addicitve diyi itsgcomicepratidndsvel. The

.descri bed herei nahove, . The optiaqgnal suctioning step
digtipgot Htgeprpa?%a? hrw gkt V5, P e exaril iU Easy molecular

mEENLEFRLT SREU4S nﬂﬁ@ NGl chg}u@méhﬁ’gle t gl%IpeM&E r 1%5@9% cr)]ptlcal,

steps descri bed bel ow. Mre specif step 3
ﬂlmeq@emtf arhedidtive ropamti¢sau édéltmml&ue or @bﬂmeuwy,aﬂne additive can
ntial, execution of steps ,374-377 0O . .
naf el GREEN pRioD RGN eapRrat FREsHy Al P fshro,idgntify the
addxeeut ed whenever the nethod | oops back fromstep 377.
The method continues to_ step 374 in which a breathing
gas Renresniatise qremeldsdenddantifible adiliiivgsy atallee for the present

en‘?t?ddlﬁﬁgﬁt?qn&[]ﬁeo Ygihduf “r‘m‘ﬁ%’l%r ﬁ}%ﬁegdseﬁt FJPC% as! N9k eﬁ&g oi9erc.;

any Dbreat hi'ng I'ver ed

1adld>i’a0&qias, ;ﬁefembay mxfaelﬁﬁtioﬁrradhotm)@émw’tg ffidaabt hesi ialf lives
i ne, such as, not linmted to, air, filtered

<S%waa sepfinds i several dazas sk &t echetinm radioisoging (6. sy ), xenon
ra@dERidpRt I(g gagﬁgtﬁm apd pidie fractlgsgmog@ e(e' gﬂerﬂ;ﬂ §h)ablfored gases,

additive preferably’in €. g., gaseous
preferably anattodic celnrddegases; had vmﬁo«sdlumrtdqeltthnatbmdatmeﬁegably non-
tga rior to t?ﬁT delivery or it can be delivered from

° FEF eG4 ner. Being designed to enter the

bodyTid aibentSefbidiGtve Whiehiisl@plivdréd R freRGaHIY is¥Rcted sufficiently
preferably of low toxicity or, nore preferably non

higlystp @lloyhis d@lﬁlﬁé&twnowd ﬁefﬁa@dﬂr ilgw sosasppedf @r wiigriere with the
br?%ﬁgag H(—t‘ Ee J%E cal yd%?ﬁ{?éyntg) lﬁggé g!ss\ﬁg 49 %HIO%LY Eanene selected

reat hin

inaatdoidane wﬁmhmﬁammldtimh@m@hhd b@ciﬁmg@eaﬁdaddttn@alsb@r The
with the carbon dioxi de wast are e(gelledfromthe
ORI SNt HEs HeRsadh PR gheEeR ok addifips aph e Reasyring vice which

idBGeHds' i¥e 1 aMhsPRubS Iy VEBE §edeBt aventors that additives suitable for the

present embodiments can be identified with an accuracy of from about 7.5x10? (e.g.,
via mass spectrometry) to about 0.001 (e.g., via radiation detection). Thus, the ratio
between the volume of additive to the volume of inhaled air is preferably less than R,
where R is a number from about 7.5x10™% to about 0.001. Where the lower limit is
applicable to detection via mass spectrometry

As used herein, "about" refers to 10 % (e.g., "about 7.5x10™" refers to the
range  6.75x107'%-8.25x107'2, while ‘"about 0.001" refers to the range
0.0009 - 0.0011).
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| ocati on above the cuff, between the airway's wall and
the endotracheal tube hi this enbodi nent, the additive
womoy/ozabers the | ungs when there is a | eaki ngPciit2006/000974
between the cuff and the airway. The delivery of the
addi tive can be perfornmed continuously throughout the
procedure or at predetermin&d tinme intervals (e.g.,
whenEwemethod cortimed td ﬁqp$753fmcxkh1bh) tiget lefzbl 38 t%d?ﬁtﬁ&b&@@dltwe
.as further detailed hereinafter In the enbodi nent in
lsmrewri'ﬂﬂ o coitoEng o prfarer &8 atSdo Ao dabaza b e additive
pdshhe CuEf towtap;% tHe lvbc\/a? V\h%lga?xs%ll éﬁf)tr@c‘ijzrt&{‘?f EQ bf blinary skill
entire procedure, enever the Teve
math@l |att; tl@ @cnttﬂwtlbm@atsudnleamﬁeq alpoxuid thddormeagmsoft oleaking

edet er m.ngd threshold \V:1 2 of . . .
R e R B oM S e WHHBR B is pically
aoa@mgkmwby bavretidne pad@uffity ehetlongre i dentifiable, it
shoul d have at |east one neasurable property which can
be uSedarions ¢rempligui ambadimenie efddhq iineentiopnihenenonitoring is
Vi n
OS@E&]tlEg sgg%ial?t{al Jl?ﬁ{mﬁml% }313 uﬁ@@%ﬁt 1Eo%ﬂ%%%g f)rocedure

Tleisearr b)endlmu; farexpmpkeeby obtmnﬁfgva fe@i&ﬁﬁﬁfeal time Gl 2B tork o WRel of
.entr eady. present

n the additiv al
the ﬁdiflﬂge -efVie swh@iw nenistm vehich ke tha 9“%%{‘1?%‘&1@&31&‘{6“&1 through

th§ BhddiicRON Itl)/beh‘rlrﬁriﬁ&nfb?iﬁg 5@5 15953n15§§uﬁi|n11#?¥§ for more the
~identifying the |t|v8 y |t centration | eve
leT¢leofdnetei thgm o8 ad@ttlpc,crpeuet grebfabﬂsh ell dlokd deliveeedcadilitivees. In this

R I O T T

whiehi galy, chilrelporECENt RAEpleattbatie’ felfidPedcki@Sy level of each
Additional |y or alternatively, the additive can have

measaeaurang ard/aicity ¢ redgipndevehndhdhe secptiopeleakags. whi ch can

be y [ res
oo O SR LIRS e BBETPSAP oS v
suptalels efot nesbwdligreRt $istinpulshile, plwpéﬂﬂpl&bf thd aildidivé.oMccoridiid to a
| ium Kkrypton, etc.; radiqisoto

h , .
prg& aﬁﬁgﬂogin?%\xpf Hi pé?ﬁeafrfllw%rmoaut%%ﬁ&nﬁf fhg endotracheal tube is
ac%’lfnfvénﬁé@ e bhesh%rholl? Atfa Lh¥GRin{ARYE éi%kflcée(;égﬁdac' c‘bﬁdult) which

several days) such as tec net1umradi ol SO
coTem@8yatex witbrthe aghoirggtdepee(se. The cXaduil &) be &myqxted Imxtemally

d .0.,. R-9l);: I d
tor B PSR, s b oSt Be b0 BUURTRED s BhE b 28 further
det@ledetdisaftepr €f erably non toxic fluorescent material s.

The amount of additive which is delivered is )
pr ef Ercappyitesiigds pedorsedfat @ilmmuoyng laghtierowhidhdnagaessible to the

mlé%ﬁgﬁé ]:glirexgi%é\jo? agodm%x?xf%l%%t on ge\%%é ﬁ V%@Bj? %&?rg%l'agychag%dlments
ofdeag@esntion lthy nd@itbiisg edonkhiey saraplitg faids WeasSel BGli@ffrom the
monitoring location and delivering the sample to the measuring device for analysis.
Preferably, the monitoring location is selected so as to optimize the accuracy of the
measurement while minimizing discomfort to the subject. Suitable monitoring
locations include, without limitation, above the cuff between the endotracheal tube and
the walls of the airway, at the nostril of the subject or above the vocal cords (e.g., at
the oropharynx) and/or below cuff and adjacent thereto. Whereas the nostril or
oropharynx are more convenient measurement locations to the operator and patient,

performing the measuring near the cuff is more preferred from the standpoint of the
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in accordance with the FDA regul ations of the specific

type of additive used. The optimal anount thus depends
woeeorizs4dype of additive and the nmeasuri ng devPCEIMNIT00974

identifies it. It was found by the present inventors

that additives suitable for the present enbodi nents

can be identified with an asxuracy of from about 7.5x1

mBashferiéht GceuridPaitP asal PRE el faBIRY." Whérpttéhﬂmti&- Q%L livered to a
Thus, the ratio

(e.g., via radiation detection). ,
lopaitoneahove He onsf, theemoitaxiig lo¢afiontcen bhbelost therufff in the lungs, or

e Bl e B G e IR 6 B Tother ot e

| oweActdrding it apphdfeadd eerhibodiRbMRCtAfORhY | BreB@ES invention the
spectronmetry As used herein, "about" refers to 10 % .
megsugements; pesyperformed by 3 masp spesteomeiert gea gan gealpzersphich can

. - 3 ! . i " " e (@)
o A8 oy ) B GO AL LY o
b&Wben thevdivedy'sthal bed/ dle aflotrivhealdabt,ithéraby e Alddiifyi additive and
noni tored. The nitorjng.is perfornmed so as to,
O] BRERRUFS S |1%V£Ea$§? &Fa‘f’_ﬂ(@» SR s édﬁag% CPRErE i {sttagats(e8-
h%ﬁ@n,\l@ﬁﬁbn)ctﬁé s éﬁc%h%tepga@ﬁgﬁtﬁ?ﬁ%s%ﬂcé)&f He ‘éto?ﬂs of the inert

rdinary skill in‘the art, the i1 déntification of such
gase@kaglei Kr)aanst optjonally trheastnsr their iconcentration deael. n@tbiercgaseous
b{st. en t{]e cu ft'?”? t.he ai rvvaﬁ',s inner wall, which
mpiSiAl AR ALY §° RRHRST poing pRSTPSRIUESEY secretions past
cuf f I @néther leib@dimdn, YR hRUSurexextp| 28 Ypefohddd BN tas rafiation
the invention_the nonitoring is perfornmed in a

deiepiingaivies | yThibmmbediuent vianprefericdr whephdba addigive has specific
. . pr . [ 4 .

o BIRRET SPGB RO OB e 5. o

99, Xl 31 fK1t-819, theldadintien ddtectinigaleeido@dn rertisradintiohicatitted by the

re than one additive js delivered. through the. .
r m&f?p&c%ﬂaﬁwt%&w R ﬁﬁﬁpmnrrﬁ*gorb.leé/fe[epﬁghleyraé&ﬁﬂtmf‘egl the

bARASHIR TRNaS's Wl JHN (e BN tlaBlY@l Bk AR HfisiRARePREed. This can

additive, nore preferably all the delivered additives.
be achinyesl bpsempling fivids (geasur Bguidy dropr ¢liee maiplitpringilodatiod and

sin predeterm ned,.set, _of .wei ghts whi ch may
d%gfflg%%ﬁafnp%otf) the radafign dptgets CHe“rg'_éqeat i ve accuracy
| eveAnGlddRidahl dRRSlhenEs hrelfdédOwhéd theCAldltRleaak ANdistBialshing
with the secretions | eakagle. The nonitoring can be
e

opjicat propedy.-udi Hys smbodimenp the measytpmant areieefosmediby ap|aptical
ri | ST I.shi oper f. th )
bl ROV IR SR ARG PRSI B s o
thpmddieint cambeatistnctichlr (e ki fonexaimpld én eirdnatd atddatd gas), in
ube i s accqnpani ed by, the insertion of a . .
Wff'&ﬁﬁa%ﬁ_ i device sa icyde amiiateGi EMCiheIcH optical waveguide
c&%@@’t@'a&%&@na\fﬂgﬁﬁe&h q\dﬂﬁ?&érdaﬂ%rﬂ%&ﬁ%bﬁ on 30 EnERPLHLA tube
can be di sposed externally

are known in the art, (see, e.g, MedGadget Journal, March 2005 issue,
http://www.medgadget.com/archives/2005/03/etview_ett.html)

Images captured by the camera can be processed to detect the presence of the
additive and optionally determine its concentration level above the cuff. The optical
property of the additive can also be fluorescence, in which case the optical device can
be a fluorescence camera for detecting fluorescent emissions from the additive,

thereby enabling the presence detection and/or concentration level measurement of the

additive. When the additive is delivered to a location above the cuff, images are
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to the endotracheal tube or it can be enbedded in the

wal | of the tube, as further detailed hereinafter. The
worewrozdng i s performed at a nonitoring | ocat PORTING6AT00974

is accessible to the nmeasuring device or the

conmuni cati on device. In various exenplary enbodi ments

of the invention the nonitoning is done by sanpling
préfle%bgﬁce{pgﬂéd BElol ! Rt slfor :%%tlheld@ Nédiad Bikcd e %ﬂi@me passes

elrvering the sa to the neasuring device for

thanaffy@mstrlé‘araf ter this| lyapgs hdn rtbm @robcvdmgentoctlaft iadditive can also be

el ecte 0 cur th
el i AR PSR i g, NS 1 BREHY Bt B abqafwanied by the
foshdioRCHE c&@lédabl RoltpBid BabHIE kWG taNBe | dbtdctdieby the camera.
without limtation, above the cuff between the
Btthbmcméﬁebp detigpied byi@ mineatyig i tiaseend ¢RVicsi r way, at t he
nost lad(ﬂ 10 A2t ?ln?e(hg soére %\(lewlléll glltwgllﬁsdéd sfinBuishing
at the orop ar nx) an } e om10uf adj ace
elddnérat bmpelllbe ne a1$1s tehodiosdnk ilie measuramﬂmw 3m meefonnerbbse a device
canvenj ent neasurenent | ocatjons to the oper.ator

capafle cpk  MESHHRE nFlRgIEH e PRRPSEIFST RYCthed SPRIMGEGRT Of Sres1stance
AHBh&IR c}if&r Egcfltlgﬁég? tvl?l?enSttl?é"%Qltl% H’Jb LhaBASHERAR NYhagnetic

accuracy and analysis reliability. Wen the additive
propertye kthewaeasdrentends dre @artfmmmedatboa/ ée\tlmecapablﬁ of tnmsul ing magnetic

torln Ioctlon n be bel ow
prpRties, e IEeR e e s ettty o i Fsnedsfve iRty can be
pefoBged %QEstéﬁftlaﬁS/ dolenwRBly inathe rmodiestigdiobdidnOsAas to determine
preferred enbodi nent of the present |nvent|on t he
pressasipensaeiTasion loest ploheaddibye abavgdhe @bet rometer or a

gas apal
S0 AL FlefOhERs SRRAERLA TRASTTIGAE S0RAT s
3teeinvekioh tieleatlr wfthe sdansifibblandditive ie nﬁlﬂpauad Ivﬁfli art ofémal level
hereb t0|denthfy agldltlveadto '

eits level. ..
thegp. oy e preiprahly? predeieringd o L Shfp Pretatied-smboiimprigi which
m()%e@lan olllglald%ll'flvek& X@%d) Mhe §heI @P%§cl§9ﬁﬁﬁﬁ@dl@la§&1tﬁ@ns plefelably

presence of ‘the atoms of the inert gas (e.g.

Cd'l‘lﬁﬁuéﬁ\)/lthadeﬂppttl\@r@tlmﬁl Fwelsure their concentration
| eve O her

eous ri als can S identifie
et nbs R ana BRET R e BT 2 Rt TuRE snthe B s e
wHRBSHIRAMRNY Stk ReARIBIQ ISR Er RY lQkigdifatiefotiei@atabite the cuff
device. This enbodinment is preferred when the additive

intmtheslpagi fl‘hes,rté@noatlmblqyﬁbwct& e leakager identtfigstian thygdipld. As
logzgeafatggllel 1gpatrdfl]1§el%§ al%(%%{O%El‘? < ?&ll%ﬁh%e 2 lee\-;[lﬁ%geeg% considered

nébiftd (bﬁdloﬁé)h@ﬁn@ mddt etk hirwaheisr aﬂlsﬁtle&mlt pmpeﬂy dsetaled. The
presence and/or concentration | evel of th

thraskple isdypisally @ forer l@@l‘%éﬁ plesesrtingy” Iealkggg s igeatifigthat the
10@ %te (glfglé@g\ﬂlf VJhERTg/el: ﬂl%fl gf ll’l% aggftlgé @H%% %53 I?l?réslﬁ)‘ll@ be
m)nl The Dptgnhlde@dllcam baanl absolute optimal level or it can be deﬁned relative
to an online reference of, e.g., ambient or breathing gas. The optimal level can be
extracted from studies directed to determine this level, tables, charts, graphs or
formulae obtained by empirical considerations and/or theoretical calculations.
According to a preferred embodiment of the present invention the method
proceeds to step 377 in which the inflation of the cuff is adjusted, based on the level of
the identifiable additive. The adjustment is performed in a manner such that both

leakage of secretion and occurrences of pressure associated damages are generally
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delivering the sanple to the radi ati on detecting

devi ce. An additional enbodinent is preferred when the
w@ea7n234e2 has a di stingui shing optical propertRCT/iI2006/000974

this enbodi ment the nmeasurenments are perforned by an

optical device capable of neasuring the optica

property. For exanple, the éptical property of the
nigighizddv eFroanstOe 327 thesibthol, RiodkIlY 8ME PreBeabll oFoops back to step

gxanpl in the case of col ored gas), in which case

53465975 device can include a mniature canmera or

an o

M ni ZW&?%*&*%%? Sl B P LR PR RN P T BB ot
irathe phrieivflowechartsef &igure( Bee, Hene, froMed&RaTenod shywglsee Figure

TR ?1}6%@35%&@&6@@&% SieRAT TRley el hpamethod dirides whether

ot Mbi al AFAGRSIIEAR! WakedYs Kd%ﬁtlﬁ&frq{e@ecpaﬁ Q8B HC ﬁﬁ:sﬁs%lt 8f the
det ect the presence of the addi’ti ve ‘and optiona

adilities nifreninegligibleclenitagstis cﬁl@ntl’éetistheabcﬂaed phmnrmm fa pfbhess step
C r the ad can

3P bF B B8 Shitafof} prbine Sl o fRe R o asclounvig beteer

scﬂzhﬁguoIfeﬁleelme&nodad@ic&sfmﬁt dekead indglehkaper Ctﬁ@tt the leakage is

ssions fromthe additive, thereby enab

wﬁ’@g@ﬁ)@ thegnetipd P@helﬁ}?aﬂflﬂp Kk doren 33 CH A a5, A8 without changing

Hﬁ Pssitb (F%@Jréad/g rocm{&ﬁ[b LR ﬁj/gllhl \\(fﬁwh the inflation
eliv e cuff’,

to a t|o abov e
plassam ef ﬁleaiulfﬁlls crkptemeeld(l:b@ire\ﬂlcl hBroau tep 30 7a$het Iﬁethod preferably

i denti.f h itive passes the cu
IogR A kPt AR P ﬁths i %P@g%ﬁg@elwnn%@f Figure 7c is
thad i d1lowe fﬁﬁlﬁbl alptighiPRicRed Rt GetaRA 1$s§6’1’é httﬁe 91‘%? ST inflation

through the |eaking duct is acconpanied by t
pressurttn the coff cambe dedteased eplanglae sl loaitige eSSufﬁmchﬂ}C borw twethere
t by the canera. Bubbl es can be al so detected
lSdr{%lgﬁgngglature ul trasound device. An additiona

e rrb oThwsp fie héthpd of eerpesenh@nbddifedsblid¥ea BRSePloop control on
I ngui shing electrical property, In this enbodi nment

d
th@hgﬁﬁ@&sqfr (BereRissughdhpdpalaered seyctiond dy einmizgsatst sberpntially
1@3@}&&5 k&ntﬂ aeh‘%l Ha'l (f@dall @[({gg’tﬁ%tr& 2@8 tﬁaldﬁ(pa a ué“ho\E;ﬁHI%tl f cr?hta{es an

resi stance ternat onal
effididint breathivgs asisthirst itoghié Shbjacg Wily meibingal p’isﬁkp@r luytg 1hﬂ&et10ns or

nmeasur S are rfornpd a devi ce capabl e of
p¥ﬁ%&%¥ﬁ% r%W%g e.g., magneti zation.

ThusTh@ﬁ@glga@mt%tegf:;-ﬁghe respective quantity can be
perfornmed substantially continuously in the nonitoring

| ocaRelgrense impowomdde do figwe ot edidic s @rsmph]kr@hilhmtlam of a

f th ddi ti b th
sIREE 00 Tl Bl s abfesf mRE oG et s gremeletipybodiment of

th@ édeﬁUtheﬁtQ)nSt tehd G701 conviHised ah Qﬁdé‘t?&éﬁéal‘}ﬁbé |723 adapted to be
entifiable additive is conpared with an opt

mﬁ‘%ﬁﬁéll infor{be aigpvay m Endpaghedftaball i a}@ﬁ@d’é@féwwﬂlme@ff Téhcapable
oit&?ngoirnﬁgﬁﬁ,rﬁg e§é}¥?&9,' JE ixaf?atk)mlcggduit 77 below the vocal cords of the

subject (not shown, see, e.g., Figures 4a and 6a). System 70 further comprises a
measuring device 78, for measuring at least one measure which is indicative of
secretion leakage as further detailed hereinabove. In various exemplary embodiments
of the invention device 78 performs measurements to measures directly related to CO,
(concentration, partial pressure) or proxy measures to CO,. It is expected that during

the life of this patent many relevant measuring devices suitable for measuring proxy
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nore than one additive is used, the | evel of each
identifiable additive is preferably conpared with a
wo ewpozi4dre optimal | evel. The optinmal |evel iBCT/IL2006/000974
preferably the maxi mal | evel of the respective
additive which is indicative to a negligibly low or no
| eakage of secretions fromsabove the cuff into the
il 1 5% D B RRLUPR e, £ BE of oA furipe gpyices s
inwddéd fovirclide dbbuwly niehvaethmobgiaslafpriahe | eakage i s

considered neg|igible r ngnexi stent) and the ajirway

is el 8@%?35&%3@%5} CB: opeeniny %gwaﬁsampgadevwe’_a €0,
pektiR i pdklind rRcas @SS dRANEn adtstid HeaSRRE Ml RES: pRMAIRchFring

identified at the |ocation of the cuff whenever the
deveopeh flofv migsusindidevige, axentwgsmepmring devitel(@g . Tivgmera), a gas-

L mal vel] can b 2 ' .le or it

v BB en P er oSt R b PRl B Bloer

e. g.In therbinbodinehtshn edtidh arabigasCO] patislnred¥ate ik ewaburedievice

be extracted fromstudies directed to determ ne this .
7§ iswseteraplipgapable of perfermige Aya parllek pesnyrenrenh fer syamplyy using

R P epRANEE 9 Al S ARSI S LRI Glonel valyes L. Inle
7% bem gdsebented foy emaswringt dnebingt hedupr @eed, partist ppssdrE) to be
i& whi Cth the inflation of the cuff is adjusted, based
usgh 28 AEPIPIEHEA 515U he i dentifiable additive. The
adj USEVBNYS bsn BSthprNeNBidbd Axsciffed Reih Sath piodadsin2qldk 94 which
| eakage of secretion and occurrences of pressure
prassso o analyzel dheadais carrespgodivgdp| therinthaptired quaktitism Eeregrample,

377 the nethod. .optioenally.a ef er.abl | opps, back .
cof Sont U W E3h 8 Ra00R AR BB Gty e OBRT g o4 o
fuetkec pilok &RinRl Seddar, &8t hev limited ta3 tie afiydid bfigith abadsgonding to

the partial flowcharts of Fi gures 7b-c. Hence, from

a@ﬂ@@aB%amﬁelﬁﬁ fﬂ/\ﬁ; fikkagiomriofy a@g.lital)idtd‘q@ qrecglsglation of Af, At or
ng %Q }fglénl%sje%\‘j’agga?lﬁg (r?lf:el(gerslhan g){véc')tagxgth%7a7n%l St (‘;’*‘k}?agallq Pér@%sgggéi:ﬂg (ijo optical

C e on-negligi a

meghtifdnhdnite d.inib 88 esh alss patff@irecorparisbe, grefémiblyoin redleime, between
additive. If non-negligible |eakage is identified the |
thedewebal bempsasweand oS spaewvadwgoptisnalalpe, [ipy @ymplfe In various

eﬂ&?@\llz? Lé}gb&ﬁlﬁéﬁtgr(ﬁ 8k ﬁlbﬁtﬁ)lﬁf funkt%ig%ffgﬁﬁse%ﬁgin . tcBrﬂparison

etter sealing. the net ecl des tha
bdttveerethe € M@akted paggeuré acartthatuff hed the akebimnt ICO, partial pressure.

negl Lgi bl.e), the meth can either |oop back to st
373, bgrﬁldazg_ o 75 SEfOllec‘Hﬁ?ﬁglflﬁé derige, e gy san e 7&&@ at
the' RSP RrchduhBY' 8cABh: 80 Tor r}ﬁﬂ%e;ﬁ@fe@bsit%n%ﬁﬁn%lﬂcm@ héith the

the inflation pressure of the cuff i's decrease
mégsuging docatdn, for exangtlepisBigzemedsaring cowdhitilef e fsatolbg understood

e Bt e S PO fibeatiote Moo 95 ISR T § dfimigea o
né_%ﬁiésiaiifﬂr%’le@éaittli%g%&& §ih, 1aBfstaddd, QN niak; ot e ehelEbshefof Whd measuring
location to be above the cuff, as further detailed hereinabove.

Device 78 can also comprise one or more sensors 84 located at the measuring
location and configured to communicate with device 78 via a communication channel,
such as, but not limited to, measuring conduit 80, which can be or include a suitable

transmission line. The type of sensors depends on the type of the measuring device.

For example, when the measuring device is an acoustical measuring device, the
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pressure in the cuff can be decreased as |long as the

| eakage is sufficiently low or there is no | eakage.
wabws/02ube met hod of the present enbodi ment preeT/UE28062000974

cl osed | oop control on the inflation of the cuff, such

that | eakage of secretions is mnimzed or

substantially prevented with a mnimal |ocal pressure

sensort hee heashied sefioed) Wit thel méaaiihg davies ian @édsuli BAsuring
breahhln assi stance to the ﬁ@?Ject with mniml risk

devieet Wﬂ??fﬁ@mrsweo?enﬁﬁréé% ikgf at ed damage to the
I
?;rﬁgggoﬁ% tb yl? gga gé%vja? l}ﬁ&lta&f ﬁ{ee,ggpg%g mg%fusﬁegg&%m 70

canhprisss a atlcitrmnrgf deylcey&& fomsi@iohorg dentetibad atregsuatisnilbf déadation 87

ngFeane Ty Entille SyEPEE 48 e R PrCk e Raaisning wit

suctBing LocaféaBY @hérdh f@ shdtDBIo&Dniit 88t d¥@erlid, m7d%wce 86 to
Endotracheal tube 72 is associated with a cu

logatppab$e afbybeandyiti §k limtvdtch fese aondwipi8@, semiea aana suctlomng and
i .at i i . | . | . .
w0 OBl S0 DY Rt X 8Ol i cmas

withist theneddbtfaukidah eubecangtdrdlly thertln o desigedd evorkitd 80 ahafor 88
rkgaoatgLeast one neasure which is indicative of
i d gwalke3d p{ubed?- det ai | ed her ei nabove. In

\7/ar | PUSrR%E @Réﬁéwgﬂgg&%ﬂﬁ of%he lmn L0y %2;1:%&”7@? t;gxgses an

8 perforns nmeaSurenents to neasures dire y rela
inﬂetilﬁg)lﬁ(vwrﬂﬂeﬁot adyustong, thp arflatiah of cef 36bejeda@n spgnalsyreceived from
t he

dea/]acet ﬁ«‘? S%%& 8%{%ﬁéhl}e est"thEecut,l ag:&rathﬁgol%% T d) WthlI case the
méasutiapldevit® EmﬁFﬁﬁd ral dﬁgplﬂi QAVIBE At Wi §layif (O 1¥dl lof B measure,
devel oped and the scope of the term rneasuring devices

orj autpmpiegatlzdin ovhise p@saethallnﬂ@tmghdmw tseivhewhmghieatien with the
7
Bk e BB S MRl e S B e essure

meas$lystdng 70eaanCelso 30mPL SISt ialertifga St i%gwﬁﬁhidbmm@mcates with
ressure nmeasuring device, a flow neasuring device,

msiﬁuueél deyisa I8 | Hgt iy peses( for grodugingaprepleyt waelgét@vl@wn%f the
1n&%@&%5£agbgﬁyhﬁﬁnmq&@@Iectr|cal characteristics

measuring device. In the enbodiments in which anbient
CO2 Refetened ispnes snade to §igrees 9a- bdﬂndew xeimfBified illustration of a

bl e erfor araIIeI
53‘3%5&‘5‘5@?%&?%‘ %aé@aﬁ% %C“'Offg‘]?%wg’ Yauou F*%P‘é‘rys%‘ﬁé?déf“@ms of
the T)Eé%h& i en@08. @nnmyam@%m 703&1;(%' @g{eﬁpiom@ferm& ¥ihprises
Inlet 79 can al so used for neasurlng anbi e

erwl@agme@l tabe @'u,, cufC26 prack tnlﬂatlmp rerekilr ) astiorthe detalgd énsremabove
Y R A Y T ——
additive delivering unit 75 which delivers one or more identifiable additive(s) through
the endotracheal tube, as further detailed hereinabove. Unit 75 is thus operatively
associated with tube 72. This association can be via the breathing or anesthesia
machine (not shown), in which case unit 75 is preferably a part of, or being in fluid
communication with, the machine such that the additive is mixed with the breathing
gas prior to the delivery of the additive through tube 72.

Alternatively, unit 75 can be a fluid communication with tube 72, in which
case the additive is delivered directly from unit 75 to tube 72. When it is desired to

allow the additive to enter the lungs 102 of the subject, the additive and the breathing
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process or analyze the data corresponding to the

nmeasured quantities. For exanple, can convert the
wore@3nere quantities to digital data and transPEr/1120e/000974

data to unit 94 for further processing, such as, but

not limted to, the analysis of data corresponding to

acousti caI nmeasurenents (e.g., filtration of

[

ga?urt %ﬂggaerelna g%e§£§?h% ana %é?%nb?%%a In this
errdmdnnap,othﬂu anlgxttve angtthe bteaﬂen@ gher®EN be; allomed tdmixa rWhen it is

f bl

aeietCieR i ph e SoaRRG 18 Srtoc Rsndioge e e RS sk i e fggbly

deﬁpéﬂe&'ﬁho‘d?ﬁ 4g- adEﬁ’lR/e QBUGHY Sondilit YRIVIES X &BPIR! 3h opening 73
nmbodi nen the invention, unit 94 perforns

abpégpuﬁfﬂﬁe(semﬁmrq Son Genduie pmb@@spqu. wiithiprthe dumen 65 of
tu&pe gﬁeﬁag gﬁﬂaf%gﬂ}eir/%e. g,ggtiﬁ Pt71 %algg‘% %1 e&)d(’:egﬁﬁ { e:\‘vall 63 of

tubke V2 C Prefarabbe buoast @J@hg@tornﬁeludealasemdrmﬁuﬁimwe devoid fluid
| ocatiion 82, or nore preferably it can comruni cate
coppmpRieatonFEhEIeAMINESt 0 Adt9 6911temlal@teé>@awp>émne§wﬁb %ﬂﬁguraﬂons
t tg.b e
AR RRRANOH ol I i BB ROty o cing
lupefi {6576t thé bseaﬁm@gam atloged darchtey chediuihel onyise weisacen the

s stated, be neces t he_preasuyr.
erfelipish ot yhist B 8Bt hE BTRFE Jutpef Twbr GErarigy 7F can be
usB@heh ARAGH R ? cOBHIES0, 48 fidler thﬁﬂed?@éf'@ihbé@wone or nore
sensors 84 [ocated at the measuring |ocation and
conf$ystamed0Q sudsmeompdsase: weadyrigeviceiee B8, foiranegsuring the level
Of?rtgl Hltl?agléoﬁg%ﬂf?&gg eg Ede%lzl’re]:d %é‘e&r?a%ﬁ)ﬁtlél LBC?‘; ?cg g preferably

co‘ﬁtﬂhﬁnﬁb&lt@ Witk aswonstingldcatien 83 haidhy aestated,2ande labove the cuff, at
depends on the type of the neasuring device.

the st ©f thi ebietiembaenthe goerhvioEds (e apt %dﬁgwh%mx) and/or
bé\;\'ﬁ@sﬁ%' Qgr 3Ry Qcﬁacehh R&ELROT In 2 aﬁg&ﬁfdeﬁtalshmslﬁrﬁrgme 9a

he measurirng device is a pressure measuring
mdeiviroeg lbbeiondi3sioaboar the puéSlstwesnsthn sodatraahehl tthlee dridkthe walls
tAﬁcordl ng to a preferred enbodi nent of the present
i AVBHYTON system 70 conprises a suctioning device 86

for pugtd 881 8 Se&NUR! A8 rathort SHERd RfYrédiferdtRE8d IdMInBWishing
in the airway above cuff 76. Suctioning device 86 can

propertips 61 the addtimmubiusaddvaee 84 edn byt |emtmnlg 4 pesh Speeir@meter, a

eith tionin ondui.t 88 nd|n fro
e Benin bt PguPRhife 980G G U 3n SRR GhTh R §flugpescence
caB@ss), Gomeilhtires3QlteesuRSd@bca esmﬁdaomhﬁ)@ctaﬂ@hdmasmnﬁg device
condui t. Conduit 80 and/or conduit 88 can be di sposed

(e eonduatial AERIWYINgideNich: ¢ kesisHgeRerewang devitsd a@ﬂ a magnetic
B0 YshPRE Bty SPAEAIB0 ARLE! i o
capxeleplter y contbdgtitiorndfs soferdl haxvidey, eaﬁdhodemﬁ eand7 Bonstructed to
mgz?sme a 1%fsérent quantity. For example, device 85 can include a mass spectrometer
and a camera or any other combination.

Device 85 is preferably capable of performing two parallel measurements, for
example, using two or more separate inlets 79 and an arrangement of unidirectional
valves 81. This embodiment is particularly useful when it is desired to determine the

level of the additive in the environment, for example for comparing the level of the

additive at the monitoring location with the environmental level.
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inflating device 90 for adjusting the inflation of
cuff 76 based on signals received fromdevice 78. This
w@av7hes4gone either manual |y, by the operator, PCHIN006100974
case the measuring device conprises a display device
for displaying the |level of the nmeasure, or
automatically, in which cas® the inflating device is
| N qosvREES BAi BdmMideh of BE aEEBaaIed! Wilh @@t’é'[ﬁ&zes&ﬁg LBRYW4 which
formng therewith a closed | oop control. System 70 can
prawmm repalyses the daﬂaeqwnes@ndmgtto dbe wishuhed quantifics 8 described
asyrin devi ce rves I [
bl o THE e, 48 Pty o el RRReSSIRE Tt 2L GBS 9 are
si@flan, fRltatlsemetandiRedoethe peidcipkes paw ofpetdotiofFila Ipﬁ&e%@umt 94
which is a si nmplified illustration of a system 100 f
of; syigmaty. ngorae‘ganml%&evwa@éd}aa.Cﬁqurbtlwaw%gedéu@mﬂl%ﬁrty igitat
da%e['aﬁfjfr%getrstl% Oliath RS uk 93 S5 fgl‘tﬁé’[‘é{?ﬂ)&&%ﬂg Siuth lb&rdu¥ nbPlimited to,
system 7/ ove, system 100 preferably conprises
the akdy i acidssd cdrtdspotiﬁng mch;mcélem@sdrenwhtsatl on conduit 77

as f rt.he det rel In var.i o X e ary.
IEnBE BN RhEeR ot o esyet amPIBENE (pealen T Brit can
c&xﬁﬂﬂﬁbrﬁ@%lﬁhnm@ﬁ%ﬂdgvl%cﬁﬁin' B@Vfbﬂ"&aﬁﬁil ubingWik4slring conduit 80.

delivers one or nore identifiable addltlve(s) t hr ough

It it m@ﬁrsmHethat alihbegh Bigufe9a Hlastraies miohigering location 83 above
C |'h€ ?ﬁ t{] (]?BO Um tssZrélgS%eCtlthg £ Igsg,g Q@éeﬁtas ég?até/ 91?'18 tl‘?et %%mtoung

lobatat Ialen gor¢mplaed! heiea tn@adtmﬁee (adliveredva) a louatwm abdve the
case unit 75 1s Freferably a part of, or being
U, clevice SimAai SEPIBS IRty (e MeY i @ deRImmaPreace of the
Lih4Einl S M xed with the breathing gas prior to the
a@gﬁ} vtgér%y1 of the additive through tube 72. .
Al t einnde iexehplifietillusFaiaact Bigue 94, uhd additiveis ddiviesd through

with tube 72, V\,hlchcselh iLve is Lyer ed.
tofieh i 5 #°G6 BRicD MBI GRS B TR0 Tie Pudbblfy i in te
eﬁeﬁlpﬁhk@wmshﬁu@iﬂgf Fighf: 910 tRMEBitie8 deHRG8d #Rug cdnldgit 71 and
subj ect, the additive and the breathi nggas are

deyicsf & @mmwmeatpwnbdumhm 6dgitheh dirgntlyaarnhdicectline g , §80ugh the

brg%ﬁggnlghmﬁcdllugeaép veeggi)agl Pg%te% té Ee u%ggrswgecha?[nacithough Figure 9b

ilchetgdtes0d ohiCorie lb«Ve&fontS}em&d Ghedid the ldr@s athlsaeal nonnédeadly be the

the cuff, the additive is preferably deljvered thro%rt} led
etaile

cash SBeR Maps ofben yoniodah derationst ajh Feremaldtadnay derghes
agg 73 above cuff 76 (see Figure 9b). Conduit 71
h 5%
e di sposed within the lunmen 65 of tube 72 or
bel nDedck 85:emt alst esraprse @endundre ddnwan8hleeate @t the monitoring

enbedded i wal |l 63, of t.ybe 72. r.ef er abl
loa%ﬂc*%@.cga? IgWEf {0 CORUAICAS “aﬁa&‘e Gin Yia ALogpy M&%@P&hwml

such Wk Jouft QfESFHthééttb %éashhﬁé BSNRINGST, wh%h? Barf BObE (R @Gsuitable

are asymmetrical configurations énploying
trammdssmdmeo nidile tyjee afessnsorndapiendsont the tywtdifttha/measmiring device.

Pr ev§ ntt li)f) Uh G t()(:"cromp%llse other components, such as, but not limited to,
suctioning device 86, suctioning conduit 88, inflating device 90 and alerting unit 92, as
further detailed hereinabove.

Additional objects, advantages and novel features of the present invention will
become apparent to one ordinarily skilled in the art upon examination of the following
example, which are not intended to be limiting. Additionally, each of the various

embodiments and aspects of the present invention as delineated hereinabove and as
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| umen 65 but the breathing gas is allowed to enter
conduit 71 or vise versa. In the enbodinents in which

wWo b@7aeddi i ve i s delivered through |umen 65, cPemMuLi2006/000974
can be used as a neasuring conduit 80, as further
det ai | ed herei nbel ow. Systen1100 further conprises a
nmeasuri ng device 85, for uring the level of the

Ldent i f ,ab urther detailed . .
cl 1grfe'§i ir’1nla %véﬁm%egéc:t:lg}% §pr efera )Tp eng]oeﬁﬁj AURRGTEdn e following
exanpid.ori ng | ocati on 83 which, as stated, can be above

the cuff, at the nostril of the subj ect or above the

vocal cords {e.g., at the oropharynx) and/or bel ow the

cuff and adj acent thereto. gl genbodi nent shown in

Figure 9a nonitoring |ocation I'S above the cuff

bet Waeflarenhe i&an«ziwtmaich@alhetibﬂewhrgdeﬁak@lmI\ﬁlﬁclofogtafher with the

air .. Devi.ce 8 an sure one.ot,. no of the
et WEbnlo o i e Py FRERA e BblgRH eyt e

addi Ini (H€ predéti %xarﬂlﬁ&‘ ' &‘»ﬁtlﬁ@otﬁ%@%@ﬁlerl‘t @F le%?@gg}leﬁr th@ elBStPacheal

spect ronet er, Iqjgas anal yzer, an optical measuring
tupe Wi &y reorgioring Cbmrmme @&R) in the uapéd aiovays deawerdance with

[ | sound device, electrica
thgﬁgg&ﬁ %?9@€P§§gﬁég§8?¥%%@deV|ce (e.g., a conduction

measTiid mgpokewfckis saudy efdissb anablidieasatciuig:, 683\%&:@*&9 néfilinAsive
netic C{1ar acteristij cs measuring device g
beﬁ;‘gﬁ S15thogt 05 AsspEsaent Phe legkagecespr tl@eﬂiﬂéﬁa@lﬁa]&l e gnfdo Injtially,

th& &R aJﬂ AP nhREWES ﬁ{vegffgé?e(aeﬁl 2 ln %ﬁﬁﬁlg{g)gd Set'l%gequently

constructed to neasure a erent quant’
legssamtptrazioud @uffcme%lrasawenen@laum&dabymsans Mxkhg@ Imt @ aapdicine

chlleg g:frgﬁqtor n oatépvgﬁty %g{j:?slar 9133{}1, e frvgg§1 1|11|t§épf the method was
evﬁ'ﬁﬁ&:ﬁﬁﬁﬂ@'ﬁhﬁen&f &fde?@(ﬁt@él@ctﬂé%b@r)‘ W8 ?Bllﬁ@{h% @HﬂFtﬁB@ to the

inlets 79 and an arrangenent of uni di rect ona ves
stapdardiglinicad pisdertionnsed @dpar ti cul arly useful when it is

desired to determ ne the Mel of the additive in the
envi ronnent for exanple f aring the level of the

addiTHrV@ alatontieal MR li®sl Rerd 0S@kda®d, Wht Bedof®ince with various
enviro ntal | evel . Devi ce, 85 can conprlse

be
CXEEDGEY 5 adigrangs efaths Dessek dsERGOiL b@wemhﬂ@hgndotracheal tube
culf QEESHESy A1 Ak YRfsush g s%@ﬁ&b‘igﬂlggg@g nﬂ#ﬁg EQnde attached

measured quantities, as descri
expamaikyl wl ds @)ddtna:qhealanb@r(sn af titabphiigaesdbnyg thd:né;ilglﬁﬁls by a
SY. e simlar, nmutatis putandi
caffef R RTRS Ry 2 At OB A B Yn S#ehgitlint hognostris

thRugB ¥ sh&Mcdfhuld-or exanpl e, device 85 can convert the
measured quantities to digital data and transfer the

dat zflg‘tfeuh(? tshous fthe afnmonherloqmmnessf | 6, sughingsin the human
Sn{]&% i.mted. to, the an Yanesthef data corresponding to

ok 4 bt i goneral dnesinesia

The study was performed in 3 phases. In phase 1 the feasibility of the method
in 2 human simulator was ascertained. In phase 2, the method in a porcine model was
experimentally explored. In phase 3 the method was compared with the standard
technique for estimating optimal endotracheal tube cuff filling in 60 surgical patients
under general anesthesia.

Throughout the three phases of the study, PCO, levels were recorded using a

micro-side-stream capnograph (Microcap”, Oridion, Jerusalem, Israel) with flow rate

of 50ml/min ~7.5+15ml/min and rise time to CO2 step of about 0.2 s. The Microcap®™
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Devi ce 85 can be |ocated at the desired nonitoring
| ocation 83, or it can communicate with nonitoring

wo omaneam 83, for exanple, using neasuring cONPEI/IL286/000974

It is to be understood that although Figure 9a

illustrates nonitoring |location 83 above cuff 76, this

need not necessarily be the,gase, since, as stated,

noni { ng |l ocations are contepplated. en

BN EHEDEY P helerehs B SR Bt b Bt s o order

Catbla &30 SAPPOS daaHydl 0 §t1 d
tot 0 e}ngf‘ér%'rﬁg pgfbgsencé of the aglfd |h§ i%@ﬁed%é‘gh emr? rH%{H e
alemethm hofdee@t ehd tidalrREQpwapheutiatigedaghall Ph‘@oa/dmes weee dlsectly
CRPHL AR FRTSS 4 PSRRI B TP Of REPe than T it e in
PE®E muhfgl v04h intrpreiet ak Iaq;igxpéf 1EAlGH gé ardiad thd)eufbegd the\e@ptopriate

del i ver ed t hrough conduit 71 and device 85

cubRipaTIre Hed sehaceerdinghenTles culk |pwséwredvase9¢1tqryatmally kept constant

I a t

oY, bHEEl fecrfiplt culr bBUAR LRSS0 RRLORS, Sl hbsure
cdritgliere (Sdsmiahylj&tll‘nat@ﬁldhiemldc@mmcbg of @éﬂhbm a881dmg possible cuff

near the | ugg-}? Riﬁ'?ﬁ need not, necessarily be the cogﬁ,e
PIEFHES ©f efo HBRMEBRSH I TWHRIBH PraFsHres offt 8mp) s glocal
vatmbled! E'ﬂ&étré%ﬁ&eﬁ'tbl?e‘é vART lﬁgﬂ QQRM% lot%?ﬁx‘e‘s“ﬁlr@@uft?@i'i‘avﬁlgs& external

corrprl Seé one or nore sensors 84 | ocated at
side nitechel myini-goidei blmeanWhmb nddegsirle dmt daqy@nﬂmmwfﬁtﬁl Im‘? HEvac,

a co ation. c such .as,
MafacRigEr AT ferk SRR T B Rt oTGor 4R SRR milede wes
cdretitde thesapdo@hipﬂ (gdeafrigﬁfbae)on l'ine. The type of
sensors de?ends on the type of the measuring device.

Syst Bighnod! chaws| the Qéfcbﬁlﬁé.@@z wwwecwﬁwﬁ@m@ acgidance with
elﬁl%t *étal {18k cllf rés@glgg Qs dﬁ?]ﬁg fﬂg\ﬁrg‘tgﬁé& The suction time
suct oni ng condul V|ce and
(fadrerthé nppembirwa) iarepresdnitel bylethalsitracghhémei tfatiev€0, pressure
Addi ti onal objects, advantages and novel features of
WEHEO B esent invention will beconme apparent to one
nggllnq{,hlnyn §ﬁ§h{| 286k Mdabhe art upon exam nation of the
are not intended to be
I | m Ai lmlgnamdnhnulaton@lflay?O dgchanf(Mddecal diducatmn Technologies, Inc

OFER AR Rl P bt 2B B FRE el e AR, 8 v

inS€edd iaf de |h€iﬁ\iaﬁ lsi’hﬂiﬂat@i(ﬁ@dﬂeﬁe Tha kraSkeaP@fatetdd at fh% location of the
foll ow n%we EXAMPLE Reference i s now nmade to

endegraghsal émﬁp%mm whklathed eietriketidali €Q. i etlapovidg was
mﬁﬁt?a%{d l?P; écﬁ{l]&hl IaI C%%EIB\%U% d(slaestllegl\ﬁe H{o tﬁ@ sfn&lzﬁornl%qgs.

Wh1le ventllatmg the human simulator the cuff was sequentially inflated,

2 mm Hg at a time, and PCO, leakage level was measured at the three anatomic sites
(see Figure 10). After each cuff pressure change the oropharynx was suctioned to
prevent CO, remnants from altering subsequent measurements.

Phase 2- Porcine Model

Experiments were conducted according to the National Institute of Health
Guidelines for the Care and Use of Laboratory Animals. Two pigs, weight 10 kg and
13 kg, underwent general anesthesia with a No.7 endotracheal tube. CO; leakage was
assessed by a 4 mm diameter catheter inserted directly through a small incision into

the trachea 1 cm above the endotracheal tube cuff and below the vocal cords. The
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In the present exanple, continuous assessnment of

| eakage near the endotracheal tube cuff by nonitoring
waeoopnzrsure (PCO2) in the upper airway, in acROr/U20e00974

with the teachings of the present enbodi nents. The

purpose of this study was to establish an accurate,

obj ective, non-invasive bedgj de nethod for assessment

f. a,l eakage pear the endotracheal tube cuff. .
erfpiefipafi 560 eyl SRessuonf B GRl Rt S\iae He at o ime, and
PCOY &4 hizahReld tHo@hhUBRAthelefU AT eachSHRERBAM: iNe upRAkEWay

at various cuff pressures were eval uated by iodine

wasgaiRdepedise ¢6 td gvoid por eOnee@E- s si nul ati ng human
air Fi.n t askhil i f d
ms@%ﬁ%@ggg iangtg@}Jp}é(\'fflféﬂ Sgtlﬁn étpg'lb(% trll)}:]l:dél gé{ﬁ:ﬁggﬁf 'ﬂPe upper
aiﬁ]zuygarma]ph@b ﬁ}wardiong w:h;esuggmlgmﬂméd bﬁloghme ﬁhaastdahehl tube cuff.
i ni cal] eval uatiaon, us to . t hods Three )
lo watseﬁat@a (1568 &tas JRise r@oé?/_gﬁ%&{\‘%cﬂndi i5siag Briadhe 60 minutcs
wifftd Rauir l'e%?e %@Wllﬁféﬁfﬁ{m? degﬁeﬁéé tlﬁBuélﬁ&neRfa%ﬁ@%l‘t"wind w" at
1) bet f an

I nventi on: ween the endotracheal tube cu
diffeient/ oefdll pressumdslevdis.o ulghroeghout theoexperimeny Ginddingntba period of

. catheter attached externally to.the endqgtracheal.tfube;

iofe Jeakils Red i e ah otk iR EPb it Srgypogiivd Préssure

veiiilafiieh @hd tHRSPAb@SLhEAINabd beatidt agt Aimar kA0 AnY ABE@position were
airway; and (iii) in the nostrils through a nasa

not ghanged. Fi gure 10 shows the anatonic |ocations of CO2

PRATBLINGah Subi&luman simul ator and in patients under
—g‘eneraﬂ—a-n'es“t-tlres-ra. The study was perforned in 3
phasgigty tensphaise ddulthpatfeagsitdergdiyg @lectihe somiehodviibnbalanced
human si mul at.or _was_ascert ai ne
gel‘?’é"gﬂ

. h , the |
&% esthed (MOaest lr\feﬁgieg%lél?q ?%é SZF%@W@&&% héstory of
ci a{e}gﬁﬁﬁgkiﬁ% top%yﬁslf{eg%r reaSdeigear . %&P%@Egﬁ@ﬁggﬁo as to

i que for estimating opti nal
oltainfa forhdégdengus gro8p of patjeutalregrading e snaghakécal gentlagibn volumes

BRI o N B0 et SR B direed qabifipShiittine per
seCARNEI AP Br GIAICIaPERT lessAbAIS0, of BFESALENThe Sfude protocol was
wth flowrate of 50mM/mn -7.5+1"'5mM/mn and ri Se

apprrsd by tiodecaliedipcotorapbise apd patsentsTyignad asyiobapead consgels
an ggrith [ C ects a \ only nd .
11 o B AT e e PRNES oo PrRNT R bl it and he

endoaacesl e @bsiRGOM iRt the hachdrewaapetoghiaph acdoding to the height
routi n.eI?/ utilized algorithmto detect end tida
4

ofwdis prilspt aring die drlowinge Mla\?éhﬁelén%rfémﬂitﬂ‘éc‘ii;@lpgl? of the
er{dﬁ@?@%glgthggtoﬁtgg é%tﬁ glgu rhrn lr% E@ftﬁ‘é(@ﬁ?&ﬁ?r—' '[béoc‘ﬂfyheight (in cm)/5]
— 13 [Cherng CH, Wong CS, Hsu CH, Ho ST. Airway length in adults: estimation of
the optimal endotracheal tube length for orotracheal intubation. J Clin Anesth.
2002;14: 271-274].

After intubation, the anesthesiologist was requested to set the minimal
endotracheal tube cuff pressure required to prevent leakage according to exhalation-
inhalation volume difference and air leakage heard with the stethoscope around the
cuff. The cuff pressure was considered optimal by the anesthesiologist when there

was no exhalation-inhalation volume difference and no air leakage heard with the

stethoscope using the minimal cuff pressure for 5 minutes. Once cuff pressure level
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PCO2 reading was interpreted as a sign of |eakage

around the cuff and the appropriate cuff pressure was
waed7azaer di ngly. This cuff pressure was aut onBCT/02006/000974

kept constant by a special electronic cuff pressure

controller device (TRACOE(r) cuff pressure controller,

Cermany) with controlled ac racy of 2 nbar, avoiding

SSIb uff. p sure ch e e uctuatlons in
WD ERnsderesl PoirBLET e §ﬁ§ SRRty hp RCps iy isheaing at the
aﬂﬁ@ﬂﬁhﬁ@&ﬁﬁﬁkmggggs wi th high volune, |ow pressure
cuffs having an external side attached m ni-qguide

| umelfasef o thofiadisgd incthe apine mhrtelmﬁtlﬂna(l Hufth‘dIIEg/a/e$ defined as
thyqln{mrﬂglk 8&1 pteusugg 1%@utx%du§o%davm fig PI Pt th & ‘C %a%g%e %%hr%gl% than

Suctil on m ni connecte

2 fnseHgfpraxinal ﬂ(Qbhe entiGrached kulshaws Viahﬁe extealae chikilEide lumen of
resstit,re vvavg ormin accordance with endotracheal tube

the i fLopfaws sreirashealitds: aypston i Rerfertedrtivioygh Pieadastic arway
as IAEd&HSId O(’}nbﬁt@? b@fof@gﬁchh% fﬁ%{és génrté’tﬁy @%ﬁuous momtorlng of

represente the straig pressur
P@@yﬁ’bmrthe 3 Iahatsmtdlocbiwm nvaSmmfban@ithl‘dughbutAhdqupmatton
s| .yl ator of a 70 kg man ( Medi cal Education
Stafigtics | ogies, Inc (METlI) Sarasota, Florida) was used.

A Higy ﬁstfc)il §P§§TWW&@W§M take gp’s ﬁc‘ﬁ@ﬁu agé efﬂ)e\gas used

into the human si ator trachea. The tr
fodalhaedlpges perfoeed. deatgonicalofatd dve eepuésﬂedam: heabeit ahd pemétftages

foffi ARy Al 1 PGS bt A drvieies ppf gomprcd

byt BafrleliliadiOrRESHEG N Wetﬁseme@ldv@t tdt&nttee aB W BRasurement of
simul ator the cuff was sequen |ated, 2 mm

cogelagioni hpgwvecanendegerhicab kibg ecutf%pnesswmndr@éiﬁzr igctha mppéreairways
I Lom S|te S ure 10 Afte ch cuff
andrl: glseﬁr g%change e%Sé"opﬁOi‘?%&e ?Nélglc%{f&it f@%““
pr event CO2 remmants frommiskkying subsequent
rreasurerrents. Phase 2- PorC| ne Model Experinments were
P It he National Institute of

Heal Fl? _|1d1?llu§tft]£§s dPExal Bﬂ)@ %g{ © geﬁﬁ%g&'??(ﬁf aitnoacé(otdance

Wo pigs, wel r went
ng wadeﬂacdmdstube&uif plcssura a&\l@itsl)la@t&d odir ad?(éahonttt.d)ben thuman

.1 eakage S sessed di a er cathete
sin B IEaIaT AR Eoraih Hod hor At bebeen 1o piplofagheal tube
culff F&Qﬁ@e In& MAPOYS ridAsureN dRd @B Ak i UitEthedsf zina?d"ﬁ*ic locations:
the vocal cords. Theendotracheal tube cuf

(i)ph'ee\ssm the waf anddheveaticadsu®m 0.954.y, < 0.0081 ;Hg) at tha oropharynx
abkiyc?@te eag%ﬂtﬁ%%zs%@gagﬁ?gb{?@gb%@@%f gl?erf%pg ils, % heé §l1 , 2 <0.0001.
Figure 12 shows the correlation between endotracheal tube cuff pressures and
CO; levels measured between the cuff and the vocal cords. At an endotracheal tube
cuff pressure of 26 mm Hg or higher, no PCO; was recorded at all 3 anatomic
locations. At an endotracheal tube cuff pressure of 25 mm Hg, PCO, was detected
only between the cuff and the vocal cords. Once the endotracheal tube cuff pressure
reached 24 mm Hg CO, leakage was measured at all locations. At all levels of cuff
pressures the maximal difference in PCO; readings between the various anatomic

locations was less than 2 mm Hg.
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was suctioned so as to avoid any CO2 remmants. After
reaching a steady cuff pressure with no PCO2 readi ngs
wa@eoorz4opper ai nvay, a tracheal "w ndow' was PCT/IL2006/000974
surgically opened bel ow t he endotracheal tube cuff.
| odi ne solution (5 cc) was injected above the cuff and
rested there for 60 m nutes ile iodine | eakage bel ow
he cuf f was, e | uated through the tracheal "w ndow
f pressure |evels. Throughout the
ex PeFigiRRt1 3alNshdd cBhelhtién BEicosl effiottRALNGubE BE@GRessure and
measurenents) animals were maintained on the sane
urpn% e Cohdewly i the he patcinsimadrls.t Fhe bladbarrawimearks the point
td neck position were
all?gﬁ%e Rﬂllgﬁqgakagé &%ﬁ g%ﬁ‘gg(gts Si xty consecutive
adul In mﬁmab‘hA'S (Bigder Do) nig: mhtﬁﬁial verf pussg@e ynewdddnto prevent CO,

bal anced_general i zed anesthesia (NO O2) were included
leP‘f-Pth%a%?g&}}n Ha, i the v @kfé pgﬁswre diegeadeta grevent iodine
sohRH REkaQE aPURRNGA U rv@asp’r4‘§‘a§15ﬁ§5ae D1 WRRAT, yPCOz }eal\age

function tests, so as to obtain’a honbgenous grou
ofpadt3 emmdig evpar @lrfmgyt wemuoiani dele weast a |lateho raouellaﬂmesbetween

R B SEHE e SRR BB S-SR 2 g0 ooon

capam 4imhEsB” {FghreSBbYaRf mPrﬁﬁﬁl Gﬁf?‘firesg—ﬂ&@ rféEd’eQ‘Mo plevent CO,
prot ocol was g@r oved E[f the local ethics commt
¥

legipge paaundrthe eaqqjrpshiead su mpwemntﬂwéme the mininal cuff pressure

P T
whithiadBCOR daeaka@:hﬁﬁi-wmﬁl Ide trek Mhdaedkeac Cie #gs b QinkRecorrelation

hei ght  of atient using the follow ng formula: the
oot i3 eBARirkbesh GPs Sl presuienandiRhges deska sbarse e cut

(Rtlleopggg t<@rg ~angle (nmeasured in cm [ body hei ght
(incm - 13 [Cherng CH, Wng CS5 HsuCH Ho ST.

Phgse\iablu m@dbleatsadul ts: estimation of the optimal
endo ngth for orotracheal J
o B Bastsi s O2%E ph O AR s e iRl et

anest hesi ol ogi st was requq;gbl@q to set the mninal

P

endqatracheal tube cuff pressure required fo prevent
| ed kage accor di ng to exhal ationi nhgl ati on Mebline
di f-erence a..u at+—+eakage—heard—with—the—stet hﬂscom
ar Qs WFES)cuf . The cuff pr essure |was comstieted
optTIERN BN/ ERGIFNESTNEST 0T 0gi ST WIEN TNer e )¥s 1o
exhal ati on-inhalation volune differlence and no air
| ed R\Egghtr(kg)d with the stethoscope |using79hBei4dni mal
Cuf nraccnro ‘Fr\r '—_\ m nutes- lhIC%r‘llff hressurﬂ
| e\ i@ (@Bhsi dered optimal by the |anest HSHd0dgi st |
t N HRGCR s WA RO 0 iGy P ung Ifcase 6 (10%)"
Patients with mild restrictive lung disease 1 (2%)!
Tube size:
7.5 (mm ID) 20 (33%)
8 (mm ID) 16 27%)"
8.5 (mm ID) 24 (40%)"
Peak inspiratory pressure ( mm Hg) 21.2+0.6"
End-tidal CO, ( mm Hg) 35.3+2.4"
Type of operation
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aforenmentioned 3 |ocations. Based on the findings in

t he porcine nodel, optimal cuff filling was defined as
wo b@7oradal cuff pressure required for avoi di PGI/E.2PEER0974

| eakage of nore than 2 mm Hg proximal to the

endotracheal tube cuff via the external mni-guide

| umen of the Hi -Lo Evac endggracheal tube. Suction was

per. ot-reo—tf Ot e }GOLI C—ar1-Wagy—&s "CCdCd aRed—2
m rut es b%?‘iﬂr%‘néalﬁwr%é CREEEUT erent . Conl“l(ﬁtf@us
norli t or i NG adERUdal Qikide 3 anatori ¢ | ocathen

perjf or ne[j@% hr oughout 9.[[‘%6 operation.; Stati St(l CS
Stdtisti dAtth@RrES(t M) software (verdion 1027C(37%FTSS

I ng. IL) was used for allj anal yse

perfor rreoﬁl%%agilc orical data are expgressed”i Cg%ﬂun‘oers
and per cebghages fornms. Continuous data ari® (Qx%l)‘fessed
as lopans ..standard deviations and donpared by a pairead

t - t edPata REgEEEsHadins cerans i slandard{dRyiatiers. cal cul ated as a
meas @mmewfesmdr%@Mmbbmmftpeﬁ@mmpemdmgc acpeadthtsebe

cuff in.the u r.alfrways a
expr ggs exﬁg‘an ea Pﬁté%ltso el \/\/9 8§ O%f%{ll\% rye\‘éffso n gﬂb"‘e Pegn peak
inSpignbifyl fradstive \R%M' 1 s ORhaseHE: Wﬂ%ﬁ%@pﬁﬂén@d With Moeed pulmonary
t he exhal ed PC‘(JJZ

Figure 11 i|lustrates an exa&rpl e o
"c‘i«%a&é? Bern $3sluded Sroan e stugyt (FESh do 1\ adase thant e ofmedicted), six

l ' .
pﬁ{eﬁuﬁs(g? g/?%dgxhﬁ@ géltf&tlgg }ﬁlgp él?@{aﬁd)éné %feggg%f@gg restrictive
lupgtdivease. t he endotracheal tube cuff pressure and the

PCOZ asu t he cuf three an tom C

| ocal {ts( ?rf @‘F AR SRy Eﬂ”rfa“gﬁ‘l&e persingguagel cdgmppstrated a
1ifr 'cogeﬁﬁém Hétvﬁ&nolﬁ@@z léa'kh%e ?Jea“?@m@ﬁt@ %h@réﬁﬁétr@éﬁ@metube cuff

the epiglottis, R2= 0. 1; (rirn)

presssuasi | 4, PEDzdeakaga mas&@elﬂemlwaﬂcgmrcbremclshmbz mgmﬁcant if it

VS EL ER PO ERSDeh R I B FrSGRain

glﬁdé tsnerPbf R Ieing@ﬁ Eagdwsw tTHe wabidhe Bé axstatethal i0ddeBlution
or hi gher, was recorded at all 3 anatomc

leﬁleaegﬁtq%lﬁéed omly &41116’@ H@d%@%z:h%lﬁlge freAsengs vfere pichesthae 2 aim 2.
rguP ng %ﬁa‘ﬂsgg é)g{ure)én Qf:fé eﬂ rhga% %@fotra%gl {u%g cuff
C e e en

voca cords achea ube cu pressu
pnemoeh eldtc2dhirmah d-l-@ucﬁ(lﬁ tyethk ag&th@ml@ﬁ&lﬁ@dthataudiﬂle leal\age test

ons. al | veI S cuff pressures the maxj mal
lﬂo F?@fr‘ jinf 1@%}32/ Wi N gfgr%@e weeHer meay entorAdl cuff pressure
daaatind %yl@gatlbﬁéﬁe WaShilodDg. ¢ PRD nfeall it RRASEacReal tube cuff

- Por ci ne” Mbd
pressure of all of the study population, determined clinically by the anesthesiologist,
was significantly higher than the mean optimal cuff pressure determined by upper
airway PCO; leakage monitoring proximal to the endotracheal tube cuff, 25.2 + 3.6 vs.
18.2 + 7.8 mm Hg respectively, p <0.001.

Figure 15 shows percentage of patients with initial endotracheal tube cuff
pressure significantly higher, lower, or accurate compared to the optimal cuff pressure
determined by PCO, leakage monitoring (n=60).

In 43 patients (72 %) the clinically determined endotracheal tube cuff pressure
was significantly higher than the optimal cuff pressure determined by CO; leak, with a
mean change of 10.2 mm Hg in cuff pressure, 25.4+3.9 vs. 15.244.7 mm Hg,
p <0.0001.
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Fi gures 13a-b show correl ati on between endotrachea
tube cuff pressure and upper airway CO2 levels in the

wo w7238l ne nodel s. The bl ack arrow marks t heP@DIL2006100974
whi ch iodine solution | eakage was first detected. In
animal "A" (Figure 13a) the mnimal cuff pressure
needed to prevent CO2 | eakage was 28 mm Hg while the

B i

sighi @Aty fovidr thin gl cptitfalRuff padsage. Nind patieims (19 /%\}ibad an initial
al ready neasured. There was_a |inear correlation

engefrahed tebrowtt prepaiss similer toghe SRiPRl flPERseE. | eakage

abo

(Fi \giﬁr% rb?g%;{g (;1(5 R%eakagra%gﬁltl v dg%g}ggéa?eer% ggcd%gloﬁﬁiy hh cuff
presserecnp t«CER nre dga JEheapressuckstdeermndthyabh ead:stlnasfoﬂomsn these

S B At Mol 41 LSS RESAot R

tuf 0 cufd ﬂ?és%&%Q Reddd Wipflet E0Medi@pk a@8e @kduded t61Tedd0than

was neasured. There was a linear correl ati on between
30w g amnlaacm@m ret @b ghecindy mp@@@gn eStngel crbppespurgkegguired for

above the ¢
coly steudtbat R IR By R TRt NP B gt
thé ey 2ecbniletd aehigngl , web;g[h@hﬁablﬂ' ahb o lDatg l&g& prommal airway
expressed as neans_ standard devi ations. ga

PasitionesueE mel eRniast betvisen ferandnirachepldhbaH] @J {g patient airway
RISk ooHi FEQRAIR A PRI g ras S8 5

fe mean peak i nspirator pressure was
21. 2Duing sorgetyg a Mdw Healghe pet COntasomidt thes evdtmcheal tube cuff

| mo di ded f the study. (FEVL
adploged T ls DEGRaRS B3 %95 G0l O WD RS AP AY WEfegerd peak
ms@nda 9 Pleb S Otst bt 1tgn |5UREn IS CARE 1@ NShRARoPRE kBBéry with

d restrirctive lung di sease. The results from
attdhemlfalm@s giflatibat ehtapoestiissiaper dnasdeqyaselgicuromuscular blockade,

denon correlatl
cHggEe of direndestish SRA% PRl Rob TRt P e LT o LgRR Wrine
stk | eakage nmeasurement was conS|dered cllnlcally

significant if it was higher than rOX|naI to

t he Eam@eﬂxé%éavnm@ﬂée%tm Pa‘&?P“aOﬁ%éleé&tl%ﬁé‘F W QRFFRION.

| umen of the Hi-Lo Evac Ef]y.bhis was due to the fact

that iodine solution Ieakaqe occurred only when the

PCO2 | eakageldcgadt hgscakanispirhioghpresdud@n 20/rin Hg. Fi gure

14 shows COTEngSOH between the initia3l qpan

4/4

endot r acheal Ceabdlaggn pf the abdomen
Inadequate neuromuscular block 3/4
Light anesthesia 3/3
Change of patients' head position 5/9
Change of tube position 172

During surgery CO; recordings were obtained at all 3 anatomical locations and
differences in PCO; readings were less than 2 mm Hg. After a mean of 9£4
measurements through the suction mini-guide catheter attached to the endotracheal
tube, no further readings could be obtained due to obstruction by secretions so further
PCO, readings were obtained only from the plastid airway (hypopharynx) and from

the nares.
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pressure, determned clinically by the

anest hesi ol ogi st using the audi bl e | eakage test and
we@zvalhz4pon- i nhal ati on vol une difference, to tPEr/m2a/ 000974

opti mal cuff pressure determ ned by CO2 | eakage

nmoni toring. The nean initial endotracheal tube cuff

pressure of all of the study popul ati on, determ ned

clinically by the anest hﬁ?s’cﬁl‘s?&' st, was significantly

hi gher than the nean opt f pressure determ ned

by uyipgbdausedayd RGO deeakmgfadmnate @nffrfghpg avd ¢ittler imactrate or
endot racheal tube cuff

CUTISHORYE] [\}/)§11‘91g/0”<A@F1W]!32J s&arBN 5 §h%rw§e%'@f1@é ﬁtl%lﬁé‘gg?a“on
eyl Rk aly PH du?f‘stéfaéncﬁ)ﬂgé’lk%ﬁ%@' AhHE Gld 1986 S8 81750,

si gni f| cant her, lower, or accurate conparéd
Y oumg, B Hassoin @,dﬂeﬁmﬁﬂoes&,LRJdled'eS@ rl?mmgxﬂloby)f P@Ecizeal gakaggn using

g PRy gl PERen i BRI S8l 07RO essur e

was &idn sftucgﬁﬂht:'chételﬂﬂlﬂﬂﬁg of BRNapphehrRd Entdkragial tube cuff filling
pressure determ ned Cx2 leak, with a nean change, of

wa@pezfqmﬁé@y icAnigyons G sessere (B604) mgnidorjag atthe pupey ajay, in

acgﬁr e w hQIIQO'ge %lﬁng (?f?ﬁle és%nt( ihgedont MPud § Pﬁ%a} ?éﬁ%llat;on found

rac essures Wer e si
bdtww thtal"@ltloﬁrditﬁeﬂp@bmhffq}résfsum zﬁ&lS(IO@ ledkilag@ abnastei thatcaff shows

an initial endotracheal e cu ure
thgq ﬁ@@am e u3rd a5t ﬂ‘l‘?é’i“taé'tYFfm‘SF@é%%’? air lgak. 3‘{ ik fhere Was an
%% hﬁé‘ifalg)?refé‘ﬁeﬁ'H%H?g:nd@rﬁﬁh%ﬁle‘é‘?ﬁﬁ)e%?ﬁﬁﬁebﬁﬂ@lahx T @ in the

pressure, up t . The pressures
uppet airmape Ry 0 Ohep aFrﬁaQ@(HeﬁJr oillo@ |asat01mcal Restiopst itentarelation

were 30, 32 33 A tal iti QM
sehfisfara ol ot PRckEdnme e % fls aer i SrelFBE M i ikpenses
thRf X FRte dEIngaLRKRUBe \MIr8ast 88l UGE DréRurlce SEhel b3 ndmiingarity

simlar to the rest of the study popul ation. Since

capub¢ rpladradr by theq\mdﬁe@ylfamw gengs §9-40 saraHa) ganerelatively low

ra afte t {
SSEEAELHRTRSA, b Sl i SRR e be B o
reAG QAR &USproBraphRyMgh BRveP d9XdmR| raddel (68Y, P8 inirh OIt) and a
causi ng mal contact between the endotrac eal tube cuff

higher sepatipit (et 0-himmdig)anat ony (e.g., direct contact
bet ' . .
aen\gﬁlﬁ 1a‘i1||§§alcf8|1f t;tns%gellvgt?o «daq Q% éﬁ%tagﬁiervgc [e3an9‘t‘f3 g{eeggt{ﬁ(sf there

1sdﬁM18hQ:@ﬁ§iderab13:6vdIﬁhe efibsig? dotnuatis IGGyuicalhl andt ot the high cuff
vari abl e causes such as_increased I nspirator

Pispssupethpyiniel L Qnigak gheis g tor zl?g%igbabqslgew quff pressures
in drﬂ'i&ecf) c%@éqcﬁlﬁg&g‘s%in QA$hd tgiaslhgib?[he dupght anest hesia

I nadequat e Ur onuseul ar ade ange of head

posi i phasdiieof thespiregint astudyeq) qnproamentoslelawds B awessimeniodine
1egll<Je{glena%ound the cuff. As iodine is less viscous than pharyngeal secretions it was
assumed that the cuff pressure needed to prevent iodine leakage is sufficient to prevent
secretion leakage around the endotracheal tube cuff. In this model, using sequential
increases of 2 mm Hg in cuff pressure, iodine leakage occurred only when PCO,
readings were higher than 2 mm Hg, suggesting that PCO, leakage test has a safety
margin of 2 mm Hg. Based on these findings and considering that maximal change in
PCO, measurementé between the 3 locations was less than 2 mm Hg, it was concluded
that for clinical practice measurements of PCO, at the oropharynx or the nostrils are

equivalent to distal measurements just above cuff. The second phase of the study was
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surgery. Table 2, bel ow summarizes the causes of a
"new' | eakage during operation. Table 2 During surgery
wean7oeaer di ngs were obtained at all 3 anat om BEI/IL2006/000974
| ocations and differences in PCO readi ngs were |ess
than 2 mm Hg. After a nean of 9 4 neasurenents
through the suction mni- gU|ge catheter attached to
e _endot racheal

oo B e pign S PRy PELibERaNEB B iongy mstine
oP@@mﬁ a@lilelgfes WBF aho T nad 0 ¥t fUaBGi‘afdi‘% APhigsld, C Differences

ai rvvaé@(‘dh%gopharynx) and fromthe nares scussi on
bajpee e wifepresvuapeedsdde PervinheOaderbiags endcthpt neqded ﬁcm@revent

: [ C t r e}
U, FALAE o BOBCHER. oy FUTRERRAE o it i 1o
sasifice ajor@mithals foptHiemkdelar ound cuffs of endotrachea

t ubes. . Anes Anal 986;  65: (77-780; You Basson .
e B BheoRob ey s ORI BER o it undstioing
el@&Wer QY Wl %eﬁé?@l Bfe@t?éé{é e‘l*HeWnE 11ﬁﬁ£céhﬁ@{ra5hlégletube cuff

Anaest hesira 1999; : 559-5 hi s st
pltehmr@ detemmined olgniodliyt tyetha ppq:sdmswdamstemmgna&medy htglnblethan the

ORI FRGRoah oF K4 PES A IRoE: o SO e 2+ 3.6

v ISR £ 1S th@adid, RS 09011 Me7veseme phifdted) prigdhry ERdotracheal tube
i near correl atl on found between the en otracheal t ube

cuffiprespres ygrcesigmificaaly hishgrdban hisptintaheuld wrdssemclpgermined by
Pgib)?"r?adggé &F}{; ﬁ%?eaﬁ%ﬁgn&%e [40%Yantrt ati ve indicator of

was an o ‘erall |inear
corr eJltabugiﬂthb@smaahteﬁddw roﬁcllibeaiesﬂaﬁﬁﬁlogl*fsf ww ®wSwEBhoot” the

.an in the upp ai rwa >0. 91, 1 for

ﬂaﬁlqﬂ CeioBi En13 opkibr 675 YOWSF st thigal @égﬁ@ssures was
S [ fo

AR MARER, A/ GRS 108 Rl AR 950 L e s

potcntuzﬂlef qmpo;mgd@m to aspiritiqorresks (ihés vaﬂabllmjbmﬁémessure observed

non- | ?rlﬁ can be expl ai ped b de d J%
Pl i T S Boyureriy PUIca: aRgapdes S ety Vot yin sqeuat,
coftinkgls Bddside endtRRNRAHeaRRine thé §p;ﬁ@f5halté BEfRbickyurgan be
avoi ded or reduced using a capnograph having a | ower
dynal‘ﬁﬂc ll]rlmrgeélt (mo@lem QRAINERES rxggdtllg sﬁu@héyas obstruction by
t for
SSEIERL od fite Bk 01 o P ! Shah Lo

fdrm{z@» heasiréthént degpiti sﬂeﬁ@bhge ovuiwﬁm)ealairwa/y@gln contrast, PCO,
ntinuous CO | eak, and at the hl% cuff pressures

s rHhuion g nagaheanayle oryfkep dhe orep Grerlastic airway
w%l:baé'égi‘f'yc‘ obHintd faftexpge‘éx%%% €Rarance by oral suutlomng.

Another important issue regards the position of the endotracheal tube.

Malpositioned endotracheal tube is hazardous for intubated patients. Insertion of an
endotracheal tube too distally leads to endobronchial intubation, which may cause
collapse of the contralateral lung, while proximal insertion may lead to accidental
extubation or vocal cord trauma [Streitz JM Jr, Shapshay SM. Airway injury after
tracheotomy and endotracheal intubation. Surg Clin North Am 1991;71:1211-1230].
Several formulae and other methods have been proposed to estimate the optimal length
-for endotracheal tube insertion [Owen RL, Cheney FW. Endobronchial intubation: a
preventable complication. Anesthesiology 1987;67:255-257; Mehta S. Intubation
guide marks for correct tube placement. A clinical study. Anaesthesia 199;46:306-308;
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in order to achieve conplete sealing of the trachea by
the cuff. In phase 2 of the present study a porcine
worp@e23aes used assessing i odi ne | eakage ar ouneICT/I12006/000974
cuff. As iodine is |less viscous than pharyngeal
secretions it was assuned that the cuff pressure
needed to prevent i odine Ie&kage is sufficient to
prevent secretion Ieaﬁage arou t he endotracheag tube .
PatelflY, Mahajam RY, FllieFR. Geiimatinegl s comect lapgth £ deachgal subes in
i f fioPf. 7, dhedi I , YA;
R e AT AT TP, hPaleart RARRI i CoF oSty Away
lesgthgesdilty dstiontiMOOL theaktipel ewbirablzs! atealesgth foaogitracheal

. ., Base i ndi ngs and consi deri.n ]
infihaforiarenaagli k ekt JetiGrants SEFaESHHgoy
| oc i aSuM@R JnRES 3tfuienid HAMaH00, ildaki@s dssphi€ kiekptohdlBt high
for clinical practice neasurenents of PCO at the
(>8p sy ate) sRITPresswiss.nBoper ets peesaire deqreased ir leshthgn SPapm Hg (as
r . u c T 0 .of .
A" ST TPt 4 RHET HopulatolF SRS RCE EG Pl B he
endlottachestt tubet | Athotish itheaiNabt ahralkinh et the uihedyo feohlimidubly CO,
e UG PBU A THGe COHT B B SA g B HEr (65 malposidoned
| ha
crPRENEH R, EEAR COLIHRRL AR LRRAGKAT ik PR occur
whaertbetei isapmoopldtat seating sdor ithi mel nonacanvitial thef vocal cords,
this el. In th hi.r d ase of the study the nethqd
entidbadhirl ainairioh (1 i 2 8r ot dieh by @Sy grg cord
inHbd@én. gener al anest hesia. The mean initial
endotracheal tube cuff pressure determined clinically
by the anesthesiol ogi st was significantly higher than

t he ' . f. nr r e . Q - elar

o 758 i Y SERM RpBRASHREY REE LRAGHE fopcai,
deyonitegl, ip th. Bdhtexti of 7Rparf ehbedpnteningy #ikd ngy Yprovided in

endotracheal, tube cuff pressures were significanfly )
coRRipfont iRfnsipgle eé‘ﬁftoidﬁﬁ?mc lﬁqnvﬁ¥sélé’ s YR SERPFRS b d}‘%}m’emlonr

w%@tpﬁgeg gﬁi DG9ity, WMeb&ird R EM&Q}fof%Lsiﬂ@e %rﬂEHHi'fgen] , may also be

t he 'general tendency of the anesthesiologists

progisled eepaoiady shoodrly sulteble sithdoaibiwatioh. pressure, in 13 %

of the cases |ower than optinmal initial cuff pressures
was found. Moreover, during surgery, a "new' |eakage

deveARRABL the? nv¥éh@én LIRS Bhi BBCAbedPGh edlnjdlcti¥n with specific
exposing themto aspiration risk. This variability in
engfdimprte dwigod, it @o@@cﬁ)qné thag many ialeraptatsisemeflidications and variations

REEORRAELA BT s ORIERFE MBS, Lo 0Tt Rhfe o

con ou

suehfdltelagi &Y nodiAdhtiof® Qhl antiaPsbihen = et eeeshitiand Broad
the study was_ obstruction % secretions of the L
scaphiof ghe cPpeifeanclaims: heAlljpublcatipns. patqnisfandr Pajenfepplications

mBFRIEA%h S specification are herein incorporated in their entirety by reference
into the specification, to the same extent as if each individual publication, patent or
patent application was specifically and individually indicated to be incorporated herein
by reference. In addition, citation or identification of any reference in this application
shall not be construed as an admission that such reference is available as prior art to

the present invention.



for PCO neasurenents despite suctioning of the upper
airways. In contrast, PCQ2 readi ngs through nasal
w@a0vita9IDr fromthe oropharynx through the plBSIIIR006/000974
airway were easily obtained after secretion clearance
by oral suctioning. Another inportant issue regards
the position of the endotragheal tube. Malpositioned
e is hazardous for intubated patients.
“&g‘ggtrl ?gnmg#Eﬁ%endotracheal tube too distally |eads
to endobronchial intubation, which may cause collapse
of the contral ateral |ung V\,hlle proximal insertion
may Head fdngthed eématlegtwai%ha\@mg o elvay ending rathnlngs,
cdnirfsgigt z JM Jr, Shapshay SM Airway injury after
tracheot ony and endot racheal intubation. Surg din
l\lortlhnseﬂxtm&@@&ndb]xa&lﬁhlmb&ﬁiiﬁ]the aﬁsvzg/r al formul ae and
ot her .net hods_.have. stimte the
opt | RERTMRA GRE %S&Plagﬁ?? tf%ﬁﬁ“é‘? ipeeriip ﬁhf[ Bhay below
thakxocggpla@[ragy FW Endobr onch| aI |ntubat| on: a preventable
conpl i cation. Anesthesiology 1987, 67: 255-257; Mehta S.
| nt UDBASUBAE quilete] whrat dedssronsomeasute taing qnldeca@mamf lekage of

h 99: 46: 306-3 0
sefishah 2R ) o SRR Bl o o emur Buipebiter iagieprbon
diofide baﬂd&ﬁ&htldmm@ednrbaﬁtﬂﬂff adAageedaEsdrds; 1993;

4S:. 74-75;, Cherng gCS Hsu CH, Ho ST. Al 1 way
| engftqmnahmaéaudtlével ok saicat legst Qpe mssuis piingi optimal level of said

1§0E08fAGRRAl.: bybe ength for orotracheal intubation. J
. &?n lAnestge' 213%2; 14:271-274]. However, none is

al V\mﬁbu&klaguaﬂaﬁmoa)ﬁ/sauﬂ ruffigasedioneatd sdrtiphtisod spadsi tergeﬁerally

had. a .C(X e .despi te exceptional |
ml%‘j’”@dg%ﬁ 2 8’820’“ ?ﬁ%@@"e Sﬁ#‘L e t%*‘e&f%s\é!lal g anmmlzmg
pre®8fe dsbatdPdd tc(t%%a'ﬂ% been in the rest of the

study popul ation) after di st al repositioning of the

endotracheal tube. Although it was not the aimof the

study, copt ] an appro at el

i nfl%t ed R ’?{?H (Pﬁ% %1 t &glg% aasggjgc{ﬁarvktég( aq alllway gncllmg WIMI lungs
comgdrigingt t i oned endotracheal tube. Incessant CO2 | eakage

around the endotracheal tube cuff can occur when there

i s iHHRS &t endosasheabtugeente ghemitvayont act wit h the

voc Qhﬂ‘iﬁﬂ{ X lllf? EQBQ a&'a(wi'tl Laill BR&HRE %]Efle%ﬁ] tl%’%{l‘[l{l) e aurwayI l%elow

contra ung or a ove vocal cor
1heso®@pm63|ated that certain features of the invention
descri bed in the context of

whi ch are, Zﬁﬁie Lity,
sepdpecﬁsgr“é%rt?o VRl RE Af Trasy one Speasurey peipe dedicptive of leakage of

se&RAbM ﬁ@hﬂ Movk Qa1§c§ff@@lth% lﬁﬁ%@d' nment. Conversely,
various features of the invéntion, which are, for

br ewolqpalldg§@1d|lwd1 of spid heleegnme xteasdre avidi agd@imal level of said
di_ment gl so. b vi ded separ at el in an
at g?ﬁs? QBF én%al%rgoﬁﬂgn(a%nﬁ.lgve? correspon ceiﬁlg to a p%rt%li carr{)on Xioxide
pressure of from about 0.32 mm Hg to about 4 mm Hg; and
adjusting inflation of said cuff based on said comparison so as to generally
minimize leakage of secretion from above said cuff to the lungs, while minimizing

pressure associated damages to the airway.

3. The method of claim 1 or 2, further comprising performing at least one
measurement of ambient carbon dioxide partial pressure, and utilizing said ambient

carbon dioxide partial pressure for setting the value of said optimal level.



Al t hough the invention has been described in

conjunction with specific enbodi nents thereof, it is
we@iodera49t hat many al ternatives, nodificati onsSPERTL2006/000974

variations will be apparent to those skilled in the

art. Accordingly, it is intended to enbrace all such

al ternatives, nodificationsgand variations that fall

. . Lo 48
ol aithe. - At Bt aheieamch PhslaRRE hesfnERr 8 5bient carbon

dieid partitl pRSsuie p&@Rethel Rohfiubuspess bé eapicdTedd Series of real-
.herein incaorporated in their entirety by reference
timpg,yadugsiod saig amtiqs gpvben diqxidernsgtial grasstirt ent as i f each

i ndi vi dual publication, patent or patent application

was specifically and individually indicated to be

i ncAx por aihedmbhvéiol dyinr 8f ehevesaid mndikhit tcaxbon dioxide partial

citation.or identificatjon of any reference jn this
PRESI R UG 2 RETRer B IBLPrEtHEE, PUBHDRSAE SPHRM Sxsldoresponds
to lalt@fbof Wdkid L RSN Essh RYR ﬂa%@k thaft SaldrbRFerRE batal pldSsure by

present invention. WHAT ISTCLAIMED I'S: 1. A nethod of
abppt4mat Heg a subj ect having an airway ending with

| ungs, conprising: inserting an endotracheal tube into

the airway; inflating a cuff associated with said

endd, r achealetlidibef Mitdtakifg bRl Wb el aitvaendias alith lungs
cords; neasuring a level of at |east one measure being

a“ﬂﬂé?%&?idéec%ﬁl?rlséwiage of secretion past said cuff to
the ihééﬂgfgo%( | durRlneh BRABL 0 heTRARY! © bei ng ot her than

car bon e concentration between said cuff and
sai dnflaioel a adf aspcieedpert suid emlottatiexdbtubefvitin theatirway below
| east one nmeasure with an optimal |evel of said at

the ¥ “HH% measure; and adjusting inflation of said

cuf faehasag Q'Bre%@ﬂiﬁ’% GRIRA] ke RAsSehedRlehii AN eI ALY thf,rough said
m nimze |'eakage of "secretion from above said cuff to

engpigacheal gebe; whi | e mi ni mi zi ng pressure associ at ed

gﬁgﬁ %rf’ltoﬁlggltanh V%LBQ?%%%IS%%& gﬁ%q qpﬁi&}ol’gﬁ%@%ﬁel A% ?nonitoring

lo€BioR i theM@dy bPERIsubjeet; afd endot racheal tube into the
airway; .inflating a cuff associated with said

endddising arflatiopeofnaichichtft hasechon viald Bentoiing o v dalgenerally
mi %Qé;l%alﬁgé gf 's{-ihg%tﬁorl ?r\’)i%:, a¥fve hid &R0 9{%,91115{25}3\915% El%i[‘}gzing

Icativ age o
pressure associated damages to the airway.

7. The method of claim 6, further comprising signaling when a level of
said at least one identifiable additive exceeds an optimal level of said at least one

identifiable additive.

8. The method of claim 1, 2 or 6, further comprising suctioning secretions

at a suctioning location in the airway above said cuff.

9. The method of claim 1, 2 or 6, wherein said inserting said endotracheal

tube comprises inserting at least one of a measuring conduit and a suctioning conduit.



secretion from above said cuff to the |lungs; conparing

said level of said at | east one neasure wth an
wopioroed492 evel of said at | east one neasure, SBECTIL2006/000974

opti mal |evel corresponding to a partial carbon

di oxi de pressure of from about 0.32 mmHg to about 4

nmm Hg and adJ usting inflatjon of said cuff based on

sai 0 ner al I imze | eaka
secr t|o ﬂﬂ%@B@@agﬁg g@ﬁFFl%% Pﬁ@ﬂ ECM%H}P%EanOﬁHI
of thd\uljeet.ng pressure associ at ed damages to the airway.
3. The nethod of claim1 or 2, further conprising
perform ng at | east one neasurenent of anbient carbon
di oxj,de r [
car bloln dP@{( gl% holl (?sélﬁfn? r%gglgerréé%f%léaz nﬂ?ltlt%ﬂhg lﬁgg?i'oﬁnfs at the
-orophas@ixcbfald smﬁéctl evel . 4. The method of claim 3,
wherei n sai d nmeasurenment of anbi ent carbon di oxi de
partial pressure is perfornmed continuously, so as to
provixe arRenkfsd 8f cl%ﬁﬁ‘|6 WheRin ?éldjﬁﬁnﬁfmﬁé‘l&a@&pis%t)ve said
carbon dioxide partial pressure. 5. The nethod of
cuff xitwee), saishardetracheal tbaaty walls Qfathb@lmwa{y oxi de parti al
pressure is used as a reference partial pressure,
wher eby said optimal |evel corresponds to a carbon
di oxjzde PRde hatho®bESHIh 6, RBER: sa3d efdhitbh o‘éaﬂuﬁh is below said
reference parti al pressure by about 4 nm . A
cuieandadiasentithereiat i ng a subj ect having an arrmay endi ng
with lungs and vocal cords, conprising: inserting an
endotracheal tube into the airway; inflating a cuff
assopi. at ethenntthod af dlaghdorad) edlerdit bsid widjusiing tdié inflation of
aj rway bel ow the vocal cords; delivering a breathing
sajhaut N H LIS | dent i 11 abl e additive thr ough
sai d endotracheal tube; nonitoring a |l evel of said at
| east one identifiable additive at a nonitoring
| ocats.on Tle mhidotholdiylaph It Reorsubyhecdin said adadjing saidgnflation of
ipflation. o ai.d cuf based on said nonitoring so as
SaF@“gﬁﬁéFQ?P?¢thﬁﬁﬁﬁf@1Veakage of secretion from above
said cuff to the lungs, while mnimzing pressure
associ ated damages to the airway. 7. The nethod of
cl ai th-6, Austhwrior brighatise mgsubieghbdving anaisyay endipgwids lungs,
| east one identifiable additive exceeds an
| evel of said at |east one
an endotracheal tube, adapted to be inserted into the airway and being

CO%?}%I‘% 1 t

associated with a cuff capable of being inflated below the vocal cords;
a measuring device for measuring at least one measure being indicative of
leakage of secretion from above said cuff to the lungs, said at least one measure being

other than carbon dioxide concentration between said cuff and said vocal cords.

17.  The system of claim 16, wherein said measuring device is designed and
configured to signal when a level of said at least one measure exceeds an optimal level

of said at least one measure.

18. A system for intubating a subject having an airway ending with lungs,

comprising:



identifiable additive. 8 The nethod of claim1, 2 or

6, further conprising suctioning secretions at a
wGeemriozadng | ocation in the airway above sai d PCK/{L20@/000974

The nmethod of claim1, 2 or 6. wherein said inserting

sai d endotracheal tube conprises inserting at |east

one of a measuring conduits@and a suctioning

condui t ,,10. . The, net hod of .claim®6 erein saj .

ronfit sPgienddaitEn M § B Dbredofd e Wy pnd beine
assddiated Rethreduipehpable o Bkify nflabiEbedbw tisavstahesrils;or i ng

| ocation i s at the oropharynx of the subject. 12. The

met AAREASYTiRg devies forameraing < lsastome 1BeasHE P& indretive of

V l . .

leaf 4R F Sflpf iom JECHEGH S o PRI RKE S AR Inchatia ARl being
desidred @nd cemfi ghrevbtoi sigmail nbeh o davel ofsaidatdedsovnsmicasucuéfceeds an

or 1l ESDSF  IEE  ERSEERRRET £ by v

preisfurP6F fr O HBGut BN UA Mg td Bbout BenmEyHOd of claim 1, 2 or
6 wherein said adjusting said inflation of said cuff

is perforned automatically. 16. A system for

i ntypat i a_subj ect .hawi n n al. i Q- Wi .

ungd oot PSR Elt O SRe B S MR ER A1t Reened on
configdd edpéridren bh&asd e heandeheitngl anbieai adrboh \ddxideapartial

cuff capabl e of being inflated bel ow the vocalb}égr ds;

pregsuip axherehigsaié embienf Sarbap daide parkial prsssre dlized of setting
tllebx%.id(}‘-gofisﬁgio?%{'a%f‘ev f | eakage of secretion from above
sald cu O the

ungs, said at |east one neasure
bei ng ot her than carbon di oxi de concentrati on between

said cuff and said vocal cords. 17. The.system of .
Clarh 16 SHErS R TeP TS S ae e Ty lunes
Coﬁggsiﬁgnfi gured to signal when a level of said at |east
one neasure exceeds an optimal |evel of said at |east
one anecaslotrachealg tubs, sadapteh foobe i insartsdt inig the stipyasctand being

havi an_ai r.vwa ndi.ng w th | Fi.Siing: an
ssunsarine AR Y e helhfls! BOUEPPREFED e

ai r wadaitige RelivgingSeac bpdraiveld hodiatedfWitle agidehdotedcheal tube

being i nfl ated bel ow the vocal cords; a neasur
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and soniagurechio delbvsnpl lgstaane idgnfiliablreaditig theo iﬁi“?tfp endotracheal
g pative of
a measuring device for measuring a level of said at least one identifiable

additive.

21.  The system of claim 20, wherein said measuring device is designed and
configured to signal when a level of said at least one identifiable additive exceeds an

optimal level of said at least one identifiable additive.

22.  The system of claim 20, wherein said endotracheal tube comprises an

additive delivery conduit configured to deliver said at least one identifiable additive.

23.  The system of claim 22, wherein said additive delivery conduit is

disposed within a lumen of said endotracheal tube.



| eakage of secretion from above said cuff to the
| ungs, said neasuring device being designed and
w@onfioga4sed to signal when a | evel of said at PEHBLR20@®0974
measur e exceeds an optimal |evel of said at |east one
nmeasure corresponding to a partial carbon dioxide
pressure of from about 0.32;mm Hg to about 4 nm Hg.
ofhe gyt g.@e £l ’3’8' wWRBR[L kAla S A4 1JéeﬂaWe}§]Qondult is
deV| ce is de an configured to performat [east
ext@ﬂﬁllyreamlécbmtenﬂfedéa‘dmanmlbaﬁiaohemﬁotmcldael fubeti al
pressure, whereby said anbi ent carbon di oxi de parti al
pressure is utilized for setting the value of said
opt bgRl ey elstedOof /élﬁﬁﬁsl'ﬁnlff Qﬁ 101t faRAs E&nﬁrﬁh@]aﬁcﬁlﬂatmg
havi ng an ai rvvay ending wi'th I ungs, conpri sing:
dedipeldbor adhstihg tlnﬂﬂxmonad’érﬁa@d ceff based rayesicadlsi Wpelvﬁqheffom said
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cuffed il%ﬂﬁh%gwﬁﬂé igiRgziak prsbyte as okl dachaged o tBaaxdway
endot racheal tube and configured to deliver at |east

one identifiable additive thr ough sai d endotracheal

tubgy an ur.kneL:de rs ngi@ heNahinLl

sai 66at ﬁggs oﬁleglrggarll‘?ﬁ ¥ E? ega dit |é\}lélln i ﬁa‘é ingHevice
comysitem difpla) ddvineX0r displayimigrsaisldet] we s d ni lngst devimsestirs.

desi gned and configured to signal when a |level of said

at least one identifiable additive exceeds _an opti mal

| evel; of 3aigd ?St@ltﬂ érfe@l%n ene1d dend) fur@bl BorApisdi %}ﬁﬁ alegi#ng unit

The "system of clai m 20, wherein sai d endo eal tube
bemgrrp rogmsuggatian dwth sagd demegyie&tmdm‘ plOdmiflg gorategt when said

east one |de tlfl addi tive. 23.
le B%wi?é?ﬁsg?ne PSTIOS Rt Pty ge Shditive delivery
conduit is disposed within a I unen of said

endotracheal tube.24. The sgst em of claim22, wherein,
sai @8addikheveydemi vér glaunded twieseipy saifinarflgfingodgyieg is in

b B SRSIHE P 31 e M B 4PBosd op

cog®@oipri sing an inflating device for adjusting inflation
of said cuff based on signals received fromsaid
measuring device so as to generally mnimze | eakage

of sgeretfingfif-aN.2keMm $81 88 G do tﬁlrthélecérﬁﬁiﬁlﬁng Whink&suring
m ni'm zi ng pressure associated dafrmges to the ailrway.

coBduit THtendiys fremsofd measuring aevm_@toothe a@wam@@ the sufi.d
measuri ng deV|ce
30.  The system of claim 16, 18 or 20, further comprising a suctioning
device operative for suctioning secretions at a suctioning location in the airway above
the cuff.

31.  The system of claim 30, wherein said suctioning device is synchronized

to operate intermittently with said measuring device.

32.  The system of claim 30, further comprising a suctioning conduit

extending from said suctioning device to said suctioning location.



conprises a display device for displaying said |evel

of said at |east one neasure. 27. The systemof claim
wazqo7ass4er 20, further conprising an al erting BEI/1L2006/000974

being in comuni cation with said neasuring device for

produci ng an alert when said |level of said at |east

one neasure exceeds said ophi mal |evel. 28 The system

of Ial m-25, | eV|

comTunl cat o} %#Cq%l%?h%elaggéljr%gfu%% Lé lgblleasurmg and

suétﬁfrﬂﬁ@@oh&lﬁf epitéddigy ¢b aakid shcmmdgoﬂttdaﬁbn gad a h@easurmg and
system of claim 16, 18 or, 20, further conprisi ng
SUPROERE Fondutt g oupled dp grif gneaswins deviceasiaid sHgtiaripg dgvice
f of claim
so g 0 R YO nidRg 8 STl shticiing JOBIEUEMRR © tevi ce
operative for suctioning secretions at a suctl oni ng

Ioctlon nthea e the.cuff. 31. system . .
B8 SSAlRTRs ittt St S Mgt antforohin onduie
is §MB&J@H%&E§1@H h@thﬁpﬁﬁ&&ﬁiohﬁ&l%mubéent ly with said
measuri ng deV| ce. 32. The system of claim 30, further

conprising a suctioning conduit extendlng fromsaid

suct,joni Th

sys tjesm o}?ﬁ%eﬁsggt%ﬁllcg{c?ai%aﬁ \é]%ﬁi‘il}x S raLugo%panﬁ@ua?’omn $onduit
is B pSdet icR@rigiligt t6 bt iepdoinghednebei t, extending to said

suctioning |location, said a neasuring and suctioni ng

conduit being coupled to said nmeasuring device and

sai Gesuctfn fE‘tgn Id(gvdlﬁﬁl $0 vARreif sdid ﬁ{égélfrg%?nﬁ%hgnonmg conduit

measuri ng and sa suctiéning at sal tion

is Thbeddedtie mval! aflsaidrend8rachb@nteben sai d neasuri ng and
suctioning conduit is disposed internally within said
endotracheal tube. 35. The system of claim 33, wherein

sai 7reastfd RtRadors Ytdn® M MGaifPNdY 17, Iss 16 8098 herein said
externally to said endotracheal tube. . The syst em

opdifmat leaehis 3predetesmanad apsint! tevakur i ng and sucti oni ng
conduit is enbedded in a wall of said endotrachea
tube 37. The nethod or systemof claiml, 2, 7, 8, 10

or 2B, WiHteeinfetsad chropfsteil off &% ils B P6 e@lleu@[ ndvmehn said
optimal level. 38. The nethod or system of. c
mqﬂéuwmersof THbRIdeast 9Bg BeRRIERSIS PERIRCdA adstyil of fh@éal_wt
one neasure is perfornmed at a nostril of the subject.
39. The nethod or systemof claiml1l, 2, 16 or 18,
wher®i. n sHied method or system of claim 1, 2, 16 or 18, wherein said

measurement of said at least one measure is performed at the oropharynx of the

subject.

40. The method or system of claim 1, 2, 16 or 18, wherein said
measurement of said at least one measure is performed above said cuff below the

vocal cords of the subject.

41.  The method or system of claim 1, 2, 16 or 18, wherein said
measurement of said at least one measure is performed below said cuff and adjacent

thereto.



measurenent of said at | east one neasure is perforned

at the oropharynx of the subject. 40. The nethod or
weymvem4ef claiml, 2, 16 or 18, wherein said PCT/IL2006/000974

nmeasurenent of said at | east one nmeasure is perforned

above said cuff below the vocal cords of the subject.

41. The nethod or system ofs;claim1, 2, 16 or 18,

S U { o BB cRr el P hae 3 L SterBRCHET AP 5 one

mehfi@e RnliRideLtarbys tdeoRi®d coh@htiatoro beti&%en whidr eiff agdisdidatocal
| east one neasure conprises carbon di oxide

coidéncent rati on between said cuff and said vocal cords.

43. The nethod or systemof claiml, 2, 16 or 18,

wherein said at | east one neasure conprises carbon
_ di o>4'Bde dthe esathodon systeabofveaigal 2, V6call Scwhesin ghid atihast one

hod or, system in said

meipuE Saup RSSO e b lion P ol et
concentration at a nostril of the subject. 45. The
nmet hod or systemof claiml1, 2, 16 or 18, wherein said

at d|4éast Tchqenfﬁh@cbwr %/smnpfr ¢lgiay 1,aféd@sqr| I8alhersirasaibpirigast one
t
el EP ol B RIO R OREn ARGt sbs Y AU o

sai d neasuring conprises filtering out background data
fromsaid acoustical data. 47. The nethod_ of  cl aim 46,

whersi n SRiedngihedey Bisisan abelain &, SHArdBePhstsin #yd & least one
mJaFﬁ% Uc%ﬁ@ﬁsgﬁéd&st@& g%@rgs 1nlii?cggvé_%f le%ﬁage IR %Hrt%@lf Atside

erein sail uring conprises cal cul ating
saillreadoteanhyaldulief. er ence characteri zi ng sai d acousti cal
data, said frequency difference being induced by the
Doppl er effect, 49. The nethod of claim45, wherein

sai digreasyiel Reth6Q@HRTdISRS 45 AvRetb AL 419 rﬁeraﬁ‘tfﬁ{gi Snprise® Bering
acoustical signals and utilizing said traveling tine

ouf backgenvad detai fragm seidiagovstiodt dattar sai d cuff. 50. The
met hod or systemof claiml1, 2, 16 or 18, wherein said
at | east one neasure conprises pressure data being

i ndigzat i VEheQhethbdibflclhin® s Neldreinahid Wadkiroond datdés Sakdbterized
endot racheal tube.51. The method or system of claim 1,
by fragieapy hang hplewabauiski0d B | east one

48.  The method of claim 45, wherein said measuring comprises calculating
frequency difference characterizing said acoustical data, said frequency difference

being induced by the Doppler effect.

49,  The method of claim 45, wherein said measuring comprises calculating
traveling time of acoustical signals and utilizing said traveling time for determining

fluid flow near said cuff.

50. The method or system of claim 1, 2, 16 or 18, wherein said at least one
measure comprises pressure data being indicative of fluid flow near said cuff outside

said endotracheal tube.



measure conprises flow data being indicative of fluid

fl ow near said cuff outside said endotracheal tube.
WG 2007/0839et hod or systemof claim1l, 2. 16 orPdBIL2006/000974

wherein said at | east one neasure conprises optical

data being indicative of presence of secretions near

said cuff outside said endotgyacheal tube. 53. The

nmet h or ' 2.0 16, 0r 18, wherei. i

at 1ohst DRLBR sfoBh B b1, pLFpy 1R S of Rt one
medsareacineprisst iflosy dita bding thdidzoive of fiuill fork neakatd e saside said

11t%igglot rafhﬁal tube. 54. The nethod or systemof claim®é
endotiagheal Wher ei n sai d nmeasurenent of said at |east one

identifiable additive is perforned above said cuff

bel ow t he vocal cords of the subject. 55. The nethod

of c$%i m Ghe miethodion sgeérd offohiindy, 2ntp eal§ wievesh saifl as kiask one

east _one identifiable.additive.conprises . .

oot b s Re0 e Poing PG Chus St Re B Sewsprioneapopy said
cufff owtkige eid efiddiehch®ABIel Ng devi ce conprises a nass

spectroneter. 57. The systemof claim6, wherein said

nmeasuri ng devi ce conprises a gas anal yzer. 58. The

nmet h or ' 20, [ i d..at

I eas?ﬁoneTﬁ%lzltﬁg{&??)fégﬁéé{é?gi@%a?‘@el ’ ?‘sléé\ﬁgge gi?qég%ﬁﬁllem one
mesasucalbbasesl dettricad raggedristies .of Suid Hvevershiiodufdfoutside said

cl ai rH 5‘8, wherein said nonitoring said at | east one
endqachepl Wht-e additive is by measuring said el ectric

properties. 60. The system of claim58, wherein said

nmeasuring device is capable of neasuring said electric

prop#-t i eShemettifdeor spsthimdoforlaigy 6 toe R0pfvheleai said neasi@ément of

erein sai t~.l.east. .one.identifiable is

Sa\légr:gtr ge@%qe?r}ezl Srwbﬁ%g‘iﬁﬁ‘é%llsep Odﬁ’éfiiag’o?ﬁ"r 598 rffcheloythe vocal
coftheofiBé hitde@f claim 61, wherein said nonitoring said

at | east one identifiable additive is by neasuring

said magnetic properties. 63. The system of claim61,

wher & n j ' devjce | S G Le .of ur i .

oai d mgnild BRERS L8 hiel S TN GG} B aptdh daia o
legdt aheridentifiall® addities einprisel gerddrnlisgsiasodpectirsiaaty.f i abl e

is characterized by neasurabl e optical properties.

56.  The system of claim 6, wherein said measuring device comprises a

mass spectrometer.

57.  The system of claim 6, wherein said measuring device comprises a gas
analyzer.
58.  The method or system of claim 6 or 20, wherein said at least one

identifiable additive is characterized by measurable electric properties.

59.  The method of claim 58, wherein said monitoring said at least one

identifiable additive is by measuring said electric properties.

60. The system of claim 58, wherein said measuring device is capable of

measuring said electric properties.



65. The nethod of claim64, wherein said nonitoring

said at |east one identifiable additive is by
wore@gei4my said optical properties. 66. The sSyRCEM2066/000974

cl ai m 64, wherein said neasuring device is capabl e of

nmeasuring said optical properties. 67. The method or

systemof claim6 or 20, wigrein said at | east one

i demti fi i r ' By, r raei at i

Propert i e TpgRod T ekl b i T At En Rl L1 one
idembifinbloid ehgrastdrited by neastraldn endigdetin propatice additive is

by neasuring said radiation properties. 69. The system

of claim67, wherein said measuring device is capable

of mwRasuUMhednshbd dfaghial bONwWRERRE kil GfeonitRing 198 B8 one
..or. systemof claim6 or 20, wherein said at |east one
ideng8able pidigve is by mersene said megneiic prepertiesbl e

fluorescent properties. 71. The nmethod of claim70,

wherein said nonitoring said at | east one identifiable

addi6Bi ve Tihs sigyteimealSelainn§l sahereinl said aragming device is capable of

ropertiges. 72., The system of claim 70, wherein said
mﬁ%ﬁ‘g&%ﬁa BERAUE RITEIpabl e of measuring said

fluorescent properties. 73. The nethod or system of

claim6 or 20, wherein said at |east one identifiable

addioti ve Thonpethed oratysicansf clame 6 rmerl0, gelsereifidsaidiia least one
. hod.or, systemof claim.73, .wherein.said at |east
a0 i fnafe ot B iRt PB A RETSPiD consi sting of

conprises heliumand krypton. 75. The nmethod or system

of claim6 or 20, wherein said at |east one )

i de®Pi i dibeanathed tafvdaigb i Whersimagaifl aaenitasing waid o depst one
: Jhe. claim6 or 20,
oot Rag 08 R oy fihe SASLERE bl ot i ve

conprises at | east one radioi sotope. 77. The nethod of

claim 76,_ wherein id at | east one radioisotope is
sel _ég} ed ”Tfhﬁosaf?teweofgﬁwp%épwg?rgm greasringcdiie iggppable of
m&@&ﬁ@ﬁgﬂgﬁgalﬁoﬁgﬂ% radi oi sotope and a krypton
radi 01 sot ope.
67.  The method or system of claim 6 or 20, wherein said at least one

identifiable is characterized by measurable radiative properties.

68.  The method of claim 67, wherein said monitoring said at least one

identifiable additive is by measuring said radiation properties.

69.  The system of claim 67, wherein said measuring device is capable of

measuring said radiation properties.

70.  The method or system of claim 6 or 20, wherein said at least one

identifiable is characterized by measurable fluorescent properties.

71.  The method of claim 70, wherein said monitoring said at least one

identifiable additive is by measuring said fluorescent properties.
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72.  The system of claim 70, wherein said measuring device is capable of
measuring said fluorescent properties.
73. The method or system of claim 6 or 20, wherein said at least one

identifiable additive comprises at least one inert gas.

74.  The method or system of claim 73, wherein said at least one inert gas is

selected from the group consisting of comprises helium and krypton.

75.  The method or system of claim 6 or 20, wherein said at least one

identifiable additive comprises at least one colored gas.

76.  The method or system of claim 6 or 20, wherein said at least one

identifiable additive comprises at least one radioisotope.

77.  The method of claim 76, wherein said at least one radioisotope is
selected from the group consisting of a technetium radioisotope, a xenon radioisotope

and a krypton radioisotope.



