-1- ENDOTRACHEAL TUBE Background of the Invention |I. Field of the

I nvention The present invention relates to endotracheal _
tubes for wemkiiasi on of the lungs, -and nore particularly, PEr/B5ssiHbes
suitable for blind guided intubation. 1I. Description of Prior Art

When a patient stops breathing, it is inperative that effective
ventilation be instituted as soon-as-possi-ble-—Ventilation is best
acconpl i shed by forcing alwhggmgg sﬁgrﬁQ Qtr cheal tube inserted through
the mouth and | aryngeal openl rachea (in which case the
tube may be referred to as an ube). The endotracheal tube is
usual ly a preforned, sem - menber having a gas flow | unen
ext endi ng therethrough. The tube has an arcuate shape inparted to it and
the distal tip is usually cut conpletely across at an angle to define a
bevel ed edge to facilitate its insertion between the vocal cords. -
The usual nethod of orotracheal intubation relies on a bl ade Iaryngoscope
by which to visualize the |l aryngeal opening so as to facilitate insertion
of the tube. The endotracheal tube used to intubate with the bl ade

| aryngoscope is usually introduced into the |aryngeal opening fromthe
right side

ENDOTRACHEAL TUBE
Background of the Invention
L. Field of the Invention
The present inyent_ion relat_es to endotracheal tubes for ventilatibn '
of the iungs, and more _particularly, to ;uch tubes suitable for blind guided '
5 in@baﬁon.
'IL  Description of Prior Art |
W.hen_:al_pati_ent stops breathmg,lt is imperative that effective |
\{gntilaﬁon be mstltuted as soon as possible. Ventilaﬁon is best aqcorx_x_pli_shed by
| f;o;cing air through an endotracheal tube inserted through the ﬁouth and
10 laryngeal opening and into the trachea (in which case the tube may be referred to

as an orotracheal tube). The endotracheal tube is usually a preformed, semi-
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thereof (i.e., the patient's right side). To facilitate this procedure, the
distal tipis beveled onits side relative to the curvature of the tube
(i.e., th 1478 cut with a left side-facing bevel that 73N
angl e domnew ;bg%t e left aspect of the tube through the righ ﬁg%%’e"gﬁ) such
that the termnal tip defines a ri_?rlt-sided chisel point, which obstructs
the view of the vocal cords as litfle as possible as it

nser i on CHRBL SRR Kot PAVInEp B AR b Bk WAL RaBRTIRY 0L )

the left side-facing beve]ed edge.,|ntubatio 1.th the bl ade | aryngoscope
presents si (P hasaf arcyies nggedamt Fﬁ‘@i}’é’,‘ﬂﬁ&@/’éﬂ“?‘“}‘& %gdi tion to
possible injury or trauma to the patient in the utilization of the blade

| ar yngoscopecomyiletely avodssianamangle td definetacbeviled adge to facilitate s ifsestion
orotracheal tube to traumatize the larynx during its attenpted advancenent
t her et hr oughgetivber thedlozl ddpds. uncormon for the orotracheal tube to be
accidentally inserted into anatonical spaces surrounding the |arynx, such
as the closely adjacen WSl Y| sl qui ckly
recogni zed and correcttergjgﬁgr@yﬁ%g?f’g ?C“é‘ic’g?'g%’%%‘rs%@’g{rﬁ%‘g%"* bn dblade

Anot her approach to intubation. s.so-called blind orotrache i nt ubati on
o oui eh o Bmmgosape By Wil (ocnialias federyRsral ORFBLS 54 8 G fhabtars,

orotracheal tube into the |aryngeal opening w thout requiring visualization
of the | ar yinsetibn ofithe tube. Bhé entiotracheahtubsmseditasintubate, with therblads, el oped

which both mnimze injury and trauma in use, and also substantially
reduce the riafngBEcope is usually introduced into the laryngeal opening from the right side

thereof (i.e., the patient’s right side). To facilitate this procedure, the distal tip is
10 beveled on its side relative to the curvature of the tube (i.e., the tube is cut with a
left side-facing bevel that extends at an angle down from the left aspect of the |
tube through the right aspect) such that the terminal tip defines a ﬁght-sided
chisel point, which obstructs the view of the vocal cords as little as possible as it
approaches those cords and provides a suitably narrow contour for insertion
15 therebetween, and a left-sided elliptical hole circumscribed by the left side-facing -
{ lb'e{reled edge. Intubation with the blade lziryngoscope presents significant
difficulties and risks, however. In addition to possible injury or trauma to the
patient in the utilization of the blade laryngoscope, it is not uncommon for the
| broad, rigid tip of the orotracheal tube to traumatize the larynx during its
20 attempted advancement therethrough. 1t is also not uncommon for the
'-o'rbtracheal tube to be acéidehtaﬂy inserted into anatomical spaces surrounding
the larynx, sﬁch as the closely adjacent esophagus. Such inisintubation, if not

‘quickly recognized and corrected, may have fatal consequences.
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m si ntubati on. Such intubation guides are s'ﬁd'w'rimmfmc')'r-'mmé_;é_r;bl e, in 'U. S.

Pat ent

Wth so
t hr ough
openi ng

bl ade | aryngoscope. Thus, the side

No. 5,339,805 and U.S. Patent Tis Stperias Bugn Replaced

me o 9elaiahd ubati on gui des, the eqmﬂ" gmgﬂ |MulJPned: |Sne y@%& /aﬁ”%

the guide into the Iaryngeal ope
that opening, as w't

rat her than obliquely frong%he Si
aci ng bevel of the tube tip may be of

Tght~Si ded_ chi sel aBS.M&ﬁ%%?’Bf“%ﬁé%ﬁﬁﬂi@?ﬁbgﬂﬁg%ﬁ%ﬁf&m ot the

| arynx, and the |left,
- 3 - tnibation in w%xcheq guide device is insertpd inta thethepat to gpide |ﬂéﬁad | ar yngeal
features, such asthe left arytenoid and com cul ate

cartil ages, ototecheal tubs intothelaryngeatopening witheutaequiring visualization of the

trachea.

i nt ubat

: _ _ A visual neans.to facilitate
Lon | eal Gitningl *lﬂlddﬁﬁﬂibﬁﬁon gmdes have been develoﬂéd'iﬁh@h Bétha flexibie

fiberoptic bronc oscope I nto the lunmen of an orotrachéal

tube. so tha elmggd{rgﬁﬁa hﬁfﬁ?@gtxhs&?ﬁ&y}epﬁ&e&ejrﬁﬁtof' nsi de the

di st 2

u
openi ng o

bronchoscopi st, ,to

the tip
neans,
as the

10

15

20

of t FUSIRRY B@t?fnrguémv@%amwﬁﬁ 375 bW, Sor@eAmAle, o U-S. Patent” " ©f

is then inserted into the throat with a blind intubation guide such
No. 5,339,805 and U.S, Patent Application Serial No. 08/829,737 entitled

“Orotracheal Intubation Guide”, filed March 31, 1997. The disclosures of the
aforesaid ‘805 patent and ‘737 patent application are both incorporated herein by
reference in their entireties. With some biind intubation guides, the endotracheal
tube is advanced through the guide into the laryngeal opening along the midlim;

~ of that opening rather than obliquely from the side of that openiné, aswitha
Bﬁde laryngoscope. Thus, the side-facing bevel of the tube tip may be of no
useful benefit and, indeed, may be disadvantageous in that the right-sided chisel
point may become impacted on the right side of the larynx, and the left-facing
elliptical hole may snag on left-sided laryngeal features,. such as the left arytenoid
and comiculate cartilages, thus preventing the tube from advancing into the
trachea.

A visual means to facilitate intubation is to insert the imaging
bundle of a flexible fiberoptic bronchoscope into the lumen of an orotracheal
tube, so that the imaging lens of the scope is positioned just inside the distal

- opening of the tube. This atlows the bronchoscopist to see whatever is |
immediately in front of the tip of the tube. The tube, containing this imaging

means, is then inserted into the throat with a blind intubation guide such as the

3
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devices in the aforesaid '805 patent and ' 254 patent referenced
above. The intubation guide conducts the tip to a position directly above

t he WO 98/41273 | arynx, so that the bronchoscopi st Canré’f‘?ﬁ@ﬁlﬁﬁ‘%' y
see the vocal cords and advance the scope-containing tube ti
there-through into the trachea. Theyscope |s t hen

w t hdrawn | eaving the tube in place. For this technique to vvork however ,

L ough the. dedbet ARG KoHGREL oS B B 987 phiint APAMRICORTERRE ) " Cen

proposed with left_and right-sj.ded, sed bevel an Vi transverse
strut above. The mtuba? %MEFM&@E& Itfpttﬂ&tpqs ‘@ﬁﬁ& ?‘tfﬁ?%g? ded

openi ngs are defined at the distal end of the tube. One
such devi ce ilayskearthatitheb@nchoscopist ¢an immediately se thewecalcprds and

whi | e necessary for the operation of that endotracheal tube, renders the.

techni que of adisntithe sddpeldontaiisgiubs tipdBeret@agh it the trachea. The scope
Such a strut al so prevents another blind intubation technique in

whi Cgat he tuBe ek M&Mﬂs&n@zﬂ@@y u@sée il o ot gbul ar

orot racheal nlque t he

I'n suc
I ntroducer I nserted into, an orQtrach e and
ext ends thro eV PR thege must bg.an cﬁgleygrpmdeg “bﬂ‘#ﬁa“‘%’ﬁw Yend
.-4- of the introducer is inserted through the | aryngeal opening into the

trachea, and andnhroughthe distabopeninginfdheituhe. Some endatra beschave Reen t he

trachea. For such a technique to work, the introducer must renmain aligned
with the | Uﬂ?‘mpéseﬂﬁth leftihad vightkided; dppbsaddxedels endhaving & traasiedsecstrst t he

i ntroducer he transverse strut
therebetween such that left and right-sided openings are defined at the distal end
10 of the tube. One such device is shown in U.S. Patent No. 2,862,498. The strut,
whnle necessary for the operation of that endotracheal tube, renders the |
téé}nﬁique of visualizing the vécal cords impossible.
| Such a strut also preveﬁts another blind intubation technique in
wlnch the tube is railroaded over another member such as a tubular orotracheal
15 introducer. In such a technique, the introducer is inserted into an orotracheal
* tube and extends through the tube lumen beyond the distal tip. The forward end
of the introducer is inserted through the laryngeal opening into the trachea, and
the tube is railroaded down over the introducer into the trachea. For such a
teéhnique to work, the introducer must remain aligned with the lumen of the
20 tube which is intended to be railroaded over the introducer. The transverse strut
deflects the introducer out a side opening thereby preventing the necessary .

alignment. Railroading the tube over a misaligned introducer will cause the tube

to snag on the larynx, resulting in trauma to the larynx and failed intubation.
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deflects the introducer out a side openin t her eb venting the necessary
alignnent. Railroading the tube over dhig;Shest ?J
tube to spadsRhAhe larynx, resulting i I

;
Balicer will cause t he
. ( _ e | aryperaRdsssyi ed
i nt ubati on. Anot her blin

echni que is
nasotracheal intubation.in which ag-endotracheal tube is passed through
the nose into the back of the throat and then down into the larynx and

trachea (in which case AfighérBindiRtbaon techiqueid nasotrugheal imabitiondiseal
tube). The nose contains friable mucosa which is especially susceptible to

mechani cal traugs, L.4de- leGhiat ¥ Of
their tips, ﬂﬁ%é&%ﬂ %&%%ggg%géﬁgﬁg?%vo ngﬂfgg? %ﬁﬁ?}laa?ﬁﬁgﬂseg}'ﬂa%l eedi ng
when they are advanged fhrqugh the nose. Such,rjgidi | so events them
fromgently @ad#H q%%ﬁ»ﬂﬁ%ﬁ@&“&&?ﬁ@ﬂ&'&h &‘%@%&ﬁ% order to
travel downward toward the larynx. Additional trauma and. bl eeding can be.

caused at t haefesred ¢o as a nasotracheal tube). Ehenose contains GisblgimuycosamdichiSed f or
orotracheal and nasotracheal intubation is that they are unlubricated and

can ther ef or @sgadilg subdepfible@d MechirdtuBratifhad Srdralatd; 3idesteveled tibes, duer i ng
insertion into the body. Intubationists who wish to avoid such friction

e PR, Y ok A il Pl B ORI i s e
SRR RO IR R T TR
traum wil l?cgerg\gn? Zgﬁﬂy turning the'sharp corner at the back of the nose in order to
travel downward toward the larynx Additional trauma and bleeding can be
10 caused at that site. |
Another problem with tubes used for orotracheal and .
nasotracheal intubation is that they are unlubricated and can therefore cause
frictional trauma to anatomical structures during insertion into the body.
Intubationists who wish to avoid such fiiction must pause to manually lubricate
15 ¢ the tube before inserting it into the body. The lubricant is not always applied
uniformly, and may also be easily rubbed off, as when the tube is advanced
through a narrow nostril. As a consequence, manual lubrication does not assure
that frictional trauma will be avoided.
An endotracheal tube proposed in U.S. Patent No. 4,050,466 has
20. -~ a rear-facing bevel (i.e., the tube tip is cut at an angle that extends down from
.the outer surface of the tube’s convex posterior wall through the outer surface of
the tube’s concave anterior wall), rather than a side-facing bevel. The rear-

facing bevel moves the chisel point of the bevel tip from a lateral aspect of the

tube to the anterior aspect. The chisel point created by this complete posterior
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-5 - An endot racheal .}usb 9 ed 'nl U S. Patent No.
4,050,466 has a rear-facing bevel (i. 1S genieplaged cut at an angl e
t hat ext engg skpppraf rom the outer surfaciu CONVEep 401
wal | through the outer surface of the t ' nterior %ﬁ?ﬁ ®

rat her than a side-facing bevel. Thge. rear- facing bevel noves the chisel
point of the bevel tip froma |lateral aspect of the tube to the anterior

aspect. The gljcbfl he\Wbvir, 0bWRER ah tdd interft i (ﬁe&oﬁﬁﬁrréﬂltf tHeauBe i s,

however, too broad, and too anteriorly disposed. As a resul the tube may

have a tendency.to b | ted. he terjor A iglottis
or hung up Owa&ﬁgvagﬁe&?@%cgrtgﬁ%gqﬁ?% 'e%otg'g p§ TP %Q%?gfﬁe {pﬁéoﬁgot tis
where the space between the vocal cords.,is the, narr st. Even if the tube
successf ul | yOf Bangsunon hestaghl ajltbemtsr,loqwreﬁwep?%mﬁ ege hend to
becone | odged on or between the cartilaginous rings within the trachea ..

t hus pr event spagebetvweenthe vababenrdsiisithe harrowestt Exeh ifithe iubesvcaessfullhe tip of
the tube is rigid and can therefore, do substantial damage to structures
in the nose gﬁuées thi@th megmnis;mhis‘epﬁﬁﬁtTwaumehd ffbdcomadydgedoon die t ube.

Summary of the Invention he present invention in one aspect

provi des an %q‘% ﬁﬁaﬂ%ﬂ' : 0 bS] r th ndi ng bet ween
a proxi nmal eﬁ ang a |§?§H&gsn%k a%ﬁgacgggwﬁglpé%ggﬁ ng %gross t he

di stal end, the tubul ar nenber ving a generally predefjned curvature with
a first wall a@%“ﬁﬁ%‘l‘e%ﬂ’élﬂ&t%@%&ﬁ%ﬁ%&éi‘ﬁ%ﬂl}"gﬂ?&g"eﬁ pnceiect along its
| ength define an airway |unen therebetween for flow of gas between the
proxi mal end thenefore, do spbstantigl danhagedostmetuees in the tose and throatewhengthe s
effectively unobstructed and has a lip projecting fromthe second wal l

aspect at thasuhl foreé isapglidictocuddaideahomdei ng and curving inwardly toward the
first wall aspect. The present invention in another aspect

proyjdes an SigghEAAIeAle Invention

The present invention provides an improved endotracheal tube for

orotracheal and nasotracheal intubation, which minimizes the tendéncy of such
tubes to snag, drag, and traumatize anatomical features within the nose, larynx,
‘and/or trachea. The improved endotracheal tube is especially useful in
15 fabilitating intubation with blind intubation guides, fiberoptic bronchoscopes, and
other orotracheal tube introducers. To this end, and in accordance with the
" principles of the present invention, the distal tip of the endotracheal tube is
provided with only a partial or iﬁcomplete posterior or rear-facing bevel which
* allows the tube to slide down the midline of the rear wall of the larynx without
20 snagging the arytenoid cartilages, which are lateral thereto. The partial posterior
 bevel leaves a depending projection or lip of the anterior tube wall rather than a
chiéel point. The partial posteﬁo;' bevel does not cut completely through the
anterior wall of the tube, but instead stops short thereof such as at the inner

surface of the anterior wall. The partial bevel may advantageously extend
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tube conprising a tubular nenber extending between a proxinmal end and a

di stal end and having a single opening across the distal end, the tubul ar
menber defyiiggg®a ai rway |unmen therethrough for flow of gasppeiiaegesivhe
proxi mal end and the opening at the distal end the tubular nmenber having a
generally pre-defined . -7 - 6 -
curvature so as to define a first wall aspect and a second, oppositely

di sposed val |, 3aResl She Her GirAkabe filn o2 Rl EEA BAF bt R gl 2l end

havi ng an i n& I'Ng acr 0ss e opening frromthe first wall
aspect toward, but not ., c | etely through, the seco || .aspect of the
tuBuI ar nenbéﬁ?k‘!;ﬁﬁél"hﬁqﬁ&[}E‘Fb]&'é@&enﬁ{ﬁqegmtwrﬂéfgﬁ%%% d the opening
and curving inwardly toward the first wall aspect. = The

i nvention al sleparding lig thusereatesis advanjageously tapered to facilitate its insertiothe present
I nvention provides an inproved endotracheal tube for orotracheal and ..
nasot racheal th%?ﬁ%tdaﬁ@w Mhpﬂhsﬁga'vvﬂ? and/of firto tiensierosy opénimgi(giottislubes t o
snag, drag, and Traumati ze anatom cal features within the nose, |arynx,

Yy R etk

facillit ron with bl'ind”intubation®guides, fiberoptic

br onchoscopes,_  and ther o racheal 1 uhe intyodu S .oy 1O, 1 NI and in
accor dance wiafithe ibe lumentq é‘%@g acﬁ""{’%‘t’mgéﬂ a‘f%vgﬁ' %l}':shc{ehegsiﬁ{ %E‘Sﬁ tip of
the endotracheal tube is provided with only a partial or inconplete
posterior or anssalpassigewayes wellapdewn the maeksurfase ofithe epiglattis gad t he
mdline of the rear wall of the larynx without snagging the arytenoid

cartil ages, Vdr3ufhce bfthe asferibheicteal wilhwithout bezomimsimpacted onitbeel | eaves

a depending projection or lip of the anterior tube wall rather than a

chi sel point ., bt QRRRAI! dRgs THE dsWhwaRIpLAERliNg t hr ough

the anteri orwﬁﬁgﬁﬁ%ﬁgtu e,gdbrﬁtoriqﬁa\sétﬁée%d gt ops short thereof s%ch as at

t he jnner
10

convex bearing surface of the lip may be aligned with the outer anterior tube wall
or offset therefrom, and may include a fin on its inferior aspect to facilitate
insertion into the glottis. |
The lip is semi-flexible and confined to a short length which
“ curves to about, but generally not further than, the midline axis of the tube’s
15 distal opening so that if the lip impacts in the body and flexes upward, it will not
“occlude the lumen of the tube or obstruct the flow of air to the patient’s lungs.
In this regard, the thinner wall of the lip relative to the wall of the remainder of
the tube enhances the lip's vertical flexibility. The lip will not block the passage
of a suction catheter or obstruct the view of a bronchoscope fiberbundle passed
20 ~through the tube to its tip or beyond. Instead, the lip itself will be flexed
backward by such tubular instruments when they contact the lip, and will return
to its original shape when they are withdrawn from contact with the lip. To
 facilitate snag-free, friction-free passage of the tube into and through the nose -

and/or the glottis, the lip is tapered to a narrowly rounded distal edge and a



surface of the anterior wall. The partial bevel may advantageously extend
WO 98/ 41273

PCT/ US98/ Olvb/i3/41273 PCY/US98/05173
partially into the inner surface of the anterior wall such that the |Iip has
a wal | t hi ckness that-gs thinner than the adjacent anterior
wal | of the tube. The dependi ng lip thus created is

advant ageouslbyoéoﬁgimé Hibticisi dohdirig %h&vdnf@%ﬁél?ﬁe covalentlly bonded fohr ough a
narr ow nasal pass geway and/ or |nto the narrow opening (g OttIS) 5

i e e e J?%J“ﬁe%&a‘ﬁ"@hiﬁﬁﬂ%&%%ﬁé%. Wy pLoC" 1

which will slide easily_ alo a pasal ci)aﬁ_sa% gﬁay as well as
down t he .nnéhembpﬁbmeacbfeve%t@pfpgnmissnosmdﬂlmwpe off through™ i hner surface
of the anterior tracheal wall w thout becom ng inpacted on the
epiglottis, dmidveitencecrrotheswisegsuchmas by aliding the tubg throUghea dammoaostri).
extending 10 convex bearing surface of the lip nay be aligned

with g he out ehereths lipis sitiply coPVed inwardly toward the t@be Rintencthetangleadfithen  and
may include a fin onits |n erior aspect to facilitate

insertion i nt&g#]égqg)%ﬁ t25°t 35° mfaesvr.}léetdhﬁ'%.alwetangentt-mﬁelllbp 'S

sem -fl exi bl e ort curves to-
about, but gener ally _not, further the mdline a tube's 15
di stal openi Hglative tathe rqufﬂther@nq,,ag tggﬁqugfms ap3a eéﬁﬁﬁi’?‘ft es upward, it
wi ||l not occlude the [unen of the tube or obstruct the flow

of air to théNpemeithelip includesa portion offset outwardly of the tube andithen curyes t hi nner
wall of the lip relative to the wall ofthe remainder of
back toward the midline axis, the lip curves at an angle of about 30° to 40°. If
10 ‘additional ventilating capacity is desired, one or two holes, known as "Murphy
~ eyes”, may be provided, for example, through opposed sides of the tube wall |
adjacent the distal tip above and lateral to the posterior bevel.
By virtue of the foregoing, there is thus provided an endotracheal
tube which can be passed through the nose or mouth into the larynx and trachea
15 with minimum trauma, minimum friction, and without becoming impacted or
snagged on anatomical features of and within the nose, larynx, or trachea, such
- asthe cai‘tilages in the nose and rear wall of the larynx, the vocal cords, vocal
| folds, epiglottis, and anterior tracheal rings. The same endotracheal tube thus
~ provided can be used with a conventional blade laryngoscope and can also
20 cooperate with a blind intubation guide and with a fiberoptic bronchos.cope
inserted through the tube to the distal tip thereof or beyond to achieve an

unobstructed view of the anatomy directly in front of the tube and to achieve

fiberoptic (visually directed) iﬁtubation. These and other objects and advantages
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the tube enhances the lip's vertical flexibility. The lip wll not block

t he passage of a suction catheter or obstruct the view of a
br onchoscowe dsvdigrabundl e passed 20 t hrough the tube g,eThjsgs,{,g
beyond. Instead, the lip itself will be flexed backwar d&b

such tubul ar instrunents when they-2entact the lip, and will return
to its original shape when they are withdrawn fromcontact with the lip. To

faci | itate sofithepresent inventidroshafl be enadeappaentfirormiike dctompanying drutvings ough

t he nose and/or the glottis, the lip is tapered to a narrowy
rounded di st ﬁfw&séﬂﬂ' ' WO 98/ 41273
beT] Usos! 0ol 349 ioh thereof. _8-

bi oconpat i bl i Lﬁ' Ci. OHS cg% ﬁg maﬁ advant ageously be coval ently bonded to
the forward g the inflation cuff. The surface

lubricity of the tube thus _achieved is uniformand is not ..
readily w ped of f throukjte accompanying drawingsgwhichareincespomtedingnde, such as
by sliding the tube through a narrow nostril. 5 Where the lip is

si npby cur vedgonstitated part ofvhisdpedificatiohgillustrate embbdintents of thé irivestion
curved |ip may be about 25[err] to 35[err] nmeasured froma line tangent to

the lip and, togethef FitR the/Senleril HE%RE' ﬂﬁxe%&?g@?ﬁggﬁb%ﬁaﬁgeouy y at

an angl e of s a portion offset

o ey at*-‘@i'}ﬁégbe Pl oS BtbpHentn eveppelpw srye PR tis (10

addi ti onal ventlllatl ng capacity is desired, one or two holes, known as

" Mur phy principles of sentiyeRtionsyr ov ded for exanpl e, through opposed
si des of the tube wall adj acent the distal tip above and
| ateral to the posteri dfighkisa left side elevational, partially broken away, view of a
10 first embodiment of an endotracheal tube in accordance with the principles of the
present invention;

Fig. 2 is a close-up, left side elevational view of the distal end of
.the tube of Fig. 1; : |
_Fig. 2A is a view like Fig. 2 showing an alternative bevel and lip;
15 ; S Fig. 3 is a close-up, front elevational view of the distal end of the
- tube of Fig. 1;
| Figs. 4A and 4B are schematic illustrations, partially cut-away,
showing the tube of Fig. 1 in use with a blind intubation guide for purposes of
* explaining the principles of the present invention;
20 - Figs. 5A, 5B, and 5C are schematic illustrations, partially cut-
away, showing the tube of Fig. 1 in use with an orotracheal introducer for

purposes of explaining the principles of the present invention;



By virtue of the foregoing, there is thus provided an endotracheal

t ube which can be passed through the nose or nouth into the larynx and
trachea 1Ww098/41273 With mininumtraunma, mnimumfriction, aan’W.UTS%ﬁ
becom ng i npacted or snagged on anatom cal features of and
wi thin the nose, larynx, or tracheggp-such as the cartil ages
in the nose and rear wall of the larynx, the vocal cords, vocal

fol ds, epiglottis, andmgteisiciselupalefcide deviion vidWe o ERiRAIdA bRgReal t ube
t hus provi ded can be used with a conventional blade

gui e and. i EROATE s fineotan sndotache 0B M:Bordahdl Bk elfideidhuch, (e

tube to the distal tli),theregf or beyond to achieve an
unobst r uct ed ofthepresent et ony directly in front of the tube and to

achi eve fiberoptic (visually directed) intubation. These and
ot her objects and advarfiggess a close-up, left side elevifionsl view of the distal end of

PCT/ US98/ 05173 -9 -

of t hg presenthd tabe 6f Figh 1 With n Sfsef B portfar ent from the acconpanyi ng

dr awi ngs and the description thereof. Bri ef

Description of the Draws:ngs: . . . ] T anyi ng
drawi ngs, which are i n\(?é .Eﬂ(‘;lrsaatsecger?ar,]txcalgastrangn, partially cut agvgxs{}ﬁvﬁx?éﬁfgppart of

this specificatiqn,. iJlustrate gnbodinents of the inventio . .

and, toget heF“%ﬁqcylir‘g' INLSE A3 EP_?‘%TPB Q§F°R°n§fPHm?ﬁ?ﬁ‘ﬁ="§1W$ above and
t he . detailed description of the enbodi ments given bel ow,
serve to exphhs principles of the present invenfion;andpl es of the present invention.

| Fig. 9 is a schematic illustration, partially cut-away showing the
10 ' tube of Fig. 1 in use for nasotracheal intubation.
Detailed Description of the Drawi
“ " Withreference to Figs. 1-3, there is shown an endotracheal tube
10 constructed in accordance with the principles of the present invention, Tube
3 les defined by an elongated plastic tubular member 12 (such as of polyvinyl
15 ' éhlbﬁde or plasticized polyvinyl chloride) having a proximal end 14 to which is
removably attached a connector piece 16, and a distal tip end 18. The wall 20 of
member 12 defines therein a gas flow lumen 22 opening into the proximal end 14
and distal end 18 for flow of gas, such as oxygen, to ventilate a patient. An
 inflatable cuff or balloon 24 is provided adjacent distal end 18 and coupled to
20 an inflation port 26 as' is typical for standard, adult endotracheal tubes. For
smaﬂér size tubes, cuff 24 and port 26 may be eliminated.
Tubular member 12 has a generally arcuate Shape as seen in Fig.
1. With specific reference to distal tip 18, tube 12 has a posterior wall aspect 30

with outer surface 32 and inner surface 34, an anterior wall aspect 36 with outer



Fig. 1.is aleft side elevational, partially broken away, view of a 10
first enbodi ment of an endotracheal tube in accordance wth the principles

of the WO 98/41273 Present invention; ig. 2
is a close-up, left side elevational view of the distal end (I;FT/US98/051%
the tube of Fig. 1, Fig. 2Ais a view like

Fig. 2 showing an alter nat Ive beveluénd lip; 15

Fi9. 315 2 GleARE ina b R A, b Rherkf it QoS Lol Gy ichule

tube of Fig. are schematic
illustrations, partia cut show, ngant he tu (vavaﬂf Fig 1

in use with rficedd qnﬁ %Mﬂﬂ%ﬁ%g%pwmr d anterior

expl ai ni ng the pr|n0|ples of the present invention; 20

Fi gs. 5A, 5Baspects 30@ndi36. Sthedneerisurfacds3di A0, ands cqmmtatd defingigas

away, showing the tube of Fig. 1 in use with an orotracheal introducer for
puposes of eRewdumeng2t he principles of the present invention;

WD 98/ 41273
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Fig.”6 is cl ose-up, IelJ accoaganézfg\r/ng}the mm les F‘tl%en%re%ensfng riéQ'gf

alternative odi Qf an e dotrach aI tube, i accor gdanc the
principl es ?EPS I’l'orman5 with parfj (i ete posteriop d.c., rear- cmgfbevei ?0

Fig. 7 is a close-up, left side eI evatlonal view of the distal end of 5
the tube of Extgndiigat ahangle of dfabbul 377 (awasured relative to the midline axis 52 of

distal tube end 18) from posterior outer surface 32 toward anterior wall aspect
36, but not completely through wall aspect 36 so as to leave a depending

10 projection or lip 54 of anteridr tube wall material 36. Bevel 50 may terminate at
inner anterior wall surface 40 as at 55 as seen in Fig. 2 such that the wall
thickness of lip 54 is about equal to the thickness of anterior wall aspect 36. To
enhance flexibility of lip 54, as shown in Fig. 2A, bevel 50 may continue past
surface 40 such that wall thickness of resulting lip 54 is thinner (i.e., between

15 inner surface 104 and bearing surface 60) than anterior wall 36 (i.e., between
inner surface 40 and outer surface 38). Where the thinner lip 54 is utilized, lip

- 54 is advantageously 20% to 25% thinner than anterior wall 36.
Posterior bevel 50 defines an elliptically-shaped, single distal

opening 56 (Fig. 3), the major diameter of which intersects midline axis 52 and

20 * lip 54. Lip 54 is sized such that its extent from end 55 of bevel 50 to lip free
edge S8 is not greater than the distance D between the axis 52 and the inner
anterior wall surface 40 so as not to extend past midline axis 52 and not to
occlude opening 56 should lip 54 be _ﬂexed upward toward that opening. A

curvature is advantageously imparted to lip 54 such that lip 54 curves back along



Fig. 8 is a schematic illustration, partially cut-away, show ng the
tube of Fig. 1 in use with a fiberoptic bronchoscope for purposes of

expl ai ni NGyo 98/41273 the principles of the present i nve%ﬁg?]gsfbgﬁ
Fig. 9 is a schematic illustration, partially cut- avvay showi n 8
tube of Fig. 1 in use for nasotra,pf@al i-nt ubati on. Det ai | ed
Description of the Draw ngs Wth reference to

Figs. 1-3, t ﬂigfn@fe? : constructed
in accor danc%ﬁl\s\n lpk&ﬁ%m |eﬁgljgf]es 0 Iaﬁe pr%g%%m?'anr\%ﬁsisgh L‘%}Q

10 is defined by an el ongated plagtic tubular nenmber 12 (such as of

pol yvi nyl  1projects atananggm Jeasuse betmeqsaheemewp}m point(of | de) having

a proximal end 14 to which is renovably attached a connector

piece 16, angeai dics bie Fﬁ&a&% Jﬁrg sihid'aidling 2952 of between about 2s5venber 12

defines therern a gas ow | unen opening into the pI‘OXI ma end 14

an S i 358 i ataidaSousifibon HT 5B S Flerp Bt B Z&Q%anaéi Ctai

end 18 and coupl ed to 20 an inflation port, 2 ﬁ\:?l( é@ cal for
standlard, adt#per andronvergs seoothlyinto freg edge 58 which is provide t ubes,
cuff 24 and port 26 may be el i m nated. Tubul ar

menber 12 habottom 6Aeafih $6 {shomarin dettad tinain Rige 2 and Pimpay be included on 1.
Wth specific reference to distal tip 18, tube 12 has a posterior wall

aspect 30 ?u er surface 60 rﬁhﬂxﬁg Slehe thesidliAc £xi$ 8f BP94] FRE6E Sotisfie® 234, an
anterior wall aspect 36 wth outer WO 98/ 41273

PCT/ US98/ 05 1t7a%ered extension of surface 60 and progressively narrows from its origin 6t -

(confronting bevel end 55) to its free end 68 adjacent lip free edge 58. Lip 54 is

10 'semi-flexible so as to yield and flex onimpact. By way of example, lip 54 may .
be flexed backward away from bevel 50 by instruments (not shown) passed
through tube 10 and beyond bevel 50, but will return to its original position
when such instruments are withdrawn from contact with lip 54. Thus, it may be
seefi that opening 56 is, effectively, unobstructed.

15 - Lip 54 and cuff 24 and the portion of tube 12 therebetween,
co:istituting about the forward 25% of tube 10, are advantageously provided
with a biocompatible lubricious coating covalently bonded to their surfaces, such
as that supplied by SurModics, Inc. of Eden Prairie, Minnesota based on

| technology disclosed in U.S. Patent No. 5,637,460 and related patents. The

20 lubricious coating reduces the friction between tube 12 and anatomical structures
through which it passes, such as vocal cords 88 and trachea 86 (Fig. 4A);
Between tube 12 and devices through which it passes, such as blind intubation
guide 73 (Fig. 4A); and between tube 12 and medical instruments which pass

- through it, such as introducer 100 (Fig. SA). Immediately prior to use of tube



surface.38 amd i nner surface 40, and Iahﬁsﬁﬁwall aspects 4-2 each with an

out er surface 44 and an in eamReplaceddi ng bet ween
m 36. TherARmasL7s
flow lumen 22.

posterior amo9smaiEmsi or wal |
surfaces 34, 40, and 46 cooperate to defin

5 - In accordadnrce wth the principles of the present
“invention, tip end 18 is provided with a partial or

i nconpl et e pog0gthe dubriciows. coatimgpis-aktivated by Wettitlg ib®ith a dip or s%ray of watérendi ng
at an angle [err] of about 37[err] (neasured relative to the mdline axis

o2 of - or saline, NrShtemdtive Fora0 b thBd 166@gag§§ﬁéda%mﬁ&o agy face 32

toward anterior wa aspect not ete t hr ough

vl SSPeCt 3B AP eGPy R Pl o RIS |1 P >

inner anterior wall surface 40 as at 55 as seen in Fig. 2 such that the ._
wal | such as SURGHLUBE, availablg from Adtansy due. in delville Newd arki ckness of
anterior wall aspect 36. To enhance flexibility of lip 54, as

shownsin Fig. 2A, bevel i ineompletetbenelsOpmdtlip 54 of endotracheal fubk 10emke0 such
that wall thickness of resulting lip 54 is thinner (i.e., between 15

e sur f aceis fiicHiy ASHIESorHolosaRBle HAMGPIEALHOR toghler 8, (- .,

bet ween i nner surface 40 and outer surface 38). ere the

thinner lip 5¢ is L] i . .S _advant agegusl y 20%to
25% t hi nner tf?é}?'gfﬁ@%“ﬁ%dl‘v’aﬁf%“m or animal throa?% fron above 3 ﬁnoﬁ/ erior
bevel 50 defines an_elliptically-shaped, single distal , .

openi ng 56 (Fﬁ@ﬁcnbf‘,i“’t“lhé'ef?ﬁ?'\‘iﬁ‘lif@ﬁe{éﬁ%ﬂ 8 gnd, whendetubation efa ne axi s 52

and 20 lip 54. Lip 54 is sized such that its extent fromend 55 of
bevel 50 to | patiéntésdesired to be accompligittgewiti®a blindhitutgatienigaidet13a(sucha di st ance
D between the axis 52 and the inner anterior wall surface 40

SO agonot 10 ggk SRSWR fbthe BFstemBRtichel 3807 patest didforaPplication Serial No. Occl ude
opening 56 should lip 54 be flexed upward toward t gt opening. A

curvature is ag35Ya45 Al lide il 34 (EdohlschbRaciibug 1high WA ohd BB ditilges back

al ong

to be positioned relative to the posterior edge 76 of the laryngeal opening 70 so
as to be, in effect, contiguous therewith (i.e., such that any gap 78 thereat is not
| sizable enough for the tip end 18 of tube 10 to pass therethrough). The guide
15 wall 74 thus defines a bearing surface along which an endotracheal tube may be
directed in_to the laryngeal opening 70. To this end, the posterior bevel 50 may
- be'seen as facing, and thus sliding along, guide wall 74 as tube 10 passes towards
laryngeal opening 70 as shown schematically in Fig. 4A (note that cuff 24 has
- - been eliminated for sake of simplicity). As may also be envisioned from Fig. 4A,
20 : ~ the curvature of lip 54 causes outer surface 60 and/or fin 66 thereof to serve as .a
«" bearing surface to slide along aspects of the éuide device that pass over the
.' tongue 80 and epiglottis 82. '
- The central position of lip 54 further serves to facilitate the

trajectory of tip end 18 into and through laryngeal opening 70. In this regard,
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a line inteyoceagimg the major diameter of opening 56 toward g o50s14d P 54
projects at an angle [err] neasured between a |ine tangent to the mépoi nt

of I nferior. or outer _.gyrface 60 of lip 54 and mdline axis 52
of between about 25 and 35[err], and advant ageously about

30[err]. Lip aﬁﬁa@@ﬁll bé‘ﬁﬁ‘ﬂr@baﬁ&%m‘?ﬂ%@%@%ﬂ bﬁt whxlégostenor bevell stRIpsANd
converge snmoothly into free edge 58 WhIC IS provided wth a rounded

bottom 64. A f| t be i ncl uded

on %%‘?‘8& %E f}%‘)&ﬂ% OIS% ‘83 Jﬁ‘&@ﬁ&‘gﬁ%@f’gﬂ’g& gg%s of lip 54.

Fin 66 constitutes a tap ered ext ensi on of surface 60 and

progr essi vel pnd/or fig g sref\@rfpuavgld@pa@smg efitube tip 18 on the rearsyrfasedt ofhg bevel

end 55) to its free end 68 adjacent |ip free edge 58. Lip 54 is 10

sem‘ f 1 exi bl epipbottis 82,0thg vetal cards (b representedbp glottisgs)vand/of thexanpl e, 1ip 54
be fl exed backward away from bevel 50 by instrunents (not

S hOV‘”S) passeQartilaginous rings 90twithin facHed 36 (ﬁﬂlyftﬁx‘iel%%ﬂﬂ)j PRIsCtheWrvabiste Wi | |

return to its original pOSItIOﬂ when such instrunents are

W t hdr awn fr%@oﬁ ts ace ¢ i Sk lp) pi'o %b%gnng surface that deflétie" { hat
opening 56 is, ely, o ruc dﬁ Lip
54 and cuff 24 a on of tubg 12 th

const i tu?l ng E‘b &g‘ﬁér \“S%Wb?éfrﬁﬁba 33 mﬁm"amaé%ﬂ'sl y provided

with a bioconpati bI e |l ubricious coating coval ent |y bonded to their
surfaces, sud@mnocesses such that tuba4ipt I8emaybefillly duseited Bio MacheaR6 withoutof Eden
Prairie, Mnnesota based on

snagging along the way. More specifically, the curvature of lip 54 helps orient

10 the free edge 58 such that it is aligned with the midline of the posterior
commissure of the glottis 88 (where the space between the vocal .cords is
ﬁéétest), and is aimed away from the anterior commissure of the glottis 88
(where the space between the vocal cords is narrowest).
If tube tip 18 dées become snagged on any structure, such as
15 " laryngeal cartilages 76, the thinness and curvature of lip 54 predispose lip 54 to
“flex vertically (toward posterior tube wall 30) as tube 120 is advanced. Such
"' flexion causes free edge 58 to be deflected inward toward the tube lumen 22 and
away from engagement with the anatomical site where it was snagged. As free
o edge 58 curves inward, curved bearing surface 60 is rotated into contact with the
20 o anatomy immediately adjacent the snag site and, assisted by the lubricious
coiﬁng on surface 60 and forward pressure on tube 10, surface 60 tends to slide
away from the snag site toward an area of less resistance at which tube tip 18 is
generally directed, such as glottic opening 88. The fin 66 is useful to help wedge

apart a narrow glottic opening.



technol ogy djsclosed in U S. Patent No. 5,637,460 and rel ated patents. The

20 | ubricious coating reduces the friction between tube 12 and

anat om cal wonsmiases through which it passes, spEfludsspipaal
cords 88 and trachea 86 (Fig. 4A); bet ween tube 12 aﬁ? gevi ces
t hrough which it passes, such as bliy§d intubation gui de 73

(Fig. 4A); and between tube 12 and nedical instrunents which pass

through it, such as int mﬂe@eisﬁ.ﬁﬂeéfga&.stgﬁshyvidgwaﬁgmtm& 180 use of

t ube - 10, the lubricious
coating is activat.ed by . ,wetti it wth a.dip.or ray. of ter ,or saline.
An al ter nat i VRBSFGSAMO Wﬁn‘# qpﬂ“ﬁﬁﬂe&“ﬁt@?@“t%nws t\[ﬁ\)'gbelglgheci her eof
is to manual lﬂ{l apply a filmof water-soluble, bioconpatible |ubricant,

such as SURG wgl,onsmhl sgted withintracheafi6 as drsired. nThereafter) guidewall V4r K .

The inconplete bevel 50 and |ip 54 of endotracheal tube 10 nake it

particul arly maybebdmovedrfrdrh tiweats?2 whilé leaeing pubeiCin gidve. t ube is to enter
the Ilaryngeal opening 70 of a human or aninal throat 72 from above as w ||

now he described with ?ﬁ}?&@ﬁ?&%f’s& lip $4oPta eTﬁh%QJ %c%ﬁﬁﬂgixw n

I ntubation of a patien esired to be acconplis

I ntubation gui 73 _(such .as,  t hat ,shown | he., af,or I qned ' 805 pat ent
and/ or ' 254 pmqgﬁ‘f‘)of&m’%eal mtroéucer (sglabﬁ ﬁé‘%&bﬁ’“@% Bnemat i cal | y in
Figs. 4A and 4B) is caused,_ to be positioned relative to the posterior edge
76 of the | arlppmeascopgkas will now be descsbed,wish referense ta Figs. 2AMB,ARd0E.
therewith (i.e., such that any gap 78 thereat is not

To this end, introducer 100 is inserted into tube 10 from proximal end 14 thereof

such that a distal portion 102 of introducer 100 projects out beyond distal tube
10 end 18. Distal end 102 of introducer 100 is inserted into the trachea 86 and tube
10 is then railroaded over introducer 100. The curvature of lip 54 causes the |
free edge 58 thereof to be turned away from epiglottis 82 as tube tip 18 passes
thereover to avoid snagging on epiglottis 82 and to facilitate sliding of bearing
surface 60 and tube surface 38 down the rear surface 84 of epiglottis 82. As
15 tube 10 is railroaded over introducer 100, bevel 50 will pass against posterior
edge 78 of laryngeal opening 70 at which time rear-facing bevel 50 helps tube tip
18 pass thereover and into lary;lgeal opening 70 without snagging on edge 76.
The curved lip 54, meanwhile, provides a bearing surface 60 to help slide
E Setween the vocal cords at glottis 88 without snagging, as exemplified
20 | . - schematically in Fig. 5B (in which event, fin 66 is not necessary). Tube 10 is
seated down in the trachea 86 by further railroading along introducer 100 such
that bearing surface 60 of curved lip 54 will slide along cartilaginous rings 90 as
~ tube tip 18 i)asses into the trachea (Fig. SC). Thereafter, introducer 100 may be

removed by pulling it out from the proximal end 14 of tube 12.



si zabl e enough for the tip end 18 of tube 10 to pass therethrough). The -
guide wall 74 thus defines a bearing surface al ong which an endotracheal
tube may beyoshi/4188f ed into the |aryngeal opening 70. To thispehfigod/ii73
posterior bevel 50 may be seen as facing, and thus sliding along, guide
wal | 74 as tube 10 passes towards _jgryngeal opening 70 as shown
schematically in Fig. 4A (note that cuff 24 has been elimnated for sake

of sinplicity). As may ?{“ﬁé)lé)gmﬁ%é W %ﬁtﬂ tobiorf fhide ¥ nguUr vature of

lip 54 causes outer surface 6 ereo 0 serve as a bearing

surface to slide.al on pects. of. t he .qui device phat. over the

t ongue 80 anc}’rgf)‘?‘l?ﬁ p%@%‘? achieve inspecti no?faryx%‘é&ggﬂ?pgppagg?frﬁtsﬁ of lip 54
further serves to facilitate the trajectory of tip_end 18 _into and through
| aryngeal opedntubatiomof trachen 86 ap ailhpow 'be described with refermegg/l"a&ﬁs:l’u e

PCT/ US98/ 05173 : - 14 -
and as wi || by iz pyetted iwitlevafer onsdling §f it Alesinet toBctivittelthe jubsitious coatingvel 50
hel ps to slide tube tip 18 over the posterior edge 76 of
opening 70, iyl theQuifades o tube 10. Fiberbundle @Wb?ﬁro‘hbﬁbs@@pé SR inserted fitd
snaggi ng of tube tip 18 on the rear surface epiglottis
82, the vocal ca.rd L, O

cartil agi noudP PN '&gfe\no?%bﬁﬁt% ?ﬁg&%‘l M@W‘ﬁ%’gg ﬂ&%&ftﬂﬁ%‘?ﬂg‘ﬁet he
curvature _ outer surface 60 of (P 54 and/or_ fin 66

provi des a be’a}q!ﬁ@“&ﬁ?@&@é"eﬁ‘hw SAof tubertip 18. Tubel is then sijjatadine tip 18 in a

sliding manner off from and/ or al ong those anatom cal
pr Oﬁgﬁ f es sudhtubhtion guide 78 iwhidsis seatedadjacent larymsZY. t Gentletractionandydwe 86
! ‘applied to guide 73 if necessary to align lens 132 with glottis 88, thereby
10 ' "'illb‘_'v'ving an image of glottis 88 to be fransmitted through lens 132 and
ﬁbérbundle 130 to bronchoscope 134. While watching this image, tube 10 anci
’ ﬁﬁérbundle 130 may then, optionally, be advanced together through guide 73
and glonis 88 into trachea 86 to achieve tracheal intubation. Thereafter,
fiberbundle 130 may be removed from tube 10 by pulling it out from proximal
15 end 14 of tube 10.

Tube 10 is also useful for blind nasotracheal intubation, as will
now be described with reference to Fig. 9. As above, tube 10 is wetted to
activate the lubricious coating. Distal end 18 of tube 10 is inserted into nostril
150 of nose 148 and advanced toward posterior pharyngeal wall 146, preferably

20 a'I__‘oxig inferior meatus 158, between inferior concha 152 and hard palate 140. An
‘alféfnate pathway could be along middle meatus 156, between inferior concha |
" 152 and middle concha 154. Lip 54 of tube tip 18 passes over soft palate 142
* and contacts wall 146, Pressure applied to advance tube 10 causes lip 54 io flex

upward against wall 146 so that curved bearing surface 60 comes into contact



snaggi ng along the way. More specifically, the curvature of lip 54 helps

orient 10 the free edge 58 such that it is aligned with the mdline
of the pos{gydsifiars comm ssure of the glottis 88 f&’i‘/ﬁs&/ﬁﬁ?
space between the vocal cords is greatest), and i's al ned away
fromthe anterior comm ssure of thgqglottis 88 (where the

space between the vocal cords is narrowest).

If tube tip 18,do tULGE . r

| ar yngeal Cawﬁlﬁ\gﬁégﬁmg?mg@g@%w%;{t/’éétagéx.gtegﬁ y?&pﬁgﬂmé‘?sedi spose
lip 54 to ) . flex verticall toward posterior tube wall 30) as
tube 120 is seatingqnysurfage 0. As tube lo‘s‘%‘/f‘}(‘?ﬂag;?’éﬁ?ﬁc%%&?rlég%égw?m to be

deflected inward toward the tube |umen 22 and away from
engagenent walongtwall H6atipend A8 retates inthaosition pacallebtoayail 446, semovying lip
edge 58 curves inward, curved bearing surface 60 is rotated into contact__

with the 2054 from contactawieh wal 146eRdaligwiny lipdidreapting beckstodts origital and,
assisted by the lubricious coating on surface 60 and forward

' - : h
Cnagosi et oot (R shob{ 3 e ) Al e 10 sides tangenfEil O 11

generally directed,, such .as,.glottic eni . The fin.66 is usefyl to
hel p wedge 146, cﬁstal en'ﬁ {klagggqteéaway BWUPJgtlgg @%m;ﬂm@ mtoﬁarynx t78, WO
98/ 41273

PCT/ US98/ 051 glbttis 88, and trachea 86. Guidance of tube 10 toward this objectiveis]5-

Tube 10 is pushed agai nst guide wall 74 such that tube tip 18

passes into glitied ®ydhd aperae thotGhewn)listeiing diwhe iprdiimaberid Iueftube be
pushed thereal ong until seated within trachea 86 as desired.

Thereafter, qgifgepdathl sofiflds transmitted from distal end 18, so that the operator will

10 know if tube end 18 is approaching larynx 70 and trachea 86 and should be
advanced, oris deviating therefrom and should be slightly withdrawn and
r__edirected..

In some applications, it may be helpful to provide additional
ventilating capa;:ity through distal end 18, in addition to opening 56. To this

15 end, and with reference to Fig. 6, distal end 18 may be modified by inclusion of a
hole or Murphy eye 120 formed completel-y through a lateral wall aspect 42 so as
to be situated just above and lateral to posterior bevel 50, and below cuff 24. A

. pair of Murphy eyes may be positioned in confronting relationship such that the
' lateral dispositiqx} thereof provides altem;.te pathways for gas flow to the right

20 .and left mainstream bronchi (not shown) in case the opening 56 becomes
oceluded.

With reference to Fig. 7, a further alternative embodiment is
shown of the distal end 18 of tube 10 in which lip 54° thereof is modified from

- lip 54 of the prior embodiments in that lip 54’ includes a portion 200 that is



may be renoved fromthroat 72 while |eaving tube 10 in pl ace. 5

The partial bevel 50 and lip 54 of tube 10 also facilitate intubation

with an ongplhagi@al introducer (such as a tubular fi berbundl&ﬂ@%sﬂélgg

| aryngoscope) as will now be described with reference to Figs and
5C. To this end, intfypducer 100 is inserted into tube 10 from

proxi mal end 14 thereof such that a distal portlon 102 of

i ntroducer 1 9"| 1 . lﬁﬁy | D st al
end 102 of i srepéucer&?(?g%% |na§de}ﬁ¢ejiﬁ‘% {)trﬁ@'%%eyr ac ﬁéf)

10 is then ra| ?g g over introduce 00. ., The curv e of 54 causes

t he ace 3 o antergewalkasneet 11 rpé‘*b@wn‘@e Vwem@mem ottis 82
as tube tip 18 passes t hereover to avoid snaggi ng on

epiglottis S&isSRlandpdsteridriwalkaspedti3@i Dpedb dffset portion 200, however, the sur f ace 60
and tube surface 38 down the rear surface 84 of epiglottis 82. As 15

tube 10 is rgitérdt@RdaAafite bf lip 540id $GeH thaOip 61 ehepbofI9 sulstantinlfisdlignedi nst
posteri or edge 78 of laryngeal opening 70 at which tine

rearg faci ng reover and

I nt o I arynge‘gﬁﬂglﬁeg%\lgﬁ% m&i’%gggl géogﬁesréotepl'ggﬁtfesﬁté B‘% The
curved lip 54, meanwhile, provides a bearing surface 60 to help slide

bet ween t he meskaay efiamen22. iip 54} yomtmttan@nzle@mgsmgdbqgveeae ¢ified 20
schematically in Fig. 5B (in which event,, fin 66 is not necessary). Tube 10

| |
S oducer 1tggg%nlggﬁﬂ¥eerﬂndﬂeiﬂeomfédm&ra§g§e¢§& Rof 1 34'3hd wikdnag no. al ong

hat aring surf curved lip 54

will slide n artil.agi QRS s 90 as - tube tip 18 passes
into the trgﬁ gb{fw bo%ngTﬁ'é‘{éggt er, introducer 100 may be

renoved by pulling |t out fromthe proximal end 14 of tube 12.
In use, an endotracheal tube 10 of appropriate size for the

10 recipient individual is selected and the lubricious coating is activated or applied.
Lubricated tube 10 (with or without Murphy eyes 120 and/or fin 66 as desired)
is inserted into the trachea 86 by use of a blind intubation guide device having a
guide wall 74 as described in the aforesaid ‘805 patent and/or Application Serial
No. '081829,73 7, after which the guide device is removed. Alternatively,
15 B iixﬁﬁcated tube 10 is inserted into nostril 150 and advanced against meatus 158
.. and downward along wall 146 into larynx 70 and trachea 86. Further
':alte.matively, an introducer 100 or bronchoscope fiberbundle 130 is inserted
through lubricated tube 10 to its tip or beyond and positioned above larynx 70 or
| into trachea 86, as desired. T_ubé 10 is then advanced with or railroaded
20 downward thereover and into the 'trachea 86. Introducer 100 or fiberbundle 130
may then be withdrawn through tube proidmﬂ end 14. In all of these cases, the
incomplete réaf-facing bevel 50 and the depending lip 54 allow the tube 10 to be

readily inserted into and advanced in the nose 148, throat 72 and trachea 86
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Tube 10 caw@bsszzdoperate with intubation guide 73 and PCT/US98/05173
bronchoscope 134 to achi eve inspection of larynx 70 and/or visually
directed i ntubation afjgrachea 86 as will now be descri bed
with reference to Fig. 8. Tube 10 is wetted with water or

saline if it vi/i?]dﬁ??.ﬁi g éh apﬁécuaﬁﬁxytmrﬁdﬁafn'g%es&quédt&@s of nd on
the surfaces of tube "IO.” Fi berbundl & 130 of bronchoscope 134 is inserted

into s roxinal _en f tube 10 and advanced until objective

| ens 132 of fwmms&%%meﬂso Is situated adjacent |ip 54 of
tube tip 18. Tube 10 is_then situated in . ~ .intubatjon gujde 73
which is seated adj acenBY Vg theforegging, thereis thus provided an endotrach

applied to guide 73 if necessary to align lens 132 with glottis 88, thereby

10 al Itobe thyt facilitatesblimdf nagbirachies! is@mbatiorband blindsorivisuatiototrachegh | ens
132 and fi berbundle 130 to bronchoscope 134. Wil e watching

this 5 mage, tipaBati¢h witHout snagging on or fridtioRaBHRstkMatizil sMYorhidalTeatGRisiofnal | y,
be advanced together through guide 73 and glottis 88 into

trachea 86 tq ' t i Lon. Thereafter, fib
er bundl e 130 @WB@&@%@%@%&%&% by pulling it out from proximal
15 end 14 of t 10. Tybe .10 is al so
useful for blind nasot r%ﬁéé“e present invention has bgep illustrated by the H"5""ﬁ5§%"be
described with reference to Fig. 9. As above, tube 10 is wetted to
activat e t he dfiembiodimens theestof,and vithilet the embddin@ntst havebeert descgbédinert ed into
nost ri of nose and advanced towar osterior

il 150 of 148 d ad d dp '

pharyngeal wedonsidéibledetdik itd®hot infefided to restrizt 81h dnyfvedyl lithit tRAIcHpe 353,
between inferior concha 152 and hard pal ate 140. An —alternate

PN COU o AP PR IR 1 ogBRI
142 readily appear to those skilled in the art. For example, lip 54 or 54’ may be |
provided without a bevel 50 to tub.e end 18. Alternatively, lip 54 or 54’ may not
include fin 66. - Further, a barium sulfate strip (not shown) may be included in
- wall 20 for x-ray ﬁmtion. The invention in its broader aspects is, therefore,
15 not limited to the specific details, representative apparatus and method, and
illustrative examples shown and described. Accordingly, departures may be
- made from such details without departing from the spirit or scope of the general
_ inventive concept.

Having described the invention, what is claimed is:

20
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and contacts wall 146. Pressur | nce tube 10 causes lip 54 to
flex upwar d agai nsﬁlm g“ﬂﬂ Et curved bearing surface 60
COmes i Nt OwePRAAsH3 N | 8/05173
PCT/ US98/ 05173 _RGTIUSIsaL

with wall 146 and slides downward agang wall 146, assisted by the
| ubri ci ous coating on surface 60. As tube 10 is further

advanced, pasd%uvumeﬂtf&m% %Wl%ﬂmﬁg?g ambﬁia?%%tlib‘kﬁtenﬁing end518

rotates into Yposition para removing |1 4

fromcontact with wall 146 a 1 Qwi | i tq.spring.back te its - '
original 5 betweenaproxm &Egghﬁmgiaﬁ%ﬂﬂﬁ&ﬁéw%ﬁ? Ingdh SR ORT¥Rd t ube 10
slides tangent to wall 146, distal _end 18 is directed away
fromwal | 14d56hacrossthe distallend (18); the tubularmember (12) defining an airwgyot t i s 88,
and trachea 86. Guidance of tube 10 toward this objective is

facilitated Hymeh@2)nheretiwoughfor fistrabihs bétsteen tiegprakinid end (A)iandtheend 14 of
t ube 10 for breath sounds transmtted fromdistal end 18, so

that ¢ he ope ﬁeﬁg‘gﬁfsgj’ §g§,g%tgﬂseﬁ in thcft Elg@&iﬁéxﬁngtfﬂgfiseémcé&hj' SncHRRLaRENI Ng

| arynix 70 an ed shoul advanced, or is

devi ating therefrom,a houl d be sl i ght ] r,awn .

redirect gd. an% hasahprtg4)spr01ecgng fromn the B‘swﬁ%\ég@ bﬂfﬁ‘i“f@ tolpgﬁlg,g (ﬁ) may be
hel pful to provide additional ventilating capacity through

distal end 18, in addition to opening 56. To this 15 end, and with
reference to Fig. 6, distal end 18 may be nodified by inclusion of a

hol e or Mir phi2) ey eAf 2fddteacireal tutren(10}p cahprising » tudtular thember {12)exténdingpect 42
o between a proximal end (14) and a distal end (18) and having a single opening
10 (56) across the distal end (18), the tubular member (12) deﬁning an airway
lumen (22) therethrough for flow of gas between the proximal end (14) and thé
opening (56) at the distal end (18), the tubul#r member (12) having a generally
| fffé-déﬁned curvature so as to define a posterior wall aspect (30) and an
bi;ﬁositely disposed anterior wall aspect (36) of the distal end (18), characterised
15 by the distal end (18) having an incomplete posterior bevel (50) extending across
the opening (56) from the posterior wall aspect (30) toward, but not completely
“ through, the anterior wall aspect (36) of the tubular member (12), and a lip (54)
projecting from the distal end (18) beyofxd t'he opening (56) and curving inwardly
* toward the posterior wall aspect (36).
20 |
(3)  Anendotracheal tube as _dai_med in _Cléim l.wherein the distal end (18)
has a longitudinal midline axis (52), the lip (54) curving inwardly toward the

midline axis (52).
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to be situated just above and lateral to posterior bevel 50, and bel ow cuff

rzgl a:tA\i onshyo 9gMedr3t hﬂ“‘“m”mu ﬁm‘ ‘mes nﬁgt g(raalpogg gipggf'?i Lnrbggggfr\s?ﬁr;"i?‘zg
an

provi des alternate pathways fdr Jas'flow to the right 20
| eft mai nstream bronchi . (not shown®jin case the opening 56 becones

occl uded. . . Wth reference to Fig. 7, a further
al ternative @ybodifeiptotricheal tube as claimed ifi ARY/Pre2bdihp CldlinWidreiiihe i of tube
10 in which p 54" thereof is nodified from lip 54 of the

prior enbodi s in t ' v includes a portion 200 that is

- 18 - off@?gm%rg%e%‘?&rﬁ?g}i ne axis 52 and protrudes beyond the
cylinder of outer surface 38 of anterior wall aspect 36. Lip 54' then
curves back toward mdline axis 52 and posterior wall aspect 30. Due to
of fset portion 200, however, the extent of curvature of lip 54' is such
that tip 64 (S)er edn endotratheabiube as tlpinzddi ig ray preceding Claimg thexdistaland 40 of
wal | aspect 36 and so does not protrude into the pat hway of lumen 22. Lip

54" proj ect S(m? haVing Adbfgifudiral nﬁmsmgsm &a distdnb€D frémAdSitert 0 t he
m dpoi nt of rnferior or outer surface 60 of |lip 54" and mdline axis 52

of between a 3 e . n { racheal
tube 10 of agg?hgﬁi?@téeﬂls‘?g@%%?mﬁbe“ (lrzgtfh&h@n(tsﬂ its) '\'/ﬁmg%%ﬁ asil|B‘gg§ ected and
the lubricio coating i s actiyvated or  applied. ubri cat.ed be 10 (wth
or wi t hout mfﬁssamﬂ?wé “PE@%ﬁEDaarﬁﬁh?f@Ee‘gé“H@%‘?’?‘t%‘?‘e opening (36) af thie (

distal end (18).

10 (6) Anendotracheal tube as claimed in any preceding Claim wherein the lip
(54) has an outer surface (60), the tube further comprising a fin (66) extendiné

along the lip outer surface (60).

()  An endotracheal tube as claimed in any preceding Claim, the lip (54)
15 including a portion (200) being offset outwardly of an outside surface (38) of the

tubular member (12).

(8)  An endotracheal tube as claimed in any preceding Claim further
' cbmprising a Murphy eye (120) extending through the tubular member (12) and

20 positioned just above and lateral to the opening (56).

- (9) - An endotracheal tube as claimed in any preceding Claim the lip (54)

being thinner than an anterior wall (36) of the tubular member (12) at the distal

end (18). Tu—us_Shee" HasBeen Replaced
.



Is inserted into the trachea 86 by use of a bl i nd fﬁtﬁbétion gui de devi ce

havi ng a guide wall 74 as descri bed M“lmmlmm mﬁﬂaﬂ 805 patent and/ or
' 254 pat entwo 98/43273 after E evice | 593)6
Alternatively, Tlubricated tube 10 is i*nsérted " nt%o fostril %6{,6 St

advanced agai nst neatus 158 and doypward al ong wall 146 into larynx 70 and
trachea 86. Further alternatively an i ntroducer 100 or bronchoscope

LLSSLS”%‘SL%%@B )i cARgRgERey arlynx%‘“%‘?“&'ﬁ‘@qfé"*ﬁgéﬁ‘é%‘“‘%éésdé'sf’rZéh Tube
L achea 6. | SEPRIIATELA kigiout Statg cavAentl HoRded gt PR AAEP (Fonch avn

t hrough tube proximal end 14. In all of these cases, the inconplete
rear-facing bevel 50 and the depending lip 54 aIIOM/the tube 10 to be
readily inserted into and advanced in the nose 148, throat 72 and trachea

86 (11) An endotracheal tube as claimed in anylgreceding)Claim Sindlggi ng on or
frictionally traumatizing anatom cal features of and wthin the nose,
laryng, and tg I f , there is
t hus provi ded a%nrngé?]téogl cuﬁt‘(g g)ea%sﬁgita wfdavgl ?ﬂl?fﬁteat%1 Belggfbllhlaggaﬁ\cag%t racheal

I ntubation and bli nd or visual orotracheal intubation w thout snagging on
or frictionally traumatizing anatom cal features of and within the nose,

| arynx, and trachea Wi | e the present invention has been

i|lustrated bK12) heAg@g@(pt,l’ﬁhp@;rtube as cla:med in Claim 11 further comprising a

lubricious coating covalently bonded to the inflation cuff (24).

10 (13)  An endotracheal tube as claimed in any preceding Claim, the lip (54)

being semi-flexible.

(14) A method of forming an endotracheal tube (10) having a proximal end
(14) and a distal end (18) with a single opening (56) thereat, the method

15 " :camprising providing an effectively unobstructed opening (56) and being
characterised by defining a lip (54) projecting from the distal end (18) beyond

the opening (56).

" (15) A method of forming an endotracheal tube (10) having a proximal end
20 (14) and a distal end (18) witha single opening (56) thereat, and a generally
arcuate shape of the tube defining posterior (30) and anterior (36) wall aspects
thereof at the distal end (18), the method cémprising forming a bevel (50) across
‘the opening (56) at the distal end (18), characterised in that the bevel (50) is

incomplete and extends from the postenor wall aspect (30) to, but not
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~of enbodi nents thereof and while the enbodlnents have been descri bed in

obne ot "t arapamied ol om0 soon N MTEI "o s,
modi fications will readily appear to thbsé skilled®in the art Ig'—f§§

example, lip 54 or 54 may be provigged without a bevel 50 to tube end 18.
Alternatively, lip 54 or 54' may not include fin 66. Further, a barium

ULl ot 2 e e RO B el o 8

limted to the SpEQIfICd alls, re sen paratus an d, and
i|lustrative draiephngtran a‘&ﬁﬁP‘d@!@E psgcﬂt%)*)eyon l?emcomplet geve Hb

- 20 - (D) An endotracheal tube (10) conprising a tubul ar
menber (12) eMrbdlmgnngthehp(54)towardﬂmtpos&moawaﬂmspmll(3@)nd (14) and a
di stal end (18) and having a single opening (56) across the

distal end (18), the tubular nenber (12) having a general |y predefined
curvature with a first wall aspect (30) and a second, oppositely disposed

wal | agpect (é Ametl?odés?’&ﬁlm@!iﬁﬁ‘@la‘iﬂ:smI Eintﬂ@fﬂsﬁg prg%PrrEf lumen (22)

therebet ween f |'ow 0 tween t end (14)

o et foct  vel {lgaém%&'w sk R 35 the b Rt spmpriios eyrine HETRLSD

second wal |l aspect (36) at the distal end (18) beyond the opening (56) and
curving toward the midline axis(S€pwar d the first wall aspect (30). 10

(16) A method as claimed in any of Claims 13 through 15 further comprising
10 | offsetting a portion (200) of the lip (54) outwardly of an outside surface (38) of

the tube (10).

e (l'l)_ - Amethod as claimed in any of Claims 13 through 16 further comprising

. tapering the lip (54) to a free edge (58).

15
(18) . A method as claimed in any of Claims 13 through 17 further comprising
defining a fin (66) on the lip (54).
(19) A method as claimed in any of Claims 13 through 18 further comprising

20 - forming a Murphy eye (120) through the tube (10) just above the opening (56).

(20) A method as claimed in any of Claims 13 though 18 further comprising |
forming the lip (54) thinner than an anterior wall (36) of tubular member (12) at

| s Sheet Has Been Replaced
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(2)  An endotracheal tube (mumﬂwmﬁlmgmllrubul ar menber (12) extending
bet ween a proxi mal end (14) (18) and having a single
openi ng (599 98/41273 acros§ the 'istal® end (18), the pulpnisagosipsoer

(12) defining an airway |umen (22) _ t her et hrough for flow of
gas between the proximal end (14) and t%e opening (56) at 15 t he

distal end (18), the tubular nmemyMeXDED diewviMg a general ly pre-defined

Gurvature scireBefRalsf e fierhationl bureRiPen | Mlodsil 1805339008, pposi t ol y

di sposed original claimsl1-28 aé&@bbyOdmenBed H1aims 12p8 (Elghges)]
characterised by the distal end (18) having an |nconp ete

bevel (50) extending across the opening (56) fromthe first wall aspect
(30) toward, @yt nah endotyzchéadtubet(i0)xopiprisinga talmdandembér (12b¢etending36) of the
tubular 20 menber (12), and a lip (54) projecting fromthe distal

end (18) beyopdwhdita pmﬁnmnd (14) and a distal end f®) aAdHaibg ¥ sidgle opeRing(56)t ovar d

the first wall aspect (36).

-2l - acrpss the m&%} end 189), %ﬁﬁx&%@ﬁb&@%ﬁﬁgﬁ e tﬁe&%@r ecedi ng

Claimwhereint udinal mdline

h : : Al
:i:: gggg t gurlrgﬂre(v?ﬁ aﬁﬁ)wan%&g@(@gwda &i,togggsue ly dﬁs%osedgia g ' ne
Fgg;:edl ng d abr&mrelé%s? t edeﬁqgéﬂai&"f%&ﬁ%%@?hé‘é taper?fetiPo a free edge

preceding Claim the distal endﬁ 18) .
between the proximal end (14) and the opening (56), characterised in that the

| opening (56) is effectively unobstructed and has a lip (54) projecting from the
second wall aspect (36) at the distal end (18) beyond the opening (56) and curving
mwardly toward the first wall aspect (30).
10 .
| (2) An endotracheal tube (10) comprising a tubular member (12) extendmg
:  between a prox1ma1 end (14) and a distal end (18) and having a single opening (56)
across the distal end (18), the tubular member (12) defining an airway lumen (22)
therethrough for flow of gas between the proximal end (14) and the opening (56) at
15 " the distal end (18), the tubular member (12) having a generally pre-defined
curvature so as to define a first wall aspect (30) and a second, oppositely disposed
wall aspect (36) of the distal end (18), characterised By the distal end (18) having an
incomplete bevel (50) extending across fhe opening (56) from the first wall aspect
- (30) toward, but not completely through, the seeond wall aspect (36) of the tubular
20 member (12), and a lip (54) projecting from the distal end (18) beyond the opening

#'(56) _a:;d cmfving inwardly toward the first wall aspect (36).
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surface 10 (40) of th "l’(()lZ), the lip (54) extending

to a free oipes/{12®) a t nmore than DPY'ﬁ'ﬂfs@ﬁ’stﬁ?t to
(18

having a | ongitudinal mdli neém‘l 5 @iced a distance D from an inner
occl ude the opening (56) at the d| stal

(6) An endotracheal tube as clainmed ipgany preceding d ai mwherel n the
lip 15 (54) has an outer surface (60), the tube further conprising
a fin (66) extending along the lip outer surface (60).

(7)  An endogz)achgalentstethed nbedisEhimed irbdny precdatli ORikwaiePdin tHedlidtalo ( 54)
i ncluding a portion (200) bei ng of fset outwardly of an outside surface (38)

of the 20 Ryl : LI

- 22 - end (185 ?ﬁg‘ An e%otraaxﬁs gz)’t %lelp?s”c?%lnn%gmlmndlgr%/w%rgecedi ng
Claimfurther - a Murphy eye (120) extendi ng through
t he tubul ar n’é\%ﬁ@{‘ﬁ%géﬂ& positioned just . above and | ateral
to the opening (56). (9) An endotracheal tube as cl ai ned

in any preceding Claimt he lip (54) being thinner than an

anterior wall 836) of the tubul ar menber (12) at the distal end (18).
5 4 An endotracheal tube as claimed in any preceding Claim wherein the lip

(54) tapers to a free edge (58).

(5)  An endotracheal tube as claimed ixi any preceding Claim, the distal end (18)
having a longitudinal midline axis (52) spaced a distance D from an inner surface
10 (40) of the fubular member (12), the lip (54) extending to a free edge (58) a

distance not more than D whereby not to occlude the opening (56) at the distal end

(18).

(6)  An endotracheal tube as claimed in any preceding Claim wherein the lip
15 (54) has an outer surface (60), the tube further comprising a fin (66) extending

along the lip outer surface (60).

(7)  Anendotracheal tube as claimed in any preceding Claim, the lip (54)
including a portion (200) being offset outwardly of an outside surface (38) of the

20 - fnbular member (12). -
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(10) An endotracheal tube as cI aimed in any preceding Caimfurther

conpri si ng Hﬂl"HHﬂl “IJHHHMHEU ng coval ently bonded to at |east
the 1ip (S¢dosmids ndotracheal tube apcghbsfss n any
preceding O aimfurther corrprl Si ng an inflation cuff (24)
associated with the tubular nenber (12)pg. (12) An

endotracheal tube as clained in Caim11l further conprising a 15
| ubrici ous coating covalently bonded to the inflation cuff (24).

(13) An endgyr achﬁ%hddttﬂéﬁea&&zb@a@bﬁﬁﬂedmaﬁ?)&r&éﬁﬁ?@lﬂﬁx firbndonigiiing p (54)
bei ng sem -fl exible 14) An endotracheal tube

as claimed i Ml e]pgfec(? %&hﬁg@%ﬁ@{ e Putills Jléﬂéﬁ (12) and positioned i8¢ |

aspect (30) S "a po terlor aspecCt of the t nber (12)" and the
second wal | %&%%dia%&lltg?ﬁé&%ﬁxn@rﬂsﬂlt eri or aspect of the t ubul ar nenber

(12). . - 23 -
(15) A nethod of form ng an endotracheal tube (10) having a proxi mal end
(14) and a distal end (18) with a single opening (56)

t hereat, the nethod conpri si n%g providing an effectively
unobst r uct ed(@penAngngesiaches) gibsap ﬁlgt@ﬂhm@vm@émg&lmm the lip (54) being i vi ng

the tube (10) a generally predefined curvature with a first wall aspect
(30) thinner than an anterior wall (36) of the tubular member (12) at the distal end (18).

(10)  An endotracheal tube as claimed in any preceding Claim further comprising
a lubricious coating covalently bonded to at least the lip (54).
10
' ?’:"'(1:'1) " An endotracheal tube as claimed in any preceding Claim further comprising

an inflation cuff (24) associated with the tubular member (12).

(12) " An endotracheal tube as claimed in Claim 11 further comprising a

15 lubricious coating covalently bonded to the inflation cuff (24).

(13) An endotracheal tube as claimed in any preceding Claim, the lip (54) being

semi-flexible.

20 (14)  An endotracheal tube as claimed in any preceding Claim wherein the first
wall aspect (30) defines a posterior aspect of the tubular member (12) and the

- second wall aspect (36) defines an anterior aspect of the tubular member (12).
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5 , and a second, oppositely d ct (36) along its

| ength, defining a lip Hmmﬁnﬂmmﬂﬂamrom the second wal |
aspect (36)wetogisimysdi stal end (18) beyen M o5 » HEUSHB/06P8)
and curving the lip (54) inwardly toward the first wall aspect (30).

(16) A nethod of form ng an endotrachegy-tube (10) having a proxi mal end
(14) 10 and a distal end (18) with a single opening (56) thereat,
and a generally arcuate shape of the tube defining first (30)
and second, oppYsi AemétB6d ofFormirzSdentistridhedlagte (10) having a proximaitendi{p4)di st al
end (18), the met hod conprising form ng a bevel (50) across the

openi ng (56) %daaﬁtaﬂaﬁa's)emg(@en e fgftgtsﬁme&%timémemaacaﬁﬁnaa el (50)

i's inconplete mthe first wall aspec (30) to,

3:;12 | zlot]gcgrrlpl o B‘gt %F g#%&"’el&%f’l? opemngﬁ%ﬁ fl‘ﬁ@ng cﬁﬁt‘ﬁﬁt‘éﬁséd%@

sec aspect
(36) beyond the | e bevel 50 a curvj i nwar dl y
toward the fi B%I‘B/\TgF ER’&(E&,‘T IS’ gdeﬁneéjcurzat\n'e W“ng‘)"sq Héfg%%@ cI ai med
either in Caim1l5 or Cta|m16 wherein the distal end. 20 18)
has a5l ongi t uandabecand|appesiteky dispaed wall pepart (36 along dts hengthy defringiarlip CUI’VI ng
t he lip (54) toward the mdline axis (52).
- 24 - (54) projectingdyom thersecdnsldvalbaspbeti(3@)ht ithe distpl exfd (EBhbeyond thet hr ough
17 further conprising of fsetting a portion (200) of the lip

(54) out war dl ypefing(56),uindicttvisgaht dipg54)3Bvardly toweard the first wall aspect (30).

(16) A method of forming an endotracheal tube (10) having a proximal end (14)

10 and a distal end (18) with a single opening (56) thereat, and a generally arcuate
shape of the tube defining first (30) and second, opposite (36) wall aspects theteof
at the distal end (18), the method comprising forming a bevel (50)__across the |
opening (56) at the distal end (18), characterised in that the bevel (50) is incomplete
and extends from the first wall aspect (30) to, but not completely through, the |

15 second wall aspect (36), by defining a lip (54) projecting from the second wall
aspect (36) beyond the incomplete bevel (50), and by curving the lip (54) inwardly

toward the first wall aspect (30).

(17) A method as claimed either in Claim 15 or Claim 16 wherein the distal end
20 (18) has a longitudinal midline axis (52), the method further comprising curving the

lip (54) toward the midline axis (52).
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tube (10). 5 ( thod as clainmed in any of ains 15. -
t hrough 18 further conpri si l“l Ilml ”L[maperi ng the lip (54) to a free
edge (58). WO 98/41273 ( AR clainmed in any opcfagddiis17ad

t hrough 19 further conprising defining a fin (66) on the lip
(54). 10 (21) A nethod aggclained in any of Cains 15
t hrough 20 further conprising formng a Murphy eye (120)
t hrough the tube (10) just above the opening (56). (22) A

met hod as cl gigped Ameﬁibylaeﬁlaﬁaiiﬁ&pir%fdmhsﬁ&oﬁ%ﬂ lhﬁrrﬂféﬁemﬁ%ﬁdix@ 15
formng the lip (54) thinner than an anterior wall (36) of tubular menber
(12) at offsetting a pBHInA20O W thelid (54) outwardly of an outside surface (38) of the

tube (10).

5 (19) A method as claimed in any of Claims 15 through 18 further comprising

tapering the lip (54) to a free edge (58).

(20) A method as claimed in any of Claims 15 through 19 further comprising

defining a fin (66) on the lip (54).

10
v (21) * A method as claimed in any of Claims 15 through 20 further comprising
forming a Murphy eye (120) through the tube (10) just above the opening (56).
(22) A method as claimed in any of Claims 15 though 20 further comprising
15 ' forming the lip (54) thinner than an anterior wall (36) of tubular member (12) at

" distal end (18).
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