fl 3 JUN 2005 METHOD AND SYSTEM FOR | NTUBATI ON FI ELD OF THE | NVENTI ON The
present invention relates to intubation systens and net hodol ogi es

general |l y. BACKGROUND OF THE | NVENTI ON The followi ng U S. Pat qg%s\nmr S5
believed to represent the state of the art: 6,062,223; 5,937,861,

5,819, 723; 5, 765,559; 5,752,921; 5,582,167, 5,582,166; 5,579,762,

5,067, 497; 4,825,862; 4,770,170; 4,501, 273; 4, 305, 392; 4,159, 722;

3,794,036 & 3,504,676. SUMVARY OF THE | NVENTI ON The present invention seeks
to provide inprovenmentgErgGMANREYSTEN FORENE @A TIE@Nnhods. There is thus

provided in accordance with a Er eferred enbodi nent of the present
i nvention an intubation met F3BLD; G TEE RYYENREAYt i on of an endotracheal

tube into a patient..airway. :i ti C L i hBthbffogies

endot racheal tube ;rthedjrfsg}c{%fr{lvglﬁltk&n}E{P%eesatopg{t‘iflbeagtg ﬁ???t\%g’gchﬁg I{(;w t he vocal
cords; megid-gnri ng carbon di oxi de concentration in the patient airway at a
carbon di oxi c)le nonitoring | ocation between the cuff and the vocal cords;
and adjusting inflation of the cuff based at |east in part on the
nonitoring in order tha ) ol Bk evesgoal |y prevents | eakage of
carbon di oxi de past the %ﬁ@k%ﬁgfr“@jepfgbﬁgﬂ I nf ?J;[tqi on of the cuff is '
adj usted to provi d@ha fatoningibi §.Pdtatis ere helieed tpaepiskint thostaigantthe féakage of

bon di oxi d t th ff. ' ' d pment  of
The. br eEAbLPATon PENESE he. ek Hoa SapSd et I Buctn| g, Sobratyons at o
suctioni gg;hogati pRsheineanushigaculiyyandy. thsouern! axusimy; Pagherably, the

suctioni ng locatidn I's” I'ocated bétween 'the Cuff and the
3,794,036 & 3,504,676. '

SUMMARY OF THE INVENTION

The present invention seeks to provide improvements to intubation
systems and methods. ‘

There is thus provided in accordance with a preferred embodiment of the
present invention an intubation method including:

insertion of an endotracheal tube into a patient airway;

inflating a cuff associated with the endotracheal tube at a location in the
patient airway below the vocal cords;

monitoring carbon dioxide concentration in the patient airway at a carbon
dioxide monitoring location between the cuff and the vocal cords; and

adjusting inflation of the cuff based at least in part on the monitoring in
order that the cuff inflation generally prevents leakage of carbon dioxide past the cuff.

Preferably, inflation of the cuff is adjusted to provide a minimum
inflation pressure, which prevents leakage of carbon dioxide past the cuff.

In accordance with a preferred embodiment of the present invention, the
method also includes suctioning secretions at a suctioning location between the cuff and
the vocal cords.

Preferably, the suctioning location is located between- the cuff and the
carbon dioxide monitoring location. '

In accordance with a preferred embodiment of the present invention,
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carbon di oxide nonitoring location. In accordance with a preferred

enbodi nent of the present invention, | 0 3 JUN 2005 adjusting inflation
is perforned by nedical personnel based on information recei V@g J@%ﬂit he
carbon di oxide nonitoring. Alternatively adjusting inflation my be
performed automatically based on information received fromthe carbon

di oxi de nonitoring. Preferably, the nethod includes inserting into the

patient ahfue¥ Afflafion Q§:§>@%nﬁéaoﬁ/ GodRRNIEALhAY O YL inf¥ el Reied t he
carbon dioxide nonitoring location. Additionally or alternative, the

met hod i riclhutescarsedibkidg motitoringeAlpanatenty adustingyniftioa nsaydte ganforge€ ondui t

extending to th uctjonjng |lacation., The carbon di oxjde nonitoring conduit
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of an endotracheal tube rnto a patient airway I'ncludes insertion of at
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di sposed therewithin. . There is also provided in agccordance with g. preferred
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There is also provided in accordance with a preferred embodiment of the
present invention an intubation system including:

an endotracheal tube adapted for insertion into a patien{ airway;

an inflatable cuff associated with the endotracheal tube and arranged to
be located at a location in the patient airway below the vocal cords;

a carbon dioxide monitor operative to monitor carbon dioxide
concentration in the patient airway at a carbon dioxide monitoring location between the
cuff and the vocal cords; and

an inflatable cuff inflator operative for enabling adjustment of inflation
of the cuff based at least in part on an output from the carbon dioxide monitor in order
that the cuff inflation generally prevents leakage of carbon dioxide past the cuff.

[n accordance with one embodiment of the present invention, the inflator
includes an adaptive inflator, which is operative to inflate the cuff to a minimum
inflation pressure, which prevents leakage of carbon dioxide past the cuff.

Preferably, the system also includes a suctioner operative for suctioning
secretions at a suctioning location between the cuff and the vocal cords.

In accordance with a preferred embodiment of the present invention, the
system includes at least one of a carbon dioxide monitoring conduit coupled to the
carbon dioxide monitor and extending therefrom to the carbon dioxide monitoring

location and a suctioning conduit extending to a suctioning location.



i ncludes an adaptive inflator, which is operative to inflate the cuff to a
mnimum inflation pressure, which prevents | eakage of carbon di oxi de past
the cuff. Preferably, the systemal so includes a suctioner OFUESQIUNV@[]{{ or
suctioning secretions at a suctioning |ocation between the cuff an he
vocal cords. In accordance with a preferred enbodi nent of the present

i nvention, the systemincludes at |east one of a carbon di oxi de nonitoring

conduit coupled to thg ,&afdAake dit@Xnd mbBiliieaf ofihe predeanial ifichhtheekrbom t o
t he carbon dioxide nonitoring |ocation and a suctioning conduit extending

to a sucti odiprde Inowatoriog. cord@it RIPUNIEB0SE the rpugiesrgl aprdbiliniich 2lse €oBREH A ment

of the present invention,. the carbon di.oxide nonitori ' rves
as the suct ?”cgh?’heé PEIFHNF O AL LS 588’6%?%?5"%13 S‘é‘!ﬁ&‘é’%‘?‘aég%@g% g\? i&e\l}gtlh g}l&e
suctioni ng sRGhr&ldRNsorH® a suctioning | ocation between the cuff and the
vocal cords. Alternatively a separate suctjoning conduit may be provjded
for coupling a suctidiernaibwr asenasate rctonBLiceR %b”@b@?é’f@‘ﬂ%@d f{%{) cqupling

suctioning | ocation betwe the cuff d th l. _cor e or
both of ¢ he® SEBER W Ao T oo e e BRtair & AREHinERbE T tbariat AT |
may be | ocai@dnd Wl &bty of the endotracheal tube. BRI EF DESCRI PTION OF
THE DRAW NGS The present invention will be understood and appreciated from
the following detailAidledstserd pt bow, oft tikeartion dorfie meniterngcoriuitnanddiigwi ngs

in which: Fig. 1 1is sinplifie ictorjal-J4llustration, of a intubation
syst em and S”?%?%E‘ﬂ% %ngl?tt‘ggyc%‘?1@f%ﬁ‘@f@%{ngl’Yaoféfbee?%Pl%r\"}%eﬁfr)\tgg%cor dance with a
preferred enbodi nent of the present invention; and Figs. 2A 2B, 2C and 2D
are sinplified diagrammatic illustrations of four alternative enbodi nents
of the systemof Fig. |. H3EEAPESCRESERNPF GOPRPREEERRED EVMBODI VENTS

The present invention will be understood and appreciated from the
following detailed description, taken in conjunction with the drawings in which:
Fig. 1 is a simplified pictorial illustration of a intubation system and
functionality constructed and operative in accordance with a preferred embodiment of
* the present mnvention; and
Figs. 2A, 2B, 2C and 2D are simplified diagrammatic illustrations of

. four alternative embodiments of the system of Fig. 1.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Reference is now made to Fig. 1, which is a simplified pictorial
illustration of an intubation system and functionality constructed and operative in
accordance with a preferred embodiment of the present invention.

As seen in Fig. 1, there is preferably provided an intubation system and
method wherein an endotracheal tube 10 is inserted into a patient airway. An inflatable
cuff 12 is preferably associated with the endotracheal tube 10 and arranged to be located
at a location in the patient'airway 11 below the vocal cords. Both the endotracheal tube
10 and the inflatable cuff 12 may be entirely conventional or alternatively may be
adapted to integrate features of the present invention, as described hereinbelow. The
endotracheal tube 10 may be coupled to a ventilator (not shown) in a conventional
manner and the inflatable cuff 12 may be connected to a manually operated or

automatically operated inflation device (not shown), also in a conventional manner.



Reference is now made to Fig. 1, which is a sinplified pictorial
illustration of an intubation system and functionality constructed and
operative in accordance with a preferred enbodi ment of the plekseHd 2005
invention. As seen in Fig. 1, there is preferably provided an intubation
system and nethod wherein an endotracheal tube 10 is inserted into a
patient airway. An inflatable cuff 12 is preferably associated with the
endot racheal tube 10 aasmdarceanited prefetred lecobatisent af the porseiti BrentiAnthe
patient airway,.11 bel ow t g vocal. cgr da.. Bothtt_he endottr achgal dtio'“§(l? >, 10 and
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her ei nbel ow. The endotracheal tube 10 may be coupled to.a ventil ator (not
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connected,to a . al |y .operated, or., autonatical | rated inflation
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the cuff enables I nrection

such secd@trnisaeamt of el enfft e dhis electlde preventing is the result both of highly
effective sealing of the airway 11 and of removal of such secretions upstream of the cuff
12. 1t is appreciated that the efficacy of the suction produced by suctibning device 20 at
suctioning location 22 is enhanced by the provision of highly effecting sealing of the
atrway at cuff 12.

[t is appreciated that in accordance with one embodiment of the
invention, the cuff inflator may operate automatically based on an accurate output from
the carbon dioxide monitor.

Reference is now made to Figs. 2A, 2B, 2C, 2D are simplified
diagrammatic illustrations of four alternative embodiments of the system of Fig. 1.
Turning to Fig. 2A, there is seen a first embodiment of the invention wherein an
endotracheal tube 100 is inserted into a patient airway 111 and an inflatable cuff 112,
associated therewith and inflated at a location in the patient airway 111 below the vocal
cords. The endotracheal tube 100 is typically, but need not be, coupled to a ventilator
114. Cuff 112 is connected via an inflation conduit 116 to a manually operated or
automatically operated cuff inflator 118.

[n accordance with a preferred embodiment of the present invention

shown in Fig. 2A, a carbon dioxide monitor 120 is coupled via a carbon dioxide monitor
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downstream of the cuff 12. This effective preventing is the result both of
highly effective sealing of the airway | 1 and of renoval of such
secretions upstreamof the cuff 12. It is appreciated that the @fﬂim@gg/ of
t he suction produced by suctioning device 20 at suctioning |ocation i
enhanced by the provision of highly effecting sealing of the airway at
cuff 12. It is appreciated that in accordance with one enbodi nent of the
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out put from the car noni t erence 1s now made to Figs. 2A
2B, 2C, 2[Rcaiidn mmhMebedhe djfﬁgiﬁammmewacﬂlmsdsr at suctisniog dedoe 126 tsealsvat i ve

enbodl ments of the system of Fi Turning to Flt? AQt ere | seen a
first enb&RHPRSNC BF PR ﬂ]%%rfl‘?“ %’r‘f“ﬁﬁég é?cﬁetéﬂ‘is ab AGBEN R pcatiof & ‘} s

i nserted {hnstegn Pﬁént ?QQHer?rlc%%%h&%b@rpglo%ﬂﬁg@fnlt@ﬁ loBatfoH f24112, associ at ed

therewith a ocation int t alrway 111 bel ow t he
vocal cords. The eTaotngawhBg| 7Buﬂere1[§05eer3atsqundalrrlbpd1rhmt ofiebelinventidye,

coupled to a ventilator 114. 12 is connected VI f Hﬁa‘%%’]
condui t 1YBe'EE ¥ spdRLathey! @B%?QP éﬂ‘”é‘i’”eddﬂftooarrﬁactie&%F‘WayopE 5’9‘596“ it | at or
118. 1In a@ﬁq@wﬁ%&%o\mmh@re iR G AT SRR iRihnd PAid 8868y 21 NVEBW On

shown in A, a carbon dioxide nonitor 120 1s coupled via a carbon
di oxi de mbualvtooatl codds) The Holbi2adh6al wbe @09 ts maallﬁWEmn@d noff be, moupled de riac heal

tube 100, t o] de noni rlng et ween th cuff
115 and tetiplaniobul. 2 & cProm v Hom el Mol 2L el he
condui t | onsér{ﬁélhé‘ﬂ‘liaﬁfl @r‘é{e%tduﬁﬁﬁa%rﬁssuc“ oning location, which in
this enbodinment I1s identical to the carbon di oxi de nonitoring | ocation 124.
Turning to Fig. 2B,Int tncmoedamse seitn aaps&xmddelﬂvmmuentewﬁ thef presenti myemtidnon
wherein a endo% eal b ube 20{2 IS JnZﬁQt ed | to %’P a(ljrvva 211 and
an infl at®ePE " Eﬁ 21?’” 28 dieidg mgnyt \/\ﬁ‘f“?‘P I"n‘ AFPROBFIFTILTP I(E%ﬁl on in
the pati eqdndgit ray n%éflaafogmmé eh«'i'&ra‘(:ﬂ&ﬁ'tuﬁ&@d@ to THa@RdAokibR B e@bnitdtig 200 is
typically, but need not be, coupled

location 224, between the cuff 212 and the vocal cords A suctioning device 226 is also

coupled to the conduit 222 for suctioning secretions at a suctioning location, which in
this embodiment is 1dentical to the carbon dioxide monitoring location 224.

Turning to Fig. 2C, there is seen a third embodiment of the invention
wherein an endotracheal tube 300 is inserted into a patient airway 311 and an inflatable
cuff 312, associated therewith and inflated at a location in the patient airway 311 below
the vocal cords. The endotracheal tube 300 is typically, but need not be, coupled to a
ventilator 314. Cuff 312 is connected via an inflation conduit 316 to a manually
operated or automatically operated cuff inflator 318.

In accordance with a preferred embodiment of the present invention
shown in Fig. 2C, a carbon dioxide monitor 320 is coupled via a carbon dioxide monitor
conduit 322, exterior of the endotracheal tube 300, to a carbon dioxide monitoring
location 324, between the cuff 312 and the vocal cords.

In this embodiment, a suctioning devfce 326 is coupled to a separate
suctioning conduit 328, also external of the endotracheal tube 300, for suctioning
secretions at a suctioning location 330, which is preferably upstream of the carbon
dioxide monitoring location 324.

Turning to Fig. 2D, there is seen a fourth embodiment of the invention

wherein an endotracheal tube 400 is inserted into a patient airway 411 and an inflatable



ventilator 214. Cuff 212 is connected via an inflation conduit 216 to a
manual |y operated or automatically operated cuff inflator 218. In
accordance with a preferred enbodi ment of the present inventidh3 dhopgsin
Fig. 2B, a carbon dioxide nonitor 220 is coupled via a carbon dioxide

moni tor conduit 222, internal of the endotracheal tube 200 to a carbon

di oxi de nonitaoring Iocatlon 224, between the cuff 212 and the vocal cords.
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Rather the scope of the present invention includes both combinations and
subcombinations of the various features described hereinabove as well as variations and
modifications which would occur to persons skilled in the art upon reading the

specification and which are not in the prior art.



ventilator 414. Cuff 412 is connected via an inflation conduit 416 to a
manual |y operated or automatically operated cuff inflator 418. In
accordance with a preferred enbodi nent of the present i nventi of3 dWbwensi n
Fig. 2D, a carbon dioxide nonitor 420 is coupled via a carbon dioxide

moni tor conduit 422, interior of thecﬁ_ acheal tube 400, to a carbon

di oxi de nonitoring Iocatlon 424, between the cuff 412 and the vocal cords.
I'n this enbodi ment, a suctioning device 426 is coupled to a separate
suctioning conduit 4 of .t he endotracheal tube 400, for
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car bon di oxi de nonitoring location in the patient airway above the cuff;
and adjusting inflatjion, of the cuf d at | east ar t nsa
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3. An intubation method according to claim 1 or claim 2 and also comprising

suctioning secretions at a suctioning location in the patient airway above the cuff.

4, An intubation method according to claim 3 and wherein said suctioning

location is located between the cuff and the carbon dioxide monitoring location.

5. An intubation method according to any of the preceding claims and
wherein said adjusting inflation is performed by medical personnel based on information

received from said carbon dioxide monitoring.

6. An intubation method according to any of the preceding claims and -
wherein said adjusting inflation is performed automatically based on:information: received -

from said carbon dioxide monitoring.

1. An intubation method according to any of the preceding claims:and also:-
comprising inserting into the patient airway of a carbon dioxide monitoring conduit

extending to said carbon dioxide monitoring location.



is adjusted to provide a mninuminflation pressure which prevents | eakage
of carbon dioxide past the cuff. 3. An intubation nethod accordi ng to
claim1l or claim2 and al so conprising suctioning secretions

suctioning location in the patient airway above the cuff. 4. An mtu%ﬂgfhon
met hod according to claim3 and wherein said suctioning location is

| ocat ed bes.ween t he Awnfiftulsaidntrhethodmbesrdity axiotkimrand alsb rniprisiayiioserting  An

i ntubation t ho cordi to an of the preceding.clains and, wherein
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information received fromsaid carbon dioxide nonitoring. 6. An intubation
nmet hod according to any of the preceding clains and wherein said adjusting

inflationd.s per f or nidl imtubationt he#iddy abemditlg oo  tlahor7mand ovhereinesaig ccarbanom
said car bo OXI de noni tar.Lng. 7. An intubatjon {1 q aci:co d| ng t 0. any of
the pr ece cMaMREINEAEN YIS 850 SER5P i3SI hgHT wg@fstq°ﬁ§u RABNIDE IHASHEIRG ¢ way
of a car bcm:adbn)m de nonitoring conduit extending to said carbon dioxide

nonitoring location. 7 0 3 JUN 2005 8. An intubation method according to
claim3 and al so corrprisi ng inserting into the patient airway of a

sucti oni ng.conduit exte aid suctioning |o ion. 9. An intubation
e hod medr g ¢ o &t Silibalbn: eliibar areptang o & he Berind i TS g
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and wher 9L SBP (O AR GoRH° SRABL B0 eanay e eBlo Pl Bepthe T
i ncl udes itmgewithimg at | east one of a carbon di oxide nonitoring condui t and
a suctioning conduit disposed therewithin. 11. An intubation system
conprising: an endotracheal tube adapted for insertion into a patient
alrvway; 11. An intubation system comprising:

an endotracheal tube adapted for insertion into a patient airway;

an inflatable cuff associated with the endotracheal tube and arranged to
be located at a location in the patient airway below the vocal cords;

a carbon dioxide monitor operative to monitor carbon dioxide concentration
in the patient airway at a carbon dioxide monitoring location in the patient airway above
the cuff; and

an inflatable cuff inflator operative for enabling adjustment of inflation of
the cuff based at least in part on an output from said carbon dioxide monitor in order that

the cuff inflation generally prevents leakage of carbon dioxide past the cuff.

12. An intubation system according to claim 11 and wherein said inflator
comprises an adaptive inflator which is operative to inflate said cuff to a minimum inflation

pressure which prevents leakage of carbon dioxide past the cuff

13. An intubation system according to claim 11 or claim 12 and also
comprising a suctioner operative for suctioning secretions at a suctioning location in the

patient airway above the cuff.



an inflatable cuff associated with the endotracheal tube and arranged to

be located at a location in the patient airway bel ow the vocal cords; a
carbon di oxi de nonitor operative to nonitor carbon dioxide condeht¥itamn

in the patient airway at a carbon dioxide nonitoring |location in the
patient airway above the cuff; and an inflatable cuff inflator operative
for enabl ity adjust mbntintybationf $ystans@cegrdingrHe caimf 1Hane avhgrein saidtsuctionzg t on
an_out put %eamﬁfvoeate%e%eﬁ'teéb afPietcBFbondicl ohithg Iddaort uf f
inflation generally prevents | eakage of carbon di oxi ole pgst t%e cuff. 12.
An intubation systemaccording to claim21l and wherein said inflator
conprises an adaptive inflator which is operative to inflate said cuff to a
m ni mum i nf3-ati on pReddubationsyepmmceordingdo cleir 4§ @ndalsepopwisiBboxi de past
the cuff 13. An intubghisgh dxtieifibMehng ol Bubibdididd ciibof it o

also conprising a suctioner operative for suctioning. secretions at a
suct i oni ngandgxéanding therefrpa to saidi camondiexigs mapitariagtenatienif f . 8 0 3 JUN 2005
14. An intubation systemaccording to claim 13 and wherein said suctioning
| ocation is |ocated between the cuff and the carbon di oxi de nonitoring

ocation. 2. AN | NARGBIAIGHY SIGEh LGB G Iefaifh! 78 BndLyAGEIASSE carbon
conprising: a carbon dioxide nonitoring conduit coupled to said carbon
di oxi de nulexids mogiering cendiihglspheeniés @m @ sushioning £enpdiit @ndxalse cAERIE & i ng

| ocat i on; ,subffonePBobliith it isBBichIRS S2BrRAE iélh Mloiidhiry BLaTohSn K RAT Shpaysal d

carbon di oxi de nitoring con SO serves as a suctioning con and
al so couplabsveithequéfit i oner operative for suctioning secretions to a
suctioning location in the patient airway above the cuff. 17. An

i ntubation system according to claim 15 and al so conprising a suctioning

condui t whizch coupl eg, %@Hsﬁanorézétemp%@&rhn«g ioorcnaﬁﬁcwoa;ndng:ssee&ﬁwiw aoa
suctioning [ocation'in the patient airway above the cuff.
suctioning conduit which couples a suctioner operative for suctioning secretions to a

suctioning location in the patient airway above the cuff.

18. An intubation system according to claim 16 or claim 17 and wherein said

suctioning location is located upstream of said carbon dioxide monitoring location.

19. An intubation system according to any of claims 15 - 18 and wherein at
least one of said carbon dioxide monitoring conduit and said suctioning conduit are

located internally of said endotracheal tube.

20. An intubation system according to any of claims 15 - 18 and wherein at
least one of said carbon dioxide monitoring conduit and said suctioning conduit are .

located externally of said endotracheal tube.

21. : An intubation system according to any of claims 15 - 18 and wherein both .
said carbon dioxide monitoring conduit and said- suctioning conduit are located internally. .

of said endotracheal tube.



18. An intubation systemaccording to claim216 or claim 17 and wherein said
suctioning location is |ocated upstream of said carbon di oxi de nonitoring

| ocation. 19. An intubation system according to any of clains (15 JUNL§ppnd
wherein at |east one of said carbon dioxide nonitoring conduit and said
suctioning conduit are located internally of said endotracheal tube. 20.
An intubation systemaccording to any of clains 15 - 18 and wherein at

| east one of said carbon dioxide nonitoring conduit and said suctioning
conduit ard- | ocat edArjntehatian isystem wpﬂl%ﬁmﬁﬁ@ws 8bd8 and wherein both

i ntubatio I AN s sai d
carbon di %f?ydiérﬁgﬂn?@g%%&%ﬁ&@ ngaal%cﬁ%&'té?lg %ﬁ?} conrdw ta?éﬁﬂ%?lgﬁt

i nt er nal | yof saifl endpliachegdtibeicheal tube. 9 0 3 JUN 2005 22. An intubation
system according to any of clainms 15 - 18 and wherein both said carbon

di oxi de nonitoring conduit and said suctioning conduit are | ocated
externally of said endotracheal tube 23. A net hod according to any of
claims 1 -5210 subst i_b :

met hod acc?'gr di ng to%;%ﬂfmg‘dya%gl ns aﬁ}ngf gnt ?gl Psétggt@gg\%%qoﬁlﬁa%@ of
t he draw igscribeg hereirahovem according to any of claims 11 - 22 substantially
as shown and described herei nabove. 26. A system according to any of
claims 11 - 22 substantially as shown in any of the draw ngs. 10

24, A method according to any of claims 1 — 10 substantially as shown in any

of the drawings.

25. A system according to any of claims 11 — 22 substantially as shown and

described hereinabove.

26. A system according to any of claims 11 — 22 substantially as shown in any

of the drawings.
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