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Fi el d of weslomaenti on: This invention generally rel ates troTarsiot42aeheal
tubes, and nore particularly, to endotracheal tubes having a bendabl e
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2. CGeneral Background Bﬁsﬁ?éﬁ‘@ﬁﬁ%ﬁf\&w& %@ﬂAMSMndotracheal t ube
generally conprises a cylindrical tube used as an air passage to

adm ni ster oxygen and anesthetic gases directly to the patient. The

cyl i ndri BaAlCKGHReUNDIOF Tk BSVENTION open distal end configured for insertion
into the trachea and has an opposite open proxi mal end configured to be

coupl ed [MD04] daFicdwf tiee InleatiemdDhisdnhestion gdseralpralaidsito kagodacheadll at abl e
cuff on fhe exterior of the cylindrical tube for formng a seal with the
i nt eri or URESI aNSMATRParigHRRY 10 eadatraches! tyhes having a bendblerertion Dohert y) .

The cuf f qdaifeéd 89 adiRaReibhyifioh 0f ol AANSAwapl AP RS hehlify aficiga and

| ungs agal nSt aspiration o orel gn substan partrcu
f or ei gn bydnatomicabvayetiony rasystamd therltkent s are prevented from entering
the lungs. The endotracheal tube is used primarily in surgery, but is also

f r equent [00023 e@. Ceremal Besigyourabamd Statcerehg@mey in-the-field situations.
[0004] In surgical procedures requiring general anesthesia, the patient is

r ender ed[000Sp N R¢i EntothschadMublesderiralfcathpASEs b RO lih @i &MeSuddirchd!idhng drugs
and/ or gases. The patient is also given a nuscle’relaxant / paralyzing
agent t odIr RRASAIS tO ad@inister exyoen adgnasthetis geres directiynie thapatienbn of t he

The. bl adtogy el BrHHRGE B baeR R Fend o MR I ieriafa®Bon crai 1

and the thettrciidanandhas tintdpposite oppplpresintal entitdondigiiesice Beocduigted to a

| aryngoscope handle in order to visualize the apatom cal structures of the
mout h~ angPSPPWES: es%%&tfa@e?bwé@tty@fsa%y Bas apdnflatahleradi on theeextsriene
glottis, ' ih8ri i iREN&EN Wi ; | N to the
trachea. oﬁgfﬁg@g;.g?%%élgwg@g@ f?ﬁglhgndot rz\aA?:l ec'liﬁl%q'ft;| u rg?%éﬁlg r?gg%t {é%a?%%'od%]ee

gl ottis Hrfdl Ratent Nbl 31480, B4 iof Dolidrhyt)l dde cuff funictibes tavbediude the bachemat e an

?Ir ;E ngfwﬁﬁﬁgorgfq%&%e@n trécggqacgric; Iu\lﬁ%lslasga?nnsq atsBFra{igl:[l 81‘ %o%ig‘ﬁ%lut)gta%fceg.h ?n
particular, food, foreign bodies or digestive system contents are prevented from
entering the lungs. The endotracheal tube is used primarily in surgery, but is also

frequently used in emergency rooms and emergency in-the-field situations.

[0004] In surgical procedures requiring generaﬂl anesthesia, the patient is
rendered unconscious by administration of anesthetic agents including drugs
and/or gases. The patient is also given a muscle relaxant / paralyzing agent to
minimize the patient’s gagging response to the insertion of the endotracheal tube.
A laryngoscope is placed in the mouth of the patient. The blade portion of the
laryngoscope is used to push the tongue laterally and the intubating practitioner
applies a lifting force to the laryngoscope handle in order to visualize the
anatomical structures of the mouth and airway. A specific target area of the
tracheal tube is the glottis, which is the opening between the vocal cords and the
inlet to the trachea. The distal end of the endotracheal tube is inserted into the
glottis and the inflatable cuff (balloon) is filled with air to create an airtight seal

between the cuff walls and the interior walls of the trachea. This airtight seal
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WO 03/ 045485 PCT/ USO1/ 44296 allows for delivery of the oxygen and
anesthetic gases with positive pressure directly to the air passages bel ow
the tip awo oBles4Bal | oon. [0005] Patient anatom es differ geceatsshysend fall
into specific categories that are grouped according to potenti al

di f fi cul alows farsisdivensef themxygemand paesthetiogasesarith positird presglict ti s or

t t h | d d t d high th

pat ent - Ahreetfolthe BPiacBREREMS LSRR Ballodk gt ne i nsertion end of
o1 SRR b Tk e Bl il ARl i
car ef ul Tp%tdc,‘éﬁr&m téﬁa%téﬂlgpé.ﬁ%mtwo%@ ‘ngélr}%@tnectg% Mﬁﬂéﬁloner may

suggest dlf ul t e condition 135 usua e until the
orifice atmt@n@bgb]ttls;or el erifice{thel vocad caidshand openipggositioped dunigh inl thee

t th h it
?QP§LSOE§%$%1 heskand fonﬁgsf{oréoﬁg{)raé:%') rlf) IPSE é??ﬁr‘ré?'? 8”?&3?6‘- rigid wre)
into theeﬂwdtbf&ébh@‘al tLhﬁe BIREGIH telsdnihy ban bl@%@retnh@yfdwh&n%ﬂd%aﬁﬁl 18h§goi nto an

appropriate configuration to ai | acing the insertion tip in its proper
| ocat i onSerigu$ inbirg@ndpyea qﬂaéhé"ﬁmﬂacgmf @éygan s Athpugle aarefuleyvattsitiondy he

shape of e end of the

endot rac ea%}%ﬁé@'o%iﬁ?%rp Eéltﬁn%?ﬁ P lr%%t@'?ﬁg? F“Iva|¥e§4qe9§§‘18£‘f$éﬂﬁxsth&n%%§%°éh Once
this is isusualy usbetectasiotuntr thatdrigictand vooshderdeyarehesualiasd withaner to

vi sual i ze t he vocal c rds and inlet. The bent shape of _the insertion tip

i mpr oves afml%ﬁaﬁ%@@ la %@EPW@ttﬂ%eWh%‘ iy @RS 1 8 pracitieagar musti fice. An
| t
Goochi hed o fné IBRARIOSEERE ngt HiBnagiEantfe@d ofipBistc S Canfilaldl T b &°

met hod C)\Mre)slnrt(gﬂw bBinyereof thetendotmadhealdubaskeend the wibeé aofd sthletteémidair acheal
the tube in

i s widel d t The _st f bendi
e cor rARATORGATE SRUMERTSIET AR ay SBRINeLT S AP e SiPHARIASS SAORETPCRITE ¢ 1 o,
and theéhd&m&tlésgatdmeﬁyﬁtegfm@ fA%mélhﬁeﬁdJrfegembnﬁ@ﬁneeﬂ%er@@ﬁ k s’“of he

wast es valuable tine in co |ng t he i ntubati on procedure. Tine i
ut rost  Stigkoistaade in Hﬁ%ﬁtyiﬁi theendet therandatiacheakivbe bwbid thenmain

par 1 ul ek y MR GoL 06 AL BN EAS T SLOTACK, v A ncseaser

styl et t dsinsads b@lthy pEaimitIOMéﬂ’[OafléLﬁillZéﬁhe Nothildords Taﬁﬁﬂhleha“She B@ﬁﬂsﬁ@&e Wl th

the | ar gé}qﬁﬁ e.in B1 ace. ther because of there intended use
stylett gitiog & lm,p,r%\{qgst e&bapres f Pasing thatip thronghtheiachedce bent
and orifice. An example of early endotracheal tube including a stylette for curvature is

described in U.S. Patent No. 2,458,305 to Sanders.

[0006] Although this method of using a stylette to bend the insertion end of the
endotracheal is widely used, it has many shortcomings. The steps of bending the
tube in the correct configuration, subsequent visualizing the path of insertion, and
then removing the stylette from the lumen of the endotracheal tube wastes
valuable time in completing the intubation procedure. Time is of the utmost
importance in an unconscious patient who is not breathing, particularly where the
patient may have a full stomach with an increased chance for aspiration of foreign
substance.

[0007] Also, the use of a stylette is usually employed after an initial attempt has
been made with the laryngoscope in place. Further, because of there intended
use stylettes must be semi-rigid, capable of being easily bent and, once bent, and

shape retaining. This inherent characteristic places a patient at risk of an injury
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shape retaining. This inherent characteristic places a patient at risk of
an injury -2 WD 03/045485 PCT/ US01/ 44296 fromthe stylette to the airway
Wi t h pot ewDioalo4$485 bl eeding in the airway as well. In thecpasoi/4qenct ure
of soft tissue and vocal cord danage has been attributed to the use of
st yl et t effom[tRO 8Bjletiotiethef aitviaey with oteteial fordldeding Sutheeeitwdy Ba wdlle In

ellm'natlon of the use of A a stylette erly. configur t racheal
t ube andh §1R?éé§§mu|"9q ﬁpﬁﬂﬁéeé‘ndd’é{cﬁtﬁ:ﬁ%{) hﬁﬁrt&‘?eg'eaﬁe@HEedﬁtgﬁ ©been
desi gned,dn, 2&9&& in the placenent of the tracheal tube in the target
orifice. or e e | ar yngoscopes have been developed to aid in

I nsertioy ngbf"‘ﬁ%ﬁé of&ﬁ@?ﬁogﬁ&i{iﬁg§ hd0e Ql?éce%ro%\ﬂ ?hé{%%mlﬁ]éﬂ "tﬁ%\ela? lof t ube

controll he“cdrvatu e i1 nsertion en e en

i tsel f. §6f)idie td propefatenfigiVe. artesd@sratheat bk édcbsucddzssﬁlllymaubame aNo.
4,150,676 to, Jackson and U. S. Patent No. 4,685,457 to Donenfeld each show
an endotFP%R,erﬁ’éal tube with at | east one puII cord in the wall along a
portion of the length of the tube. tension on the cord causes the

in

tube at B088ki Masw qsvisasnhave I@e@meeﬁan%éhaseet igdhe plagasaef the due to the
conpr ess f..t o] tip of the
t ube doetjsrgnoeta uebgadIn tﬂﬁ tQ@te‘?&hﬁ%e bEPﬁgr‘%ﬁéthdbrgﬁ%%s al OnW%{thkéeie@mol e length
of Lhe_ pd!é\}elmﬁfcﬂto él"geﬁmbmmricleslod@vegtth&mdewces Uolrlgﬁpmwdganylg- type
mechani smor altered tube , hor do use a g : a
resul t, Wﬁﬁ%@”'ﬁ"r“ifQF CEIB‘W@B%"HB’@“&?IOS % S@Ett%e’h‘g\‘?ﬁwt@n?”@{ ﬁ@artqisp of

t he tub beliRelfhese prior devices, the body of the tube is nmoved by a

pul | ey mecﬁanl sm whi ch bends a considerable portion of the tube, thus

g h
Gevi cos WOPE, PS> PlentTRGRRED Ao GRS PE o'l A% B8O R "5 255 o6

to UrredaJacksdn medtled. ﬁ:tatanmode,BBé %ﬁdoﬂmmfeidaﬂadwmhovbaomdemxmeakm ch

i ncl udes, a bendabl e di stal portjo d between t e wal |l of
the t ubelUPpr¥tihahgast gkl o @Rea{@eﬁomad&moe %%ﬂﬁﬁﬁ %Tﬂhat‘ Fe in

t he wal | PSS ASPNEi6 S
directe ?f)lyfn? r%@@loﬁﬂh?eefatgﬁgﬁgé\g}e 1Lglfbgjegkw mwljﬁ(:j)hr§ ess)%ﬂgr;[gg?gg%%g whi ch

have a skrdulk apparerdlyicile tmdhemnwpaeeﬁtmfdhg noaierinbabeensdfuctions t ube and a

pull w rﬁ ! g\r/é)rlfghe Itlp of the tube does not bend, the bending being distributed along

the whole length of the pull cord. These devices do not employ a hinge or spring-
type mechanism or altered tube wall, nor do they use a locking device. As a
result, these prior devices do not allow selected movement at the tip of the tube.
In these prior devices, the body of the tube is moved by a pulley mechanism
which bends a considerable portion of the tube, thus creating problems due

movement of the tube within the mouth.

[0011] Other devices employing tube bending mechanism include U.S. Patent
No. 5,255,668 to Umeda is directed to a bendable endoscope used for
broncoscopy which includes a bendable distal portion spaced between two coils in
the wall of the tube, the bendable portion is caused to bend by pulling on a wire in
the wall of the tube. U.S. Patent No. 4,911,148 to Sosnowski et al. is directed to
small diameter (diameter of 0.15 mm or less) endoscopes which have a series of
radial notches spaced along the length of the tube and a pull wire through the
notched wall. Pulling on the wire causes the tube to bend along the portion

containing the notches, which in turn causes the tip to deflect. U.S. Patent No.



notched wall. Pulling on the wire causes the tube to bend al ong the portion
contai ning the notches, which in turn causes the tip to deflect. U S.

Pat ent NowoO-03/0¥¥@893/ 045485 PCT/ US01/ 44296 5,304, 131 to Paskarsoshaaws an
arterial or venous catheter with an area of weakness along one side of the
cat het ei5,304)¢3 @ Rasiesr stovidien aeenbt onfergassatheter withergareahef wal | of the

t heter. di f th d t d [
Chr ough WarKNRaP PICSR RSPt B SR gaptie WaaRgR f Pereruf bt etiaakenca

portion élg@ughsthQWam'd?%e Eéﬂf@t&htBé’ﬁdlﬁ%bﬂﬂ&ﬂeél’i@iecppéﬁbﬂﬂs PROViIBEd by

surroun y a spring and, .to seal e weakened portion, a |acket can
cover t laewirg punmgg zuwrdughéhemaﬂmmepﬁ)d@ pbihe gaygsl 2 1F0 gidsin earaing Ke.

4,353,358 to Enerson js, direct e which has
not ches VA &egE qrt'% tss?ﬂ?'ﬂafgf%gg@%{'%ﬁgt& @atif’gtw(%‘i | exi bl e tipped
endOSCO%@%o@HGe%&%pﬁr@ Hhd folicRg i ReakerstBpatignaa fatket cah cever theal so
shown in U S. Patent . 5,772,578 to Hei nberger, et al. and U S. Patent

No. 5, 4$@f|9893rlddhﬁlé!@€ekﬁéedl90§lomatent No. 5, 306,245 to Heaven shows a

bendabl e tubul ar device which includes a cutaway wall opposite a flexible
st ai nl e§00t2leel. SiRajentilo 4,853,258 tairversontindireates! tae flexipleosite to the

hi . | h
mat or i aSiomhEEShoRe i huhoRRES B d S bHE S oM B ¥ as ¢ he
ful'l | enghBr ﬂéxnbféeuﬁﬁé@%nd‘bs‘éébéé)@ﬂd%eté% \ﬂﬂﬁiﬁﬁwgédsrbcﬂ'hoh@ahbﬁ peindabl e

portion. These devices do not include an _occlusion balloon such as |s
r equi r edvicmaegalengbowadnahs. Patrnt Ngid, 67 648 & Haimbegssehalpand ba. i's

< ot RGN P EEeg HedRIEn0 ¢ o%ﬁ?%héi@?ﬁ%e@gﬂﬁmﬁsﬂm%es e

i S not sba atr evices In the
pr ecedi It@ﬁo\a‘bld)ﬁllba@rralph&eanlelchmaud@datoutavmewatlep’pnsiltehe flexiibe r of an

Chat o sunnless SR Wise it WiTkdh s e Al opnoslia AP dieds” b et he. |
mai n pontignngicut-BEt pdHsn rl§8@vél%d't§{p i Sur bHsRaImAteAart TRRANSstid Q] Wile

t here have been various changes rovenments and devel opnments in
endot r achaypklsoutmer thehpulewire] bs weadlas the fall fength pbthestublevis balleen mayan bend

only at ,the ani sm t ril C osition in

pl ace. d‘i‘?’fi)gﬁ&glt(? ﬁ%@%’%ﬂ%@%‘tﬂ g'h'eggldl%lv %gﬁeéloo}ﬁ@ h%lkggc?%rmm pul ati on
of the ddéh%wmémadn@dhté\@rs eanfel onfdreéndstravhiiaptibal eAbilb¢fealewi ces, such
as @ includes a balloon, it is distal to the bendable portion and used for

cholangiographic purposes and is not intended to seal a trachea.

[0013] None of these devices in the preceding two paragraphs are intended to
operate in the manner of an endotracheal tube. They do not incorporate features
of the invention, such that a portion of the tube near the insertion tip articulates,

while the main portion of the tube remains in its original preset shape.

[0014] While there have been various changes, improvements and
developments in endotracheal tubes, there still remains a need for a device that
can bend only at the tip and has a mechanism to temporarily lock the position in
place. Such an endotracheal tube would facilitate one-handed manipulation of the
tube while the other hand is free to manipulate other devices, such as a
laryngoscope. Also, this should be accomplished without having to compromise

the lumen of the tube.



| aryngoscope. Also, this should be acconplished w thout having to

conprom se the lunmen of the tube. -4 WO 03/045485 PCT/ US01/ 44296

| NVENTI ONVOURMOMERYS [ 0015] The endotracheal tube of the pre®emtusonyent i on has
a distal end configured to be inserted into a human trachea that can be
mani pul ENTION SOMVARYEe use of a stylette or other guiding device, while
the tip of the tube is approaching the glottis. The nain tube body remains
inits mﬁ@]ndl‘he:enﬂd)tgmml fube ovawéIpeesﬂntdngiolnHEascH distal etdd to be

i ndependent |y cur d or nt a i ta'ne i.n desi t S|t during
pl acerreﬁ?n{ﬁgur?ﬁéo 8?‘?'5%&@5? a gléﬁ Q?f"aqu@ané[f’rg%t% gyt t ube
remai nsy wglagébva%\%eﬂé 'oPBtHefF%u?dJ!ﬁ%'déglc@f wthlne tigs §p ®F tHd Ribedsas not to bl ock

the patient™s al Creatin desired distal tip curvature is
acconpl asbelhdbm'\gtme gisﬁlsoﬂ' heanatruwbédmcb'ﬂ@maam ircithedgipphe@dioasatian. hi n t he

s put SRS fie el e (PR ARy b PLadtemd FRIAREn T ..

exenpl anyqesHEAOshdiRIH d@fing Pacemepn bl i erﬁdl‘tﬁﬁdi:ﬁe@{liubée THOREN d)theocat i ng a
spring between distal tip and main tube body; [0017 usi ng ul trasound,

heat , sandetrache@auh@mmammun@@cwpﬁmmgtfbemﬂvmg ]fihﬁadﬁiﬁ |&B§0RS st ruct ure

or conpags l 0 be bent
o) asrr![ogo &%B@g@éh% Egﬂ‘?@ #’é{ﬁ,{, {Eh m? Eion, rbﬁgjbs?% dﬂ?“ﬁ’é‘ﬂﬁg I%f a pol ymer
baffl e ketveplshée®byitisd ahe bf {Darf:?cmb d@digns Wikecdrddyiplatédas Syithd) treuscapendi ng
the portion to be bent a pol yper sprln 02 rovidin a t hin,
not ched OéﬁhQ:lﬂV@Gf'O'&,r'@&OH&'Q@@ﬁ Wite ©RE qrip r&n’@i‘eﬁé? mlséaéf&b‘é“% i

t hout ﬁ?ﬂ%e b
\glppl ?gdﬂﬁge %éllpég{t}{&f@ert% H{Q g%@%\éﬁégd& I ncor por afgg Fﬁyt hg wal |

of the temisodigent oéﬁ‘rdladervhdmmesmleclumrmn of the tube. The endotracheal
tube of the present invention also contenplates a control nechanismfor

causi ng [0DV&IeNt abcdtirg 4 sprirendetvesgrodiatal tiplamckinai tobetdoelybend which is
i nposed on the distal end tube. This can be acconplished by the use of a

frictionobpek PEChAMS ThradosndHeataxdISehtaedatmens bi kemetihodggemonifyh cat ch,
a detent system or a simlar |ocking device which cooperates wbth a pull
I

wire. Thhe malerear pirdcturaer grsnpesigon pé the Relymer serering @%895’0&0 @st one
tube to be bent so as to increase flexibility of that portion;

[0018] 3) using of a polymer baffle between the distal tip and main tube body;
[0019] 4) surrounding the portion to be bent by a polymer spring; or

[0020] 5) providing a thin, notched or cutout area between distal tip and main

body tube with or without the support spring.

[0021] All of the above mechanisms may be applied to the outside of the
endotracheal tube, incorporated in the wall of the tube, or inserted within the
lumen of the tube. The endotracheal tube of the present invention also
contemplates a control mechanism for causing movement of the tip and temporary
locking of the bend which is imposed on the distal end tube. This can be
accomplished by the use of a friction lock mechanism, a single axis lock, a sliding
trigger with catch, a detent system, or a similar locking device which cooperates
with a pull wire. This locked position permits the practitioner to have at least one
hand free to manipulate other devices. In its preferred operation, one hand holds
the endotracheal tube while the laryngoscope is operated with the other hand.

After the curved end of the tube is inserted in its desired position, the trigger
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hand free to mani pul ate other devices. In its preferred operation, one hand
hol ds the endotracheal tube while the | aryngoscope is operated with the

ot her har0 03041483 t he curved end of the tube is insertedPCA/USIF44206I I ed
position, the trigger -5 WO 03/045485 PCT/ US01/ 44296 nechani sm can be

easi |y mhedchasesmzad Beheaélbybelﬁsbd\wd the tabs attewet do assgneats origimdli gur at i on.
An endotracheal tube |ncorporat| features t{eﬁ) he | entl on referably

does notCoRBEaliaNo A QG@QFVQQH?@” IRCOrROFFHNY rS?zQ h& INYRRYON 6 have
super i or {%Pﬁ?go%@ 6181\3{?9%?[ @%Ba%ﬂﬂbﬁvsm i prlciténeraemave! . BRI EF

DESCRI pT The follow ng i nvent| on wll becone
better soderist fiwdomiroh andfativescepid@chicvengdaffainey emtrchppended cl ai ns,
and acconpanyi ng draw ngs, where: [0023] FIGURE 1 | S A PARTI AL CUTAVAY VI EW

OF AN ESMERASESARPTIOG OF TECBRAMANIGSG FEATURES OF THE | NVENTI ON; [ 0024]
FIGURE 1A IS AN ENLARGED CUTAWAY VI EW OF THE BALLOON SHOWN IN FI GURE 1;

[ 0025] Tﬂ) Phéd DIIBWIARIHVSINtIGWAVBSCAEWTET Tnbe ST RARHETAteTddBB OF

FI GURE QH THE TIP BENDI NG FUNCTI ON ACTI VATED: %Noze] | GURE 3 IS AN
ENLARCEhe ﬁmmfm'wv ofl elging, anEapFETRRNYRRHIeNINISE fi@ ENDOTRACHEAL
TUBE OF FI GURE 2 SHOW NG THE BENT PORTI ON OF THE DEVI CE: 0027] FI GURE 4
| S AN ENOORIED: | GRAREE 1AIS ARAFIRLCWIANANYOHEWIGE ANENROIRAGERAL THRIBE OF FI GURE 2

0026] AR T R BTGNS ONG LI NE 5 - 5 OF FI GURE 4 SHOW NG
PARTI AL TOUAAAT O Rl TS ANERBP B CREAR D=V AT BB BT ENT oF AN

ENDOTRAGHEAE TUBE | NCORPORATI NG FEATURES OF  THE | NVENTI ON SHOWN NG THE
BENDABLE PORTI ON OF THE DEVI CE; [0030] - FIGURE 7 |'S AN ENLARGED, PARTI AL

CUTAVAY [iﬁ)_@ﬁ/ gﬂ LEIEE@ RTARARRTE ARy i FEARENRRAGHEAHEAURRESF FI GURE 6
SHOW NG BENDA PORTION OF THE DEVICE IN I TS BENT CONFI GURATI ON;

[0031] MIGWRE1 VNS TAK TENSENRBEDF UNGIRIM ACTIRATEMAY VI EW OF THE DI STAL PORTI ON
OF A TH RD EMBODI MENT OF THE ENDOTRACHEAL TUBE | NCORPORATI NG FEATURES OF
[0026] FIGURE 3 IS AN ENLARGED, PARTIAL CUTAWAY VIEW OF THE DISTAL PORTION

OF THE ENDOTRACHEAL TUBE OF FIGURE 2 SHOWING THE BENT PORTION OF THE DEVICE;

[0027] FIGURE 4 IS AN ENLARGED, PARTIAL CUTAWAY VIEW OF THE ENDOTRACHEAL
TUBE OF FIGURE 2 SHOWING THE CONTROL PORTION OF THE DEVICE IN THE TIP
RETRACTED POSITION,;

[0028] FIGURE 5 IS AN END VIEW TAKEN ALONG LINE 5 - 5 OF FIGURE 4 SHOWING THE

PROXIMAL END OF THE ENDOTRACHEAL TUBE;

[0029] FIGURE 6 is AN ENLARGED, PARTIAL CUTAWAY VIEW OF THE DISTAL PORTION
OF A SECOND EMBODIMENT OF AN ENDOTRACHEAL TUBE INCORPORATING FEATURES OF
THE INVENTION SHOWING THE BENDABLE PORTION OF THE DEVICE;

[0030] FIGURE 7 IS AN ENLARGED, PARTIAL CUTAWAY VIEW OF THE DISTAL PORTION
OF THE ENDOTRACHEAL TUBE OF FIGURE 6 SHOWING THE BENDABLE PORTION OF THE
DEVICE IN ITS BENT CONFIGURATION;

[0031] FIGURE 8 IS AN ENLARGED, PARTIAL CUTAWAY VIEW OF THE DISTAL PORTION
OF A THIRD EMBODIMENT OF THE ENDOTRACHEAL TUBE INCORPORATING FEATURES OF
THE INVENTION SHOWING THE BENDABLE PORTION OF THE DEVICE;



THE | NVENTI ON SHOAN NG THE BENDABLE PORTI ON OF THE DEVI CE; -6 WD 03/ 045485
PCT/ US01/ 44296 [0032] FIGURE 9 | S AN ENLARGED, PARTI AL CUTAWAY VI EW OF THE
Dl STAL POROIo®N546F THE ENDOTRACHEAL TUBE OF FI GURE 8 SHOWPK® URBIE4BENDABLE
PORTION OF THE DEVICE IN I TS BENT CONFI GURATI ON; [0033] FIGURE 10 IS AN
ENLARGED[OWTIFAGURE'Q\M)KN\EII\EMRG]?D ARARCARTIH TAENBODEWBNTHED ISTIHE PDREIDAL

PORTI ON QF_T CHEAL TU ORATI NG_ _FEATURES OF THE | NVENTI ON
SHOW NG %EHQENEW C%\PWO&ENG NEGEAPARESDRETION QFFHE CROSS

SECT] OVAbEMbgW'EéﬁNT@gﬂN@m@Nll - 11 OF FIGURE 10; [0035] FIGURE 12 IS
A SIDE VIEWOF THE PROXI MAL END OF AN ENDOTRACHEAL TUBE | N ACCORDANCE W TH

PO NAL TR T ERBOTACHEAL > TORE " TePork MY P RE TS0 Boa7) Fi e 14

| S AS| DEENBEWWENT DHE HERDXIAWRORININ QF THME EDNDIPRAGAEALBE UBERAORANBGORDANCE
WTH A S | MENT HE | NVENTI ON: [ 0038] FIGURE 15 |S A TOP VI EW OF
THE PROXF%%'URE%%%‘%MEEMWW[HW ﬁcﬁ/&ﬂ'w F GOREPEYE: [ 0039]

FI GURE 1 Aﬁﬂi@% %WCF AN ENDOTRACHEAL TUBE | N ACCORDANCE W TH ~ A
SEVENTH HEA CRASRBESNON, b Yl TAENRONGAINSTA - ARESS SECTI ON

VI EW OF EldgrRENPOTRACHEAL TUBE OF FIGURE 16 AS SEEN ALONG THE LINE 17-17;
[0041] FIGURE 18 IS A SIDE OF VIEWOF A PORTI ON OF THE ENDOTRACHEAL TUBE OF

covprt SELOREBPELTLGE 12 v GG o SRR ThEbore on

OF AN ENROIRABHBACE TWRE AIFN TAGRERDANGE O Tk AMENTRIONHTH EMBODI MENT; [ 0043]
FI GURES 20 AND 20A COVPRI SE, RESPECTI VELY, A CRCSS SECTION VIEW AND A SI DE

VI EW OF R0RGRT FISIURE ABIENDOPRAGEAFHE BREX IMA L ANSRDANCGEN DS TRACAE ANHDEEH
ENVBODI NEQLI-OWF\ITN \'é\fgu%?é/10245485 PCT/ US01/ 44296

[0037] FIGURE 14 IS A SIDE VIEW OF THE PROXIMAL END OF AN ENDOTRACHEAL TUBE
IN ACCORDANCE WITH A SIXTH EMBODIMENT OF THE INVENTION;

[0038] FIGURE 15 Is A TOP VIEW OF THE PROXIMAL END OF THE ENDOTRACHEAL TUBE
SHOWN IN FIGURE 14;

[0039] FIGURE 16 IS A SIDE VIEW OF AN ENDOTRACHEAL TUBE IN ACCORDANCE WITH
A SEVENTH EMBODIMENT OF THE INVENTION;

[0040] FIGURE 17 1S A CROSS SECTION VIEW OF THE ENDOTRACHEAL TUBE OF
FIGURE 16 AS SEEN ALONG THE LINE 17-17;

[0041] FIGURE 18 IS A SIDE OF VIEW OF A PORTION OF THE ENDOTRACHEAL TUBE OF
FIGURE 16 SHOWING CERTAIN DETAILS THEREOF;

[0042] FIGURES 19 AND 19A COMPRISE, RESPECTIVELY, A CROSS SECTION VIEW
AND A SIDE VIEW OF A PORTION OF AN ENDOTRACHEAL TUBE IN ACCORDANCE WITH AN
EIGHTH EMBODIMENT;

[0043] FIGURES 20 AND 20A COMPRISE, RESPECTIVELY, A CROSS SECTION VIEW
AND A SIDE VIEW OF A PORTION OF AN ENDOTRACHEAL TUBE IN ACCORDANCE WITH A
NINTH EMBODIMENT;



[0044] FI GURES 21 AND 22 ARE SIDE VIEWS OF THE PROXI MAL END OF AN
ENDOTRACHEAL TUBE | N ACCORDANCE W TH A TENTH EWMBCDI MENT, SHOW NG THE

PROXI VAL WEND3/0M485TS UNBENT AND BENT CONFI GURATI ONS, RESPEETITWELV442p©045]

FI GURES 23 AND 24 ARE SIDE VI EWs OF THE PROXI VAL END OF AN ENDOTRACHEAL
TUBE | N ANSERAS bH ANDELEMEBHEEMBRDOMENE PROXIMAE ENCNYENT! ON,  SHOW NG
THE PROXI MAL END I N I TS UNBENT AND BENT CONFI GURATI ONS, RESPECTI VELY;

[ 0046] FERRRERADHEASTABPERSIIEROANS EWIFRAGENAH EMBRDMENT. BXPRING WER/BRANES USED

IN THE E | GURES : F LS A PERSPECTI VE
VI EW OF %E@RQ%F Ez%%%: '|\T/E' Néé%égéyﬁ)ééﬁ'd‘%‘%%ﬁ%gmﬂm R
ASSEMBLE Fl - 48] FLGQU 7 _AND 28 ENLARGED SI DE VI EWS
OF THE P ﬁ&f@ﬁ%@3 %ﬁ&é&@ﬂg POBEE &30?—“%@%@@ 9AMND 24,
RESPECT ifaboffRADRARTUSE RUREDRANONEINAN AARE=GH P MiEASVERT BEEHEROX! MAL END
OF AN ENDOTRACHEAL TUBE | N ACCORDANCE W TH A TWELFTH EMBODI MENT OF THE

| NVENTI ONVENTQOWBNSVINGETHEREBOUMAL ENDIN NS UNSENNBERBENKDOBENSUREDINSGURATI ONS,

RESPECTI e 0%&950] FI GURE 31A IS ASI DE ELEVATI ONAL VI EW OF AN
ENDOTRA L CF WTH THE | NFLATABLE CUFF OF FIG 1 REPLACED BY

VENMBRANES: 0 1 B1S A VERTI CAL CROSS- SECTI ONAL VI EW OF THE

e borrnaiode] HhEUREZE T ALERer S Eg VIRp GF RATROT T RELEMENERANES DR 2]

FI GURE 3R, 15 Ao ELEYATICOMMs 28 Vi O THE ENDOTRACHEAL TUBE OF FIG  31A
W TH THE CABLE PULLED BACK TO CREATE A BEND I N THE TUBE; [0053] FI GURE 33

| S ASI A I | LI ZI NG
VLTI PLE R DA T 0054 T CORE 1 ko L e EVRR R 1 B er A
ENDOT RACEE/AHOTWNBE THENR NG TAD ORGIKSEMBLEPCBRERGDRSTIAN, Y OF THE CUFF. DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS [ 0055] A first enbodi nent of a
tracheal [00483 FIGURES2AAND\ZE ARE EReXRGED 2I0E WEWS0OF EHEIPROAVAEEND hrbE,

i ncor porat i nlg f eat ures_of th? i nvenzgl%on ia shown in Figures 1 - 5. Tracheal
tube 10, THRENROTRACHEN- TUBRPES 'BEtRS 42AWP A BESREFTIEYbl e bal | oon 14, -8 WD
03/ 045485 PCT/ USQ1/ 44296 also referred to as a cuff, nounted on the

ext er nal [QA4% a EEGHRES BHIAAP HbrfyE SPENENS OF THE PROXIMAL END OF AN

ENDOTRACHEAL TUBE IN ACCORDANCE WITH A TWELFTH EMBODIMENT OF THE INVENTION,

SHOWING THE PROXIMAL END IN ITS UNBENT AND BENT CONFIGURATIONS, RESPECTIVELY;

[0050] FIGURE 31A IS A SIDE ELEVATIONAL VIEW OF AN ENDOTRACHEAL TUBE WITH
THE INFLATABLE CUFF OF FIG. 1 REPLACED BY MEMBRANES;

[0051] FIGURE 31B IS A VERTICAL CROSS-SECTIONAL VIEW OF THE ENDOTRACHEAL
TUBE TAKEN ALONG THE LINE 31B--31B OF FIG. 31A;

[0052] FIGURE 32 Is A SIDE ELEVATIONAL VIEW OF THE ENDOTRACHEAL TUBE OF FIG.
31A WITH THE CABLE PULLED BACK TO CREATE A BEND IN THE TUBE;

[0053] FIGURE 33 IS A SIDE ELEVATIONAL VIEW SHOWING AN EMBODIMENT OF THE
INVENTION UTILIZING MULTIPLE NOTCHES; AND

[0054] FIGURE 34 s A SIDE ELEVATIONAL VIEW OF AN ENDOTRACHEAL TUBE HAVING A
NOTCH DISPOSED DISTALLY OF THE CUFF.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0055] A first embodiment of a tracheal tube 10, alternatively referred to as an
endotracheal tube, incorporating features of the invention is shown in Figures 1 -

5. Tracheal tube 10, has a hollow tubular body 12 with an inflatable balloon 14,
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the distal end 16 thereof. Connected to the space between tubul ar body 12
and cuff 14, or the inflatable portion of the cuff in a multi-walled

bal | oon, W oaoeaastluit 18 which runs fromthe proxi mal enaCZSof/4020bul ar
body 12 to the distal end 16 of tubular body 12. Conduit 18 is used to

i nfl at e N1ed kéfefreli4otar Rcuie Tho@stedH el éXderndll 80FASE oL Idr blodlyar2 hegty 12 is
placed in its desired location in the air passage of a patient. Conduit 18

is typi JBEICUS'@I @fﬁﬁiﬂﬁ taerarbt epnnegiedio t%ﬁ@ﬁcﬁ betvaan whylardodyasabway 24
W t hi n R‘: eﬁﬁﬁﬁfékﬁég% EJ?theOéiJfPlané‘ﬁ]l{lﬁ]%\'ﬂ@@BEH%n ¥ L&ondRitrfgace of
1% SSageva

wal | can constitute conduit 18

with t haNisltr’aIrUnﬁlfraorretl"@rprbmmﬂlzyndtﬁmw tlbuterdioely 12ntocthehkistpl @xd élofend of

passagevva 4. the end, of. the snall dianmeter. t 22 is a valve
whitbBu é&@@gnvd 131 Y3edio 'Bhaféi Raliognyi4 tPc?oﬂei'ﬁecg%c'U%WSi cally, a

p' | ot baj; éﬁﬁ@eﬁ%ce"‘f&bﬂér b%ka‘tzq%\ﬁﬁt?at |ﬁq’fsfdés4re@iq&§a°ﬂdn€1§'tﬁé%ﬂ%§s%% gt h:

trachea to e drawi ngs show a cuff
di anet erofgr patient. tGranduitHis |euy;eicaldy almnaikdlametenlbbe a2 Whigh rans thrhegiagur es

all show cuff 14 d pi.l ot ted,, confiqur tion, t he
ot 1 anbasiroeBay A whtinHail s of R BAUAIA O i g R PBhEES A O ot
end 20 Cguﬁéb@%ﬁﬁal@@)%ﬂt@rdafﬁvé@ P RIwR224 ff waPRBeSN dihstituta@aaalitt ube 10
to a source of alr, Xyge or gaseous anest hetic m xt ure, such as a

respi r at' B with tmelsmaiwwm@terdubuleuppdy1emaleﬁmtmtm§he moxiraal 6ofL6 of t ubul ar

Dody 12 | SRR ! bRU OB LY O HIEhURBIERCL] BIkbS oW oRRSSg vt on

al t er natwhiehtdds t@esitain the aiftibaiandintbaioshdet mwmg@lyaecblmt pahdeesed tip
end so that a snooth | eadin surface is present ed to the{thl ssye,.of the air

passage Whichiipiiaes wheniia! B‘Q%%rest'ﬁ’@ﬂﬁ% frem thegtrathesdeduither IflgtioR.r acheal
tube 10. Wlhﬂgﬁlg(l; dT%@ﬂQ?@ho&v?bgu#Q4 %%?a%étefrlg‘?é%g}ﬁa?\% | QleSdiahietine val |

of tubular overe y cu a cabl extendi ng from proxi mal
end 20 tmftdbslaabodyadZ;Lﬂne feigutashail sihow caff 1142an<hpdbtd>atlonnr3cﬁ)| inreedéftated m 38

attached t pI‘OXI abl e. 3 diiment, flexible
portion %DA{‘ lodirad n?}e‘?j @‘gaPéP&Uﬁ)ﬂ@% g}gefurtg\er §P|af%?é \'XEPP 'nggaq?ﬂ the area under
cuff 14. 1f a portion of the |l is retajned, retal ortion 40 is
al ong t HO08P}e prPEiBﬂﬁ'@r”“'b%% USﬂa'rRS’é“lyt iRt adaptsl ggg@p G¥NECYEGt ed as
shown | m%dﬂ b s8Lrdd Guie uBeHheRMH R dHePsRLds acting
as a hi Rééeé'i'?eaq’ Q‘F&stS eri : %)@gteg %rr@%é? support anld H?f egrity for
f 1 exi bl eaparesgirat@doawdll trmLmted\gnrtsluepbe(rmpt shbwnpaldistal @ndt ¥ ohiubiukdr shape
once t hebc;dgy 12 is open to allow gas fed into the tube to flow without obstruction into the

patient’s air ways. In Figure 1, distal end 16 shows an alternative tip design

comprising two side openings and a protected tip end so that a smooth leading

surface is presented to the tissue of the air passage to minimize trauma to the

tissue during placement of the tracheal tube 10.

[0057] Tracheal tube 10 includes a flexible portion 34 in the wall of tubular body
12 covered by cuff 14, a cable 36 extending from proximal end 20 to distal end 16
of tubular body 12, and a control mechanism 38 attached to proximal end of the
cable 36. In a first embodiment, flexible portion 34 is created by removing some
or all of wall 26 in the area under cuff 14. If a portion of the wall is retained,
retained portion 40 is along the side of tubular body 12 opposite where cable 36 is
located as shown in the embodiment of Figures 6 - 7. Retained portion 40 bends
acting as a hinge. In the first embodiment, to provide support and integrity for

flexible portion 34 and to bring the bent tube back to its initial shape once the

-9-



WO 03/ 045485 PCT/ USO01/ 44296 deforming force is released, a coil spring 42
Is located within flexible portion 34 of tubular body 12. [0058] Were a
portion oWotabessaml | 26 is renoved, a sel f-contai ned cuff PCA/USSUELH96 as
shown in Figure 1A, is provided so that the air space within the cuff is
conpl et ellgformingfcrde is meades, gawil spriegmZ isdocaitgd twWithin féxibleepartian Bdadf t ube
10. The tu}elf-c%ﬁt |l ned cuff 14 then has an outer nenbrane 70 which is
expanded é'&?frE% Y {41e trachea and an inner nenbrane 72 faci ng the open area

in the tyb vvaIéAl The end portions 74 are provided to seal cuff 14 to the
out si de Eqp%ﬂc Rere apartian ofdube well 2&dsamavetsaiselivenstringd cHiT| 14 8UBAI | oon
14. [005 i r: g&q? A .of tubul ar
body 12 %%gﬁ@@bﬁgi‘?%rl% Lmnd§§ 0 é¢%@%rtﬁ%%ﬁjy®f%% @?'ﬂ% C@ﬁ(‘)ﬂn in Figure
4. Cabl ec@@pleiglyismlatadiromghe tghs stresenflofingubodagh thedyach2abtubisht®ugie a
second pa 12 to the vicinity of

46 | |l of bul b
cut 1 4 SR RETA e Syt TP BRS Al ot MEI ane g R gk Femar s agRiN 14,
The di st @le ®8chézPa afaRh&Er r?\@mib%ﬁe??ﬂ f%iﬁ@@l‘i@ﬂ{ség a.ré‘?H @%ﬁu@% i\/\H?I.e W%)lﬁ! ar

body 12 at a point 52 nore distal fromthe exi ol nt,

t he spacend@ortimnsathanpravideddo depl adfidditodbe oclsigs surfaceyef wibuterteady
attachne i 1. techni. s . kpown , to those skilled in the art. Cable
36 nmay E% ggotﬁrg@ﬁslfé)'(?r'}fs\?gr Pd'%ga%ﬁgﬁg??%ﬂg: For exanple, it may be a thin
ire, ' i i cal stainl, ] lastic fil t
R e R AR AT B RS F N R
or any opisimMPerEbY o@ftubmai@c_sdyailz é&@éﬁ%‘hb%/dj@ﬁ%é‘ﬁe é.UEy:‘éflagés@Fné;ﬁnm oni ng

cords. [0060] Mounted on proxinmal end 20 of tubular bod I's a’handl e or
tri gger Hhougivihgblumerpatjiubutirbady yi2mtthrough alsedend hassageviy 46-irgthe 4 and

5). The - el of,cahl e .36..i s at hed ta, tr.jgger 54 s hat when an
oper at or\%gﬁ( g&@{‘ﬁ%d;{ ﬁ? g%g}e V'%'H'tY Hf PH%qgiW%%rtei 'Bﬁx'#%f%%ﬂ aﬁ@t' arrow

i n Fi gurepdce 48enplsktvy dudf t£ The distansid 50 ef chbleticksahenattBbh&@19f cabl e
attachnent, causi n% t ubul ar bod%/ﬁlZ to bend in the area covered by cuff 14

and spriWall 28 afdhe tupulasbedinia af A PaiRfiiZemope distaldrom e axit peintrhyssl i s
rel eased, +sipfd S retur ent
confi gu?\g!tﬂisﬂt‘;inthglgs}’pé\%gv(q"/#l I/ﬁﬁﬁﬂéﬁéﬂéﬁa?@%éﬁy&%%ég%é\{e%sgﬁééntéﬂgﬁrbgeo t@‘ﬂgnnel 56
may be sattatihmeerst dewckts dratiechnifibies kaotvnftoitieds@skited #t thelmet.weabld & amy
el enent s, t rec}fa\i n the trigt%e.r Sﬁ:i nits retracted positjon. -10

be formed from various materials. For example, it may be a'thin wire, such as

piano wire or surgical stainless wire, a plastic filament such as nylon

monofilament, multifilament braided structures or sutures, or any other variety of

materials typically used as sutures or tensioning cords.

[0060] Mounted on proximal end 20 of tubular body 12 is a handle or trigger 54
movable longitudinally within a slide channel 56 (Figs. 4 and 5). The proximal end
of cable 36 is attached to trigger 54 so that when an operator retracts the trigger
54 in the direction indicated by the arrow in Figure 1, the pulling force is
transmitted to distal point 52 of cable attachment, causing tubular body 12 to bend
in the area covered by cuff 14 and spring 42 to flex as shown in Figures 2 and 3.
When the trigger is released, spring 42 causes tubular body 12 to return to the
unbent configuration as shown in Figure 1. The trigger 54 and slide channel 56
may be so dimensioned that sufficient friction exists between these elements to

retain the trigger 54 in its retracted position.
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WO 03/ 045485 PCT/ US01/ 44296 [0061] Figures 6 and 7 show a nodification of
the first enbodi nent where a stretchable but substantially non-expandabl e
menbr ane W06 oi6o¥a8s fl exi ble portion 34 to separate cabl epP8@/tsnd44206ren of

tubul ar body 12 fromspring 42 and to prevent gas flow ng through tubular
body 12 [rooen] cFrgatésng amd 2xhandi mgddicatipnbf titd fist Entboelimantowliérelst. I n this

I nst ance, e 58 acts as the inner nbrane 72 of cuff 14 in
Fi gure 1§5\r9§ﬂéﬁt{|ﬁéué§BIP$33BH%|§/e%°W'ﬁP<B@©¢?Q!%f"feni‘geqnét%Povqrﬁgﬁxﬁq RMbal | oon
i nner  megpy afat IS BB AHH RrtnerbEh a?%odﬁ/hl% fr(SWldé, Orliln 342%93( Figures 6

and 7 funct s In e same nmanner as t e fi [ 0062] Fi gures
8 and 9 m‘ewntagafmﬁicwhleg tbnmgihmlbutar\NQdVQforchdmémlrpg)an|ealpa8dm'g$>r created by

provi di ng 0 nor e h s,60.in wall, 26 with b om 62 of .the notch 60
Punct | orfgAtle romarcett ikt FE (i st che R Erg0g B Pos AR e of ¢ he
SPring 4denfbramd TDGf R 1bﬁntﬁgaréfw,4\faha thé‘@bb@;ﬁééé@é tﬁfodd?ﬁchfErétﬁér the
sane purposes as set forth above nbr ane i s shown covering the

not ch 6dhand>et\w©$mrba@0<tmmnaﬁrﬁl@emh@ﬂ@r@w@ndgpﬂngd@f- fOth&BrW[SQO’EB@] Figure 10

shows a cut ur |ternative
enbodi rrerﬁ'f)d@m}%(%c’gﬁ‘@@ gr?g‘gfﬂlﬂff«gg%?m% ﬁgﬁ%%ﬁ ntﬁggr[n&havi ng a

di stal espbwdiiteran | nner nenbrane 58 covering the spring 42. [0064] Figures
12 and 13 show a fifth enbodi nent of the present invention including a

mechani sjpo89] f Pigur&s BidNd" @ shb® mfaf#,beeﬁ{bddrmgaﬁwhé?e flékiblepdridrl 34 it r act ed
position. The enbodl ment of Figures 12 and I ncl udes a uni ver sal

connect o¢regied hyepreividiag byetdianpicoxetaads 60 i ma”t?r@ewéh@@ﬂp@(b@%af theube 12. The

angi cudhaiah B Ehelaindb arde e EmBloptite e E R Ent s cna 00
of the ethdajpringlala $pipg dah BS usal ety thex poridredf thittubé éok the sahe pr oxi mal
end 92 of the tube 12 is a pair of Iongltudlnally ext endi ng, flexible

ret ent i OPUTRERSEAS SehforticaliRNg. ng) NepPBERE 5§ iscehavws cogeringyiherich B @ndi ng and
retaini gre rlnhH E'lﬁﬁgﬁmﬁ%b"r"gﬁg %2 Hlﬁgel‘ isinits fully retracted
an

position, as s own 1 n Figures 13. This retention mechanism allows

one- handggdeapni-put aban Gfc L hewd 4 Aael A% PHEM 94k esehbed,, ¢955)

Fi gures W a sixt i"nventi on I'ch™ 1'ncl udes

an al t er sigdrhafiveg @neodtinentrafchaensotrbcieditlisk oftheheresaht iaventigdeavi®@ai n its

fully retracted position. In this embodi men a hook 110 rotatable about a
verti cal distal end with an inner membrane 58 covering the spring 42.

[0064] Figures 12 and 13 show a fifth embodiment of the present invention
including a mechanism 80 for retaining the handle or trigger 82 in its fully retracted
position. The embodiment of Figures 12 and 13 includes a universal connector 84
received by the proximal end of the endotracheal tube 12. The handle or trigger is
attached to a cable 86 and is movable within a longitudinally extending slide
channel 88 to bend or flex the distal end 90 of the endotracheal tube 12 as
already explained. Mounted on the proximal end 92 of the tube 12 is a pair of
longitudinally extending, flexible retention members 94, 96 having opposed
recesses 98, 100 for receiving and retaining the trigger 82 when the trigger is in its
fully retracted position, as shown in Figures 12 and 13. This retention mechanism

allows one-handed manipulation of the trigger as previously described.

[0065] Figures 14 and 15 show a sixth embodiment of the invention which
includes an alternative retention mechanism for holding the cable trigger 82 in its

fully retracted position. In this embodiment, a hook 110 rotatable about a vertical
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-11 WO 03/045485 PCT/ US01/ 44296 axis 112 is novabl e between a | atched and
unl atched position. In the latched position, shown in Figures 14 and 15,
the tri ggwo 08@43485 hel d by the hook 110 in its fully retra&cragopogbdi on.
The trigger is released when the hook 110 is rotated clockw se, as seen in

Fi gure 1§'X|s [1@96§hdﬂaawsétwb@n1§|aia% anéenméﬁeoeﬁmﬁbmewreﬂatdhedl nvention

which includes a curved, relatively rig sI|d|ng bar or flattened wire
t

1|20dt gl aposition shewn inlFigunsse 4dard 45, thieptrlsnger 8Xiseh@ldrbydhediaak ttbinjits
' h | 124
Formed 1 WY RE03GFY HobbR, T Q085" K HcRsel MG TEHE RO AP Eoe 1SS!

hook 126ciebkwice, fs sxémi Figuee ab. t he bar or wire 120 is used to actuate the
distal tip betvveen its bent and unbent configurations. [0067] Figures 19

and 19A gjuee] arigiredtb- ﬂ@wmve@th émbouwerﬁttdeﬁew/en%hwnch nstead of a
single cable for bend| %t he distal ti alr of cables 130, 132

di sposedingludeisra pivedgelaiiyelyirigid, sighn ahplh at@aﬂawweﬂ?@ tgraciype the
Poo_di r ebeni RG22, T iyl o Nr BERY 48BoRe MR AR | Ve o thi e

ar r angeneagitu@hamy extegdfngrgrew@ or@heamelmmefbaaedhm the w!aﬂ o$|ﬂml\tmblem2t he ninth
enbodi nent of the invention in Figures 20 and In this case

cabl es 1@@be§m§eermnflwa=31116andj’l§po%B@olwﬂ%pﬁ thﬁé’é@’é@”@}v&?g of e b aser 152
and 154 [ endot r acheal
flbe 12 05 10 Busd g BpflYets Metdlep OctiopRits el bl urblft o o x- axi s, a
y-axi s ocorfigurdtions. i n bet ween, thus provi di ng the greatest degree of

options so as to permt nore precise control of the direction of the

bendi ng oere Figlirss ab dndo1 94 8A6R] afeightreemBbdimnent2d tisd owentibe iv h
enbodi nent _of  the |nvent|on in which flexi b|||ty of the di taI TD of the
endot r acwBigh, instead af g eingicierblsyorbergingjie distalitigna PegrhGabigs 1 ?e(h 3@uff

162. SUCQIS oéé& |tPinep : esé x§q(§3§4‘ 986 Ailn ‘H‘lﬁ%ém¥ﬁ"f§9tof%e %Hﬁotréjd tipin

any dlrect £he ‘arrti Integrit e tu WlthOUt
any addi tumn’az aEovsEd hog‘lexchreb@Td)ﬁm atrstad tlpfln Ertlgence‘stm@]dlmuﬁolgalmtg ages a

smal|l baffle cha r 1% d}t\spﬁsed al (% g t he undersltde ofd thF bel | ows
section %8 SOPWNIRE IQHSt h gltsfnatiys R S AreheeT e O VIS T8 VBN d
forced i QFéétéWe‘-‘rs&thW&h@WnWYhe ﬁfntl@eﬁfﬂﬂdﬁméh%ﬁhérn\ﬁémi%n]iﬁ@@ﬁ% o9
expansi on of the snall baffle chanber
and 20A. In this case four cables 140, 142 144 and 146, disposed within
passageways 148, 150, 152 and 154 spaced at 90° intervals within the wall 156 of
the endotracheal tube 12 can be used to flex the tip in either direction along an x-
axis, a y-axis or anywhere in between, thus providing the greatest degree of
options so as to permit more precise control of the direction of the bending of the

distal tip.

[0068] Figures 21 and 22 show a tenth embodiment of the invention in which
flexibility of the distal tip of the endotracheal tube is provided by a bellows section
160 within the cuff 162. Such a flexible bellows section allows movement of the
distal tip in any direction while preserving the airtight integrity of the tube without
any additional covering. The embodiment of Figures 21 and 22 includes a small
baffle chamber 164 disposed along the underside of the bellows section 160 of
the distal tip of the endotracheal tube. Air or fluid forced into this chamber by way
of a small diameter tube 166 causes expansion of the small baffle chamber 164
against a fixed projection 168 extending from the underside of the bellows section.

Figure 22 shows the distal tip of this embodiment in its flexed or bent configuration
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against a fixed projection 168 extending fromthe underside of the bellows
section. Figure 22 shows the distal tip of this enbodinent in its flexed
or bent cwofo3gumsii on -12 WO 03/ 045485 PCT/ USO1/ 44296 up®QTiUS@1/44296

i ntroduction of air or other fluid under pressure into the small baffle

chanber ééﬁthéﬂﬁﬁ:‘ﬂuc’%b%'fsnr%%mwuaaeeb@sgukéwlnwmrnambaﬁre the present

I nventio his enbodi ment, flexibility of the distal tip is provided
by a V nbambet764f ormed in the underside of the distal end of the
endotracheal tube 12. This V-shaped cutout or notch 170 is covered by a
dual rnefgoeg]e, Flgemea2$-§8ca°nouhambleaneetfsemmdlmem YihepraprdinyeponAlmi r st

| s Sont T eBPatMRBLTERBIRY AT iecoRfA BB ¢ BlRided buah R ErERilseih e °r oo
i ncl udi gop hﬁaéfs@dé ¢ m'escnﬁﬁﬁ@hd:ef fHEIS d APRchEEBUbENE.  TIIENLgRsHENsuidlL OW

expansi on of the nenbranes. The nenbranes are bonded together along their
edges 18@noﬂc8121§@n3a@0\temedibt/|ar@aimn@ﬁbrm@€§%§d§V\!Lquh an}élﬁ@M@W\een Air or

fluid u s srral I

i aret of 158 2200t 26y B AEPARER FOet BiSnPRRE" Y pEfAfty Blerd

endot r agheated é@‘?uéétldﬂél 157 468 ReHfigBRd tomdst withif ésmlﬁarpoutem lﬂemrble
configuration and in its bent or flexed confi guratl {17%Wn,1-3n air or other

fluid i gnerobene 17/ alsoraclygingdateraly ¢ispqaach comedatipis, Rt er nenbranes.

0070 Fl o] SHddon
E:orrpr? sFR Hg§ﬂ°’i§aw g $|8 Sﬁtﬁ%ﬁ{efrﬁ&aﬁggl g-lthgﬁﬂé Paﬁé%eaﬂg%g adguff, as
al readyt@@@mér bietg theur‘édgbaped ¢&280tasc1]o definerari&nclosed spassd184 t he di st al

end of the endotracheal 12 within the nes of the cuff. .Inserted
into t hénereRetwesy O Gtrﬁ'é" W@&SSW&@WUE@E@‘?&’ B SRasERAREES A Poon 192

havi ng %wﬁafﬁ@lahqe%éﬁ{ 186, lﬁgu@acbﬁan@mnm HRXAE@IH bf 41R6. The di st al

extremt 'S sea ed whilg the proximal extremty receives the distal
end of @rmirm'labhelalatubeafthlsubmbmiﬁneﬂfhle ith wnflexedrar upbent penfigusatianends bonded

or otherw,s fluid-tight f nd 196 of
t he bal I'%Bﬁ%eﬂl? ﬁ?x%ci %'?fqurﬁii'cﬂ" \%E‘FB@? ? ‘?‘ﬁem%'gdg cfrggcrll '@égééegB g%%panm on

t her eof @addth@enBeMindted ddePmdniisradiest al end of the endotracheal tube,
as best seen in Figure 30. [0071] The enbodi nents of Figures 21-30 show the

f[{:" 'baf f[?m?éﬁ n%;ﬁpé‘sz%%%ﬁd ggls%v@a%é% EPboSMRDGT iEe Rivenabn ebipirisfrigui d to
an endotracheal tube having a distal end including a cuff, as already described. A
V-shaped cutout or notch 190 is formed in the distal end of the endotracheal tube
12 within the confines of the cuff. Inserted into the lower end of the V-shaped
notch 190 is an expandable balloon 192 having a distal extremity 194 and a
proximal extremity 196. The distal extremity 194 is sealed while the proximal
extremity receives the distal end of a small diameter tube 198. The distal end of
the tube 198 is bonded or otherwise secured in fluid-tight fashion within the
proximal end 196 of the balloon. Air or other fluid forced into the balloon causes
expansion thereof and flexing or bending of the distal end of the endotracheal

tube, as best seen in Figure 30.

[0071] The embodiments of Figures 21-30 show the small diameter tubes 166,
186 and 198 for supplying air or other fluid to the baffle chamber 164, dual
membrane 172, 176, and balloon 192. The small diameter tubes are illustrated as
co-extruded to the exteriors of the primary tubular bodies. However, the small
diameter tubes can also be co-extruded to the interiors of the primary tubular

bodies. Alternatively, the small diameter tubes can extend within the
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menbrane 172, 176, and ball oon 192. The small| dianeter tubes are

Illustrated as co-extruded to the exteriors of the primary tubul ar bodies.
However, wbae3ssuabi di aneter tubes can al so be co-extrude@crasohenbmnt eri ors
of the primary tubular bodies. Alternatively, the small dianeter tubes can

ext end vpddsagedss il ha/\WalsS b4 mAGTULGERT b&URIGN Peigsiagéshien tothehe wal | s
of the primary tubul ar bhodies i '

g | yodi. nasimlar fashion to the ondui.t 18
i 11 ust raﬁWW'tn1a:ﬁ||BﬁV§teﬁ. nRigye 1t k@'sﬁa&aﬁ%ﬁﬁéﬂ@‘ﬁyst"ﬂg‘%ﬂ?“%t WetE¥¥es can
const 'sﬁr;ﬁeﬁn %tﬁht&'thé%@‘-t@{t Jr'leIod?éeIJg%alﬁﬂi% etdi RIFRLSH v}rﬁtgﬁ Saddthghi ch case

t he neter tubes are sea Into the proximl ends of passageways.
[0072] Arhalbdgmetee tybessanatsdateckinto the praxinhalesndiesfppddsadewaysonsi der abl e
detail with reference to certain preferred versions and uses thereof,

ot her vei0a72Ds Aithdughisies paisent pweetiph basteby daseribed éntormidertble detaiipl e, it
I's not necessary to purposely provide a flexible portion to the 'l nor
is it nediEieenRaRdo GatiaiypErfaIred yeraiphaRd UsRe thelsPe omewe&@ease\égmen t he

cuff an e, I Rengi ' ggeﬁj, d using a
st andar g"éc%f?lteeﬁ]rtl%@' ﬁ‘{%ﬁ’gglth?uﬂ%n%@ﬁh%ﬁﬁééﬁﬁ,gt Eﬁﬂ)t?%rcgug t&ﬁe Iurre% of
t he t ubepurposalytgrevideld fleXiblelportiorbtn thEhealt abt ks it héegssaxy that the distl t he wal |
just proximal aof the cuyff and is, attached o e |1 just . distal of the
cuf f (i _@qrﬂg@ﬁé@%a@bl@ ec'ﬂ'é‘cﬁguhﬁv‘.’e%ﬁ]elﬂé%ﬁé%@%@gﬁwap'hﬁﬁanner
descr i begbrfiRy Bcfidh e8f belBbthinka Js%&?%f%dd%r{i f&taﬁfgaﬁn%tra@w@m@b@wnhhe cuf f.

[0073] Furthefr, 1t is not necessar | exi bl e portion 34 to the
cuf f ar ethe calig rpothroegh tie umen ofisedulpe be irctheswall pbthednbiebyheresleli ng a

bl hting. t t he t.ub || _bef ' ti
R L e R A N A
t ube W tdisal bhéle OOF (il NextBaiat td the clEBbIFullirgy eX ties oabletiv tidmanube. [ 0074]
Ot her variations contenplated within the tgeneral scope, of the device

descri bedessibed ahaveriisesibe tyhededand BrtBareaignLoveesd BY 81984t on such as

by providing the tubular body a corrugated tube wall or making the distal
end por t [0073] of urther tiLisuicinepessary to Amitdhe fiexible pattions3disy thefquih@sRe t han

the remajnder of t Lar b i . t he
i nfl at a%ﬁgﬁﬁoq éﬂﬁgit?ﬁggaﬁg&%ﬁ%ﬁgEtgg)eésﬁlhrdﬁ?@gmﬁg%gg%%%@?&V\hen used
wi th sonirelgh tHectubetvigll lpsided tractesited beraidites sectiorsand attachihg tie calieer i or
walls of the trachea wi thout use of the inflatable cuff, and

proximal thereto. Pulling on the cable bends the tube within that portion where the

cable is external to the tube.

[0074] Other variations contemplated within the general scope of the device
described above include other means of creating a flexible portion such as by
providing the tubular body a corrugated tube wall or making the distal end portion
of the tubular body of a material that is more flexible than the remainder of the

tubular body.

[0075] In some applications the inflatable cuff in neither needed nor desirable.
For example, when used with some children, the endotracheal tube forms a seal
with the interior walls of the trachea without use of the inflatable cuff, and
elimination of the cuff reduces the thickness of the device for easier insertion and
manipulation. Also, the cuffless device of the present embodiment can be used
for applications other than as an endotracheal tube, for example, as a cannula for

insertion into a human or animal body.
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elimnation of the cuff reduces the thickness of the device for easier

i nsertion and nmanipul ation. Al so, the cuffless device of the present
enbodi mrerwo®an433es used for applications other than as anPemdsbirapheal
tube, for exanple, as a cannula for insertion into a human or ani mal body.
- 14 WO Opp@ep4BRyuRss 403114 4R B2 $HW affutheyusraboditnent il ivhichaone 82tvediow a

further enbodi nent in which one or two nbr.ane S rather. than the
i nf | at abMemiuanesaareiesey rabar hisgiae inflatalipcu eﬁﬁ)g%ﬁcrf’;ﬁg ek%PVﬁ éQ%HFe portion
202 of t&%b%b‘l Odtsagéﬁi% eegﬂménpi othB IR a’éafgﬁﬁyﬁﬂﬂﬁd’lhﬁ%n@% mh&red Wal |

206 with a enot functioning as a hinge An out er
menbr anendtﬂ:ﬂesﬁoenrs atwadl 208 elith2DBottén ZMrﬁﬁhmmmmhchangsgs dbingpl aced

i nsi de t t whi abl 4 of t.h | |
| ocat od DECHRTERDEHR & RENBIRAE RSIe 21t AR RO HHRBE 218 D408 the
out er mﬁ@&é@ﬁwsﬁ@tk@t@b@Qﬁ %Hl&?cﬁ% heasle 218 oPBRYPIRASS A haRlsen 8hi ch the

tube is "inserted fromcomng into contact wwth the cable. The outer
nmenbr aneloga@ddzeiwebs the autar membln@mai@ané iihe feronembeanaB e f 6hei ng a

fluid-tight seal rnat i n t el 212
can be s@?‘tﬁéa‘%bfﬁﬁs rer%rPt%(ﬁ#ré%gaB?gfi ?@0@{%@4& {rﬁnwﬂclh %?Lt' seal .
[0077] Fingefted fdnsbeMnd ifto eahiaet wikH tiss eablendrire &etepafemyrapert O mart he
flexible portion of the tube covered by the nenbrane. The cable 214

ext ends be sprlerddo the extarsuriase of tee BloefRemingya fluk-dghfiseal pPrlsnatveldnd of
h h
1 ext bl bRl S Ref METHE R 12T BIREgRA oL R e PR | 10

cabl e 21thbesoddrinaalfrdd-tight sealwal | 206 distal to the notch 204. The cabl e
214 can be attached to the wall 206, for exanple, at a position distal to

(as il uggor eefzqmlﬁzgsﬁoavéﬂneaaamézbalcwm(@ea tdrhpstarpbedd in theFilauible 34) the
out er nenbrane ul 1'i ng) force is applied to the proximal end of the
y

cabl e 21podipntdhéheiuba Wer@ﬁ Ahe regmbrgsie; (e calje 23t aderdsirainibg above
W th respecy élgarﬂzt bes o?ﬂ%oﬁl'bgecm&l t J)(Iilﬁéfé’rln of%ﬁérﬂ@né@%wé)tfub'éhe tube

need notPiACIUda & not can or I'n ot er Wway's or exanple, the
t ube cancheerédibyehe imembearne lexterding beiMaelnahevﬂetxrble pertme(DZ)an@thethe t ube

formngtheerX|bIe artio bej of . di.ffer al
proper t i 4tChNAY2RS gf ngf‘e ]d’sgéll 4 &Q{petcﬁglggﬂ ISoaitRRRg tﬁgﬁ? V‘@:@H(QC t he
tube. Al gtal té e hbRKIZ4e DR Lhoie 20%HA5e BRaBRS to tHe wakouBdopr WV
radiation treated to create

example, at a position distal to (as illustrated in Figure 31a) or below (as illustrated

in Figure 34) the outer membrane 210. A pulling force is applied to the proximal

end of the cable 214 at the proximal end 216 of the tube.

[0078] As explained above with respect to other embodiments, the flexible
portion 202 of the tube need not include a notch, but can formed in other ways.
For example, the tube can be formed from a polymeric material with the portion of
the tube forming the flexible portion 202 being a polymer of different chemical
properties having a greater flexibility than surrounding portions of the tube. Also,
the flexible portion 202 can be heat, ultrasound or UV radiation treated to create

flexibility greater than surrounding portions of the tube.

[0079] While this embodiment does not show the use a spring, a spring can be

used within the tube for the same purposes as set forth in other embodiments.

[0080] As shown in Figure 34, an inflatable cuff 228 can be used with the
embodiment of Figure 31a. Thus, the flexible portion of the tube 202 need not be

-15-



flexibility greater than surrounding portions of the tube. [0079] While
this enbodi nent does not show the use a spring, a spring can be used
wi t hi n t wotoalo&s48Dr t he sane purposes as set forth in ot hecTarsbodizaent s.
[ 0080] As shown in Figure 34, an inflatable cuff 228 can be used with the

enbodi mMegthi® thdinBititadie3duff228h The ihflatableaiubP 28 Dehttiemibmﬂiomédapltoub&atéOZ need
not be -15 WD 03/045485 PCT/ US01/ 44296 within the inf|] ata (gQiS uff 228. The

i nfl at ae ghefiexibeypriem208 (9§§|L'tsitr@ﬁ%(d|:t9ru6§‘<f3ﬂhtcé‘n RePesiione éOH?ﬁtl on
202 (as ﬂ%y@gsﬂfoﬂdzdi' %\"rcsn?'% r‘thQ‘?lg PR bbr@ieﬁ‘:ﬁ(%o(?%"’”luétﬁt%@ﬁw flexible

portion rcan surroun IeX| e portion ustrated in
Fi gure &igue®81] Figure 33 shoms fl exi bl e portions created by a plurality
of notches 220- 226. Figure 33 shows the notch 226 oriented 180 degrees

from t hgoo®1rheigurR283 shawe flekibde peltiirisweettedtdyea pluralltyfofmb&:rteslﬂﬂo Thi s
all ows bending of the tube in directions within a plan Add 82ﬁlly, t he
not ches 228n figutsr 3% ahaws e iRthc2 2 orienieg 1S0degrean o 9a'9<?§ t ube

oo %222 2R Pl 885 bf ife hibdl TIREIANS befidi Sin@itubdfn Pl ane, _ The

mul ti pl €& notCches can econ eca oriented simlarly
to thOSGdl@l@nwns ithinl @plaee. delﬂ@laallyzmeandtcaéacaliwommtted angwhetea80 a cabl e
that exits throu e wall_at the proxi of tch whi,ch then

bt t acheegEhaIINS a8t of Be 4nbg eMprscnDe cendid elBEARRe I dBRYEs ¢ n
respect o kQqaiditie El'gﬁed"F?%”%ﬁﬁg‘ié‘ﬁofdh%é'cléh%eoéddtfd?l'édey bgipldibgpiaeed not

i ncl ude a notch, can her wa [0 In the enbodi nents
of the mriesésd similadto thosteshmin il Fighises 19nt0a ROwand 2Bat rachingielesan some of

t he mechani sns_for, ben Ln ubul ok DCL U] h bl
and tho e 4 cablaeR e s Hroeh HeutBLH e Ael 8t ot R SR™ Webnai g -
Wi thin thén withbBedio thBavar ju%aabstéltdwh@homdm‘ &xpiainkd giove with eespedt of  t he
body to the flexible region. Qher of the mechanisnms for bendi ng the body

are shdmother @ﬁb@‘d}m@dﬁ?@ dheflexivie pprtpnsofdhe tyke peediplinclisla anpokddi es.
However ’b,{J,;‘ cphsfobrﬁééﬂl 6t%mg§,? that in all the descri b_ed _errbodl nments the
or

mechani s endi n ubuI ar body can extend within the walls of the
body an a xtr o th r he
Do o BB S BB oS B2 AP A s
constr utht@élﬁgﬁretshgoméeﬂeﬁé nabteiisag fordndieethaniramanyt tubutambollg, f or egoi ng
description and, while the invention shown and
including the cables and the small diameter alr/ﬂund supplying tubes, are shown
extending within the walls of the primary tubular body from the proximate end of
the body to the flexible region. Other of the mechanisms for bending the body are
shown co-extruded to the exteriors of the primary tubular bodies. However, it is
also intended that in all the described embodiments the mechanisms for bending
the tubular body can extend within the walls of the body and/or can be co-

extruded to the exterior and/or interior of the primary tubular body.

[0083] It is believed that the operation and construction of the present invention
will be apparent from the foregoing description and, while the invention shown and
described herein has been characterized as particular embodiments, changes and
modifications may be made therein without departing from the spirit and scope of

the invention as defined in the following claims.
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descri bed herein has been characterized as particul ar enbodi nents, changes
and nodifications nmay be nade therein wthout departing fromthe spirit
and scopewof03/043185 i nventi on as defined in the foll ow ng clrairnsol/4466 WO

03/ 045485 PCT/ US01/ 44296 WE CLAIM 1. An apparatus for rapid intubation of
the trageay AGRPPrising: a hollow tube fornmng a distal end configured for
insertion into the trachea and an opposite proxinmal end; a flexible

ti f the,t [ : : ' Wl f the tube,
Phe. f1axibl e pbrtafenagt R Bl LIAREH AL PRRa B A "3 acnes
to the tub ' t he f| exi bl tion; . el i [ di
From the pr oxi wBPIGHAGS i R retd BradteRt s s AERTRAELAREER"  n2
f1 exi bl @nposd bppodftdpiorfmamiper ane to attach near the distal end of the
flexi ble portion: and whereby application of a pulling force to the

proxi ml _end_of qlipibibADE HPRRRSFE ABKBRINEAS. HoaKkRpE6 Brirko bend.

2. The apparatus o er conprising additional flexi

porti onsulod, thedlexitie pspmretbaaplae distalencalktheduber and covered by additi onal
menbr anes wherein additional pulling nmechani sns extend between the

addi tional flgxidrhbraperdtiaehedaodhé beacslidringrtak flerivke podion; 3. The
apparatus of claiml1, further conprising: a wall of the tube having outer

and i nner surfagefingHeéhdisha%eMIing front fie pvalimalfyndugsithistiegible he pul | i ng
mechani sm extends fromthe proximal end of the tube to the proximl end of

the fl exidslien potextandiag betwaerpirtexitle periamanthiha mekiaae i¢ AEARR oxi mal
end of tn%%rgﬁ%rg[)sgﬂ?\%né]g%tﬁgg@%(%ngtfogeaﬂgI ling mechanismexits fromthe

wal |l to e porfion and the nenbrane; and an
attachnent poin

pul I'i ng rrechanY"bﬁPq S’r%‘%{?@@&ui S&P%_p%ﬂ:ﬁ\gqub%g a lﬁgﬁé?hqgl gﬁérgogfa%\/\ﬁ&elrmégin?ht Lge

menbr angnssnatis_ChRB ek Ahd Nexiplt wartisntd deadand further conprising an inner
menbrane attached to the inner surface formng a fluid tight seal between

2. The apparatus of claim 1, further comprising additional flexible
portions of the tube spaced apart from each other and covered by additional
membranes wherein additional pulling mechanisms extend between the additional

flexible portions and the additional membranes.
3. The apparatus of claim 1, further comprising:

a wall of the tube having outer and inner surfaces and a passageway in
the wall through which the pulling mechanism extends from the proximal end of

the tube to the proximal end of the flexible portion;

an exit point formed in the tube near the proximal end of the membrane
through which the pulling mechanism exits from the wall to extend between the

flexible portion and the membrane; and

an attachment point near the distal end of the flexible portion at which the

pulling mechanism is attached.
4. The apparatus of claim 3, wherein:

the membrane is attached to the outer surface and further comprising an
inner membrane attached to the inner surface forming a fluid tight seal between

the inner membrane and the inner surface.
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t he i nner nenbrane and the inner surface. -17 WO 03/045485 PCT/ US01/ 44296
5. The apparatus of claim1l1l, wherein the flexible portion has materi al
renoved tworief#38s 6. The apparatus of claimb5, wherein tiRETrEs0E4206 | S
renoved to create a hinged section in the portion of the tube opposite the

portion of thg tyhg £avpaRE ofRaithe WRsTBInEthe. fickibld peritppiasataterizl cl ai m 6,

wherein the renoval of the material forns a notch passing froman outer
sur f acerepfoudtethetdfeornnt o a | unen of the tube. 8. The apparatus of claiml,
wherein the flexible portion has a coiled spring enclosed therein. 9. The
appar atus of 6l ailimelapparetusiof ddim 3,Ivéhersiretheonatesial issremaveddorFee & coi | ed

spring located withip the flexible porti -t u

ci r cunf @ipead i%lcm'bm %PP'BP“%@"%‘PE C%Hpq%ﬁ‘g%%%’gﬁéobr&gn%%egc?\ﬁeeregoi | ed
SPring s Y§stand0. The apparatus of claim 1, wherein the flexible
portion 1ncludes a structure having a corrugated tube surface structure

Uhat renders yhatrogiLan i aifd €XihRir {IToMR] obeTd inasiadforksea L ube.

11. The apparatus of erein the tube is forned froma polyneric
mat er i ahetchlpassing from arf outes stidbes obthertabietiytoran binnemdf tiedub@i ng a  pol yner
of different chem cal properties having a greater flexibility than
surroundi ng p@t iTesapdarbtes sfdeim 12vhdiedn teplexdblespasfiorthas encojledher ei n t he
tube is formed froma polyneric material, the flexible portion conprising
a heat , spiing aselgsed Hhere- radi ation treated pol ymer of flexibility greater

t han surroundi ng portions of the tube. 13, The apparatus of claim1,
wherein the p@.l iT[r)@ apRaaISeh daifpi i whareinihe @%@'P'e(ﬂfgﬁ%ﬁlf&rmﬁgf?mﬁe

apparatus_qgf .claim e N, t | ' APkt RSferditld i pl e
cabl es P&Pﬂﬁéﬁaﬂﬂa |%%%%%®|Q¥heﬁﬁeﬁégomrﬂg r{g?(ig]aq‘e Dor i ons. 15, The
appar at gt 61t Wall off thettbies saoopndiag tige aoiitdispiing is remavabl es for  bendi ng
the flexible portion in at least two directions along at |east one axis.

-18 10. The apparatus of claim 1, wherein the flexible portion includes a
structure having a corrugated tube surface structure that renders that portion more

flexible than other portions of the tube.

11. The apparatus of claim 1, wherein the tube is formed from a
polymeric material, the portion of the tube covered by the membrane being a
polymer of different chemical properties having a greater flexibility than

surrounding portions of the tube.

12. The apparatus of claim 1, wherein the tube is formed from a
polymeric material, the flexible portion comprising a heat, ultrasound or UV

radiation treated polymer of flexibility greater than surrounding portions of the

tube.

13. The apparatus of claim 1, wherein the pulling mechanism comprises

at least one cable.

14. The apparatus of claim 2, wherein the pulling mechanism comprises

multiple cables for bending the tube at the additional flexible portions.

15. The apparatus of claim 1, further comprising a plurality of cables for

bending the flexible portion in at least two directions along at least one axis.
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WO 03/ 045485 PCT/ US01/ 44296 16. The apparatus of claim| wherein the

pul i ng mechanismconprises a relatively stiff, longitudinally extending
menber. 1IWO 03hes48ppar at us of claim 16 wherein the | ongituscraiSoy4e¢ endi ng
menber is disposed within a |ongitudinally extending channel formed in an

outer wall of1d hehé @b?_aralﬁs of BrRirAPPRR&euUstHS pWlind Mekhanihecempriséeapul | i ng
mechani smi ncl udes a i nger actuated trigger nounted to the proxinmal end

of the trelpdivelytiEf, fangifudinadly extansing megiRar- bei ng noveabl e proxinally to
place tension on the at |east one cable causing the tube to bend in the
desired regi onldf Théappatatus 0fclaithd Gaplperein the lohgitucinailylgxtendingher

including a,latch for tenmporaril mai,ntal ni,ng t.he tension, on the at | east
one cablBeaRef 1S PopSeret MRS longliyolfhg el i 5 b Aftef s o

cl ai m 13yanpEtheitibé he at | east one cable extends through an el ongated
space within a wall of the tube. 21. The apparatus of claim 13, wherein the

at | east one capl eh&nbpaftus bRERIAN I %e?élﬁﬁﬁe%llihg%éé% sr%anclﬂ_&fé‘sa

[
apparatus of claim 13, erein the at |east one cable is forned roma
mat er i alfinger ectuated trigger mounted po Senrioginmaigersf ofdheitubessaid fisger wi r e,

plastic _fil.agent and.braided, filanment, material. 23. An apparafus for
eer t| PR (a3 ing BIYERble RN Potiped st af ToS BY BBt e onc

confi guremid esuding eid tube tolBehd iRGhBed¥ire@fshian oP ERPRIDee proxi mal end; a
flexible portion of the tube nore flexible than surroundi ng portions of the

tube, the f'eXidP.'?h@%@}gb%ug%ﬁblaﬁrhelsgmn@r iﬁélddiﬁ@éi&?cm&?l%mao@im ane

attached to the tube vering the flexible portion; a pulling nechani sm
ext endi rmyaihtaining ke pensioman thadt dgast hae chbla witd pupeesdly relaasedly andi ng
between the flexible portion and the nenbrane to attach near the distal
end of t%@r?tloé‘xi bl e portion; and whereby application of a pulling force to

e T O T oA e iRl o TG AR erTh (A B ol b SIEL G 1 0" 10
through an elongated space within a wall of the tube.

21. The apparatus of claim 13, wherein the at least one cable extends

through the lumen of the tube.

22. The apparatus of claim 13, wherein the at least one cable is formed
from a material selected from the group consisting of stainless steel wire, plastic

filament and braided filament material.
23. An apparatus for insertion into a body, comprising:

a hollow tube forming a distal end configured for insertion into the body

and an opposite proximal end;

a flexible portion of the tube more flexible than surrounding portions of the

tube, the flexible portion near the distal end of the tube;
a membrane attached to the tube covering the flexible portion;

a pulling mechanism extending from the proximal end of the flexible
portion and extending between the flexible portion and the membrane to attach

near the distal end of the flexible portion; and

whereby application of a pulling force to the proximal end of the pulling

mechanism causes the flexible portion to bend.
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24. An apparatus for insertion into a body, conprising: a flexible
structure formed froma wall having an outer wall surface, the flexible

st ruct ur ewbamioniysm di stal end configured for insertion intPeTiusel/ppdy and an
opposite proximal end; a notch forned in the wall; a nmenbrane attached to
the outer wal | 2éuphapparhtustier Bisedicinuing abddy cevrapiisiggt he notch; a pul ling
mechani smfor creating a tenporary bend in the structure at the notch, the

pul I'i ng mechanaslexibid strdetoge forarad fismpr Wil RBVingnsh Olitet hralkafacRNhe Passi ng
from the, proxi mal engI of the notch into a region formed by the notch and
the rrentﬂsg‘r@? siHatuse BaNInea Aistalsideoniigdred iee ingastion indadh@bodyesd ao whi ch
a distalg, it@fpréfi alBHY! i ng mechani sm attaches so that application of a
pulling force to the prokimal end of the pulling nechani smcauses the

flexible struc t .nhotch. 25. The apparatus of claim 24,
further conpriéi“lé\)gchaﬁgﬁglag'ﬂglgeﬁ%ﬁthes covered by additional nenbranes,

each having a pul ling nechani sm for bendi he structure in at |east two
directions al o%&"%?b'%é‘fs?t?%‘@d&bitg‘? ogge_r "Eﬂrg ?ftdgefsérrucinﬁﬁiad‘di nt ubat i on
of the tdovefingthsas®hi sing: a flexible structure fornmed froma wall having
an outer wall surface, the flexible structure having a distal end

configured forgbhofigathethd i I;qg]si NQasit [ end; a
notch formed i%bt '_egm?ﬁérgém%ggﬁgﬂg% f’cggﬂ)re&ga 0 rﬁ’g'ﬂg‘m? esﬁr%ﬁ)éamq ace of
t he st r utch,dhapdllingonechanjsmhextaendiob from the pioxgnakattof e faly aidcati ng a
t enpor ar nd. in.the structure_at the .notch, .th ul | ] ng nmechani sm

ext ond FEP TR ANBRERHEY oA 1 S PRENITR A aier iIechay i orngvt he

pr oxi malthemserabrdneeangt ch into a region formed by the notch and the

menbr ane; and -20 WD 03/ 045485 PCT/ USO1/ 44296 a connection point near the

di stal end of Ag} i ' 3 ' ttaches
so that appli catei @ﬁbéé%”?%%ﬁ@héﬁéé%% ﬁ]%étgﬁégwgﬁmgﬁggw ﬁ]gah%ul ling
nmechani $llguseshamient attadhsises csthatiepplication df enelilig fdree totrehproximal

end of the pulling mechanism causes the flexible structure to bend at the notch.

25. The apparatus of claim 24, further comprising additional notches
covered by additional membranes, each having a pulling mechanism for bending

the structure in at least two directions along at least one axis.
26. An apparatus for rapid intubation of the trachea, comprising:

a flexible structure formed from a wall having an outer wall surface, the
flexible structure having a distal end configured for insertion into the trachea and

an opposite proximal end;
a notch formed in the wall;

a membrane attached to the outer wall surface of the structure and

covering the notch;

a pulling mechanism for creating a temporary bend in the structure at the
notch, the pulling mechanism extending from the proximal end of the structure and

passing from the proximal end of the notch into a region formed by the notch and
the membrane; and
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27. An apparatus for rapid intubation of the trachea, conprising: a hollow
tube formng a distal end configured for insertion into the trachea and an
opposi t e woogiomaBs end; a plurality of flexible portions ofCrhsot/ut2es nor e

fl exi ble than surrounding portions of the tube; and a plurality of

act uat i ng nmechacoansctforr painEadamipetdistabend yf hetetitoiwhithea distaesh®bethe
fromthe proximal end of the

ti . fh ti hani di Y :
Pube o AYHDG MERNEETHAHAGSRED Tk ARBISFHON Y nehas (RS tadiuBrema ¢ he
pr oxi mal grRnef ﬂne_mm%aﬁhémsﬁﬁé%sfégﬁhe%k% Lirb&urd b%ﬁkfam%aﬁaws of

claim 27, wherein the actuating nechanisns conprise at [east one cable.

29. The appar aéﬂsAR%gfbla%tg’gi%rp?}ﬁ%frn% tFomeOffti‘g;'j@%l”&ﬁgﬁ%er%hﬂ%ﬁ%have mat eri al

renoved t herefrom us of claim "material is

removed to cre in .section, in the.tube.. 31. The .a rgtus of claim
07 wher ei n_t v PRl REBNET iS50 bBfrdlfea sor rgdRb BRbBE 4theRei .

32. The aepan appssitef prokahaneht; wherein the flexible portions are forned
fromcoiled springs located within the flexible portions of the tube and a

rom c¢ ; ! ! . i il ed
circunferenti g} pmgéﬁtg%fﬂﬂ_er%bwﬁomhh ofthd Hf%letd%BF‘ezﬁé'inbré%ﬂgh%Q»rﬁo'aﬁg{hg' e

spring is renoved. e apparatus of claim27, wherein the xi bl e
port i onaaienseiibeddbelgndrenbr anes separating the actuating mechani smfrom
the trachea. 34. The apparatus of claim 27, wherein the tube is forned from
a polyneric nmphrraldy of ebriatingméthaniems famcreatingy terhpgraay beads indher asound
or W radiation. treated polyner or a polyner, of different chem cal

proper t if% 'b?%ﬁﬂfqiolﬁ‘é’ ﬁ‘?la"“ﬁf% 5@2‘8‘9'%@3@@"@1@8 thg @F?@Gﬁb?ﬂ@] Oporti ons

of the tnbeulN the flkdie Pokidns, chee_é@:t‘a!étiit@f=>rﬂac¥hE\i%is%'fagr éﬁM%@éd“ thBOr ti ons of
the tube. 35. An apparatus for rapid intubation of the trachea, conprising:
a hol | owrexigal paditaderapdrasiabead the balldwtubel for insertion into the trachea

and an opposite proxi mal end,
28. The apparatus of claim 27, wherein the actuating mechanisms

comprise at least one cable.

29. The apparatus of claim 27, wherein the flexible portions have material

removed therefrom.

30. The apparatus of claim 29, wherein the material is removed to create

a hinged section in the tube.

31. The apparatus of claim 27, wherein the flexible portions have coiled

springs enclosed therein.

32. The apparatus of claim 27, wherein the flexible portions are formed
from coiled springs located within the flexible portions of the tube and a
circumferential portion of the wall of the tube surrounding the coiled spring is

removed.

33. The apparatus of claim 27, wherein the flexible portions are covered

by membranes separating the actuating mechanism from the trachea.

34. The apparatus of claim 27, wherein the tube is formed from a
polymeric material, the flexible portion comprising a heat, ultrasound or UV

radiation treated polymer or a polymer of different chemical properties than the
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an inflatable cuff attached to the outer surface of the hollow tube between
the distal end and the proximal end of the tube; and an expandabl e chanber
for creatwogsasi4ehporary bend in a desired region proxi neca/ushe4tpst al end
of tube, the expandabl e chanber being adapted to receive fluid under

pr essur girrshediagportisrisoeibeitabe diavinguieibilitd gregiee tur el surunidingxpandabl e
chanber causes the tube to bend in the desired region. 36. The apparatus
of cl ai peE®Ns@dhefyba he desired region is the portion of the tube covered
by the cuff. 37. The apparatus of claim 36, wherein the cutf covers a
portion of the5. tAmappamatugfardapidiinfubalingpbtha Kaskea SRMRTISIEr i ng t hat
portion nore flexible than the remainder of the tube, 38. The apparatus of
cl ai m 37, wherzehollavhtubsohaviog agistehendgpnfigired fer inggriondpisinedrasiene cuf f
is renoved to create a .Pribqq%egi_secti on. 39. The apparatus of claim 35,

wher ei n NASTHIRRISLE RTBY el udes structure that renders that portion

flexible th h i he tube. 40, T | ai
36, uher oi n SATINGaRARS crB aecheRa InRTeLsRTaRt O ERECPRSENEH ace.
41, The RoRRIAI Ad HefbiBiital PshB e driebe 1s Tormed froma  pol ymeric

mat eri al e portion of e tube covered by the cuff being a polyner of
different chenical ' | et i bERklh BHdden rbden

remai nder of {%Pegxqaﬁt%%?%ébﬁﬁgﬁgdgp@?%{rgfsgg%rﬁ%?adlrﬁ] 39, lWherei n thg tube is
formed forexintate o8 gistxl iendraittebe ahe expangableichamifertbieéng adaptedver ed by t he
cuff conprising a heat, -22 W) 03/045485 PCT/ USO1/44296 ultrasound or W

radi at i dRCEIVEAHIELURHRTRIBPSWE: fl exibility greater then the remainder of the

tube. 43. An apparatus for rapid intubation of the trachea, conprising: a
hol | ow t ube havhergby infredugtioarrf fuishEngen IGS$ e 'Pg%@?t?’?ﬂ?’%ﬁp% "E%é“'?‘?rachea

and an oc%&gé%gﬁ%gﬁéﬁ;l% udelﬂqh %sir@&'rﬁ%i@ﬁ' e cuff attached to the outer

surface e between 't istal end and the proximal end of
the tube; and 36. The apparatus of claim 35, wherein the desired region is the portion

of the fube covered by the cuff.

37. The apparatus of claim 36, wherein the cuff covers a portion of the
tube having material removed therefrom, rendering that portion more flexible than

the remainder of the tube.

38. The apparatus of claim 37, wherein the portion of the wall of the tube

covered by the cuff is removed to create a hinged section.

39. The apparatus of claim 35, wherein the desired region includes

structure that renders that portion more flexible than other portions of the tube.

40. The apparatus of claim 36, wherein said structure is a bellows section

along the tube surface.

41. The apparatus of claim 39, wherein the tube is formed from a
polymeric material, the portion of the tube covered by the cuff being a polymer of
different chemical properties having a greater flexibility then the remainder of the
tube.

42. The apparatus of claim 39, wherein the tube is formed from a

polymeric material, the portion of the tube covered by the cuff comprising a heat,
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a pulling nechanismfor creating a tenporary bend in a portion of the tube
covered by the cuff proximate the distal end of tube, the pulling nmechanism
ext endi ngwbDroemiske proxi mal end of the tube to the proxi neiCTarsdy/ef29¢ he
portion of the tube covered by the cuff and passing outside the outer

sur f ace raddimd o8V radieibniteatéd polfisdralf flexidiliof gtdadert thiea, thememainder
application of a pulling force to the proximal end of the pulling

nechani $htk@t®s the tube to bend in the portion of the tube covered by the
cuff. 44. The apparatus of claim 43, wherein the cuff covers a portion of
the tube havi n@ﬁ-n&ﬂ@ppal’atﬂéfﬁ@fvf@@ld idskational the HashPACAMBESIRGY ti on nore
flexible than the remai nder of the tube. 45. The apparatus of claim 43,
wher ei n t he poahbbowdfibe havingld distalend aonfiguredidioe insertign tie thautrachea r enpved
to create hi nged, section. 4f. The apparatus of claim 43, wherein the
portion ?'P\ngﬁﬂ? RSXEPREN %y the cuff has a coiled spring enclosed

th in. 47. Th t f clgimd43, wh ' i ' is | ted
W thin thai oo iTBIARE cLieehedloyas sutpsurnee BT alipe Mlad BetBenont | o
portion sof &st@ é?d gfeaf)rrﬁﬁjlﬁ?}gpg §Yf fReENghd he coiled spring is renoved.

n
48. The apparatus o0 wherein the portion of the tube covered by

the cuff inclu r s Eﬂﬂr i ; hol e than
ot her porti ong%ﬁ#lﬁbhﬁgéﬁrﬁ?%gy cfﬁ?@ﬂﬁ@gr tugwgéédccf@i érlﬁggldwvﬁgpgl n said
st r uct urtabé oferRy hythat @df ptoxirmatuthbatistal er@BofDbe3 il pullibg PEIHaBEM 44296
50. The apparatus of claim43, ei.n the tube is for from.a | ymeric
mat er i alextem@ingdrom Bie proximal en QF{E‘@\)HP%&O e ?rﬁé'@ﬁ#?nﬁﬁm ROTHEY gﬁer of
differe ' I td i ltexshithéd wf tHeagbehe

r emai ndgbegpsglﬁg%rteﬁb%%léﬁ%@?g%%g?gtoggﬁ%ﬁfcel (gllj m 43, wherein the tube is
f ormed fprorinaatepibé gistalienchafitbeitabe, t he portion of the tube covered by the

cuff conprising a heat, ultrasound or UV radiation treated pol ymer of
flexibility greatssbytdmplication oéagiulitey forad totthe prokienal &2d dfttee pppiagat us of

claim 43rhe\cl:\ﬁ§rr1i§;nncgugeesptﬁle l’[Lllbne(‘:]torrt')agrr\]c?1 Pnl t?\ren pCoO I rg IOF ﬁ]se tube covered by the cuff.

44. The apparatus of claim 43, wherein the cuff covers a portion of the
tube having material removed therefrom, rendering that portion more flexible than

the remainder of the tube.

45. The apparatus of claim 43, wherein the portion of the wall of the tube

covered by the cuff is removed to create a hinged section.

46. The apparatus of claim 43, wherein the portion of the tube covered

by the cuff has a coiled spring enclosed therein.

47. The apparatus of claim 43, wherein a coiled spring is located within
that portion of the tube covered by the cuff and a circumferential portion of the wall

of the tube surrounding the coiled spring is removed.

48. The apparatus of claim 43, wherein the portion of the tube covered
by the cuff includes structure that renders that portion more flexible than other

portions of the tube.

49. The apparatus of claim 48, wherein said structure is a corrugated

tube surface.
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at | east one cable. 53. The apparatus of claim52, including a plurality of
cables for bending the desired region in at |least two directions al ong at
| east onewe@xB®45483t. The apparatus of claim43 in which thecpaisoi/mgoe
mechani sm conprises a relatively stiff, |ongitudinally extendi ng nmenber.
55. The appar éiusThe appaiatusaf ¢laindBcivherain tioentyibeuidiforned fregt @ndi ng  nenber

I's disposed wi.thin a.longituydinall xt endi ng, chan r ' out er
wal | of PeREnemmateril SRt PRINBE SPEIAPaE IR REr epfid T olyhar
mechani sfifrdrBat iesical plobBarss plingbestehfdrderbilifptidretetrendisdersitherl end
of the tube, said finger actuated trigger being noveable proximally to

pl ace tdéuwed.on on the at | east one cable causing the tube to bend in the
desired region of the tube. 57. The apparatus of claim52, further

i ncludi ng a | dithTheappamapes af ¢claim 43nivhesginitheytubecisifermsedfropnat he at | east

one cabl e unti.l I I d . , . f
ol ai m sEONRererRtaRY. Ge'ndbey 85t BhsaRRERAY™ evl Sgl SieEr Brity o
space WifipadbuirdForMaV |raéHEtiér|i'@rebt&ﬁﬂo@ﬂ}ermﬂeﬁiamw giditerathetlthé rerhaindeher ei n
the at | east one cable extends through the |unen of the tube. 60. The

apparatuﬁtmtt&eai m 52, wherein the at |east one cable is formed froma
material selected fromthe group consisting of stainless steel wre,
plastic fil anEht Tamdppamitdedf ¢lairadSnwhereinthepulling4nechanism comprises

at least one cable.

53. The apparatus of claim 52, including a plurality of cables for bending

the desired region in at least two directions along at least one axis.

54. The apparatus of claim 43 in which the pulling mechanism comprises

a relatively stiff, longitudinally extending member.

55. The apparatus of claim 54 in which the longitudinally extending
member is disposed within a longitudinally extending channel formed in the outer

wall of the fube.

56. The apparatus of claim 43, wherein the pulling mechanism inciudes a
finger actuated trigger mounted to the proximal end of the tube, said finger
actuated trigger being moveable proximally to place tension on the at least one

cable causing the tube to bend in the desired region of the tube.

57. The apparatus of claim 52, further including a latch for temporarily
maintaining the tension on the at least one cable until purposely released by an

operator.

58. The apparatus of claim 52, wherein the at least one cable extends

through an elongated space within the wall of the tube.

59. The apparatus of claim 52, wherein the at least one cable extends

through the lumen of the tube.

60. The apparatus of claim 52, wherein the at least one cable is formed
from a material selected from the group consisting of stainless steel wire, plastic

filament and braided filament material.

24-



