I ADJUSTMENT OF ENDOTRACHEAL TUBE CUFF FILLING FIELD

AND BACKGROUND OF THE INVENTION The present invention relates

to intubation and, more particularly, to a system 5 and method for

performing endotracheal intubation and adjusting endotracheal tube cuff

filling. In the medical treatment of patients requiring breathing assistance,

it is common to insert an endotracheal tupe into the trachea of the patient,

by way of gy maeyipss-ahany Pisr saicatlymreaiatqnenings One

end of the endotracheal 10 tube is connected to a ventilator which

periodically forces air into the lungs through the tube. The inner end of

the tuberisdypically-rrawdedumto il atapievquiiahich s inflated by
conventional means subsequently to the insertion of the tube into tl'be’
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mild to incapacitating obstruction. 25 On the other hand, if the cuffis | 1 of
brodigito EBREERRIPHREIIEPGSH & I ViHES ARl REaFRIBpigrior wall o
presaskesdiig artificial respiration can be inhibited due to a leakage-of
anesthetic gas, oxy or air. Furthermore,when the pressure is low, .
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20 .rings, or segmental tracheomalacia with dilation of the trachea. Even more dramatic

is full thickness erosion which may result in perforation of the innominate artery
anteriorly or perforation of the esophagus posteriorly. Patients requiring long term
ventilatory support oftentimes developed late complications of tracheal stenosis, from
mild to incapacitating obstruction.

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

30  pass from the trachea and enter the bronchi, potentially to cause lung infections.

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

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



2 the inflated cuff and the tracheal wall during mechanical ventilation,
while at the same time maintaining the necessary blood flow in the
capillaries at the contact portion. To prevent tissue damage caused by
prolonged pressure from the cuff, the physician periodically deflates and
re-inflates the cuff. However, this procedure is 5 rarely done frequently
enough or for a long enough period of time to allow adequate reperfusion
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endotracheal tube is combined with a suction device in a form of'a 1
chafsbealiraldirdsmports for suctioning out fluids in the trachea above

the cuff and {gritiirqducigmmadiainablvids ntgdhe drehgrdU- SoPataRinle, U.S.
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condtairiprdscinemsiitied lothtivitsthrbnebstthe above and other prior
art technolggiespiguyeng'. manierieakads:Sthatihe Cm@t%%if’léix‘? of leakage by

between the cuff and the tracheal inner wall. A different approach is .
discfosEalipntErm atidhal Far%ﬂ'%?ﬁﬁbq?cdﬁﬁﬂn the cuff automatically increases in

proportion with the increases in pressure fed to the interior of the endotracheal tube,
20 thereby preventing breakdown or leakage in the seal between the inflated cuff and the
trachea wall.

U.S. Patent Ne. 5,765,559 addresses the issue of constant static pressure
exerted by the cuff on the tracheal wall which, during prolonged surgery, may result
in tracheal stenosis. The proposed solution includes a cuffed endetracheal tube

25 having a plurality of cuff rings, each being capable of inflating and deflating
periodically such that when one or more of the cuff rings deflate the others remains
inflated. This reduces damage to the tracheal wall due to constant pressure on fixed
locations.

None of the above and other prior art technologies, however, monitor leakage

30 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



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 3 dioxide is monitored in the patient's airway
between the cuff and the vocal cords. Based on the monitoring, the
inflation of the cuff is adjusted so as to prevent the leakage of carbon
dioxide past the cuff. The inflation of the auff is adjusted to provide a
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purpose of cuff adjustment. 20 The present invention provides a method
and system which can be efficiently used in intubation procedures in
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20 The present invention provides a method and system which can be efficiently

used in intubation procedures in which an endotracheal tube is introduced into the
tracheal airway and a cuff is inflated within the airway below the vocal cords.
In various exemplary embodiments of the invention the method and system of
the present invention perform measurement of one or more measures being indicative
25 of secretion leakage past the cuff, compare the measure(s) to one or more optimal
values of the measure(s) and adjust cuff filling based on the comparison. The
measure(s) according to preferred embodiments of the present invention can be carbon
dioxide conceniration, a proxy measure from which such concentration can be
inferred, or the level of one or more additives delivered to a subject during intubation
30 50 as to identify formation of leakage duct near the cuff.
When one or more additives are delivered to the subject, they can be delivered
either to the lungs, through the main lumen of the endotracheal tube (e.g., by mixing

the breathing gas with the additive}, or to a location above the cuff between the



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 4 internal wall of the subject's airway and the
external wall of the endotracheal tube. The level of the additive is
monitored at a monitoring location which is selected according to the
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preferred embodiments of the invention described below, the measure is
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20 cuff and the vocal cords

According to still further features in the described preferred embodiments the
method further comprises performing at least one measurement of ambient carbon
dioxide partial pressure, and utilizing the ambient carbon dioxide partial pressure for
setting the value of the optimal level,

25 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

30 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.



According to still further features in the described preferred embodiments
the 30 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. 5 According to still further features in the described
preferred embodiments the optimal level gorresponds to a partial carbon
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least one identifiable additive. According to still further features in the
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monitoring location is at a nosiril of the subject, oropharyix, above the cuff between
the endotracheal tube and walls of the airway and/or below the cuff and adjacent
20 thereto.

According to still further features in the described preferred embodiments the
method further comprises suctioning secretions at a suctioning location in the airway
above the cuff.

According to still further features in the described preferred embodiments the

25  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

30 adjustment of the cuff inflation is performed automatically.

According to yet another aspect of the present invention there is provided a

system for intubating a subject having an airway ending with lungs, comprising: an

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



adjustment of the cuff inflation is performed manually. According to still
further features in the described preferred embodiments 30 adjustment of
the cuff inflation is performed automatically. According to yet another
aspect of the present invention there is provided a system for intubating a
subject having an airway ending with lungs, comprising: an endotracheal
tube, adapted to be inserted into the airwgy and being associated with a 6
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device for measuring at least one measure being indicative of leaka
secrEfiTaaRalsate aneasHtobgiag indisatitcordinkpas rirprietoatias atove the
prefepfeehambadipents of the invention 5 described below, the measuring
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15 ambient carbon dioxide partial pressure, whereby the ambient carbon
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Accqudinotoanadgitignabaspechafihe present invention there is
provided a system for intubating a subject havin% an airway ending with

lungs. The S§StEdPEEisBEtieh BatEtabnER fisibsdaptdergiisanbodiments the
inseriegsitadhr-ativaydpdddeeaing onasseciale it sultcapablgefsurement of
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identifiable additves AcEording to urther featurein preferred ™ there is provided a
embidinteniisr ofithbahing atiowi &5 Hesoigbed betow, théimewstiringgevithe system
is d%%@ﬁ{%ﬂ@&%ﬂﬁ%&&%&? &19@%&&9%‘3 % be inserted into the airway and being
20 associated with a cuff capable of being inflated below the vocal cords; an additive
delivering unit operatively associated with the endotracheal tube and configured to
deliver at least one identifiable additive through the endotracheal tube; and a
measuring device for measuring a level of the at least one identifiable additive.
According to further features in preferred embodiments of the invention
25  described below, the measuring device is designed and configured to signal when a
level of the at least one identifiable additive exceeds an optimal level of the at least
one identifiable additive.
According to still further features in the described preferred embodiments the
endotracheal tube comprises an addifive delivery conduit configured to deliver the at
30 least one identifiable additive.
According to still further features in the described preferred embodiments the

additive delivery conduit is disposed within a lumen of the endotracheal tube.



level of the at least one identifiable additive exceeds an optimal level of
the at least one identifiable additive. According to still further features in
the described preferred embodiments the endotracheal tube comprises
an additive delivery conduit configured to deliver the at 30 least one
identifiable additive. According to still further features in the described
preferred embodiments the additive delivesy conduit is disposed within a
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1tpe d(%sv%gbed preferred embodiments the system further comprises a
Suctioning device operative for suctioning secretions at a suctioning
location in thecaiviy talsavieftinthaUftatures in the described preferred embodiments the

mflating device is in communication with the meastring device, thereby forming
therewith a closed loop control.
According to still further features in the described preferred embodiments the

20 system further comprises a measuring conduit extending from the measuring device to
the airway above the cuff,

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

25 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

30 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.



25 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 30 suctioning location, the a measuging and suctioning conduit
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measure coMfpSEE I8 rEh Widksa dedHes i fifoAepuifrsbprefesdreabadiments the

the vieeslicoies ideeerdingitbes lugheriantugsntne described
referred embodg.ﬁner{ts tth\f at least one measure comprises carbon
gioxide concEAtF At aBavHHET JeaiEat 48 tbd deerorahpr t6ostar femthediments the

featureledst the dessnbadpreferrediembéditnenisiheuatileabt®@Ren the cuff and the
mea%{;%l%ggﬁgrises carbon dioxide concentration at a nostril of the

subject. According to still further features in the described preferred
embodimerfisaprdiag |sasiibherineasatereomphis dssadbed ticafadaih detgiments the

indiC@tﬂ‘éﬁs@&'ﬁ%@zﬁ:ﬁr@%Qﬁmﬁes carbon dioxide concentration above the vocal cords.
20 According to still further features in the described preferred embodiments the
at least one measure comprises carbon dioxide concentration at a nostril of the subject,
According to still further features in the described preferred embodiments the
at least one measure comprises acoustical data being indicative of leakage near the
cuff outside the endotracheal tube.
25 According to still further features in the described preferred embodiments the
measuring comprises filtering out background data from the acoustical data.
According to still further features in the described preferred embodiments the
background data is characterized by a frequency being below about 1200 Hz.
According to still further features in the described preferted embodiments the
30 measuring comprises calculating frequency difference characterizing the acoustical

date, the frequency difference being induced by the Doppler effect.



cuff outside the endotracheal tube. 25 According to still further features in
the described preferred embodiments the measuring comprises filtering
out background data from the acoustical data. According to still further
features in the described preferred embodiments the background data is
characterized by a frequency being below about 1200 Hz. According to
still further features in the described preferged embodiments the 30

measuring ﬁ@%?&iﬁ%st&%ﬁ‘ﬂ |ﬁﬂ¥(§%xf RAHENCH, %@@Q&%g%@%%erié iQﬁ}é?&ments the

acoustical data the frequenc%ﬁerence being induce pp
effecRYS AP FAMGTIers MRieiMET den riensi Hme asenpédiprieineend utilizing the

embedieisife MR IHNE SO MBUSESCAlGH ling graveling time of
acoustical signals,and utilizing the traveling time for determining fluid flow

near the cuFCREEBHAITRSHH STt et wees (B &srinserded drplaredcrabediments the
embadisasnisdhae Sat|easiRReMeASHIE GARBEHSES IIREEVEC 3R PSING near the

indicglgxzx%u(ig.f uicg‘flovxénear thT tcl%m outside the endotracheal tube.

According 3 i u?fh&n?ecg?& e89F the described preferred embodiments

the at leastopardiensustitdmfitsdsafines datthbeingribeicative-efifbsithfowents the
near the cuff outside the endotra%pealt be, to According ta still further
featuregﬁ t %8 e%sacsrl ed preferre %Vm%%%igncén 3 5’&3{"?(9%?3@8 eﬂc'W near the cuff
measutiaecheprisiasrapitiedndata being indicative of presence of secretions

fyear the CUKCQUI'EME_{Q%@W}QH%% mxé‘é??ﬂ REE 8%%&?1%{%[% Sttie!#érli'*g &Mbodiments the

features in the described preferred embodiments the "at least one
meagLBERND IRESHRTePEIEE tetiitenh dattahsthanudésdiaiedfgirasohamelsecretions

t5 passingdhigrghihe epdoliacheal iube. According to still further
features in the described preferred embodiments the at least one

measure coHipRTSESdR StHEAther framatiis Gernerabrl erafercdreoinsiients the
the endeisacheahidbacAcearding Mreilfwthernfeaturasina theidessiiRed: volumes

,psreferred erEbo%igﬁgtst e 20 monitoring of the level at least one

denBRERE SHoHRRE' 6% FEeEhBBSe the cuff below the vocal cords of

the subjectAbondidingteidlibuiitiaeieatyresiin thadasa betnrfer8ddiments the
embg igg&@? the measuring device co E)lrises a mass Beg: rometer.

| e asure comprises electrical char i
According to Stlrﬁl asie COMpRSES els acteristics of Huid above the cuff outside

the endotracheal tube.
According to still further features in the described preferred embodiments the
20 monitoring of the level at least one identifiable additive is performed above the cuff
below the vocal cords of the subject.

According to still further features in the described preferred embodiments the
measuring device comprises a mass spectrometer. According to still further features in
the described preferred embodiments the monitoring of the level of the at least one

25 identifiable additive comprises performing mass spectrometry.

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

According to siill further features in the described preferred embodiments the
at least one identifiable additive is characterized by measurable electric properties.

30 According to still further features in the described preferred embodiments the
measuting 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,



the described preferred embodiments the monitoring of the level of the at

least one 25 identifiable additive comprises performing mass

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

to still further features in the described preferred embodiments the at

least one identifiable additive is characteri;oed by measurable electric

properties. ,30 According.to still further features in the descriped preferred
embodimerﬁgct%rgﬁ 1 ?’:?sﬁrx'lfrf:gj;ésl gg&fe’é?sué%splgb@eo e%cé%bg R SHE L fpReiments the
properiiesst Ageoddinifitdlstitlidiirtecs Baurésrircthbydesesibel prefenait properties.
embadinats e manienng oflie gt leeshoneldantiabie adde B Bons the
measuring the electric properties, 10 According to sti fifther Teatures in

the deersybag pesferrsdenabledifmasrsutivs shroasigoricidmpefiidle Addiidieg to still
Is chasacderizeg by meaddiahin MagRelie eﬁmﬁﬁ&tﬁﬁ&%ﬁ%&ﬁﬁ%ﬂé at least one

further features in the described preferred embodiments the measuring
deviee R EaplsRedH va daky MGG MAG RIRNSHSpERREEIAA ccording to still

5 further featiieslingthe siesaiibed riafpred enehadimentsibe RNt Gments the
j[able additive js by measuring the r_n%Pnetic

the at least one, jden ifai . , .
prop%trf%ag.t 3\%%8#8%61‘ b S FORmSF Tttt Ambed] prepsrrisa According
embudiniefiglibefatisadhahe ddentitabieforehpragisdizesbymnersuahledevice is

ptical erties, According to still further fegtures in the desgribed .
e b 8 PRUAEL G CH e 0 ML P b s in e
the alsticabpd gpeftiesi Anboridmente kil Hiorther igahsresindhendrerifiatle additive
preferr rﬁé’QQR ' ents W@af‘%? Eg{gg})g the at least one identifiable additive

tical p 0& .

is by méasuring the op rties. According to still further features in
the descri_bé@q@réfegrév Séi&htf@ﬂimemtm intteadesnbidentfiablb dsbodiments the
char%@g@s&humsqp&a%@&mg&%H&ﬁaﬁg%% 5 nﬁ%é%&%. According

further features in the described preferred embodiments t suring
ldevite Sdlbhptsrlermensuing ruibsdiatidaad patnsimanisshdingas sl device is
furthespfaatisesindben descrbrd A eferad ambedimenis dRaiMenHYr RGiures in the

the af least gne identifiable additive is by measuring the radiation -
propETHEL AduSHGiTY AP ReRABEAH RS drtsé @5 femillipble additive

embadimenrtsiliag 26 akdearironedeeniifiable is characterized by
measurable, quorgscentS[%r erties., Accordint%to still further features. in _.
the d escribe&cr())}'efrel%ré% elr]‘ril)b% h?{e%fg"ﬂ’% in the described preferred embodiments the

20 at least ome identifiable is characterized by measurable fluorescent properties.

According to still further features in the described preferred embodiments the
measuring device is capabie of measuring the fluorescent properties, According to
still further features in the described preferred embodiments the monitoring the at least
one identifiable additive is by measuring the fluorescent properties.

25 According to still further features in the described preferred embodiments the
at least one identifiable additive comprises at least one inert gas. According to still
further features in the described preferred embodiments the at least one inert gas is
selected from the group consisting of comprises helium and krypton,

According to still further features in the described preferred embodiments the

30 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 1o still

further features in the described preferred embodiments the at least one radioisotope is



measuring device is capable of measuring the fluorescent properties.

According to still further features in the described preferred embodiments

the monitoring the at least one identifiable additive is by measuring the
fluorescent properties. 25 According to still further features in the

described preferred embodiments the at least one identifiable additive

comprises at least one inert gas. According,to still further features in the
descebedarsioyenamhpimensbet Eas N et s Selteledasisiorope
from the group consisting of comprises helium and krypton. Redor Ing to

still f@RAerFeRtaraadivrisriagescribed preferred embodiments the 30 at

least one 'd?‘ﬂé'fﬁﬁ'%&;@ﬂf%ﬁ@oﬁmﬁlﬁl é@é%s@é@tﬁ@@%%ﬁ%%gs of the presently

According to still further features in the described preterre iments

the ATIREBCORESHETRALNE RIGUIHRE Comyifedrdmeae b Pasioisdrgpmdotacheal
Accorgiigatosilldfustherisatesinthe desciedprgferred embodiments

the at least radipisotope,is 11 selected from the group consisting of a
technetium FURSTsBIEE 5 B ElolROIBI5a. Bl SRBBEmS used herein have
radiothetope: hbenpigsentinventiommdustassbillyR0sressesNRil! in the art to which
shortgamings of the presently. known configurations by proyiding a

syste%l"lmalrﬁ1 RS onrg[s)'e%(l)}é}%’fl ?1(5,1 eébqr%g%ﬁléﬁép%eﬁﬁ %\iﬁra‘ﬂoequwagem to those
optiniging wddeteicenbtubed ufftilipgotiinl es seotiverofise: defiradimlntion, suitable
fechicalane spebeielnauselinien Rake, 1 SANS AR the patent
commonly understood by one of orc?lnary skifl in'the &rt 16 wiiich” this.
inventisalBelsapsinalising Aefeitiods wilbaorttetial siddilbeo ey nivaieas, methods,

to thase AesfIbedNBIein.60 &%ﬁé‘?@d& ﬁﬂ%&é@&tﬂ?%&ﬁ fligg of the

present invention, suitable 10 methods and materials arergges ribed below.
In case of cHRRAIEREAEGRRH! g aestiradiond indtranafdafintsest wilention involves

contr@éri&ﬁ@@gti@ﬁ,&B@;M@g@&eeﬂ@&h%ﬁ %P%ﬁ%i&@”?ﬂiﬁﬁaﬁﬁ% igﬁﬁ;ﬁ%{}/ﬁﬂy, or a

only and not intended to be limiting. Implementation of the méthod an )
K/steify lflﬂ?é‘?ﬁén%%"ﬁ?fn%ﬂifé’ﬁ ThSRAEIBR IR B esRpRitgand equipment of

selectetfdask earoatiipgamantially rtematicalyston oSO RIRIBAI O ention, several
thereof. Moreover aCch%din tz%actuali strumentation and equipment of
S

SBGRInTants Bf tHAPHBIHIE ahd LSERiCoPTHRY pRIGERHE on any operating

prefesr?leec? SmboRinien
invertjstensevers fselectedstepmdonit betimplemented ypharanwaiaire, seiectad

hereot R L S en ot sovace

He infslestrshidepasod divipiovaaircuiouks boftmatenented as a plurality of software
instructions being executed by a computer using any suitable operating system. In any
case, selected steps of the method and system of the invention could be described as
being performed by a data processor, such as a computing platform for executing a
plurality of instructions. |

25
BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein deseribed, 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
30 illustrative discussion of the preferred embodiments of the present invention only, and
are presented in the cause of providing what is believed to be the most useful and
readily understood description of the principles and conceptual aspects of the

invention. In this regard, no attempt is made to show structural details of the invention



20 selected steps of the invention could be implemented as a plurality of
software instructions being executed by a computer using any suitable
operating system. In any case, selected steps of the method and system
of the invention could be described as being performed by a data
processor, such as a computing platform for executing a plurality of
instructions. 25 BRIEF DESCRIPTION OF2THE DRAWINGS The

inveitiawis festimhaescribedsdy oy dhekaneptel enlievihiisiesenteiiQention, the
the %%%(S:orrin Egg%ﬂg}d“r%ﬁ@l%s With spef’cli{flg: refert—‘;nc{{(ai now to the drawings 0
in detail it 1 streasad tha ﬁ{%"‘ﬁgﬁﬁéﬁ} ars%ﬁ%hegreaﬂ%% grihow the
and forguelr fesebfiBGiilustativeyl iscussioticaf therpraferred

embodime@]tlsﬂ% &t:b%vﬁlrgéent invention only, and are presented in the

cause of providing what is believed to be the most useful and readily
finderstooddestriristhehtte phntiges ahd mirmcapivaltaspestsenthe

invention. Ipgéhis {@9«'glmmagtat&ﬁmak?omafi&tgn%ia&wcﬁ%fgggeamgﬂ%gfimmn

the invention 12 in more detail than is necessary for a ment
undérst&rBARIiakthe invention, the description taken with the drawings

making apraRNtic: these,skiled ey bhawthe, SeMeatimsaliie o subject,

invention may be embodied in practice, In the drawings: 5 FIG. iis a

.

scheif At RS Ao T PREFAFMRRAYRABIT 8fShemreRses ipvRnEoD;

1schematic Hidxration eiican eadpiracheahtsbe-culf dumbgdnhalatiothantations, in
exha[atio& FIGs. 3a-C qée ﬂowcharft %ia,g}&ams of a method suitable for

intub Aty S STBREY SeRTHmE Tl Aol &8 Pplary embodiments of the
present invEl#oNS 40 FiBs sdmemahovillpartiabeO3iprassisesdbdifferent acoustical
mea, %@H%il%ca&é%{&% ir&cé/(z)arf'lcl)nus 0xevrgglar g[gbo?iments ofdthe inver%tit n;
FIGS Bab are Schamanciistrabona of e TOLaRaH of TE SEBiSte . e present
meaiyvigngodevice, according to various exemplary embodiments of the

jpresent inventian ’sﬂc?f\’g 1Gre 9&§Q&%ﬂ%é§§§1 e %ﬂﬁéﬁ)g@(m }%rﬁ]:i%gifying leakage

procedure for identifying leakage by the Doppler effect, according
varidils Bxenepriey efspbdipsertinafithaapiete premptmicmnbodiments of the present

invention;
FIG. 5d shows the difference between the functional dependences of the
pressure in the lungs and the pressure in a leaking duct during a breathing cycle,
20 according to various exemplary embodiments of the present invention;
FIGs. 6a-b are schematic illustrations of the flow of air (Figure 6a) and the
pressure (Figure 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;
25 FIG. & 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

30 the teaching of the present invention, in a human simulator and in patients under

general anesthesia,



FIG. 5d shows the difference between the functional dependences of the
pressure in the lungs and the pressure in a leaking duct during a breathing

cycle, 20 according to various exemplary embodiments of the present

invention; FIGs. 6a-b are schematic illustrations of the flow of air (Figure

6a) and the pressure (Figure 6b), in the trachea outside the endotracheal

tube; FIGs. 7a-c are flowchart diagrams o{sanother method suitable for

intubating ubject, according to varjous exemplar em@odiments of the .
present in\)%éln ior#;e12§ %1‘@5. SQggag?magl rediftid r<'§1:"tio‘>f/ﬁa6’¥a Wstdm ETE’)?DIJ;“C& with
intulsatingestsubjadte ancHrdingstoeyanoulisplampldoiambodiseatsnefithgerformed
present inveria:. FIGe, 975p are simpliied fustrations of another system

for intubating a suE)ject, ccordffr?g to various exemplary embodiments of

the presentifeltiohe FiGhe Oostristiothkeiretoreid dtwation stdfCOY pressures and
samplng pRIorAad ACCAEING:fou0de ieacking,pLihe presanl; %%g%eriment

in a human simulator and in patients under general anesthesia; 1

11 shefrerashaseerdiesrio s e ina véfbrrmratdaraaies: with

endotrachegltubeiguif giessuses B Hispiayed, ARG AR SXPEHNERY pressure and
performed ,accordigﬁto the teaching_of the present invention; FIG. 1

showWBRHA LS &l DER B e matiacRR4etEbe cuff pressures and 5
CO2 levelsmimaptiigdwetweamiiercutiaschtipvieahCaren duiithatal tube cuff

xperiment performed according to the teaching. of the present.invention;
B CE At SO Bt LATGH e B BRSO BB TS RGP s and
and esppletiairivayl COR Yelelsidiffur porcinheaadalsoftitalldiShowsure determined
compari en the initigl mean endotracheal tube cuff 10 pressure,
dete?ﬁ%i(g%%%wc@%rgl gg?lge%?i’offggist using the audible leakage test
and exhalé‘ti@n-ﬁ_rﬂwalaﬂ@m pdmn@gﬁff@qm_'emf@ tvgimeanadptiniatsuiffal tube cuff
p reS§}g§ﬂ§ E%mm%@ &%Q@r,l ?@\%919 %ﬁ?&i%%%é”a%é%%?@& ;tg?ﬁie f?p%m]a? cuft pressure

shows percentage of patiénts’with initial endotrac tube cuft “pressure

Signiriamanalgidrewisrkeenmanidnompeied to the optimal cuff

pressure 15 determined by PCO2 leakage monitoring (n=60).

DESCRIPTION OF THE PREFERRED EMBODIMENTS The present
DESCRIZTION O THE PREFERBED EMBOLIH * be used

The present embodiments comprise a method and system which can be used

for intubation. Specifically, the present invention can be used for optimizing
20 endotracheal tube cuff filling.
For purposes of better understanding the present invention, as illustrated in
Figures 2-15 of the drawings, reference is first made to the construction and operation
of a conventional (i.e., prior art) intubation system as illustrated in Figure 1.
Before explaining at least one embodiment of the invention in detail, it is to be
25 understood that the invention is not limited in its application to the details of
construction and the arrangement of the components set forth in the following
description or illustrated in the drawings. The invention is capable of other
embodiments or of being practiced or carried out in various ways., Algo, it is to be
understood that the phraseology and terminology employed herein is for the purpose
3¢ 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 I comprises an endotracheal tube 10 which is inserted into a patient



for intubation. Specifically, the present invention can be used for

optimizing 20 endotracheal tube cuff filling. For purposes of better
understanding the present invention, as illustrated in Figures 2-15 of the
drawings, reference is first made to the construction and operation of a
conventional (i.e., prior art) intubation system as illustrated in Figure 1.

Before explaining at least one embodimer{%of the invention in detall, it is to

be 25 understood that the.inyention is not limited in.its application to.th
et e A et e R e pearec et
in thisdeflowinghe estidptismayiliistrelted thetheaiawidg 3T NEuwvdfitiondspled to a
capahiey bl 0inals SmPOHIMERis, oL beING RIAeHsed 0 A Bhtiharor 118, vie
various ways. Also, It is to be unoFerstoo that the pﬁraseology and'

termitiinbgy esndiybtiherein is for the purpose 30 of description and

should not egegardedascimising RIBHIRUNAN QRS HANIRIS RGHEE monitors

1 illustrates a prior art intubation system invented by thé same inventor as

the Sre3eTRIFRAEIAHION, HeABTEAK fdfdirdd $Onensminsingyigeation &gstbfe cuff 12.

comprisganeRdatigehaalibdagcOighiphie insettasinibanrtieni 44 Additionally,
airway. An inflatable cuff 12 s associated with tube 10 and arranged to be

locatSt ala SEBRD niuSECh SRS Sies 4 10E RRGHFRERS Sa1TEHRASS 32 suctioning
Tubéotfiisncnyedstoud ¥Entilator 114 and the inflatable cuff 12 is

onnected {q a.cuffinflator.118, via inflation copduit 116. 5 System
further com{\gﬁgggrafga r%xﬁ%ﬁ%%l e“(é&??)mfm?cﬁ? of fﬁ%ﬁ%ﬂ@’r;ﬂo@ cuff 12
condeerghjiondreairyvEy ItsatratoO 2finoaitoriagdlaedtion béeahoyeduffdl Aamage to
MO“,&H%%? ﬁ?o%ﬂéegfté}é%ﬂt@‘s%@t}{;!ﬂﬁ 08’3\;[90'3&50 I %Oprrqurlt ‘:;_% the intubation
Additionally, system 1 comprises a suctioning device 20 for sgc%onlng
secretaessdtar suetor rfgcletaonpsZealiovt auff 1225 as Msnitor the secretions from

prov&@&iﬁ% indicatian Jfbgssealingotaimay 1y il 12061l resuit of the

increases the respiration efficienty and reduces pressure related damage

o afRARBICELoRIY BPeFHY® SeetBEQorG U dvicaDeroptTé OintpRINs IHstream of
intukagper process by removing secretions upstream of cuff 12 so as

prevent the secretions from entering airway 11 downstream of cuff 12.

This prevertin &t Tesutt AHEA RIS Mirhe drebretatiersdatingnbs the lungs.
airwsystdnandsrgerefat ahiserelions upskieamoCOUHbb2e the cuff. Any presence of

CO; above the cuff is used by system 1 as an indicator for secretions leakage into the
20 lungs.

The performances of system 1 above, however, are not optimal. This is
because there is no indication whether the airway is sealed under the optimal
conditions. Although the presence of CO; above the cuff may indicate the leakage of
secretions into the lunge, it is not always the case. Due to the viscosity of the

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

Figure 2 illustrate the problems associated with feakage of secretions past the

30 cuff. Typically, the contact area between the cuff and the trachea is about 2600-
3200 mm* on a generally cylindrical inner wall, about 75-80 mm in perimeter and
about 35-40 mm in length. The secretions leakage begins when open ducts are formed

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



The CO2 serves as an indicator for the leakage of secretions into the
lungs. System 1 is therefore directed to the detection of 002 above the
cuff. Any presence of C02 above the cuff is used by system 1 as an
indicator for secretions leakage into the 20 lungs. The performances of
system 1 above, however, are not optimal. This is because there is no
indication whether the airway is sealed unggr the optimal conditions.

AltheHghytheipresangeaf00sahrvesneculivpay ndicate the legkage &I}@nges are

secretions into the lunge, it is not always the Case. Due to the viscosity 0

the SHrsuemsipd by the perivdie emeration ithstiysatiing sicRngsehesiff 1sasbine. The
completelysaalRd, falnaasags-Rfaik apdaRuthet® saleal@eeOtnhalation, and

secretions into the lungs. Under such conditions, it is desired not to

incréFSEeRTES R prEE SPdnE s (At exE S pras ! tepte d Biarmeitic process

t0 theetissaies eontactngitheosttbdnigw @ Zlatnateithe: RIARIEMBe trachea, resulting
associgted. with Ieakzgf% %Iésecretions Cgast the 30 cuff. Typically, the
€

contitt Kred BRERE UHAE RE W RAH F about 2600- 3200 mm2
on a generéliydeylinchicahdiharsysaltretiautpfbddOathan e peatigheter b to penetrate

abOLﬁ.l%5§14 1%1?1&}] &%lee %%ST%%§§ CE‘F ﬂgﬁnﬁml aacié%%? t%ﬁ ﬁ%@%ﬂ %Paec?xf i wall. The
ducts are forme etween the cutf and the inner Wall of the trachea: 1 fie
operfguetsarerfosnitidd dotecySrat ifamge iatismipetizturs, tiostabowf e 5 degrees

1%”bJ%SB@Q%%A%&J}“&?&&B@HQ%?ct%ﬁ%aﬁﬁ?cﬁ!%ﬂ“@%ﬁ%&’%mﬁepﬁg?%@s of tracheal

operation of the breathing or aneésthesia machine. The pressure below

the ctiflimrerbtiscis) apimatdoThme Fgsaosingahielstontiemid piesrersditicrence of
to aheit,7 69 MM HY (REseailgvelidnringaxhalation. Thigpenagic direction of the

process 5 generates relative motion between the cuff and the inner wall of

the tFABHERS RISHIHNG [9Refis Foriralliorr dhenangbremdifbiedpen ey stions and

Undebsiehicaneitens igeamstens produced at the subglottis begin to
penetrate into small volymes formed between the surfaces of the cuff and

'the tracheal WalF FARLSE rRETALAE SUBjebRE Ryederiisdrtaacyp, fytween the

(patientrisitittedrabotipba0idh degteahderboneroharbzordaliarianisigfibation of the
external f{:gggn gglled Qy the surfaces of tracg{%ggllP wall.ag& the cuff),

T SHC UMstances, ar angedn %805fu5eb%{1‘fhe subject

interﬁ%ﬁrﬁlbtloh VIIISCOSIlfy o?!fﬁe SECI’G%OI’]SI)Y 5
20 minsidapeiutinderitrglatibDne vwapitieniey semtegianstyidthe dingetion of the

e Al 5 TR, ot
20 system which allow the identification of leakage formation at an early stage so as to
timely and optimally adjust the inflation pressure of the cuff. While conceiving the
present invention it has been hypothesized and while reducing the present invention to
practice it has been realized that damage to the intubated subject can be significantly
reduced if the intubation system operates under optimal conditions which are defined

25 prior to the intubation procedure.

Reference is now made to Figures 3a-c which are flowchart diagrams of a
method suitable intubating a subject, according to various exemplary embodiments of
the present invention.

It is to be understood that, unless otherwise defined, the method steps

30 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 éxample, two or

more method steps, appearing in the following description or in a particular flowchart



15 The situation is aggravated over time because the interaction between
the secretions and air passing outside the endotracheal tube, results in
solidification of the secretions. Under such circumstances, any small
change in the posture of the subject increases the leakage of newly
formed secretions into the lungs. It is therefore the object of the present
invention to provide a method and 20 system which allow the
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are optional and maY not be executed. The method begins at step 30 and

contieRIEEIBCSEEAC3E In Willich spnUsEHYGraeHid wibeliesntbAdPindsthe described
airwvay ghihe, guhigch-ithepeth od:CRRURLESLO «HER 3% RVHghE Rihs back from
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the v8#aPords of the subject. In various exemplary embodiments of the

invention theneaihee:caatiaues igvaptigaal step 33dnnwbictheestetionmaretep not
suctioned at a sucti n|n location in the alrw bove the cuff. In the

embSTREIRE TSR f)& LLER u%?l J%tep is executed, it can
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20 reheves the continuous load on the tissue.

Another advantage 1s that time separation between the suctioning step and the

other steps reduces or eliminaies the influence of the suctioning operation on the

results of leakage identification, As further explained below, the leakage identification

is preferably based on measurement of one or more measures which are indicative of

2
i

secretions leakage past the cuff into the lungs. When the suctioning operation is
performed contemporaneously with the measuring step, it can influence on the
measurement by altering the level of the leakage-indicating measure. For example, as
will be explained below, in one embodiment, the leakage-indicating measure is a CO»
concenfration or partial pressure. The execution of the suctioning step not
30 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 COs is not changed by the suctioning device

during the measurement. Since the suction power of the suctioning device is typically



contemporaneously with a sequential execution of steps 34-37 or 35-37
described below. Alternatively, step 33 can be executed whenever the
method loops back from 15 step 37. 'There are several advantages for
executing the suctioning step not contemporaneously with other steps of
the method. One advantage is that continuous suctioning of secretions
can damage the mucosal membrane of tr?g subglottis. Intermittent
exeqution fth? suctioning ste Z%nre ieves the contjnugus load on the, |
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of the present invention the insertion of the endotracheal tube is
accatfIzhidd b gtiicerididrE DL IsHin g evaemap: farifitaarfpraned once, before

execyiigeofibmaptionalsucuomnind Hean «Q RNANeus-£XERIaN e preferably, in 2

embodiments of the invention the method comprises an .
continucus manner throughout the procedure, e.g., contemporaneously with step 33.

20 In this embodiment, a serieé of real-time vaiues for the ambient CO; partial pressure is
preferably provided. Alternatively, the ambient COs partial pressure measurement can
be performed in an alternating manner with any of the method steps. For example, the
measurement can be performed alternatively with step 35. The reference ambient
value can be measured while the system is in suction process. Since the rate of change

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

Whether or not the optional steps are executed, the method continues to step 35
in which a measurement of a measure being indicative of leakage is performed. Many
measures are contemplated. Generally, the measure can be any quantity whose level is

30 in correlation with leakage of secretions past cuff to the lungs. Measurements of
several different measures can also be performed so as to increase the accuracy of the
procedure. In this case, all the measures are preferably weighted using a

predetermined set of weights which may correspond, for example, to the relative



optional step 34 in which ambient C02 partial pressure is measured. The
measurement is preferably performed in the immediate surroundings of

the subject. For example, when the intubation is performed in the

emergency room, the ambulatory transportation vehicle, the operating

room and the like. In the embodiment in which 15 step 34 is performed,

the ambient CO2 partial pressure is utiIize& for setting a reference value

for the measurement or measurements performed in step 35 described .
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invention, i %dz%?erﬂ%ﬁo?éit@g gndotracheal e 13 accompanied by the vention the

insertion of a communicatfon device (e.g., aconéﬂﬁ?w ic

Comﬁmm@éﬂgge\lviﬂméemea’gmdn@he optimal level can also be updated periodically by
measuring ambient level, as in the case of, e.g., CO;. In the preferred embodiment in
which measurements of more than one measure are performed, the level of each

25 measure is preferably compared with a respective optimal reference level.

The optimal level 1s preferably the maximal level of the respective measure
which is indicative to a negligibly low or no leakage of secretions from above the cuff
into the lung. Thus, the optimal level enacts a leakage identification threshold. As
long as the level of the measure is below the threshold, the leakage is considered

30 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 measwre exceeds the threshold.

Alternatively, the threshold can be defined as an upper bound in which case so that



device(s). 10 The measurement of step 35 is performed at a
measurement location which is accessible to the measuring device or the
communication device. Preferably, the measurement location is selected
S0 as to optimize the accuracy of the measurement while minimizing
discomfort to the subject. Thus, for example, the measurement location
can be at the nostril of the subject, between the cuff and the vocal cords,
15 above the vocal cords (e ff%@ at the oro arynx) and/or below cuff and
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theoretical calculationsSFor exampe in'e enfs
inverier@htivs Prasbnd ifovehticrpiahiadfou ﬁdcmabﬂfeweusimwdké@mmf Hg to about

ﬁecr@tmﬂ{g, more preferably from about 0.32mmHg to about 2 mm Hg, more
preferably from about 0.32 mm Hg to about I mm Hg, even more preferably from
about 0.32 mm Hg to about 0.7 mm Hg.
As used herein the term “about” refers to & 10 %.
The leakage-indicating measure can also be a measure other than CCs
25 concentration. In this embodiment, the leakage-indicating measure is preferably a
proxy measure from which the presence or leve! of leakage can be inferred. For
example, the leakage-indicating measure can be a proxy measure to CO; concentration
or CO, partial pressure. In this embodiment, the optimal ievel can be the level of the
proxy measure which corresponds to the optimal level of CO» concentration or CO-
30 partial pressure, as further detailed hereinabove.
From the comparison siep 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



when the partial pressure of CO2 is well above the typical atmospheric
CO2 partial pressure (about 0.03 %, or about 0.26-0.32 mm Hg). Thus, in
the embodiment in which the leakage-indicating measure is partial 10
pressure of C02, the optimal level of is preferably P nun Hg, where P is a
partial pressure which is above the ambient CO2 partial pressure, Prec.
Pref can be known in advance (before the intubation procedure), or, more
preferably, can be measured during the eecution procedure, as further
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suctioning step Is preferably executed to ¢ the space of secretions.
From step 3htlethsetisder ophidiampsgabiembodiment provides a closed loop control on

20 the inflation of the cuff, such that leakage of secretions is minimized or substantially
prevented with a minimal local pressure on the trachea. Such contro! facilitates an
efficient breathing assistance to the subject with minimal risk to lung infections or
pressure related damage to the airway's wall.

The method ends at step 38.

25 As stated, the leakage-indicating measure can be any quantity whose level 15 in
correlation with leakage of secretions past cuff to the lungs. Following are
representative examples of leakage-indicating measures which can be measured, in
various exemplary embodimenis of the invention.

Hence, in one embodiment, the measure comprises CO; concentration or

30  partial pressure. The measurement can be performed using a CO; concentration or
partial pressute measuring device (e.g., a CO; analyzer), which can be located in or
comrnunicate with a measuring location, either between the cuff and the vocal cords,

preferably close to the cuff, or at another location, such as, but not limited to, above



5 preferably, loops back to step 33 or step 35. Two alternative and
optional execution procedures for step 37 are illustrated in the partial
flowcharts of Figures 3b-c. Hence, from step 36 (not shown, see Figure
3a) the method continues to decision step 37a in which the method
decides whether or not the level of the leakage-indicating measure

exceeds the optimal level. If the optimal iQ,IIeveI Is exceeded, a
non-negligible leakage has been identified'and the method continues to
B ete) Sorio
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be located in or conununicate with a measurln%locatlon, either between
the CUbRitHBo/BEsFEsraEPHiETEY ABRIEfoBEN dlthecatfheqiuaf indtpieyr | mm Hg at

locatignysiachoasgs; BitmatHeec 9 2ROy L -deope sakEards R gmthet pressure.

oropharyn? or at the nostril. For CO1 concentration, the _optimal
[

predeterminBFISVRTY S RFATISHE RSN tRrBEh IR fh Geruecatiegul and the

2€02vocal cords) the optimal predetermined level can be from about 0,32 mm Hg to about
4 mm Hg, and when the measwring location above the vocal cords or at the nostril the
optimal predetermined level can be from about .32 o about 1 mm Hg. Other values

are also contemplated
The measurement of partial CO, pressure is preferably performed using a
25  measuring device having a wide dynamic range. More preferably the measuring
device of the present embodiments combines & high-sensitivity CO- sensor having a
narrow dynamic range with a low-sensitivity CO; sensor having a wide dynamic
range. For example, the high-sensitivity CO, sensor can have a sensitivity of about
(.02 mmHg and a dynamic range of about 0-! mm Hg, and the [ow-sensitivity CO,
30 sensor can have a sensitivity of about 0.1 mmHg and a dynamic range of about 1-10
mm Hg. When the measurement is performed above the vocal cords or at the nostril,
the dynamic range of the measuring device can be lower (e.g., 0-1 mun Hg) with and

the accuracy can be higher (e.g., 0.01 mm Hg).



partial pressure which is above the ambient C02 partial pressure (e.g.,
from about 0.32 mm Hg to about 4 nun Hg). More specific values for the
optimal predetermined 5 level can be defined based on the location at
which the C02 concentration or partial pressure is measured. Reference
is now made to Figures 4a-b, which show the partial CO2 pressure,
denoted PCO2, at different measuring Ioc%tions. The solid and dash lines

in Figure 4b_represent partial CQ2 pressure gradients, for different ., .. |
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Figures 5a-b are schematic illustrations of the location of an acoustical
measuring device 58, according to a preferred embodiment of the present invention.
Shown in Figure 5a is a trachea 56, an endotracheal tube 54 positioned within trachea
56 and a cuff 52 inflated between the external wall of tube 54 and the internal wall of
25  trachea 56. Acoustical measuring device 58 preferably comprises a downstream
sensor M2 and an upstream sensor M1. Sensors M1 and M2 serve for sensing sound
waves impinging thereon. Being spaced apart from each other, the acoustical data
collected by each sensor port is different, inter alia, due to different relative flow
direction (outgoing with respect to sensor M1 and incoming with respect to sensor
30 M2), as further explained hereinunder, The difference in acoustical data can be used
to improve the sensitivity of device 58, as further detailed hereinbelow with reference

to Figure 5b.



In another embodiment, the measure comprises acoustical data being
indicative of leakage near the cuff outside the endotracheal tube. The
acoustical data can be collected using an acoustical measuring device,
which can be positioned, for example, above and/or below the cuff
adjacent to the leaking duct. Acoustical measuring 5 devices suitable to
be introduced into the trachea are knowni' the art and found, e.g., in
U.S. Patent.Nos.. 5,655,518, 5,890,488, 6,168,568, 1,238 and .. .
0353, 142, I CEHERR ORI S Pt AL SRS Ry e rlaive
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cross-gectional area of the duct. Figures 5a-b are schematic illustrations
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hereinbelow with reference™ to Figure
M1 and M2 are, therefore, 1 = di/v, and £ = db/vs, respectively. In the following, for

the purpose of simplicity, d; and ¢ are assumed to be equal,
di=dr=d. (EQ. 3)
The difference in the traveling times is a measurable quantity. Denoting this
25 difference by Ar one obtains from Equations 1-3:
At = df(vy — vy — di{vy + vy, (EQ. 4)
or '
A= 2 d (v = v) (0 + ) = 2 d v v (EQ. 5)
where in the 1ast step, the square of the v was neglected compared to the square of the
30 V.
As can be understood from Equation 5 above, knowing the value of A, d and

vy, the value of v, hence also the presence of leakage, can be identified. Thus,



23 When leakage exists between sensors Ml and M2, due to the different
relative flow direction and in accordance with the well-known Doppler
effect, the acoustical signal sensed by sensor M2 has a higher frequency
compared to the acoustical signal sensed by sensor M1. Thus, defining
the frequency difference between the acoustical 5 signals sensed by Ml
and M2 by Af =f2 - fi, where f is the frequ%cy sensed by M1 and f2 is the
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15 between the functional ependences of the pr essure in the lungs and the pressure n the

leaking duct during the breathing cycle is shown in Figure Sd.

The filtering of the background noise can be done by spectral analysis of the
collected acoustical data. Generally, acoustical data characterized by frequencies of
from about 1200 Hz to about 2500 Hz, can be identified as proxy to the leakage.

20 Other acoustical data can be associated with breathing, berating disorders, hoarseness
and motion of muscles, such as the heart and lungs. Although acoustical data
associated with breathing typically includes low frequencies (below 300 Hz),
intermediate frequencies (between 300 and 600 Hz) and high frequencies (between
600 and 1200 Hz), most of the breathing energy is at the range of 60-600 Hz.

25 Acoustical data associated with motion of the heart and lungs is typically in the low
frequencies. Acoustical data associated with berating disorders or hoarseness are
typically above the 2000 Hz.

The identification of acoustical data to be excluded can also be performed by
performing a calibration step in which the acoustical measurements are performed

30 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.



va, the value of vL, hence also the presence of leakage, can be identified.
Thus, 24 according to the presently preferred embodiment of the
invention the leakage- indicating measure is in correlation with the
velocity, VL. In this embodiment, the optimal level preferably corresponds
to a velocity of from about | m/s to about 3 m/s. The measurement of
acoustical data is preferably performed such that 5 background noise is
filtered out, The background naise can inciude all acoustical data
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identification o aco_usticaT data to be excluded can also be performed by
perfdFitgEERRBHIFRSEW in which the acoustical measurements are

Jerformed 20 sufficiantivias amedhalaakingiduahza a5:-10:98HR8 MShe wachea is
backg)rg&n%g%i%}?g}%ei}ggr diameter of the endotracheal duct is about 7-8.5 mm and
the cross sectional area of the leaking duct is about 5-25 mm’, Py is from about
0.01 to about 2 mm Hg. Thus, according to a preferred embodiment of the present
invention the pressure measuring device is characterized By a dynamic range of about
25 0-2 mm Hg and resolution of 0.01 mm Hg.

Minjature sensitive pressure measuring devices are known in the art.
Representative example of suitable pressure measuring devices include the pressure
sensors of Nexense™, Israel, described, e.g., in U.S. Patent Nes. 6,621,278 and
6,856,141, International Publication Nos. WO 00/67013, WO 03/036321,

30 WO (03/048688, WO 2004/072658, WO 2005/062719, and WO2005/076727, and U.S.
Patent Application Nos. 20050027206, 20040207409, 20040104733, and

20020105340, the contents of which are hereby incorporated by reference.



background noise is defined it can be subtracted from data collected near
the cuff. 25 In an additional embodiment, the leakage-indicating measure
comprises pressure data being indicative of fluid flow near the cuff outside
endotracheal tube. Pressure data can be measured using a pressure
measuring device. Figures 6a-b are schematic illustrations of the flow of
air (Figure 6a) and the 5 pressure (Figure 6b), in the trachea outside the
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In yet another embodiment, the leakage-indicating measure comprises

20 difference between inhaled and exhaled air volumes passing through the endotracheal
tube. In this embodiment, the measurement can be performed at the inlet of the
breathing machine. The amount of inhaled and exhaled air volume is recorded and the
difference therebetween is calculated. Based on this difference, the identification of
leakage 1s achieved.

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

30  above the cuff. According to a preferred embodiment of the present invention a
leakage is identified whenever the eiectrical conductivity of the air above the cuff
exceeds an optimal level. The optimal fevel can correspond to the aforementioned

partial CO» pressure levels.



Patent Application Nos. 20050027206, 20040207409, 20040104733, and
20020105340, the contents of which are hereby incorporated by
reference. 26 In an additional embodiment, the leakage-indicating
measure comprises flow data being indicative of fluid flow near the cuff
outside endotracheal tube. Flow data can be measured using a flow
measuring device, such as a flow meter. The flow measuring device is
preferably lpcated near the cuff within the 737ubglottis, such that 5 when air

flows from tHETEHGE #ArBeihEReadaKEEEatce thevhisl medburehndalitmams of a
measwhsdheition. idebariing lai-preieretretadineAtNe PHEIeRAL leakage is
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RamAPSE RPN velifrertitel-otiear 2 anadrearteih e reckrtha method loops
the arickseensigp IMedGadget Journal, March 2005 issue,

http://svw. dﬁ?@gﬁ&com[archives/2005/03/etvi_ew_ett.html) In yet
another emb&d ¢ FRETBRKE JB-FeRchhi mdish Pebeerthiinis @as apd one or more

diffetdemelibelmvakitinhaded alid @xhaleduall velunesRassNG tRIopgh th&thing gas
end%tég%g%%l %lé)éat {n thisS ?msncoﬂ%rjncg f, thghmea%urement can be | )
perfSrined Atthe ihiet pEte” Brdath 63[}’556 iR U PR AT ALE RS breathing
land extatsthediavolrieds sedoraebanddhénditierencs: tHareRatweesnisched air, a
calcyated. Basad pnithis dg{)eﬁ e, th idtlclentifica ion oé { akage i o
achieved. 25 In a f%?‘ﬁm_r %m' ogﬁweﬁﬁefqhhee é:aﬁ%%néin%} algﬁgﬁ%easﬂ% identifiable
compiidiEy selepatestbbh by dbtishistos (effldesabovBting muffioutsioeeither mixed with
endalasRa; Hie: DS LMD AdmE M, e flud ?%yee D8 G %itrerent container,
transferred into a chamber where it is being heate ._V\/f\gep he air
cont2TeeCISD et iorEs dledasaInf We the IdghttBahperddities iTheferably
26lectriiahoonmiGtivilY IS REEYRS ARG RSGKY Measure to the
concentratiPP oc{ FOZ e
he delivery of the additive is preferably performed so as to aliow the additive
to enter the lungs of the subject. During the breathing cycle, additive remnants pass
through the lungs and, together with the carbon dioxide waste, are expelied from the
lungs by the breathing machine. Alternatively, the additive can be delivered to a
25 location above the cuff, between the airway's wall and the endotracheal tube. In this
embodiment, the additive only enters the lungs when there is a leaking duct between
the cuff and the airway.,
The' delivery of the additive can be performed continuously throughout the
procedure or at predetermined time intervals (e.g., whenever the method toops back to
30 step 33 or step 374, as further detailed hereinafter). In the embodiment in which the
additive is delivered to a location above the cuff, the delivery can be executed once for
the entire procedure, or whenever the level of the additive at the location above the

cuff decreases to below a predetermined threshold,



30 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 CO2 pressure levels. 27

Reference is now made to Figures 7a-c which are flowchart diagrams of a
method suitable intubating a subject, in p gferred embodiments in which
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candgfdﬁwéer mixed with the breathing gas prior to the delivery or it can
be delivered from a different container. Being designed to enter the body
of the subj@spiseritentfistimpliditive ideptidfarabhddOvef |owittdicifyrothe present
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by the breathing machine. Alternatively, the additive can be delivered to a

25 |G IaBBVE the Ctr  BatwaElPiRR driialpiwsll Kl thieieHdoteripred) gases,
tubepderihislyenahadimeniotie aeldiive@RhBNISTEIRBIGSAMARN IRRIR ISy non-

a leaing flisLostySen. g cuff and the anway.
20 The amount of additive which is delivered is preferably selected sufficiently
high to allow its identification and sufficiently low so as not to interfere with the
breathing of the subject or cause damage to living tissue. The amount can be selected
in accordance with the FDA reguiations of the specific type of additive used. The
optimal amount thus depends on the type of additive and the measuring device which
25 identifies it. It was found by the present inventors that additives suitable for the
present embodiments can be identified with an accuracy of from about 7.5x107 (e. g
via mass spectrometry} to about 0.001 (e.g., via radiation detection). Thus, the ratio
between the volume of additive to the volume of inhaled air is preferably less than R,
where R is a number from about 7.5x107 to about 0.001. Where the lower limit is
30 applicable to detection via mass spectrometry
As used herein, "about" refers to £10 % (e.g., “about 7.3x107™*" refers to the
range  6.75x107-8.25x102,  while ‘"about 0.001" refers to the range
0.0009 - G.0011).



The delivery of the additive can be performed continuously throughout the
procedure or at predetermined time intervals (e.g., whenever the method
loops back to 30 step 33 or step 374, as further detailed hereinafter). In
the embodiment in which the additive is delivered to a location above the
cuff, the delivery can be executed once for the entire procedure, or
whenever the level of the additive at the Iggation above the cuff

decreases 9, 2 RO 18{[1%5 d%g%?g%n %I, ‘c%ach%%{/%/l, %gjﬁ% g&&&?ﬁ%@ additive

identifiable additives are contemp roadly speakin

to bésidanifable, itkhoiditeaing & heabtone measurabtaifiofreityonhitthe additive
can PeusRcier dRunatisb e ne-slve ordig, Bealitd R8Ol 0Rkary g
materials in the environment. Thus, the additive is preferably-absent from

the dRViloAThahe dhenpifieatinn ipf sl dpatesn in fomandikrbwfermation of a leaking
sonceRtrajienseNVinendite andlitive is-alieadyRreaant in e, SRRMIR typically

itis preferablyg livered at a sufficiently higher concentration so as to

alloiSHRERERIRG RS SATHRRS BT EodBRIMEN level. The distinguishing

property Ofﬁhevaddﬁé\/eaﬁaﬁ;ﬂ@yfoér@é@mﬂﬁﬂﬁtgmi&@@&&edﬁé}!ﬁ&ﬁ@rmomwﬁng is

mass apd/or one or more other distinguishable properties, including .

oot IS B EHE AL AL JPRCEC UERNBHEN, B AMEwdBvelyocedure

the addithea baniohayfspesifideclecticbigior sedgnetie fraprrtigswhiichhe level of
an [ i e additive. Representative examples af |

o S s R TSP R B BT R ogivred though

With@_m Wﬂﬁﬁ@hﬁﬁh@ﬁegﬁmmmigg brefierab] kryptgmisetaedsrements for more the

radigisiapesopecifiRbhe IonrRalion g@gﬁ%ﬁpﬁ% W SWHCIEIRNCY 1y this

half lives (several seconds to severa § S) such as technetium
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ases; and various fluorescent materials, preferably non- toxic fluorescent
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selected suffieientitbigly te-allew isrdantication and WfieleRIIOMSAe devices

as not.to, interfere with.the breathing, of the subject or cause damage to
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2for tikemmunicates with the measuring device(s). The conduit can be disposed externally

to the endotracheal tube or it can be embedded in the wall of the tube, as further
detailed hereinafter.

The monitoring is performed at a monitoring location which is accessible to the

measuring device or the communication device. In various exemplary embodiments

25 of the invention the monitoring is done by sampling fiuids (gas or liquid) from the

monitoring location and delivering the sample to the measuring device for analysis.

Preferably, the monitoring location is selected so as to optimize the accuracy of the

measurement while minimizing discomfort to the subject. Suitable monitoring

locations include, without limitation, above the cuff between ihe endotracheal tube and

30 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 nosiril 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



present embodiments can be identified with an accuracy of from about

7.5x10-12 (e.g., via mass spectrometry) to about 0.001 (e.g., via radiation
detection). Thus, the ratio between the volume of additive to the volume

of inhaled air is preferably less than R, where R is a number from about
7.5x10"12 to about 0.001. Where the lower limitis 30 applicable to

detection via mass spectrometry As used herein, "about" refers to 10 %

(e.g., "about 7.5x 10-12" refers to the range 6.75x10"12-8.25x10"12,
e e Yt sao Lodpied 0 o
contiotieRioabter Bifvhichiatdeavel iotdtierdantifialip AdBHiMeiSin the fungs, or

monitored. The.manitoring.is performed so as to identify leakage of the
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serie8 FrEarinte xrbe SR el Bhes the additive compréses an inert gas (e.g.,

embpeimgntsipmhigh MaseRARaNeaddliVeisdelivaeldongnhe of e inert

endotracheal tube, the monitoring preferably comprises measurements for
fthor@thde Byet bf o thar R RIRRRI SR reraBRyial theel.  Other gaseous

delivieteetiarditivaiol bethisntAse usihinasmansuremate preferably weighted
using a predetermined s%tggf wel |hti§e which mg%é:orrespon , for
eve
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example, to the relative aceUra
its cdetetation deviekwitT e sebodiionstldakagéefdde wienitdrngddiivbehas specific

perfqy using one orgnore measuring devices. suitable.for measuring )
the gﬁsgt}l%g\fﬁs%%da 1;:t)[%t)er f‘; %)?atﬁlg Sa‘a’uf |\§1e%11 CSit i‘ﬁ:gC 0 ¢ ﬂﬁ% grgrlgtlf Otol% (e.g Te
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condifitcss i gispase dvabitait Ay crsleachrabivhesenliupdoddtesaiogd. This can
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monitoring.is performed at a monitprlng location which is accessible to the
delivering the sample to the radiation detecting device.

20 An additional embodiment is preferred when the additive has a distinguishing
optical property. In this embodiment the measurements are performed by an optical
device capable of measuring the optical property., For example, the optical property of
the additive can be a distinct color (such as, for example, in the case of colored gas), in
which case the optical device can include a miniature camera or an optical waveguide

25 coupled to an external camera. Miniature cameras mountable on an endotracheal tube
are known in the art, (see, e.g, MedGadget Journal, March 2005 issue,
http://www.medgadget.com/archives/2005/03/etview_ett.html)

Images captured by the camera can be processed to detect the presence of the
additive and optionally determine its concentration level above the cuff. The optical

30 propesty 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



measuring device or the communication device. In various exemplary
embodiments 25 of the invention the monitoring is done by sampling

fluids (gas or liquid) from the monitoring location and delivering the

sample to the measuring device for analysis. Preferably, the monitoring

location is selected so as to optimize the accuracy of the measurement

while minimizing discomfort to the subjec .1Suitable monitoring locations

include, wijthout limitatjon, above the cuff between the endotracheal tuhe
R TS R PR G nsi ST B G age Highive pesses
vocaheand$ (gnsakdinetoraphauypx) dindfbis beldwdioffanthadjddeive can also be
theretp. Whereas nostril or _orgpharyny are more convenient .
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medsuriagoneaf thewedf i molerlpsefbnigdefrowhitie stanbipoitiecténbBehe camera.
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delivere a location above cuff, the monitoring location can be

below the duffadditientlrgbastingmhis prefamadgrhamdhcotdfisi uhttadidigguishing
tubened;Qr ptdheNeniHales Heiding: R aRRaHat ANRRAIRRRERHBE a device

present invention the 5 measurements are performed by a mass

specBRbteP br BYAY Bal§FSH G dr R IB o VIHERIntS AR Yeh afingy sistance.

the comepesitioh asnd abunsance ofibe atemsigreeeiabeiwWgieninffshing magnetic

airway's wall and the endotracheal tube, thereby ta identify additive and ,
iy m@‘&?ﬁfgﬁ't 1?@@8ESE§P%W?£§\%§H#§%H ?wgecqﬂgﬁ%}%g Ygﬁaﬁﬁfé‘ﬁ% magnetic

gas feoparthelium, kiypietizaienmasasspeaisorastancantidartifgqpiesquasity can be
of the atoms of the inert.10 gas (e.qg., He, Kr) and.optionally measure thej .
conc%egf(r)éﬁ erc%o Ig’euvesf.aﬁ%gf §a‘é§%%°sg S#{a erl{% sn(}glrl}l%g)fé%gb%%%%ﬁgda ﬁ;"mé{ stermine
massgspect ometeccit @otharcboiiedaidnahborehstdnents are

performed P A alial deleal it AR 8Enll 5 SRARGIENLIBR SR es 1o step
when the additive has specific radiative properties. For example, when
ithe &dditinerbarhphisdevehdibibotisiset{Bagle Pediggois xem BBk k), aneptimal level

radigion sfeteqting;deyige oo detactradiation entted by tbe LAMIRIRRIAPE: which

and the presence and/or concentration level of the radioisotope in the
betwdeFF tHenipRapitin dhated Srdirabnéserivideifiabls ylditive is preferably

detegpinsged WMecAR sBe-a¢hiEMaEpY-sampling fluids (gas or liquid) from
the monitoring location and delivering the sample?;[aﬁeih jation

detecting dREPoT A SO RAEABEARR ML PR IEl o WiE g oive additve
additvadias mdisithguishinggiogticalprapaitylehkibisontbadicne fidineabove the cuff
mea?rlft%emg Qltlsngre %gtot@eo%t?%eﬁqeo eP%%lacts a leakage identification threshold. As
jong as the level of the additive 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
25 location of the cuff whenever the ievel of the additive exceeds the threshold.

The optimal level can be an absolute optimal level or it can be defined relative
to an online reference of, e.g., ambient or breathing gas. The optimal level can be
extracted from studies directed to determine this level, tables, charts, graphs or
formulae obtained by empirical considerations and/or theoretical calculations.

30 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 identiftable additive, The adjustment is performed in a manner such that both

leakage of secretion and occurrences of pressure associated damages are generally



device capable of measuring the optical property. For example, the optical
property of the additive can be a distinct color (such as, for example, in

the case of colored gas), in which case the optical device can include a
miniature camera or an optical waveguide 25 coupled to an external

camera. Miniature cameras mountable on an endotracheal tube are

known in the art, (see, e.g., MedGadget Journal, March 2005 issue,

http: {.{M%dg?&g%{ relii &{?D(AO Oi Niew ett. h m

captured by the camera%can beﬁgp}r/lgcess té’c%fiﬁé’ S5re %Jﬁ,ycg (“fpﬁwBaCk to step
add|ﬁ§e3é7ﬁd’b'ﬁﬁanally determine its concentration level above the cuff.

The opticaly3Q m@&%&x@éﬁﬂ%ﬁﬂ%ﬁ@ﬂ@dﬁ%ﬂ L8 %§?Qt%e AN strated

case the optical device can be ‘a fluorescence camera

fluorBstbrtasinldastidarsmtfezaesifbes. M@Fé‘b)f@ﬁaméi’ﬁe(me}m see Figure
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the addltlve is delive é%ch{fb %a([)catlon above the cuff, images are 3

prefétably aptirieenel ‘G é%‘gg%fi%nhﬁ%a%ﬁéﬁ@ﬁc@f&ﬁbe levet of the
agg|Bdéi@&ssﬁmdhalegﬁfgdﬂwg&keﬂd%ﬂ?ﬁmgﬁe |ﬁlrllém§cﬁhﬂér?ﬁl?ﬂ&fﬁtpm@ess step
additjve,can ted such that ng through the leakin

Guctie Ao ekt I AR SRR o Bt B BENSPELS b Hibgovde ber
WhICW@MbeIdéi@Ctmdtbydtf@chiﬁﬂeﬁhaﬁtBarbbiemcar&zb@@S@ﬂQh@CtQ@ B¥akage is
L Lo Y T -
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emb8girmdletiose nrrsaaréMews ak@ perfoeed by atdp\Bﬁéc dapehlehofhe inflation

measuingLigGHICAl PIoRRILE d {
AItefﬁnatlvely or addition 3{:13/ W%g’?]y g]e%%gﬁ% uﬁébglq a%égﬁgua{ﬁe ethod preferably

maglfeié aisip e gisiy? the’HeakaTémahesadreqsestariibel %y@eﬁmnueof Figure 7¢ is
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measurements of the respective quantity can be performed substantially
L2 ontMERSUSTy Hith & SARGI S 560 RSt s ab e lerkmirreispresiradlptow or there

conoemmc{ukﬁgevel of the additive above the cuff. Once the measurements

are perfor metp ggé erabl Nt FE s to step 15 376 in which

the level o & enﬁealfﬁ Y e%?ﬂ}?é? BeliuRaridetirirseddpop control on
theréf mﬂat;ms}btwena‘fﬁ,l;smmmmmm@d dfisteecriteielsadismbadimebifntially
whi t Itive is used, the le eI of each identifiable .

addi \fgglg{g?em%&%@ompaocglﬁ { §ollurgsa ne% |Vg%§|%)F Phalietefopfg! facilitates an
2@ptirpicieve ﬂjr§3g§he19ra$ﬁytmmxth¢a$uemet ofithenespettivd: additiveinfections or

pressure related damage to the airway's wall.
The method ends at step 378.
Reference is now made to Figure § which is a simplified iliustration of a

system 70 for intubating a subject, according to various exemplary embodiments of

1-2
th

the present invention. System 70 comprises an endotracheal tube 72, adapted to be
inserted into the airway 74. Endotracheal tube 72 is associated with a cuff 76 capable
of being inflated, for example, via en inflation conduit 77 below the vocal cords of the
subject (not shown, see, e.g., Figures 4a and 6a). System 76 further comprises a
measuring device 78, for measuring at least one measure which is indicative of
30 secretion leakage as further detailed hereinabove. In various exemplary embodiments
of the invention device 78 performs measurements to measures directly related to CO»
(concentration, partial pressure) or proxy measures to CO,. It is expected that during

the life of this patent many relevant measuring devices suitable for measuring proxy



20 which is indicative to a negligibly low or no leakage of secretions from
above the cuff into the lung. Thus, the optimal level enacts a leakage
identification threshold. As long as the level of the additive 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 25 location of the
cuff whenever the level of the additive exéeds the threshold. The optimal

levePEATIISE khaBsotitebsptierelorsrerbt theatrore ddrthe damtampasutngndevices is

onlingdefesancachidedl samhisnthRteating gasy-The optimal level can
be extracted from studies directed tqQ determine this level, tables, charts,
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theqretichbeaiautativnsudtbARoting devaspreiariediepadid iedihe measuring
present inve?ltion the metho %roceeds.to S}r[?é) 377 in which the inflation
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and occurr. ) : i es are generally 32 _ .
nimized L R SR . aovie
bacK$0sreprea®] B37apabls 78 MEvioalng natheasatidioptionadresesufiorexample, using

procediresfa ten 347 agdstated Indhe-partialfiowsharts, of Ei%%s%z. Inet

7b-c. Hence, from step 376 (not shown, seeFigure 5 7a) the metho

Igontiifues @asise steprararinawidicth awastie dedecldes Rerishpiesiure) to be

not aagnRNealisibiedeakade:is identified, based, as stated on the level of
the additive. If non-negligible leakage is identified the method continues

to process REF AR RMEHSth ST RiAFEF [Hed St Briatk RigAsRsing unit 94 which
increasadsseramitypravidedetter sealintie i dhemathostdegidesdbat therample,
is no leakage (or that the ZIgaka%‘%js 10 negligiﬁle), tl%e me%ho%can either _
loop BRERTS SR 37325374 SHETE ito LAY SHEPRHEOR Tireuat 4 for
1{Figfeetd)pocprocgeshith stepd7ve hnvkihdhednitalions pfessureatiPending to
cuff is decreased @ ure 7¢). From step 377e the method preferabl
oop DA 0 SR S {8 ST SR SEH TRE ShBBRR % & o
Figurg, a6 iSrtimat deald hiueihelscoplinmizatamalfythe dn fationopragsstitnin to optical
the cuff. The inflation. ? ressure in the cuff can be decreased as long as
the e O T R o e, RS ERR U TR porveon
the phederd efmibodirrsntpeovitiesarcipseditgopptomdrobion. For example, in various
20 exemplary embodiments of the invention, unit 94 performs real-time comparison
between the CO; partial pressure near the cuff and the ambient CO; partial pressure.
Depending on the type of the measuring device, the device can be located at
the desired measuring location 82, or more preferably it can communicate with the
measuring location, for example, using a measuring conduit 8¢. E is to be understood
25 that although Figure 8 shows measuring location 82 above cuff 76, this need not
necessarily be the case, since, as stated, it may not be necessary for the measuring
location to be above the cuff, as further detailed hereinabove.
Device 78 can also comprise one or more sensors 84 located at the measuring
location and configured to communicate with device 78 via 2 communication channel,
30 such as, but not limited to, measuring conduit 80, which can be or inciude 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



the inflation of the cuff, such that leakage of secretions is minimized or
substantially prevented with a minimal local pressure on the trachea.
Such control facilitates an 20 efficient breathing assistance to the subject
with minimal risk to lung infections or pressure related damage to the
airway's wall. The method ends at step 378. Reference is now made to
Figure 8 which is a simplified illustration of @ system 70 for intubating a
subject, according to.various exemplary embodiments of 25 the present .
nvern ) St ) CartriIons A andtAohes o7 3¢ R e panensuing
insefiedontbetbrnstiravary FtsEncistrachealddipelif2.is associated with a cuff .

76 CapableAgé&giﬁlg il tg)gefg X chﬁnﬁ@lﬁgf'qﬂ@“gz%s C{H%Eg n system 70
below the vocal cords of the subject (not shown, see, .g., Figures 4a and -

6a). PRREESTO TFthaEoRpe S donfessoning erovrtemBafersusdastnnigeation 87
at leastRne-Meanye Michss %@tﬁﬁ{iﬁ% L0 FREERNIDR 1R FHATE AN UG  on with

detailed, hereinabove. In various exemplary embodiments of the invention
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the seipie dithedenmadnadsubing dewceslis tistendes desineludecattsuckd and/or 88
pev deehnelogiss.a lat, Revice 48 sanbe. for example, a CO2

concentration measuring device, a partial pressure measuring

device, an broastivsnsempting elovimtpspresStire mmeasionng staelcepmprises an
low MEABIY NG AEYiPe AR ABGE WSROI 6% ke @ TR sbeived from
gas- volumé measuring device,an electrical characteristics measuring

devidevigr tfié eritisdirtebtsdpnwiticheambiertlcOR phrtiapprasssure ighich case the
meagiiRdife iched Bimpislerablyaapabls:oieHImNA MR PAIBIS! e measure

measurements, for examgi;, using’ two or more separateinlets 79 and an
'arraR§SrHeRErthidive skl AR diss nfipieg 1 deyo T an WS BEUBEgtior with the

MeagiRg AR RIeRE RASH Edienthe GRR RARIALRIRITYER)dRe! Used as a

reference measure, Device 78 can comprise, or be associated with a data )
processing Urite®4 WHith %%68@8#%&&@%%@ Yata ot FRSp iRy cates with

the measuteg quacditiés. Eaitexamples caneonvarthe measwed the level of the
quantities to d%i;[gl ata z%nda#r ns{er the data to unit 94 for 15 further
measure ex S 1[01

processing, suc aas,lglﬁ)tpn imited to, the analysis of data corresponding

2fo Reference is now made to Figures 9a-b which is a simplified illustration of a
system 106 for intubating a subject, according to various exemplary embodiments of
the present invention. Similarly to system 70 above, system 106 preferably comprises
endotracheal tube 72, cuff 76 and inflation conduit 77 as further detaiied hersinabove.
In various exemplary embodiments of the invention system 100 further comprises an

25 additive delivering unit 75 which delivers one or more identifiable additive(s) through
the endotracheal tube, as further detailed hereinabove. Unit 75 is thus operatively
assoclated with tube 72. This association can be via the breathing or anesthesia
machine (not shown), in which case unit 75 is preferably a part of, or being in fluid
comimunication with, the machine such that the additive is mixed with the breathing

36 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 182 of the subject, the additive and the breathing



acoustical measurements (e.qg., filtration of background data or calculation
of Of, At or vu, as further detailed hereinabove) or the analysis of data
corresponding to optical measurements. Unit 94 can also perform
comparison, preferably in real-time, between the level of the measure and
its corresponding optimal value. For example, in various 20 exemplary
embodiments of the invention, unit 94 performs real-time comparison
between the CO2 partial pressure near the cuff and the ambient CO2

partRspresurEblpdriiiry b g beirathiaadumg dévidetube 72. In this

devigagamhaiosrigd At iRe de e nernyYring losAon Byl Bk, When it is
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when the measuring device Is an acoustical measuring

18endbrecarbSabeiibnckicatnan rrowh el anehieaaitingraduicdlion pressure. In the
MeagMBRGintlaviGe WS SLARUSNE PISHRUIR SENRISANHHE 8 conduit 71 can be

According to a preferred embodiment of the present invention system 70

comPBiree’ & Bsenuiis GUHE EBasdrctietidrinilp S bergnbrS Wt a suctioning

:C?C_Ztion 87S§s_i&x{hﬁ)@'flfwhﬁ%éxa&ﬁﬁ§r€éélsﬁ Z%e%ygg@@'ﬁ@%e\éis?féézﬁa&m@ the fevel
uid commuynicati with suctioning lgcation ejther a SUCtIOﬂIng
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tsvhictvaasentanguiti B0 sesuRsras dcsudbarihgvhiat, measedingmoengiite the cuff, at

Conduit 80 and/or, conduit 88 can be tgspose either.internally within the
endOR el e or SRl R otbe S0 et e MR By endir

10 chci_«aksdme auf] b@dﬂ @d}@walltﬁﬁ@ﬁtu b 721§Irbﬂﬁddi_meek-emmryin Figure %a
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for adjusting the inflation of cu ased on signals received from device
78. Phidrealiws done either manually, by the operator, in which case the

zmheasuring Bevice OBl AIShIRY deyish ot iR Ayt NG d6ve! Aliinguishing
e rgreo?ase?trxeeé of the additive. Thus, device 85 can be, for example, a mass spectrometer, a
gas analyzer, an optical measuring device {e.g., an optical camera or a fluorescence
camera), a miniature ultrasound device, electrical characteristics measuring device
(e.g.. a conduction measuring device, a resistance measuring device) and a magnetic
25 characteristics measuring device {e.g., magnetization measuring device). Device 85
can also be a combination of several devices, each designed and constructed to
measwe a different quantity. For example, device 85 can include a mass spectrometer

and a camera or any other combination.
Device 85 is preferably capable of performing two paralle] measurements, for
36 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 af the monitoring location with the environmental level.



15 or automatically, in which case the inflating device is in communication
with the measuring device, thereby forming therewith a closed loop
control. System 70 can also comprise an alerting unit 92 which
communicates with measuring device 78. Unit 92 serves for producing an
alert when the level of the measure exceeds the optimal level. 20
Reference is now made to Figures 9a-b which is a simplified illustration of

a system 100 for intubating a subject, ac?:%rdin to various exemplary )
embodimeREisF ﬁ?e%?e"s‘éﬁ?’iﬁ@eﬁfi@ﬁ.aé?ﬁ?ﬂ%ﬁg Wiy daEnPrasasEgeunit 94 which

systeitedfesieiampy:comnpiisem rRRPolReh ea kB4Rl fhuSiaish, as described
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additiueisteliverinig motaZdsvhich« ptivetslanmadromane dde ptifildeprocessing unit 94
dditive(s) thrgugh the endotracheal ube, as further detailed (o .
ferohaie Toro Same e & D BT ey gospies o deial
assoelatiod transke tia dht bhveuthifg Gr dmtisthesiecssiaghinel(agtishiown)mited to,

in which case it 2 is prefsranly 8 Rar af oL heing i fluid

communication with, the m%’gchine suc%that the ad%%tl\{e Is mixed with the
breathing Bevipss Brisrtotndueirk ) dhehdealdesitiveniioingh inasaont 83, or it can

Altepagliveiye 4078 W&agl%éa@wﬂw%%\mh 1R8 Al RAnduit 80.

case the additive is delivered irectl%from unit 75 to tube 72. When itis

Wesitelt 8 st at dinvaltbstef tau s ifgliutriss menipsiagtogasion 83 above

- addigive anditRebseathinec35a62s s elRreierabhcdelivaredithraugh 8 monitoring
bregtﬁr%ir} lumen 65 of u@e&gz.g this, empodiment, the additive and the
bre ﬁgﬂaaélsa%ﬁsfam ot A% OGBS KelaHeas deifdoqsion above the

additive, tdeaitecBfliomahavsidnacdffethe additivenisnpgeferablynarliverednce of the

throgg{%t?n ddeiatf;\{e delivery conduit 71 which can include an opening 73 5
above cu fseé Figure 9b). Conduit 71 can be disposed within the

Hfumen 65 dh thbe:#2npfifeihdiasljatentthéigto: Gontduicdditcanialddibered through

g f . Rreferab bligatorily, .
embRAARcE 1hg WAL RR! Lhe [ RIETRIAPIY, UENGS SRIGBIOIIN 4G in the

uild communications thereamongst 6]

contexpprlidadaiéiusisgometritantoAfigiratibht venaploljintdtidiredtiopraduit 71 and
valvasyin Whichhh&.adsitlve i RIGYSNIRA QM SRLEHDQ LA MEH 6ee5gb,%mugh the

the breathing gas Is allowed to enter conduit 71 or vise versa. In‘th

embBariETIRCRR IR tBCadtNAs dllifeie denipligroamh nbsitaimuitizure b
20 1 canbrdised AR AR ERMINBSeRALILB0 (RS furthemdetalledot necessarily be the

hereinbelow, . .
case, since many other monitoring locations are contemplated as further detailed
hereiabove,
Device 85 can also comprise one or more sensors 84 located at the monitoring
location and configured to comumunicate with device 83 via a communication channel,
25 such as, buf not limited to, measuring conduit 80, which can be or include a suitable
transmission line. The type of sensors depends on the type of the measuring device.
System 100 can also comprise other components, such as, but not limited to,
suctioning device 86, suctioning conduit 88, inflating device 96 and alerting unit 92, as
further detaiied hereinabove.
30 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



System 100 further comprises a measuring device 85, for measuring the
level of the identifiable additive(s) as further detailed hereinabove. Device
85 preferably 15 communicates with a monitoring location 83 which, as
stated, can be above the cuff, at the nostril of the subject or above the
vocal cords (e.g., at the oropharynx) and/or below the cuff and adjacent
thereto. In the embodiment shown in Figure 9a monitoring location 83 is
above the cuff between the endotracheal ¥dbe and the walls of the airway.
20 Disjsedsciir mbawarecotienobaitovefufdh e gienamentiangport in the following
distiggémg)g properties of the additive, Thus, device 85 can be, for
example, a mass spectrometer, a gas analyzer, an optical measuring
device (e.g., an optical camera or a fluorescence camera), a miniature
ultrasound device, electrical characteristigg megguging device (e.g., a
conduction measuring device, a resistance measuring device) and a

magnetic Z5°CHARAEETSRES Hdasnthg delleceing gramplgpetipiaivgether with the

meadurisgiceripednPRies:BEhsan SR DB sombinatioTRlssveral
devices, e cfgla%esie%ned and ?.Fonstructed to measure a different quantity.
For exampte, debisa bR ARt CRIL RO &5 SR Bbteskagnses dhppdotracheal

or ampothéf bpmbinatiory OBYineShris(PCHieyabhheapableiehRerfouriBtiance with

two {&gr@ﬁl asprements for . 3Q.example, using two or more separate
inlets 79 an(ii;EI gn Arran éifsﬁgﬁ%%l Uhidirectional valves 81. This

1embodimehthispyapiselel fiasefd) whendeisaddisired tedeiermijecthe, elnvasive
of the aggitivedn, the £V ample far co ring the level of _ . )
the additive aE the mon\i%rlng orc%gtgi(())fﬁg\){)(\(/&ll 1 %ﬁn&ifﬁ%%ﬁ%ﬁg@éﬁg - Initially.
Devibe 33kl wori theanvhek wasdryastdarithivatdprecessintatonit Sdbsequently,

whighzREOGESSRS QN @H}?Iﬁﬁ@g%ﬁ?? data GOITERRY i,n%&%éh?emg%s 'tclf:rg%gin a porcine

quantiti%i?,gas described above. The principles arid operations

prodBRERR 84N WA ITUE draicenmildfinellitathe deasibitits, b tivemethod was

iprineiplesianchapesations ofdais Rresessiaguspl 94 30l SHEHD 18 Eihod to the
exam%gé%eeflce 85 can convert the measured quantities to digital data
r

and i HUHAEY ROEHAP 38efbioRfher processing, such as, but not

limited to, the analysis of data corresppilipgsto optical measurements.

Device 85 gan be located at the desired monitaring location 83, or it can
SR et ) é&ﬁ%éae}fbs?ﬁaﬂﬁ#@%%rfﬁi@h various

communicate with mon: orlngo%ggﬁgn‘ﬁ%ﬁefoerv
conggradary @misdongatuntdistorddramathoogh(Figure0a estralgsacheal tube

2MORieFing Jogatiqn 83 %Qpa{sethrough a suction mini-guide lumen catheter attached
externally to the endotracheal tube; (ii) at the oropharynx above the epiglotiis by a
catheter inserted through a plastic oropharyngeal airway; and (iii) in the nostrils
through 2 nasal cannula,

Figure 10 shows the anatomic locations of CO, sampling in the human

25  simulator and in patients under general anesthesia. '

The study was performed in 3 phases. In phase | the feasibility of the method
in a human simulator was ascertained. In phase 2, the method in a porcine mode| 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

30 under general anesthesia.

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

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

of 50ml/min ~7.5+1 5ml/min and rise time to CO2 step of about 0.2 5. The Microcap®™



cuff 76, this need not necessarily be the case, since, as stated, many

other monitoring locations are contemplated. When the additive is

delivered to a location above the cuff device 85 can sample gas directly

from lumen 65 to determine presence of the additive therein. 15 In the
exemplified illustration of Figure 9a, the additive is delivered through

lumen 65 and device 85 communicates with location 83 via conduit 80,

and in the exemplified illustration of Figuf8 9b, the additive is delivered
throutihzes ad witgdtithnuwtsh det8Sscom savaicatds thithrld mi BSOeithipes. In order
directly. or:ingdi reathi achine or the ventilataor. ...

s 0 B B e e B g ulzed
locafigardBrnterdstast 6aé fidey S Ghis Weenenbelissbssdnly MeGhaabwrseyere directly

sinceRanyaihalamenitPiRg |esations.ats cortemplated: as thelhan 1 mm He in

detailed hereinabove. Device 85 ¢an also comprise one or more sensors

84 |8CtedeattRe Wisrrbipigiad eaticheany krgamaueidbrruiimedtbavapropriate

deviegBhraiauee GOMHRGRHSAAN AR, c2f SHGR RS tRNIHEEH Rept constant
measurin con(iui 80, which gﬁn be or include a suitable transmissjon
ine PP SREI0F SEE GBS S At A WS i Hocetl pressure
Systemidlcabeatsmepmitiseoatitiecompanentss Schiag, buvbptdirpiedbie cuff
to, Slgecstis%gng?ggvggedsg, §ucg{ioningﬁconduit 88, inflatirégﬁﬁdevice 90 and

alerfing Unit 99° &8 further detaea NareiNaBEPA S5 AdHitoRe bjdRs, other local
l1advantiahds ahgdmushfehtubes witthe gireshnhinventipeswilt hdtdmeing an: external
app inariky skilled in art upon,examipation of the. ... , @
fo||o%5§%takg§<%%p?‘e(%%{‘éﬁiﬁéﬂﬁa‘% e opE |Fr¥1‘1ti%%vi\§dﬁi8h‘§]l§/3‘“m Evac,
eachVitinelyadio Uds Anbetinwesits afiet aupstmabitive ¢frdxenuitivenion-geide was

de'"b%%%@t@ﬁ@@f%%}éﬁo%%ﬁ%@@ glmgg in the claims section below

finds experimental support in the following “example. EXAMPLE 5

Reference &4ty hhadho s tiie f6Hbw Rty @Ranmstes v ienabgattar aeierdaace with
xaboxegmﬂem%élmﬁt@;ssmﬁeérﬁéemﬁa}i@dadn%gim@iﬂ&tfﬁﬁgéen TR tion time

present example, continuous assessment of leakage near the

endStFAEhER YHBE CHIFRY thohitorieraies ety fiisbiadriphiie Sy pressure

airwayvitagcordance with the teachings of the present embodiments.

Phase I- Human Simulator Model

A human simulator of a 70 kg man (Medical Education Technologies, Inc
20 (METI) Sarasota, Fiorida) was used. A Hi-Lo® Evac endotracheal tube No. § was
inserted into the human simulator trachea. The tracheal diameter at the location of the
endotracheal tube cuff was 25 mm. Exhaled air end-tidal CO; of 40 mm Hg was
simulated by adjusting a continuous CO, stream into the simulator lungs,
While ventilating the human simulator the cuff was sequentially inflated,
25 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~ Porecine Model

Experiments were conducted according to the National Institute of Health

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

the trachea 1 cm above the endotracheal tube cuff and below the vocal cords. The



10 The purpose of this study was to establish an accurate, objective,
non-invasive bedside method for assessment of a leakage near the
endotracheal tube cuff. Initially, the feasibility of the method was

investigated in a human simulator. Subsequently, leaks at various cuff
pressures were evaluated by iodine leakage test in a porcine models

simulating human airway mucosa. Finally, the feasibility of the method

was 25 evaluated in 60 patients undergor?fb elective surgery, comparing

the ﬁ%@@%@hﬁd&r@qwﬂsﬁﬁw@r Wi datiedsad ranansieltod apmiia b dstime, and

Three-anaiamicalsecatisnsyele Quaiaied ARACCRIIARGE WItR MAQUSper airway

exemplary embodiments of the present invention: (i) between the

endSfracHEItehE 36 QAT R EBEIEBIIS through a suction

m)lnl gﬁldeﬁﬁﬁﬁlﬁeﬁﬁﬂlﬁé@f ﬁﬁﬁ@ﬂﬂ%&flﬁ)pﬁ%mﬁ%/ ﬁﬂtlh@l@mﬁ%&ﬁﬁréhlt& ;the upper
ii) at.the oropharynx.aboye t ottis by a ca r inserteq throu

DR SR IRy S DHSRH I RSHoS : S hed e cuft
canrhmﬁmd:nghréoi@(sho)/vwahergmednabadmmﬁmmﬁfeﬁiﬂ)iesafhmﬂiﬂg ifpih® minutes
humam rmu a 2 ent()j fn‘vP ?hg E‘& ?%egfa %%ty Oc?r?t%ﬁerﬁla ;-c eaﬁtuw}/ndow" at

was per orme ases. In phase e me
humaﬁfemmfatffr wesswsderelined hioptiase hahepasthod mnaip(bmgnée period of
mOdi%ld\ﬂlr@% rﬁﬂ%&&!@e%%? lgﬁgaip@%ﬁﬁﬁn@ﬁléﬁ%@%gevyﬁﬁe positive pressure

compared with the standard téchnique for estimating optimal
lendyaaiéistan wsetit todmighsd oubgriflesi prdehsLBe i ivdé epdnepkiposition were
ane§,r{l;tec‘{,r§ﬂ Uaroughout the three phases of the study, PCO2 levels were
recorded usrng a mlcro srde stream capnograph (Microcap™, Oridion,
1Taaml it f&w rate  of 50ml/min -7.5+15nal/min and rise time

to COZ SteBL%fa&QLéEQAQV% I@ﬂtl\@ﬁﬂi@ﬁ@pmﬁﬁrgﬂii@%@&%g@ﬁ@éf}fmﬁh balanced
detects and s ves% r@é % idal PC02 valyes. In order to avoid

B DS B D A4 e A AL Y SO he ARyt history of
1utilizedaratgosithiiite detespand-ticlalREQRwas Hﬁ@ﬁﬁhé@ﬁ'}alﬂﬂwﬂioﬁ@@t& s0 as to
valueg were directl trans orte and saved o ata ces

e R e B R St S R R e R voumes
srgnmﬁle&rﬁ@sge%aroumdatmtwt& amel¢hexajudrapdatetcdith prd ssieawas setime per

acoqelighyeERs ot pipss ry@eérrf&r?&'@/a@fd‘%%% SR IR protocol v

speC|aI ctron pressure controller device
pres&ppeved by the local ethics committee and patients signed an mfermed consent.

20 In all patients the intubation was performed by an anesthesiologist and the
endotracheal tube position inside the trachea was determined according to the height
of the patient using the following formula: the length from the distal tip of the
endotracheal tube to the right mouth angle (measured in ecm) = [body height (in cm)/5]
~ 13 [Cherng CH, Wong CS, Hsu CH, Ho ST. Airway length in adults: estimation of

25 the optimal endotracheal tube length for orotracheal intubation. J Clin Anesti.
2002;14: 271-274].

After intubation, the anesthesiologist was requested to set the minimal
endotracheal tube cuff pressure required to prevent leakage according to exhalation-
inhalation volume difference and air ieakage heard with the stethoscope around the

30 cuff. The cuff pressure was considered optimal by the anesthesiologist when there
was no exhalation-inhalation volume difference and no air leakage heard with the

stethoscope using the minimal cuff pressure for 5 minutes. Once cuff pressure level



controller, Germany) with controlled accuracy of 2 mbar, avoiding possible

cuff pressure changes due to fluctuations in inspiratory pressures or any

other local 10 variables. Endotracheal tubes with high volume, low

pressure cuffs having an external side attached mini-guide lumen which

opens 1 cm above the cuff (Hi-Lo(r) Evac, Mallinekrodt, USA) were used.

The proximal end of the suction mini-guide was connected to the

capnograph (see Figure 10). Figure 11 sHBws the exhaled C02 pressure
waVvERsrsPTsidetesr dmticenivitty 15 cngsiietinksgistibée i stesserenasuring at the
dispéw@gl&m&gélgqggﬂmase The suction time (from the upper

airways) is represented the straight line of the CO2 pressure

waveform Hos ines i ihsperierBI Aupramalpelaftiieg wagiefined as
kg raan ﬁMﬁﬁ@ahgﬁuﬁﬁég&J qehitagies, N6 RAL(MEABSAIARAIR of more than

Florj H@ s used. A Hi-Lo(r) Evac endotracheal tube No. 8 was inserted

Tto R HBAFPSIEh AR SCARUPPRE (Rl et S T TR gBH ok men of
the tea e@tm&-edduheomwas&& niacichatechaifenddidabeddAief destic airway
nun Hc%w 1Sy S L;Iat $d stlgg ﬁ;ﬁ% tlnuous C02 stream jnto the

simatater nge v énblent #J 2 RRARESTBP e CORRMAus monitoring of
seq &?é}ﬁftna‘ftynn%ﬂlatémlaz&ﬂcrﬂmdﬂgmmm mefcand G0 deakade tevelivas

me t the three anatomic sites (see Figure 10). After each cuff

pre %‘&%E?Q nge the oropharynx was suctioned to prevent C02 remnants

1§rom alterirvdesisiose RS eafwembrtsidhbd6, B dime, Ihotebe, IL) was used
Exp cordin the National Institute of He

30 G?i}lrgﬁll E%y ?%%eﬁ%gé%r%&?(ga Onc %dtqora?orf Anima dl % is andapercentages
weidhimo Kgoanduas K@tmmmmsgémembamethmmwmmm and compared
end@?%g%é%sgoﬁé%ﬁ%?g WESHRRIE TS dJy %ﬁcf&'ijﬁe%'a#]ﬁt%{easummem of

catheter inserted directl h a small |nC|S|on into the trachea 1 cm
abo%ffﬁléteﬁd@ﬁ%{éﬁ'éM@@@ﬁﬁaﬁ@%é}kﬁ\mw&apécﬁg&ﬂﬂet@uppﬁr airways

1endefiashaeldibe quff pregaueuas Ngrarsed segusntalinigayn Ho at a
time, and PCO2 was measured through the catheter. After each
measurement the upper airway was sueutEd so as to avoid any CO2
rempaais. . iAlemaashingasiedadiguff pressure with no PCO2 readings at
I d helow th
the upper 5 ainvay. & acheal WIndoW" w33 SuTgie N aRensdRelow e - dance
with endotracheal tube cuff pressure as displayed on a PC monitor in the human

20 simulator model. A linear correlation was observed between the endotracheal tube
cuff pressure and the PCO; measured above the cuff in all three anatomic locations:

(i) between the cuff and the vocal cords, R* = 0.954, p <0.0001; (ii) at the oropharynx
above the epiglotiis, £* = 0.923, p < 0.0001; (iii) at the nostrils, B2 =0.911, p < 0.0001.
Figure 12 shows the correlation between endotracheal tube cuff pressures and

25 CO, levels measured between the cuff and the vocal cords. At an endotracheal tube
cuff pressure of 26 mm Hg or higher, no PCO; was recorded at all 3 anatomic
locations. At an endotracheal tube cuff pressure of 25 mm Hg, PCO; was detected

only between the cuff and the vocal cords. Once the endotracheal tube cuff pressure
reached 24 mm Hg CO, leakage was measured at all locations. At all levels of cuff

30  pressures the maximal difference in PCO; readings between the various anatomic

locations was less than 2 mm Hg.



lodine solution (5 cc) was injected above the cuff and rested there for 60
minutes while iodine leakage below the cuff was evaluated through the
tracheal "window" at different cuff pressure levels. Throughout the
experiment (including the period of iodine leakage measurements)
animals were maintained on the same positive pressure 10 ventilation and
the endotracheal tube location and animal head and neck position were
not changed. Phase 3-Human Subjects S#ity consecutive adult patients
egiie g dlereine Bedely with balanced generalized anesthesia

FE (Al NS BI6)
(NO2:02) agerlacidad ipdhe:shidibn Ueniaat B BIANOf o Ll S ure and
smoking or dyspnea were preassessed by pulmonary function tests, SBas
to oA AFbEYdgenbtisigraubotpanerisssaedding Tomdstamioat marks the point

ventjasianylumesoRadPIessuEes-Aing Ratisats were excluded due to

forced expiratory volume per second (FEV1) or vital capacity less than 50

& of predidfe® Rt stud(f#odGPVES BiprRlca B pisesisedicatisi o prevent CO,
comipittee: angh NEBRSEEIgMed aminferedicomsant 3N RAtIRNS 08t jodine
intuba}i nw E@erforme%a%){?an %nesth?esiolo ist and the endotracheal

tube positBA e AE Habfed b et GAIGPANAG 30 R &I GiNO: teakage
of thef paientrudiing e faltesdngfesmaa; thelaegtheiramithexdistatdigieh between

the I o the ri outh angle (measured,in cm).= [bod

neig e O S R Mg ooon,

fength in a@mh&ims{tiﬁi’éﬁéﬁi@ﬁ@ﬂ be Bptinsires dotiptaalt beclerigih pesvent CO,
OrotiaGy 'M%@%@eﬂd@ﬂﬁcﬁ&ﬁ f %89 01 énr% E_%Jhdiié ﬁ{terlhintmulb 'gog, pressure
the anesthesiologist was requested to set the minitial SRdotrachaar tibe

cuff E‘?é@%‘h%ﬂ"é‘(‘i 9%@4@19 F@Wiﬂﬂéﬁﬂ%@ ﬁ@@bﬂdﬂﬂﬂgﬂ;f%xhaﬁ;ﬁtimm Hg, a pressure at
inhalggien yolume difiarenee and.airdeakags,beard withihe %f%&?ﬁggﬂ'ewrrelaﬁon

around the 30 cuff. The cuff pressure was considered optima
anedHESRIoGis: SoHaHFRGE RS Ty Exprenstieh-1HaRE6n JeNsrge above the cuff
idliffegenea) gog pocaipie@kage heard with the stethoscope using the

inim ff pressure _. minutes. Once cuff pressure level 40 was

terea-optirHar-By tre-anesthesiologist, the PCO2 was measuring at
the aforenfentiinedi3acations. Basegaamtbarfindingsindhenrpisine, below.

modgl, optimal quff filling was defined af tge minimal cuff pressure
required for avoiding a PC02 leakage o ?’R eré than
N=60
Age (vears) 38.5416.27
Sex (male/female) 44/16
Weight (kg) 79.4%14.97
Height (cm) 168.9+10.1°
Patients with mild obstructive lung disease 6 (10%)!
Patients with mild restrictive lung disease 1 (2%)"
Tube size:
7.5 (mm ID) 20 (33%)!
8 (mm ID) 16 (27%)1
8.5 (mm ID) 24 (40%)!
Peak inspiratory pressure ( mun Hg) 21.240.6"
End-tidal COs ( mm Hg) 353+2.4
Type of operation




5 2 nun Hg proximal to the endotracheal tube cuff via the external
mini-guide lumen of the Hi-Lora' Evac endotracheal tube. Suction was
performed through the plastic airway as needed and 2 minutes before
each PCO2 measurement. Continuous monitoring of PCO2 from the 3
anatomic locations was performed throughout the operation. Statistics 10
Statistical SPSSTM software (version 10.0, SPSS Inc., Chicago, IL) was
used for all analyses performed. Categorféal data are expressed in
numbersfand peré&dtanjs! farrescopintnigsys data jare exprd<geeas

means t standar%gw%rg)&ﬁlgﬁqlgggg?ared by a paired t- test fzg ression
coefficiert (R) was calculated as a méasurement of correlatro ween
endotracheal tub@ebePEfSsure and PCO2 in the upper arr%{ry".@ and
expressefl as R2uRualiugs below 0.05 were considered signifi

Results Phase 1-Human Simulator Model Figure 1 illustrates an ¢
example pf the eXtifEd PCO2 waveform in accordance witHéhd6tacheal

tube cuff PrERRER e HIeIY a0 aR EGamani M neuman 20

simulator mMpgel oA Reak &R lAtBIMASE PREEAUEG REIMEBN N arentheses).
endotrachegﬂtube cuff gresiu e and.the PCO2 gﬁasured above the cuff

in all three ARAtEHTE IGE&tI8h< i PREEN S e Bie Kinrantt thdttal ddfgnean peak
R2 31B9f4dony px@s@t@@fbfya(ﬂ)laﬂth@ﬂraphé{gn)ﬁ%lﬁh@@ s enighattiseRe=ulmonary
9 9 (:f’ ’é%ﬁse% Qv c'[)ugt ziq%pnoﬁ"}é" éc(f}ﬁ:g}g 11 < O 0 %}1 “Jw:Og/u re%%%grcted) six

Shows the cofrelation between en eal LtuE)e cu pressures a
CO2petiedssridb%urbdi brtidednttheivaffuagditteseoval opedsitidticind mild restrictive
endqg Bealdube cuff pressure of 26 urn Hg or higher, no PCO2 was

recorded at all 3 anatomic locations. At an endotracheal tube cuff

pressure oft 25 FaRHiISHEPP G0 2wne gemduer ayiiscpasins thiedalffdannstrated a

the vypeal %@%@1@%&%&0@@@0@?&%@%%&8%@ rzﬁdr%ﬁﬁgﬁgcgeai Cgube cuff

nun Hg C02 Ieakagge was measured at all locations. At all levels of cuff

1?)res1§{ﬁ5é§fﬂ%e iakintdl SRS IEeoY et rresiBedediniprlyasisrificant if it
anat@ei ﬁlgﬁ@aﬂ@aswaﬁ fesorihamd Gtk FRASRIZ -RErCRaMedenal mini-
Figures 13£a b shqw, C%{eé Hon betvv n endotracheal tube cuﬁgressure

s SRR oIk CIaind Lho SOHE TS0 P GBIAER gy souion
marksathepotntraiidwhichyingine:Judiosdeskagedivas fikst daibeiehn 2 mm Hy,

Figure 14 shows comparison between the initial mean endotracheal tube cuff

15 pressure, determined clinically by the anesthesiologist using the audible leakage test
and exhalation-inhalation volume difference, to the mean optimal cuff pressure
determined by CO2 leakage monitoring. The mean initial endoiracheal 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

26 atrway PCO; leakage monitoring proximal to the endotrachesl tube cuff, 25.2 £ 3.6 vs.
18.2 = 7.8 mm Hg respectiveiy, 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).

25 In 43 patients (72 %) the clinically determined endotracheal tube cuff pressure
was significantly higher than the optimal cuff pressure determined by CO leak, with a
mean change of 10.2 mm Hg in cuff pressure, 25.4+3.9 vs. 15.2+4.7 mm Hg,
p < 0.0001.



5 In animal "A" (Figure 13a) the minimal cuff pressure needed to prevent
C02 leakage was 25 nun Hg while the minimal cuff pressure needed to
prevent iodine solution leakage around the cuff was 24 mm Hg, a
pressure at which a PC02 leakage of 2-3 rain Hg was already measured.
There was a linear correlation between endotracheal cuff pressure and
PCO2 leakage above the cuff (Rl = 0.954, p < 0.0001). 10 In animal "B"
(Figure 13b) the minimal cuff pressure ne€ded to prevent C02 leakage

around thd®n®lopgtigéal @afavatigoimisiHgnAeme el niiimaluglifpressures were
PresssiiAReHesI RIY N ipdingisaldtioadepkasg g&ﬁ%@@l §UHHWAS an initial

25 mm Hg, a pressure at which a PCO2 Ieakage of 3-4 mm Hg was
me ARRIERR e Rm a8 IreeRr e stilat DB RIS SHE BrfdBiFRcheal tube

cuff pressuge fﬁQﬁtPe@@I‘BaKma@MﬂB@eﬁuﬁes};ﬁé%m %Qé%a@)ﬁm high cuff
0. oooﬂ# Phase 3- umaer;g{f ects Baselln characteristics of the patients,

are BIfHERZRA TSRS PR R (e Hacaptoeh i these
(malefiemate}»4306 3WVaight ko 494 14, BeHelighit (e)it6SR- b0 ke endotracheal

Patients with mild obstructive ur disease,6 0/ | Patlents W|;51 %lid
restflc |V§I ung%?jlgléeasg%r? (56751) Tg‘ lg‘fzetlelt ﬂ(r?]m ?%e) é’ﬁ&é’s ( r%ess than

ID) B6 (@mddy S&ﬁlén‘tm‘iﬂt@)@ﬂf:(ﬂ@%:)tﬁs@I@pnkpmatoﬁynpcesﬁ‘ﬁ rec@mnegyuired for
lego%éﬁ&g §Qahg9&é%m1§@>&§n§é %11%2%{%6%55 %&%‘]@3 f%?%@&ned that

laparoscopic surgery 4 (704,) Open a
1@”%9@@212!(3%%% sealing, was probably due to a very hzgh proximal airway

position causing mal contact between the endotracheal tube cuff and the patient airway
anatomy (e.g., direct contact between the cuff and the vocal cords).
During surgery a new leakage of CO, around the endotracheal tube cuff
developed in 16 patients (27 %) atiributable to variable causes such as increased pealk
15 inspiratory pressure by more than 5 mm Hg due to laparoscopic surgery with
abdominal gas inflation, light anesthesia or inadequate neuromuscular blockade,
change of head position due to surgical requirements 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 nenromuscular block 3/4

Light anesthesia 3/3
Change of patients' head position 5/9
Change of tube position 1/2

20 During surgery CO; recordings were obtained at all 3 anaiomical locations and

differences in PCO, readings were less than 2 mun Hg. After a mean of 94
measurements through the suction mini-guide catheter attached to the endotracheal
tube, no further readings could be obtained due to obstruction by secretions so further

PCO, readings were obtained only from the pIasti& airway (hypopharynx) and from

25  the nares.



Urological 2 (3%)t Other 10 (17%)T Data are expressed as means
standard deviations. 'Data are expressed as humbers of patients
(percentage in parentheses). The mean age of the patients was 58.5 16.2
years. The mean peak inspiratory pressure was 21.2 0.6 mm Hg.
Although patients with severe pulmonary 5 diseases were excluded from
the study (FEV 1 or VC less than 50 % of predicted), six patients (10 %)
had mild obstructive lung disease and Qné4patient had mild restrictive

lung disease. The results from the hufRSRSHEMMator and the porcine

model, demvixistataska ingarcostemlion detuern-MEDAleal8@aher inaccurate or

measurements and endQtracheal e cuff ressures. A PCO2. , ..
oo SRS AR L GO ST A, SLAIT A PR AL gl gpoiseion
thand2dnm kdg-praximal toftherérddtiantieal taibescudfuid:thimaxtdiFed; ndhi?77-780;

uide lum he Hi ~ Evac ETJ, JThis.was, due to the fact.that iodin .
BB 8 DL Ot E BB Ak To R A fon uing

high@e thrasserndimissl Figheel Msh@fﬁs@aﬁ@mﬂ@%@h&é@ﬂaéﬁm}itiw
mean endQHQﬁﬂ%&%‘Qﬁ&H&e&ﬁiﬁ?ﬁfﬁ@%e %‘f) &?Q&lﬁgﬁ@gﬂegytﬁb% cuff filling

anesthesiologist using the audible leakage test and exhalation-inhalation .
voluies BFFEYante bYc-aRei pHewN (dptinraseuitr (bieSsliroriimng R dbeprsDgrway, in

leakage oRECHRY hEhemaapsiotiakendotrachealdube ehlf ipasuteRtion found
all of the study population, determined clinically b\éthe anesthesiologist,

"vas EY¥ARe aHeRIGHEPFRIHTHS FHERFESHIR ARG Brdedine RbRYriPe quif shows
by uppePZQ aiamay: R6Q2dealage monitai@arodmalitaitheslithough there was an

endotracheal tube cuff, 25.2 3.6 vs. 18.2 7.8 Hg respectively, p < )
0008 B 0ES SHBHASEr bEHHaTS SRR LR BRGB e 02 i the
tubeupw pheesuré¢Sigrifidantly bigher, favar, Demacuiiae Rempagdie therelation
optimal cu

f L L S T e -,
1 presthurecypasisigrifigantty tighemirassthe opfirpadssufé.prebsuteerved non-linearity
CeogS B Mgl AR s
%) thetiitidlvefidbraciieal ofbbecufippresapiies Wasenon-linearity can be avoided or
reduced using a capnograph having a lower dynamic range (e.g., 0-10 mm Hg) and a
higher sensitivity (e.g., 0-1 mm Hg).

20 The rational for this observation can be that at the very low cuff pressures there
is still a considerable volume allowing contimuous CO, leak, and at the high cuff
pressures, with minimal CO; leak, there is a need for higher changes in cuff pressures
in order to achieve complete sealing of the trachea by the cuff.

In phase 2 of the present study a porcine model was used assessing iodine

25 leakage around the cuff. As iodine is less viscous than pharyngeal secretions it was
assumed that the cuff pressure needed to prevent iodine leakage is sufficient to prevent
secretion Jeakage around the endotracheal tube cuff. In this model, using ssquential
increases of 2 mm Hg in cuff pressure, iodine leakage occurred only when PCO;
readings were higher than 2 mm Hg, suggesting that PCO, leakage test has a safety

30 margin of 2 mm Hg. Based on these findings and considering that maximal change in
PCOa measureznenté 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



significantly lower than the optimal cuff pressure. Nine patients (15 %) had
an initial endotracheal tube cuff pressure similar to the optimal cuff
pressure. In 3 patients CO2 leakage continued despite were exceptionally
high cuff 5 pressure, up to 35 mm Hg. The pressures determined by the
anesthesiologist in these patients were 30, 32 and 33 nun Hg. After distal
repositioning of the endotracheal tube the cuff pressures needed to
prevent CO2 leakage were reduced to les¥ than 30 mm Hg similar to the

rest SACSH Ey Pop treripigsSineto dumistionsired rstuittanSdry teriigteal Institute
sealorae refhegha amaticalbyaltan distal repasitigndtw %ﬁlﬁﬁﬁﬁm 9:fferences

that 10 the primary incomplete sealing, was probably due to a very high

proxisRicsiRe cpdseiamsriyhia meHtaL dieniakashandribistaasdedlto prevent

tubeiﬁ@hﬁ@l{@ﬁﬁgep&;i%&}@g»@yu@f&amm%ﬁq&n%ﬁ%ﬁpW%%E%B/V%%Bﬁ%b%ﬂate to
cuff and&g;; vocal cords). During sur%ery a new leakage of CO2 around

the SAUGHREIRAL TIRaR fPrdbiFarygel in 16 patients (27 %) attributable to
variable calisgg shieh sisiscrenset:pedle hothispiatoRaMRSS WS MEMOMRdergoing
than 5 nun Hg due to laparoscopic surgery with abdomjnal gas jnflation

ot e B eSSl 1 R A T e ube cufr
posiposaivedetsurgiedkiedeilrberits andtEdsTomgeise mant ghifloghtBuhgigtyt than the
Table 2. bel izes auses of a'new" leakage duri . .
oo B e o oA helRl il g 252236
ihflattonlSfite/abdométed < hadbdoaie feofsheustidats blotkaBf4chightacheal tube
anesthesia 3(3.Chanos ol Ralisns beadpesition T
position 1/2 ZO%UI‘in%Sl%e?é% %Iggg)%ﬁ%%g@%v%%%ﬁm%?ﬁ% 3§€temm€d by

anatBfiitarrsingo e Briangmiaiance il REoaéttlings were less than 2
mm Hg. AfERRMEamOLehdMSREHESDERS TEQHRE NG RUCHRR 1o “overshoot” the

mini-guide catheter attached to the endotracheal tube, no further readings

coulPHEFOBIHiRET MR 1B bbtratikseaysiunstshnptimahdiitabeffl pressures was
readipgsdwene:eblained:ansiiesmthe plasticealva i éVRPRNANITY @8 the patients,

frompgtg&t?zﬁigae&%%sﬂé them to aspiration risk. This variability in cuff pressure, observed
even in stable elective surgery patients, emphasizes the need for an accurate,
continuous bedside method to determine the appropriate cuff pressure.
An important problem encountered during the study was obstruction by
20 secretions of the mini-guide fumen of the Hi-Lo® Evac ETT after several aspirations
for PCO, measurements despite suctioning of the upper airways. In contrast, PCO;
readings through nasal cannula or from the oropharynx through the plastic airway
were easily obtained after secretion clearance by oral suctioning,
Another important issue regards the position of the endotracheal tube.
25 Malpositioned endoiracheal tube is hazardous for intubated patients. Insertion of an
endotracheal fube too distally leads to endobronchial intubation, which may cause
collapse of the contralateral lung, while proximal insertion may lead to accidental
extubation or vocal cord trauma [Streitz JM Jr, Shapshay SM. Airway injury after
tracheotomy and endotracheal intubation. Surg Clin North Am 1991;71:1211-1230].
3¢ Several formulae and other methods have been proposed to estimate the optimal length
-for endotracheal tube insertion [Owen RL, Cheney FW. Endobronchial intubation: a
preveniable complication. Anesthesiology 1987;67:255-257; Mehta S. Intubation
guide marks for correct tube placement. A clinical study. Anaesthesia 199;46:306-308;



Discussion Methods used today to determine adequate cuff filling are

either inaccurate or cumbersome [Petring OU, Adelhoj B, Jensen BN, et

at. Prevention of silent aspiration due to leaks around cuffs of

endotracheal tubes. Anesth Analg 1986; 65:777-780; 5 Young PJ, Basson

C, Hamilton D, Ridley SA. Prevention of tracheal aspiration using the
pressure-limited tracheal tube cuff. Anaesthesia 1999; 54: 559-563]. In

this study the determining of the appropriage endotracheal tube cuff filling
wasHzesfafimediayaaoRENBHUs RO B pimasuneoPGOR reaninstmatigeal tubes in
upper, airway, in. acco ce with the teachi the present inventio .
e T e 1SS0 bG48 i e o, Ay
pressagthaimdaO02: |esimgtoabol ¢htheuffb kodstrabizd 4P GOL eaptbdarsabtracheal
as a; itatiye-indi ik | \| g was an. gverall lingar,
e ok am s oo praMete R £ SRy
Ypper airwdyshRasaiotudy < DIBOeR ok 23 Gralotires despitionsyeptionally high

corrglakonnsemsdesnlingar atithe-begipning.andatihe end.of dhe sdnYe, He (as

with lower PCO2 changes 15 than expected compared to the increase in
cuff e hilippsshvel hsnsmeurrgrelation afsnifistrbywesiipmng of the
dynapmis:Fangel (8:48 mathta)eand retativelydew.sensitiyitystlamn ddeh@usiy CO,
the capnograph. This non-linearity can be _avoided or_ reduced using a .
Cap RO R RPTSRER BRSPS RGPS G i P fpamalposicioned
1nigheideerastibalyule.g IndedseanCdg eakhgharoationad DEbns-ObSQMRIEI can occur
can &gé@a&%g‘ethiesv%%rxolgv%&ufyr ssures there s still aconsigfrﬂ%lae | 4
volute AlloWig Cortiuons COP ek, Ad It 1R highosis Bredstifesvocal cords,
with emdielraiGEI2 ieakativeré (a Mieed the highealatkeaaighsin cuffabove vocal cord
pres]%%g%i Li)ri}.order to achieve complete sealing of the trachea by the cuff.

0

In phase the present study a porcine model was used assessing
iodine 2S leakage around the cuff. As iodine is less viscous than

ipharyngealsgerelions {twvas, assumedhaldhe arffpressiie D8RO r clarity,

>

prevent iodine leakage is sufficient to prevent secretion leakage aroun

the d6eBiPsEndnl b ecenF*in PhisPRENE, GoniglinguBntmpsinalanses grovided in

MM ek 813 D IR SS Wi OSiSL I8A1A0E OSRVEIRDONMWRERREQ%0f the invention,
readings were hﬁger than 2 nmi Hg, suggesting that PCO2 leakage test

has ¥Rt P maR)ivo FoSAUIRSA 41 e HRE S el igabaAlment, may also be

congietaring! trphraaroalichangetinPLer Meagiements between the 3
ocations was less than 2 mm Hg, it was concluded that for clinical

practice measurements of PCO2 at the oropharynx or the nostrils are
Although the invention has been described in conjunction with specific

embodiments thereof, it is evident that many alternatives, modifications and variafions
will be apparent to those skilled in the art. Accordingly, it is intended to embrace all
such alternatives, modifications and variations that fall within the spirit and broad
25 scope of the appended claims. All publications, patents and patent applications
mentioned in this specification are herein incorporated in their entirety by reference
into the specification, to the same extent as if each individual publication, patent or
patent application was specifically and individually indicated to be incorporated herein
by reference. In addition, citation or identification of any reference in this application
30 shall not be construed as an admission that such reference is available as prior art to

the present invention.



equivalent to distal measurements just above cuff. The second phase of

the study was 45 conducted in only two pigs due to limitations and

restrictions by the National Institute of Health Guidelines for the Care and

Use of Laboratory Animals. Differences between the cuff pressure

needed to prevent CO2 leakage and that needed to prevent iodine

leakage in both pigs were almost identical and it seemed inappropriate to

5 sacrifice more animals for this model. 1A%the third phase of the study the
methddAas &lafMEPiFSpatients undergoing elective surgery under

general anesthesia. The mean initial endotracheal tube cuff pressure
determined clinically by the anesthesiologist was significantly higher than

the optimat cuff br aédpadeling ccoiehagamsmioraigendipg with lungs,
patigstprmg: 3.6 10 vs. 18.2 7.8 nun Hg, p < 0.001; in 72 % of the

patients, primary endotracheal tube cuff pressures were significantly

higher thalF B B AR P8 RSP Ey PCO2 readings, with

a mean chiaflgengfal€hf dssokigtellthidugildradyeneraklensenayiaiitiairvay below
anet%tehggéol%gir%ts was to "overshoot" the initial cuff pressure, in 13 % of

the Cases Jower than optimal initial cuff pressures was 15 found.

Moreover mokasngguiey deyela dhewldeskage tewsiopédiig Zrdeafthef leakage of
Patigts:RRIGRNEINY SRR G 9. PRI RHON ek, Jie RLADUNIN Ao
pressure, observed even in stable elective surgery pa |en%s, erﬁﬁ]asaes

the diesidscrasraicaipatbstwennisnid oafbeantbidid mathionptdsdetermine the
2pproprialg e ek Sevel SRR ANERIAME MARGRUMAI S SUHIAG 16e of said
study was obstruction by 20 secretions of the mini-guide lumen of the

Hi-Eb & Esi aREarpaRerayeral aspirations for PCO2 measurements

despite sugljaging aiARGHMPPEERTVaNSHAREUN TN BSOS o generally

through nasal cannula or from the orogharynx through the plastic airway

wer@lBHRIR? dtftEse P hfierreienction Abevarel! B Sirderanghiromiimizing
impagantdssuifsadsmhePetivmafdhe endotracheal tube. 25

Malpositioned endotracheal tube is hazardous for intubated patients.

Insertion of an endotracheal tube too distally leads to endobronchial
intubation2whichamagtisalisé icatiapse obihEcontvalgtenakiwig, il with lungs,
pro&i}r&al .isplse.rtion may lead to accidental extubation or vocal cord trauma
[Streltzpﬂ\/f ﬁ', Shapshay SM. Airway injury after tracheotomy and
endotrachigatinngratienslogached| intionto heei98y;71:1211-1230]. 30

Several fogp %:!ﬁl% 2RdPRes el dm AV RESNRIBROREY 1D ARIMAE NS, below

optimal lengt
the vocal cords;

measuring a level of at least one measure being indicative of leakage of
secretion from above said cuff to the lungs;

comparing said level of said at least one measure with an optimal level of said
at least one measure, said optimal level corresponding to a partial carbon dioxide
pressure of from about 0.32 mm Hg to about 4 mm Hg; and

adjusting inflation of said cuff based on said comparison so as to generally
minimize leakage of secretion from above said cuff to the lungs, while minimizing

pressure associated damages to the airway,

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

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



_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; 46 Patel N, Mahajan RP, Ellis FR.
Estimation of the correct length of tracheal tubes in adults Anaesthesia.
1993;45:74-75; Cherng CH, Wong CS, Hsu CH, Ho ST. Airway length in

adults: estimation of the optimal endotratheal tube length for orotracheal
intubatiorfJ ClinBheshodonfeipin 21 whetpin st vesasiseraant ghapbient carbon

satigtpgieryafid SRe SR anbsittihihed BaiansIRD & GOR IpRKALS Heshiteof real-
exceptionally high (>35 mm Hgﬁ)i cuyff pressures. However, pressure
e HISSEIPTS B SR heA § GBI PIFS#HETest of the study

population) after distal repositioning of the endotracheal tube. Although it

was not the aim.of the study, continugusly CO2 leakage nearan .. .. .
appropria%ély inf’I%f%the %a?ﬁféatfge% égx%r‘?ﬁhﬁéf%? é‘fpb@if%hé"dﬂfﬁd@ partial

enguotsanizdabigh es incdssact GORa! padsane, avhenablstha dopkirraideed ¢tolresponds
cuff can accur.. when there is inco te,sealing due to mal contact with

e S e R R B D L B P by
lunghoit Asaveigocal cord intubation. 15 It is appreciated that certain

features of the invention, which are, for clarity, described in the context of
separate embodiments, may also be provided in combination in a single

embodimént. Cohversig, aiitikatigiaradisctHaying sl wah e wik lungs

breyiy vs@3ctRedAiBa gaptext of a single embodiment, may also be
provided separately or in ar&esuitable subcombination. 20 Although the

invention Ha e FadeiBelem Lorjinte tmaliaSpecific embodiments
thereof, itiigienidentUfps st alteinatie enmegificalons afdwatirliansay below
will be apparent to those skilled in the art. Accordingly, it is intended to

%%°§|F°§ th alternatives, modifications and variations that fall within
the spirit deiiveringta2raehing @bthendppdede dolaidesti Adbpe blidatientrough said

pateerpégtr%n}c‘j glattLE %t applications mentioned in this specification are herein
incorporafea In th€ir entirety by reference into the specification, to the
same extenmmawiingazHdndiviflsaldabhiestiongs pdtatifieblp atilit epplicatiomitoring

wag specifically Wéds%jlé/c{n iGated to be incorporated herein by

reference. In addition, citatiorr or identification of any reference in this
applicatio@ﬂ)ugﬁng inflation of said cuff based on said monitoring so as to generally

minimize leakage of secretion from above said cuff to the lungs, while minimizing

pressure associated damages to the airway.

7. The method of claim 6, further comprising signaling when a level of
said at least one identifiable additive exceeds an optimal level of said at least one

identifiable additive.

g. The method of claim 1, 2 or 6, further comprising suctioning secretions

at a suctioning location in the airway above said cuff,

9. The method of claim 1, 2 or 6, wherein said inserting said endotracheal

tube comprises inserting at least one of a measuring conduit and a suctioning conduit.



30 shall not be construed as an admission that such reference is available

as prior art to the present invention. 47 WHAT IS CLAIMED IS: I. A

method of intubating a subject having an airway ending with lungs,

comprising: inserting an endotracheal tube into the airway; inflating a cuff
associated with said endotracheal tube within the airway below the vocal
cords; measuring a level of at least one measure being indicative of

leakage of secretion past said cuff to th%glungs, said at least one measure )
being othdPthanlbarmshodiakitle RofcBREEb PHL IR ERIIGEH AN &hpynostril
voeglireds;eemparing said level of said at least one measure with an

optimal level of said at least one measure; and adjusting inflation of said

cuff based on said comparison so as to generally minimize leakage of
secretion from abpyeresd Ll Wdhe Bngiewhileadinimigingngressticer is at the
associated damages to the airway. 2. A method of intubating a subject
haVﬁ?d%yﬁ\ﬁrgg%ﬁﬁ?@m\?vith lungs, comprising: inserting an

endotracheal tube into the airway; inflating a cuff associated with said

endotrachop! WGBS ANRY e AURktIR SR SR AN HR: AT MiBove said

level of at'léast oné measure being indicative of leakage of” secretion from
abouf baiv curbaiditriniragbedorisandgrsditidbiel 8f¥aNd at least one

measure with an optimal level of said at least one measure, said optimal

level corresponding to a partial carbon dioxide pressure of from about .
0.32 mm My to dbwuratharmafiglaimd atibsiy SHA RO Grugipealippas bglow said
on safl.campacisPmer@s to generally minimize leakage of secretion from
above said cuff to the lungs, while minimizing pressure associated

damages to the airway. 3. The method of claim | or 2, further comprising

performing4at leagieonethateasuramen ofaenhitattashidnadioxdse padialflation of

ressuyre, and utilizing said ambient
P sasl cuf? {; perilorme% manuaﬂgf.

15, The method of claim 1, 2 or 6, wherein said adjusting said inflation of

said cuff is performed automatically.

16. A system for intubating a subject having an airway ending with lungs,
comprising:

an endotracheal tube, adapted to be inserted into the airway and being
associated with a cuff capable of being inflated below the vocal cords;

a measuring device for measuring at least one measure being indicative of
leakage of secretion from above said cuff to the lungs, said at least one measure being

other than carbon dioxide concentration between said cuff and said vocal cords.

17.  The system of claim 16, wherein said measuring device is designed and
configured to signal when 2 level of said at least one measure exceeds an optimal level

of said at least one measure.

18. A system for intubating a subject having an airway ending with lungs,

comprising:



carbon dioxide partial pressure for setting the value of said optimal level.
48 4. The method of claim 3, wherein said measurement of ambient
carbon dioxide partial pressure is performed continuously, so as to
provide a series of real- time values of said ambient carbon dioxide partial
pressure. 5. The method of claim 3, wherein said ambient carbon dioxide
partial pressure is used as a reference partial pressure, whereby said

optimal level corresponds _to a ¢arbqn digxide partial pressure bein | .
larger thah SBRP }%c@B%rﬁgﬁB%%s@r}%y Broffﬁf m g?’g.w,&g and being
metkadaefdntithatingfagiablect veitindrdiatad velp e tiingaaltiohdegs and

vocal cords, comprising: inserting an endofracheal tube into the.airway: ..
inflating 3 &??%légdaﬁqél 6vif:3 \ ga% S%F\l%t?éc %%ﬁ ?%emv‘\:’/ﬁ?é%etﬁ%elﬁ r\/ivf?%}ta’t1Ve_Of
belkeazghef saattonddpoetiveringal brefitoirthegbmgmdaid esswheg device being
idenfiable, adlditiy SRl RRAqaGheR Jhe; opUaHnGAleYRkeEd
sa%sé%qgé?:é'? %ggkgg%ggg%ga%aiﬁ%e"d{g monitoring location in the body S

of ehtirsalbliescst; eif epiipidany MTIBETrsaRTeHPRdBEd A sartiahemlgAoxide
S0 A3 1096 PRmMLRINITZ Slaakaesbaesiatiopfrom above said cuff to

the lungs, while minimizing pressure associated damages to the airway.
7. The method of claim 6, further comprising signaling when a level of

said at lept onedentifiable adsiivie exaeeds aMaptimatigvehatsaidatigned an
least one identifiable additive. 8. The method of ?ai 1l,2o0r6 fuﬁg%er

cofRBRBHAE S REHITR sEctetb R PE B P lo ghbei”iﬁirﬁﬁtéé'éi fjde partial
abgpégseridvendfeBy 3hie meilad oiblainidxidoopatiwhareinmsadihitidestingr setting
sali en?otr cheal tube cfomlprises inserting at least one of a measuring

COY% i @ﬁ? &R

Ui HR QLS E T RIHTRG RS

cohduit. 49 10. The method of claim 6, wherein
said monitoring location is at a nostril of the subject. 11. The method of

claim 6, %‘.erEi'Assayi&eﬁoi‘?airt‘i’ﬁ'tﬂ%a!&&&ti%ﬁe@{ H&%ing an airway engiing with hungs,

comprising:

an endotracheal tube, adapted to be inserted into the airway and being
associated with a cuff capable of being inflated below the vocal cords;

an additive delivering unit operatively associated with said endotracheal tube
and configured to deliver at least one identifiable additive through said endotracheal
tube; and

a measuring device for measuring a level of said at least one identifiable

additive.

21.  The system of claim 20, wherein said measuring device is designed and
configured to signal when a level of said at least one identifiable additive exceeds an

optimal level of said at least one identifiable additive.

22.  The system of claim 20, wherein said endotracheal fube comprises an

.

additive delivery conduit configured to deliver said at least one identifiable additive.

23.  The system of claim 22, wherein said additive delivery conduit is

disposed within a lumen of said endotracheal tube.



oropharynx of the subject. 12. The method of claim 6, wherein said

monitoring location is above said cuff between said endotracheal tube

and walls of the airway. 13. The method of claim 6, wherein said

monitoring location is below said cuff and adjacent thereto. 14. The

method of claim 1, 2 or 6, wherein said adjusting said inflation of said cuff

is performed manually. 15. The method gf claim 1, 2 or 6, wherein said

adjusting said inflation of said cuff is perfarmed automatically. 16. A .

system forfintubaih ¥ttt %mng“anv%'i?ﬁéﬂ/ éﬂgi %}&ﬁi’ﬁg%?"y conduit is

coexpsisiy; anpledeirachestidbe imaaplédiisabbdnbartetdaitatihe airway

and being associated with a cuff capable of being inflated below the vocal

cords; a measuring device for measuring at least one measure being

indicative2st leaRageatsaonétidaifrohi.abdver siid Suthto treniprigisg saidinflating
e%%eor}grmn AN bzezfﬁ(%&%h%f [Q ‘c‘éf?%&&’%%%&%%’}%@éf%@d from said

at |

befweén said cuff and said vocal cor s. 17. The systemof claim 16, .
whersivseiridreassnry deeveisldesigieiranerkassifuredaiosidrmabene said
2 18F @RI AI AT G RARY B EGREAS ANARIBRIIBA, Aleoaidal.

least one measure. 18. A system for intubating a subject having an airway
ending with lungs, comprising: 50 an endotracheal tube, adapted to be

inserted ing the@jpngygnddrelamRsspcirtesvath) abisapableedheng device
inflated below the vocal cords; a measurin evace for rE)t(ﬁe;ésurin%at least

onBOMBHSERE BISRIEYiAETASRIRS PRk 0 CXEHOf SH BT S8 TERTH 1

to the lungs, said measuring device being designed and configured to

signal when a leyel of said af. least qne easyre ex eeds an.optimal level .

of said at $§ast oﬁe W@é%r%%c%?}&%%hggn%rtﬁéa §‘a¢%%‘| %%Wéﬁlgﬁ)%ld%kmmg unit
prassuge ot famubativh FnwriHgdoaia it dvinenfotqraduciige sy sketvdfen said
clajm 48 uhereinspid measuring devies s designer.an configured to

perForm at’least one measurement of ambient carbon dioxide partial

pressure, whereby said ambient carbon dioxide partial pressure is utilized

for settingyg e system of claim 25, wherein said inflating device is in

communication with said measuring device, thereby forming therewith a closed loop

control.

29.  The system of claim 16, 18 or 20, further comprising a measuring

conduit extending from said measuring device to the airway above the cuff.

30.  The system of claim 16, 18 or 20, further comprising a suctioning
device operative for suctioning secretions at a suctioning location in the airway above

the cuff,

31.  The system of claim 30, wherein said suctioning device is synchronized

to operate intermittently with said measuring device.

32.  The system of claim 30, further comprising a suctioning conduit

extending from said suctioning device to said suctioning location.



the value of said optimal level. 20. A system for intubating a subject
having an airway ending with lungs, comprising: an endotracheal tube,
adapted to be inserted into the airway and being associated with a cuff
capable of being inflated below the vocal cords; an additive delivering unit
operatively associated with said endotracheal tube and configured to
deliver at least one identifiable additive through said endotracheal tube;

and a measuring device for measurjng %ev | of said at least one ]
identifiable - additive SEieRRE §V§i’é#o?§lg'r§ (?‘%%P%%‘?H‘Q&Fd%éé%%ﬁ?ﬁ&“g and

devigeisnidgsignadianek eaafiguredsiddsigrabningniadeiel, ofddid amkeasting and
one identjfiable ﬁldd'@zy.e exce d§t an o?oti@a%l level of said adt Ie%st one . o device
AR EBIBE RN ST 8 PR ot TSR R e g SutiSning
endotathfzalliube saodipeises snamtidid/ s detivey 2t cadUitetnfigured to

deliver said at least one identifiable additive. 23. The system of claim 22,

wherein said additive delivery conduit is disposed within a lumen of said )
endotracidal tufdesysem ThaabysidnwbeisiaisaRmedserioin aw qustignivs conduit

sl conshilbin el aaurlataeaamhedded in a wall of said
endotracheal tube. 25. The system of claim 17, 18 or 20, further

comprising an inflating device for adjusting inflation of said cuff based on

signals regeivedyranyspid JNERSHMRYARYIGE $AEPMEAUANE YIS conduit
leakage of secretion from above said cuff to the lungs, while minimizing

preéshiroged srigmallddnnaibendrimensaliutde26. The system of claim 17,

18 or 20, wherein said measuring device comprises a display device for
displaying said leyel of said at least pne, measure. 27. The system of clai .
1713 or 30, furt 5 SRR o eGP SaNASTO6 AT T R Conduit
witks saifsidsuringatieveeifosndradubeabtalsealert when said level of said

at least one measure exceeds said optimal level. 28. The system of claim

25, wherein said inflating device is in -communication with said measuring _
device, th&feby Thenmgthdrewithistemlodedidonpl c8ntfol8, 10 or 21, wherein said

optimal level is a predetermined optimal level.

38.  The method or system of claim 1, 2, 16 or 18, wherein said

measurement of said at least one measure is performed at a nostril of the subject.

39. The method or system of claim 1, 2, 16 or 18, wherein said
measurement of said at least one measure is performed at the oropharynx of the

subject.

44, The method or sysiem of claim 1, 2, 16 or 18, wherein said
measurement of said at least one measure is performed above said cuff below the

vocal cords of the subject.

41. The method or system of claim 1, 2, 16 or 18, wherein said
measurement of said at least one measure is performed below said cuff and adjacent

therato.



29. The system of claim 16, 18 or 20, further comprising a measuring

conduit extending from said measuring device to the airway above the

cuff. 30. The system of claim 16, 18 or 20, further comprising a suctioning
device operative for suctioning secretions at a suctioning location in the

airway above the cuff. 31. The system of claim 30, wherein said

suctioning device is synchronized to operate intermittently with said

measuring device. 32. The system of cléﬁép ,30,,;‘urther compri,sing%
s.uc:tioningzcondm'te SRRRRANEF LR At ER BN Gl oW hEr e Faid at least one
SUGLIRRING ealiens urbsh ThaRstonceaitalion beivldors2d, ufthaid said vocal
comprising a measuring and suctioning conduit, extending to said

suﬁﬂ’égﬁ'rng location, said a measuring and suctioning conduit being

coupled to said measuring device and said suctioning device so as to

faciitate sgid megeuingang sald SUoRONID ALl doGRIGriy ThE at feast one
system of Claim ,w%ereln said meastiring d@nd suctioning conduit is
dispesaule ntenpeiss withionsti sisdomemtition peodssaitheosgbeerdsof claim

33, wherein said measuring and suctioning conduit is disposed externally

to said endotracheal tube. 36. The system of claim 33, wherein said

measurinffand JbetibpibrcsrRsiensoé nipatded LW shssgin said at least one
endoiiaghealilhe 34 bhe dsiaed SHceyaiRmhok alabbuls & the Sudecer 21,

wherein said optimal level is a predetermined optimal level. 38. The
method or system of claim 1, 2, 16 or 18, wherein said measurement of

said at legst onermaasii@iisidernetcatia N0sirlbodithe, suljeth S Hieast one
method or system of claim, 1, 2, 16 or. 18, wherein sajd measurement o .
SIS SPBE e ACCH e PR RS AP0 Sh AT RIES FIFE Sifbeey oveide
40sFhennetacikkarisystem of claim 1, 2, 16 or 18, wherein said

measurement of said at least one measure is performed above said cuff

below the vocal cords of the subject. 41. The method or system of claim

1, 2, 16 otd.8, whereirztsaitl omelagurdmerhatsamidt tezstiong cmuuxises iBltering

PeHQrBRH RGN BRI ANFANRREA date,

47.  The method of claim 46, wherein said background data is characterized

by a frequency being below about 1200 Hz.

48.  The method of claim 45, wherein said measuring comprises calculating
frequency difference characterizing said acoustical data, said frequency difference

being induced by the Doppler effect.

49.  The method of ciaim 45, wherein said measuring comprises calculating
traveling time of acoustical signals and utilizing said traveling time for determining

fluid flow near said cuff,

50. The method or system of claim 1, 2, 16 or 18, wherein said at least one
measure comprises pressure data being indicative of fluid flow near said cuff outside

said endotracheal tube.



thereto. 53 42. The method or system of claim 2 or 18, wherein said at

least one measure comprises carbon dioxide concentration between said

cuff and said vocal cords. 43. The method or system of claim 1, 2, 16 or

18, wherein said at least one measure comprises carbon dioxide

concentration above said vocal cords. 44. The method or system of claim

1, 2, 16 or 18, wherein said at least one measure comprises carbon

dioxide copncentration at, a nostril of the.subject. . 45. The method, or syste

of claim 15, 16 078 B R G S A BBl e 12 fo TR GaY 2t Ioast one
acoustinak datapysisgindidatiecofg éadiageyn edfhaddiowif matside sdicbutside said
enc&t&gﬁzg la,ﬂgﬁe.%' The method of claim 45, wherein said measuring
comprises filtering out background data from said acoustical data. 47.

The method of claim 46, wherein said background data is characterized

by a frequency bejpg,helow ahout-1200 8z 48.oThe Mg of Al AR, 1east one

wherein said measuring corr;@rlses calculating’ frequency difference

chdPSERFE PRI Aisr A CovisAt drtfabsinkit dietiiienel) Rimfenenf Beilons near said

indyggdiithesRDoppietetiegt 148: The method of claim 45, wherein said
measuring comprises calculating traveling time of acoustical signals and

utilizing said traveling time for determining fluid flow near said cuff. 50. T

lie methodsor sysStaemafietdiny 3ystedhtotiknvinerain said, attheast @md at least one
measure comprises pr ssiure dalta bein%indic?lt(ii{e, gffuid flow.near. said
et

i SFraclrAnel THECKAaT PhdIHERBaSr Wl EHoputside said

cuff Sutside “Sarf &RuS racrﬁceaél
claiendbt@clilont8, wherein said at least one measure comprises flow

data being indicative of fluid flow near said cuff outside said endotracheal

tube. 52. The method or system of claim 1, 2, 16 or 18, wherein said at

least one Theasiescoatipribes fyptiral dathibeingiRficativeiof pidseecmminent of

SeCsrﬁgoﬁs_l&g?%ﬁ@ifheﬁﬂﬁacﬂl'éséﬁﬁiﬁgy € HAAGDE AR said cuff below the vocal

cords of the subject.

35, The method of claim 6, wherein said monitoring said level of said at

least one identifiable additive comprises performing mass spectrometry.

56.  The system of claim 6, wherein said measuring device comprises a

mass spectrometer.

57.  The system of claim 6, wherein said measuring device comprises a gas

analyzer.

58. The method or system of claim 6 or 20, wherein said at least one

identifiable additive is characterized by measurable electric properties.

59, The method of claim 58, wherein said monitoring said at least one

identifiable additive is by measuring said electric properties.

60.  The system of claim 58, wherein said measuring device is capable of

measuring said electric properties.



53. The method or system of claim 1, 2, 16 or 18, wherein said at least
one measure comprises electrical characteristics of fluid above said cuff
outside said endotracheal tube. 54. The method or system of claim 6 or
20, wherein said measurement of said at least one identifiable additive is
performed above said cuff below the vocal cords of the subject. 55. The
method of claim 6, wherein said monitodig said level of said at least one

identifiablg addriye GOMPESES BREAUMINGIMASE RO OMRINNO8:d 38 feast one

system of claim 6, wherein said’measuring device comprises a mass
spislenbinble s sharppierizat dinrotagainkle MARBFEMDSRGTHFEasuring device
comprises a gas analyzer. 58. The method or system of claim 6 or 20,
wherein said at least one jdentifiable additive.is characterized by

measuraBte elediifc HORRG RS CledmThe WRRHHR SHGARAESTRA SRl Lalepst one
megdtaimsisaidiaileashp it itenifiaanddiivenis pyiteeasuring said

electric properties. 60. The system of claim 58, wherein said measuring

device is capable of measuring said electric properties. 55 61. The

method afisysterheofclaim & ol26, fihevhbinchaichidt temstiong ddeitfiabtepnsble of
Chfaz{iea'Ctet“{Lze& ﬁ%n rger@%rattgee%%gnetic properties. 62. The method of

claim li Wherein sald m%nl?orlng'said at least one identifiable additive is

by measuring said magnetic properties. 63. The system of claim 61,

wherein said measuring device I8,6aPAPIS S ReAS NG, BRI AGREHC east one

properties. 64. The method or system of claim 6 or 20, wherein said at
leddedifeatiigcntharelss 26 stersuably opticas BrapfEiSptical properties.

65. The method of claim 64, wherein said monitoring said at least one
identifiable additive is by measuring said optical properties. 66. The

system of &laim 8%, W %&@%é@u%@fﬁ%ﬁé‘%%@ﬁ%wd at least one

MeasHMBISAsHRPHCR B apakiesoGAidldri capphastaiesystem of claim 6 or
20, wherein said at least one

66.  The system of claim 64, wherein said measuring device is capable of

measuring said optical properties.

67.  The method or system of claim 6 or 20, wherein said at least one

identifiable is characterized by measurable radiative properties.

68.  The method of claim 67, wherein said monitoring said at least one

identifiable additive is by measuring said radiation properties.

69.  The system of claim 67, wherein said measuring device is capable of

measuring said radiation properties.

70. The method or system of claim 6 or 20, wherein said at least one

identifiable is characterized by measurable fluorescent properties.

71.  The method of claim 70, wherein said monitoring said at least one

identifiable additive is by measuring said fluorescent propetties.



identifiable is characterized by measurable radiative properties. 68. The
method of claim 67, wherein said monitoring said at least one identifiable
additive is by measuring said radiation properties. 69. The system of claim
67, wherein said measuring device is capable of measuring said radiation
properties. 70. The method or system of claim 6 or 20, wherein said at

least one identifiable is characterized b;g easurable fluorescent

properties,./1. The method laim .70, wherein said monitoring said at
least onesa%?entifg%le&g aive 6 ioéavéﬁeﬁﬁ%l §§i§ W&F@E‘@gn%%%ﬁéﬁf@??ble of

56 nirsThegsysicin ot slampi@enteerein said measuring device is capable

of measuring said fluorescent properties. 73. The method or system of

claim 6 or 20, wherein said at least one identifiable additive comprises at

least one fert gase mnethhd presodrorofystesm of olaith, 78hwvhieraaidaidledst one

leaR{-0nE DRI LERE S c%ﬁ%ﬁﬁ&%g Jrnthe SruIp£Qnsisting of comprises

helium and krypton. 75. The method or systeni of claim 6 or 20, wherein-
said at least one identifiable additive comprises at least one colored gas.

76. The method Prsy=iaRY of clRHO2 L RinWherain: sRid-al 18381P0Re: incrt gas is

identifiable additive comprises at least one radioisotope. 77. The method
of SRARHCFETHRETE K LRPAUTELRE ShETRRIRDISHITsaxbleERerfrom the

group consisting of a technetium radioisotope, a xenon radioisotope and
a krypton radioisqtope. )
yp ’F? sﬁle pme’zhod or system of claim 6 or 20, wherein said at least one

identifiable additive comprises at least one colored gas.

76.  The method or system of claim 6 or 20, wherein said at least one

identifiable additive comprises at least one radioisotope.

77.  The method of claim 76, wherein said at least one radioisotope is
selected from the group consisting of a technetium radioisotope, a xenon radicisotope

and a krypton radioisotope.



