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WO 2007/ 023492 PCT/ 1L2006/ 000974 ADJUSTMENT OF
ENDOTRACHEAL TUBE CUFF FI LLI NG FI ELD AND BACKGROUND
OF THE | NVENTI ON The present invention relates to
i ntubati.on and, nore.particularly, to a system 5 and
\NOQ@E of Or perform ng endotracheal Intubahkﬁﬁlﬁﬁ@mmgm
adj usting endotracheal tube cuff filling. In the
nmedi cal treatnment of patients requiring breathing
assistance, it is comomnpto insert an endotrachea
tu?ﬁ;}ﬁﬁ‘ﬁaéﬁ?o&ﬂ%@@mmm@ TOBEeUFF MY LRy Of the
nmout nose or any other surgically created opening.
One end of the endotracheal 1o tube is connected to a

FIE#B%&bﬁAQfK%b@ﬁ]%H@ﬁJ RAldyrba ces air into the

e inner end of the tube is
t yfihe @kdsgm ;ilumtmtenblmt%t th irtnbation pad, apsire paeylagihte A systen

in I
and G £ (B ER0Y NI Q0RLI HEHAT0r HRCRANARE biddActidiPrube

eln ea The 1 nflated
cuﬂdﬂﬁﬁgls supposed to prOV|des a seal against the

B Sy BRE b B RS
corfhitiit @ Ghsewi dhfentidteachéah e imialthe wdchehef the patieeh byrvderofitho

hj gh pressur nor. flom1| t he
mowlhcheeF BEAREE SERRNsSeRrbat Y £ p° B e R chea
tubd BSo8hettedlio hRentlant aticheriddicaly ﬂa&:eyhxt fizrég the lnngsn though

i schem a or |n ate bLo d flow, Prolo i S nia
the fukg. LhgoBen RA ﬂ&% bipisa 8Pf°"}ﬁe% W“ d@ﬁ’%g’é ?P‘gm
is 119fiatéd1€y é@iﬁ@tﬁﬁ)naldﬁ%ﬂsl%ﬁﬁéeq&bnﬂff td o rhieﬂ@diﬁﬁl theaﬂieuhtaqhe
ri ngs, or segnmental tracheonal aci a wt

trachen. e faich Bt SEDBRoSA (& P et PR 9541 1 MIHPCRABSS
the Bh@s5 0N which may result in perforation of the
I'momnate artery anteriorly or perfaoration of the
es dplsaghuettisa sndqtiagheal) tubp i thp cuff ﬂ%'efevw Ao ICoReft (e he
lnné/re.{}]&l{ o %h@é"ﬁ%F {oocﬁié ?é}gésﬂﬁsn&ﬁl\ipﬁlg&ﬁﬂo‘lf &t Bie mucosa is
I cations of trach stenosis, from mld to
chstlurbeé duc o ares grashue farcapidary vzsselynt theeopiprdioripn isulfipg
f n h
in g3, fihohd 3 BERUEIL LM P R Tl ookl Bete Walihe
degares f ingirpl suclespenosivn ofithe amiches, deshinetioned the feachep gartilage

‘nnégakagmeﬁal t"r']a g\«i%l?a?z% LR dilat BRI Al ¢ ch@d 'Even mo;e dramatic

rnor e, le pressure i s |ow, odi
is Mahekmmmsxosmnamlmsh arayoe$itr inuprrfordtiod off| thé rnogaate arksy
ress ween .t he S
et et & Ot Spriers aeBRgfy Hahafe il done e
venBiREIe bR oBRMIBE: deasispddlamchinplidatiordaracingl dertosis, frine

_aronchl potegglall to cause lung infections. It is
milgl iR negRaFiLating CRYRISHOM t o maintain the cuff contact

DY G the HUIRE hbdtg iff (6 et WedrbughOfntd bumtdct erith é iuier avall of the
N RN TN RO
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 Jung infections.

Tt 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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2 the inflated cuff and the tracheal wall during
mechani cal ventilation, while at the sane tine
mai nt ai ni ng the necessary blood flowin the
capillaries at the contact portion. To prevent tissue
ﬂgﬁ% Lcaused by prol onged pressure fromt

1wo? g%y3|0|an periodically deflates and gEﬁP%%%g?2¥u
the cuff, However, this procedure is 5 rarely done
frequently enough or for ;a | ong enough period of tine

the inPal LoV RO HA RV kS ir&ﬁh@ﬁcal Veitilali&S While at the same
Therefore, this procedure d dependabl y %r event

timg waialaiang bh;amceq;swﬁé?ﬁdaﬂoww ? ?B@t "6? até‘?ﬁf@{lﬁa
t uiq% r@@egx? tl%%@ gia % ELAREH by %‘Pd‘lo@é@ﬁi?és@ure ldom theRAFE e

oses an | rove pressure
phy&elgm Ipgiiasticaflp rdeﬁﬁes afd eprigBates t’ﬁ?fﬁﬂlffo nHowgyen this procedure is

rare &jo(?xyﬁ% &%ﬂ e H%ﬁ o‘{”lﬂnq‘lo% %Hﬁféﬁ%eﬁ&i @ﬁtﬁd{@{oyalfo%fpdd@quate

essur es and permts rel atlveﬁg sl ow
repqpfusios urfehcr ru@sueas’élwefqlﬁe ﬂpii' exseduse degsupatdspendplly iRaesnia

a ation of the air pressure in the cuff.
trac{f%% b—’lgcg n’t“gl\lo 4,305,392 attenpts to solve the

pr ablveretpfof &adwteatch@m tiﬂ:@aldmge beqsy devigbopednifiey exathile, U.S.

Pateinlt]ﬁg. tl;, gﬁ;ﬁgfdlsgfj wg%ngé} B%gstu\ég rteghl msf‘ég I 1?1¥latg@§ 'Fzgﬁ on
an &idotrachedl ngbeOwhich Ipedvelsts irel aﬂhl’edzj tapak bmﬁuahﬁmeast%h end: praits
for introducing

an ids intothe. . ..
relaipali oS prioiss SkEety TRE Proro i seeblaf SRohdh f vlsi indigagion
oftﬁmrﬁé@b&eemmfcuffeakage by controlling the cuff. The

ressure cuff auto i ncre

P T3 bt Ny #0AD: im0 he bt A SR et e
by SubfiSHing0 'The knddi@ciRArRbE RbRBInct Wit a sdflioh Iaevneéom a form of a

preventing breakdown  or, Ieal%fua% thhe sea%0 bt% fg q
chapiier Y TIS0RHPISHPT HISHOTIRGOURGSHB She fEchen apps e gett rn
fori}l@od&u?gql’émﬁé&lmafs%éﬁ%ﬂahﬁeeﬂ ssue of constant st atl c

pressure exerted %bt e cuff on the tracheal

wal
whilsh, Pelgnti Ng- Aro01 814 edicmpisgler seiverily prabigmy of F“ﬁkage by
conﬁBl?ﬁ gﬂ cgﬁenoﬁie preddife RYARPSERI cafl Mitérﬁaﬁlchl'lbﬁlxh@@a%esa in

otracheal tube 25 having a plurality of
proparfign with ¢, ineraeshs epragpursdsd e thednterionaf dhg %@lﬂﬁw&eal tube,

thei?ﬁre blg{jéfn;lgg P%g%dog%ﬁ%géégx SHGR dehfleran e cFPAR teé

he ot hers renal ns
traclibr wall. educes danmage to the tracheal wall due to

éa%lt 3 S BI r7%5 ggb fah&i‘gges %Fdeogis cons I\ﬁﬂte St\%]"écr E}Hegsurc

abg\§} prior art tec
exerrahbit the chﬁanhaagetraéﬁﬁaia&ralt Wwhich.ohtriag mrcﬂwr@ad bagewemay fesuilt
d t.he 1( acheal
d

in EEBrARHOTE  dlecPhRaad; RUTRD A HAl gh S Efmteal wbe
havfh@phipﬂﬂhl'ltfynof cidd bimge,abadbm bélag dﬂ@bﬂ?@@ﬂ/lﬁ)f?ﬁlﬁggarﬂndeﬂdn&
penogicaigr suc tha?w gg’ ’01%65 gr r?l%}tfehoff t'hé: gl(ljff rr¥1gs de%ate 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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Inventor of the present invention. In this approach,

the concentration of carbon WO 2007/ 023492

PCT/ 1L2006/ 000974 3 dioxide is nonitored in the

patient's airway between the cuff and the voca

cords. Based on the nonitoring, the inflation of the
wdihdo.88, adj usted so as to prevent the | eakageodoor4

carbon di oxi de past the cuff. The inflation of the

cuff is adjusted to provide a mninmuminflation

pressure, which prevents 3 eakage of carbon dioxide

dlo%@'is mBnidi& GUiE - paei bireaalbeprebo theanffsandfthe ebael aorde

include U 'S. Pat. Nags. 6, ,.3,794, 036,
Basgd 305he3g@piterimgy ghephation %‘5 ‘36 %‘% 15 %dlé%gﬁg 10" prevent the
AR RRZnakhe cuf ©88e 1@Tation of U2, aﬂﬂ.xs adjusted to
iea%g%g %r%" g’x 77861 and 6, 062, 223. The B esent .
Plowdvemlmiownpmﬂw(d}éﬁe%’é‘]eu‘f“h’ﬁ}h Breyvenis igkagy S dioide p
a§§00|ated with prior to art endotracheal intubation
fechnlques SUMVARY OF THE | NVENTI ON The gackg£%gQ%6
ar tAddoesanetion ede vl tiskevepei wrlpde ibh of*enti8tr
C ! 4RBABLY | H@sR4GTRAS ITETG2N A S8 1668
37&#§§90¥2§F6%”I£%E%5§y ast tﬁ% c% to the 15 l ungs
Sﬁlm?pﬁﬁjﬁ}a@am@ﬁihéﬁ ﬁ&%éﬁl gl ﬁx%@’é’@ﬁe with an optinal
t he asure., T QUM ts 88 B prior
{ ool pReTEN ORTa Plosiogd REpRRE SPLOURBIRE b P
art &@DERPtd] atti@ionichnida@s it teach any neasure ot her
t han carbon di oxi de concentration. Furthernore, the
background art does not teach the use of additives to

suhaentvior e myveNTIioN | eakage duct near the cuff for
the purpose of cuff adjustpent. 20.Di sc '
O R ebatm e La5s manclh OF LRI R S FhARECREL Bur
ﬁmh% bl HhaAB@ 0N nREQKE Gitli@Sive bf Whiretiondeakegedpist thetref] to the

be Is introduced into the . trac
lungadinfl cprparig| thg wdiop FpesPIg eV iy %’\ﬁ&l}lmalé?"gwftqﬁ%m{?aé‘érael The

bacﬁ%ré&{ﬁi ar] Boek 3{0{ R4Sh BeIpRhal yalﬁ&@@&kmnﬁmdetdommmlmdmr

system di scl osed herein perform neasu

e
does uteea&h anprsasnea sthen thap spikgn dogide gprcraiabign ggffgpfgﬁ B3
bac%g: %ga% Bg%t nck qgacﬁ l{fxé us&mﬁt?veﬁ e idamEs Wiehiin bblcakmge

ues of the neasure(s) and adj ust
dmxm&&ﬂﬁmhﬁmmgh@ageﬁwdﬁCﬂﬁ@@@ﬁﬁﬁﬁ?|son The neasure(s)

accor preferred, e car bon
o SR hstrnn ol Rt SRR MR b CRLicRE, €81 POT
use& liﬁ; hltﬁ’t@l&ﬁﬂ pidcativen i am}dhean envborpehed] | ol istipfgeduergleintophe

nor e adgdi tl r rmn
oo B SR SRS 1o

dugt \%?191% Q&np‘l"ﬂ f cmBOBRRNEQN €heO mdidH ardid dysteiny elfsclased herein perform
t

del'i ver o the subject, they can be delivered
measurement 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 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
50 as to identify formation of leakage duct near the cuif.

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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either to the lungs, through the main |lunmen of the
endotracheal tube (e.g., by mxing the breathing gas
with the additive), or to a |ocation above the cuff
bet ween the WO 2007/023492 PCT/1L2006/ 000974 4
internal wall of the subject's airway and the

&ﬁ %%J wal | of the endotracheal tube. Therdiemeloomts
additive is nonitored at a nonitoring |ocation

mhlch is selected according to the delivery
technique For exanpl e, when the delivery is through

mt%qi xifagl? ?{] t& f éectt O %garﬁﬁﬂgte&éﬁﬁﬁ%lltog% erldBRacheal tube.

I on n be above the cuff 5 betmeen
Thé hevel Bf ernakitwalis mobitethd as abpewitorias dpselipn Whird isrglected

L f L CI1 1V t
socGibi By e o FOh RN Flen W AT, SRR 08

mait f@y ofgd dnh&reﬁhdibtﬂba,cihe abonitobes lotdion vembe obgisghe cuff

| ocation can b w the cuf.f h e i
betpgsfe e i \Y_‘ﬁbé’? tgc SR Fete uabrwag %%séé‘ger?g gQi@ 7 the
end¥Bhdtest 10fc; afd what ihe gelaveSjub;J tacit lobwivi agpva the aghbeveen the

ai rwa endln Wi t h net.nod_c
alrwﬁg@,(%/ ihp gn%aéﬁbtﬂp%éﬁ% g}ongﬂgg att18n AL b 8@%510%‘5&@ cuff or
withA th&hhiAGuBerdftife endifoRdabtutel Wi th the endot r acheal
tube within the airway bel ow the vocal cords;

neaBiclpsegisa | evel of at | east one neasure belng
methﬁg'q%qmugﬁmgf L&?&@Q%nﬁ f aSeshedli @vapanding twith tmbd. (The

ng thé | evel of the peasur %%&
method opmpnms [nwéhg of epdotragkeah it PR (185 YRy jg § ﬁ&g
ass{)cg:flt!atg VH& t%f ex$d9§ac%&‘af: tu ?%ﬁﬂurp%et hifw 0 BEIBWI GOMNVosal asds;

I'mze | eakage of secretion from
meadaaivg a tidvel mfmi fea!st@ne h@aﬂum@gng WhicpiEe cﬁ]qu]cq;ge A ﬁfifreuon past

thetcbl?t?ta %eﬁléxggss? gcg{ilﬁ Led tlgeafé@gecﬁ hPmbiGre Rz\)i\@yaﬁ d%ﬁﬁﬁ[ Rabe

In pre erred e di nent s
thedﬁéa@m‘e@):dmb auﬁwmgt[hﬁatmaﬁuh@ cfE bagedh @rl thehepnedFdiose as to

geqc;lb'sglg: ggaa}g%g ﬁﬁgt I at gegrﬁ 19N 01‘11 atop% il O H tl‘@nﬂnésh Svhile

urt eat ures I n
mlﬁlﬁﬁmﬁgelﬁéish@%ﬁboﬁhﬁﬁ damegts enthedirwent s t he met hod

further co ses perfor | east one neasurement
of éﬁ@ﬁ@ﬁﬁngﬁﬁ%éﬁmmﬁﬂﬁRﬁg%@ggg?ﬁgﬁn pressure, and
desdfibdd #AdW thd el ieBihef tiab ombai diokide cpmentiztion pressi the

for settlng the value of the optimal |evel. 25
cuffprdgbeliofgl €8st i || further features in the described

Pr eh &rokfak RPN ARA S8 in MR alsstibaEREfeatd ambodiments the
carbon dioxide partial pressure is

erformed .. _
medmdtfmmwgmynsm)etfa@mpa PG o seabime! OF Spbight e
dlom%e g)%%lapf;re%th% & htﬁlﬁngctﬁé RRBicdl xxbedipadd patial pressure for

ccording to still further features in the
tﬁi@hé videdofphedgimab Evelnbodi nent s t he

According to still further features 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.



10

I5

20

25

30

30 anbi ent carbon dioxide partial pressure is used as

a reference partial pressure, whereby the optinal

| evel corresponds to a carbon dioxide partia

pressure being |larger than the reference partia
pressure by about 4 nmm Hg. WO 2007/ 023492

59&]%&3Qp6/000974 5 According to still fupttEreosooss7s
eatures in the described preferred enbodi nents the
opti mal |evel corresponds to a partial carbon dioxide
pressure of fromabout 0.:32 run Hg to about 4 mm Hg.

Al s 0n O 36 098811 rtkbr FeallRés 0 GhaOdest el Patfirng e@bﬁdﬁb}eﬂe tthe
havi ng an airway ending with |ungs and voca

opftima! nletehowrsenvpeli Sest PRTSCFIPRY fridh R HEar b
épﬁﬁnﬁ ﬁ;ﬁ}ﬁﬂgérlggfrat!ng_a cuff associated with

he endotrac be within the airway bel ow t he
vocalsocdictised is glel i vering a breathing gas and at | east

b! idg Weith s.
m{atﬂ%d 01‘::j %uba{ub%?a sSb}ch %é‘b{é fn %1%8“8{31 1{% 2 gsﬁlﬁ%ﬁzﬁeﬂda%hﬁQbrd

Thedeeihod ¢camreesadﬂmttmg en gndofrachalrinbr intortheyjryayeflpting 3 quff
aslscr?éat%:)d thbtgg &SO%acP{:zﬁ thbe VM agieuﬁwwﬂ'gbélm liad kos %g;is

e noni Ing so'as to general |
dd[ﬁlvﬁiﬂ’g’l aebxleetak@g ganfand etr kbt omef idmifBy addife duypieh

t he whi l.e .m ni.m re r
el i Py kR S SRR e
mblmoﬁhgio%ﬁﬁ&pkn@{mﬁﬂy e the Sutdes;canil Iaquthglnd]mom bithemtHoded
011]: tgégnpgéofgééﬁ éé fo%qgga n%@%ﬁgﬁ%ﬁﬁeyg S 18% gon1 aﬁgvea{ﬁe cuff

to%ﬁhﬁ@l whigyBlniBfziddResdére hedshted ﬂﬁnagdef()tthff anaslmbze _
‘addi tive. According to still further features in the

deso%mb@mgpr@ﬁ@ﬁﬁ@@méﬂbﬁﬁ$ﬁﬁh$@“?ﬁ@”SnDnltor|ng
@%@& QB! ﬁafﬁ'{)et odBR e donBfrisdBprilibE 0GEn a !Hifélrlﬁali@/;ﬂ)deast

ove the’cuf etween the endotracheal tub y
omaﬂd:rmfmabletadémazp rexasedarie/ Gtingb IR ehdhectls Jeash Qe Mdentifiable
M$Q% cent 20 thereto. According to still further

eafures i1 n the described preferred enbodi nents, th
net ns@dorﬂmgtm efill donipr ifebressindhs deserigpdsselprend; H@d’ét‘mfé the

LI | (i o
o L

the éﬁfoﬁﬁﬂ@dl aivh adinesitssoft the air®8y jand/er below thf cefhand adjacent
endotracheal tube conprises inserting at |east one of
thefeifpasuring conduit and a suctioning conduit.
Acc gicdbriipigtto ssil ifluthek lﬂasatdmrmfthaﬂmcebedu meﬂsm@ aehodiniepisdhe

mf,;tl;ﬁedr ’Igltr't{xfée;?pogggg%lr %{i}(‘é@[&g .??ﬁl%:ﬁglllﬁ i suctlom Qo&tbi in the alrway

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 one aspect, there is provided a
system for intubating a subject having an airway ending with lungs, comprising: an

endotracheal tube, adapted to be inseried inio the airway and being associated with a



According to still further features in the described
preferred enbodi nents 30 adjustnent of the cuff
inflation is performed automatically. According to
one aspect there is provided a systemfor intubating
a subj ect having an airway ending with |ungs,

rising: an endotracheal tube, adapte
WOZ n}éﬁ‘%zd into the airway and bei ng associ gfi(éig&?(ﬁg/p]owm

WO 2007/ 023492 PCT/ | L2006/ 000974 6 cuff capabl e of
being inflated bel ow t he gocal cords; and a neasuring
S

FieEG ¢ oo TiaRde S ERRLEPRG SROTHEEebEl Mee o
meﬁduﬁﬁg §tQedshénel rirgeie bemigdnditatibeadtakemrenfiveastimerdmestnge the
cufgtﬁ }Fee lgt han rl%ggadlm%éslu ebel %ﬁ)g‘h%P Ehaj‘?&{r Ogl %q@g&eﬁ:@hgm between said

cor erelrn sai
cuffand Skt e/ocm) rmﬂs sewsreat saldeeaﬁdzstmne nefsureamonsics ebleastiarteaot: acoustical data

f. ff
beulgdpcgc%gveaog'l < %g%\éngros?lu 61%? ou%s?cge §’s gr%réd ggéhgal Gk rPrégH}rec‘dla%%emg indicative of

fluid ﬂdw aat sarecdf outdidetsiid eﬁdloowhn@ arbe,sfhmdiatamefngmosﬁn@e)f §aiid dlow near said
uﬂgfrﬂ quis s?iﬁ 89&%}“{%(%1?293!3)6 Op?cal g?ata %el einglgative gf 81"@}65 fbrf g%:ﬁ;éig}?s near said cuff

outsﬁdctbeud epbirghtal dalben abelewgncarhd:hmrammmsoéf fvié sboeesagf cuff outside said
dsecr eftl ons near said cuff outside said endotracheal
endotigheal tbey o) ectrical characteristics of fluid above

Sa'!@c&ﬂiﬁhqg tcpfgﬁtl&lr@&hﬁ@l ﬁpreﬁﬂ&ﬂhﬂ:@ﬂfﬁﬁﬁﬂs t ube Accordi ng
rther features in preferre s. ‘
desagvg‘é Py theengRGuring deTig %{e%edg@@ @&?léfﬁéa“hseha
level 0tk GUERE 0hOmSAsURAdx VIS e @dptiheMele] O the at | east
one measure exceeds the op t| mal | evel. According to

st idceoriingtih Sl flagthey rféaéunewnt the derstbsd prefaret enbodinaents the
7 systmepﬁ&hﬁns%gﬁw oz)y sV AW 4 ﬁ}@&et&ﬁl{ﬂéﬁbﬁﬁﬁaﬁlml opti nal

evel 1s a predeterm ned optimal |evel According to
st iAccortiingtth @tﬂl flodhan featurphing th@ depstead efgrrpd empbadinaents the

aggﬂ%?déa%g Ejéfti%@gllegﬁ%f s \quﬂggreg%?’ élﬁﬁal '\ﬁwﬁj & ?évgp@ﬂh@&gzzsuge(s)

evel of neasure(s
exceedt eedpting lopd icna’ﬁsgoeddeg te o prdieh @?mhnm@omde arepaire dfalfom

abo&%{}g cﬁ t)éaE%utpé{ %e of from about 0.32 nmHg to

According to still further features
| n Atch:&dﬂgsc wiilb dakther dftureei therbadinenisietrétbemgiasants the

devi ce is.designed an configu rformat | east
meagiipedBuie? IS itaien ro b B ok % e Gk by fit or
amb&hesarwzediomhe pahial phesaabilentby chr habieati axiod eli@ddet paadal

ressu ' ett Ln val ue of the

utilized for
Presgpt 1%&#@%@@“‘%@8 VARGt lﬁo%ﬁngcﬁi’l ‘i onal aspect,
t N&E@rdinf tBaf MidieshaPaspycs e i @rovided bbatennfyr ububigeciibject having an
having an_ airway.endin S, risin
airway cHdPS FER des: 1’151% %?réjatr cgeag)g g,n g@??tﬁﬁ bemseg%fiﬁ%o the alrway and
beingPAsEobRyedaicth a bET BghaBRBGLaE adlaist thloa theifdcalCapdbh encaduring device for
bei ng infl ated bel ow the. vo rin
meas LIS 7 THSHE G BOME T BCt Bl RO PR B g cuff o the lungs,
said Ihtfhglhrﬁl@tdbM&? l&ﬁng| Raikagend tonsiga ol sipnalfwienm adveiwd sSdatdeast one measure

uff to the ngs, . . .
exceeds an optimal level ofu sai% at least one measure corresponding to a partial carbon dioxide pressure of -
from about 0.32 mm Hg to about 4 mm Hg wherein said measuring device is designed an configured to
perform at least one measurement of ambient carbon dioxide partial pressure, whereby said ambient

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



sai d nmeasuring device being designed and configured
to signal when a level of said at |east one neasure
exceeds an optinmal |evel of said at | east one neasure
corresponding to a partial carbon dioxide pressure of
fromabout 0.32 nun Hg to @bout 4 mm Hg wherein said
measuring device is designed an configured to
perform at | east one measurenent of anbi ent carbon
di oxi de partial pressure, whereby said anbi ent
carbon dioxide partial pressure is utilized for
setting the value of said optimal level. 6a Also
di scli@skdiosst isa syst em for i ntubati ng a subject having
Syﬁﬁ“?%b&?%?ﬁﬂ%%ﬁg@ﬁg;Hﬁ% agfg%wﬁoagg%fﬁgigfgd |ntg§the
coﬁipl’rmyalﬁlaﬁflch@dzlﬁgl tuaesmmad dal baviinshiteal iolsf the cdipa|aed Jeing
fl at he v I LV
B I e e A R e
deBRERY rﬁﬁhﬁ)@fahtré!? %s@ﬁﬂtedom:fth gereadoftagheabi bibi \pgql cgqﬁguéealstp
one i1dentifiable |t| e thyough,t he a
affuisest” e oo HERSEAAT G auT AESEY Mo AL SEPEDka o
m&guﬁn@‘ﬁie@%e fo@ absu@ing alledel'@ﬂtﬁet @aldaet cael diestifiable aé«ht.im di ng
further features in preferred_enbodi nents
des@wmb@dg@éhﬁMF&ﬁﬁ@Sﬁﬁﬁ?ﬁﬁiﬁﬁ‘ﬁ@?f e i s designed and
de&?}%&d géﬁr\gd Q%e%brgﬁgl deoReNs desidney edd enfiflred at srgm\@then a

one’l entr ditive exceeds an o tlﬁHL #gve

leohef te aF Easitono ceraifigkin e e Eoata an OpYEal I9ye tidhie] “ia%
st features in the described preferred
ongg%@&ﬁ%“egg?@ﬁ endot racheal tube conprises
addiscéordinged tillefurtheofrdiniras in disf degritbediPrebrige rernb‘éq*mﬁrré the

one iLdenti
exdippheaf e fperiEs oy LR, IRE ol ohERI LT the at
Im@ﬂ@@@kﬂﬁﬂﬂﬁe&MQnmaddltlve delivery conduit is

200626355 PUTFTISODBHE008 AF 1AL BT T o GrrTY e

adznrrrré ASivedy@BbAHES dispoded evitiBaClumbef thy @ﬁeme@m tube
nbodi nents the additive delivery conduit is

externally coupled to or enbedded in a wall of the
endotracheal tube. According to still further
features in the described preferred enbodi nents the

5 system further conprises an inflating device for
adjusting inflation of the cuff based on signals
received fromthe neasuring device so as to generally
mnimze | eakage of secretion fromabove the cuff to
the lungs, while minimzing pressure associ at ed
damages to the airway. According to still further
features in the described preferred enbodi nents the
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10 measuring device conprises a display device for

di splaying the level of the at | east one neasure.
According to still further features in the described
preferred enbodi nents the system further conprises

wodbu7Rb&bs 1 Ng unit being in comunication wgdyaiLbeensesrs

neasuring device for producing an alert in response
to signals received fromthe nmeasuring 15 device.
According to still furtheryfeatures in the described

pr ef ichREhLBRAH | ARIY Fedub6s inlthé Hating Favi&eehiodinents the
communi cation with the peasurin t her eby

device
addifivei dedivery heondvit dh exteprby éaunl%go ebrmberded in g 5l Ainfye
ed@irshbdl kaUr t her features in the described preferred
enbodi ments the 20 systemfurther conprises a |
neasdcpidipecioritill fortlesx dRatenig the depctibrd miefarsed srplpdimasptscibe
syst@m ﬁlﬁﬁeradoﬁllfﬁé(esaakﬁ(mﬁathﬁ%e%éé fror AQERELINAKiIrCorShd bleF based
urther features in the described preferred
otevigyat teegited frdve thesyenseningfdsricn 8¢ atlorgerraysmppimize leakage of
seStdfibl T AndE\the GuRPE! AL Inifio! RhitS URHHAALS HrSEAE GLdoBiBiRa
at a suctioning location I'n the alrway above the
dagnapés to 2 sbvegr ding to still further features in the
descyi b ref.er od] fard h
comphic 3B eEloR i hEfrR5RRE, TR Sekitfea ST MhRs e
medsatingddvivg cdmptiss atdisplay devisu®t displhyige the devel afribe at least one
According to still further features in the described
M8Fr red embodi ments the systemfurther conprises a
e asAkcbiihgasadstifl Uithed ITeddgecipnte déscriedt peefdicetDerhisodiwits the
30 %%Cﬁionina | ocati on, tq%.a.neasurin%.and .
SySGR BT FG MR B G SR s B GOPBPHEI L e Ry asuring
defR¥i fof prddilcihf GnSalt 1@ Héspansd ki sighaB OredbvedOfrdracthd infeadiging
the nmeasuring and the suctioning at the |ocation. WD
deytss7/ 023492 PCT/ | L2006/ 000974 8 Accor di ng to still

f ur t A@brdiRdo Wt Stulther B @ureemChé Bewdritddgefefréllembodiments the
enbodi nent’s the neasuring and suctioning conduit_is,

infiptigodesice st i8r sPAMPYIGHORIHIY He BFRTERCatTacs gy, forming

th&ehRh dicREed Bostdsddor.f urther features in the described
preferred enbodi nents the nmeasuring and suctionjn

: . ! ) g
condifeprding @i Sifdueler dxateenim thy dessribaderrelatest pabatements the
syEtlél?lefunEer'%Sﬁl?fiQS Rnd-Quidle dohdifikbddd@ing Rt tE BRaduling Bévice to
described pfeferred enbodi nents the measuring and
the gswioationgtheentfui t is embedded in a wall of the

F oat QLo Ji Yt HGREFL kel frplehtd Bbodimpnts the
systesisiurtberarvimpiisespe sfctipmingl deticeaoprosive ifor softicning wofofiastat 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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According to still further features in the described
preferred enbodi nents the |o neasurenent is
performed at the oropharynx of the subject. According
to still further features in the described preferred
Lhpnts the neasurenent is performed aboysokofers
WO?H%%&%gfowthe vocal cords of the subject. Acgogr/g@ng
to still further features in the described preferred
enbodi nents the neasurenert is performed bel ow the

C uf f c@&glfng% Qtﬁ?ﬁfrthkp%ﬁl}ég in 4R ﬁ&%@ b%rIeQ citoliiments the

furt atures I1n th descri bed pre erred
meamybgi ané moyomh@ conglit |1%@sz03%5h§ten@bls withindemendpisacheal tube.

voc %90 g){g, ccor g?%{u?gglig?ﬁfegw HHPSFQ%HMMH{S%@

voca eatures In
metalsnmn@e)sd Bmcnlenin@p@fdeﬂ iedispostsoditeneaily S0 th endagiacheebiybe. one

”Ea%%cord%gmg? ﬁﬁg;g?ga&?esg X &gcrg)%@ %ﬁ@%eggwdmgﬁ%he

t he ‘Vocal=cor
mdagaingraad suatiotihg colelsi id dn&lmbdmdaﬁerwaéwf teisoditreldabiubhie

east. 0 r.i es f o) :
ConCERPRR g FHfef AR TP ] ol O lbodiments e
me‘é&ﬂ’a’ﬁdﬂﬁlgpdrbnﬁéd dtla rostril 6the fubgtcir es i n t he descri bed

f nmbqdi h
Conperedioedt SE AR ol Bore SR el ST S Drimspizge
m@@@eméxttes pe@ﬁfrﬁecnaﬂﬂsd dtepahgx e dﬁtsﬁﬁah eal tube. 25

Accaor di to still rther, fea ur t he descri bed
pr cAckorditean s ot aps n g PR, Ceipdiments the

mdakibrb @bt ngp&féhn&mi@gé mér&,dfmm thé Gd&ihltd&ﬁisaﬁwsshbj%ﬂ
data. Accord ?to ti ﬁfurther fs res t he
WHEE |

des derpde e 4k i deserhs ?{@eﬂ diagnts the

méﬁuﬁﬁé{t@&ﬁe@fohﬁ&ﬂaéﬁyw ﬁlefcﬁﬁ‘iﬁ@ﬁ?h(ceﬁﬁthé@toba ow about
According to still urther features in the

des e\rcwéuxgﬁe el furtlr Exetyisen i deserphd poge riRdaalodpgpnts the

at %Wnk RSl dnitr Bt AT KOG HifliG] BRGEen the cuff and the
characterizing the acoustical data, the frequency

vogilficpedsence bei ng i nduced by the Doppler effect. WO
200 HOgdihaso Sl ﬂrkh%P hOBOR the 1Qcdiea %&é&ax drfbodirhdokts the

furt atures 1 n scribed preferred
at ba oot mentuse: ctohwnsmshw|dml®mﬁmqh§é@n@h¢whﬁfqmb°0fds

travel &ﬂaﬂl tb @&n ?&nlﬁ??&ﬁ&%s‘él S i @PRa it Amoanﬁkgns the

t he trav erm ni ng OM/near
at idagt one ﬁfeasummpdnscsg:att@nshqﬂlde cbmenh@ronfaeanw@yf the subject.

descrlb 0
readiracien L Safly BRRERLTTH dosbieq prorlted SRRUILRSR e
at fidaki Ghef inewureamimpiises acoustfcalodits beieg mtaia:aemlof feaicige alear the
cordj n still further features in the
°“gfué’é‘@fqe§€?jerﬂf’té?"g‘#g‘6b “embodi ments the at |east one
IMe ASYEEGrdGR NP kiils Bsticl Gandatia thedaneibed dreaatddvantaklihidnty de
flow near the cuyff
measurmg comprises ﬁltermg 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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out si de the endotrracheal tube.- to According to still

further features in the described preferred

enbodi ments the at |east one neasure conprises

optical data being indicative of presence of

near the cuff outside the endopepfiRemloossrs

WOSZE@IO%‘gccorm ng to still further features in the

descri bed preferred enbodi ments the at |east one

nmeasur e conpri ses difference between inhal ed and

exha| oo VG gﬁﬁ% FontrR3A Thd Eesbivcd ftd¥€embodiments the

endotc?%gﬁlgé? fl‘ccofdl ng to stil Ilf)g‘?ﬁrt hen? ?
m¢aemngr®mpﬂﬁ68tdab3utiélsg traprdige simer o epeialsigasimand yilizing the
tra%%lullgqﬁﬁ’é fopg{ieﬂquﬁgﬁg &lﬁt hdas @ cipect rical

charac ui

errstrcs o above the cuff outside, the
enddtccadhngab stillferthepfonel inghe desebiefl|preferradnembodiments the

S 53 AL B-BIESR BTy 3 o

cuﬁfdni'tside\meerﬂopmhédrtutmd above the cuff below the vocal

cords of..t C Acco

o eSS R bR RS Gl el By e
at NRSISHC| Migsale CoMmPriss Mo s beingrasizatyred fhwodrdibermear the cuff

Accordi. t till further features in the described
O‘ﬁ“%f‘&"r?‘@gtrﬁcg’ﬁ%ﬂ%nt s the nonitoring of the |evel of

t he AkoldB@aSh sanEurtdd fd»,zai&éﬁ infthebdseriddir¢fornal enbpithasthe

perform ng mass s ectro Accordin S
ot e e OGE PRI OPH) BB BFPB ALY B rghges ofsecetions

neﬁrm@%mhaeﬂﬁ%ndmmmna deVI ce corrprl ses a gas
anal yzer, Accaording to sti]l

es,in the
des cicpidingdp sl frwker drrouen wehe éeSF’h d Pé‘t‘ %‘PW?HB“E the
at'l S0l el &%risésvm@n@m&a@etneihhamﬂarﬁyemm Wirallenes
ectric properties. 30 According to still further
pasmfur@gh the enfeiraghedt fitsed preferred embodi ments t he
MeaSyobyatho 46 \etift Q'uftﬁer Gapatd & B¢ JeRABA fri@rrtdemBdaakits the
properties. According to still further features_ in
atfidast e sEABYe dOMPIESEs plﬁetacaé whasarterishessofihd shoms thscpH gutside
one identifiable additive is by
g |Q'?dQ‘%ﬂlﬁgla[tﬁ e electric properties. WD 2007/ 023492
PCT/Adc2@idigy 0008 farther Featrebindthi geacrbask prpferred) pmprdiments the

monglﬁ{nngs &% tlcebdl %t ?ﬁ%?tcgdeq gltlﬁ E%B(flﬁg‘: ﬁrl;@ﬁghﬁgﬂnéb%vé he cuff

one 1 |f|ab |t|ve|s aracteri zed
belbyw ﬂ‘ea»scaia&nideoh&glsu}:t;eca pr opert| es. According to
stil Lt her h
ek PR TR Sy ) AESRRABELBEF LoEf s e

m%aﬁ;tgr cldvg;etchlapfmg Reikdss specipesttn éscording dr sinlhfyrttlu feAtinks$ in

o Rkl B ESH: PG TAL  8% ot o
idbidigAblcfadaial €canistises pafonmingymasesaitomgryt he magneti c

Pr Opffc[cgrdmg to still further features in the described preferred embodiments the
measuring device comprises a gas analyzer.

According to siill 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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According to still further features in the described
preferred enbodi nents the at |east one identifiable
is characterized by neasurabl e optical properties.
According to still further features in the described
wo%(ﬁfog{c@ed enbodi ments the measuring devi cerdTsiL1®6/000974
capabl e of neasuring the optical properties.
According to still further features in the described
preferred enbodi nents theigonitoring the at | east one

i dem&&ﬁg 't@stﬁﬂﬁﬂrﬁlwﬁamfes iDyhe RASIBER PR IRE ohfdblliafhts the
propertie According to still further features in

at idast e gdantifiele pddifvy is sharaniped Ry TpeaswrRle MABRFHEIPPOSics-
Aéch‘aﬂfg Ed abh efuhﬁerCF%{u?&t 81 it deRYbaE ?&w@al Emb@tinaits Be

| €S. ding 15 to still further features
m@amrtdgeiedles csrqap@ép pff mPaspTiRgthe PSBSLTReRSTtieRe Aveodipeitp §ill

: fulgék?e\ﬁ g{ré:ssin 4RRR0LS 8&) hrem léfdbﬂgmfeﬂ@ HeaRbbliRP the at least one

Accor gto still further features in
1d¢duﬁable|e$:hm\rebew mmengmr@mﬁm presEliest he moni tori ng

LQZ é%tr rchn,cﬁ% stolp d’hlg.f Al htdsaR R @ég&ibteﬂ foferted dibodiments the

I on properties. ccor di ng to
at $dakt dnefmiﬁnnﬁa!ﬂe fsaammszqdrbyt heastirable OpHead PEIDETIES-r éacm ding

d ts th -
o RRAEPA s e Ao LR B L ok g
aﬁ@&@bﬁﬂn%uﬁlﬁg the ioplical propheics.f Aataudies td #ill b deaivies @dfhc
f th
oSSRy AL M5 e s

1sﬁ§ﬁ£éﬁéﬁhﬂ§tﬂe t;éﬁlpfdpexfhds‘ther features in the described
pre erre n‘g

nt the o or I..n
bt 30k e, PR e b e
at 142 Qe SR ifiatly i9 RBArhd i@ Szed 3’55 nReaosdE ndiatie [Bbpelrﬂlesl‘ deedrding

features in the describ efer di nents
togtill farther featyess inbgdpsriy %feg? ?‘F‘P@%‘F ‘E"Eil'};g% eé’f‘““t“gﬂe‘%c? s
ca?ﬁ’tﬁe b\GEdsuGi@Sthe ARIGAIOH pReites.Shédotding tarstifl éurtiee feitarassn the

he descri bed preferred, enbo t he, at
comibemenTemglasmodioeret @ rBE PBHTE AEH S0 SO T
15?’8 %I?esrail%ddi% skrypton. Accor di ng to still
eatures I'n the descrlbed refe Cg bodi h
enbo@c;cn'gmgstotsng furglaer featyrgs, iy the gescp Trg prgbodiments the
ataije%t gﬂce z&e?xﬂﬁﬁﬂlé ei§ AardcRBSEd Bye neMuRbRA fig@Sscent properties.
According t further features in_the descri bed

Apeoadieg rte dstéhﬁg‘dlenefmtgreﬁ Ha thgt deseribsd eyRferEdicsmbodimpise the
m%%s%é{g% &G gpcakuﬁﬁf oftme rtﬁ)ﬁié% t?é; Rudi&dbRi REPRB: According to

atures in'the described
stfit ﬁﬁﬁdﬁrffeaﬂuremindhb Mnmlxdtm@"emd drehpdimenirdhe manisirpgiilypat Jeast

/% 3492 1L2Q]? 00974 rosdisel ect ed from
O’Farfge’é\jég ag ﬁ‘éﬁ YRG0 g '%)née%t um g’ di oi sot ope
Xenoﬂcdo&ﬂh@tosﬁiﬂlﬁlﬁherafeﬂums kor ghptdoscrlbaﬂprgfeggql opbo umgts the
atg{qgs? l%g% Ff’eﬁbfgﬁbﬁﬂ v qatzvuectf%g@)z{%%s: alxtxie ﬂcgr\lrfﬁﬁ%g %?st %r:cgrdm to still
filbheP Farr&bi Iﬁgh@dé?s)tﬁﬁﬁﬁpraﬁ&emtdbodiﬂﬁnts tlp:ee:ttﬂe&’stmng inert gas is
endot r acheal
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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5 intubation and optinizingrendotracheal tube cuff

filling. Unless otherw se defined, all technical and
scientific terns used herein have the sane nmeani ng
as conmmonly understood by one of ordinary skill in

t to which this invention bel ongs.
wqﬁgﬁ%@ygz . ALERbERo0o74

and materials simlar or equivalent to those
descri bed herein can be used in the practice or
testing of the present invgntion, suitable 10 net hods
LT A8 BRIP WieiolsBicpRSExRbn radioisot
SR TR ey 4R o Lo ol 1P R il rdicisotope
mdbﬂhm@bﬁnﬂkummﬁ$l control I n addltlon t he
mat ef,i al s R tl
onl y e SR S?ﬂ”%é@#%@sf?%éw*@%éﬁ*‘a Pty
kiafwri dvafipetiivod ba mmag erystin pivbmpthed & peifprwdrg ¢rstatracheal
vol ve erformn sel ected tasks or
“’§'fq’8 ’fﬁ%ﬁ@fﬁﬁ@ﬂg eé‘ﬂ?tg%/g?al %%WQL&%Q p]%a 15 combi nati on
t her’(eﬁlf:ssl\dﬂiee@ise defiseic all dschgxcaloam@tmaﬁﬁq oty ued heein bave

thgg%ng 8@%1@1?; %?cogwgf)nb’e%rgl S oo rrbod me 511 %lfullt Pﬁmrg?tttg Which
tH9EIneakiod belbRRS mmuhgh 1lﬁ9:hbd§pin& lmamiram sbtylidn ar epaivatend to thyse

software,on any o eratln stem

SRR o0 b SPE B Prigiee By G e Srken RO stiavte
m28bes el mikens fb ada@mseﬂvemwon IﬁOdabed dﬁecdnﬁ]iﬁtemmzntpetdnt
as a chip or_a circuit. 20 .sel ect

sepiisaiops sneheing ABHEPBh il R Gp8abe i Ao fEdBgLS, methods,

attl Hfa@biel YreQilush RSl Pandi o8 {nfdndéd QS 1Ry execut e d by
a conputer using any suitable operating system

any Imeplersentation o thei msthed #nd sysieR Afdehpgses &wg%%wwes
%@oq‘m' V%ptcbﬁgleﬁf?% sHieB8d qgs?{% r 408 frambifiv N duRBhaliIFEGr
ces

ata pr such as a conp utlng pl at f or prf or
c@n@omqnngm@pf qucafler, fgeording festchghinpipirentasion pg equupment of
pgﬁe%%ﬁ {FJ Eﬂ\l%)eﬁﬁ of e fa%\(é!d'\lﬁﬁ éEEféni Qﬁ’ﬁgtﬁr&ent' SvARIOR] Bveral
escribead way of exanple [y, with reference to
setltmedaﬁqtsn@ahlybmgTIMmawtﬁgby hwdwqres?few fqievare pR ABH ERerating

8 sge , LPary 18 g&a@%ﬁ%&rﬁ%a‘ﬁ%ﬁ Alekeot] For éxﬁnﬁﬁarfﬁs@ﬁﬂvaﬁ'@ 3blected
T B CUars 'shown ar e way of exanple and for
sepy pf.)ﬁeswoefnuﬁﬁ) cohld Ut maﬂm@te;ﬁ gm@bipow pEirgule As software,
rred nt s t.he. n ] are
%ﬁcgede steps Bf iﬁgem\gﬁe cc%{{1 blg Ee'&i sy & jﬂ L SNbdfiw,

e cau prOV| Ing what 1s
iBeahiteve teihpeteeuttd by Emsmpmisefsuig aap gtutablgampnayng system. In any

under st cod de tjo e
ol Sl ot S, BT WAL ARR, B BAEAER L e s o
bBiRlg PeffBuiid UySa d@E @rdcassst) Gucts by actupwing d:émﬁoi’rﬂnsfot) f::xetcmﬂg a

i nventjon WO 2007/023492 PCT/ 1L20061000974 12 in
PhERIEY gERSINYCti®%an i s necessary for a fundanenta
under st andi ng of the invention, the description
taken MAth t he draMAnos =kuﬂ9 apparent to those

] ! PTICH THE

2 !A.!..-.".i

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
iltustrative discussion of the preferred embodimenis 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 concepiual aspects of the

invention. In this regard, no attempt is made to show structural details of the invention
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several fornms of the invention may be enbodied in
practice. In the drawings: 5 FIG 1 is a schematic
illustration of a prior art intubation system FIG 2
is a schematic illustration of an endotracheal tube

gying inhalation and exhal ation; Fliéa/mn3me/ei0974 '
Wogwjﬂ%ﬁomhart di agrans of a nethod suitable for

i ntubating a subject, according to various exenplary
enbodi nents of the presenit2 invention; 10 FIGs. 4a-b
in Sbeepal thirdis nE¥8sapyr f6 alfnelantentd] firfdersendingefthainvegtion, the

| acati ons, .in arious exenpl ary.epbodi nent.s
deserom ik e it or 8 SBn bt P EOR AIRT o kG me
seviele £drRs af ihe Mvekticiin@teusitodiet in preaier i ng devi ce,
according to various exenplary enbodi nents of the
pr eSEBE SOFHEENt i on; 15 FIG 5c shows a representative

eﬁam.q i0f sheRERCIEHiE0R 6F a prit@nttitybation keakage by
t he Do i

ppl er effect, according to variqus enpl a .
et BIY WA e Sehmage W ESR AL o Ky Brnhee beepE ot Bfggon
and Bghathibd.er ence between the functional dependences of
t he ressure in the lungs_and the pressure . in a ..
| caRiGHy et MopecheitilacBRast ARRGod pulabie forapileing Agvhige
acéo?diﬂ%{d V%H§usel:e:§:€égpimgg BRIk BMhSpredent ilRenBibgS €Nt

I nventi on; -b are schematic illustrations of .

t he FiGnwedf show pakingGle messugad differentymeasuting IQopiig)ify &n
va%ﬁé&exé lg)g%mtb&fﬁ 68 oPHlShdGnbdie endotracheal tube;
) Ig% 0 E ’

are wchart diagrams of another nethod,
sui FHBY. eSdtoraré rschdpaaticn jluatrationy ecthe losationg phgoy geoustical
various_ exe . ' : SRl lof th ¢
bl ey TR e HRRIOF L filps RGBSR of, the pregen
in@ndygt em for i ntubating a subject, according to

varioys. exenpl ary enhaodi d op s
! o R s S Yo SR RADR o o phcbn 2 Abhitying eakape
byahe Dugples yitogmctadinigrit uladbun gremplay lojnbedimenis @bt prgsent
. to_ various exenplary enbodi nents of the present
nyeR¥ht i on. FIG 10 shows the anatomic | ocations of

CQ2 Fs@plt ish@w et differtica bevedh e tfanctidl tdeperdesrshiafgthe
b5 ! FiGind JNCBES: L £ BHTOR, S A
ack¥edihk b va2006H0RRRAAemBdllithe:Es oflthe pleamsinesthiahed C02

P& Gt piresdimads dONIRUT Ay o BOF Hghall "BRpar] Hhire
pr&se6:E QFBRE 6b), in the trachea outside the endotracheal tube;

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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according to the teaching of the present invention;
FIG 12 shows the correl ati on between endotrachea
tube cuff pressures and 5 C02 |evels neasured
between the cuff and the vocal cords, during an
eriment perforated according to the te
ﬂ@”ﬁ?ggent invention; FIGs. 13a-b ShOM/CO??E#%%éﬁ?”u
bet ween endotracheal tube cuff pressure and upper
airway C02 levels in two ﬂrcine nodels; FIG 14

2232“??;2132 g{'é‘fs;ﬁigé\g%ﬁ& 86% ’gsrsg%sb‘fagef'f’% ¢ & accorcgmce with

endd)ti:zmhmlﬂuye kyffapesess has dsplbged tdutisg g Mpenmem:h pirformed
t est,.and, , exhal IIO -inhal ati on vol une

| e e
acer ‘F‘%? the Ieachine phfhe presEy 16‘5? 'r(r’ﬁl cuff pressure
det @TIGI lwalov&ythéteanélamnagewmmmwaon@l (e b, prassdres and

15 sho per cent a tlen
ClnlFsti? deiedF Pa%@e%@fergffg 4 B w5 @q}@” {dbrihd et a 'Rberiment
pelfoBRY accor@MB o th@Eea&ﬁﬁgléﬂhépﬁmﬁﬁadmhp the opti nal

cuff pressure 15 determ ned

noniflesi BgYy FP"B‘O)’O“W%FQPW"G\%/@%E“ ﬁ%gﬁﬁﬁﬁssum and
up BRI EESeVdEinRiE $eidinc @GR MENt s conprise a met hod

and syStem which can be used for intubation.

Spedlfi hshas eampagpesbaiyesm heripiighmeamensiotradhed g ouff
pr&Rk rﬂe{érﬁ]lg}ed %Hm@eﬂ&%y%@ﬁﬁﬁﬁésr&l&@& i thef ahhilblerléhl\aé:@t%st and

pur poses o nder st andi ng t he ?resen
exhaletémtinbalationsyolunia fferanqscitol the mepmention! cuff pregsprerdgtermined
EsySarigl TSt nade to the construction
q%%%%%&%ap{gﬁgﬁ§¥@'m@onventlonal (i. e., prior art)
| nt UbGt il 6reheys trementegd lof ipatierds oth it crdeiragheaBaplsr eutf

prés 'agggﬂi %tﬁ{hl{gl%%flé 86: § g@ dag\ﬁ@greagp {hg %Peuﬂﬁ%aﬁqp%m

detenvizrd bp BCOs leakdgelmramtbrag 60X s application to the
details of construction and the arrangenment of the
conponents set forth in the follow ng description or

DES@RHMT@NGHVTmEPREFERREDﬁﬂdBCIHbE%ﬁEEntion i s capable

of he enbqdi,tent s _or _of bei ractice
car AR U g » e, BT heR ifhsan be wed
forigtekRIoN0d Shéviticalihe tHeh pasan | iagantian deah effariusdl @gyoptimizing
is for the purpose 30 of description

engﬁg‘g%ggwggW§#ﬂB@ regarded as limting. Referring now

t 0 e pHipays @ SDetik ﬁﬂdfeﬁ;tdndidg' 148 tpfRéiR Sn@nfibd, @6 iRdistrated in
I ntubation system invented by the sane inventor as

Figuies Yyl 2 6bthe drawiess ¥38‘Tﬁe“°§é%@¥sé}“la9" fodhegangtguction pk gpepption

ofﬁ%on@)iﬁ&ﬁmtle priyiSdrS MudbABARYHAE 8s MOstRARAGH FRGRal tube
0O which is |nsetted into a_patient WO 2007/023492

_PCT/BIGEOZ@ eeioniog Fileast angembpdimentof thefinveption ja detailfit isto be
unlichsB3® Uidt ¥hE Gir¥intin Ui 3t HHoiddad i il 2RPRALP 10Gnd QERRS

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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| ocation in the patient airway 11 bel ow t he vocal
cords 13. Tube 10 is coupled to a ventilator 114 and
the inflatable cuff 12 is connected to a cuff
inflator 118, via inflation conduit 116. 5 System1
further conprises a carbon di oxide (COR) i
WO &R foni tors CO2 concentration in ai rvvarp;qﬁ&g?/&oﬁgﬂ
CX2 nonitoring location 16 above cuff 12. NMonitor 14
is coupled to location 1614vi a a C®2 nmonitoring
.conduit 18, Additionally,, .system 1 conpri,se
sirs A DHAOIA BVA A2 16 eeedtil i grgepest! S R Ogiredzt o
tocSlih QR Pffient AFfk BNba2Ay @R0XRalCskds 1B2. Tvbe 1M téupledtd a
provi des an .indication _of the sealing oflgﬁl,rrgﬁ?(%/a]lé b
veriier 154 anch SrecBilab e o L it RRaeEepits & F45h R HBn sl
infRh&h ERAME R, Pressure rel ated damage to airway 11.
The operation of suctioning device 20 f_urtRer

i mpPisteasl fusther enmmsises Hrrrbogrdiedds(GRy) mapiyilf gyhich monitors
CO; Soh&hnb2H PSRN Qf aCUOf rchitdAnd SochRERY B tabbREcuff 12.

Secretions from “entering airway 11 downstream of
Magiifprf 1413 coqiledstoppensiond b ain 4 €O Fonjterng ondit 1$heAqdjtionally,
| 3L O i bl | 06 ngRlcE0Bdns 1ot adkioni
sysflT 0 PR Lo BB NN SR s g e s o u 2 oping
locgtemBsibawe @il 12ndi cat or for the | eakage of secretions
into the S S i r L56C1€ ¥ 12
t nelighE 14 BViges RYGhERklon' G APERAA"G BiSACH, LaT
thefébg intronses theerespirhfion sfficibecy byd sydstesrprdssars related damage to

.indicatgr for.secretions |eaka i Nt O | i .
alwf“?iye&%eh?‘&ci?ﬁwg%% °gfs"‘§g?§i“§ ¢ lcggzgv%é‘% rol\gl\lg’\?/oeV c ,ng};\er @R%gttmn
proR@sibfrabmovitl SeciSiondeaese of bl €2 ks anprevendibe atdretions from

whet her t irway is.seal ed der the opti,nal
entERRH T AMERGHGHOf A pites RECPETetes T Bty gf the
coribibitioteyf cE@eliveatdinghd direakagend fremeat ofdcbetisns upseaithel
| unge, it is not always the case. Due to the
culfdZcosity of the 25 secretions in the airway, there
ar e'lfﬁdacql?tsé@éhs ad fn Yﬂﬂiﬁ(‘fﬁfbr tthiethe Ubdkages oﬂﬁ&creﬁ@;!i‘@inﬁi ik ungs.
seal e or passage of air, and yet there_is no
System Rdybersfore diesadad g fhe defredon wgg%’fﬁ?gg? theRHEr Agyprsence of
CO5 BNt thOBST isi Used By SR8l £ds B9 Indictok féiTse@s®ont akspdfihto the
pressure, so as not to cause pressure related damage
IUI’E% the tissues contacting the cuff. Figure 2
|11 96l balSmiai&s PSFORSRAD 1 32805 | RfRYeiMal N nbiCAMASE Ofhis is
secretions past thé 30 cuff. Typi C}a||¥, t he contact
becanssa thoest Weon inficatinuf hether thee airwai hegedlesl apdsatthe apmal

n ] oo . i .
o848 i RIBEEE b 0] CR kDo o
seckatiogt nto The leger Btis 0wt alveak dhe chegi Pue Whndie visensitd wé ttke
il LR R L 09 BRI g
for 2AdgOA I 2ndP(ET Hikere 2 D0 B4aRBEOf4ecretions into the lungs. Under such

conditions, it is desired not to increase the cuff pressure, 50 as not to cause pressure

related damage to the tissues contacting the cuff.

Figure 2 iltustrate 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 mun 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
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15 changes in tenperature, posture of the subject and
the like. These changes are suppl enented by the
periodi c operation of the breathing or anesthesia
machi ne. The pressure below the cuff increases to

about 780 mm Hg during inhalation, and d
WO 3450 nun Hg (at sea level) during exﬁ§§§??§ﬁ@&gﬂ

This periodic process 5 generates relative notion
between the cuff and the ihner wall of the trachea,
resul.tin i.n the faor [ fare .0
cnigih it Beert s s i b B o QAT Cfics ar
suppladtzatbathe tpegodic opdratidn of thebicathing op enesthesia enaching.o The

smal I, yvol upes f.orned between . th urf aces of. t he. cu
pr%fﬁ‘ﬂet{f’?lo b %h“élgf INEETEPes i 850U ei@e‘??loﬁn% ar e sfﬂ]%)a]l?ag%’? ’e%gd
detieasseuedal Taorpedip @t sxailével)(dueitg exialation.t This periatioprocess

30-45 degrees, 10 above to_ hori,zant al qri.entatjon .
SRR ET TR AT SROER o0 200 e ok B Gieh hesutting
in tHegeiA@bn of@k hfoadrbntibsedaipés dudiit ernal friction

(viscosity of the secretions), pressu ifference of

b0 PO PR R G AP TPt e Ggpreiat
in@sAdil ¥ lumbD Sorledl 86t @thO burtddes oftseUft dvaghefichedl ivall. The

force is typically to the |ungs, resuL}uﬂgjln Ig@kage
seqrptions SresthisHEd i verpfosiq:ieat I APRLIGR! 1F Gitedrbout ff}-drdostees
abdwt thNRriSbdti@rpRtib®), S4ShARERSh @ﬁﬁiedtﬂygﬁe BB ERLSEF ttdiBeal

I nteraction between the secretions and air passing
wadh andithiecutf eintanenb fiiction éxiscopigihef the sastrtions); pressure difference of

abd@! 2Pk §21duBhe q{;hatizl?i%n1 F&glﬁa%'ftj} ahe -grévlﬂg.er TR 8Rection of the

Cl rcunst ahces, any Snm arige in the posture of the
regitbjgeffectivierforce dstapicellyeto thelngrerestlting il lpakips phesgoretions and

et [ lungs. It is therefore the object
Fm%%ﬁ@he g%%géﬂ%ﬁ%hggntion to provide a nmethod and 20
sysflbmsithiton il dggrveted ovdetimefliecaust dhe ofterhdimidigbveen the
formation at an [ S (o) i .
secsBinars o Rt po R e Bl R0 iAo of e
sedbiidne. Chderaduvh ngcuniseancesr egesmtalli chaegrt ingie pdstunast the subject

. hypot hesi zed and ile,reducing.the,present invention
ind RO PERRERS of Pl o ol i BB IS ot ™ ot b
i nt Wbt thekefoub flacébjearnthke pregenit fihveatiéd Yo proeidid cehethbd and

the intubation.system operates under optinm
YR ATTORE R TP EAAB R oot A oBrA o fftage 50 s to
tivhdl{ BRBOPHIMIBT PR tictnflRRhgr&sae of She@iff. Mathéle cOnceiving the
Fi qur es ,3a- ich are fl Qgpa ] diagra of a. .
ProsERiHBYFILen 1 apT beep ﬁm%ﬂ%@ @Elﬁﬁ retycingfhe Bregin fverion to
pratlitd RUas BeeTRAIBEY RMBAHARRA i iBfubated Sul}CE 88 be significantly
invention. It is to be understood that, unless

reqcpbif s iatibatoevgtem eperaies under anptigppd comifions sbichineyidefined
pﬁgp&qh@gﬁkg&&ﬁ?gmgﬁﬁpxecuted ei ther cont enpor aneously
or sequentially in many conbinations or orders of
exeBaferanne iSpewimadedp| iguehda-orvwldeh ag Erwahpie diagrams of a
Co 0L v : . ¢ he
QYA el TR BE LA N B S el o
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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nore net hod steps, appearing in the foll ow ng
description or in a particular flowhart WO
2007/ 023492 PCT/ 1L2006/ 000974 16 diagramin a
particul ar order, can be executed in a different

wogéﬂ&%e g., a reverse order) or substantyj cﬁlgk%oomoosm

oraneously. Additionally, several st eps
descri bed bel ow are optional and may not be execut ed.
The mat hod begi ns at step;E30 and continues to step 31

dlagfalmm | g pod c%lgr S Ca[l ao%%%@t’:utédj €a e IF SFdef Ce. %ntan:‘I'é?ﬁa

od conti nues 't
ord@? on sulmtanlnalay amhfemgwomualb’ed Agiditlonsibe ssmetal m‘?@WéaﬁtePS

de‘??BF‘E?s w {I}E lggtg%%l é\%lilga Mok DEexeiyLy@y bel ow the vocal

N vari ous exenpl ary
enbohd medhal @églhhezt stepv At angn coft@uere tchottpc3htin nwbich t an

ptional . ste ich s et | [
endRatie e reded e R 6F LB, 11 arpl BifeSlo
stepB2tiR evigeib e diffeBosiatad Wit tie emﬁetratchead) pthie da aiﬂated Wlthm the
s BT 28 P PSR R BB LR o e
m&:ﬁfﬁrﬁtﬁg Rehog g&kguﬂgeﬂtlﬁ %tidﬂél Re@By/ mOFﬁhﬂH‘SEcz@tldngrSardmbthtgﬂd at

steps descri be el ow, For e can

a syelimiEReRtipn 1y the GHpvay FBeie thf‘aﬁ?’fgrrgl @8 ﬁF‘@ﬂﬂﬁB‘F‘é‘ﬁ dhbich the
op%ﬁah s&t@ﬁag% Bl eRuasdtit ofh ok p%if&ﬂﬁ:di’fﬂm&ﬂnoﬁn 3ﬁeraamg,

described below. Alternativel y, Ste C

an
CORBIOUR ECFONITEREREPOS IRANHEHELRIY S e %Rﬂ#@qs‘n%tepi seseringd
betotv. . FOE'e o Ss?%,tersal AAVRN,BGG el Ofn @(%ﬂﬁmﬁﬁs tyighner

suctioning step n cont enpor aneousléy wi t h ot her
costempaanfouslh evite s reanentiy eexgeiviantafgiers S4aer VAT idptsibed

bel%%ctAIQJ%e{ﬁg?@t é? 3 Egni bty ‘gﬁé}@% i ethd ﬁ)@ﬁ@i)aol\ from

nmenbrane o ottis. Intermttent execution of
stepl3@. suctioning step 20 relieves the continuous | oad

o el L0 S8t Lyl 5, g
costtmpaancedsiy edthothee bteps ofdlteapethdrk | nf | uence of t he

deRep e T ok Sus PR Seeflpn P fmaze e

i dent’f 4 er exp arrned
mucosk agmnbirahe nifi the csatbglmns ihsenoritdne readiutiorb af éhd smntioning step

measyrenment o nore neasures which are
relieN ﬂ’&tcf’wmfﬂ“s Igggg%&eé $6nhs | eakage past the cuff
i nt ?nbﬂherdid!#BQSge Mk ttmepa:mdndmmn oipesuationiny step and the
erfornmed cont or aneous W asuring.ste
ot Slog Hte o SURGACE 8 mereh b SRR PR Db
1e§uﬁ§/ &t leékfagé faenl Rakan %é ﬁ&h&&&plaﬂlem&u Ithe lekioize @¥AMaton
be expl ai ned El ow, in one enbodi nent, .the

is pr@&kaé@ebasﬁ@ PR a}eﬁﬂgelmg pRe Promare drasuresowhigh predpdicativg of

scdi@tidnk AakREELHRY IR cUiPEntEXRE WinbON When! 48 shbtidni@Négehtion is
step not 30 contenporaneously w th the measurenment of

peiomed opréamposaneoislso rWlﬁ'aFftel Bicaqugipg|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»
concenfration 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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elimnates the interference between the suctioning
and the neasurenent, because the concentration or
partial pressure of CO2 is not changed by the
suctioning device during the neasurenent. Since the
woslebtd9n2 power of the suctioning device is pyRiSHsldoord
WO 2007/ 023492 PCTI | L2006/ 000974 17 hi gher than the
punpi ng power of CO2, tine separation between the
suctioning step and the @2 neasuring step prevent

hlé&g ifatl Ghd Bﬂﬂrx[ﬁf‘lg b@\ﬁerg%@eﬁﬁiér {@zﬁbn RétdRE theSiifelibiY Step

device. Furthernore, the execution of the suctioni ngt
angd tthey GE)sj weasping: Hep mswstir ebpsHetonsolaih dd: piesurement by the
subBASIY RIRAL to be perfornmed in a substantially
secretions-free, environnent, thus inproving the
ef f iFartbereprea e ercentioncyl He sueitoning siapr iinerie theAmeasuEInRgt

aIlBQrs A Gl Bdr&hn ‘f?”PP ddemg;ﬁf-foﬁiedt he pr ﬁ%gt%tlwglw SR Bs-free,

I nsertion o dot r acheal
enax;@@mé ihusdmprpving ¢hei erﬂﬁ@mqy@nd afcusge of thninagsusordti t t o

f ac 'Ac'c«%rgfn? 8 I&é’?ﬁ%%ilt%lal nt Bpﬁn,gpegérﬂ nx%)ent? Ct‘hle ﬁ‘wzl%gn of

rlous exenp ary e I ment s
thev wuémaphml tt!kte iIvetdsouipaah by stbs insertionped &mbnmg apnddt to

ressure i s neasured.
facf‘ﬁtaMhe S uerrenf{he%%oyag?mh%%? St??erf orned in the
[ m’rémlwaicms swrmﬂmdambgdmmmstdfehasimbpmh thehaethed aoyprises an

lntu atian i s perf rmsdlnthe
opfstE fa e by Qbbb eyt e Ffprement
is m&n aﬂy pgfdmxemuaﬂﬁ 1hﬁk&dialtd<£1nohﬁﬁrﬁ§$a)f&m3ﬁdyydm NFor ékample,

tep 34 i erfor t he ambi ent
W*E&r tﬁ} almtﬁéf’é'ggulse pie'goggﬂeidl 4 gﬁef PPergecyi iy ¢ %ﬁ%‘r"é\‘ﬂ?@’
tra¥§dortBtidroventcte tH¥RRRHERERSYm Bid 118 k. GBI lefnbB@iifedt HBGhich
in_step 35 described below The anbient CO2 parti al

stepr 4 4y P%rf?FE‘ﬁgvuP’én%fﬁlf‘e‘&‘aﬁobé’aﬁ@F PESHEY 1h WEzedp BX oeling a

rei@fen@ef Yehie fol e BQéha of mehhferfReictBaheah sl 38 detiBed
the airway, or, nore preferably, in a continuous

belop nidie We@hgﬂgmm@l%esgyrg asaenrameng e be performed once, before

or SRAUESRNABREAUEL dndbir ﬁ&eﬁtt% iR th@QrvlrrB/ bihkire preferably, in a
enmbodi nent, a series of real-tine values for the

CORfHPBHNATIP thsewahpyy thfa PEACSHNTS 4.8, cestroraIPshp Bl isigr B3-
In Hid SLOREhYR |ayser1$sfkg ?malu% tRBiidh oY, §§l§llc’£{ essure is
e per or

nmeasur enent’ can nmed 1n an altern

proferable provided. Altgrnafivelsh shernmthond C6: @pial Fessure vagapirenentt han
Ll st.e
be JEARHIA TP 0 CAARE Rl Oy B ACHIMNRRY MhrtDorih e
mepftirérgeit fvan dy gegiomicsl altwmamdzly oritipster 885 . THSI rafeeentéi@mbient
the.ambient CO2 p | pr ure
vl bl & m ERAOI A By BF AR 0h nfoasD Stk Rl e S Qe
in the qmém 00e gartdl Pressuenizexpatedniotic 16w, by ambiAC MeP@femént
e her or nof the o ti onal zge S are execut ed,

can QUI S Wh

1 B HRIATH o AP LoY 8T &Y é‘p?“%%l’e"r ich a
WEaMfef&ﬁEMngOﬁe dpliBAs stefs Detguttd) dicaéthdEoddfinied dakage3s

erforne

in wﬁacg a measurement tl\)@ a measure being indicative of leakage is performed. Many

measures are contemplated. Generally, the measure can be any quantity whose level is

in corrclation with leakage of secretions past cuff to the lungs. Measurements of

several different measures can also be performed so as to increase the aceuracy 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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nmeasures are contenplated. CGenerally, the neasure can
be any quantity whose level is 30 in correlation with
| eakage of secretions past cuff to the |ungs.
Measurenents of several different neasures can al so
‘WOQ&MHS gprned SO as to increase the accuracye@ahzdobsnera
focedire. In this case, all the neasures are
preferably wei ghted using a predetermnm ned set of
wei ghts which may correspgnd, for exanple, to the
accu?&ic%ﬁeve?o%@? 1919&] é%?lt? Cottel4ia AR 00PP 4 sedrions leakage.
each neasure and/or its correlatlg
Typiesidy, bw ndn oblhmatosibs et mcm\sfe camkergpacentrmjpn off Paaboyg gull or
2 Ry R RN Wien A8, %ﬁéﬁ&amg%b;e GOBRAN! RerbaRa6le
F? or proxy measure from wh such
exﬂﬂpﬂesediﬁ mﬂmg@mdmamgomeasmfee areguiovifalrecsivatient Wbﬂameasmmem

s.of | eakage-indi. r
R L e G
leaﬁﬁgeniﬁﬂﬁatn’gaﬁeﬂshm@).d eviaqrding su iat;adszeed‘ @andua@w rof thy prigent

sel.ecte | eak -indjc neasure
i PSR T FEREOF s T ALapried ROTRORELAR, (s
coinif@ichiie deficd (g, £ ad@hihdn) h\emlch tdabmunﬁ:ams: odtiptei meksyng
the insertion of a communication device (e.g., a
eﬁ%ﬂﬁhlt) whi ch conmuni cates with the neasuring
deviTge tiehsurdkient BEstEE 35 W Rpethedodt aSﬁ@purBﬁxemtsloqa&orﬁ ohivkds
at a neasurement | ocation which is %%§Slb ef %l QE
acepsdiblgriprife asprEREdeVicR O dBMIPRMULIEMIR RV erably, the
mdREGEBLARb Yo ReselRASY RS ?@Bﬁurhﬁ@ ﬁiel #furh& ﬁ&h@ ﬁl‘eﬁdre&ﬂ:nt
as to optimze the accuracy of neasure whi | e
whiterininimizing dpcoaiont 6o ther $1bj%k éﬁbb? éﬁ‘t exanplf |t g H’Pasuwmem

lo&HBIRAE be %P o RARH o7 TN bubjdcQ QR LR thabufh ﬁncﬁthet\}b@a} cords,
nostri the subject, between the cuff and the

aboectht veat deds (£, W@rqﬂhmmﬁb@woe beleny cul agd adjgient thereto.
W@é{&ﬁqﬁé X{%r)l cﬂ%%;ﬁl% yﬁ? la&%&‘éfcgnv%ﬂgn@l@baéﬁz%ﬁfeni 1b&kiehPto the

€ nost r| or oropharynx are nore conveni ent

. opamtzs and petiEnt, | pecfatrhiog het eashiing wie et F iameprp atefeared from

R e b S

Fom e st andpol nt measur enent
ac C lﬂYﬂE yh@laa:lm@ﬂaidy:atl& medsigts btaiped deapethofecontinues to step

3o S3HRE ST B SRS S RE b AR o

théregeasire uscoonimtced pmfbﬂnediambphmutl off the egressuieinventioh the
f h f 0odi

onfinat a7 BERSp o e GRU TS S B o S P PR oy

m&MERGUS! B BT @@l;el Wha hptasewl, d eve0,. CIartheabxsfenbé embattitent in
periodically athl ng anbi ent %ﬁéh d.éf%adl

wiighy énee%ureréerﬁs { enspe Oy UK MFURFE é’&f 8%66‘(1. ¥

mez&am@hs mﬁm}e&mrﬂa&dwnhrmé@emmpqmi ORESIUE Rvell e

performed, the l'evel of each 25 neas

u
pr efTé‘Peﬂb’fﬂylab sivpfais eefigpbly the paxisenl t‘{‘?v\?]eoég‘f’ Igppctive measure
whislf & ﬁ(ﬁ&ﬁwb ?d’@ llegl?hﬁ‘y RRLdrTRlediBYLdf sh&retng fiRpdbbYe thBQuff

maxi nal | evel he respectlve nmeasur e
into the lung. Thus, the optimal level enacts a leakage identification threshold. As

jong 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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which is indicative to a negligibly Iow or no | eakage
of secretions fromabove the cuff into the |ung.
Thus, the optinmal |evel enacts a | eakage
identification threshold. As 1long as the |evel of
t he sure is below the threshold, the | '
‘Wog%ﬂggﬁg%ed 30 negligible (or nonexistent) an E?ﬂgﬁmym
airway is considered properly sealed. The threshold
IS typlcally a | ower bound, so that secretions

[ [ n of

secﬁ glfagg ﬁ%%?’ét{f ag?heta L 8£tf}?§aosfjutﬁeg %} %mn VC[t {il]lg l&/lé{ I)f the
nm&hﬁﬁsbab&ﬂmtﬂhﬂﬁﬂmatlver, t he threshold can be

def i ned as . an upper bound in i.ch case so that -

S OOTRGRSTSbfsesteE oyshar Do 5 fon SR FBret Plustgine
tlns! fevbld @éﬂlésf bl@eﬁ‘ts agrabﬁlse o} @srafulae nobadinddhigy emf)fnca‘lhﬁmemlaﬁnons

evel sure is, below the thre ? E@

and«&m ﬂmqeﬂ?aéfcelcéh%na oV SF APl b FRPRly PREHIEY

invltbest ad ﬂr&eﬂeih%rﬂibﬂ 8t whilkdundl eNgliheré abh @Skah@T detretions
graphs or fornul ae obtained by enpi.rical

whetb thsi Rasiiah presese of Cohds avelliabewt %’f’.%rafﬂl aiesphetic; s partial

pregs‘afe (ﬁ&ﬁﬁﬁ'o@% loR abot 82k BN Em R f or med by the inventor
t resent invention it was found that there is _ a

| ealzlagelrofﬁ:e sabedinieshin wWhishrthe keakagarindicating msgays & ptial
pre$&ke bﬁcb%' 151 Eﬁ%gl {08 ny'p ?é'féraﬁ @ﬁﬂhﬁ%' wh&PP Raf pdrdkl

pressure”’( 03 % ¢ abou

, preé'dutcswhmh ISt -'ﬂzeveﬂbcmnmmﬁ 1CQz rpasiial pigssupPe Pror Pref can bg‘gﬂOWﬁ in

k |
adv a% Oée op qaﬂ?ré\r}a%?c%%rg)l SO§p?@ e:t Fl%tﬁraﬁl)g c%&ﬁl%s HIF:%U&E
dumigethe efécuﬁoraprp@adtueahs fupthersdstrailed \hbnemhbm@ m«vtmgtﬂyeﬁl’ the
anbient. CO2 parti res Prer. Prer. can be
PomHveI IR £ odteb P PHESRAEGHAPPOl SPECIRE A B, 1ore
prefBRdty MSwedresralfudl ab DBmPBASHEE (prefdtblyNBweh @r equal about
executi on procedure as further detail ed herelnabove

1 npaHgt evp mpreamrefanebly dowar ¢r ! abqut drnpdis Fopeggmple,

asséﬁ’ml S lﬂfsﬁfta?rvéxlﬂ Ithdnoﬁé@rsté?ﬂaﬁg u@ho mreeépauﬁnﬁg pelnpémm
re e | ower or equa about

(to ghréf erdaey elgomérr-@crndémwg Ergivgers QAWA@) ardn@?r £89
Veﬁflgtio%]r SR dhed fOMRlcc gftab?ﬂﬁ Pap&ulge ﬁ)orﬂ agmt 14%) rExﬂng to about

assum n |ta ventilation rate
4ngmHgdamjrs asfewlsc ubine fhest Ogrmmiligitie gent panwdie, 1o

eref AP B 020t AU e B BB Rty rom

dmwmaébhnbﬂgnAMmmtOPnnahmbe from about 0.32 mm Hg to

abouyt ,pr fer y,, from about 0.32 mm
‘g%usgggﬂ?%gh%%ﬁn}r—%o%? rst afbllO dPabl'y from about
0 3PheMakiebetifdiadiiigt meaditre logn a&\oe Be th%aﬂfr@fcﬁ{eah‘ham CO,

f bout 0. 3 t
Corﬁéggflﬂl? 8 ﬁg thig e g@&?ﬁ? f}l E$g§ lflgcatlilé r%asqfﬁés pre er&ly a

pro!(f ﬁl&aﬂtﬁfﬁ 'ﬂ?ﬁjd GatdhNBe TRASHCorCRTe1 lfI0alage Bar BARMESRA. For
ot ner an
example, the leakage—mdlcatmg 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 COy 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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_25 concentretion. In this enbodi nent, the
| eakage-indicating neasure is preferably a proxy
nmeasure from which the presence or |evel of |eakage
can be inferred. For exanple, the |eakage-indicating
neasure can be a proxy neasure to CO2 concgnt [
WOGMTBE9hartial pressure. In this embodi men ’{]%!968&974
opti mal |l evel can be the |evel of the proxy neasur e
whi ch corresponds to the g tinal | evel of CO2
concentration or C02 3 artlal ure,. as further
oceBFaTF et REPBI ASORFE =B o SRRPPS Stz bl s

préf&ﬁbl?%ﬁ@d; Pe@Ba thet S pre@uid/aridnthid iraifing iil_egradually to the
nfl ation of the cuff is adj uste based on

doxihsmimsbievel Dieforopresiar HasGEm | rﬁ@ctwgargu%rwnrw fegebly

exBRtdqb T b2 @amﬁﬁreﬁb&%h bt stdpod ik eadtiagie opitonally and
secretion and WO 2007/ 023492 PCT/|1L20061000974 20

preferabiyrleprsdycloto SanetsUs8Pd3soci at ed danmges are
gengLal IltXrnE?é‘mca‘quZO%QcmaTP‘ke%uﬂl& pride@ins @b kip 49 ﬁ@ ilhystrated in

reducin pressure and than rarsrn
theypaaidal élrorwhacrts of FigurasSbicr denep dicpayien I/apt ShB%cﬁP%Flguw 3a)

thd ﬁlgtﬁgc!ttj Eoﬁltl%ﬁ&l{ HE(QQ?% H@% FHCh VHMNE: SE@RA tscids $hehaidnhot

execu ear pace of secretions. From step
thSevelof tlmetahi@ge-lmmatlogr alehgraendeeds thy erftispah bvel. If dhgpaptimal

levggtxs gﬁc&ieﬁ de pa T n— lﬁﬁjb%’ le;'aia eTﬁ?soﬂéetnefd@ gle\dearﬂnﬁ)e method

execu r step are
cohﬂlduﬂstorplbﬁeb itep STthm viaeh the inflatiovwrteane of te cAif guinersased so

R

lodgacked frgsl3zieciteless withdh ehangingnint mﬂathm presvet (ogure 3k}, or

| eakage- i dlca sure excee t 0
prooged Hatep A E e ey TRy O o prER T B UL BefBl g so).
Frb;ﬁ akpage h@&n&e&npﬂe&mty lfob@ﬂ)aahtb 3 namtstepds. dﬂm tilvange
to process

ofghe Friaagnn o ERe seon ot spBbr Gl BB ifon

pr&8@t ithe cliff. ARE iRkioh Béedurd B tROdufeoea de dedsastdas 1oRg fxoitle
can either |oop back to steg%ss or step 35 w thout
leakReggig SHECERYY lomt arbp s orledkakt e (Figure 3b), or

pr 0%@9 tﬁeom%g@oﬁt?r@ prdfertRin®bailbf: prévidedtal (RizedPIod SokiteI on
of the cuff decreased (Figure 3c). 15 Froms

thaindlaoreohae Kol spaebr@r éﬁar@ger% Spsetivge ke lflw@'@%owhﬁrrmaﬂy
prs’g\ﬁg | g%{ﬁﬁa;- Bfini ssufg orf BR LRRQJI ARAtcoftol FhAMERs an

t It a Ioms further optim zation of the
efficiérlt dwéathing prsistange do ithe subisciowith mimimal gl iy fyng rinfections or

In@%ﬁé;g&gdggn%gﬁlc eh“& D.hg decreased as | ong as the

age 1s s ntly 'ow or there is no | eakage.
ThuﬁhehhﬁmdemhudsprBhe present enbodi nent provides a
closed ont r ol Sk §o
. ﬁ& t do ecif(aka —1@%%%[(1% E}SEI% SCE\IF éé mtyl q%gntﬁg thB& ] Hﬂfl s'in
coﬁwbﬁémnﬁltlﬁlléakagqa roéVRMeadns\Mpﬁdn (alfmcnlthfallurigc aIFolIowmg are

th h trol
rep R Bl ool Pl g asariene i eRr el ot NERED
vafTbw¥ d¥8inplatsémbaditheigof thé Betitoas or

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; apalyzer), which can be located in or
communicate with a measuring location, either between the cuff and the vocal cords,

preferably close o the cuff, or at another location, such as, but not limited to, above
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pressure rel ated damage to the airway's wall. The
nmet hod ends at step 38. 25 As stated, the

| eakage-i ndi cati ng measure can be any quantity whose
level is in correlation with | eakage of secretions

wog&zﬁﬁcg@f O;o the lungs. Followi ng are repﬁceﬁﬁ%o%(g%ﬁ

| eakage- i ndi cating measures whi can
nmeasured, in various exenplary enbodi nents of the
invention, Hence, in one qnbodinent t he measure

conpri ses concentration e
the Hogs Ifggg;&c%l?ﬁ orophArghxX Oéraf (t)hren%o 13 9 %r E‘J(f" 668&%1%&% s the
optﬁﬁm @%dtatﬁ:ﬂﬁ:h@hle@eﬂ (lepladigk |1r&:|nt1ﬁasae:ss ﬂn*eshﬂﬂ}a&mrben@ ted, 6 £0;

e ocat
pm'e@rmmwr@ a\t%m %036 ﬁﬁ%@ﬁ‘mﬂbe% esiﬁgbﬂfesszgﬁ ﬁee‘% Bop abaw
0.3% Bfn Hgfté aboifl 4tk Y C dlior€ Spediic vapeefop Itt&higtmﬁxl pedetbimined

t he cuf or at_ anaqther | ocat|
level gt e defiend biEL B 1o 1oeR9PS GoSEn s oS HTIon B fartil
predslrd BEedQeal cords (e.g., the oropharynx) or at the
nostril. For CO2 concentration,

h opti mal
pr elefersnos in agw|reads to Fiave£ge> i ichiShow i pasial CO, pressure,
de&o&fdﬁ‘m‘ Q)d.ﬁ&&n*?ﬁeasﬁ&g%%% PG ardadablh Rhesh BREH B

I's above the anbient CO2 partial pressure

rep(eeerg paﬁfat Qﬂzaﬁ@ﬂam &Ia@gl’fmﬁﬁ—ldlffe@ﬂh!f@]&tlg Avptlipgstersyp e
parﬁﬁ)leég p& %’\ écp bf ﬁ{éeluﬁgs[ isnﬁ’%lcﬁ[ye%hﬁﬁﬂ H%d(ni; al RYEL
can ef1 ne Oog

ased on t ati'on at whi ch
pere@nCelniterthe mohemrpapml CQalprespire e e 0i26-GEamo Iéa As shown

in F‘gixr{% r‘&)n o ARV OB g)?esgl.ge l‘(%)g (?@%' C@dlj@&re% foehtiohl QWnk R

pressur di fferent
patmsastmgl fivgn Ittma:afﬁ adsndifbet §el aminmh ehvirasihenti(peingtipn of the

4b t
st R e Sl BB RGeS
andohe txﬁ&lﬁ:ﬁlswﬂﬁ tiexgeadizl d?(@t ﬂierp&:slszum gsm ﬁ'omwbpmt&}f)l Iymfﬂll, at@he

lunﬁa@:?%%t %&mgfge al El}/e of ?%d(e %‘f‘% %ggsoﬁwﬁt long the

subERiM) thel pleskirg drdbs4tbm hllitﬁx[ 2 nan Egdickrfthe arff tqprbess Lmen He at
drops het en di feren | ocat i ns al.on

thegpo PP‘H@’ va aré'mi,f &, PIgSaIs, ﬁg‘{hef &)eth%%blgﬁtip?essure.
envirh@nHBed the &ﬁeafsn!lmfgt loGdtioafis hthie thel (ﬁﬁk(bﬂgvetm ¢he cuff and the

| unet | eak te | eaki ng duct
voqrbP4HR bR eRlER P eEamFA ksl b BB Ak g T o Shgu
4 mﬁﬁ&igh Ahd & thé Hﬁaﬁﬁiﬁg %Haﬁorﬁﬁ&ﬁ& m‘erv@aaz ab@ylor 4Qhemas the

at t lung to abo 03| Sld {
optimpal neegetermivgd feyel ‘Faﬁéﬁ froaul e‘wg't Pﬁ% o %@Bgﬁ) ﬂﬁf‘é values

%%H{el% Q{gps from about 2 nun Hg near the cuff to
a""f—f@ Rme at the vocal cords; within the

phairymmeammm ef artial drQparepaire Feprefegrblsh geriprpied ising 2

oAy Tl 050, WG IE T4, DS s

dettitreofdiht ipreaént pnéa@éumnm mmdmhee\aehlgh:@ms:b@tsf E@msab?guhavmg a

narro'.§ dynéjtixﬂc ra gntﬁbo%w-senmthty CO; sensor having a wide dynamic

range. For esample, 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 mm¥g 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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4 mm Hg, and when the neasuring | ocation above the
vocal cords or at the nostril the optinmal

predet ernmi ned | evel can be from about 0.32 to about 1
mat Hg. Qther values are also contenplated . | The

nt of partial CO2 pressure is pref@ipbo¥eonsrs
Wogg"r%f"g;‘%g using a 25 neasuring device having a w de

dynam c range. More preferably the measuring device
of the present enbodi mentg conbines a

hi an an%ﬁ)[%hé Malo¥erEPRe &%@coh%méagca]sn&@agtmlgg/nﬂmaﬁve -

OW- sensitivit sensor havi ng a w de
of dt;ah@m wear therngé, outdde @mﬁémeach@qh duls; ghhesaspusitieal\daga, cancee
co]i C{c}%ﬁfg‘ﬁg%}} ?poﬁ]\étecaf )fn%%g % Hé/‘}ltt&‘y wﬁfch%{ 0@91‘09&1 %['Qaﬁﬁl@
abdn@v\mﬁlﬁﬂsbelde itfiey \EORA}BCenS emsf,ber Tesking Hadte. a&cg@ﬁgalt nggspjng

deyfﬁcﬁ spgéfatlwqu 1% and. Andya anc?{& Gre" 5‘\?{? irPthe 3RQHE fé’un& Oe 2.,

Heasur ene rmed above t
in \(NS.aPate® NIS. mssgﬁsg 158904881 6,168, setshé 201, A3frpd 63&@&4?@%6

th 0-1
coP R OENEh PG ERL ARy RARIBE T Gher (e g. . 0,01

Ho) Thi¥DiZQas idéat&wfe {Bfdtion 20 8 G/akiDg Glitet usxﬁ@ adqus@abddv@e is

nmbodi t,
gl TR SLRE B ape G Thi Flloyt B e
aIthl%l cﬁﬁﬂi@gﬁ@ﬁ@&ﬁﬁnaﬁ fehie iheTihﬁoﬁﬁ@ Wedsbic aDuﬁi@dme fbmathlng cycle,
collected using an acoust i asurin Vi ce iC
the:2ip p@ésumyrtbmé bpngs i§c é@géﬁﬁﬁagﬁe C@B ove gﬁdﬁ‘?ﬂé‘f‘]“%é}m&w the
bré¥in %éhx%h&@%@& the Qirl figsh@ 3K iR Juithy Ghd a PREJISS dir@ﬁ lof about

nmeasur | ng devi ces suitable to be infroduce

20trhvie Her A OhChelraen oSS Ao d bfsguRgure g‘fﬂ}y feSulis i
alrzl geffﬁg%%n %0% the's @b%%téé-ﬁrro@hgtﬁg 1ediB88g dfiet1@h BRGxit from

383 the contents of which are
dupiethe bayr cxp@(yISpwmﬂatﬂ@d vcﬁymp o dhe sighglotiys, o Thip |e|xpztn§10f1 gontinues

tion of a |eaking duct using
thmg IhX gnef{/ﬂcéza attributed to the

u nl d‘ he ﬁmgnMa lof theaair fétfw dirpughrihe degh veries fpnrgero fwlen the air
pr%:slnrlrg lil? }é\fgtlun (ﬁﬂ dihe ar{ﬂ%xgnt agxﬁ%%ﬁ&'eﬂd%tméﬁnal value (when the air

rom OW ng reason. During the
prl‘maatdﬂ itrglungsab ma\tum ag.r alprub 28 ome Hejabenerpmitient [aifiyessyrs)-

i nded PerOR S Bl heptids bty NBLAIH 134 8880 dbbie

25888 The ai T pressure I n
| UN@Sguadid Sa&b pare sscligraatilr dplsmétxcab otlft the 2100a1mn Hy & alggnsppai

bet ween the lu sandthe su r
g S8 PR ) SR ey 5 PR Hfiion.
S}ﬁ)%% Pldukessd 8 EQﬂgﬂiéatEhSEad a&i@tm@leduaﬂe smsnmecbwummﬁnadwa

5 duct_the air expantg

ith t f.th
St S T Swhauge Forrab il atBe ST Rtk Mispal vyl of
trdcﬁaﬁlsﬁ NOA&SER] A Odbvidd 088 @fefdriify @bipfided\d HOWRRHGHN

duct varies from zero (when the rfgssure in d
seﬂm M%ﬁg%angmg@@l saneor Iy §ﬁ1@sog M1 ﬂp%@'g ﬁeé‘f pseasing soun

WA i B8 | ke M BBink RBac@l fapart from each other, the acoustical data
collecied 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
M2), as further explained hereinunder. The difference in acoustical data can be vsed
to improve the sensitivity of device 58, as further detailed hereinbelow with reference

to Figure 5b.
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pressure in the lungs is maximal, e.g., about 20 mm
Hg above anbient air pressure). 20 The nmaxi mal
magni tude of flow depends on the cross-sectional area
of the duct. Figures 5a-b are schematic
wol bdMsibat i ons of the location of an acousti,@fy}hﬂ,m(g‘;m0{,974
neasuring device 58, according to a preferred
enbodi ment of the present invention. Shown in Figure
5a is a trachea 56, an engptracheal tube 54
pos 0
Dot wrieh Mg tehpheteld tfiors iy 300V, BUL G duB LRy
flomadlirectén @6 inragcdrdancs vithAbe wstitkoan MBIGF efifest, by pesaisBgl
fer I I
s episd By SRR S S Bl M) B RER3 nep BRa gl
serssedh by pegpserddhd Thm\deﬁmn Memlqugmr ddfesmne b@weengthe pepeidtal

s atnen! QoMo 8P B4 T P Bre e oy S Sy B

andlirf & SKeeRdquilyalchsta tyl M9, a Hak&Rldad Be (dptifa) WHe AL B8 higher
respect to sensor M and incomng wth respect to

ﬂaasweazi:@e? 20 fiz\ps reprgseniative érfaréséwé.l%%geh@ﬁ@rfwamtw Dﬂﬁélef

eﬁgﬁ i §LENGEFibedcoust i cal data can be used to inprove
e sensitivity of device 58, as further detailed

her dinrdditione] wiethed: fer isentifying leabagei i hrsed Bp thafmveling time of
} : 296K 23 Wen | eakage exists
th%%tgégélgﬁﬁglgﬁrgg%gn ag , due to the different
r eI aﬁn vaming |cuty of i the duigsntheaugh ithe deakive ddust aceplarates b the
c C S I
i uence o?lgw%agﬁgegirn ?\;n & tfh% Egﬁls@c é%’rﬁ% 'algﬁ%sy tac%-?f%g rM%j at a
vetomty ke vadadilis thea:haffersmcg:ﬂmtwees dms‘@tbcby ofsnsd . MboulT40ay/s),

ond s et (e f FRMFE kAR m2na Ve by Ar = 2.1,

where f, is the frequencyv!segse;g by M and f2 IS(HQ’]&)
fre uency sense a | eakage can be identified
henpeopssicrHggR %m%fgﬁe%b 3@ velpoion Vi & gyé et of
v, %@ 9l e of | eakage identification by Doppler effect
is shown in Figure 5c. An additional nmethod for
identifying | eakage i s bas&datAtt he traveling ti nEQR)
10
iR S R T AL S R
M%\me;eieemtai ésarisiw?zt tespeciingly.u&he raafing hmes pf @sgmtgth: ﬁlgttfﬂéo
Th Sstic arkl v
M& Hliuglgﬂtai %1616%81%’1} Chd;?vég{l(ﬁ} OJ IFV% i ﬁ(%xgre e?ﬁghé% Ilgill%\%lg, or
thevpirmse b@mmph:s@umob,ndva aealxouited 3@4@3 entigl), and the
velocity of the air flowng iin the |eaking duct, 3
15 Vi=Va-VL (EQ 1) The aCou$tiT signal arrives t )
Sengpd difRreate M MeltRodling, tinved. is Whhdakurhtde i NDedotiny @his

and VL:
difference by At one obtains from Equations 1-3:

At = dlvg — v) ~ di(va + v1), (EQ. 4)

E!

or
At =2 d v j(ve—vr) (va +v) & 2 d vy (EQ. 5)
where in the last step, the square of the v, was neglected compared to the square of the
Vo
As can be understood from Equation 5 above, knowing the value of At, d and

va, the value of v, hence also the presence of leakage, can be identified. Thus,
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V2 = Va + VL. (EQ.' 2) The di stances between the
source of the acoustical signal and sensors M and
20 M2 are denoted d, and d2, respectively. The
traveling tinmes of the acoustic signal to M and M
are, therefore, tj dl/vl and t2 = d2/v2,

wozgfgﬁ%@?g vely. In the foll ow ng, for the puUrp&ZRegpeT

sinmplicity, dl1 and d2 are assuned to be equal,

dl=d2=d. (EQ 3) The diff ence in the traveling

tines is_a neasurable i.. Depoting this 2
BTG e BYSoAYY GHECBEE & gﬁ%\%&ﬁ)ﬂ%ﬁ o ths” gase-
in@edive meaMled is 11ﬁlchr}~é@dh0}{|49'1th {heQelodity, xﬁlr IAtthis e?nﬂﬂ)ditﬁdn(,\tﬁe

- VL Va + VL) a 2 VL/VaZI& ? wgere | 3em/
optigna} lewql gpsforaltlcartpgpands By Yohest S R R

COMAgkE eﬁeésﬁr&%ﬁt dfURbEsHRA Ll 1539rei%?able%eﬁaﬁhé@e such that

understood from Equati on 5 above, know n% t he val u

bagkgrmnd ngisa rcfiltoyas) out.nEhe backerowsd nojse caa Hickide pld acq"ﬁféca?data

RS S 0B 67N 95 ol TR W

ofpﬁhc'el@emrbgndpm@ﬁ dy geagratedthy dhanspathisg maplking. ey the exhiglation
ste{gg o ﬁ’%qnach{};g ( ﬁtﬂgx s@%‘f kil slug_] g&tﬁeﬁé)ﬂév@ kPl BRG%h tVJilllCh is

e vel oc opt i mal
oplpeszeno niieeﬁredlmbﬂlgnab ﬂpwethmgtd thetleakingudsict c'i"hly ippechysgrihe air

B}“g%“o u‘s?&%eeﬁléga‘?ﬁ&n@u %? e‘fng{’ S%?“;‘/rﬁ‘%e’ E%o rme S&%Etgﬁﬁ%cmal fube

to the kgpa uidtnaai sfethe Srathdat eDemg)tlTe inffdkeiob astdegg rad Uthel machine
(AR RS STREH Hh I e Re ety TREShE pEgrowmd
nofifaes &lﬁ?ktgn%dcﬂyﬁkwg%? belhﬁﬂfloﬂ rr(laﬁ@rrh@ﬁ’ipgismumtib axpusidni aﬂd vise
veBiphaaeroie Tovhectsh Phdefingrion B ReFiey , 1B differgpe

bet@n Shelfuciohal d'&;b'@déﬂc@y\bif tﬁe @e@hufﬁﬁ&ﬂdimlg@hh@ theipsessure in the
Qpposite to the unidirectional, Hwough t he
leglgnadushduring the brgatlung evolfis shpva 1 ‘f‘ égué‘? 10 expands,

bet vyae rﬁl&n@%]s%é bmrddae rolB @8n bé BEB ﬁyr@e&cmwaﬁalwmfeme
of endotr eal tube to the larg eg@dlamet r of the

cofleciechangustioph daiy  Crreralivh Araticeh I shrradsrized) erﬁeaﬁ?ws of

fed aBakeatsion 'P{z%%%uioﬁd()r[@z i:‘dﬁ’]lﬁclﬁéntlﬁeﬂ‘%s Frdxyl ® the leakage.
conpressed again. Thus, the background noise is

Otbpraacqetieslidetacrap e @éﬁ@mmeét%ﬂybr%hw%fahw digpgders, hoarseness
anﬁolﬂgﬁcﬁﬁ of %ﬁ&l@sh %Pg% A0 RAE Mh SBngsV e h@tﬁauglw&roﬁﬁﬁ:af h@ca

rou% aki ng duct 1s unidirectional.
asgficatedr evithe biegthingt vipemertlyh énclugdeg t lown élleqldféﬁiéﬁ dérlews 3@@ HZ),

o TR 03 0 82 TP e
60Pi guir €2®dHz), 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 fow
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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The filtering of the background noise can be done by

spectral analysis of the «collected acoustical data.

General ly, acoustical data characterized by

frequencies of from about 1200 Hz to about 2500 Hz,

can be identified as proxy to the |eakage.,
WOYE(PétPtal data can be associated with breé%%lgha&hym

berating di sorders, hoarseness and notion of

nmuscl es, such as t he hear . and Iungs Al t hough

oo e SeteIaE @5 irtatisi e e’ Stipres

présﬁﬁr@ 468 CHeis GnditAFE @ Gluts fi§ b el ueka caﬂa,uam 608 rdchidal arve.
hi gh frequenci es ébetmeen 600 and 1200 Hz), nost of
Prespde Bta SAeicasyied B3/og PSS B U 8®60- 600 Hz. 25
Ac 8 Flﬁghk& Fh-1oat ScHRTSAE iIRkRstions bhthTldvwost A (Fifiee boauntl the
an ungs

t ||
DA SFiEUR) Cipabiis dReheh e PR & e peaien
prélO@t M8 tgQ!hﬁng tnéRhaRdHo sﬁ?@i&%bbﬁt@S@QQ@H@}whﬂEH,&xs stated,

Identification of acoustical data to be excluﬁ n
is abposib 20 ewpHe pbevieetlic pRbicplaressIig e Aurdlawng Brugh the 1@%““2
(:1u§lgen“@;l P’E E‘% tﬁg g‘?ﬁl‘iﬁt@éﬂ fTRASHY ARBMSHELR rBRh IR SRS the

ar fromthe 1eaking duct so as to
su@bﬂtlméleaﬂbem ds g flvoy bpsomenleminahe backgr ound

noi %%u%_, S%:g&‘mnp %hb tpr ecp %8%%%&6{76?\8()? QhJ li)%rﬁl aﬁl@entmn the

col I'ec nea e cu i 23492
prE36iTe lit BROMFE00 IFel pre2find memmag deaatiom withianthe gubeigitis. The

i.ndi atln ] (=
o SRR LG L8 SRR TR P PSR i
Theuis pdeuendgl nabh gadssire geasurigdesatior ddatase angodeng to the
. mgasured using a pressure nmeasuring device. Figures

9BA8 are schematic illustrations of the flow of air
(Figure 6a) and the gp#@5§uPQ@ﬂﬁigure 6b), in t{E&).6)

trachea.o tsjde the endotrac The st agpat,i o
A B W YrREme s a P PR dertafust G B¢ 2307 e
su@%@tﬁb) 78R tk[HHni‘tEent phkgife, 435 thé alosdsectidnal a&aomﬂthe?ﬁamng gt
ssure. The air fl ow

ove the amhi ent
(of e i 16 oRGTRRES) B dr & o Sspgiontier@ o IRk At e
prés@WmeBurihP ochiigie the air reach the end of the
subgl ottis (near the vacal cord becones

) the flow
| amifc TePIRgenfiYE ugKEER P ARPiEo W 3% ther dipmpeler i diafsatis

abeﬁt S8 RGL IR Thod WARLEOST thd EnddMaEREUNRL isSabiBEBY S8k ahd
t he pressure measuring location within the

the gtags etctipral amiaeof thedgakiegm dnef ipabpdr 1B ey if fiom about
(?ﬁamaalbo&of ﬁﬁﬁlﬁ"h s, tEor@ink fib %V‘brbférré@ @&B@cﬂ&bﬂ' dfhe present

nar e alr pressure Psd he pressure
inyvestion thie poeshuwse atchsning é@we%u%fbala@té@?red |bﬁg dygampiggange of about

&ﬁﬁM?hkg%t$ﬁﬂ&§PE§%énnanlégprggégfg/ﬁZLr gﬁg Iggking
ductMipaturd hengiiter praseurt hmeasuring devices are known in the art.
Representative example of suitable pressure measuring devices include the pressure
sensors of Nexense™, Israel, described, e.g., in US. 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 W0O2005/076727, and U.S.
Patent Application Nos, 20050027206, 20040207409, 20040104733, and
20020105340, the contents of which are hereby incorporated by reference.
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subglottis), P. is the anbient pressure, Ad is the

cross sectional area of the | eaking duct (on the

entry to the subglottis) and A5 is the cross

sectional area of the subglottis at the pressure

g location. 20 As a representativ &qﬁg{

wo&ﬁ%ﬁ%{ezgp when t he di aneter of |tohe tracheaell)s aﬂgfﬁ&bm

15-30 mm the inner dianeter of the endotracheal duct

is about 7- 8 5 mm and thg cross sectional area of

t he_ | eak 0 2 .Psd is fr
b o S sdGhett Srogind lea*\a%fc?%?fw g chAEHAD My
da@ﬂ&bﬁ@hﬁmmw@f)f fliid flomesanthe ciff\wetide@nddtiehdal ebeuFiew data

nmeasuri ng, devi ce, i s _char.act.er.i zed .b c
cary P SRS PR3 TR UEAG SPES P 8 SO TEE P A
mcbubin@tdévRe $LPSTckdbIEl0RAES Bedr ahdredld wiihitgthd eubglets, amsh that
known in the art. Re&ggsen[ ive eXﬂrrp e of sui g
wiep @gfipvs fiemdeg Wﬁés thenet die fepkaeg dact i Ve gemLne oNice
mSERSOhS 166, Mexsa fkﬁé[aﬁl embdamednt Rt pRsd@it invedtion the

U S. Patent Nos. 278 an 6, 856, 14& w/s and
flophmepsHEDE dREre Fsu?haf"&ﬂliz‘éﬂwb% YR OTRES Y gboud3 m/s an

. 6 0 1Y\, 03/ O 726228;
TS M UM OO o

mabpfakiucalt hyoNeoss ™, Jgoel0 ol daeibed Go Agogiementioned patents and
aéOthAfOI’LcaAtlgss and 20020105340, the contents of which

PSP EPRAFEBY™ i ncor porated by reference. WD 2007/ 023492
PCTiVRAD&{oER0 emlodi@6nt] the deakagteinticatingl mensiyo dpmerites optiral

N
In an@l einbodimest, the uﬁ@surﬁigoduvﬁtatcampnm doe orrEasunEdhiurs icargeras

oo s gt B v i sPiLan By ko I TR R e

plé’ibxﬁblbznvﬂi&lﬁ ired¢bg | Whith $an SbH(Hiialtybsﬁi tcb 1dﬁhnflﬁ laaklagé lobwscretions

fromthelu s th h the
B o SRS I T o NARE SaPER D ogp be
m&ﬁ@fd%r&ctnemmamm& aff kidoh@ iR Iﬂ&ﬁ@Q {seb, e MedBadghieournal,

fl ow neasuring device is characteri n

M?@hé@dfﬂ&%‘ﬁ?’%% ﬂ}?f'gadgﬁ‘c?m\/%%‘alfﬁ{%ﬁgﬂ"%@ﬁfe%‘f E‘f&’ %
M nigat Wteaﬁﬁlfk%' LhvSdihbaw tﬂ@aﬁhl{dgﬁ-ﬁhcﬁ@ﬁhg? SRR comprises
manuf act ur ed éﬁl\lexense | srael, and descri be

dzﬁfm@wafo@m@ ihplsA ead pealadiair vhemes Resyieg pugh the ehdotradheal

DEA aal e §§d1mleﬁk itd IleaRRRLRE Car BE QRIHBIY . at (the inlet of the
eakage- i ndi cati hg measure comprises optical data

br@éun@maﬁdmec althevamopnt qfiehaled sad sxhaledairstofuspsis regrded pd the

dti:?#gr(ceqy rgﬁegv@eeﬁgg 8&11’:@&9&3'33&&&% thid dirtBhce, BENQGLABRNbA of
asuring device conprises one or more mniature

leakagreis ashieledcat ed bel ow t he cuff, between the cuff and
the,lu The C .

vi dd @i r}g er ernbgﬁiﬂﬁl K H?g%en%%&lég Eré 1%9% i}eg&x?%g{]ﬁ%rgé@@:é&wal

chiareakmms of flsié abetd the suff 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 elecirically 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 Jevels.
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through the | eaking duct in the direction of the

| ungs. Mature caneras which can be nobunted on an
endotracheal tube are known in the art, (see, e.g.,
MedGadget Journal, March 2005 issue,

w. medgadget . cont ar chi ves/ 2005/ 0 |
quﬁ&ﬁf%éﬁ yet anot her enbodi nent, the i il
| eakage-i ndi cati ng measure conprises 20 difference

bet ween inhal ed and exhal efd air vol umes passing

0 RUEILEDS, ERI9LR NG hured HOEwhdh LI RO of o

neasur enent can erf orne at the in
mdﬂwdatlhahh@mtrﬂneihnmsub'ﬁqe irgprofgrred ehbodihentei vwrich &g heakagy is

ldetnhﬁecy ering addEk Sdt%qhetaﬁg)e&g difference

erepetweén 9's ca cuI ased on this difference,
t heTh@Imathoﬁ |begt1s etmtcp‘ 370 mellcagiénies tagtisdlenid 3255 \dascaibed

h & e fngg °83| a&so ongmlz%a% hle %% LG fsQ%om%gs 968633 as

ISe aracterlstlcs 0] ove
destchBed: hefeiratibwel delten dﬂ’idrﬁb hedioning bﬂep lcan thei performed in an
di nen

d ab th f i
B R R A
steps HesCitreidebeltsy. Cbbré bpdaHRalNE Stepl38adan ibe @lifymedrid ucbhtiious

at high tenperatures. The | ectr.ica co Vi
mafipgSodiEmpeiahenusly Wilhg peqrenial execirion ﬁg’éﬁﬁt’? SLTT
de@hb@@el&ﬂ abeKRtivAE, K4 13 calORAKENE Wiendved RS mem&ﬂ loops

enbodi ment _of the present invention a |eakage is

bagkfeam pEP 87 -whenever the el ectrical conductivity of

t heThd meaA\e8nidies (it 3%&6@&% AbrQBlihdBds dn8\oRb or M¥se
opti mal | evel can correspond to the aforenentioned

tdqaaﬁ%hl%w ditoyes greedadiveted |ﬂ@mhsthe v@%@mﬂkﬁz@m 9Phe breathing gas
ca e AA?L@%@AQ Q&gt?ﬁl%al ddneded ﬁﬁs‘ﬁg{ebﬁ 3% M&tioﬁal breathing

Fi gures 7a-c re flowchart diagranms of
or geestheela gurchisll enchrisubatt batdinsitedutej eict filtdred pir ,e¢1@wh@balr a

miffIROGH HEDLS dofl G LG, tﬁ;ala‘%egé bl R | rh e fiable

ivering additives tot ect. The net
additivy in prefitralgly apfl@d Goran@. g«}@asﬂonm@gni wmdst epde3ithamdxg@hwith

theFieMGSE ééskiﬁ‘g{ ﬁo Pthf %%l%e?f?rqygm h-gl'h%h@éc{?cgg %gg"fegérﬁ Qontainer.

cont'i nu suctioni n €
Bethgsiesi gllmeldo Ieeteetmaiwdy of thElvebjep) the ndehtiBabdd adsiiviegs prefepably
intermttent, continuous or

Ofg’gﬁ{)‘éw Oreu%mr‘rﬁarr%f'?'e?on\mmf'ﬁ any of t he ot her met hod
st ehe wlaésrenyl dfeiee duidltivesis plofeeabbyppeeiobmeddd as,to sliepthdAddidne
conti nuous nner ..
to S s0IEA R btsrBieti 1 REch eIt cvelecaldivg dempants pass
thlsdgﬂmﬁe Rifgs 317d7 t6Hethdy Hith Aife tRLELE6%IHD QEstdelr®V¥kpelled from the

, t 33 b d wh th
g oy e P B - MFaRE s b Mo Be Ehvercdo a

locGiRSH AVOME Thel RS b&tRedy ﬂuelaﬁ\vém Gall anl 1R bIREhEA RN n this
one or nore identifiable additives are delivered

empetligeRintheirdditine eplbysatrantbe dungs when dhost s Ienking gius between

the cuff and the airway.

The delivery of the additive can be performed continuously throughout the
procediire 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 fo 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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can be any breathing gas typically delivered to

subj ects froma conventional breathing 15 or

anest hesi a machi ne, such as, but not limted to, air,

filtered air, enriched air, a mxture of air and one

or anesthetic agents, and the like. T,
“Kyﬁgﬂ$#$?able additive is preferably in fl{ﬁgnf%?ﬁgmw

(e.g., gaseous form) and it can be either m xed with

t he breathing gas prior tg the delivery or it can be

o MirePrehelBelble ThENe A BhEbARhea, R HERGD T

the&dlditivb \i(e bd: Sdepiifefbdy, adahyuld Zﬁveoﬁt lbasm:tmeasmtayleq:roperm rVéuch

efer .non .t ox The del i.very . of the additive
cabpeyn T Rg st s b n e tuibe R aifte batpk
theSHitvabnh e, |Tiﬁ§,3ﬂ1@fadﬂiﬁee ssJ bic€pinly Eburenmgomhee I@ﬁﬁﬁ:tnkﬂemgm

cycle, additive remna ass throu
Pfets%‘ﬁe*f‘ AEPITORRIR THOT OO G e, R‘“SF‘% B, %@1“?&% s
alr&[d?'}?rés@@c inl (k@S ildYmE kit B¢ pRFNADN dETBeRINE a sufficiently higher
ernatively, the addltlve can bg del i ver ed, t&ag‘ %h
comC@etaamOaﬁ%@@é%liw adeaifying e pd@iye bhis soncapigatien e
dlSﬁHQléhﬁi?g ﬁﬁﬂ&ﬁz" Sreie aliditivd&an Bd) fdrhixampRMReMidRAs, mblkeular
dditive only enters the |ungs when there is a
maS%aﬂnde ensc o biepige ether t dalingyfshablg, prensgtics; Apglydingrfptical,
fudbdeH i Qitha[lbfﬁ Pﬁ%gl:%-%éi Ve, QRS &eﬁfeﬁ{amy, the additive can
cont | nuousl out the procedure or
hayr gteifie rqﬁqcn@dmdr’qmnagn@@ pepertieewhich cméﬁewﬁr tot idantify the
@ﬁ %od | oops back to 30 step 33 or step 374, as
urther detailed hereinafter). In the enbodi ment in
whi hpredvetativid iet(a'zmﬁeSi of ddértifieble caddisives Iswitable ot opresent
uf f. n f h
em&g? imen ts IP%%J; dur X h FM tFo% 1&9 %%ﬁe% %ﬁgﬁ% %Ql?tﬁm l%rptoxtx Se.;
rachmiebtdipe\v,epra&rablyeloiveadmmmadbw@ptmith mfﬁtﬁleld:bcslmaé?@ﬁ’ lives

SRS RGN O

radigigbitbpev €8 g.are-t38)f dapltat addioBstope |(y.gs pkEaRin gqoldrext gases,

the additive e identifi.abl it shoul.d hav
s S rd B Pt e e Gikresiend afhtils et oo
mgkgamaganﬂmmmmﬁhe additive fromthe breathing gas or
oth mat er i

ro .. Thus, th .
addiThs gaopy 0% e Via'srél%h oo RN feienty
high @ 8RNl idRn@RAkHS ARR RhfficRnilP16vAR6l ak RO interfere with the
concentrations. Wien the additive is_ already esent

breathingRf thepubjesheressese damapg tordngtisshs. y Thecmapat eag byselgeted

in aetfoidaﬁbeemth Yud B AS e gul SRIH: BT thAlfelific SPpeASE dditRle! R¥. The
identifying the additive by its concentration |evel.

optinal amgfjust ihngdipsndsy: e @fférotf ydditive me theipeasutiag demcepebich
iddn@fieS 2! s Jl&?igbf tI@PI%F]e RhRAtkPhat FRRGved %ﬁftévie RiiGhe

or nore ot t1 nguf shabl'e ‘properties, includi ng
prasgitiepdbdimbits Thrube sisotelind watidanr aguradyi mfefrqm aipait 7 Set ™ (e g

vitispra el o ol (otio ool BBsrahEs T R o

beieatn be vehadt dfaddideatd fhy vbhlﬁle of inhaled air is preferably less than R,

where R is a pumber from about 7.5x10™ to about 0.001. Where the lower limit is
applicable to detection via mass spectromeiry

As used herein, "about” refers to +10 % (e.g., "about 7.5%10™" refers to the
range  6.75x107%-8.25x10"%,  while “"about 0.001" refers to the range
0.0009 - 0.0011). |
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additive. Representative exanples of identifiable

additives suitable for the present enbodinents

i ncl ude, w thout Iinitation, i nert gases such as

hel ium krypton, etc. 15 radi oi sotopes, preferably

ation rad|0|sotopes with sufficien

“Kt§w¢ﬁ?g%es (several seconds to several dayglwg%@ﬁhggml

technetium radi oi sotope (e.g., Tc-99), xenon

radi oi sotope (e.g., die-138), krypton radi oi sotope

(€. Ghe nf@tdntin®e ©'sRY 39886%hich e gdver ﬁbﬁéﬁd&ﬁiﬁab@éﬂ&itwe
col or ed (_i_ases and various fluorescent materia

is peatieedblle menitonngds pepimsi e Ga ke idvatle lpapse ofztéw Prditive
aﬁ'TPéJEﬂff Qwaaﬁﬂ dﬁé $O68l msc mg ﬁlnot%l dp pﬁ&ﬁféd i oRE F Sraflyskill

sel ected sufficientl Yy I to allow it
in theemt, itha dantifisatiomer sk ﬁqaléﬁtg@ﬁ'f Ry o ks &gn#mn qfcp leaking

dubm&%&{ 916"\4:th ahf8he BLGAY @Inmr Qfaitt %@umnﬁaﬁo Pl GRHaRy

danage to living tissue. anount can be sel ect
ac¢ompaicd byl seveadions past mfétommun@gul ations of the

SPegl Tafioly R&erfl d%%bdé&eifﬁ %f # ItI'IIe—:h "anexgcﬁag{ :E’lﬁée AR is

t hus depends on t tive
perfeasdrii ngubdarntiody mmtmh()tz;anmmenthwugh@t ithe, mtttbah'xmprbcndm

Ttk %ca% %g degee ?0? ex%l&%%%{a%u%?&egaegg d'f:ﬂl-tl%? \Tc’aguets 13 tﬁ"e le*?el of
thesa:kinwa.c !n thé efmbedimaitits itt whickhmdf¥'thah ¢ne .addifive i Idah\rmslsthrough

t t t 0.00 . Q. d
BRSPS HeRn et Bpre e
le\&ﬂ of mmeethmo ohmsdm@deu mr@ﬁrefefdb@} sl i delivged adfiveablly this

a

casg B} s D905 PaE OB P LI HONE R st of geighis
whidh 2Rl ic6@épénd, Ofcil ebRGIpIONtoV il NEL&BIeS B@eﬁfarcp MRELY of\Seach

used herein,, "about" {eef er. 0 10 % ( "about
mepsusEIpent §pa/or ifsreaprelation kepel wi @"’6’"‘?@%%‘&&?

8. 25Kd Qudndioriich® beapRimbd Ql@ﬁag &R\ 8 fuokd ntAQurin@ NBRices

0.0009 - 0.0011). WO 2007/ 023492 PCT/ | L_2_OO6/ 000974
suiteblerfos messwBg &6 rﬁlﬁhﬁalégh%p@p@t’@f oty thej aqddigfye ¢ f\qepgling to a
prét&Yedl enffodinli@: bOBR Piefsér@ BlventBRdhd in¥&Stiod & (hOSHIbREGE! 1ha8s

nDnltorlng is performed so as to identify | eakage of
acqompanigdityi e ingeiian pha copmpunicalien devies 808 fondyp dehich
comtutchies B@n Qiﬁ%oﬁ@&hﬁﬁ§ge\}%é(§?nqhgfcoﬁhg'cgﬁ'bé’ d&iﬁééeh e:«tleﬂally

the art, the i1dentification of such | eakage 1s
to ﬁreoeqdotlwhpaietubtb PYritt 4ap rbecgmbgedfiesak thg vEulidefcthe tﬁvétem@% further
dm%ﬁ&”&%&ﬁa Fd the airway's inner wall, which formation
I's typlca acconpani ed by secretlons past cuff to
th eThwwgmtorinlg ivperfoomed ahagnpiitariye mmwm is agkssitieto the

meas%:% ?ﬁ ic¢ %)F@eggvm nacgﬁgn Flévr:]cneg f’lrnt afzgtbs mp?aph%mbodm}ents
of thet inbattion ghpmonieatingels doild) b§ samphrkg&lxﬂdm@as bohiqdafiph ehe
mq%ég,rgl%)gt g)]canﬂongang dsé:ﬁ{fénensg tﬁe samp L t(t) Ithréeme\:/agtllrlilnegsdgwce ftor 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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lo the additive. In the enbodinents in which nore

than one additive is delivered through the

endotracheal tube, the nonitoring preferably

conpri ses neasurenents for nore the I|evel of nore

than one additive, nore preferably all the delivered
WOZ8H{%R349%s. In this case, all the measurest d&2006/000974

preferably weighted using a predeterm ned set of

wei ghts which may correspond, for exanple, to the

rel ati ve accuracy |evel o0 9each 15 neasur enent
meapEPBEnt; aegrecyrangd] anelyein TRy - e thpaddilisieds idgligred to a
lodaBiAK e HENGHRR infdPlthid BaioRRaBY BRWBE U] iIRGhONBE:0 br

_nore nmeasuring devices " suitable for nmeasuring the
in ghedr¢athng Wwiicn gf the eploimpghealtubgeanefd thevantifetor di ng to
a i ed, ebadimRAt eRbodifentPlESERT phBME Nilvertidn &h
insg¥$%g%%ogatﬁgﬁg%ﬁ§trgcﬁéél tuge S pacconpanie_d bye
meahgempge ptei penfoofiedaby ermemispentionrics 6y ingas @ealyger, which can
dyi ' G | Sanll 8 Wdnid t
pr 0 e el AT RUBLEREant dllndlie PS Mpresen
betvren elrdotways vedil andbeemslotracheglanbey dheealy del tenitify rpddiviee and
wal | of. the:tube, as,hither el-ai | eln
T Y L
helibnchrypisniabe masi dpbarohmtdr hen idmpifs presauge déthe eensrof tlivanert

comunj catd on device. | n vari.ous exenpl ar
898 AbBclf 1o ks epigpalfsy mesyirother SRRSERAtion dovels, Oghyr jgaseous
mAaTEs Oy aBabP ideAghidd usingSndsgaRcwomdterqui d) fromthe
nnnitoring I@ﬁqgion and delivering the sanRIe to hhg
meadtrdnACy SPPetimeRy e Apspayrementppig RpTmed By, 8 radiation
defFRithd QEViE) |0RALBAdISNS Bl pefep@d SwheaStht (adaifilvi: Mag esptdific
accuracy of the neasugen?nt ile nininuﬁLqﬁ .
rediptiegeRsEtest 5or gramplenphen the additivasqompripgsirpdipisqige (a8, Te-

99l KeALB oSS I)NhE WilkatioideRRetily ddvive load Qs rARGYE chiteeddyfthe
bet ween t hé endotracheal tube and 30 the walls of tq%e

radipisoiape ang theuesspest fudfor grneqriratiojegeltof ghe SsliRiRotmGen

betRER hCRMAS's bRl Gnd tRlend SRR QBB AV RN bARHrAlincBC AW can
cuff and adjacent thereto. Whereas the nostril or

beotdbistved Prxsamphngrdipiss demy ahiigwd) fetsthe pemtoring desafion gnd
de{iQerfn[%%@éaﬁlﬁﬁttQ ﬁ{ﬂ%ﬁ&tﬂ?ﬁde%@ﬁﬂg dReeformnng the

measuri ng near e cuff is nore preferred fromthe
st addpwidiiongfentiedinvnt BaaTeosBwben hewiditivops aotigpguishing
e A A -
R TR s SECAGH ROReAIRARlL e Bl bt ppicl
devine capabke of trivesuriog ite@pticay prapedy.i Bor esamplshdeition) préperty of
in the br

cuff. in the.,l ungs., o in al{ﬁ A t
nEkpreicn bEF ot Bpsuctl &SP BB oot B0 el
wHdc aasel itr@ptical deicefaarindadeentndditae rtmah ot heopicekbearteguide

i nvention th 5 neasurenments are or ned )
coufBE a5t B9 RUOHA s TR Spppheal fibe
ard NEAALH Other @gAar @td)ge.ghe MxaGadt t Jodrhalndiaadhu mdan C &sue,

of, the atons present. the ajrway's wall and
N BB BT T OIS SORT TRy roh N 1y adi t1 ve

and 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 neasure its level. For exanple, when the additive
conprises an inert gas (e.g., helium krypton) the
nmass spectronmeter can identify presence of the atons
of the inert 10 gas (e.g., He, hr) and optionally

measure their concentration |evel. O her
WOE7EP48F s can al so be identified using mg@ﬁfw 61000974

spectroneter. In another enbodi ment, the neasurenents
are perfornmed by a radiatjon det ecti ng device. This
enbodi nent is preferred v&%eg dd| ti vehhag sses
profbdy paniured helpwthy euth o el ety legkass oanpihe AAHRLLPERE
theaax@f Bbeéﬁsu%&m%' 86 Judadi i Rt @R d(Beng. the Eadlﬁﬁe @8 also be

Xe- 133, Kr-81), the radiation detecting device ¢an
selepide guchr that a1 prisieerichioggh (R {Hbine it of a6togansi Y, fe

fOl‘Hl g&le BE Sornd o c&l%@ Hukgtd dRidhessl beofiet&d'ﬂ&i by the camera.

I oi sotope Inth bet ween the airway's wall and
Bublﬁ@ endotlsadpiestkd bm@uwwetuﬁwow d9¥ter mi ned. Thi's

CanAnl?iﬁdlﬁSMI B dai¥n § énqﬁ WileditbiSaddgng Has a Hisﬁhglﬁb)ung

f e nonitoring tion and dellverlng
elestamdl ;eoitewft e i inbodioent dea REASHIFEICHE PR OEEeC‘AEW a device

calzﬁxglg &'On ureflg%b %c[&?cgf dr%aeﬂfe@f ShEeds V\Hﬁﬂu&ﬁﬁ @fj Q'hilété{rﬁ:e

t1cal proper t Y. th
Alﬁfﬂaﬁch}mt additormtins mmm sadditiere gess f @%@%W% magnetic

progpﬁ}bé_% g;tegsgl\ée:n%etsca? akl)%oﬁp OJ b 'cggar ieh@f rf?élgﬁrﬁ@magnetlc

fie op |cal operty of
propaflict,i lev@ lﬁagnebmuan diTkds, megsucaphents qfslwcﬂqsmstwequﬂnaty can be
exa

e case

vyt E 85 uf) s BRCRE Yl L S a3
pr3fncBRE baRbntid e Givkids (Raddivivphiedetie caff. ext er nal

canera. M ni ature camer nt abl e. on

e ndOPS R EHFSYEBERS 5F GRMBUR (e IT S B {ereopsoptinggs fo step
37b/84 @fﬂﬂﬂ%e QUM dFathe iV flble2ddAfive 96 tinpared with an opiimal level

ht t / www. medgadget . conj a i ves/ 2005/ 03/ et.vi aw ett.
thqmqf«w}nchﬁa@@gere@pstmmwi s dprplenel eohS g BB
mdr® OBt &t addliRe RE RSRANAR 16¥el dfQRactATiGhiflavR Aidilive is preferably

optionally determine its concentration |evel above
comiered with.2 remectbistptmpl 1€%h property of the additive

Ca” TRk 9 gu}?ﬁl fek/él% %%&&Qﬁ§ thé Fhalddia® eveRsett hespeatvb calitive

devi ce I"'uor escence canera for detec

wiithuis iedentive t@m@éﬂ%@bsbfvr% mplepkagecRiiseqrefions ipp % e cuff
in %r}ﬁg :lun:%e "f}ﬁ? L fﬁﬁlﬂ?ﬁeﬂéﬁ%ﬁ&ﬁé Qﬂaaﬁf[g@/ i@ ntfienea thesoldNAs

asureenen additive. When the additive
1omgs asj dlei ieedlad the additive ist babew dho theesheld. harlpakapaisgronsigdergd

neg é%% V20 0{5 O%o%n? gzte{mﬁ—eqnéi t@? 03%%20%7 éons%e el r;?rf)ﬁéi@bgeﬁled The

sto nt i
thesiodd ﬁsh%fpaﬂﬁly i mre:pmé,sso tHat sezpmtlfonsd@akmeriemﬂ ¢ plethe

t 0 be

ol S By Se S G A RS SR g

d uct‘me%paﬁnanem Rebk: hyabtsdﬂate dpowarbkvai or dfcacbd defimed miative

col or| ess, bubbl gs whi h an, be detecte[g1 by..t h
(0 CRANES TeTgotsFoBh 88 CAPBh Oh U By de Uil level can be
ex@aftbAHhe stldidsaginund Weddi@mine 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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An addi tional enbodinment is preferred when the
additive has a distinguishing electrical property.
In this enbodi ment the measurenents are perforned by
a device capable of neasuring electrical properties,
such as conduction or resistance. Altern

WOt ¥ ¥nal | y, when the additive has a dlsﬁﬁﬁég%éﬂaﬁgu
magneti c 10 property, the neasurenents are perfornmed
by a devi ce capabl e of negsurlng magneti c

AT BRI A ST

33§Mh&ﬂam5|ally contlnuously in the nnnitoring Iocation

SO S det erm ne . presen C nt r at vel
of the edrbe ot EREni PooafiRd v dim
in e aﬁﬁI fisxdratls MTEgiiEEi s Hémfeeﬁah Isy:p 306 (nonsk@s«nt @e Figp

in whic e_l.evel entif
7a)a§36.fleqt‘%1 qogt‘%‘{?ﬁﬁ%?‘ié’és‘% TP 3 ad?)t“f g %@P‘? degides gpther
or wlat féhldn&xegﬁ@f)l@r I@ﬁﬂaﬁe B¢ edetifsdrivaed, ad Batedeonptheflevet of the
nmbodi ment 1.n an.one additive is used

adfhﬁée | Bviep-nggligible feakeger F#eef“é\ﬁ dethﬁ&lﬁbcog\?@“ﬁ“gmi)i”é?”%?e%’ftip

3799@%@:(4 e Bﬂlaﬁoﬁ ?&Bﬁ@é b e QBRI iFWcrdagitedo. as-Eb f})r(ﬁﬁ’dd beRkkr
| evel is preferably the maximal IeveI of th

se¢1@gpe£ft tho emefbier th‘?}éeS that Wisrc s ne lpakage 4 %t ths lgakage is

;ag l'?lrﬂ cthRMaBleitS hGAKRE® Qp FBCBH bons vfufh%{{ﬁ AR
Into the lung. Thus, the og timal |evel

thee nébtlsn preseug £Bjeuieddnt PF pogeddoly sien d€Troindwiial thy glgtion
pr?s%tg& I?)? ﬂL %Ylﬁl is ‘aEchs&@d gqgﬂég oy Fr% %305‘7 7% he HBGLES Blgtegably

age is consi negI|g|
loapsrbecki tstsept3)73a37c§ QrBéSaﬂ“hWantggq:@frthq: @mbcéi@mw opBgny 7c is
e b

theft g ?lfows higer ohﬁm?z%ﬁ%a gfe | Slr‘ifly g ?I éfS%{lé%lrJ t%\%{\]tg qgg gf].’[jlaﬁ&‘t
prd:smraﬁn tha cuﬂ:‘ carhiee daagfefasaﬂras enges theHealdagavie lsufifietthelow or there
pltlve exceeds the threshold. The optimal |evel can

'Sﬂ%e %bsol ute optimal level or it can be defined
r eI dhiy ehe h@hahofihe preeent EIledSCbmelﬁ pﬁf\’,ldes ﬂg:losechhbjb entrobon

h T i mal d..
oA 88 B BRI o ST B L2

- pxéﬁbﬂe&s'mh%ﬁﬁlhﬁlal grealphisssofe onf e niablea. dhichicoeeb! Hacilitates an

i ric consi derations, and/ or theoretica , . )
TGS s S i, B G 1 MR e g Rfestst o
pr&%ur&mat&r&sﬁgtsmﬂ;wnwa@wmne met hod proceeds to step

377 _in which the inflation of the cuff is adjusted,
basddc Bthefendsef 8P 878 the i dentifiable additive. The

ad] pet®it it SoRShe FEFigLR @ WHKINRMa § fitd JusRQUR of a
| eakage of secretion and occurrences of pressure

sysie 58i far endubating gebisple agerERgalol VErES Stoplasp Swbodiments of
mé;géﬁénk AR 0 O%&m 38 B hé@s A @nddffa@l'i@a? h®P 737 4dab to be

opti1on and efera y, loops b back to step
in®B@ed I;ltmthg alrwaﬁ 74.T hiaibe T2 isgasepeistadi viHiea cuff 76 capable

of %éﬁg ma?eﬁ, Rt gga%%{g,%a &Pﬁlﬂﬁo%pcoﬁ&zit Wﬁek-ﬂd« {hlés(fbéa?'i:&qs 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 measuremeits to measures directly related to CO2
{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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in the partial flowharts of Figures 7b-c. Hence,

fromstep 376 (not shown, see Figure 5 7a) the

nmet hod continues to decision step 377a in which the

met hod deci des whether or not a non-negligible

I Is identified, based, as stated on
‘wogﬁﬁﬁﬁggzadditive. If non- negllglble Ieakag%éﬁgl&ﬁMﬁbm

identified the nmethod continues to process step 377b

in which the inflation prgssure of the cuff is

oS3, 0. SRR U BT Pt

int%ﬂ&k@g&clh& dllGsutle géw @blnhoén)giesgd}mowet hod can e| t her | oop
ac

i PeiRort FdEe B L E05 s iptisp GeRREnE Jogod o

par8dl fGessiire \Mﬁaﬁhmtglmvxlcﬂfah atdwstic deisBSSQ,I devieef a pﬂaﬁmmxﬁéasumlg

decr eased ur,e 70% te 7¢ the net hod
dexiRe P AR Ee g 1S 655 b P L Pt i dip 06 Loy e
volafl¥ althagig dbvitd) anen‘omdalmmctaﬁsn& QedseridgCdevize. that it
al lows further opti the inflation E ﬁi ur.e
i n e empqdimes in Wﬂr’éf‘@ ‘ﬁ‘“i RANAL ppeasuris pifasuegh flevice
78 GAReRRDb F&ﬂ§ 8flp@formMpawd patallel th@Skaaients, For e‘camplc usmg
sufficient | ow or there is no | eakage. Thus,

tWOrRE M S@pal@tﬁ dnlgis J9eand 2B RyaRECHSAL Ofptr"éﬂ)ieaf@élahvaé‘reé §éd et
79 c&?@s&@@ﬁgeﬁlfo%eashﬂﬁg hbieat thQRuRfe Eheos phiial &H&Bre? hede

age of secretionS is mnimzed or substantially

usqdrag ¢ edeteaceingasuig. m ni mal | ocal pressure on the

{ " 2pBAg: 757U, OF bd AGLkEALAR o WhaBcELdgGinfBl which

breathing assis ance to the subject mniml ris
process | oo mgalyref betdatmeprspondingde uhfem@duwﬁefﬂmctem:agﬁol teyample,
canaéonw th% r%@kl!lrbd gﬂﬁm@i@g %oc\ﬂj\ﬂ?aﬁ] ﬁ&ta %Ild ﬁgx%per %%ataﬁ%fu%ﬁ%%

I S now ma I's a si
furthlet potessipg.ommchfas, abut sipstimited’ @, ftler anatysm b)étdam g:oaeslaondmg to

subj acco o vari exe
aocgpilabbeRRERl e a? sifbRor Bitke @IS b FRERh BER Bror
vL,Qiﬁd’QﬂtHea?Eﬁﬂéd gtﬂ@ﬁlagcﬁ/s) ad ﬂﬁtb fﬁﬂl%rt;@plﬁ@laﬂaﬂﬁﬁ?ip@ﬁ%h@.tcofﬁlﬁthel

al rwa otrache tube 72 1s.as cl at . W a
me&%‘F‘?“% j—éfb'gsg‘ﬂ Gan "’@‘F’ pB%JP%C‘T’?ﬁaF‘é‘f‘b Bre?elf%%?y E’%ﬁﬁﬁ%"éﬁ’ L?F""Sf’“
thedével Bf thehicadur€ iy &onzzpdaeingwpﬁ;hﬂ WRRAIFoC&afpleDin Fafibus

subject (not sho gures 4a and 6a).

exegyuarE Ry dpanis efm theg rpdrsmg@s ualt %a@iﬂmﬁ geatdipecepmgrison

bethRén MEB a8 phifidl FibsshRaRhr RO SuBRASHE Sn¥BMAID,i partial pressure.
i ndi cative of 30 secretlon | eakage as further

det Beneading opehe s \ad thq meassring devigex digplesicy can be located at
the&IEOPA AERLARe Mcalile st SR dﬂe‘iﬁ‘efgl%tﬁ'y% c%r?%cgl%&r%a@wnh the

nmeasurenments to neasures rectl
meging &setion fasrexampler isitle qamemumgondmt B9.obt ys tabe odeagood

tha% g{tlgﬁﬁh r?lé u)}‘éfs evan%lg&uﬁé%incgt%d 8 ab&x)%eculff ? btﬁe nFegérl ot

ring devices
necgwaslyr benihe mawysmm BOOATED) 26141952 npPOH h@E@@@l@@ R 7measBBng

Ioc?@ﬁ nsttsl e %bov% the cuffM as %lrtger c%%ﬂ cll ggremabovd the scope of

ermmeasuri ng device
Device 78 can also comprise oie or more sensors 84 located at the measuring

location and configured {0 communicate with device 78 via a communication channel,
such as, but not limited to, measuring conduit 86, 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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i nt ended to ihélude all such new t echnol ogi es a
priori. Device 78 can be, for exanple, a CQ2
concentration neasuring device, a CO2 partia
pressure neasuring device, an acoustic measuring
devi ce, a pressure neasuring 5 device,

WO OIS o devi ce, an opti cal measur i ng dev%%ﬁﬁfmmmmmm
a canmera), a gas- volume neasuring device, an
electrical characteristicg neasuring device. In the

TN (5 B8l BESHRURGsh:

se ors age acc?ust d:ai sensors,7§rh9tgmgﬁg&%as @e%gctg lg [9 ? U

demwmesmmgam\msmaédsejs anddis likenent s, for exanpl e,

L= Bl PR BB Rl 50 0l g

cofiiset h sm:t:bﬁmgsiedicé 86 fére;a&wmngqeantinne it a medening locatiqn §7

. . parti al 1o be I, ef

in 76 2T Aops: P 8. S0tbnind gRfies 4558 57 Ty il SR Sion witn

suéﬂohlhg %odﬁ(ﬁﬁﬂ‘léﬂﬁ%@ $$ Iari;gctidﬂirig cﬁﬁdmﬂl&; hxte@imﬁ&s dovice 86 to
anal yze the orre ondi ng e neasur ed

tocatm T i copgyic Blatpor e ciok Fopdi AT Forf s st tipnige ond

medYANE icbhdst. t Qorslivg smncmﬂtoamamdss Esﬁhnﬁef chl%pdsb‘te it amemauy
unit 94 for, 15 further pr 0Gessi

n i

withinyihe gpdotigchephwbg 95 pxigmallss thergioy &S fesitp sSG‘i‘fH‘u“ﬁ gl’fﬂa or 88
cafRAIQVEL dnfRidIBANMIGTRA e 2. 9., filtration of

background data or cal cul ation of 4f, At or__ vL, as

f ur fherioge examrleryraahoringsts o) th %FHVFW@na%WsT‘%C%?Pfﬁ%% ap
mffz\ 8&)@&%' B30 d5tRP Y 'ﬂ{eq{'ﬂllattoﬁ%9alff PBREPon diftals 94iRaTom

perform conparison, preferably in real-tinme,
detiet KB enthig m1 beviene giher eannallys b dhé aperpips in which case the
mSRLSAORCL O | By A S RATTh O bl
or raetomahmyr mahichnese tepiaflatgndevinst inde fompanicgpon with the
rt| r [ fd ient CO2

me%glr{ng avage ﬁl%ﬁel’é %0%&&%@%&3% 05@([‘% e;S ?{)ﬁ/\t(gpg f the

rreasymenm go chemam cctnlqumd emﬂmh:rgamnb& Ivdecht egnraunitaies with
megg.ﬁmg C%ﬁ‘u?} ;{%&%9% :])Sg]ia‘l/tﬁsl N Iﬁ:ozduc&r a afi%(t: g&{hlglfé El{e ?Léf dftthe
meaxaeplceeds tisd opinal keeelsur i ng condui t 80 It is to be

under st ood. 25 t hat thou re 8,

o BRI oot i Fiedes e rumis 4 SiBrRiR IEEEH O
syRém tibe fdi:aﬁt]c&batﬁlighl’m&nbjeaﬁ anOﬁli@;;O vmmmayxemplagjb embodlmentlsn of

necessa or t nmeasuri n ocation ove the
e AL i T T FLre R ses 0 aiad s Emiics
en@(SEnBDRBE 75 QuiiTEs A iAMitien SERMATT o8 furthet adtsitddkreidaBove.

measuring |l ocation and configured to ni cate

In prqys gesmRiay pbodimeptscefithe KV o SHstem &ﬁﬂ@v rther gMRREHAn

ad@five &lﬁ%ﬂi}{g urllﬂ 79 WRidh HOlivePERS WE ide: oAbl aﬁ@ttwé!{@)' tﬁf@)ugh
can be or T nclude a suitable transm ssion |ine. The

the gsletresheal dnesoras fuehrsrrigtniled hergimabaige Uit Thds Hug Spemhely
et ) a ¢ . .

S8, G 7 D O 45 g, e

maeigng (1op Gy 0mOFhich 34se 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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sensors are acoustical sensors, when the neasuring
device is a pressure neasuring device the sensors
are pressure sensors and the |ike. According to a
preferred enbodi nent of the present invention system

70 conprises a suctioning device 86 for syctiqni
1W0§@€W§Vggns at a suctioning location 87 51 [?%&MHQB”

ai rway above cuff 76. Suctioning device 86 can be in
fluid conmmuni cation with uctlonlng | ocati on 87

either_ by a suctionin ext
gasqay RgesBly drlivergd MB&% %*fnb%?‘ﬁ’ﬂ ﬂg toqéﬁnge 9% WHu il
embBS et ORE Whditi ROaREhY @SecaBfind g&slkﬁahl t@rﬁllﬁﬁeéﬂ B miATe Fehiin g;

condui t. Conduit 80 and/or Ond#@ 38 be di s sgl
desgrz@ bedeliver e additiye tog komﬂwnt aveliast a'éﬁ@ fityg, lPrgpracty

delﬁéﬁeﬁ rtﬂ%b%lyaﬁ Q&ﬁ@&&dehgaydc%mﬁem WRRA Hdh LS QR aamfeﬁmg&a

can a dinwall 63 of tube 72,

abowa chB 6 (sseckiprrap)-e foadiinthean b difnosed witkinthe HJ‘%‘%‘?
tubz 92 %Pﬂ%ifédécﬁe?bem herkdd! l(ﬁ;ﬂﬂﬁg7fj@éﬁ' 48 12Qnfeideadh Hﬁthﬁgﬁ?: of

tron o cuff 76 based on signal s received
tubfs rvam Preferablye bitgiot Thiigaterily, Wyeen 6f andiconapt Teare devapd fyig

com&lgﬁ%ﬁgrth%[:eamoﬂg\f\h Ajgb %ﬁ&}lﬁlﬁ@d a@eﬁhﬁde&&aﬂ&\ﬂfﬁﬁratmns

I'Ses "a evice for displaying the |evel
emplbyi‘ng emittb@stimel valﬁeso iin axhicntheiadditivg is prevowed Frogagmiering

t he J nf.l at deV|ce | 4 i e
tunicn | u?“‘ﬁlg“’ i?few 'Ce B Ret %ﬁﬁfugr%%g&@ﬁleﬁ gvre\JanLS%%}sPos{réoP ©
embedifpe® i whikh iBysitiive 1Oddxared ltigoughdmpei 68, conduit €t canieg

nit 92 which ¢ e a i ng device 78.
“S%r?ﬁ f MygSuLiag gg@uggﬁu aﬁliﬁlglﬂ% Eﬁtaﬂedrlmﬁ er wv\,hen the | evel
of sﬁaem ERSther cemq;egdsa tdassuﬁpg dexdde 85 V@l mea@@ing the level

of BRrigrifran AP R A ESePdigodFae 85 Roferably

corhﬁihbi@ﬁéd wigh ﬁnﬁﬂtﬂrﬁ@tiocaﬁﬁﬁ 83 othizl, dsQtated] da b8 aﬁm&rﬂﬁ (&l‘fﬁ{ at
nmbodi nent s of sent i nvention, .Siml.arl

fhes%f’fé A Hop sbiRsh or §'9%\16 067! SPEE df- &b 12l RS ) afd/or

beloRABkr aghaad jabsnt /Bereflf fin 7hie addsboldithdnatsheRn GanEigie 9a
77 as further detailed herei nabove.. In varjou

moitessng lavajion $B durhnuntle B¥L batwesrbepdopprhegidy e walls
Ofﬁygﬁggf conprises an 25 additi-ve delivering unit 75
whi ch delivers one or nore identifiable additive(s)
t hr Bergee 85 tren aprastre kel Mptshel thecafprgmentioned disippshing

prc%%{t@é %ﬁﬁ.@gy@btwgn ihud AediSe $9U5 LRPSF éla'm\bf‘e! ¥ ma?sss%@&fcﬁ\{e@é; a

Thi s 'assocl at1 on can Vi a
gaarabizin, ay opticah mestiregidgvicie i AR OPtFF@t cmmy ; flugrescence

canfic Ia)?lhi r%ﬁ%zﬁur%r“l&aszgmi e REE S t{? a cl?ar&:‘?irfsn&f me&uri %'d@ﬁt:e

ommuni cat 1 on Wi e machi ne such t j
(e. g he cadititiinvmedssring atcedcwtrhsmme preesuring dgviced Gind asmagnetic

1o the delivery of the t

oh TP RATT oy 5 S et aANh Mok B0, BB 85
caiC @i¥LbR ﬁ:a:bmbimaﬁi‘d;ﬂ lof tseaeal 7@ videny vdoh alesigmals enct b@nstructed to

addi ti i s de] ed direct 75 to
mefigre il aiaGliye F Bermais® e el Ry Spistomiete
an®DEierd Heank 8AGEcHEn@font he subj ect, the additive and

t he_br eat hi ng

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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WD 2007/ 023492 PCT/ |1 L2006/ 000974 35 gas are
preferably delivered through the breathing | unen 65
of tube 72. In this enbodinent, the additive and the
breat hi ng gas can be allowed to mx. Wen it is
desired to deliver the additive to a | ocat]
“K¥ﬂ%m%ﬁ??, the additive is preferably deli%)gﬂg‘gag}éﬁw74
t hrough an additive delivery conduit 71 which can
i nclude an opening 73 5 ahove cuff 76 (see Figure

9b Co it 71 be di dwthinth .
o DRSS S shTisgi oF 25, SEUaed oHd deboprofag 1 94 Shich
pracksses drenalgbsditedhta Sortdspondinlgl to @8 wéasured lgeanfifics, as described

Preferably, but not obli rily, .lumen,65_.an
abein e PrAtiples gnd SPBRECLS ‘giaa‘&% 1?58‘%%% 8’&‘? i"% % e 100 arc
sichiRERaRRNG6hndiAlS heCRiticiigsanl eferaticns @ yamptdcesilg unit 94
configur tions egpLoy' %Wunidirictionah'valves, hnTﬁ
of heath - Eortapley B 45 GoaRmiRe i Grraid e o ik
data BB RafiBor i datd® it@At i Rgh@aSodessigl, bahes, Bud neftigited to,
conduit 71 or vise versa, In the enbodinents in

thegaplyFis pfidatagpaicsnopding to eRUCPABIEYRAMSugh | unen 65,

congiite 83 GRbeNBatdts 8 1RSIBIAE ASHkdH 1664 83, 80.it 3

further detailed hereinbel ow. System 100 further
comampicits dthamenitasing locgtiene$d. der gumpleg psingmeaspTing cenduit 80.

' ioh | Libd B&tloR®3 above

T 58 B st et AR TR O M Bty bW abo
cuff Gfmthisinced »et napaskaridy ho Hietcass, piged: 8¢ stetedmamy afper appnitgigng
loc%Iifgl{seag c&‘ﬁé}nalggte(ﬁb ol € aﬁ&ifi{re 15 e%i%l‘@d ﬂ)oétl(géaﬁorpgboklg §he

subject or ove the vocal cords (e.g., at the
cufiy dgyivar8froal samplé grs divedtiyviranin domesnf 65 taridieading gegsence of the
mﬁi§g%&%m In the enbodi nent shown in Figure 9a

nDn|Eor|hg | ocation 83 is above the cuff between the -
endbt thachenapliffed bHuswaton heFigatel %, thefaddhive a8 delivgred 2rough

Device ca asur e _one I e th . .
g ST B R G OH A TR B B Bacdt 89y nd in the
exéislified Viustrdtiuasof Rigne ek, tBbadititivelie delfvercd ebvangh endeit Ahssd

specironeter, a. s anal vzer .. an opti.cal. neasyrin
deil f tompgeatesqrittimen 4o dtib gty SEinfidhy e o it te
breathiRy @hchirk & the abatiigtotl] 1triase badndesoakethaehldobgh Bigure 9b
...Characteristics neasuring devjce @?'?" a conduct.i o
ilhyrales PP RpTig Jecation 8 fuon e e ings 445 e polcReaRY i dhe
ca®t, BRSNMah§ ARer GhakiRsheb&ibes aleamiphded ey ifGithef @le@iled

magneti zati on nmeasuring device). Device 85 can also
hexsiabovéonbi nati on of several devices, each designed

andpeRBRsSEs Mt dothprid® 8sirenére dbdsh@8aNécaftd A0 tHe YonitbRhg
exanpl e, device 85 can include a nmass spectroneter

locatien andeaniguedo campusidisrwidbdryiosdoivirm comppmeatign chagnel,
sudlf a%f flabl Mmﬁ@cpfbg Ip%a%%ing)%gﬁcﬁ{itg@d? gvhﬁéiﬂa?%% %E Eﬂ%hude a sujtable

neasgrenents, nmp , using qore .
tragepssicat lnei Thetype pOscanets depeads arifetypnof ¢ measuring device.

par YAEF A0F S st Bonkfif btr EBBoRARPALIEE vl ot imited o
sudtioping 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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| evel of the additive in the environnent, for exanple
for conparing the |level of the additive at the
nonitoring |ocation with the environnmental |evel. WO
2007/ 023492 PCT/ 1L2006/ 000974 36 Devi ce 85 can
rise, or be associated with data processi| '
“nﬁﬁgﬁﬂ?%ﬁ processes or anal yzes the data Bt Bhobrs
corresponding to the neasured quantities, as
descri bed above. The principles and operations of
data processing unit 94 of’ system 100 are similar,
claimedhin shenpipimsasestion beloWefingsi tierinenialaswiperbén dhd Enlovie
exflapi@ Processing unit 94 5 of system 70. For exanple,
device 85 can convert the nmeasured quantities to
digital data and transfer the data to unit 94 for
further processing, such ?EF not limted to, the
anal ysis of data corresponding to optica
me aBefeemen isnovDeziie ¢o 88 HHowing dxewplesdviuth tdgethelewith digk

abg%rﬁe%c?{phglgs lll?s?rg{e tl?eningegm’tm? in i lgonclﬁ&ltlng Ay n' cate with

X u3|ng nmeasuri ng
c on fuiht pﬂ:@cnt exbbnpld, cmmmumsbassemmmt e;itlemigd treat thalebdotraciieal

e 9a.jl.l ustrates ifori ocation.83 above
rute P mShyiering BL e r BRI  BF pb g Bl i e BARNE witn
ﬂwﬁmﬂmﬁ@$asmsp@kﬁﬂmnmmmymﬁther nonitoring |ocations
are_conte t.ed. en t he itive i.s ellvered to.
e c15S BiPaR st i ud) Wk YA afenarS Ol poiny it
be&kllde&ﬁétht)ﬁ foF ¥R bf @ JedkBediRaf H A IREIRGPRES oFf. Ihtilly,
tm% d|tbve thereiin.. 15 In the exenplified jllustration

{1y the methed veagdnyestigatsdsinge hymany sigrulator.o Syhsequently,

leak$! B Rarfts R0M [HENIEE vAR GO sbamﬁlewemgé &85 @Mhofdne
V|a conduit 80, and in the exenﬁ$|f|e I'llustration

magels siggtlptinedwman g vanaeesie Hineliyelle fesibility Bf Siggnethod was
evﬁeﬁéhshtaoz);t@mmdag&hg @1«:@@&9@% b&ﬂﬁa‘?ﬁ% Welrfdw xHHErﬂi B%he

either directly Indirectly, "e.g., rough t
Sta’é‘?aé@tilkﬂl%e%@ﬁ?m@eéﬂoqahe ventilator. It is to be
under stood that although,higure 9b 20 illustrates
nmonitoring |ocation 83 Tm or near the lungs, this
needhiot angiwauend dptdtipnd evarp ecvabiatsd, nsmecedmﬂywxﬂt Hearious

exégg{léup %&Bﬂlﬁl & %'t@@@ 5 n&r%ﬂltuﬁ'ggi) aoteﬁ’geefi‘%ef éi{dgﬁfcﬁleal tube

er éi na vice can al so conp
cuff readothe nrcdl seds dirsugul 2| mctiore dniat-giuidve lumpmi tajhetm gattached

fiqure |cat h de 85
cx PR, L Al DA O GURAR, Bl W RMLER o5
cathgten hﬁd%etioﬂammg]a&uphastg: omphh:ymgesloamwm cahd c(ar) inethernostrils
ﬂ“m%%a%pgﬂa sujtable transm ssion line. The type of

& 8@5% ds on the type of the measuring device.

Sy sﬁgmelm) sbcews eSS Anataanipr losRiot ErCOORRAKIE/AT Fy theUkknan
“&3& but . not Hfrllﬁed to1 sqﬁtlonlng devi ce 86,
St ?rla{)‘ﬂluhléat%% of 8Tl ppgsPassin g devi ce 90 and
al eTid feyuMstpedBrmeadsn 3 gkl e in piRkal ARl RERRE:thod
in a human simulgtor 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 COZ step of about 0.2 s. The Microcap®
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30 Additional objects, advantages and novel features

of the present invention will becone apparent to one

ordinarily skilled in the art upon exam nation of the

follomﬁng exanpl e, which are not intended to be
‘wozﬂﬁ} . Additionally, each of the vari oYsrar2006/000974

0 nents and aspects of the present invention as
dellneated her ei nabove and as WD 2007/ 023492
PCTI 1 L20061000974 37 clained in the clains section

bel ow finds experi nental Bupport in the foll owi ng
utilbzes ap plgoritiowiitiEdetectredseas 0aly e prstiideh BEeOs vplysge In order

to % Rhd QUG é%g%%%ﬁﬁ of BObE Bath 09 ﬁlﬁ/ A n?nd@réﬂﬂ b QoutRBO\@Iized

escription ustrate the | Ion In a non

algoiithint fordytecheridl tisll POR: whengiakizedtand gl REI0s vabishweg dgedly
traes%?&g’cgmgav e{ 9f ol Ga &:@&& t 19?% Ero?‘fﬁb‘?é‘lt antlL}Qﬁ Hg in

y noni orlng pressu In the up
PC&); meueing was isteportatbascesign Qﬂieakammwaldm etfE angk the mampnate

R BRSER pfl R SRy, Thhs IR pRUERORES Rlod c§1\1)§1‘éé159 YorkRast

an a
bykxedﬁecdaé dietihnid dulf prsses smﬁrtﬁleofdevacet éﬁRA@@En eaiff pigesure

oGP R R A0 g0 o

pre‘s“»uhé efiarepes |dye tol Bvdtsutiaubs uannsph&oqum‘esanesscs:uam other docal

vajge;{-ﬁqﬂ %p&%&%ﬁﬁhﬂ]ﬂl n\%}ﬂ%ﬁiﬁ %&l@ GWFHI‘??gIIII‘F 81%{15 aving an extelltnal

- side edgdiRd| il gifle thigedTBhitabpens 11(511 aweume aff (HIG_Q)® Evac
pati ents under goi ng elective fe rrg%rl .ng t
MEaGHTRSE HORAL oren b ¢ HiCBPHImA (oA OX % At A FH BB GOl

cobRERY to MetREsapT RESEeaRabRNi cal | ocations wer e

eval uat ed |n accordance wth vari ous exe é‘ﬁ
embBenrehl shows e ePieled et iPReFENE  ViYSTopp) in e ¢ ith

en@&RAPRLPRBE R EF Hé@ﬁu%oas Q}éf)fayéif@urinﬁ%é/ ﬂ’t‘éﬁﬂ)ha@@ r "ﬂﬁ: dubricRughe

a suction mni-gu | umen cat heter attach
(fremt toy mpﬁryawawh@ @ﬁfﬁé%r}t%dc Redhe stigight finej 9f gr@ ¢ pressure
waQk@pharynx above the epiglottis by a catheter
inserted through a plastic oropharyngeal airway; and

Phoid 1-Human Simulator Mddel t hr ough a nasal cannul a.
Fi our g, 48 §‘p‘g‘¥:‘%" &€, %6%51%\& I%j/f)%ﬁﬁﬁl' PiRa@fn %ologu:s Inc

sanpling In simyl ator and 1 n patients
(MiTdefargetre rFédndah e@s mewli aA Hinleo s Evagyendeisacheal fidherisel § pyas
ms%rtg({I E Cthe huma sxﬁ\%ﬁator tli\%aa'gea;ggﬁé '}rtgﬂé}{eélltec%an%{ter & E'le %g&pofﬁhe
endmtahhmil |tmbeacqu mek 1S mod Ekhaled air esegeidein€b aif |40 mm Hg was

sirg Qe PR iudile B U8R Gudud 86, SREAGH RS GAIRALAE W th the
While ventilating 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 2 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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techni que for estimating optinml endotracheal tube

cuff filling in 60 surgical patients 30 under

general anesthesia. Throughout the three phases of

the study, PCO2 |evels were recorded usi ng a

m cro-si de-stream capnograph (M crocap”~, Oridion

WOPMT(I23P2m Israel) with flowrate of 50m Pi/f2006/000974

-7.5+15mM/ mn and rise tine to CO2 step of about 0.2

s. The M crocap WO 2007/ 023492 PCT/ 1L2006/ 000974 38

utilizes an al gorithm whi#h detects and saves only
endolrectenldiubé daff pREGRe vab dreseasddnseguaihginlly, omenidg dt a time, and

PO HIA Ee P OEER R Gl AR 04,3, B LOE SADARY ARDy

I|ze al gori ect e
waPﬁ@oM&o aetmtavaidl ang €Canengnts. PCQZ vaI ues were
di rgﬁ trans orted nd save ata r0cessor
Hc

G %llgrég gfs ef?{hl e ressiremﬁ Sr %ta enu 'p e
aires altfhbﬁa"apﬁemem’asraas&gngaﬂlyoépehaakﬂ@,e tf&ramtiﬁdachdfade tube Baff.
nd the propri at.e essure, was .set .
todisciongby i i e S Pt it Kol o pp gpinutes
whke R%dniélqlﬁﬂiagdg belo\b)&h@lcﬁp Qak alfazwxai;:?f@gh ¢heCtedchedd " @B € at

contro er eVI cu pressu . .
diffegrnt cutf |péfissure;éﬁ= aﬁﬂtﬁm Wﬁﬁl@aﬂa{e’e[wgwhwrieﬁ of
mdmé%akaéé/ﬁleﬁhféﬁneﬁﬁ§ &h&hﬁ vk TnainBliRADA (Re SR BESivE PRssuf

fluctuations in i nSPI rator y pressures or any ot her

ventigatign andthg gpdofiariesl tubp insatiicand aningal head W‘tﬂﬁd‘m"é’rﬁm were

notcRbapaB, |ow pressure cuffs having an external side
attached m ni -gui de | unen which opens 1 cm above the

Phasef3tHpman Subjertscvac, Ml | | nckr odt, USA) were used.
Th eSLQ{ep édd’l@ﬂtl‘?(ﬂ daf Etlfg?ltss Qétfvgl'g )y\%h balanced

conne fo the ca nogra |gure Figure
gentaligéthauesthésin @XPrmDBdva@OncC yuthe swdvefl’etlma with history of

ugﬁ%%{ié’ E;Q&ngg; %Enea Wet E)ge% Jeé‘s%? %8 Haa ﬁﬁﬁ&;dﬁr@s?ss l§§ S%Ego

di's e suction
obt@mra)hnmmnmp ;mmumoif pigsly resudieg tcemedtamdaiwsntlheon volumes

TN et dare Al 6, PSSR iR bor
secnﬁth(KENE}ibx:ﬁtal Eghacity lessithfie SO AGbhHpiedisted] Mhe s@by @ME)'Eb}) was
i d d...A H -L ) E
aorgsa ey diesH S Tompics S paicnl el bATHRE prstitian
SI nhl 4l pﬁue?fsatﬁh gatubatioa Msapdﬁi&ahedg ib;arm]tc e]?iéstﬁdsloﬂdgﬁst and the
tion of the . endqgtrachea e cuff wa
P\ el fubs posiieg- ‘f’?‘g%% Herneg aﬁ%?é‘%“% F‘i‘rﬂ%’?’éﬁt

of mé ﬁdﬂieﬂﬁﬁélﬂg tlﬁ: ﬁgmwlﬁgi &xuﬁmﬁoahéué@ﬂmrbmt thetchﬁal tip of the
| at or . ventilating the

encBirighe e M AN PSR EALT ) Ty F pafbaieht G/

~ 18Y0hdig 811, &vdneEs, IRRCILARY STeAkAES 1dnBHGh MES: &%ﬁﬁaﬂ&rﬁgf
at the three anatomc sites (see Figure 10). After

the cqptinat  gootrchend yiube dprgily dox weotichysh dntypbationad Clin Anesth.
20034Gt bpnedt o

Afier intubation, the anesthesiologist was requested to set the minimal
endofracheal 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-iphalation 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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prevent CO02 remmants from altering subsequent
measur enents. Phase 2- Porcine Mdel Experinents were
conducted according to the National Institute of
Health 30 Guidelines for the Care and Use of
WOB%%ES%%PW Animal's. Two pigs, weight 10 kOp@Hf 2004800974
kg, underwent general anesthesia with a No.7
endotracheal tube. CO2 | eakage was assessed by a 4
nm di aneter catheter inserted directly through a

smal |l _incision into the f}aqhea | _cm above the
wag catideae eptimel by the, prestipgiolsgitoiie REOy ovas mesides afrhe

afoV¥h 28 0di32349208CT/ | L2006/ 000974 39 endotrachea
tube cuff pressure was increased sequentially, 2

Hy Besed op tieclindis in Progprhsnofich opiaa A g stined as

theC AENBLE Cusf At §lurcC RGN NE AFUSRIBRRY af PEOYRRRheALE Wibfe than
was suctioned so as to avoid any CO2 remmants. After

2 mip Flgrirerjal ttbaeydotradealdplasantl v fierertoms] patmuidsdaneryef
theBli- L™ 4P Ql?c{otra&egl t@x\é\?g%bxc?ﬁﬁ Wﬁ@ﬁhew Hthe tic girway

surgi cally opene e endotrac cuft
as hepdehandsd minviesnbef@e cach Re(d: inpgsercmenk. dbmnjiguars enanitpfing of

PR fhiB €t Bl s TR o b Bl P 20°

Suatistiedow' at different cuff pressure |evels.

Thr gughout wexperiment. (inclydi the . peri of

oS R SRS dratiot 1O G e To it BF ath anee
forQN ahdifses pEfBorRRE] UhtéLorthPdtd i€ edfResy@TTh inbidbér® BndBptilcenties

endot racheal, tube | ocation and ani nal head and neck
forggsiCoplimrate A Ao PEssRdE dueaph § sndarilidrvpions Bpd eqrapared

by 2 pelidéd Q6 € Relphed o Ao hiciBt (R RfaS cHIRGIBIE Gk NOmBAsBetdedCorf
surgery with bal anced generalized anesthesia

corpalgtpndpiwess readotchend debei Gvik pressyre i) PGS indhe pRer aiways

and Wbl a0z A JaGLIRIR! b 85 SRRIAGIREd Gyiphga were
preassessed by pul nonary function tests, so as to

obt ai n a honmpgenous groufesils patients regarding to
Ph&fg%?hﬁnin%ﬂ'smﬁw.l;gbgéin volunmes and pressures. Nine

i R d due to forced expiratory
vol Gigeregd rillustrates aul exanmg pf be evialed P ppaaviefoym|ie gerotdanee
509 icted. 0 - Qv
iS5 ML TR
simutetar medtl.c dnSeerr . cogelation ahs opsatvied hesvebi¢he extdatyathed riube

B AT T I —
(i) betveernthe edft and tie doeey cords,tRte- S4ght 0.0901 t (liparas bepharynx
RN TR ORI

Mo UFiBu gl shogirersisireBtibmb&iken erdowat¥ed @it@hiuf(réssures and
Cog\lﬁgvfﬁglfnqaéwéés HLQ%%S%Q% un? an\éggqg ﬁ%fC%‘ %I-Esgfg-l an ekrglotsr;lréheal tube
cuff pressure of 26 mm Hg or higher, no PCO; was recorded at all 3 anatomic
Jocations. 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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25 the optimal endotracheal tube length for

orotracheal intubation. J din Anesth. 2002;

14:271-274]. After intubation, the anesthesiol ogi st

was requested to set the mnimal endotracheal tube

C ressure required to prevent | eakage
“K¥%&%¥%%$ation- |ghalat|on Solune dlffergnce angakﬁgﬂm

| eakage heard with the stethoscope around the 30

cuff. The cuff pressure was considered optiml by the

anest hesi ol ogi st when thefk was no

Iation volunme difference and no air

| eakgages h%@rbds gfen@ion B %ﬁ&%ﬁﬁc}%ﬁ' 18 tire Eesmr&rahd

cuff pressure m nutes. Once cu pressure | evel
uppod m@yﬁ@zamz 1@@1&/ oe0Bronodty Thedlasherrewrmarkethe goint
at %&hwln&%lu&:l}? he%ﬂ %@sﬁlrs(? lthgﬂ:té(I the PCO was

neasur i ng at af or ementioned 3 | ocations. Based

on theniflehthhbgure 18Hehp onnimakboutbpresureopedadeto prerefit CO;

b, 10834, 95 A0 BB T B A PIEFRALA i

somtlnmﬂelalgagp ramandrgtie dudf Whus”cbmdﬁﬁg, ax:;he:adnre tatibybich afFCQY) laakage

of g3 TR 8 Flohy Halfird eyt o phsr Bl hucy, Bmeen

enﬂd»taﬁheaccza‘f progyire aad POEB dedtagentio® the ol @3 =lgefsdr p<@amm)

e S AL i 0 5t SE VRS Pt LaH BRRut ARt mBtend FE>

iea@c@@ @bir@dnthe efdlothéifehl S Wbk :81 @il Isg iveid thomMBohil soff byasiee
(version 10.0, SPSS |nc. %ﬁ! IL) was used for
neger to,prgYSHE é)é‘lrﬁéP%PwakageafOé@ e caft “@a?%mén He, a pressure at

wifidiPh eE6% tealcibe WML frSn H@dva‘%%é‘a@t&&@g?ﬁere %5 ABincar correlation
Conti nuous data are expressed as rreans t standa

rd
begyegn dhe sadotsbeat duppaceld prpyue mid PEQ: tleskags .above the cuff
(RRegrggg;%)@@O@gq?ffi cient (R was calculated as a
msasuremsnt 0 correl ati on between endotracheal tube
d PCO2 in the upper airways 15 and
eXpﬁﬁ%ﬁﬁg(ﬂ%ﬁm&lstl{) o‘fﬂ{ebpk%ﬁexﬁ%e%rﬂm%ew 2HON G, ed
significant. Resu hase 1-Human Simul ator’ Model
Figure 11 illustrates arfablednpl e of the exhal ed PCQ2

prigssure as displayed on a PC rmml tor ﬁi t6ﬁe hurm:rc
20} sgaqytator nodel . A linear corifel at |5<3rjsi\m3 obsenved
bejween-t-he_endot racheal tube cuflf pressure e
pAcExfas(iFmtiehbove the cuff in 4l thr &% 8nat oni
le iAiN&e) (|) betvv.een.the cuft land 7g . Y9gal Cco gs,
t @gintgﬁqzm}tu s, R2 = 0.923, p < (.000168.%41i%i]) at fhe
n at;ent§' wnﬁ‘mﬂa o%st:’ chfx’ve fung dﬂszzgsgﬁ T 6 (10%)
Patients with mild restrictive lung disease 1 (2%)7
Tube size: '
7.5 (mm 1D} 20 (33%)!
§ (mm ID) 16 (27%)’
8.5 (mm ID) 24 (40%)!
Peak inspiratory pressure { mm Hg) 21.24+0.6"
End-tidal CO, ( mm Hg) 35.3+2.4°
Type of operation |
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Figure 12 shows the correl ation between endotracheal
tube cuff pressures and 25 CO2 | evels neasured

bet ween the cuff and the vocal cords. At an
endotracheal tube cuff pressure of 26 nm Hg or

wq‘iﬂlmﬁﬁmz no PCO2 was recorded at all 3 anatlg)(g‘r}[ﬁm06{,0?0974
0

catrons. At an endotracheal tube cuff pressure o
25 inmHg, PCO2 was detected only between the cuff
and the vocal cords. Once fhe endotracheal tube cuff

pr ! ! ed
at|al || dedentioh SPARECORIC S| 5 ¢f cuff4@%ﬂgressuaes
t hp maxi n PCQ2 r¢adin en the

vali ous gﬁégtag%%ﬁgil%g%gﬁ ons was lless tha@ fpgve VO
20p7/ ozs@@z)pmtr/ll_zooe/ 000974 41 Pha%e(32%) PorC| fe
Mogel 3a- b show correl ati on bg S
enjotrac a tube cuff pressure and upp alrvvay co2
| eyel s i@thehe two porci ne m)del S. The kﬂ(aa%)arrow

sototror—-eak €' Was
i r'ga*at e R plogred &5 e S e O TS
i iR Bt FrPren A BRI iﬁ-@w (P%'F%g%ﬁ‘?t‘n e85 age
vvas Th8 meanHgeeol | the tatents niayabs.euflf.2pyass urmmaadecbeak
revent i odi.n | ution e .around the cuff
inpedrpreiey e 212 e G AIFPEAIRe BRUnE by Sitnbgary
diseasds maeHg\cmasd fbih @Rdytude@EV, of VCTREY than\®B%aofIpkddaidéd), six

corr i 0 ) dot acheal cuff pr ssure and .
PapRRh |° a&‘&@émgcfo%@mfws t fisqapeand qge gatient Ea ve

luddditeaseani mal "B (Figure 13b) the m ni mal cuff

pres?lure needed to prevent CO2 | eakage around the
enddtf EcHERfroR (kg bugaan depulpipriaad thei noscingyaodglfemenstzaigd a

linB4eu% 28lon r&@ﬁ@@@l Pt@z néaﬁeﬁgp tnehﬁéélﬁb%tssmd%dde@ach@.ﬁ Hﬁ&ecuff
around the cuf mm Hg, a pressure at

proseyips. | Aakege le@kags-meaﬁwmgntww %ﬁdw@ahmmr%gmﬁ@malf it
wdslh &Y th&P% hh Ab bmlmg% ‘ﬁﬁ%ﬁd&ﬁ@he%m% 5@%@@ e&&&l%ﬁi

pressure 0% | eakage above the ¢
gﬂﬁledwg%()f the Hid.o0 G0y ETI’:Fh ables YaHdwate By ficetetioBms @bﬁuhm

i
leci l(g:e&f@gd 6ty Gfenihe POS, Rk géaa;/gggf ol %gﬁ@.;alégﬁglfgﬁﬁ
Sex F(gmﬂ b ﬂ@m&lceyﬂpawomﬁ)etwmnghﬂ inftlab neFOentivttadheal Hebg bt
prfgs&m, deBmit- cilimcally by the anesthesiologist using the audible leakage test

and exhalation-inhalation volume difference, to the mean optimal cuff pressure

determined by CO?2 leakage monitoring. The mean initial endotracheal tube cuff
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 proximatl 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 COs leak, with a
mean change of 10.2 mm Hg in cuff pressure, 254439 vs. 15.244.7 mm Hg,
P <0.0001.
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Patients with mld obstructive |lung disease 6 (10%

Patients with mld restrictive lung disease | (2,/0)
Tube size: 7.5 (mMmID) 20 (33%9t 8 (mMmID) 16 (279t
8.5 (mID) 24 (40%t Peak inspiratory pressure ( nmm

6 End-tidal CO2 (nm Hg) 35.32.4 Péri/fﬁﬁa(ﬁfooemu
de%é?‘é%on WD 2007/ 023492 PCT/ | L2006/ 000974

Abdomi nal | aparoscopic surgery 4 (7% Open abdom nal
surgery 22 (37%)t Ortho%edi c 22 (37%t Urol ogi cal

2 (3¢9 Ot her | 79 ar e.expres
st éﬁﬂ/()ér datras éﬁ %’?lgthe t/%ﬁtaé eé’f](gtra [3 gged’uggpﬁgsr%er s
S:gﬂfﬁc@fﬁf)ﬂ IBREShAPSE %sﬁﬁ@g@fﬂ mes@a'ee Mrree@%ﬁts (1B196) Imetcan inigjel
thé patients was_ 58.5 ff The nean peak
emﬂqi@smab%? sufbpressarssimijgido By "E“m% BERFRSTES Al t hough

pat i,pat Eatﬁéhtkfb Zﬁve%rc@gepwnﬂmarc}esp& %ﬁeﬁ&q&LMIyehlgh cuff
excluded fromt

e stu FEVIi or ,YC | ess a
prgssudliuptte ¢ mrs fe. ﬂ&@upﬁ%‘éﬁ(ﬁ(%ﬁ%ﬂeﬂga the ‘F’&Stg é‘lrl]?ﬁﬁgf %) se
pa*lé*lrl]&’gw l.SRAS8 ARBIYRE 1RAL ARRY dib@0rePbdittbnlrgSefT the Tehdtﬁracheal

ung di sedse. The results fromthe human a | ato B
tutznthe tohué pr$Smeﬁe1€ﬂfi§?ée‘P Prereh Sk risakagr Herel TepsRp 60 less than

BOCtErg !—Er ? B}%tr%% Sf;th? %1%3( }é&ﬁiﬁﬁgﬁ SRESUEBITERIEs RfEired for

ressures. A PCO2 | eakage
m@mmemummww @fmr distahrepgsitigng iivras éWe fhat
.nas h| I aI
ot R B R Y BRATEs h8y i, it s
pokitioR mxﬂl‘nghm cdritact betvercthegotatties! tulesulfisad ths Ftaﬁ@lt ﬁ’éE’FY

t hat i odizhe. sol u |y when the
gy Eaitige SPusth pdeon P SRR WARRREE, Y 1
Fi gWiging susdtong wonmbakisoof E@tzwwmdt fhe dndptrdchgal gt cudf
dot.r ag eal. I es
eSRpRRIGRI Pyt (94 YR EPHERe B SERY FaufR s R BRfhaseg peak
in dﬁl@{b@g Prds@st byﬂﬂd)r@)ﬂhﬁﬂ &tﬂnﬁﬂﬁgnﬂﬁﬂ &t ilaparogaipipmeurgery Wlth
ference, mean,optimal cuff pr
shp i o B o BODEH R hshr Pty SR Miclier blockade,
chiafiiel btheRAngtRidoachralb dudfieal auddirements and ETT movement during
surgery.

Table 2, below summarizes the causes of a “new” leakage during operation.

Table 2
Increase in peak inspiratory pressure | 10/11
Gas inflation of the abdomen 4/4
Inadequate neuromuscular block 3/4
Light anesthesia 373
Change of patients' head position 5/9
Change of tube position 12

During surgery CO, recordings were obtained at all 3 anatomical locations and
differences in PCO, readings were less than 2 mmHg. After a mean of 944
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
PCOQ- readings were obtained only from the plastid airway (hypopharynx) and from

the nares.
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pressure of all of the study popul ati on, determ ned
clinically by the anesthesiol ogist, was
significantly higher than the nean optiml cuff
pressure determ ned by upper 20 airway PCO2 | eakage

nonitoring proximl to the endotracheal tu€ f
WO2RB07T023482 6 3. 18.2 7.8 mm Hg respecti vel &/%‘9&'6/"90974

0.001. Figure 15 shows percentage of patients with
initial endotracheal tube cuff pressure

significantly higher, Iq\/\ié“r ,, or accurate conpared to
the optimal cuff pressd¥sussien erni ned by PO | eakage

mON L1 idF 9sdl Q:@a?)to dgtgrrﬁiﬁe 4R qRAL B ERing Afe Mhet Rccurate or
cliniCal y eterm ned endot racheal tube cuff pressure
cumbssarhgfefring 44,1 AdeRioy BetensendiN.tehal. Fprveptian of glqnt aspiration
ressure_det } . I v AN Shanaso;
B S IG5 ol 3 LptedthL (FTE gl TR G
Young PH@Bassqn & Harfiion D, REIG0/ Bregangon of tracheal aspiration using
PCT/ 11, 2006/ 000974, 43..1 1186d. 4 (k3. t he
e A S L S A
si g fhiicsndy tie ldetsanintizarf thdappoqririaaindetircheap tubs suffdilling

Ni n atients. (15 % had an,i-n{ial. :
was BREORFY SPRGEERE ?Pﬁeﬁsgfen??aei%‘a%b”{ fipaPhE Be froey, in
actr @M Keth th@teachlfﬂrlﬁsi(ﬁ !ﬁl&eﬁpl@ﬁ;‘; inzaktimge The tipeanwedeldidmpiotad

wer e exception i cu ressure, Up.to
befigpen et duteeiib e, OB ERSE Sppitlink RutRugW
thag: 'Pd(f}lee‘ﬁﬁ be R St @aﬂﬁtﬁ?ve?uﬁdicaa% afflr Bak. nfmhdnkgh thifr¢ ®ms an

istal repositioning of the epdotragheal tu e
oveiat g SepEen RELED PP BFUGLADCCH TTEaMS AR B in e
up?ﬁdaﬁt@gg g2t @.@li 1{; kamoo g Qo ARl Blgifnfﬁfbﬂiidaﬁrocitmntsﬂ:l Gher @ﬁxhléiﬁfm
e study population. Since cuff pressuyres r r
segroy lessdingp abthe bsemnipagnduhtie el %&“Hﬁﬂfﬁ'ﬁ?‘&%‘%ﬁ%@ﬁs
thdh gﬁ%}@ézt & EORSdd BNhe idercA@SinaSEYTBGu Nahe bBsehfe@ nohiliedrity

I nc onete seal ing, was probably due to a %£rg hi gh
caprizx expbingd byethe Wwdeidvnaniccrags (e 4fmm Hehead It oy

t he . t - andgl,; b BN leafibt Wa¥ided
sele Sy AT, b Bofifapn Pk 1B Bk af b ided o
redited usingl capogsiph hixing adowarrdysmyicaangeve Ee AKddgen k) empa

round. t rac | tube cuff developed in 16

bi ; Qe encigtl
ighet PRI & o L BIY FBut abl e to variabl e causes such
as imeraasedophlobsdbationsm bather at theressloweufypraspres there

. than 5 mm due to | aparoscopic ¢ it .
s SR PorRIegs YT S el A |G o SEE LY gl the high cutt
preRAEEaval RirnasrcmLisay kiate ilaarkdfte highehenogs @i cufEpessures
. position due tq sg‘%ﬂg}i ca hreg%i} r%nﬁlnt S fand ETT
in pyslps ieanhicymiramrRiete ssfiga Py the FaREa b3 BsBitow sumari zes
t he 15aa8s2 of ui pRa shieplsagfcifltihiodd wieset iagsRssing iodine
Tabl e "2 .
leakage around the cuff. As jodine is less viscous than pharyngeal secretions it was
assumed that the cuff pressurc needed to prevent iodine leakage is sufficient to prevent
secretion leakage around the endotracheal tube cuff. In this model, using sequential
increases of 2 mmi 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, measurements 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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Increase in peak inspiratory pressure 10/11 Gas
inflation of the abdonen 4/4 |nadequate
neuronuscul ar bl ock 3/4 Light anesthesia 3/3 Change
of patients' Bead position 5/9 Change of tube
sition 1/2 20 During surgery CO2 recordi

WODZS{"}é é’g at all 3 anatom cal | ocations andElQTQVIL\%(;&‘]OG974
di fferences in PCO2 readi ngs were |ess than 2 nun Hg.
After a nean of 9 4 neasurenents through the

suction mni-gui de cathet é attached to the
conderdrdrig @ﬁb@% nigsdue toGmptatans apd Fsiglionydy derNefigal Institute

ofoﬁéa?’ﬂhnég {8 QRS tfafécaﬂdom@xf 38688 ASimgs. f UsifbRhces

rea |ngs were obtained only fromthe plastic

eonedle CHy prepivae pepdgd gnnrevqnb 02 Isikagecand dhat sieedpgh to prevent
4
BRI AT s S
saeiii fidegmore mamlsrfat éusonodebunber sone [ Petring QU, Adel hoj
due 0 Ry Rhasf bt sl PSR BBl L Bk g
eléuties Shrpayahigled Q&@alﬁﬁes’ﬂ?e?ra? 3he &eai‘omltgﬁ @ﬂdonﬁdmbmbﬁ,cuff
enti

Hami | D, Ri.dl S, .
ke Paied, e i PR ot s BENER et D e
optinfal cuffpresid8staed BP0, febkageaforiGdhg. Inll futients t2dye: 3.6
v f AT 1T e s BRI ey OB SOl QO S eagrachédt ube
culff RESUes WeRCSEDifibRitly thdghe thad thet dpRimaPPET pRbsikdeterinthed by
accordance with the teaghl ngs of the present

PCQa Aepiiingsn witlr g angap shapze eblG2mm Hen found 10 bet ween
t he gn@aLK ﬁfefgr%aérat t@%nsgu&f th® &&%ﬁ:@ﬁ@loﬁ% Wab%o +RBKBER” the

above the cuf spows t hat can used as a
infighertl prassutee 1 Wy aceittes cagys layver thaneptimel ptinl gpft prreages was

fo\ﬁ@cﬁ IﬁBleOOé{"eﬁtﬂ'Hg éui‘éé?}a% QO Rhidlgk QBveRBLIBERY % of the patients,
endot racheal t ube cuf pressure and PCO2 in the

paigtiely exposiag srepre af-plt;ttlgllﬂslﬁ Thigvayigbilityfig cufpresgyre, observed
o] I t C e : :

oL OB L858 LOAS) pablit, CiARIE 90 nRRCTE LS

copjimtpul bedside Fﬂ@@mddh aln@em‘a_ﬁletah@rnp@tmﬁ pressegnpar ed to

th f
| 1 ShERRR MoBh! RESSENS SRRV EE qhmcton o
secratigs of Oheﬂf@ummuiég:) Jumem of ﬁdeéhrlwg’l l@/vab T Hen swerai/ asmyratécms

fop%ﬁg%ae%smelpignt Sé)gg rs@&#)mngh)f %henlg ,E‘%%r I tIX (:81% p %Cr()z

avol de

regtiimgnthoough myeal (cemglla of)fr])ﬂl then dr@haamd through g’fteplastlc airway

wére Qasmly og rXed gﬁetgsebretmn c:iea:zr.eml_lgl l)y oral suctioning.

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 coniralateral lung, while proximal insertion may lead to accidental
extabation or vocal cord trauma [Sireitz JM Jr, Shapshay SM. Airway injury after
tracheotomy and endotrachea) 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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20 The rational for this observation can be that at
the very low cuff pressures there is still a
consi derabl e vol une all owi ng conti nuous COQ2 | eak, and
at the high cuff pressures, with mininmal CQ2 |eak,
wolfhS:4s @ need for higher changes in Cuffpéﬁﬁ§§ﬁhﬁﬁﬂ
in oréér to achi eve conplete sealing of the trachea
by the cuff. In phase 2 of the present study a
por ci ne nodel was used assessing iodine 25 |eakage
around the cuff. As iodin® is Iess viscous than

PatshNr Mehdian REeEHist [Fo Estimatiop el the sewmeb denghat! trasheat gibps in

s ORI e potadid o1 p5 @Rl CAMWAR, C82kRYeH, Ho ST. Airway
clent to prevent secretion %eakage around t he

Iengﬂpd:@t ngl;t,:ﬁ @gqlm@tgmyeoﬁ@pfoptmﬁl exlogachedldibe len gqhgfor orotracheal
mt&lfang?'} 13 e%tﬂc’ﬁfﬁﬁsﬁsﬁgf”?z P ez‘ Hor{%% &Iv@&sﬁ%ﬁéﬂiﬁmy

I ne ea age occurre readl ngs were
hi ghvethe chyaent 20adpn3 P@tlen§dg'geas€0n gaakagatdemxc@éw& high

c3GRh 2 prRbGLY ﬁconm JRE Qldispd dgc a4 1es§‘ﬁfaﬁ‘§ﬂ%{}n He,(as

these Fngs an erlng Rat  naxi i ange i n
hasPGeth e dlsu n@tm:rft thebgndye populdieon3 dftoc alistad nsposieonings of the

enc?ﬁrg@le‘al Cg@?re l_gélﬂlgoulgenf »&ag nn%llt_.,ggi glél% F ﬁllée Sot?%h onﬁm%glsl}r CO,

leakdpe veasdnrdpbmopentely iaffated ahf€ ndn beonsdd g4 ahlaﬂmaﬁmrxmlmttsned

e BIHS FUAL PRE SRS e Bt

whiMOth@e O Sidempletd isealingt daN o amal eeghdti Githoms ytal herds,

endfepreill SELNeEDar SO PRI AL B o SVOE el o

intigoguf f pressure needed to prevent CO2 | eakage and
that needed to prevent iodine |eakage in both pigs
were al nost identical and it seened inappropriate to

5 SAGY hbdr&atbPiHat BHARkREQ oftthé SvBRAR! whidh dd)Got Hhdid,
phase of the study the method was eval uated in

dessribede it Sthe)rigBicgbi g seraratic empedigighrige mpyy Alie r by dreidgd i

cotBRRRGR aBingl D EmBER et éétﬁ*’ers@? d@JriroﬁéF Raakestdiife EEdtion,
ressure determned clinically

whiphease, ershreyityg idescrifiecs insthey apiriesd & a?gylgm egthodingdn maytadso be
proYRicl Q%'am@e b lﬁ%ﬁf ?M{a&e%ﬁﬁ&%%%gm C2 | eakage

nmonitorin patients, 2t 3.6 10 vs. 18.2
7.8 MmHg, p < 0.001; in 72 % of the patients,

pr i %F#cl% aﬂtﬁ n@&ﬁ%ﬁl hatsu Bgen ﬁé’é@lﬁbe‘ar fr> %Hﬁ 1?1?% 0% i sPeciﬁc

sig fer "Than "t he opti mal pressure
embtietimens thed:oﬁyt is I@Gmmrtm diang slteraativis, amdﬁ"tmtmhang gargitions

wﬂ;g %qpﬁ%en ltgosets?(qfé\%gn ttl}e artgovcgc?)zﬂ;] &i}? ntdig Ergtgnd% tc% ergﬁ)race all

sucdiwﬂﬂ‘emaﬁ%surod;ﬁcaﬁodkfj’an% wikiatidis thasfel V{uthhe tthet é‘p&tﬁt and broad
i nit,i cuf f es res was

scofl ol g APDFY 115t oK1\ PuOea Ry feaEi e DY civpftfons

mehtioned Ve spbiicRadt &Bth‘érelrp Qicenbiafldl iy toiPasirag by helche:

..aspiratjon risk, This variahili n cuff essure,
info, ngeﬂpe%ﬁcaﬂe%ﬁq the, sarpe pxientasd £ Cbén‘%‘fib@ rwbig%f%rﬁagmt or

pat&iRPARhERSwAN P OBeMly B ifvideyiRhdied 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.
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conti nuous bedside nethod to determ ne the
appropriate cuff pressure. An inportant problem
encountered during the stuﬂ@ was obstruction by 20
secretions of the mni-guide |umen of the Hi-Loo Evac
ETT after several aspirations for PCO2 neasurenents
despite suctioning of the upper airways. In contrast,

WHEECE3s oregdipmsst hr ough nasal cannula or fromthe
oropharynx through the plastic airway were easily
obt ai ned after secretion clearance by ora

suctionip 0

Soct Ton e CRGE Rt PR APlcel 5T BESRKAD avnltéﬂ ungs,
corgpéidig:acheal tube is hazardous for intubated

patients. Insertion of an endotracheal tube too

di s@rmepglotra@a@% gce paaReh e hcanseredi paloi s, DRRAYE Hogaleing
ass&ﬁé&é& Wﬂfﬁ% J@P&?ﬂ% O%B&ngg%ﬁd&@o@égﬁ iﬂ{dﬁe\%]otégﬁcorﬁm' le

roximal 1 nsertion nma
en Ui mixakurory devieo Gal meamdng rag Ut pit medatire Jindy indicative of

LeclGASa08 Patbeho SR EHBRR TUnCHESlS e Qg 18 S oRphoaesuro being
othgrjthégéa}bérgéiggude %gnc%?ﬂ&ﬁﬁ@ﬂ bR AE i FP Qxlcp§a!?§{foé£?5&‘ags

have been proposed to estimate the optimal |ength
f 0 r wherdint saat helhst elzemiensier tomoprije©ne teaRl pndChe rreyudiladl data

br onchi i nt ubat i revent abl e
beifg g us S Rekash oot ot Gift s e ST g3t e pppsyre data
belr% indHatPabF ARid B4 dearBIKSuff iitside kA8 Ghdbihfeal tube, flow data
pl acenment. A clinical study. Anaesthesia 199;

beings igB@ig09f il Mnmmzaﬁf:ms@@@@/ oBbyadhcaligibe, optical
FR. _Est -

‘ dat%g?]?%g}ujcfaga % f)#rg]ser{cp gf 5 ca%uotnu BES; sa1 gfl l}t{il ¢ sazg éndotracheal

tub e Sdlétisdad chdrQ3iidics h-Bd abdvar i G oG $afl cidfdiracheal
CH, Ho ST. Airway length in adults: estinmation of
tub‘?he opti mal endotracheal tube |ength for orotracheal
intubati-on. J din Anesth. 2002;14:271-274). However,
none is almays_satisfaCtoryh 5 1n the current study,,
3 pati enfise styaténaoimxnh ¢ akhgeindespintasueixg ptico iaddsigned and

igh (>35 uf f sures However, pressure
00&5&&1}@@&9 é&ﬂag@fhsgsaf e dh lgagt P MeRHEC seatr A (pgimal
levd ©8bai@ bt fch& onl WibasREPUl ation) after di stal - '

repositioning of the endotracheal tube. Al though it
mas not the aimof the study, continuously CX2

uech 95 ASHrRdp” PRFHRaE doupleeb RS rtioy PRERG AN lnes,

'conhygﬁl I ncessant CQO2 Ieakage around t he. endotracheal

tube cuff can occur when there is inconplete sealing
due to mat contact wth the vocal cords,

endobronchi al intubation (CO2 fromthe contral atera

| ung) or above vocal cord intubation. 15 It is
appreci ated that certain features of the invention,
which are, for clarity, described in the context of
separ ate enbodi nents, may al so be provided in
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conmbi nation in a single enbodi nent. Conversely,

various features of the invention, which are, for
brevity, described in the £bntext of a single

enbodi nent, may al so be provided separately or in

any SUItab| sub onblnat on.. 20 Al't h t he db

i nveh@pwaﬁ%%a oubs bRl fode H*SEI&!’ﬁd1 81 gy, and being

assoRAEd Hith 2 SARQ élﬂ@ gk ﬁ%{;? e1eda bdidw b vwehldents: t hat

many al ternati i cations and variations will
be @ppraseiy d@ldehﬁxenedsuhhgat least hee arepsurademgdindighive of

it 1s intended tq enbr uch al.ternativ
cKAaioR FEAT T EOB P AP SR P APTE i BRI fyice being
desﬁgﬂla& bhd BRh QPR 4onal GARE PlevElNST ARPANERH ofid ci¥ure Akdeeds
[ications, patents and patent applications
an mmal devebiof said #i lgass pRinehee PWSHWEF ipgeiogd partial carbon dioxide
ncoror at.ed | ei ntlr reference into the
pre?ﬂ?c‘?@?é%fﬂ?% 0. 'ir‘hlrg g ?‘%)u %‘é %8s if each
i nddvﬂérglﬂadalcpﬁh@hdﬁﬁgldlﬂiceﬂéﬂdejign@lran paifgntedappidrioati @ neast
was specifically and_ individually indicated to be
ongj me@mfm e ambicat garbpy dieyide aprsial PrepsusR gyherghy, said ambient
carbon E)x18 %m}',é%g&#re{ ﬂs%ﬁh%@cgfog’getaﬂ RESPSRA gnhﬁl Rvel.
|ca e construed as an adm ssion
that such reference is available as prior art to the
present invention. 47 WHAT IS CLAIMED IS: 1. A
system for intubating a subject- having an airway
ending with lungs, conprising: an endotracheal tube,
adapted to be inserted into the airway and being
associated with a cuff capable of being inflated
bel ow t he vocal cords; a neasuring device for
‘nmeasuring at | east one neasure being indicative of.
| eakage of secretion from above said cuff to the
| ungs, said at |east one neasure being other than
car bon di oxi de concentrati on between said cuff and
sai d vocal cords; wherein said at | east one neasure
conprises at | east one of: acoustical data being
i ndi cative of |eakage near said cuff outside said
endotracheal tube, pressure data being indicative of
fluid flow near said cuff outside said endotrachea
tube, flow data being indicative of fluid flow near
said cuff outside said endotracheal tube, optica
data being indicative of presence of secretions near
said cuff outside said endotracheal tube, and
el ectrical characteristics of fluid above said cuff
out si de sai d endotracheal tube. 2. The system of
claim1, wherein said nmeasuring device is designed
and. configured to signal when a |level of said at-
| east one neasure exceeds an opti nal



| evel of said at |east one nmeasure. r 3. A systemfor
i ntubating a subject havi ng an airway ending with

| ungs, conprising: 48 an ®ndot racheal tube, adapt ed
to be inserted into the airway and bei ng associ at ed
with a cuff capable of being inflated bel ow the vocal

corgs,; n |
o PG 450055 {5 5 o
adjdstiapiafiong abid aiff bast® oh REgrhalingssivelafrain veidstedsogng dewce

devi ce being . designed and conflg_ured to si gnal whe
So 8 Y0egRIPTAlY TRiTi7 14 k@gS Of SFrICHRIEACAREYE Sed Tt the lungs,

t, ure

Wh@%%ﬂe@%%ﬁ%ﬁngsu?%a%%gtret&?g{ngg& Bon | oXi de pressure

of fromabout 0.32 nmHg to about 4 nm Hg wherein

sai ¥ neaghﬁsm@nn@ﬁnla@ 7 or Hexhayeia gaid measwingavésg qoaprises a

erform at t carbon

iR ARG Bheeay s 8o R Bt N PE e B BB ™

car bon d|0X|de partial pressure is utilized for

seté.i ng Tlhaesy\srahuef @éins2 od3 Ofptthersdonipeisialg. an (aletng unit Fkieg in

syst.em of | 2 or.3, . further c risi a .
conplTigong i o arediring i R proprRe B B srid dpyl of
smcpﬁs&gt&{bﬁhﬂ;ﬁ?é Scb&RahMaspiipmeveni d measuring device

so as to generally mnim ze | eakage of secretion from

above said cuff to the lungs, while mni m_zmg o
pr eBsur ellas sxysticat edf d@imge% wdhetdie midv\asﬂatl@g tyace is in

st.em of Ia| 2 or wher
coripittog. i Syl Ryt e Fispety, pp iy euil e i dioon
Congf)lsal d at Ieast one neasure. 6. The system of claim

or 3, further conprising an alerting unit being in

cormunlctlon W t i d measuri.ng devi.ce for
pr dduci n %WS%P? "5@4@ 1 on; dkrlﬂwglcoﬁ‘i’ns@&admﬁ?supggﬁndm
ext&#aﬁagﬁaﬁ%ﬁngﬁ dSALSo Y ;!u{% ieVethe chuff. The system
erein

Im4 n said infl atlngdewcelsm
cormunl cation w t h sai d neasuring devi ce, ther eby

for her e a,cl 0% 0 cont roI The. .
sy em 0 CF%?W ffcﬁlm%1 fcﬁri h@‘lﬁh aﬁucuonmg device
opef@ﬁé Ubt BectioRMIUdcbretiBitd ﬁﬂglsﬂ&uﬁﬁ@’fl(ﬁ:@m&l msﬂfétmmgz above the
device to the airway above the cuff. 9. The system of

cufglaim 1 or 3, further conprising a suctioning device
operative for suctioning secretions at a suctioning
| ocation in the airway above the cuff.
10.  The system of claim 9, wherein said suctioning device is synchronized

to operate intermittently with said measuring device.

11. The system of claim 9, further comprising a suctioning conduit

extending from said suctioning device to said suctioning Jocation.



- 10. The systemof claim9, wherein said suctioning
device is synchronized to operate intermttently
wi th said neasuring devi ce0 11. The system of claim
9, further conprising a suctioning conduit extending

fro id suctioni devi ce to id sucti.onin )
® o hedgyoiors o falE L B 4 hetfins pRRRRe s Tepping, and
suc cﬁ{ﬂ?é 'c%h@lﬂt , A TBRRM 1tH %aﬁf‘ gué‘déﬁlﬂgo[ljcﬁﬂoxf OBkl Iat measuring and

ext endi ng to said suctioning location, said a
suctigrsg conigitdwihg euptdddnisnd newsediiz dwmdéé@pﬂue@mﬂ%g device

d d t
s0 5330 (g TRAR Frirdee sy L P PR A RORRREEY | omi ng.

at said location. 13. The systemof claim 12, wherein
sai d nmeasuring and suctionin conduit is disposed
i ntlSr nal The wrstem nok slaime hYorigree #pid fsasuring, angh guctioning
t em of [ cAB@suring and
coné%f:fs ?POEE&m%gJ%wtflﬁg%éﬁseggse extereﬁal ly to said
-endotracheal tube. 15. The system of claim 12,
wherein said nmeasuring and suctioning conduit

erblde dedThen syt of GauBailey BhEGET deNe MRS 4% Sfff&mmg
L1 mﬁ%dnmmwemm of
wnglé?c?edg%p%%ecg%? Il)é rrseagdsﬁiygﬁ?@et 0 be perforned at a
nostril of the subject. 17. The systemof claiml or

o, AT, S ERRSTOR Lot bRt o2 Syeionng

condtiPis&aibeddd inhRalB ¥BifMRlonGtiRaMubeOr 3, wherein said
neasurenent of said at |east one neasure is to be
performed above said cuff bel ow t he vocal cords of
ot 1 O SREA Ob et 47 A VPEEL g Rt Teas
onetf@ea@%flpfm@m\ea 564 ﬁoswf&fmmx acent thereto. 51
20. The systemof claim3, wherein said at |east one
neasure conprlses carbon di oxi de concentration
bet]t a' d VS elL'H f 85‘1 Sl%r% \%%% n gzﬁ% gr?eas%&neﬂfhcﬁ said at least
systém o PRMYT 6 wWhérern sai east one .
<nwﬁﬁﬁ§ﬂk&suﬂﬁﬂﬁmﬁﬁ@&d@ﬂhb@ﬁmﬂmgmx@éﬂﬁnmbgﬂtrat|on above
said vocal cords. 22. The systemof claim1 or 3,
mherein said at | east one neasure conprises carbon
de gon bty lor3, WS Lai@mdalifi Ul @Shid at least
o]?g'l'he sys%i"E ?%]%almor mh%reln sai d at Iéé%tmm
oneom@smeas tor'tee perfompied sbmmuimnff oo w dlat wdbktands of the subject.
i ndicative of |eakage near said cuff outside said
endot racheal tube.

19. The system of claim 1 or 3, wherein said measurement of said at least

one measure is to be performed below said cuff and adjacent thereto.



24. The systemof claim1l or 3, wherein said at |east
one neasure conprises pressure data being indicative
of fluid flow near said cutk outside said
endotracheal tube. 25. The systen1of claim1 or 3,

wherein said at | east one neasure onprises flow
dat 2. bei g TETLE PUED of THGIFE $10H 1KEh0MS ARG raomprises

caﬂg)?ﬁtcgfyglﬁ?n é@chrltragf’bgﬁsﬁ@%es@id frd 7L voRE! colle system

ereln sal | east one neasure
conprises opti cal data belng |nd|cat|ve of presence
of secretions near s uff outside s
endot r acﬁ?fa?yslt% els 95 PRHTBF S@Fﬁ' ﬂ]l‘iasbron@ measure

At chfRAkraRNLaHHRE S Socdl OPRE] Ses
(mnggggfﬁﬁgﬁﬁ&gﬁ%racterlgtlcs of fl u?% above said cuff

out si de said endotracheal tube. 28. The systen1of

clajm1, mhe S, sur devi ce. £o es |
ma?szm spett § ‘f’%r fafglmTﬁ ;st HeErdp @y dc Eﬁ‘iaS? Srlélleasure
comijRists SRBGHibRide d8NdeARaeeH R A foRil @fﬂﬁ%ubﬁ&&' yzer.

23.  The system of claim 1 or 3, wherein said at least one measure
comprises acoustical data being indicative of leakage near said cuff outside said

endotracheal tube.

24, The system of claim 1 or 3, wherein said at least one measure
comprises pressure data being indicative of fluid flow near said cuff outside said

endotracheal tube.

25.  The system of claim 1 or 3, wherein said at least one measure
comprises flow data being indicative of fluid flow near said cuff outside said

endotracheal tube.
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26. The system of claim 1 or 3, wherein said at least onc measure
comprises optical data being indicative of presence of secretions near said cuff outside

said endotracheal tube.

27. The system of claim 1 or 3 wherein said at least one measure
comprises electrical characteristics of fluid above said cuff outside said endotracheal

tube.

28.  The system of claim 1, wherein said measuring device comprises a

mass spectrometet.

29.  The system of claim 1, wherein said measuring device comprises a gas

analyzer.



