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ENDOTRACHEAL TUBE AND | NTUBATI ON SYSTEM | NCLUDI NG SAME
FI ELD AND BACKGROUND OF THE | NVENTI ON The present
WO pooef06636n rel ates to endotracheal tubes for PCT/IL2006/001401
mechani cally ventilating patients, and also to an
I ntubation systemincluding such tubes. In the nedica

YRS SL AT AR LR SO N R

tube into the trachea of the patient, by way of the
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ventil ator-associated F FI
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t he past to overcone these problens by

1nter1r ﬁvﬁlpaﬁ%gﬁa&aﬁ pressure and/ or by suctioning
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endot racheal tube. The renoval 0of such secretio
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suction In I'ocat’
subglatiat ﬂ&gfon&ﬂbbﬁf tlhatcuff&s teRquired usgreder Weh@Btor-LH¥Bdtiated lung

t raII din the wall of the_endotracheal
infeciffonapoly I VARST VeRElRA SO Raman s ofempischave
been @ if BabME 0951%51%% "these gﬁ‘?lﬁ@ms f)? H%uﬁﬁlﬁémcﬁg \Bgéjstsure and/or

secretions within the su otta
by suchieniag isecretione rﬂ@anbeytwbem thmmchems ivah ahdj therentiotridheaintabe.

ocke articul a urin term. i ntubati.on.
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subgloltlﬁEﬁégﬁhQﬁ kaggteRial vnidrdiivinita SRR UL R lgmﬁlove the
bet ween successive suctions. Such attenpts, however,
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negathve mbjsacdt sotnfcet thes dreaagbui REALhOWith thOsubgtiall Reidh.
nﬁotrach .tube, and_ al so
owever, there is a tendency for the suction lumen to become blocked,
particularly during long—term intubation. Attempts have made to prevent or reduce
such suction lumen blockage by irrigating the suction channel between successive
suctions. Such attempts, however, have frequently been unsuccessful, thereby

subjecting the patient to an increase in the risk of lung infection.

OBJECTS AND BRIEF SUMMARY OF THE INVENTION

An object of the present invention is to provide an endotracheal tube, and also
an intubation system, having advantages in the above respects. Another object of the
invention is to provide such a tube and intubation system which reduces the chances

of blockage of the suction inlet port of the suction lumen, and more effectively
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an intubation system having advantages in the above
respects. Another object of the invention is to

w@e@viogs3such a tube and i ntubation system whi BOT/IL2006/001401

reduces the chances of bl ockage of the suction inlet
port of the suction |umen, and nore
evacuafes ee@rﬁtx@isw@dm viasiog feet fromi the subghettab regiomduring the ui d

t egi on during the mechani cal
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di stal end of the endotracheal tube and al so to be

ventifatera e stiffiah therdistal g o theandpaghsnl obe anrbalpmta kerlocased vihe
ubgfo‘t‘tg %%Poﬁgoﬁﬁeoéﬁgnt @é‘?\!v bid %&af&dr&mﬂ dfoaftigg 'ﬂl}ixh@{e {d}g the

urren havi n port
inflatigadhie v9fft moha flvgion Wirkén Baui]ﬁm ﬁllcﬂ)lfontlﬂﬂet mortiebdiag fieal the

t ub to_be | ocated sub of t al ion, far
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mecttahezabmmﬂatamhé ahe patient; icharhdteriegdl mithdi thendistat end ofithé ace
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condition in the sucfion |unen. In studying the above
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ggﬁ%?%yﬁn%ﬁmeerarb E’]%Rt Slf; vg%ste ﬁlgtﬂfn{,\%ogﬁc{] %hﬁfatlﬁe %gge}tﬂf% pressure
exerted by the suction lumen caused the creation of a confined space between the
vocal cords and the upper side of the cuff, causing the adhesion of cuff or tissue to the
suction port. It was accordingly found that by venting the subglottal space with an
external or embedded lumen, blockage of the suction inlet port by the cuff, or by
tracheal mucosal tissue of the patient and or the secretions, could be more effectively
prevented during the mechanical ventilation of the patient.

According to further features in the preferred embodiments of the invention
described below, the endotracheal tube comprises a venting lumen leading from the

outer surface of the endotracheal tube and also to be located in the patient’s subglottal
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vocal cords and the upper side of the cuff, causing
t he adhesion of cuff or tissue to the suction port. It
worw 766z di ngly found that by venting the subPtDIE2806/001401
space with an external or ehbedded | unmen, bl ockage of
t he SUCIIOH [ ort by the cuff, or by trachea
Tegiop, fop¥efting tag ﬁfgagiq af PeieiteatmenBhes? 1 preve dreearraion of

vacmﬁg ithi P SuFRs gﬁng cgcti veI y prevented during the
anlcal ventilation of the patient. According to
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| ocated in the patient’ lottalregion, for venting

endofrgrhiea], g @itth@ suqt@gunaiﬁt n%t foﬁ@tla@ teoRI VRNt éuqlbblpqal@ge of thehe
sucti ﬁ?ett :p8ﬂ éJsHHbéQi SR g h% trt%tﬂag’ rﬁeg%%'i di ng
O urther e S C

ures N sone de refe
formehinabié watitof the dvelotadhenl tabe docthickendd gchtﬁ@ﬁ tereddf ardie

otr ube inclu ot uher nce adj acent to
anotbﬁh esgﬂg?q[] L?fﬁﬂn@fﬁ gds o *glﬁzvrm %1;[ 9é’c’flﬂﬁ Sefmagnt garried by the

wall Stih¥ehacRéal i, out er surface of the endotrachew
tube at the suction inlet port effective to prevent

s otthdileseiberbproferted endodiniants, it \eantlpg) fumen is usete

R BE TR s B TR e A

CO,, Witk greedb@lotthi regiohher eof , and in another descri bed
enbodi ment, it is in the formof an inflatable elenent
cdnispag deseribed eboringgnts, the repistal srhebibe sudsion lumen fe

constgﬁ%% fop gae&{\gfcg)%{l%gioﬁ @8 g\!l Htsgurcg 3)% tg rglilﬁll —h\k‘lH‘%QUIICé

used intermtt or ve anaryzin
for cﬁcmbéctmg a‘ninmmg fieidl throggh tlmanbglouhlabglymt esuch embNdIrh]d:rﬂ]s

Iot one des ed enbadi nents,
thefef% t ? ﬁu@%m Sotlﬁéé as e .r@ﬁlnguﬁ@ﬁkf%e%oﬁgfwr uct ed

embddthert® hR ek 4 HORONCEG ek, Ahekén @e&ﬁaﬁ‘é’t& 5@Rioa il Cf‘ﬁ’lsmg%lﬁlg a

rinsing-fluid source for circulating a rinsingf
lmenhmémldmwhbgﬂl@ltnaaheaf‘e@ﬁon I n such enbodi nents,

B T e e e e L

prov1ﬁ@dl\@ﬁ/@1idot1\éﬂ@éa‘£ tubeFONRAEHaRicENE VéaNatdphatichs] nbufilng! &
| unens, are provided in the endotracheal t ube.

dlstakcﬁ‘é!écf%mﬁ@ﬂp@ infp dhchpaticaBpaEvap Pasifie pocak elrrds, rfhtemh e,
e L
mechamdalf mntllanae nicuffrat thetdistillkad pétlieanidoSadieaale to@Sbediétin
the sa/b?g (?t’lcal (r:er}g%ndgf thte ggt?el'}l rl;eltot)v 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 région during the ventilation of the patient; and a rinsing lumen
integrally formed in a wall of the tracheal tube and having a rinsing outlet port to be
located in the patient’s subglottal region for circulating a rinsing fluid through the
subglottal region to be removed by the suction lumen.

In the described preferred embodiment, the endotracheal tube further
comprises a venting lumen 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
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subglottal region, and into the patient's lung, and a
proxi mal end for connection to a nechani cal

waenwriobasnr; a cuff at the distal end of the PCT/IL2006/001401

endotracheal tube to be |ocated in the subglottal
regi on of the patient bel ow the vocal chords; an
the subgldtat spage Huregsdationiofi bécadtiong td prevent uhdereprassatizaivacuum
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to further features in that described preferred

rinsingrligiéid watet portia esoh ef thgaedessss- t he endot racheal tube
fs :J%% Q@; bét ﬂéést:ﬂg&fmg}e Igaa%@altrl?rﬁpl?el&g Ce%%i%trggf}egﬂ%bgﬂceo%tr&qu

in ac@ndaticeratithethel fabgdihg fended maﬁ:fﬁ"ﬁcnﬁ&lib evimatelsecidtisisdnd/or
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| d h i on,
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mucashldissud ¢f the pityenerdivingdbdeegatinupressiire ¢arslitinn iofthe h@tlon
fume Eatl ent during a negative pressure condition in the

uction lunen. Preferably, the outer wall of the

erglgtheafhands dndrlvhiabésdFshd WoerfontWifl He8HPESASrom the
straddling the suction and rinsing |umens, there being

descriptiondelayn i nl et port and a rinsing-1iquid outlet port
in each of the recesses. As will be described nore

BRIFEFEHESERBFION PR Qif@seal tubes constructed in
ngﬁﬁfé—rﬁ%%‘ﬁg features nore
f d/
bRt TEEL Y bR OEARE S e

tothe/ambmbatylmg]d@fwm@emﬁfdnent and prevent bI ockage of
the suction inlet port by the cuff, or by tracheal

mfdgshfiagiagupalicaily ﬂhﬁl@tra&@ PB;formafDriog att F\@uh‘é@élt sygtem to
which #RSHER: HOPstidd Rdsd the suction [unen.

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 transverse sectional view along line III —— III 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

subglottal region;



10

15

20

25

30

Furt her features and advantages of the invention wl|
be apparent fromthe description bel ow BRI EF
WORBCREBTL ON OF THE DRAW NGS The i nvention i s PET/8Ei2006/001401
described, by way of exanpl® only, wth the reference
to .the_acconpanyi ng drawi ngs, wherein: Fig
di Bigr hifvairatesend consirgdion ot %36 Fdetracheph he p‘racserdame with

the preSdut Hlehfifh RYFE AR bBRALLL hOS.RBR R, | Nvent | on

relates; Fig. is an arged fragnentary view
i |Figst xsaittramgvdrkﬁesadﬁemea viesnalong lindseVH ndoVIIaiﬂl?&gl 6;t ube

0 S SR R lob s BT e bt g o

lak b § tub¥iag PeHing' £ thk!
o i et S

Suc“@ﬂlni%mﬁll ng two ways in V\,hl ch it was found that the

l bl ocked d
U5 SIS, A RS BFS o RS 55hB% d en

tube, maﬂmalaﬂym@ tlevaeutabf tie piétubél@n&et@ pedvieaISloE 2@ 8of BR suction
subgl ottal region;Fig. 6 illustrates one construction

inlet Bt he endot racheal tube in accordance with the

p rgseny 1llh§ﬁ’a%bt 4 RAMECMBERNERn RS gﬁﬁf‘ru{?&on H8nd F‘l‘fcfoltlggheal

| umen, Fig. I's a transverse sectional view a
tube, [t§ nehldwsepaeratvsuctmm ﬁdgmsﬁagﬁulg luBlend; | ustrates a
cat i ruct i t he .endot r acheal
6%- it aft At |de¥aﬁ°{18 ay iuhatign syiten giging
theemmut@[ﬂm@efp%@veefsrmrek @&ge of the suction inlet
port; Fig. 9 illustrates a further nodification in the

c diigt e pitisping fliagram ef thetoparaten illustrived ipthetflavedhartiof i n

Fie. f1he nature of the protuberance to prevent bl ockage of
& the suction inlet port; Fig. 10 illustrates a further

mddlp f I3ciatiffwohart tihetrating thewpbiaton of au’fj heutriigs tsy%qﬁ ngﬂng
the equlﬁgrgﬁlgea? lb lf ﬁ §e}§9%$r?ggs%§%;% slufc:)qul(pqa@{drn ré{s?qsglg%g}gbluglens
Opgf a4 91 tﬁ’ﬁm? Hla'gFeInLr' gﬁﬁe%e@ﬁ%ﬁ ﬂgﬁs eH % {htéqlqwchax& of

endotrachea ube of Figs exanpl e
Fig. 182 is a tlmng di agram of the operatlon |IIustrated in

t rﬁg At efevatlonafvgw ﬂluétratmg another endotracheal tube
constructed in accordance with the present invention; and

Fig. 16 is a transverse sectional view along line XVI —— XVI of Fig. 15.

It is to be understood that the foregoing drawings, and the description below,
are provided primarily for purposes of facilitating understanding the conceptual
aspects of the invention and possible embodiments thereof, including what is
presently considered to be a preferred embodiment. In the interest of clarity and
brevity, no attempt is made to provide more details than necessary to enable one
skilled in the art, using routine skill and design, to understand and practice the
described invention. It is to be further understood that the embodiments described are
for purposes of example only, and that the invention is capable of being embodied in

other forms and applications than described herein.
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Fig. 13 is a flowhart illustrating the operation of

an i ntubation systemusing the endotracheal tube of
WO-2@7/04d332 havi ng separate suction and ri nsi ng- PCTICR006/001401

lumens; Fig. 14 is a timng di agram of the operation

|IIustrated in the rovvchart of Fig. 13; Fig. 15 is an
S(RIPTAONSAE PREFERRED EMBADIMENASOt her endot r acheal

t ube construct ed in accordance with the present
Mmmwle is a transverse sectional view
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preferred I ment eres clari
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proxipthe, Q)i el 5 P ablec artecbn vebi s

as welll8 t618 aamibBesk doﬁtf@lnde'v%s as Will Be 8&chBed Iﬁbfel'lﬁ"rtlcularly below.
under stood that the enbodi nents describ are for

pukpadissted eadign ﬁmleendmrycheambcsr@nexaﬂe mqiu@rﬂ ingim lumen

0 r f
1 rof ARl BAI8 REROTY ol 0 R Mg e
locatdaFiEIﬁWlﬁ@loEtNB@loM@\ﬂﬁha' b@elnﬂtbébﬁi the oS shefs OB ubh @hes
1-5 The g referred enbodi ments of the present invention

also ipgjudaniindlating bnand3 fytending throygh ﬁl%ﬁwwfqrenﬂ%@gttpselfspy
I
oot R PO SHPIEE SRR 500 B g o
inlet prirt 14azleading frendibt vatehsaifact vl ehe aydoeachldlyuble and tcabee d
aV|n dIS 1afo Jnsertl n into the
tocategin B g fafpngt. <Fiton feer, ka0 Bhsiegoatal Pripgigkend
10 of&ﬁ'@erﬁi@ﬁﬁé&h[ t@be 6 AisQdtich RREeisVrAo hRAIRFLIAS] Vézuluﬂﬂggﬁt

5. The proximal end 10b of endotracheal tube 10 is
for eveemHEELapFAONrem fiscsiheiosl regiontduriag ée Bechagicakeyantitation

of the:];ga;cigntn l’iﬁtéﬁre %fod(ﬁ?&xo f 4heq§%§1?181§ Sgs%ép%& !)elgw g rs&b%lgt%%

artlc earti

regiog nﬁa}id’ g feaed with b&&sg@rﬂiﬁd&hh wvhiighCdagél suctiontified 1r@idullilbe
or ventilating the patient, and a cuff 12 at the
used fr sy aquating thegmsie fuid inipdacaddniodhe sehglestl rogiqnyas well as

the se%{—{c!%ﬁ,gghfoﬁ{thgg% 6‘tta‘1‘ %fs oi he patient, below the vocal

chords. Such o i ncl ude anlnflatlnglurren 13
ext emnhb mg:ubzttronwgbtemh,ethe phvaitharenid Rf kattiondumbre 14 ufafy ey a

conneé;ﬁ hg{l{ﬁe% %{q’up% \ﬂcelg OEEI:R? %1( hg)anlgﬁr § gorlrgc?mg)frmtg h}(fe t ube;
composition, particularly the CO, content, of the air from the lungs removed via the
suction lumen 14. Monitoring the composition of the exhaled air can be used for
controlling 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 evacuation of secretions via the suction lumen 14 was
frequently hindered by blockage of the suction lumen particularly 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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inlet port 14a |leading fromthe outer surface of the
endot racheal tube, and to be located in the subglottal
WO e@io663382 Suction |umen 14 is connected, at tPEI/IL2006/001401
proxi mal end 10 of the endotracheal tube, to a suction
deV| ce 8 or to a wall provided vacuum port for
E dgepapddns fromthe subgl ottal region

e e
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subgiottal region. In some intubation systens,
lncluqlﬁsmunmn o4 laying azmcnm&ﬁt partiPdy lwmgﬁwm theealiter

u r tQ
surtaf UG iR o RO B e fo bl ol oo i
respeCa0 ey, 1-Dffot d@cadtingfse@vtidiintion gissing mv&ﬂom tBe biltglottal
. syction lumen 14. Mnitorjng the conposition of the

reglo’éQH%P%@eéP‘?Ché’alﬁalﬁ@nE@B@n plthe patigntol 1 i ng the
{cokﬁﬁ}g aﬁhe grégémﬁwnaoh hOEARH gﬁd’zéﬁ &*tm éxﬁddt&alfeag fube

time avol di ng
20is ﬁarned itlsaraouteagontisratiod effedtiod t@prelvemrblodkbge ef/the vadtionn

. c on he su t|on l.upen 14 was. frequently

inlet ek 451 RGO e RSB ORI OHE P e Ao 2 |y

negatfkl-pREsurd Bor el Rrthe LittibRAlh@D- |t was found that this
was general ly caused by bl ockage of the suction inlet

pdnthejerabedimigatofithe mﬁentmﬂﬂusmte]gdag Rgrowand d, thae@utea;%]
I
surfa@er o(ﬁXe E&gﬁggﬂéal MG ?i%rmea g% & ep%gtu gngeaégc% H?ﬁepf ,%) Own

ng the ne ure

suc’udrhlﬁla pott 248 ahd pﬁﬁec'ﬁhg rﬁiﬁ)%mﬁﬁdlﬁéf the 9ter Suréded of the tube
6. and 7 illustrate one enmbodi nent of an

at thee%%a@%r% B eart $ugh @s togesrrfteshys toqaeyemk hloskagerf the suction inlet
port LS b Lk Qh}’or t a%h%l hbsaf ASkug Wthis % # YOF AR dal dj ('t}cnt dyring

accordance Wt e present Invention for av
anegaﬂvm/meﬁﬂucdwcmnlmonﬁndﬂnfuruandnehlkndnube 20 incI udes the

¢ 0t PRb i LR Sty s S Bt ot Boent L on

protub&tBReE 8 %tB@’éll? %rﬁeﬁlﬂﬁiﬂe%ﬂ SH RS elﬁlﬁftﬁac%@tdb% 3diaQg from
the outer surface of the tube and to be |ocated in the

thlck@tw@gqomqraﬂhefeeé pieshis lenatedds dhei spack batyoen thﬁtshctmspbtpont @4a
o 97123, B SRS S A0S AR Lo
projevtixidt taliRlly @dtwdrd iy tiReducBod inlAGoRMHaRg ak @ préfer? 'bﬁﬁ:ﬁ{i‘ée of
that plo?tveelt%tellr 8}? thetctl]l?f 2d2I c;c’rtb?fl tra%ﬂgal %n%%ogl tltsshu% endotracheal tube

The endotracheal tube illustrated in Figs. 6 and 7 includes a further feature,
namely a venting lumen 26 integrally formed with, and extending through, the 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 subglottal region, similar to the function performed in the prior art via the

suction lumen 14 and CO, monitor 9 in Fig. 1.
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20 is formed with an outer configuration effective to
prevent bl ockage of the suction inlet port 24a by the

W@ edof7/0&332 or by tracheal nucosal tissue of theP@REIL2006/001401

during a negative-pressure &ondition in the suction
| umen. In the enbodi nent of the invention illustrated
The Embedigent of EagB 7. the outer surface of the

t
o B AEREALs Pl nd S0 abiled R Gh U RSBt
in accc&dlamb twgithathie pmsekhtynmntmnhmﬂsmuhdudmg n]ﬁeamlcoélemhﬁs ﬂeskmbed
t he, section

nl et rt, uch as to ef f ive,
abov NEbrPeli s Byt 2Bk Tt HainDCmegy i es'ﬁ%éa #iuflane
tumef 55 el sulfio [ARAESY haRUEQSRkiibh BN 14310 bR ISR iR
e atl ent duri n%na ne ative pr essure condition in

Subgloﬁel rsgn@n jo thel naient. 1 phis h@e,eﬂm disialend obthetendotrapheattitlmis

trated in F t uber anc
formpd MR 016 Berabect oty Rfechs ol B RLBRRBECF el e, e
suctl&Olr@f.St partﬂha san@do pedjtdt ealidilese®brdn of 1he due dudtkelof the
the space between the suction_inlet port 24a and the

endOEeﬁlFalzszbe #rthe acaionyniet nrat 1dde be @ffaﬁe@ tepaeicat Plagkags of

the sﬁ(ﬁféﬂqﬁg‘c er surface projecting radially outwardly of
the suction inlet port 24a so as to prevent bl ockage
of Enduvértachzat tube 30 hlustlatedtil €igc 8falsodRcladediie vemtdpdamen 36

T T e T

subgmat HeBBnl4URR te rdv@ﬁﬁﬂﬁﬁé bwild @r&e%eghﬁ% @&%@%&ﬁiﬁ%ﬁg
through, the wall of the endotracheal

regiopetiting ghet Ihechenwgl wntikation egtherpatientt s ‘atlhlwfscgﬂseml@ed r@ureh
t n b
paﬂx&lmﬁjﬁelggbarngg%%egcrﬁ)r ggg%\p 1e§r2el§ gﬁ 2(% %’J %n%églugxh 99, uxgla SR 6

and T, Ivaﬁmtgvlanen GbiinWid. Bledy N6y be wea, 105t ohlyefos wreitin@the subglottal
becane %I ocked by the cuff 22 or by tracheal

regl%e ShetatmpRRSRe Dugsafor Al erqopnestionoifrtiGaagly thg CO
| L Or
contééig n”pl H?ort‘hsiizt?qlhg%ﬁ a%Jai?élIn?E‘fi i gsol Qﬁné‘%%g i fe egg th anthh%he
pressaxaitkid caffi32cnacdatte drddnoemhb ldesmdttg;bm d:caitaqt e\gihont damage
h siml ar tg the function perforned in the prior art via
tOt?ﬁ%ngﬂgwg K% men 14 and CO2 nonitor 9 in Fig. 1.The

The EfBogiapéf@E ¢ig. 8 Fig. 8 illustrates the distal end
30a of another endotracheal tube 30 constructed in

actigr Y dhstaigs the distel qpdida of anatherrenilotmachasidubs e bangirngged

i ackaRA3) 6 B SR GG R ARl oG Rpa b o
respécid Bizi §101r ehdeaddal @BE4@oSFig! 9,AdWEE fth ohmstaﬁae a

suction inlet port 34a to be |ocated . in t
thereby generally designated 45, is in the form of an inflatable element or 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
similar 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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subglottal region of the patient. In this case, the
di stal end of the endotracheal tube is fornmed with a

w@e@robssance 35 | ocated adjacent to, but on tP€I/1L2006/001401

opposite side of the suctich inlet port 24a such as to
project radially outwardly of the outer surface of the
case, dhparsinglvegn S hee an putldteoride |cemmum@tmg ovith the gubgloting

f tion inlet
regioff et ofe BB BY B KA Ble BABAESR, P "8 o
i rﬁy thie prdvhiing/ﬂi&tehd@trhdhﬁﬂﬁu@éiwitﬁ hegparhte YinkRipTefen 57t he
of the tuﬁg}and haying a port 36a to be Iocated
Separﬁw Fone the spgiion eanégF lymegp may be goptreledip mardmize its
o R ot i S AMB C AE Sl By,
and exfradtingsedetars, aedellros thepiastngdliidrfrom e sumhgloaadregmn via

the sfeiE 1ingsf, RS Whoie TR i FotiargPlagd TS e
abovelsedl respett toBligs. 597, fveiiahiple, ttﬁbesuaﬁ&ghﬁténalvomms%e&@ed

t he at nosphere, but also for anal yzing t
for rl@%%é@Stlbdﬁttalgaglpn,ca@riéhepryforwod@@e@@ntremd togferform its
r Kj
swi LA Bl S QRS HOSRAEO b LBkl K83
respet:t)tomlngmd:and b2 desir ed ti ssue contact w thout damage

g G R e Blobdet b0 LR rOh Mefea b sporstructed
in th@%i%trhﬁﬁ{éﬁ‘@é ddseiBediHove) rté Eﬁdl'&&eeadmhﬁﬁ 13GER 54 aaﬁﬁswlﬁﬂatmg

the present invention of simlar structure as
lumen §3 cyuictiendlinbd baving #n indst pedtS4aoprbtuperaBee fhand venting lumen
6 endotracheal tube 40 of Fig. 9, however, the
" protuberance, thereby generally designated 45, is in
Exanii&s df@ﬂemfonan i nfl atabl e el enrent or ball oon which,

when | nf projects radially outvvardlhy of the
ouTll?rﬂ%’KFrhfaﬁ@é Fig. I{ hand tipsmgatiagraya of fég. il nillustcate opor t |

exa <9 |Jg)§{a‘?§%{ o?ﬁfeea%g{fé’—%l %’cir g\éﬁd‘t}tﬁa‘cﬁéa‘?&pﬁgguﬁ;&a&é{@ Fégs. g—

et port. at'ab
8, whgkdis there xsmnfselgaratatrlmmgdsmsﬂnd)m ratlr ted suetioh henen is also used

fi t | f t I | ]
for i, e Spuiondind gosf ot nEne o st of Fies ki
illusttdle ke %orr@sdoﬁd&g RplatiSh %Flth@ REIMBREeAL rt‘uﬁem?h@t@ %eﬁ@&@ $inse

as describ ove wth respect to Fi g.
lumeemsamdmde@,tsudi asillystrated i kg SLODutlhg:bothaym dfbpelr‘itlemsa the

50a of e rache tub nstructed sj
ventifp gt £ 2@ 360 B, BIRER rySylilontly, SR HI EEpRin e
subglottbreion it the atifodpheteN8hd for measuring the CO2 content of the exhaled
air leaking from the lungs and discharged from the subglottal region.

Thus, in the case where no separate rinsing lumen is provided (Figs. 10 and
11), the suction lumen (e.g., 24) is also used for rinsing, and is therefore 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, e.g., 26, is used to enable completion of the measurement
step 68.
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includes a rinsing lumen 57 for rinsing or irrigating
the subglottal region 4. In suchcase, the rinsing
wo e0vei6d332 has an outl et port 57a communi cat i ngP@I/iI2006M®1401
subglottal region, preferabiby at the distal end
t hereof adjacent to the cuff 52. By thus providing the
eddgst ddendid aneu:berewonﬂmg tks*pam@tlmmg dxsgragls fildirstating the
tion

operaBRBF B Radf ol et hie? R sHEBE o LERB piVER AR R,

case dfQinsé ldisdn ¥y fhtfeg sna)b Shohtthad the BflsedRayy béa bhRidubnSt blslﬁauon
[l umen, and extracti ng secretions, as well as the

whergas g sygtipn ﬁuP&flo(#lF%}iﬂ anpbied i grnshronisn wiihdhe vensing pgeration.
(§ [ [
s U TR MIGE A SRR a3 Al R 13 902
measﬁmig oﬁemtwaxhxmzﬂver, is perfammdlim betwear ﬂla/mmhmh apcsatidns and éd
for, rin t he subglottal region, and therefore would

combipied Wjfh IV HHPEBPEPRYr m i ts suction function and
The Erhisimentfofmeds o9a@ {@rnatively, as will be described
~below wth respect to Figs. 11 and 12. In all other
r d8gred b gnd &6 dbtstr@t@ he&nd@tmyée@oubq toinelnda abthedorRigging10

lume%ssfo?rggf gsg;gagga%rgrxgla% 4180% i wnﬁn?fh §%ﬁo c?fé ltt‘?ﬁ g g?l? %%lﬁ'

desighded 80.C Thw) ehdoh@ciiehl hidvéi80dneladdsri mhlnmmhén Sﬂaa. cuff 82 at the
rotuberance 55 and .venting_ | umen_ 56

dlstalaaé Sda pbicTake, # Bk (e fpr laflamngmﬂmlmﬂ ﬁlal@ CHﬁa@r am

he
N T I
reg1oﬁ4 8yentinghenen B(ﬁlﬁ]relensng]thesebgpmleegmmm thg aloosphereband

[ at her unen i s al.so.used. f rinsi The
a vins{s e P PGS HARTE T ERtR Ni 0 416 SRS
regios3 and 14 illustrate the correspondi ng operatl on of

the endotracheal tube where a separate rinse lunmen is

pribvillibeisees diom Hig. 16 hat theaetion hnpngi4 and ringingdympo Bk are
form%%%é% ngeoﬁgé ‘]9 %?dotrtagﬁ?a\f 9.?1 1H 9a4 #g?iﬁm?l c?ge 36,

USG erm

~ separited bly m@atﬁtﬁ)nﬁlshgiegtdll§|fofrﬁ@i thh tlﬂa Wﬂﬁo%ﬁeﬁ&hﬁfeﬁeal auted.

far asuring the CO2 content of the exhaled air
| dhilh 8ls¢ P& ﬁqemf@m titeg 46 A thy Qeerugfaee ?ﬁ@ﬁﬁ@%racheal tube

80 is ?&H@d%hf‘i gﬁudﬂzﬁﬁs—eéde%idli‘ng Seéé?s%@ g9 %%oﬁ%tp%%ﬁ%r EARS

rinsing provide nd 1
of thssictipw iumem‘&‘km(dengmg 1Bhenids. Sustonsmednfsdrinelindesitng, suaimil

.o Is t fore cont ol.l.ed to alter gl forml

inlet ity S S 4hane fHGieh G o0 TR S Bt iy o GRgne hinen

87 in&8dESowoFdxer: 0%@875{ LY SHY infedch BITR ré&lsdes 884, 33bLgRd
mtermttentﬂy for aternatlngly

introducing the rinsing fluid into the subglottal region.

It will thus be appreciated that the outer surface of the endotracheal tube 80 on
opposite sides of the two recesses 85a, 85b, project outwardly of the two suction inlet
ports 84a, 84b, and are therefore effective to prevent blockage of those ports either by
the cuff 82, or by tracheal mucosal tissue of the patient, 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 opposite side of the inflation lumen 83.



10

performng its venting function and CO2 neasur enent
functions. In the exanple operation illustrated in
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di agrans il ra the operat,j.o
tube GG FiRensed. W e aptiay BOCto @R EerRiren vt s DM prsferred
dimefioHs ég)ggaraﬁl th8 dfak@ngsa3ewhf bed éﬂﬁ&l&t@@qﬁ&%ﬂ thaFb@er 10,
such at the rinse my be a cont i nuous operatlon

matexjls peld be eeds gt ipolyviny! phlorideliandithat thpdinieasionsicould be

varieNERRRLAS stk 3 AhL R RRE BORBAT omal 11 ) mg

of Whilg thelidveritioa h@:weeﬁeawrbea@mﬂp&epéct Wevhal@étived S
per f or ned, |€ bet ween  t he suction operations and is
%

embodBRETHALH anpEeiafechthahigessare et fors meTel N ERR B AL

examBle, Py den Dt i, il Ppdd sl HEAGHE P

inventionmpry lwsmpdessageways t hrough the wall of the
endotracheal tube, generally designated 80. Thus,
endotracheal tube 80 includes a main [unen 81, a cuff
82 at the distal end 8la of the tube, an inflating
lumen 83 for inflating/deflating the cuff, a suction
| umen 84 for evacuating secretions and/or rinsing
fluid fromthe subglottal region 4, a venting |lunen 86
for venting the subglottal region to the atnosphere,
and a rinsing lunen 87 for introducing a rinsing or
irrigating fluid into the subglottal region. It wll
be seen fromFig. 16 that the suction |unen 84 and
rinsing lumen 87 are fornmed in the sane side of the
endotracheal tube in radial alignnment, and are
separated by a partition 88 integrally formed with the
wal | of the endotracheal tube. It will also be seen
fromFig. 16 that the outer surface of the
endotracheal tube 80 is formed with a pair
| ongi tudi nal | y- extendi ng recesses 85a, 85b on opposite
sides of the suction lunmen 84 and rinsing |unmen 87.
Suction lunmen 84 includes two suction inlet ports 84a,
84b, one in each of the two recesses 85a, 85b;
simlarly, rinsing lunen 87 includes two exit ports
87a, 87b, one in each of the recesses 85a, 85b, for



introducing the rinsing fluid into the subglottal

region. It will thus be appreciated that the outer
wao7aes3nf the endotracheal tube 80 on opposi PET/Hi20&®001401

of the two recesses 85a, 83b, project outwardly of the

two suction inlet ports 84a, 84b, and are therefore
WHA&%E&%AMEDOISQYGVGN bl ockage of those ports either

t he
1 4 e S SO T,
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t ri.nsin orts 87a and 87 t he
subglpil P46 lnrodhe piieats Rienn 7 Aromivelcod Semanciionds
mech@dlb@GRRGlatop; t he suction inlet ports 84a, 84b, further

reduce the dzgssn bility of blocking those inlet ports
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regiof‘?ﬁfﬁ% Eaggé'h‘% %lelowgl% V%g?lfcﬂ&tdg er includes a radio opaque
strip rntegrally

orned in the wall of the tube at
tlaﬁmtﬂmﬁ@ilﬁmeﬁif@ienﬂéuﬁgwdmfff ation lumen 83. As one

exa endot racheal tube 80 illustrated in Figs.
éu%&vl HacpRauEngp septiqndgiet Rass |1‘??&“§nﬁ‘i’fﬁﬁl§‘r°‘ﬁ?raﬁ‘fﬁfﬁ%‘?
of salﬁfen&tm&eaﬁ RbeA Bn @t Y 108 R B1a ﬁlfbglutaﬁﬁ gﬂi‘nTﬁJ? Cvaiifific

dness should be the maxi num av e outer
Secretﬂwr&rmti/@r ripsing Himid from saalsubglottaregmmatiring tie pedfaaicabl y

.Not to.exce 12.5 mm O her preferred di nensions
Ventl%ﬁ%‘ég thSRali‘fH’g drawings. It will be appreciated,

heweveterizédiatthASBRY diseRl &idl Elige &fdbdciRal 1488 fofin with an
pol yvi nyl chloride, and that the di nensions could be

outer @aﬁf@@cfoaﬁgwapm gifecsive m@prfe@@m.hl@i@m of wid suejiop inleti n@m bt
R UL e e T TR R

condiltiena'ipmcbmcalbﬁdumﬂat these are set forth nerely for
pur poses of exanple, and that many other variations,
nodi ficati ons and applications of the invention may be
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mechanically ventilating patients, 1 ncluding a st al
tube eomeprises a lvmtmgtlumnn lgadimgt fhaem phzet dugertsusfaes ofivhy cndmm:h&ah e

N N R TR AT

regioh € fhe ABASPAEEAI ventl |ator; a cuff at said distal end
of the endotracheal tube to be located in the
subgl ottal region of the patient below the vocal

c n.f flating s

g6 AR ERLRSCLTRD L B AR D i
confipwaiomef the enddttehedl thebe iftlndecEprotuberance adjacent to said
suction inlet port and projecting radially outwardly of the outer surface of the
endotracheal tube at said suction inlet port effective to prevent said blockage of the

suction inlet port.

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

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

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

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



of said endotracheal tube, and to be located in said
subgl ottal region, for evacuating secretions and/or

wo 2owgioegg3f | uid from said subglottal regi on durPemtdoes/001401
mechani cal ventilation of tlBe patient; characterized
in that said distal end of the endotracheal tube is
f or.n#te wnddtraghead titberacsondingae Claint 3, guheatin @aideﬁcbteb&tram is

t revent . bl e.of  sai. cti i nl.et rt by said
tocatgpdtii e PyEEnEeRa SirepBimefinat e pikih 135FH-on

during a negative pressure condition in said suction

lumen. 2. The endotracheal tube according to Caima1l,

wher & hﬁ endatinchend stheasherdingtta Kdaigbhpvheses sai d\pspfubergnee is
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endonanhedrtubes subglottal region, for venting the
subglottal region to the atnosphere. 3. The
endotracheal tube according to Claim1, wherein said
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__includes a protuberance adjacent t’o said suction inlet
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inlet port. 4. The endotracheal tube according to

Caim3, wherein said protuberance is integrally

£ o milo endaire e IRbecooRing fertdait hdHaheT QonmEisig scparate
s e o ol R S ok i
throxtghesaiﬂcmhgloftalaagmnftcb be¢ edmhaved bgneidtsuctor lnuegtnby t he wal |

of said endotracheal tube.6. The endotracheal tube

according to Claim3, wherein said protuberance is

| opqatied eﬁ&’ét%ﬁéhl%ﬁbedadébhfdﬁ _ﬁtﬂ‘tﬁﬁiﬂ fBHRL &)ﬁlﬁrﬁh@a Ratihg

of the suction |unen. e endotracheal tub
lumeadeioyetiting thesubglaited @glqme thei aimosphgreuingsbe mqtcbam@al

J ocat ont e side of said suction inlet port facing
Vent'{lahlé’%of patlFltl]tend of the endotracheal tube. 8. The

endot racheal tube according to Claim1, wherein the

oxi_mal end of said suction |unmen is cagnstructed for

s el kdipe sadeBrherl tvksraccerdingsialpigh | Sovhessin Séﬂd viepting lumen
is Coﬁﬁﬂﬁ{eﬁ%; éei’é tve QHIFxfet%%léxl‘x){ortgﬂa %‘gﬁ&%&‘@%ﬁe il t i c%&é{r}é% for

rough sal sub
analyzirpetha camapaokition dHaitCleakimg Frond thetlveys inrsaid sibppttal region.
separate rinsing lunmen for connection to a
rinsing-fluid source for circulating a rinsing fluid

12. An intubation system, comprising:

an endotracheal tube according to Claim 8;

a suction source connectable to the proximal end of said endotracheal tube;

a rinsing—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—fluid source.

13. The intubation system according to Claim 12, wherein:

said endotracheal tube further comprises a venting lumen;



t hrough said subglottal region to be renoved by said

suction lunmen. 10. The endotracheal tube according to
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connectable to the proximal end of said endotrachea
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and said control device also selectively connects said proximal end of the

venting lumen to the atmosphere or to said analyzing device.

16. 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 proximal 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 outér 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.

17. The endotracheal tube according to Claim 16, wherein there are two of

said recesses formed in the outer surface of said endotracheal tube wall on opposite
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to Caim?2l, wherein the endotrache
tube further comprises a radio opaque strip in a wall portion thereof opposite to that

formed with said inflating lumen.

23. The endotracheal tube according to Claim 21, wherein said endotracheal
tube further comprises a venting 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.

24. An endotracheal tube for mechanically ventilating patients, including:
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lumeBl ockage of the suction inlet port by said cuff or by

endotracheal mucosal tissue of the patient during a
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and said rinsing lumen are formed in radially—aligned relation in said wall of the

endotracheal tube and are separated by a partition integrally formed in said wall.

27. The endotracheal tube according to Claim 26, wherein the outer wall of
said endotracheal tube includes two of said recesses straddling said suction and

rinsing lumens, there being a suction inlet port and a rinsing—liquid outlet port in each

of said recesses.

28. The endotracheal tube according to Claim 27, wherein said inflating lumen

is integrally formed through another wall portion of the endotracheal tube.
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