ENDOTRACHEAL TUBE AND | NTUBATI ON SYSTEM | NCLUDI NG
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DESCRI PTI ON OF THE DRAW NGS The invention is
herei n descri bed, by way of exanple only, with the
reference to the acconpanying draw ngs, wherein:

Fig. 1 diagrammatically illustrates one formof prior

art intubation systemto 25 which the present

i nvention rel ates; Fig. 2 is an enlarged

" fragnentary view illustrating the distal end of the
endotracheal tube used in the systemof Fig. 1, and
particularly the subglottal region through which the

t ube passes;



Fig. 3 is a transverse sectional view along line Il

- - 11l of Fig. 2; 30 Figs. 4 and 5 are fragnentary
views illustrating two ways in which it was found
that the suction |unen frequently becones bl ocked
during the mechani cal ventilagion of a patient,

t hereby preventing evacuation of the secretions from
the subglottal region; WO
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US icit@ilating a rinsing fluid through the subglottal region. In such embodiments, therefore,
the suction lumen is also used as the rinsing-fluid iumen. Other emi)odifnents are
described, howéver, wherein separate suction and rinsing-fluid lumens are provided in the
endotracheal tube. _

According to the disclosure herein, there is provided an endotracheal tube for
mechanically ventilating patients, including: a distal end for insertion into the patient's

~ airway, past the vocal chords, through the subg]otta] region, and into the patient‘s.lung, and

a proximal end for connection to a mechanical ventilator; a cuff at the distal end of the
endotracheal tube to be located in the subglottal region of the patient below the vocal
chords; an inflating lumen for inflating the cuff; a suction lumen integrally formed in a wall
of the endotracheal tube and having a suction inlet port located for evacuating secretions
and/or rinsing fluid from the subglottal region during the ventilation of the patient; and a
rinsing lumen integrally formed i a wall of the tracheal tube and having a rinsing outlet
port to be; located in the patient's subglottal region for ciﬂrcu]'atin g arinsing fluid through the
subglottal region to-be removed by the suction fumen.

In the described preferred embodiment, the endotracheal tube further comprises
a venting fumen integrally formed in a wall of the endotracheal tube and having an air

suction inlet located for pumping air into a CO2 analyzer or for venting



3

10

15

20

25

30

the endotracheal tube of Fig. 10, having separate

- suction and rinsing-fluid |unens; Fig.- 14 is a
timng diagram of the operation illustrated in the
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the sabgiotﬁil gpacaaumg SctitmoBeeic8nsI6 pldvort @hdatipRisiaiRn GaduBe
. It is to be understood
condfq‘i’gfmtq}‘é b@?‘gﬁ"gﬂﬁﬁedraw ngs, and the description
behestrdiag & fRrtht f8a 0o ir MBI debotibh® brefltfA RSB ent, the

f‘?ac‘i?%lt]atl ng under standi ng the conceptual 25 aspects
ot lﬁﬁltah%ﬁ%@@p@uée%{feﬂuon@mcgssm@némg at

one M&inﬂi&! sesnhaid ﬁr%m&fl 8580 fom Hﬁ%ﬁ&dto? ?irach

preferred enbodi nent. Inthe terest of C

tube Eﬂ'@%’ ﬂqsgll enfgodetdeasged in @e@d@lﬂ%ﬂ@lm momftm Sdﬂical ihlet

por 0BRSS NG PO LS e

possipilifcof eckepeoiibe sudiiva dnletpoeirityl thewcuff «br by%nﬂ@trd’bﬁezﬁ widchbel

st.0od. t hat the enbodi nent s..descyi bed 30 for
tssub L SRR ot AR GO PR O B b RO I | o
C @a&i‘aﬂy@ {helartor Gvatinasaid @dotrichedl Be thehdBs tR§ f the recesses

|  cati.ons than described herein :
Stfad‘g‘%%#‘b%‘t?é %@fmge%wsmmtm#@da
mmﬁﬁgkﬁ@b&ﬁw&eﬁe&sgé@t ubation System of Figs.

1-5 The preferred enbodi nents of the present
i vt Rsrflepaibsd maws prtipdarth bsleww andptachesd tbea ponstrutted

n sy e R ST S8
rinsing fiid Gomythe srbglotial icziem daring figotechatiod Iveﬂtﬂﬂmm of the
paﬁe&eﬁlﬁrﬁévle}ﬂt blockage of the suction inlet port by the cuff, or by tracheal

mucosal tissue of the patient, during the negative pressurc condition in the suction

" lumen.
Further features and advantages of the invention will be apparent from the

description below.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example only, with the reference
to the accompanying drawings, wherein:

Fig. 1 diagrammatically iltustrates one form of prior art intubation system to
which the present invention relates; ‘

Fig. 2 is an enlarged fragmentary view illustrating the distal end of the
endotracheal tube used in the system of Fig. 1, and particularly the subglottal region
through which the tube passes;

Fig. 3 is a fransverse sectional view along line ITT —— I of Fig, 2;

Figs. 4 and 5 are fragmentary views illustrating two ways in which it was
found that the suction lumen frequently becomes blocked during the mechanical
ventilation of a patient, thereby preventing evacuation of the secretions from the

subgldttal region;
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into the patient's airway 2, past the vocal chords 3,
through the subglottal region 4 and into the

Wﬁ%bﬂ%ﬁﬁ lungs 5. The proximal end 10b of CIm 2005001401
endotracheal tube 10 is cognectable to a mec

ventil at or 6 as well as to a nunber of control
d e‘ﬁlgcéﬂlmatw dre doastelesion bixbel eitidrechealrthibeiladEdrilades hamy.

ed ear s h endo racheal tubes
thePéeSéS‘ nt’ cﬁrﬁWé‘déf E‘ﬁ‘gﬁ 1=P"?‘.‘b‘?ncventl | ating the
paFilge'ﬂis a teiveRseGebionhPvig al lﬂéﬂfﬁl——eﬁﬁ o%@?g gf the

éﬂlbelocatedlnthes lottal region 4 of the
pa igeht “%?WPW@"W&PW cticgyefhe @mleﬁa%hfﬂ@bfube of
Fig. b YattitflRmig i {11

& tube for§| n?heé{)%ﬁlgﬂtgﬂgec [if gl%cu i n?F%éor

Suc“?‘l’téﬂ‘ﬁlpe%i mal end 10b of the tube and a suction |unen’
lipbay é?&a.]iﬁnﬂz 0 43 | i f r.omthe, outer
sur ace o the en o[tﬁr%% Juté)f&‘}%gf?&grﬁ OOfEIee‘T“gSg?cg‘ﬁﬁ

tube,j pariiclarly irbtye ontusd offthy pertubéraSoctoipmvehtbimskadedof the suction

mlet% nected, at the proxinmal end 10 of the endotracheal
to a suction device 8 or to a wall provided

v aE:lgum iflostiateh afusvaouaiificagos Bothe tdmeftction @MHe ¥ d§kHheal

lottal region during.the chani cal ventil ation of
tube q?lglck“g’ﬁf@ﬁ?‘“ “ﬁg a%ﬁ’&%%‘?&fgeﬁtdqﬁ?‘e‘lshe i nvention
d asg riltied floatiout llmﬁatﬁlglﬂsﬂ @etaﬁbn &Par ﬁﬁfb@ﬁbﬂ s@hoRing

ated vmgltharlnsmg , in which caesuctlon
eqljtub, %g“bg%%@fteé?mﬁl@acuatl ng the rinsing

leig 0h2'1§‘§hﬁﬁ5g0cﬁ§g1‘a&td¥tﬁ eeﬁg F”S‘?’t éﬁfhetﬂé Al A !

. as the secretions fromthe su regi on.
Fig. 113 sone intubation systens, the prOX| rral end of

S UE% i 181 !1 H%aza}td‘ilﬂﬁ}(a g tl?eocg)gl En? gf r hf}élospﬁgs 4 Ct I on

device 8, to a noni or I’TDnI

@@#p@sakmmf Kigr 10, baviag bepatatvesu@izh amd mitnang_ﬂtﬁiﬂ lﬂdﬁﬁls-al r

fr t [ enpv via the.sucti ugen 14

VB n SRR R b (SR b E Pt e
Fig. iised for control ling the cuff-inflation pressure in

VO R i AR g o b g A end) cat oc

constﬁﬁfddltﬁﬁccofdhﬁctﬁvéﬂﬁ%tﬁr@ﬁnﬂﬁvéﬁﬁﬁ glhlions via the suction
Lh;:UEgéM was 30 frequently hi nder ed by bl ockage of
t

dt ? BEnsverme echanal iviaw dlenglingf Vg &0 of Ergg flér m

4884 Bl 58 At 2 i SEDAL o
are preyidpé prigggrilyfer wurmses_@ftaa&tamng undarstarﬂng thaazqncepsmtly

t t h
aspecls G ResfUE AR PporbtoRE T RmbiT w82t SRbRYRER O [ he
Pmseﬂibcttqneldeﬂettil tre!nfm a;: pl‘éfér&ﬁ&ﬂbﬂﬁﬁibﬁﬂ Hﬁﬂeﬁh%%ﬁéf%@alﬁg @u%cf The
rent of. Fi s. 6 an

bm"‘*.yt QSR I mele ¢ %%EP&’&?%WF dsfeilythag H%Fstsﬁ%’cqﬁl@atblt nse,
skille@ &N aft) Qélﬂéﬁsuﬂ{@dkﬁdaﬁpdes%ﬁr%'uﬁ&%r?cﬁﬂd/addtp?acﬁbﬂ}@l end
a

nce wth present

descr?09;_constructed in accor
escribp AR Fop oo iughayundeestosd dhas ﬂ]@rembbélmnts described are
for ptﬁﬁtﬁk@si 6%}‘(&&%&3 oTan %nc?ﬁ]at e iilESord 0 9@0%%)#.42)? %Fmg?m?m%tgge ;

inflation ['unmen
other gqgms apg agp!pp@ﬁ@s than described herein.
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orsofsBod Bt nh epdioRireL Bed el focdg e gen

11 forvdimitkiting tie pafierithnd yb0BN Ahd dibthish 20L6F thé bk §Sbe 6

d 7, the protuberance is integrally formed in the
locatsgip Iﬂ?‘“o?‘gg]ﬂgﬁé%% 5 theantietublonpibagog el ek tabes
also iR€IGAd £ t8ndi '

L bt gL U A P

a cuffiptater 4Bt the Prowing ead ieefhe wbsrod hdudipnduraer bhibaving; an
inlet (U Pfa 1SHEl 26 6in RO Slifthe o HcAnr QLRI hadh pb 1

suction inlet port as to preven ’Iockaaeé of
locateplgn flypegubglottal regiotnér Stgtion iemeruf4 is 28nmertethyet theaedeambal end

C i . . The.endotracheal tuhe
10 of BBk R 0 moton RS Pt F R Broy il oy por
for evia.aairt]ing s¢céd$t'mlm ﬁ'gar(zj:la:h&/ amﬁldn@l ﬂﬁgm hl’diuiiﬁg 1|h|B h&f@hﬁlri]day virildis
Wi t. nd ext endi rough, the . of the
of thefakig, e OGimEnIe ne e G Dol oot baotel
region BGlirig@tdihaihal MRSRhRIGE, in SHEdh @As/@BlddmeH T8 Rvould be
her eby. prevents an undue buil d-up_ of negative
used {0F geacting fs Arsing Hud srasiesg) iatorthe subelgtiaiegion e well pat

ﬂlesebi&ﬁoﬁg&&;hmguggsﬁalg‘%gmMa of the suction lunmen 24
may becone bl ocked by the cuff 22 or by tracheal

miie ¢ infybgBenesystems, the peoxighallend of sistion ubed 18 ehayvbe
i ’ be used f.or
comel B8 YR BT 0 B PRGEE o o
compodigor, aiticuigrlpitiedl@toatent, of the it fedn fhe dungs kenewbd gioht al

T 1 S e S LI e
contrdHigg the cuff-inflation pressure in order to minimize leakage while at the same
time avoiding damage to the patient’s airway.

As indicated earlier, the evacnation of secretions via the suction lumen 14 was
frequently hindered by blockage of the suction lumen parﬁclﬂarly during the long—
term intubation. It was found that this was generally caused by blockage of the
suction inlet port 14a either by the cuff 12 (as shown in Fig. 4), or by tracheal
mucosal tissue of the patient, as shown in Fig. 5, during the negative—pressure

condition of the suction lumen.
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8 The Enbodi ment of Fig. 8 Fig. 8 illustrates
the distal end 30a of another endotracheal tube 30
constructed in accordance with the present invention,
wol8@/0s684 udi ng the basic el ements descri bed 5006/001401
with respect to Figs. 6 and 7, mainly a main lunen
31, amff 32, an inflating 5 lunen 33, and a suction
TheEmhmiunBﬂtdfaW;zmﬁlami%uctl on |nI et port 34a to be

I t t
8 Bhoa ) el G aPbbmeht o nditerh L PRb R EabE | s
demgfnﬁﬂ’eﬂﬁd, phirtidul @]yl s @isid) Sh@DOE codth@e@inAfcadhe i th&

on,the oppgsite side of the suction inlet port

Pfeseghlawg%‘ﬂﬂﬁl a%awoaiﬂgﬁ b deqversehlems- Ensgiraghed tybe30 mﬂedes the

" usualOHAiR TuBeH ila‘éﬁfoﬁ Al SnBRGR WHAG 2N or inABEnAhe LG RYGkHLN

i nl et Eort and to be effective to prevent bl ockage of

includgs a Fetion umen A4 ihayiag a pention ideldwrt24e irsding fippethg Outer

s UL B0 ST R MG B VI
respelq@lvuﬁr@ &P <f<mt evacﬁatmg)sebmtlbmfatdéﬁ rinsing ffisidsfidyy ketstibglottal
mgoﬁ%g}%th%n’?e% ven&gﬁ &ﬁe bui |l dup of a negative

re vv| g t he nechani cal
v efddotding tmrth@t:rekdnemaﬂti(ﬁnﬂ‘le disal eihd 200 tlehesdbirduhiehal fitice

. 15 rt.,cularly bel ow, a as descri bed above W th
20 s Bty o Gisrle S5 6 Bregent Pckitd of BT
inlet or024n Btk Ruffg, or%yrmyheal SRcd8l [SRderl thopatiend, Nurk@ a

" yenting the subgl ottal region to the atnosphere,” but
negaliyesprepyive eopditipniip Gespetiondwmeri ti on, particul arly the

CQR tigoihigitimen bf iR SnRxha BRls@itdd Hp@g@ 3k l{ﬂegéuter

| eaking into that region, e.g., to control’

surfapg ofdhe priofpeliontiube i forgdvither mewb@m@r?édidmeent h@the

s DI A UG e B e

at thefiegfionoinlef me‘»tsrldt ado bb effelitive & plewdlt BBeakagt ofithe tshetion inlet
ube 40 co Iruct i ac ance
port {i‘%g%ﬁ esefi Olr %rvgl |%‘ﬁc 5?”?%‘71 %’Wfﬁ?’cfﬁi:tg %tlent\imdumng
a negdéwscpredyant @hﬁﬁnﬂﬁhsﬂ@ﬁ@ﬁﬁﬁeﬂo Fig. 8 In
endat r ach e.40 of Fig. 9,. however, -the
?LB?‘E?D ent?gg’Fﬁ‘éVreE ?P’élégf&‘%ﬁ ‘F‘I;}‘Lo ol Pehy is
protubétaﬁchﬂs {regdrlBf foatied MftheaDbOihe bRiRAkheaT ubddd M
ch, when inflated, projects radially outwardly of

fhlck?f%?é pgffioRsthergefrangd és lgpat qmecabetvern tBewctiomnle pert 24a
and m@é&fg ANk LA E R ;ﬁ&&ﬁ&%ﬁc\é%}:xgl%lg gﬁyeefﬁ%gnn&e%g t%ﬁ%g &ﬁ:fa%é

the suction inlet ‘port
projegfingradipily petwartinof t@g petion mletposiiddany avio p@ﬁveaﬂdodi@ge of

thaip%?‘%ﬁﬂlwﬁég'?“ﬁ?ﬂbg%%@o%i'ﬂ%{ ga(fnf |ugur ation. 30In all

her rac Tbe 40 illustrated
[ ri‘liélegdot&ch&l mbmllusumreé i Bigsl a&ﬁﬂd? intludd3e fodlnes fEamnBer

name%rn%gedal hl?n?%:f fépégra% eﬁ%ﬁ&‘j tanc} gxte':::idgﬁg tﬁfou-grt?, ?:he wall of

the endotracheal tube 20 for venting the subglottal region to the atmosphere. Such a

venting lumen thereby prevents an undue build—up of negative pressure within the
subglottal region 4 such that the suction inlet port 24a of the suction lumen 24 may
become blocked by the cuff 22 or by tracheal mucosal tissue.

As will be described below, venting lumen 26 may also be also be used for
monitoring the composition, particularly the CO; of the leaking exhaled air evacuated
from the Subglottai region, similar o the function performed in the prior art via the

suction lumen 14 and CO; monitor 9 in Fig. 1.
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Fig. 10 illustrates the distal end 50a of an
endotracheal tube 50 constructed simlar to that in
Figs. 6 and 7, except that the endotracheal tube of
wbi 280706838 Uurther 35 includes a rinsing |unmen Ii:7rfl$.91{06/ﬂo1401
rinsing or irrigating the gubglottal region 471THh
such WD 2007/ 066332PCT/ 1L2006/ 001401 9 case, the
TthhﬁS&ﬁ@nhﬁWﬁﬂﬂS? has an outlet port 57a comunicating

et hilfsBtly fobhes een Sl ety upadl comsindiea

in acﬁéx@xmﬁlvﬁﬂl thé SreSif RiveRAC Ao fnd ifdbeRicIRARA ®oscribed

rinsing lunmen 57, separate from the suction |unmen 54,

abovg ztth respeghic Rig- dandch B Panpin BieR,di o ouff 4,an Snflating
lumerne_:% P&ifald S8tidrHifich 97 ha 1A bietbR inib! p%ﬁ' 3'3;& td Q@igcated in the

lottal region via the rinsing
Suhg lﬁwnﬁéﬂﬂs@@h@ttu bribis case, tb@ldllstasnd héthp pmmgldal twbelis

form% %ﬁltag)? %% %cafeﬁ %gfed koa bltlt ba %% 81%;}0%&3 %} %oﬂgg

Separa e rinsi n unen
suctiche et rpbﬂ Qdabehes w prhjectaaqhekty oﬁtozaﬁlg&f the Butef @iiface of the

| b
endoff iR s A5 G B pOT B! el P Hasbies e
thesmr:ﬁmhriﬂbﬂ;eﬁk to performits 10 suction function and
e ALY Vel h Vi T
mteg@etl!?&bmﬁ@iﬂ @elvpall M@%@&Qﬁl@dwﬂg‘%&a‘ th bl ﬁicﬁt%& &Phk N

10 is constructed in the sane nmanner
Sﬂbg degipad saBbparevest wue huddup qfa.mgauymsare wiithiofthg

reglo'n tlhﬁ%ﬂﬁ%écﬁﬁﬁ Yentilsbhld g% r#él'l‘l@l% 24 Y7 b s ?%%%Ll){?et

rot erance 5 venting lunen
pam@lfahrheé@v omd @éesanbﬁmbwfewﬁh lmpdmmt veuﬁnghglenﬂﬁ in Ergs 6

t e..exampl.e
end B AR AL 5B bl o S A BE PP
regionltd ﬂ;@tatrad)wﬂerle,rblﬁ ialye forGmalyzing the composmon, particularly the CO,
content, of the exhaled air from the lungs leaking into that region, e.g., to control the

pressure within cuff 32 in order to produce the desired tissue contact without damage
to the surrounding ﬁésue.
The Embodiment of Fig. 9

Fig. 9 illustrates the distal end 40a of another endotracheal tube 40 construcied

in accordance with the present invention of similar structare as described above with
respect to Fig. 8. In endotracheal tube 40 of Fig. 9, however, the protuberance,
thereby generally designated 45, is in the form of an inflatable element ot balloon
which, when inflated, projects radially outwardly of the outer surface of the tube at
the suction inlet port, and thereby effectively prevents blockage of the suction inlet
port. Inflatable element 45 may be of a blister configuration as shown, or of another
configuration, e.g., annular configuration.

In all other respects, the endotracheal tube 40 illustrated in Fig. 9 is
constructed and used in the same manner as described above with respect to Fig. 8.
The Embodiment of Fig, 10

Fig. 10 illustrates the distal end 50a of an endotracheal tube 50 constructed
similax to that in Figs. 6 and 7, except that the endotracheal tube of Fig. 10 further

includes a rinsing lumen 57 for rinsing or irrigating the subglottal region 4. In such
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8, wherein there is no separate rinsing |unmen, but
rather the suction lunen is also used 20 for rinsing.
The corresponding flow chart and tim ng di agram of

wblBFedssz @and 14 illustrate the correspondi NG e1/1L.2006/001401
operation of the endotrachgal tube where a separate

rinse lumen is provided, such as illustrated in Fig.
caseShe ﬁmﬁgﬂgﬂ%gsm Egyaae@% t@fpapﬂaaddnﬁmud j fificati “mtﬁlrﬂﬁé RBgloHAEN
. e.g. : ' is used interm tiently,

Tegiony %@f"l‘é’% #dbe Gtal endrthergofiadiacentise thectiS2r egi on to t he
at BPERL pfRidisy e bRABBRSM oD %i fs7 he
exﬂgl ed9251 air Ieegﬁ ng fr%gﬁggﬁﬁ%%eaﬁghg%% asr%ed

sepaxateffATE Hhe syetisyl lomen f4.regeft lmen may be cphielledito makisnizage

i NS ' ided-(H gs. 10
rosp S pftons RORITRE B MO ol S AC A 1,83
and gxgpetingrsséretipns sasdvallasttheriesing Suid oinem el sabiglotal region via

k ' rfaorm. t.s sucti.on_and.rinsi .
the s, "hore RECLAChitite Do 2 Bor Phphifd &4 e
above leaiﬂlir@ﬂge_ctt o Bigs.2%-9] for akmlﬂiﬁﬂsdcﬂbmhm&tvﬁ#ﬂd Mso beDdised ;
al.ternat, 30 perform.ng its venti uncti on an
sor i TR Subelelal torh il PR it “Bnisfihel B o
suctibil funstionodnd dinking Fin@Sion dlerdfflels? as will MY descritRed HERBW Wilfat

the suctjon step is acconpanied by the venting step
’qu?ﬁmﬂﬁ%ViL?m%H% formation of underpressure. As noted
byin%t1Qeheb ?es?é&tfbﬁﬂoﬁ%éheaﬁub@% {hBirktbd ﬁmg} 108 COARRGLET
. . to suction Tunmen 24 has been closed, the venting
in th g3meanaerps deswibed gbayeely indudamivhia heoep$ b cifis2oinflating

tome S SR St 2 58 lr i e mpgruberance 55 spd v fygpen
56. 14 are corresponding flow and tim ng di agrans
Exank lés%?td %}aiﬁglg the operation of the endotracheal tube
—‘vém?r‘(rﬁ)—s-eparate rinse lumen is provided as in the
cdee fhsfvvcharg sEFiguhie and iy dthgam WP Figs w%mﬁdn@te dnﬁe
rin nma ont i nuoys ,operatj o her eas  t he
exanpls ¥ opiaen fape o Eaorr e Shocterehe. bR ABRPS A tiet -
8, whilvin theftis N scpREESnSBIY luleRous RONG dRYsubi@Clkmed & alsh WsBd
P % nig and in the functional timng of Fi g{é 14, the
OF TIEEHE. b BS CATFORRPIiRe A ehart s iianige diageamyedFigy. kd and i
illustRES the 88trdsPehdPMCI iRl o | | DS
the venti g‘gﬂ op(.erlja??‘iial Sﬁg’ gﬂf'%ﬁg%éﬁagg% Frdebﬁt‘ﬁ%ﬁ%ggmwf&ge
tumen jfpradded-peph as ilbisipigd iFigl 9.uDuriag both fypen dbencetioas the

venhg ek 08! M8GTH, 1S [ GRS, ARol IR R
subglptidl eggigrevahahtinpspless, gnd fee dneBBurinp s COE Roatfatiiendxhaled

. be. 80 i ncl ude nmai n, Lumen 81, uff 82 at the
ar le%#%% %?'?éfﬁeglc Saaﬂgfﬁgthgg%%g?ﬂ fg‘?‘l S‘qug]’q%ﬁ'tcﬁeﬁ'ﬁn"l unen 83 for
| Mfbugtih B/ cdef Wiedre RE sépamitihding Rimen is provided (Figs. 10 and
11), the suction lumen (e.g., 24) is also used for rinsing, and is thercfore controlled to

alternatingly perform its suction and rinsing functions as shown by blocks 60-68,
Fig. 10. The venting lumen 26 is also used intermittently, for alternatingly
performing its venting function and CO2 measurement functions. In the example
operation illustrated in Figs. 11 and 12, it will be seen that the suction step is
accompanied by the venting step to prevent the formation of underpressure. As noted
by step 67 in Fig. 11, after the rinse line connected to suction lumen 24 has been
closed, the venting lumen, ¢.g., 26, is used to enable completion of the measurement
step 68.



10

15

20

25

30

35

suction lunen 84 for evacuating secretions and/or
rinsing fluid fromthe subglottal region 4, a venting
| umen 86 for venting the subglottal region to the
LiPreiss e, and 15 a rinsing lumen 87 for

‘Wg g?ﬁ%?%% or irrigating flgid into the subgloFI?HIJZJ"%kfl?(ﬁzm1
regi on. It will be seen fromFig. 16 that the

SUG$d. OB ahd! meae %Aﬂé}?gndlh LEHRGnd HARD &Zgrash@ﬂﬁe&ﬂ&.g the)

t he sane sid e endotracheal tube in radia
operatiop ghfhgspd otsReFakiube sderraiepyraigyinge fmeniis pr@wdggas in the
case Mrﬁrﬁg ‘itﬁhénVS’?flﬂ 2do \Wykh gfabﬁle\fﬁl% m@¥ b £6o g ﬁﬁ

tube. 20 It WI al’ so seen fromkFig
Wher%tthfr sustiprf ia periesticaliyapplirdion spadheciisn with tISaO/ensng @emé@m

I, e
As by biaR o UL B Y RS B SR RE SR co
measuﬁmwwglﬁomimwe%’r isQecfbrmed xhuh&meeﬁ thei sactiondgsratiogs and is
combs gé gl g 'ts 84a, 84b, one in each of the two
?neee tgg e S8 %‘}mlarly, rinsing lumen 87
Theﬁmlﬁddxhdaﬁofﬂiixzsewdndnerts 87a, 87b, one in each of the
for, 25 _introduci ng. the rinsing

85Dh,
£ RS AR TS Hustaihan GuloRReteRgig o indtite allibe firvgontius
lumeREfoABRT £ aHaBSlvdys Mrohdlethe Walllof B chaGiticRial hibe, generally

endot racheal tube 80 on opposite sides of the two

desigpied & e Suspepdotsaheal gules &binclydesemeln juratn §laa cufig2 at the
dlstalse'ﬂatS'IQQf tho bk, éﬁ%%%ﬂ%g?ﬂlgﬁﬂ@ for%?l‘ijamﬁ eﬁz{}ﬁi GhLL e Bor

effective to preve age o se po ts el t
suctigplumige 8¢ {drfevgmating sepyetipnwasidéulringng Syl fram ngebglﬁttal he
t 3 diti,on in
rogioftd 4 Eine fiicn % B UERRL i BERR AR BOMGRYRF, afe
a rinsiriggutoen 87 fmsmtrtgluﬁ:lng dinsinptor preigsiingdlad Aekh8 Ziibg]xfttal he
re ior| nsing lumen 87, also forned in recesses 85a and 85b
g %dj acent to the suction inlet ports 84a, 84b, further

r dcherilebe ére]eu ﬁeﬁa&hgu 1I6|that thad sda‘laackmg S?f&ﬁ%ﬁnélﬁ% RimeR &7 tafe
ngt e entl ation_of t epatlent
form%rf& éédge 0%&? ?f}lﬁ‘g?e 1p fadia) glgnment. 281l 8o paque

—lo

* separfed bﬁ a%ﬁrﬂh@ﬁ 89 hﬁéérﬂily%rrﬁ@d RA tﬁdbvﬁlfﬁﬂ@i*ﬂdoﬁﬁch%ﬁl@uﬁél be

~at t e opposnte side of the inflation |unmen

ondig.d@1tha the quier surfacemy ﬂm@d@m’hpal dube
i R B 0 i et 9 Sy

['i con
of thqmmanhhmn 84 lan«énnsjnahmeaﬂ%’io fSugtdorsupmm 84r mmh@m suction

e {HEAAE P00 B e AL IMD B 8l Bk G0 TS QM Bl

.87 inclodesttoo exit parts 872, $7h;mne ﬁdadi oﬁhefeeegswsﬁ g4ByesSi ons

Qn.th £ aw.n It will be appreciated,
mmcﬁ'g&}g\%"r sﬂ‘fﬁaﬁ“‘gﬁ%@e Pft%ilrgg‘%ul d be used, e.g.
D il ik b&iﬂg%cia@&l, thaiBe bitat sutfage &btﬁ@&ﬁb&ﬂ@eﬂ%&hm

varied accor to the requirenents of

oppogiigrsides af the tap ;ﬂcp%‘t $39n85b, project patwagdly nfeﬂlp e mickion inlets
ports l@@é %4? ﬁ%ﬁ ra.‘t@tﬁ&eﬂré foéc@i%@ rf{éfghlt g?\eé f?g tﬁfot gtfsrfeseegpgr by
the Clﬁé 82.fopby Rravmﬁhhycdsdﬂlsplm Cpfdh@mﬁwﬁt during a negative pressure
condition in the suction lumen. It will also be appreciated that the two rinsing~fluid
exit ports 87a and 87b of the rinsing lumen 87, also formed in recesses 85a and 85b
adjacent to the suction inlet ports 84a, 84b, further reduce the possibility of blocking
those inlet ports during the mechanical ventilation of the patient.

Endotracheal tube 80 further includes a radio opaque strip 89 integrally

formed in the wall of the tube at the opposiie side of the inflation Jumen 83,



10 exanpl e, and that many other variations,
modi fications and applications of the invention may
be made. 12 WHAT IS CLAIMED I S: 1. An endot racheal

wb4 /01‘5(%?2 mechani cal 'y ventilating patients, dgl stlémda01
a distal end for insertiong nto the patient's alrway,

past the vocal chords, through the subglottal region,
andls ond exatnple, gaibirashicalauba 80iluardedin P@x 1 @dd enday &

C ection to a neghanic venti]ator; a cuff sai d
madgHIESE bifing 2 BEr Griagrr s o s Ao BesdigesiLs
The SHiee HuldgbRshatlid b e @hx@hurh RQaiRdld. Gt ol MamleRe ofie al

chords; an jnflating lunmen for i.nflating said cuff; a

tube Gy bf Giereasite AUUPERIPTELY ok tacseend §2+) . foiher nrefseptg
5 dimeh$i® @P&I@Hmfémﬁg@% wel bé%;%;?gcﬁ&&ﬂ%%@e@%attdﬂ%@’ and

to be lTocated in said subgl regi on, for

matedgls corld bpgsedev g epolpviBylphiride, andiibat the dimgisdorscontd dai d
: gﬁp& ' ] - Fgm’ Gal, ventilation
Vmeo t _ilrwe %thtPéeﬁe%hﬂéah%gﬁﬁaﬁ)Pﬁlﬁe‘]%P adi nél' fromthe
ouWbile thegrfeotiomliastbeen desciadawithembpectioacand padfemed o
embodiments, it will be appreciated that these are set forth merely for purposes of
10 example, and that many other variations, modifications and applications of the

mvention may be made.



be located in the patient's subglottal region, for
venting the subglottal region to the atnosphere; and
a separate rinsing lunen for connection to a
rinsing-fluid source for circulating a rinsing fluid
t hrough said subglottal region to be renoved by said
suction |umen wherein saidldistal end is formed with
an outer” surface configuration effective to prevent
bl ock 0 id suction inlet port by said cuff or
““Byrﬁiggggﬂﬁnﬂgcosal ti ssue of the patient during a
negati ve pressure condition in said suction |unen.
2. The endotracheal tube accordi 0 | ain1%, eludi
whek.ei n Anjeadasigelgal §‘éhef5k§é“%‘(5‘ﬁ‘f“f’ag’r YR RAVG s g lucing &
dlstg]r 81%&] ?rr %@&'ﬁoﬁqhﬁ%cﬁ@ athentssabiqwa?}‘%as@ﬂme' Wt chatd, @rmigh the
ing radia u twardly of the outer surface of
subgltb&aleﬂ:@fm[ anh &ab theu patieat’s dungd and ot prowimat|ead fppeennection to a
%ﬁ The engptracheal tube according to Caim 2,
megfRaical Y¥ERI% prot uberance is integrally formed in the

val | oo 26 &li@ dend bl aghBa kndotleheal tube trhiibe Kevatd ipahe isairglottal
t her eof 4. The endotracheal tube according to
lﬁgGM&fﬁwzmﬂﬂﬁéﬁ@“ﬁh§dpﬁﬂﬁWB@%berance is in the form of

Phh AR fepkeTRMpEastcas by Lhe wal | of said

The endotrachea
t u b:esmom hethemghavangGlh stichip mlvumr@.emr%framﬁh@%% pufiee of said

endlﬁgiulih%gf tu.g% é’ll%g Jabe & gﬂcaﬁedg%l Gid s@%ﬂ)tt%g%%@u AN o(t:drag}é % tsecretlon;

and/HghsRECOdifReh b4d Chigdloaal regibre dediny ﬁnalmbcfoamcah tyenténidaen of the
is located on the side of said suction inlet port
pmﬁﬁ%lng the proxi mal end of the endotracheal tube.

U&mﬂg q’lﬂﬁ&ﬂ%ﬂﬁ\%ﬁbhﬁﬁe SAEOHSI Aot §ddatridhtal t_ube and also to
mhereln r oxli of said suction |unmen

be o‘,@m&:tir mcﬂledaatlcmt s elheittial ccmonriet vpuing: BessbEsilofgon to the
%{ce r to arinsing-fluid source for, circulating
MHQS PYNSiPAY f1uid through sai d subglottal region.

8. Th&endlehdine iman forbenaciordiangnsing Qhigi ssue for circulating a

riné‘éa? BeetgugmiCaiebhal SSPR B FRRRLPE-a) sy jumen

Méﬂeﬁ%aﬁﬁ&ht%?eﬁ@{s feRAldYwitnan bber ﬁﬁfﬂ@@%bﬁﬁgmmt@h effiective to
Iea ing fromthe lungs into said subgl ot % ?
prevent blockage of said suction inlet port by said cuff or by trac eal mu sal tissue of the

patient during a negative pressure condition in said suction lumen.

2. The endotracheal tube according to Claim 1, wherein said outer surface
configuration includes a protuberance adjacent to said suction inlet port and projecting

radially outwardly of the outer surface of the endotracheal tube at said suction inlet port.

3. The endotracheal tube according to Claim 2, wherein said protuberance is

integrally formed in the wall of said endotracheal tube as a thickened portion thereof.

4. The endotracheal tube according to Claim 2, wherein said protuberance is

in the form of an inflatable element carried by the wall of said endotracheal tube.



9. An intubation system conprising: an endotracheal
tube according to Claim?7; a suction source
~connectable to the proxinal “end of said endotrachea
tube; a rinsing-fluid source connectable to the
proxinmal end of said endotracheal tube; and a contro
devi ce for selectively connecting said proxi ml end
of the endotracheal tube to either said suction
source or to said rinsing-fluid source. 10. The
i ntubati on system according to Claim9, wherein: said
en%‘Ot r aqﬂg gh%&[_la@?eag bt{bte hetoréiaane Ciam 22 wherii sgd lpratgrerance is
id intubation system further co
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said venting lumen for analyzing air |eaking fromthe
lungs into said subglottal region; and said contro
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tubé:on’prlsmg an endotracheal tube according to Cai'm
1; a suction source connected to the proxinal end of
said suction |unen; ~and a rinsing-fluid source
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I‘lIlSlIlgnEUId source for circulating a rinsing fluid through said subglottal region.

8. The endotracheal tube according to Claim 2, wherein said venting lumen is
‘constructed for selective connection to the atmosphere or to an analyzing device for

analyzing the composition of air leaking from the lungs into said subglottal region.

9. | An intubation system, comprising:

an endotracheal tube accordmg to Claim 7;

a suction source connectable to the proximal end of said endotracheal tube;
"arinsing-fluid source connectable to the proximal end of said endotracheal tube;
and a control device for selectively connecting said proximal end of the

endotracheal tube to either said suction source or to said rinsing—{luid source.

]0. The intubation system according to Claim 9, wherein:

said endotracheal tube further comprises a venting lumen;



12. The intubation systemaccording to Claim1ll
further conprising an anal yzing device connectea to
the proximal end of said venting lumen for analyzing
air leaking fromthe lungs into said subglotta
region; and a control deV|ce whi ch sel ectively
.connects said proximal en dof the venting lunmen to

t he atnosphere or to said anal yzi ng devi ce.
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12. The intubation system according to Claim 11, further comprising an
analyzmg device connected to the proximal end of said venting lumen for analyzing air
leaking from the lungs into said subglottal region;

and a control device which selectively connects said proximal end of the venting

Jumerrto the atmosphere or to said analyzing device.

13.  The endotracheal tube according to Claim 1, wherein:
said suction lumen is integrally formed in a wall of said endotracheal tube;
outer surface of said wall is formed with a recess extending from said suction inlet

port.to the pr0x1ma1 end of said endotracheal tube;

and said suction inlet port is formed in said recess in the outer surface of said
endotracheal tube such that the outer surface of the endotracheal tube adjacent to said
recess projects radially outwardly of said recess and thereby prevents said blockage of the

suction inlet port.

14.  The endotracheal tube according to Claim 13, wherein there are two of said

recesses formed in the outer surface of said endotracheal tube wall on opposite



end. 16. The endotracheal tube accordi
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lumen are forned in radially-aligned relation in said
wal | of the endotracheal tube between said two
recesses and are separategsby a partition integrally
formed in said wall of the”endotracheal tube; and
wherein said rinsing lunmen includes a said ’

_rinsing-l.iquid outlet j . i
sidesqof satleg%]cgﬁla .egc F]aé% l%ﬁcitilj)@éﬁlggrg' g?%tlldﬁ[gg 'f? gﬁd&@g Iﬁfri}]@?%@"e&l each of
said WiPfcgéRessai d inflating lumen is formed t hr ough

anot her wall portion of the endotracheal tube.

&ﬁ. The endotracheal tube according to Caim17, N
g§e|nTﬁy&mgggg&ﬂqg&gﬁkoﬁmggmﬂuathnMGmﬁpBMde@ﬁaglwnmlE
radi'o opaque strip in a wall portion thereof. o L{ .
formie@ tiirhadh 4 wrirefitheicntiotesaghen! ityte e haya PoRe huid ot it Wistal
- The endotracheal tube according to Claim 17, mherein

d.caqi
¢Md.sai d endotracheal tube further conprises a venting
lumen fornmed through a wall thereof opposite to that
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said rinsingliquid outlet in each of said two recesses.

17.  The endotracheal tube according to Claim 16, wherein said inflating lumen

is formed through another wall portion of the endotracheal tube.

i8.  The endotracheal tube according to Claim 17, wherein the endotracheal
tube further comprises a radio opaque strip in a wall portion thereof opposite to that

formed with said inflating lumen.

19.  The endotracheal tube according to Claim 17, wherein said endotracheal
tube further comprises a veniing lumen formed through a wall thereof opposite to that of
said suction lumen and rinsing lumen, said venting lumen having an inlet port to be
located in the patient’s subglottal region for alternatingly venting the subglottal region to |
the atmosphere, and for supplying a sample of air leaking from the lungs into said

subglottal region for analysis.



