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[0003] An endotracheal tube generally conprises a cylindrical tube used as
an air passage to adm ni ster oxygen and anesthetic gases directly to the

patient. BARKGEROUNE drCRiE ;mﬁ&(,m nates in an open distal end configured

for insertion into the trachea and has an opposite open p{o?inal enqCaIIy
figur b ; ; : e e _
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protects ]qe}?igrﬁocgfon%ﬁhﬁa "ﬁﬂﬁ@@oﬁgﬁq’lﬁ!@yﬁ%@ﬁy&(ﬁ grhenl inlgt epgringlerusedces. In
part I cul ay. anatofhical ¥filon JRine2 aRt the RS1 1 ve System contents are prevent ed
from entering the lungs. The endotracheal tube is used primarily in

surgery, [be62] SE.%éﬁerélE%?Iég%%Ma'ﬁﬂ%'také’lo,eq}ggﬁncy rooms and energency

in-the-field 'situations. I'n"surgi cal’ "procedur efi r e_quit ring %egfer al
Snest hr 1003 AR ShERihen) G SRS REPR IR o PheEal 4R g1 v
a nuscl e airqpassage b apianinisierioxggegant driestiatidi gises dilketip®s i Patengaggi ng
response Tth% éyrlll%d hgasl%lgé ?enn'n?rflattets1 ?n grq %?)ternadcigt%?lené l(Jztlgren"‘lgurecl for insertion into
the trachea and has an opposite open proximal end configured to be coupled to a
gas source. The endotracheal fube typically has an inflatable cuff on the exterior
of the cylindrical tube for forming a seal with the interior walls of the trachea. (See
U.S. Patent No. 3,460,541 to Doherty). The cuff functions to occlude the trachea
which protects the trachea and lungs against aspiration of foreign substances. In
parﬁcular, 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 genera‘I 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
IaryngosCopé 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 sealt
-between the cuff walls and the interior walls of the trachea. This airtight seal
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A |l aryngoscope is placed in the nouth of the patient. The bl ade portion of

the |aryngoscope is used to push the tongue laterally and the_Ln '
practiti oRes gz/fRsl €s a lifting force to the I aryngoscope 1}_&1}9& lﬁ Eﬁéb@%
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appropriate configuration to aid in placing the insertion tip in its proper location

and to act as a placement guide. A small bend, resembling the shape of a hockey

stick, is made in the stylefte and the end of the endotracheal tube, while the main

body of the tube remains unchanged. Once this is accomplished, another attempt

is made by the practitioner to-visualize the vocal cords and inlet. The bent shape

of the insertion tip improves the chances of passing the tip through the tracheal

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 fo bend the insertion end of the
endotracheal is widely used, it hés 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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and to act as a placenment guide. A small bend, resenbling the shape of a
hockey stick, is nade in the stylette and the end of the endotracheal

t ub body of the tub h d. 19ARR 2006
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airway with tentlal for bleeding in the airway as well. In the past,
punct ur etubfe its6lft ti ssue and vocal cord damage has been attributed to the

use of stylettes.
[0010] U. S. Patent No. 4,589,410 to Miller, U. S. Patent No. 4,150,676 {0

Jackson and U.S. Patent No. 4,685,457 to Donenfeld each show an endotracheal
tube with at least one pull cord in the wall along a portion of the length of the tube.
Applying tension on the cord causes the tube at a position proximal to the balloon
to curl, apparently due to the compressibility of the material of construction.
However, the tip of the tube does not bend, the bending being disfributed 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 puliing 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.



[ 0008] None of the prior devices have succeeded in the elimnation of the
use of a stylette to properly configure an endotracheal tube
successful“{%é % ate a patient. [0009] Many devices have,ct‘z&agjgfg%QQGto
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exanpl e, However ,
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. stainless steel hinge with a pull wire in the tube wall opposite to the hinge. At
least the cut-out portion is covered by an outer plastic material. This plastic cover
may also cover the pull wire, as well as the full length of the tube. A balloon may
be added distal to the bendable portion. These devices do not include an
occlusion balloon such as is required on an endotracheal tube. While Heaven
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.



radi al notches spaced along the length of the tube and a pull wre through

the notched wall. Pulling on the wire causes the tube to bend,al éb
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stainless steel hinge with a pull wire in the tube wall opposite to the
hi nge. Aot o digok thapatignt airvays.t Cerating bevdasigdsljstaHinoyptyie dst i ¢
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[0016] 1) locating a spring between distal tip and main tube body;

[0017] 2) using ultrasound, heat, solvent freatment or like methods, to modify
the molecular structure or composition of the polymer forming the portion of the

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.

[0b21] 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 iock 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.
Aiter the curved end of the tube is inserted in its desired position, the trigger
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[ 0013] None of these devices in the preceding two paragraphs are intended

to operate in the manner of an endotracheal tube. They do not .} QbﬁtGe
features vohodhi@4dsnvention, such that a portion of the tulg ?,:’ﬁ%?o
insertion tip articulates, while the main portion of the tube remains in

i1 : _ . . h |
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tenporarily lock the position i e.. Such gn endotracheal tybe woul d
{2011 ¢ aPEYRIABD RO AN Qe b, 0N thepiaratotsrdp TRRR |
free to gEudht drittdleind B EpiFadiiefdment SPENRAPESRRS. Al so, this

shoul d be acconpl i shed w t hout having fo conpromse the |unen of the tube.
WO 03/ 04 I 96 | NVENTI ON SUMVARY [ 0016] The
endotracﬁéﬁ% @%ﬁﬁp@%%%g%%tion has a distal end configured to
be inser i n ﬂ”m g : i B0 o t he use
of a sty‘og?& gﬁeg?ler gd%“é‘?’ﬁ%ﬁ‘é‘wgé‘?ﬁ%%r@g’eﬁ%a%?ﬁ?ﬁge?ube tlos

appr oac hthegpicletficgtion ! aspentizel ¢laims, tndactotpanging drawings, ihens:i gi nal

configuration, while allowing the distal end to be independently curved or

bent an 00213]1t Ei@eREm%ml&&kteﬁmm@%tmﬂmknommmmmsmf t he
endotracheal tube. The lunen of the endotracheal tube remins unoccl uded

during tINGOBRPRATNG FEATYRESIPBTHRE INVENTIGN, as not to block the patient's
airways. Creating the desired distal tip curvature is acconplished by the
use of Vi@PR4LsFHsdREMEA ISAN ENIGREERGUIAWAY MEWOF THE BARONHERVN Y t he

i nventi ﬁﬂ U'%'?_Iconbi nation with one or nore nechanisns for mani pulating the
di st al 8 the tube. In accordance with one specific, exenplary

[0025] FiGURE 2 i1s A PARTIAL CUTAWAY VIEW OF THE ENDOTRACHEAL TUBE OF
FIGURE 1 WITH THE TIP BENDING FUNCTION ACTIVATED;

[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 & - § 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;



enbodi ment of the invention, these include: [0016] 1)l ocating a spring

between distal tip and main tube body; [0017] 2)using uItrasoun IS gp06
sol vent t kp@bikRlgsor |ike nmethods, to nodify the nol ecul arp %}4
conposi tion of the polyner formng the portion of the tub ent SO

as To inqooagp FIGUREIS id Bl AxRRb, PREHAL Tw\ﬁk@mngﬁxﬁo 5 the

baffl e between the distal tip and main tu
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not ched eV istal tip and main body tube with or

W t hout the sulgg{ésr?é@a?$'§%&ﬁ%§ﬁ] Al'l of the above nechani s(rjns mayhbe .
lied t e, of the endotracheal tube, incorporated in the wa
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friction lock mechanism a single axis lock, a sliding trigger with catch,

a det ent [@W]erﬁlGdJRE 15i 1814 GROZSEECTIONAD @1EVE BAREN AloNDIOREN 669 opdi th @ pul |
W re. d position permts the practitioner to have at |east one

I - .

ol ds. el ot racheal, Lube while the | aryngoscope | s oporated wth the
ol ds ube ile
ot her haE@ﬁiAf lbiﬁ{ﬁgzdﬁﬁﬁé‘?ﬁ\é‘ﬁ’é}’%ﬂ%qmlﬁ@ Dﬁé@rﬂN@@TRMHEtMT@ﬁEl red
osition NESS ’ﬁé”%&@“ | USO1/ 44296 mechani sm
(F:)an be egqs;rdlft?/)%% easegM\gn@%{t F tu eé%@Pﬁie%R%NEPgne Its o(r):c g![ RZI oventi on
confi gur r tures

pref er abf(s %zes no ﬁg%&‘gﬁ%@;@#@?ﬁgg@%{@g@% qq}@’"‘ﬁ'f‘%‘tﬁ'—’ﬁoner to
have SHOWN IN FIGURE 12;

[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 ENDOTRAGHEAL TUBE IN ACCORDANCE WITH
A SEVENTH EMBODIMENT OF THE INVENTION;

[0040] FIGURE 17 is 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;



superior tip control, and allows rapid achi evenent of airway control. BRIEF
DESCRI PTI ON OF THE DRAW NGS [0022] The foll ow ng inventi on w il _be

better un% g;WIth reference to the specification, %ﬁ%

and accorrpanyl ng 3r aw ngs, where [0023] FIGURE 1 IS A PA Y VI EW

OF AN E ORATI NG FEATURES OF THE INVENTI ON; [ 0024
FI GURE 1%@%&%@% REAE/YIERS AT HEARCAHMALIENDRF AN FI GEJRE 1]

[0025] FI | BE OF
FGURE 1 e AT e A R Rt A RMES oA ST o RS S an

ENL ARGED P RIOXRTALANDON TS ARG ENT ARCGRENTHEONPIGIRATITNER RESREC TDFETHE ENDOTRACHEAL
TUBE OF FI GURE 2 SHOW NG THE BENT PORTI ON OF THE DEVI CE; [0027] FIGURE 4 IS
AN ENLARWSPARGLREWBAMQWM Vi BNDGERAGHIAL ENBUBEAGF FI GURE 2
SHOW NG THE_CONTROL _PORTI ON OF THE DEVI CE IN THE TIP RETRACTED POSI TI ON;
[0028] FIFEBRERACHEAL ANBEHAGA RRPANGEEN THIAMNGEVENEH EMBORMENT OF GHRE 4 SHOW NG

PARTI AL COTATAT o O OE T o A R oA AP BE R EREAN A o AN

ENDOTRACREAPEGUBE Y] NCORPORATI NG FEATURES OF THE | NVENTI ON SHOW NG THE
BENDABLE PORTI ON OF THE DEVI CE; [0030] FIGURE 7 IS AN ENLARGED, PARTI AL
CUTAVAY YOMEIOFIGHRIDRZSTAR PERBFECHYE WEWTHIEA ENROFRAEKIBAE MEWMBRAKES BE€BJRE 6
SHOW NG % BENDABL E POR][J ON OF. THE EEVI CE IN | TS BENT CONFI GURATI ON;
[0031] FINGIHEEMBOLMENT RRIEIGUSES 2PAMEPAL CUTAWAY VI EW OF THE DI STAL PORTI ON
OF A THI EBI% ENBODLIVENT OF THE ENDOTRACHEAL TUBE | NCORPORATI NG FEATURES OF
THE | NVE & LA BERBRIESHTRVEDORM QONTHEFPAIRIEF IMEVIBBENES OF FIGURE

25 SHOWN IN THEIR NESTED OR ASSEMBLED CONFIGURATION;

[0048] FIGURES 27 AND 28 ARE ENLARGED SIDE VIEWS OF THE PROXIMAL END OF
THE ENDOTRACHEAL TUBE OF FIGURES 23 AND 24, RESPECTIVELY;

[0049] FIGURES 29 AND 30 ARE SIDE VIEWS 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 15 A SIDE ELEVATIONAL VIEW OF AN ENDOTRACHEAL TUBE WITH
THE INFLATABLE CUFF OF FIG. 1 REPLACED BY MEMBRANES;

. [0051] FIGURE 318 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 Is 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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19 APR 2006 WD 03/045485 PCT/ USO01/ 44296 [0032] FIGURE 9 | S AN ENLARGED,
PARTI AL CUTAVWAY VI EW OF THE DI STAL PORTI ON OF THE ENDOTRACH 'IAHEE ﬁos

FI GURE 8 HE BENDABLE PORTION OF THE DEVICE IN |
CONFI GURATI "Nﬁ%%] FI GURE 10 |s AN ENLARGED, PARTI AL CE‘?X Rt oF A
FOURTH CDLIMENT, OF THE. D) ST | ON.OF THE.E EAL T

| NCORPORAPPNEIEaE P %% RSBl PG HENAAPEY Aarean o

THE DEVI e dibffP A 16! tfiger. 1¢ohﬁe&e@%f§§e & GB¥ecH! tEMGIBAKEYY AGRE LI NE 11
- 11 OF FIGURE 103@#0035} FI'GURE 12 |'S ASIDE VI EW OF THE PROXI MAL END OF

AN ENDOTRUCHIE 201 thepeflatable sodimpafithe euffrin snmilti-walleg/ Baityorensra oenyuit 18

EnpoTRACHAT HBE oS RECR I e bl bat iz e Mmool ey o

THE PROXullarBddy@2. ADbihRCTERAGHEA toTiniéte HdloARGIRDANTESIMdTdtdudihyTH
EVBODI IVENT OF THE | NVENTI ON: 50038] FI GURE 15 IS ATOP VI EW OF THE PROXI MAL

END OF Tiematersmesddbular bosk 124splaeachinfisggsired Jocation o theplspassage | s Asl DE

THe | VeI BT ooso e o= A sl e e el s Rl e

TUBE OF pdds@geivay@4AgitlaaiallReobGubdiEribiddly 127 ot dlongdbé innéf cBdrEed 8 | S ASI DE
DETAI LS SHIEHSSCP% Walbeh o IPIGtiE, Fossds WRy 2 W) 4 CoRSSPERHR EPRALTA CROSS
igg&g:l\?& ﬁ\%\ Ttﬁé@m%nu%:é?ﬁei’ér RYKSr BodPr2 sebiddrinty hEWAaiRaPdralof TUBE | N

passageway 24. On the proximal end of the small diameter tube 22 is a valve 28,

which acts to retain the inflation air in balloon 14 and, typically, a pilot balloon 30

which inflates when cuif 14 meets resistance from the trachea to further inflation.

While the drawings show a cuff 14 with a diameter greater than the outer diameter

of tubular body 12, the Figures all show cuff 14 and pilot balloon 30 in a deflated

configuration, the cuff and balloon being further enlarged when inflated.

[0056] On proximal end 20 of tubular body 12 is an adapter 32 for connecting
tracheal tube 10 to a source of air, oxygen, or gaseous anesthetic mixture, such
: as a respirator or wall mounted air supply (not shown). Distal end 16 of tubular
body 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 aiternative 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 fo 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
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El GHTH EMBODI MENT; [0043] FlI GURES 20 AND 20A COWPRI SE, RESPECTI VELY, A

CRCS | EW AND A SIDE VIEWOF A PORTI ON OF AN ENDOTRACHEAL _TUBE | N
POANGE. V1T 19 APR 2006

ACCORDAN NI NTH EVBODI MENT; WD 03/ 045485 19 APR
PCT/ USOl/CE"%wf€644] FI GURES 21 AND 22 ARE SI DE VI EWS O:%%&%SW?MLGE_II\_EE
OF AN E U SDANCE W TH A TENTH.E VENE N
PROXI MALWF@%‘;&\IMB @ f@@ﬁg @Lﬂﬂﬁﬁ*?gﬂéﬁ"ﬂzgggg@ﬁ%ﬁm&[ 045]

FI GURES 2@oibboady ARE S| DE VI EWs OF THE PROXI MAL END OF AN ENDOTRACHEAL
TUBE | N ACCORDANCE W TH AN ELEVENTH EMBODI MENT OF THE | NVENTI ON, SHOW NG

n . | :
[0046] FLODRD 28 T AFOLE VR U B CEk SAY B O Tl S NENBRIKES USED

| N THE ERBADIONMENT Figure BAREproddedeo that the GdrrgpaceGuRtiin #te tif 8 PERSPECTI VE

. CF Fl GUR 25 SHOM | N . THEI R ST
AsSENEL P EHGR B RA rETE 5 stieds o whB R oD ik aeReAHAES & BEy! Evis
OF THE PREIKcWhtaifddDcGF 14 thn RADGhRAEENemb/BRe 76 WhisRESrahdidgdinst
RESPECTI VELY; [0049] FIGURES 29 AND 30 ARE SIDE VIEWS OF THE P | MAL END

OF AN E aeltea=and anirneNnanbIFIsARR fach g theyopswara-Hindhedmbe/mli. JheTHE

respECT VRN PO SETRiSTeh R oot G e te il SOl bl b

ENDOTRACHEAIC oRdBE M\ iSHisedHB imfldfe AaGbi-1€UFF OF FI G | REPLACED BY :
MEMBRANES; [0051] FIGURE 31 B IS A VERTI CAL CROSS- SECTI ONAL VI EW OF THE

ENDOTRACH#89] Cable 36 is threaded through a hole 44 in wall 26 of tubular body 12 near
proximal end 20 of tubular body 12, as best shown in Figure 4. Cable 36 may run
through the lumen of tubular body 12 or through a second passageway 46 in the
wall of tubular body 12 to the vicinity of cuff 14 where it exits through wall 26 into
space 48 enclosed by cuff 14. The distal end 50 of cable 36 is then attached to
wall 26 of the tubular body 12 at a point 52 more distal from the exit point, but stilf
within the space 48, Attachment may be by adhesives, clips, rings or other
-attachment devices or techniques known to those skilled in the art. Cable 36 may
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 refracts 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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TUBE TAKEN ALONG THE LI NE 31B--31 B OF FIG 31A;, [0052] FIGURE 32 | S ASI DE
ELEVATI ONAL VI EW OF THE ENDOTRACHEAL TUBE OF FIG  31A WTH THE EZUO6

PULLED BACRVOGs/GRESASTE A BEND I N THE TUBE, [0053] FI GURE 33
ELEVATI ONAL VI EW SHOWN NG AN EMBODI MENT OF THE | NVENTI ON U'IlJcﬁ LTI PLE

RACHEAL
ToBE Tt B e L P hibdifeaibh Ghine it fgaitlnf el T o o
THE PREFEﬁﬂEEhEMfermr{twsBpnﬂenpandab!ermmibrmm 58fcoaer&rfmhwml$mhte 10,
o Thetl no8 18 sbBakhd Bkt andilmERIPLIRII TRy 2 fom S ADAAES & hol | ow

of the inventionh is s
tubul ar bptweh2gas flawary thrdhigh AibutardtIdyAofrdih, cre§tu¥§3a9t ﬁgéﬁéﬁﬁg ord APR 2006

PCT/ US01/ 4429 Iso refe red to as a cuff, nounted ©On external surface
of tubul aPY éaglﬁ 9@%9“ {Ifte it dnstanee, te memibiene Thacts@sdtie imerhe space

n ol g TRRr e Pl Mart oy Sapldia Sl R il o el

ina mlti-walled ball
end 20 of TftamdlﬂtweebMOMIrtrmmhmnbraﬁeaZZ and spAngl2. tOiMehdsebpdy 12. Conduit

b II to.a deS|red occl uding di aneter once
éLﬁb:Jisalrjsg%gyﬂfE ?%OE)F%Z%S ﬂH\%‘PP%H’q SRS Mammergs thefirghassage  of a

atient. &obddiment8 IS typi cal ly a small dianmeter tube 22 which runs
'I[Dhrough a passageway 24 within wall 26 of tubular body 12, or along the

' 2
can consth ootk DRt ando Yol gt SbBaHR the BT PBeD Slseal e
i nt o t he @eatedrw previding on@mmxgewmjc?%@ 600m Whlk 28"t Baltoa®? sthd he smal |
di aret er r]icﬂgf? 68%Uﬂc%o%nvgaa§/ S hmge While this embodiment does not show the use of
the spring 42, a spring can be used within that portion of the tube for the same
purposes as set forth above. A membrane 58 is shown covering the notch 60 and

forming the inner membrane 72 of cuff 14.

[0063] Figure 10 shows a cutaway view and Figure 11 shows an end view of an
alternative embodiment of the endotracheal tube of the present invention having a
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 fube 12. The handle or trigger is
attached fo 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
Iongitudinally 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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which acts to retain the inflation air in balloon 14 and, typically, a
pilot balloon 30 which inflates when cuff 14 neets resi stance 5@06
trachea t oybuwsndsgs i nflation. While the drawi ngs show a %
di aneter greater than the outer dianeter of tubular body 12 the Fi gures

[ 1 h | | h
o1 0w 481134 0ol HOBRA o eSS TR, (he
end 20 ofpdsitin, ahohndyFinxresMrarﬁid'Bﬁqttl&etr@e‘r@Z is bbby tirghodk M(b]&ﬁftstube 10

to a sourc of, air seou anest hetic m xtur such  as a
respirat cﬂ" Fetmtsfdﬂ?ﬁl dTIél?lt”&ﬁfdﬂﬁ‘?ﬁ%ﬁ wheilye hBP%f'ﬁB iBFdated of tubul ar

body 12 |c§0(gm§btég HdnaW el gl into the tube to flow w thout obstruction
into the patlent s airways. In Figure 1, distal end 16 shows an

ol o nat k] PEGEANS 16 SRR hBer by BREB BT Ach ghect ed i

end so t I'ng surrace 1s presented to Issue of the air
passage timluﬂm eicpeved:; aela’ﬂvelp rigitk slitling bae odtﬂattegeque‘rmmo gitudteahé r acheal

tube 10. J0057].. ube 10 | | bl 34 in th [ 1
01EJ teubul zﬁe g’g%blsgf%c ?%e t’beﬁﬁr ‘Bru‘:”?'gi' ‘%S@Qﬂﬂlgélﬁ@OEQ g\a I"F?g frolmnpr o>e<i V\ngl
end 20 tQopl lﬁm{allga'&té'@m%{;rdd&@ﬁﬁ aﬁﬁgb’%ﬂ@Torﬁié@ ift tﬁQWdil%f m 38

attached to proxi end t he a first enbo ment | exi bl e
portion 3% hestseeaircbigbyes tfrandri@. sbmook d26ain thefpmaim::zimdmf thébanoea under

cuff 14. Qr of e wal l ret.ai ned t ai,ne rtion 40 is

al ong t hé“} 'Isq ‘8‘%{? 'jsteﬁg[ﬁlag §de 9?*%'31802?‘1”&%@%9@5’6@&'@@% | ocated as
shown i ncbhfiggatiosk. nent of Figures 6 - 7. Retained portion 40 bends acting
as a hinge. Tn the first enbodinment, to provide support and integrity for

[hex! Dl 008 Ty e 08 5 i R o PR BRI ki o Shape
r el easedwhich; dnsteaghef agingle psblecfoabemmg ttie: distaldip, lal pipof ¢ables 830,032

| disposed within passageways 134, 136 within the wall 138 of the endotracheal
tube 12 are used to flex or bend the distal tip in either of two directions along a y-
axis shown in Figure 19. An alternative to this arrangement, providing for even
greater versatility, is shown in the ninth embodiment of the invention in Figures 20
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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tubul ar body 12. [0058] Where a portion of tube wall 26 is renoved, a

sel f-contained cuff 14, such as shown in Figure 1A is provi d_qi-: Eb
the air spRa§8s; sf}%in the cuff is conpletely isolated from ﬁﬁé?g @ ﬁ
fl ow ng throug the tracheal tube 10. The self- cont ai ned c en has
an outer 70 whi ¢ apded a a| nst ac an inner
rrenbrané-‘p)oi‘ ﬁ@dl"ﬁtéo'b @rﬁr%rr‘gﬁ&ﬁu‘ﬁ ée%%\n? in ths gbﬁﬁfpﬂons 74 are
provi dedeHpnis&ds4uf f 14 to the outside surface of tubular body 12.

Conduit 18 is used to inflate balloon 14. [0059] Cable 36 is threaded

through g 15%{5% @g‘égét ggﬁﬁwn Ilé\}é?ﬂl'l %hﬂ?ﬁﬁiﬁeﬁﬁoﬂﬁé greﬁrﬂ’ih\i’é?fk;oﬂ”qn 20 of

t ubul ar n Figure 4 may run through the
| unen ofthtaﬂmbadmhmutyﬂé)ﬂblbﬁy ctfﬂllne)d@ta}zilpgemo\ddpdby@g‘ém?cm&@ formes inwal | of

t ubul t ff, 1 h |
o Rl o R e SR 1 bRt Ukl | 2
at t achecptiiptcialyp Igéo%reafw 4 4hall Rembestye, dbtails & vasich bré8homnen di stal from
the exit point, but still thin the space 48. Attachment may be by

aﬁhe3| veklaslglurﬂa 25 angi26g A st ﬂﬁmbie inner aeembranaltld theliding ladéemilY ques known to
t
oS, et pBrRug R R A TR DR BBy o

st ai nl esAeiibigne 476la8sd inelublingalaRnphlhsdisposésd Byragationsntyd. | dinent |
mul tifilament braided structures or sutures or -any ot her ri dt
mat er i alo9riuggtions Allowsxpansion ¢f the MesrbiapRs| Jmedgemr%&es ?@3&5} %unt ed on

pr oxi mal y vabl e
| ongi tu&oﬁ%ﬁ?%l&bﬂ%ﬁﬂ? O?Flsgggt?é%ﬁg%ﬁgl’%ﬁgﬁﬁéna&%&g@ QrF}A‘le&{pnr)om mal end
of cabl ehe@ueamaemammmm Umdeggaresﬁs{ress stippliedvtrethissspamednameansef mact s t he
trigger I,.n t edireti |nd| t he arrow ure 1, the
pul I'i ng Spi‘él: %ﬂc 2’59?@ ?'& 2% e gpta I:QFBPE{ t achment ,
causing ér%%%hegﬁﬁﬁe@tﬁlg eﬁﬁﬁéhméﬂt lhhﬁ‘s tﬁﬁf@(&@%f@nﬁén@dorﬁﬂg‘ufrat% andl spring
42 to flex as shown in Figures .

in its bent or flexed configuration when alr or other fluid is forced into the space

184 between the inner and outer membranes.

[0070] Figures 29 and 30 show a twelfth embodiment of the invention comprising
an endotracheal tube having a distal end including a cuff, as aiready 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 fube 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 168,
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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When the trigger is released, spring 42 causes tubular body 12 to return to
the unbent conflguratlon as shown in Figure 1. The trigger 5

channel 5 {i%(ts so di nensioned that sufficient fricti on, %Qﬂ@?x?ﬂ@ﬁ
0

t hese elerren retain the trigger 54 inits retracted I'on

modi 11 cabROTPASM RN Ae Sals Aot 4429%83?@%0@%’@?%ﬁ§u%5% BBt 11

non- ex papggfadie 18w AR §.8F; 93@1 SAisJoeméJbﬁsﬁyéwag@ in3e (valls eansdlgecabl e 36
and | unmen of tubul ar bod romspring 42 and prevent gas flow ng

t hr ough Fﬁ'fb@paﬁtltﬂtﬁj'shel@r-{@@ﬁ"cﬂ%{&t'gh@fﬁﬂ" digsagter H@%rm whighsedse thef or ce on
ff 14. t nb 72
ULt B el R o A0 %F@Ea@@@?’ L IEapRGLe, T e, T2

ol 11 calfir Ao huebiEh HEBREANT iBafR nBR et disoribbd Tl thiaoral detail | | o,
enbodi mewith refeRde td eutAn phefRitd Yerdlons and uiskbehereth @thsmrsioheaedf | exi bl e

portion 34 is created by providing one or nore notches 60 in wall 26 with
bot t om 6US@F atdeontaatriaied Byrthadveasipng Fas exampiedt iswat necessasy &rbodi ment

does not %ﬁﬁbﬁggh{}grge ﬁcw[aié?o?%ﬁ ROt wafndPle fpﬁe(? taﬂ?t s L {an' n that

portion ane  purposes as se ove rrenbr ane
58 is shpwﬂonmfethé ngbrehm plaicet béfweantlthef cuffrang théibermaer walbThee 72 of

cuff 14. ure 10 shows a_cutaway, view and Fi e 11 sho an end
vi ew of 'aéndolagta@ tgtcﬁv@ee?mameﬁmnw ##@%ﬂ%ﬁ?&&@éa a?‘ﬂﬁé W\I{\{E present
I nventi gﬁ% }#@HQ 0 he
spring 4 ?%deﬁﬁﬁrgﬂgﬁﬁel %ﬁt %%VBQ t| t Weﬁgmglﬁrﬁr%%t W@% ({%Ieé pr esent
i nvent i oihen exits through the wall just prommal of the cuff and is attached to the wall just

distal of the cuff (i.e., external to the cuff). Pulling on the cable in the manner

described above causes the tube to bend in the region covered by the cuff.

[0073] Furiher, it is not necessary {o limit the flexible portion 34 to the cuif area.
Any portion of the tube can be caused to bend by providing a cable exiting
through the tube wall before the desired bendable section and attaching the cable
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 inciude other means of creating a flexible portion such as by
providing the fubular 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

fubular 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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I ncluding a nmechanism 80 for retaining the handle or trigger 82 in its

fully retracted position. The enbodi nent of Figures 12 and 13 E}Cﬂ)gﬁép%
‘gﬂgi{éf 29

uni ver sal 5%534 r 84 received by the proximl end of t
tube 12. m a%I e or trigger is attached to a cable 86@2:% I'S ‘novabl e

i t hi i tudi nal dj lid h | b f h
il stal oRFBE SSURR Stk STb FAEP sBokETyafialOnBpaliieidn {Hch 8k ohBat cq on
t he proXinfE@hb@ings Ufe @bed hather Btanlthel ifflatablel dufPis désdribdduaba\l. i teist endi ng,

flexi ble retention nmenbers 94, 96 havi ng opposed recesses 98, 100 for
r ecei vi ngmbegimentapdlexipie pertion 2 ef e tibe is ersated by pevidiggianejargnoney| | vy

retracte Lty " ' l: t [ mechani sm
o1 1 ows. oNSEREs 209 Tn el A0l P08 & 8 holeh r BB E B A hReTC Y

[ 00I65]d ngmm?r thérrend 216huowvees ﬂi@«td‘tg\l@ﬁb@d iﬂ?ﬁnhﬁpllfnemter_ ahﬁ\mﬂtr'g?ylbahi ch
includes an alternative retention mec [ ol ding the cable trigger
82 in it§%°?a|'ﬂ‘§}d‘?g?9r . B Wysh crsp @ qa%‘%iﬁogmlﬁ%%ecgaﬁmmo %
rotatabl focﬁwﬁet@ue\é%é%%Jtefr%ép‘ﬁ@aﬁég%%ﬁéﬁh%%r{é? &PBPand™$12 UpRY/ 44296
axis 112 1s novabl e between a | atched and unlatched position. In the

| at ched optesimeérnbranstidithpiaiedts doe amlis 4f thedbddy passagerintgehicB2hé dubreeisd by
the hook, 110 i,n its fully retract ositio The trigger is,.released when
the ook TE8geR drom Bamith e GERTREE R 188 Bk’ TThere et BeldSians s o g ur oo
16- 18 shpwsaaRaeha obfdtatirRBlofthe Wik forMRIR 4 ﬂﬂid\lﬂ(i)grﬁ%eal. NAltereasvely cur ved,
relatively I‘I.gld, sliding bar or flattened wire 120 to actuate the

f1 exi bl ectiaddifipnallypthepipnermerplaraner2 12 ¢an e sealeddoitirinner guspes ofithd t hin a

tupe. 12 ooy S I ERg " 17 2 18] A hook 126 on the proxi mal end
of the bfdoﬁi Figure 32 shows the cable 214 creating a temporary bend in the flexible

portion of the tube covered by the membrane. The cable 214 extends from the

proximal end 216 of the tube through a proximal end of the portion of the tube

covered by the membrane, extending between the flexible portion 202 and the

outer membrane 210. The distal end of the cable 214 is attached to the wall 206

distal to the notch 204. The cable 214 can be attached to the wall 208, for

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

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 flexibie 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 néed not be
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wire 120 is used to actuate the distal tip between its bent and unbent
configurations. [0067] Figures 19 and 19A show an ei ght h enbodi tP f ¢g§
i nvention Woo3asah, instead of a single cable for bendi ngpphgis ,A@JR% ,
a pair of cables 130, 132 disposed within passageways 134, 136 wthin the

wal | 138 withihhike siAGIDIAEOR 308, W‘i@ﬁinﬂgtag'ieecﬁﬁ% EQRfH\?Eﬁi?égﬁ o gk@@gt@kﬁt al

tip in either of two directions along y- axis sho I | A
al t er nat i tpdhe dlexibiespertion 2§2r{eaillusiiatad Higue Bé), candre pagitiena distal smthia i ty,

I's shown 4.1 | nt ' f,the in ent'.oni%i res.20. and 20A.
i thie e poflioh A Sr dhSTioyB he e RoriSh 208 s BT o
passagewdBigu®®). 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

di r ecti of0B8 e OFigUre33 Shibiws idxibiepbitichs Sy n%"r‘"’éé*g* WP ABichk8990pr OVi di ng

the greatest degree of options so as to perm ecl se control of the
di recti o8t Rigdrenehahows tie noich 2R6sorignted g 80 degesis fromuihena@dhes P2 show

- : - i on..i N -whi f1 exibil i f the distal ti
o the eiae: P2enaa I8 O BEieiner M1 BlwhErdBacrale Riasfu thin the
cuf f 162 dirSetibnswithiexd plareb @ddtivn§ciheivtahdsowsn PR \WBRiEd Shywide 380t al

tipin any direction while preserving the airtight integrity of the tube
wi t hout déﬂfﬁ%&ﬁnoynémﬁ aélé\ﬁértﬁl%!b%@wnﬁélaﬁhe ingfof they tuhssiniregtione 2

i ncl ud | [Si of the
bl 1 ows. S ! heftane. TREHBEBIGHGtofS AT GE cBhfBfied BY oiiREIEBRS T o
flui d foodedtedsimilath To i;hba?ltsho\nbyi%ﬁgurfugzwﬂgmﬂ) {a\ddaﬂwf ; Zﬁa%rfg?tggg?gﬁalig gs
' f th I e chanber against a fix :
ext ond! ngare BRI b 8RS PeCah hie Bl fiueiCSRBRhang of Hegipteh Whichovs ( he
gig/sg ?1|54t8 i5riérpéttédﬂe§ 16 WROGURNRNt digtal bEthb! RIS RS RBRin&PAbLE With r&pect? VO
to other embodiments, the flexible portion of the tube need not include a notch,

but can formed in other ways.

[0082] In the embodiments of the present invention described above and shown
in the figures, some of the mechanisms for bending the primary tubular body,
including the cables and the small diameter airffluid 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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19 APR 2006 PCT/ USOL/ 44296 upon the introduction of air or other fluid
under pressure into the small baffle chanber 164. [0069] Figu - w
an el eventh enbodi mrent of the present invention. In this enbojﬁl@ﬁzﬁc}f%o
flexibility of the distal tip is provided by a V notch 170 forned in the
undersi de of the distal end of the endotracheal tube 12. This V-shaped
cutout or notch 170 is covered by a dual nenbrane, details of which are
shown in Figures 25 and 26. A first flexible, inner nmenbrane 172 i ncl udi ng
| aterally oriented corrugations 174 is configured to nest within a
simlar, i of ap menbrane 176 al so including laterally disposed
corrugati gﬁlﬁg'%d.lﬁﬂ]eg Ig:Corrugati ons al |l ow expansi on of the nenbranes. The
menbranes are bonded together along their edges 180, 182 so as to define
an encl osed space 184 therebetween. Air or fluid under pressure is
supplied to thi,ss spgce by means of. |1 djameter tube 186. Figures 27
and 28 show t hd-di s?glaﬁﬂyaﬁatﬂis Qrﬂép’dgﬂ@gﬁ%ﬂ e ofOPRTIE"Enbodi nent in
its unflexed or unbent configuration and in its bent or flexed
configuration when &ihollgy teeg baving g distakendeentigured forinserignioto thes4 bet ween
the inner and outer nenbranes. [0070] Figures 29 and 30 show a twel fth
enbodi nentraghes gadiamanposite podmpai endig  an endotracheal tube having a
distal end including a cuff, as already described. A V-shaped cutout or
notch 190 is for nmedan inflateblelcoff attaehet wf the lneiterraloface ofitia halloaetub&2 wi t hin
the confines of the cuff. Inserted into the |lower end of the V-shaped

not ch 190between theristdiedricealbtheqnoxihiil cha\of fite Ribd! Ghdtl extremty 194 and a
proxi mal extremty 196. The distal extremty 194 Is sealed while the

proximal extrenitys Eamﬁ@mrahh%nﬁfo?b?éatﬁ@fh féfmpﬁ)é? ; éndqh%’%rgé?bf‘be 198.

The distal end of the tube 198 is bonded or ot se secure n
fFluid-tiofife B8 oS By th8 duftroximate the distal end of the tube, the pulling
mechanism extending through a line in the tube from the proximal end of the
tube to a proximal end of the portion of the tube covered by the cuff and passing
outside the outer surface of the tube proximate the distal end of'the tube,
whereby application of a pulling force to a proximal end of the
puliing mechanism causes the tube fo bend in the portion of the tube covered by

~ the cuff.

2. The apparatus of claim 1, wherein the portion of the wall of the

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

17



proxi mal end 196 of the balloon. Air or other fluid forced into the ball oon

causes expansion thereof and flexing or bending of the distal
endotracheal tube, as best seen in Figure 30. [0071] The enbo?ﬁ%ﬁ?izpb%

Fi gures 21-30 show the small dianeter tubes 166, 186 and 198 for supplying
air or other fluid to the baffle chanber 164, dual nenbrane 172, 176, and
bal | oon 192. The snall dianeter tubes are illustrated as co-extruded to
the exteriors of the primary tubul ar bodies. However, the small dianeter
tubes can al so be co-extruded to the interiors of the primary tubular

bodies. Alternaiive i : LLhinsthe -13 9
V0 031 045485 Pt UsIlT ARBRI08! FasBe: nEErsh BEpaath S opbbityaa, |2
primary t r j i Ll i to the conduit 18 illustrated
in Figur elﬂi}.{hﬁ%‘o, ﬂsﬁaz°%§9§£§‘é%§/‘§{‘ﬁs%gﬁﬂéé8@a| | s thensel ves can constitute
the air-tight or fluid-tight snmall dianeter tubes in which case the small
di ameter tubes are sealed into the proximal ends of passageways. [0072]

Al t hough the present invention has been described in considerable detail
with reference to certain preferred versions and uses thereof, other
versions and uses are contenplated by the invention. For exanple, it is
not necessary fo plh®epparptus elclam 3, whereirba eoifast spring is docaited within nor i s
it necessary that the distal portion of the cable be placed between the
cuff and that podion efithe tubeatdverdd by threouff agd actiicomferentislqoriicraofibe usi ng a
standard cuffed endotracheal tube with the cable run through the |unen of

the tube walliofthenebeaiuroahdingehé vbited Springigbéraovédien exits through the wall
just proximal of the cuff and is attached to the wall just distal of the

cuff (i.e., external to the cuff). Pulling on the cable in the manner

5. The apparatus of claim 1, 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.

6. The apparatus of claim 1, wherein the tube is formed from a
-polymeric material, the portion of the tube covered by the cuff comprising a heat,
ultrasound or UV radiation freated polymer of flexibility greater than the

remainder of the tube.

7. The -apparatus of claim 1, wherein the pulling mechanism

-18-



descri bed above causes the tube to bend in the region covered by the cuff.
[0073] Further, it is not necessary to limt the flexible port ggqﬁﬁ%ga hpe
cuff area. Any portion of the tube can be caused to bend by p 9
cable exiting through the tube wall before the desired bendabl e section
and attaching the cable proximal thereto. Pulling on the cable bends the
tube within that portion where the cable is external to the tube. [0074]

Q her variations contenplated within the general scope of the device

descri bed above i ncl ude other means of creating a flexible portion such as
by provi ogdmpﬂslégéﬂga&g a corrugated tube wall or making the distal
end portion of the tubu ody of a material that is nore flexible than

t he renmai nder of the tubular body. [0075] In sone applications the

infl atable cuff in neither needed nor desirable. For exanple, when used

wi th sone children, the endotracheal tube forns a seal wth the interior
wal I s of the trachea w t hout use of the inflatable cuff, and elimnation of
the cuff reduces th thick f the device for easier insertion and

mani pul ati on. ﬁépea %9 clai f cleclydingrplyralidvot cabigsoler berdingan be
used for gglrcatrons ot her than as an endotracheal tube, for exanple, as
a cannul athedesiradsregiandn at lgast vondirestioss alpnaelleagiope axist WO 03/ 045485 19
APR 2006 PCT/ US01/ 44296 [0076] Figures 31 a, 31 b and 32 show a further
enbodi nent in which one or two nenbranes are used rather than the

infl atable cuff as described above. In this enbodinent, a flexible portion
202 of the tube is created by providing one or nore notches 204 in a wall
206 with a bottom 208 of the notch functioning as a hinge.

9. The apparatus of claim 1 in which the pulling mechanism

comprises a relatively stiff, longitudinally extending member.

10.  The apparatus of claim 9, in which the longitudinally extending
. member is dispesed within a longitudinally extending channel formed in the outer

wall of the tube.

11. The épparatus of claim 7, wherein the pulling mechanism includes
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.

I8



An outer nenbrane 210 covers the notch 204. An inner nenbrane 212 may be

pl aced inside the tube in which case a cable 214 of the puIIing g&ﬁ?@ﬁb@ﬁ
is located between the outer nenbrane 210 and the inner nenbr ﬁ 2121 e
outer nmenbrane 210 protects the walls of the body passage into which the
tube is inserted fromcomng into contact wwth the cable. The outer
menbrane 210 can be sealed to the outer surface of the tube formng a
fluid-tight seal. Alternatively or additionally, the inner menbrane 212
can be sealed to the inner surface of the tube to forma fluid-tight seal.

0077] Fi h I j : Db D
oxible portiGh of e i e 1 S e el R RIAEh for YRRl dhy) 1
tends f . ' i,mal d of
The- por i oRampg T Kn G herdlofot e el SRR SR Ba " e

flexible Rﬁﬁﬁéﬁn 202 and the outer nmenbrane 210. The distal end of the
cable 214 71's f-ached to the wall 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 illustrated in Figure 31 a) or below (as illustrated in Figure 34) the
outer nmenbrane 210. A pulling force is applied to the proxinmal end of the
cable 214 at the proxinmal end 216 of the tube. [0078] As expl ai ned above
with respect to other enbodinents, the flexible portion 202 of the tube
need not includ8. a hbeappataiys cbelaino? nwhierein thehatieasipae cabbe extandpl e, t he
tube can be forned froma polyneric material with the portion of the tube
form ng t liarotigle anlElengated space2Wzhindha gall of tHe/tbe. of di fferent chemi cal
properties having a greater flexibility than surroundi ng portions of the
tube. Also, the flexible portion 202 can be heat, ultrasound or W
radiation treated to create flexibility greater than surrounding portions
of the tube. [0079] Wile this enbodi nrent does not show the use a spring, a
spring can be wused within the tube for the sanme purposes as set forth in

other enbodi B4 S. The apparatus of claim 7, wherein the at least one cable extends

through the lumen of the tube. ’

15.  The apparatus of claim 7, wherein the at least one cable is formed
from a material selected from the group consisting of stainless stee! wire, plastic

filament and braided filament material.

16.  An apparatus for rapid intubation of the trachea, comprising:
a hollow tube forming a distal end configured for insertion into the.
trachea and an opposite proximal end; |
| ~an inflatable cuff;
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[ 0080] As shown in Figure 34, an inflatable cuff 228 can be used with the

enbodi nent of Figure 3la. Thus, the flexible portion of the tufﬁ#ﬁ&gﬁ@%
not be -15 WD 03/045485 19 APR 2006 PCT/ USO1/ 44296 within the a

cuff 228. The inflatable cuff 228 can be positioned proximte to the
flexible portion 202 (as illustrated Figure 34), can be positioned distal
to the flexible portion 202, or can surround the flexible portion 202 (as
illustrated in Figure 8). [0081] Figure 33 shows flexible portions created
by a plurality of notches 220- 226. Figure 33 shows the notch 226 oriented

Sggefje%?l?af | ows. [‘)Zanfgfi%é‘@?ﬂ%ﬁ%ﬁ%%éﬁeﬁ% ik %ﬁwﬁgf‘nﬁ%ﬁrﬁﬁfs t 2 h
Additi _ | 36

axi's of 1T the e AR (e PRGN BY her iR NEe A e SR BAEe out oi de of
the plane., The nultiple notches can be controlled by nmultiple cables

ori ented dHRF arly to those shown in Figures 19, 19a, 20 and 20a. Each
notch can have a cable that exits through the wall at the proximl end of
t he notch which thamembeecaitached fie thesitbejagyering thedflexivle pagiondech. As
expl ai ned above with respect to other enbodinents, the flexible portion of
t he tube eparat@the fiexibld@odiondremn the tracheasn forned in other ways. [0082] In
t he enbodi nents of the present invention described above and shown in the
figures, sone of t ha poiicganechanishoexieaditigritorn tite proxirmalyeridugfithatubzody,

i ncluding the cables and the small dianeter air/fluid supplying tubes, are

shown exaaddxthding bétvebh ehavBbliblefortiditand tHEmenibtang & attkihddrame t he
proximate end of the body to the flexible region. QG her of the mechanisns
for bendi agtdipdRA%e RILR; and

whereby application of a pulling force to the pulling mechanism

from the proximal end of the tube causes the flexible portion to bend.

17.  The apparatus of claim 16, 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.

18.  The apparatus of claim 17, wherein the pulling mechanism

comprises multiple cables for bending the tube at the additional flexible portions.
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shown co-extruded to the exteriors of the primary tubul ar bodi es. However,
it is alsointended that in all the described enbodi nents the 566%
for bending the tubular body can extend within the walls of t% osg

and/ or can be co- extruded to the exterior and/or interior of the primary
tubul ar body. [0083] It is believed that the operation and construction of
the present invention wll be apparent fromthe foregoing description and,
while the invention shown and described herein has been characterized as
particul ar enbodi nents, changes and nodifications nay be nade therein

wi t hout departi fr i L S e invention as defined in
the follow ng cﬂ%i nsmglééﬁ%@%%%’a@ﬁg@ ﬁ‘gﬂﬂgrg‘{’%égﬁ% 1. An apparatus for
rapi d i ntubation of _t hea,, conprising.,.a hall.ow tube having a distal
end configured for f"‘n‘)gaglr‘%tirt@%t@ﬁ%a\f"ﬁwéfggﬂé@eéﬁbﬁgﬁe%@‘b‘g?i te proxi nal
end; an inflatable cuff attached tq the outer surface of the hollow tube
et weon ¢ fEsaparuy Ertbe sl FiRuSh weken e millidmeharmisatendidram 9 | 1 ng
mechani smfor,y&;e&%i ng\ea tenporary bend in a portion of the tube covered
by the cufPfOXM&kERAPENebeateaprodmal end ehibetfigsible pediopul | i ng  nechani sm
extending through a line in the tube fromthe proxinmal end of the tube to
a proxi mal end of t A eydpeinbforaredinghe tibe neardhe graximalrandoafithe and passi ng
outside the outer surface of the tube proximate the distal end of the tube,
wher eby afipkibtegpartion tifroaglpwhichribe palling mechainisno ekitefromartte efallttb@xtendul | i ng
mechani sm causes the tube to bend in the portion of the tube covered by

t he cuff. b@tweBmetheflesibid portioh apt AhemiemhaAecamd t he portion of the wall of
the tube covered by the cuff is renoved to create a hinged section.

an attachment point near the distal end of the tube at which the

pulling mechanism is attached.

20.  The apparatus of claim 19, 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 bet\_rve_en the inner membrane and the inner surface.

21.  The apparatus of claim 16, wherein the flexible poriion has material

removed therefrom.

22.  The apparatus of claim 21, wherein the material is removed to

2.



-17 19 APR 2006 3. The apparatus of claim 2, wherein the portion of the
tube covered by the cuff has a coiled spring enclosed therein.44.
apparatus of claiml, wherein a coiled spring is |ocated wthi n1éAﬁF2006
portion of the tube covered by the cuff and a circunferential portion of
the wall of the tube surrounding the coiled spring is renoved. 5. The
apparatus of claiml1l, wherein the tube is forned froma polyneric
material, the portion of the tube covered by the cuff being a pol yner of
different chem cal properties having a greater flexibility then the

remai nder ofregtear hingbe sedionTihe Eqrtion of the tabe ebpbsieltheWeRid o thagudibe i s
formed froma polyneric material, the portion of the tube covered by the
cuf f conprlmva(pcbbylihetmembfa]feasound or UV radiation treated pol ynmer of
flexibility greater than the remainder of the tube. The apparatus of claim
1, wherein the pulling nechanism-18 19 APR 2006 conprjses at |east one
cable. 8. The apparatus of claim?7, including a plurality of cables for
bending the desired region in at |least two directions along at | east one
axis. 9. The apparatus of claiml in which the pulling mechanism conprises

laim o, i n whi 2R ih ﬁ?gﬁﬁﬂ‘?*‘%aé!ﬁaﬂv%v@m?ngﬁ”b” Ve Of heaea i thi n

h t Il of t h tub
I ongi tudi ngjifow fﬁét@ﬂ% 8&n§ AMSh ol Toae of the tube into aviﬁmenoof the ?ube}u &

24,  The apparatus of claim 16, wherein the flexible portion has a coiled

spring enclosed therein.

25. The apparatus of claim 16, wherein the flexible portion is formed
from a coiled spring located within the flexible portion of the tube and a

circumferential portion of the wall of the tube surrounding the coiled spring is

removed.

26.  The apparatus of claim 16, 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.
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11. The apparatus of claim 7, wherein the pulling nmechani smincl udes

finger actuated trigger nDunted to the proximl end of the tub

finger actuated trigger being noveable proxinally to place teng?Zﬂboﬁzgﬂg
at |l east one cable causing the tube to bend in the desired region of the
tube. -19 19 APR 2006 12. The apparatus of claim 11, further including a

| atch for tenporarily maintaining the tension on the at | east one cable
until purposely rel eased by an operator. 13. The apparatus of claim7,
wherein the at | east one cabl e extends through an el ongated space within
the wall of the tube. 14. The apparatus of claim?7, wherein the at |east
one cabl e extends through the |Iunen of the tube. 15. The apparatus of claim

7, wherein the arv! | cwsé apparadai¥fidin f@w@emftﬁ?mtﬁ g fidPiomd ected from

t he group consisting of stainless steel wre astic ament  and brai ded

1] e om0l L PsrPiaPe st er 1 on

conpri si ng hol I ow t ube form ng a

jAgI[QOZE)Bg a flexi bf’celﬁ%%: .onm%ﬁ’#z’eﬁ%%%%emﬁ@?fﬁ%‘%h& a%t}LrGrgﬂﬁlLi’ n;:]20 w0
portions oﬁéﬁﬁéﬁd’?ﬁﬂ%{‘@ﬁf ﬁﬂf?bl e portion covered by the cuff near the

di stal end %ne attached to the tube coveri ng the
flexible portion to

28.  The apparatus of claim 16, wherein the fube 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.

29.  The apparatus of claim 16, wherein the pulling mechanism

comprises at least one cable.

30. The apparatus of claim 29, wherein the pulling mechanism includes
a finger actuated frigger 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.



separate the flexible portion fromthe trachea; a pulling mechani sm
extending fromthe proximal end of the tube and extending betﬁgqg?th 06
flexible portion and the nmenbrane to attach near the distal e g
tube; and whereby application of a pulling force to the pulling nmechani sm
fromthe proximal end of the tube causes the flexible portion to bend. 17.
The apparatus of claim 16, further conprising additional flexible portions
of the tube spaced apart from each other and covered by additional

menbr anes wherein additional pulling nmechani sns extend between the

addi ti onal T1exaibl & hR\ddciiand et olaltf 38 iludif RIANE Ror tdfipordfy ol e

apparatus of claim 17, wherein the pulli'ng nmechanismconpri se

5006 10, TRATENAR e it find lled Hhb BByl PR B B B e 1 woe

havi ng out e@@ﬂ i nner surfaces and a passageway in the wall through which
t he puIIintg:[ anismextends fromthe proxinmal end of the tube to a

proxi mal end of the flexible portion; an exit point formed in the tube near
the proximal end of the flexible portion through which the pulling
mechanismexits fromthe wall to extend between the flexible portion and

t he nmenbrane; and an attachnent point near the distal end of the tube at
which the pulling nmechanismis attached. 20. The apparatus of claim 19,
wher ei n: t he mdgbr ahbe apparatusoicclainn29,whereindhe st idast onesdblewextdrnes
conprising an inner nenbrane attached to the inner surface formng a fluid
tight through an elongated space within a wall of the tube. '

33. The apparatus of claim 29, wherein the at least one cable extends

through the lumen of the tube.

34.  The apparatus of claim 29, wherein the at least one cable is formed
from a material selected from the group consisting of stainiess steel wire, plastic

“filament and braided filament material.
35.  The apparatus of claim 16, further comprising a plurality of cables
for bending the flexible portion in at least two directions along at least one axis.

36. The apparatus of claim 16 wherein the pulling mechanism
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seal between the inner nmenbrane and the inner surface. 21. The apparatus of
claim 16, wherein the flexible portion has material renoved th,?étza&ﬁgrg é%
The apparatus of claim21l, wherein the nmaterial is renoved to - 1 9
2006 create a hinged section in a portion of the tube opposite the portion
of the tube covered by the nenbrane. 23. The apparatus of claim 22,
wherein the renoval of the material fornms a notch passing froman outer
surface of the tube into a lumen of the tube. 24. The apparatus of claim
16, wherein the flexible portion has a coiled spring enclosed therein. 25.

cor 1 o0 apryoaipesel Al st Bl PSR FidPb e’ Cube and a

circunferential portion of the wall of the tube surrounding the coiled
spring is renoved. 26. The apparatus of claim 16, wherein the flexible
portion includes a structure having a corrugated tube surface structure
that renders that portion nore flexible than other portions of the tube.
-23 19 APR 2006 _27. The apparatus of claim 16, wherein the tube is forned
froma pol ynerd’e ndhedperatusef ¢aim g6 whsreinithe langudioelly edenginghe nenbr ane
being a polymer of different chem cal properties having a greater
f1 exi bi | i tyembemnis disposed wdihitya lgngittdioally extendiagtchiaanelf8rmdthin arppaleat us of.
claim 16, wherein the tube is fornmed froma

wall of the tube.

38.  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;

“an inflatable cuff;

a flexible portion of the tube more flexible than surrounding portions
of the tube, the flexible portion being enclosed by the cuff near the distal end of
the tube;

| a membrane attached to the tube covering the flexible portion to
separate the flexible portion from the body; |
a pulling mechanism extending from the proximal end of the tube
and extending between the flexible portion and the membrane to attach near the
~ distal end of the tube; and
| whereby application of a pulling force to the pulling mechanism
from the proximal end of the tube causes the flexible portion to bend.
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polymeric material, the flexible portion conprising a heat, ultrasound or

W radiation treated polyner of flexibility greater than surr }
portions of the tube. 29. The apparatus of claim 16, wherein fﬁggppﬁgngg

mechani sm conprises at | east one cable. 30. The apparatus of claim 29,
wherein the pulling nmechanismincludes a finger actuated trigger nounted
to the proximl end of the tube, said finger actuated trigger being
noveabl e proximally to place tension on the at |east one cable causing the
tube to. bend in the desired region of the tube. -24 19 APR 2006 31. The
apparatus of claim 30, further including a latch for tenporarily

mai ntai ning the tension on the at |east one cable until purposely rel eased
by an operator. 32. The apparatus of claim?29, wherein the at feast one
cabl e extends through an el ongated space within a wall of the tube. 33.

The appar at us clgim29 wherein the at |east one cable extends through
the |umen of t%&'tu%@.ap?ﬂatﬁ&rm{l%ﬂh O gibody $MBEINGiherein the at | east
one cable is formed froma material selected fromthe lgroup consi sting of
st ai nl ess st eel wiré,ﬂegﬂ% stryctureifprmed froaya wall ievieg ani owWarewell serfage.al . 35.

The apparatus of. claim 16, further conprising a plurality of cables for
bendi ng t Hee flexiRipsiteicisise having iardistal erdisonfigusedifardnseritorsingd thegbady | east one
axis. 36. The apparatus of claim 16 wherein the pulling nechanism-25 19
APR 2006 and an opposite proximal end;
a nofch 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 nofch, the pulling mechanism extending from the proximal end of the
structure and passing from a proximal end of the notch into a region formed by
the notch and the membrane;
a connection point near a distal end of notch fo which a distal end
of the pulling mechanism attaches so that application of a pulling force fo a
pfoximal end of the pulling mechanism causes the flexible structure to bend at

the notch; and

a Iocking mechanism for locking said pulling mechanism.

. 40.  The apparatus of claim 39, further comprising additional notches

27



conprises a relatively stiff, longitudinally extending nenber. 37. The

apparatus of claim36 wherein the longitudinally extending ne A o
di sposed within a longitudinally extending channel forned in aﬁ(&"trj,eI§ ZQ\Q@I

of the tube. 38. An apparatus for insertion into a body, conprising: a

hol | ow tube form ng a distal end configured for insertion into the body
and an opposite proximal end; an inflatable cuff; a flexible portion of the
tube nore flexible than surrounding portions of the tube, .the flexible
portion being enclosed by the cuff near the distal end of the tube; a

- menbrane aicheered bytaiditdnal MEMbEANSRS, eB6h hQﬁn 'aeﬁﬂllﬁ'i?errqeﬁfédlﬁﬁ 7 rate

the flexible portion fromthe body; a pul |smexte g omthe

proxi mal _cesb Sfudie ih UbRasPb GcARAL B n@%Y&%’E‘PhQQﬂsl exi bl o port i on and

the nenbrane to attach near the Ista Ube; and wher eby
application of a pulling force to the pulling nmechanism fromthe proxinal
end of the tube causes the flexible portion to bend. -26 19 APR 2006 39. An
apparatus for insertion into a body, conprising: a flexible structure
formed froma wall havi ng an outer wall surface, the flexible structure
having a distal,end co u for jnsertion_into the body and an opposite
proxi mal end; ﬁotm?‘%ﬂ"ﬁ@@ i AR iRbation oftheragheaacempriging: o t he out er

wal | surface of the structure and
: a hollow tube havmg a distal end configured for insertion into the

trachea and an opposite proximal end;
an inflatable cuff attached to an outer surface of the hollow tube
betwgen the distal end and the proximal end of the tube; and
an expandable chamber for creating a temporary bend in the outer
surface covered by the cuff, the expandable chamber being adapted to receive
fluid under pressure;
whereby infroduction of fluid under pressure into the expandable

chamber causes the fube fo bend in the desired region.

42.  An apparatus for rapid intubation of the trachea, comprising:
a hollow tube formed from a tubular body, the tubular body
including a tube wall having an inner and an outer wall surface, and the hollow
' ‘tube having a distal end configured for insertion into the trachea and an opposite
'proximal end;
a flexible portion of the hollow tube near the distal end of the tube
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covering the notch; a pulling mechanismfor creating a tenporary bend in
the structure at the notch, the pulling nechani sm extendi ng fr,@n tr_lgﬁ

proxi mal end of the structure and passing froma proxinal end Pthe %gQgh
into a region formed by the notch and the nenbrane; a connection point
near a distal end of notch to which a distal end of the pulling nechanism
attaches so that application of a pulling force to a proximl end of the
pul l'i ng mechani sm causes the flexible structure to bend at the notch; and
a |locking nechanismfor |ocking said pulling nechanism 40. The apparatus

of cl ai m 39morkfiekintes thaArRFoahamgMidsBithe RO Ribe, He fiekiblEBoritn® Cover ed
mrtor

by additional nenbranes, each having a pulling nmechanis bendi ng the

structure ihavinh d @idsl ehdBnd bl 56kil : i 1. . An

apparatus for rgapi d int ubgt iaoiﬁﬁiglfﬂytp%g&t rac '@tg?é @%?r‘%@?‘sr&r@?tﬁe ﬁ%ﬁ"P’&w t ube

havi ng a dipskh i foi rr@ﬁm ' rtian i.nto the _trachea gnd an

opposi t e plrpoxi H&?Bg’ﬁg%ath ilbn atfig%ﬁ}éégﬁﬁﬁfﬂog?‘fvéﬂﬁ%H.'atno'sélﬁe aﬁpﬁﬁnaﬁg face of

the hol I owy ib!g@hﬂrf?g'n the distal end and the proximal end of the tube;
e cha

and an expanda er for creating a tenporary bend in the outer
surface covered by the cuff the expandabl e chanber being adapted to
receive fluid undera"p?cgg?{ﬂge'?‘eﬁﬁ'@?'g’ﬂ%wmﬁméheﬁﬁ i the flexikle portion, pr essur e
into the expan at% chanber causes the tube to bend in the desired region.

| e C . '
42. An appRffdratingmechianism gxigpdinadromthe preoximalsingaof the iybe i thy:
distal end of the flexible portion, the actuating mechanism actuated at the

proximal end to bend the hollow tube at the flexible portion; and

a locking mechanism to selectively lock said actuating mechanism.

43.  The apparatus for rapid intubation of the trachea of claim 41,
wherein the flexible portion is formed from an opening passing through the

. tubular body so that the flexible portion is more flexible than surrounding portions

of the tube.

44.  The apparatus for rapid intubation of the trachea of claim 43,
wherein the opening is a notch and the bend in the hoiléw tube at the flexible

-portion is created by moving the notch towards a more closed position.
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a hollow tube fornmed froma tubul ar body, the tubular body including a tube
-wal | having an inner and an outer wall surface, and the hol | ow,nat i-Ng
a distal end configured for insertion into the trachea and an 385@@F§26H61
proxi mal end;. a flexible portion of the hollow tube near the distal end of
t he tube -28 19 APR 2006 nore flexible than surrounding portions of the

hol | ow tube, the flexible portion having a distal end and a proxinmal end
wherein the proxinmal end of the flexible portion is closer to the proxinal
end of the hollow tube than is the distal end of the flexible portion; an

actuating nmechay sm-qr g nd ip the flexible _portion, the
actuating rrechgﬁ'sm@%tﬁ@?%gs?&ﬁ@ﬁgﬂsﬁﬁ% ﬂg'}heetFﬁthPO(fﬁ%'mlf%e to the
di stal end the flexibl.e porti t he, actuatn chapi actuated at the
proxi mal eXEL @Swepwg 'ﬁ@l?q'gﬁ/“ﬁh?eb%ﬂd 'Pﬂbeﬁph%gﬁ‘l‘ ﬁ'o‘?'?%@ﬁ@’feand a | ocki ng
mechani smto._sel ecti velt}/ | ock sai d actuating nmechani sm 43. The apparat us
for rapid RHHMBISGreRtedbymaving thealf tewards & mpreiopernpesiiom t he 1 exi bl e
portion is fornmed from an opening passing through the tubular body so that
the flexible portion is nore flexible than surroundi ng portions of the
tube. 44. The apparatus for rapid intubation of the trachea of claim43,
wherein the opening is a notch and the bend in the holl ow tube at the
flexible . portion is created by noving the notch towards a nore cl osed
“position. -29 #8. APRhé@appartius foneapit itubativh éfthe traichéa ohélaipauson of the
trachea of claim43,

further comprising at least one additional opening which is a slit or notch for

creating an additional bend in the hollow tube.

47. The apparatus for rapid intubation of the trachea of claim 43,
further comprising a first membrane forming a seal around the opening to

. substantially prevent passage of fluid thrdugh the opening.

48. The apparatus for rapid intubation of the trachea of claim 42,
wherein the actuating mechanism includes a pulling mechanism, the pulling
- mechanism including a finger actuated trigger mounted to the proximal end of
_the holiow tube, the finger actuated trigger being moveable proximally to place
- tension on the pulling mechanism causing the hoﬂow tube to bend at the ﬂexible

portion. -
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wherein the opening is a slit and the bend in the hollow tube at the
flexible portion is created by noving the slit towards a nore,gp,
position. 46. The apparatus for rapid intubation of the tracheagdgﬂgﬁapgﬁ
43, further conprising at |east one additional opening which is a slit or
notch for «creating an additional bend in the hollow tube. 47. The
apparatus for rapid intubation of the trachea of claim43, further
conprising a first nenbrane formng a seal around the opening to
substantially prevent passage of fluid through the opening. 48. The
apparatus for rapid intubation of the trachea of claim42, wherein the
actuati ng nmechani smincl udes a puIIing mechani sm the pulling nechanism

including a fi er t uat ed tr| unt. o the proxinal end of the

hol | ow t ube, t i ﬁé@@pgﬁfq}ﬁ ?'P? ﬁa"gg:lc%ﬁ‘grfﬁ Igm HP%‘%?’H%F‘I y to place
tension o ?Q{pul Jing nmechani smca SIPF% t he hol | ow tube to bend at the
flexible M raintgyiing hietensighernie pHilincppehanisn Uil RWRPRRS, sai d

| ocki ng mechanismincluding a latch for maintaining the tension on the
pul I'i ng rréeﬁasﬁ%hyamqperqm posely released by an operator. 50. The
apparatus for rapid intubation of the trachea of claim42, wherein the
actuating nmechani smincludes a cable extending fromthe proximal end of
the hollow tube to a cable attachnment point near the distal end of the
flexible portion at which the cable is attached, and wherein tension is
applied to the cable to create the bend in the flexible portion; and

further conprisgng: Tie pparaisdor RpiPirfibatfontdFehfrasherbf @aieh 42, t he hol | ow
tube, the universal adapter including an outwardly extending shel f havi ng
a proxi Majyhafh the actuating mechanism includes a cable extending from the proximal
end of the hollow tube to a cable attachment point near the distal end of the
fiexible portion at which the cable is attached, and wherein tension is applied to
the cable to create the bend in the flexible portion; and further comprising:
a universal adapter at the proximal end of the hollow tube, the
universal adapter including an outwardly extending shelf having a proximal and a
distal face and having an aperture formed therein, the aperiure having edges
and being disposed to accept the cable, and
a stop object attached near the proximate end of the cable for
. engaging with the proximal face of the outwardly extending shelf to maintain
tension in the cable to maintain the bend in the flexible portion until the stop

object is purposely disengaged from the outwardly extending shelf by an

" operator.
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di stal face and having an aperture fornmed therein, the aperture having

edges and being disposed to accept the cable, and a stop obje
near the proximte end of the cable for engaging with the proipréﬁ;fagb%f

the outwardly extending shelf to maintain tension in the cable to naintain
the bend in the flexible portion until the stop object is purposely

di sengaged fromthe outwardly extending shelf by an operator. -31 19 APR
2006 51. The apparatus for rapid intubation of the trachea of claim42, the
| ocki ng mechani sm conprising: a friction | ock having an aperture through

which the hol Igw t%%vﬁta%% féﬁab@ﬂ{ﬁgé?ﬁ%%&%it%hgg%ﬁcféﬂﬂ ﬁegféei d al ong

the holl ow tube; and rein sai nmechani Ssmhas a ca

ext endi ng t ] t-.00l N mthe frictjon, ock to.a cable
2t achnent o fhechahSm MBS R look ReVB o a8 rrpish Wi o
cable is ched,so that noving the friction |o xially towards the

pr oxi nal 3%%8?0‘?’}5@%@&?5% §thpgg?ee§{cggn fOr? sehe sﬁ'ry‘;' qafﬂég"ﬁ@!k’mtégﬁbrti on.
52. The apparatus, for rapid intubatjon of the trachea of claimb51, wherein
the apert eip said aclugiing Mgskanisa has a cabipiexendingbem acablanet er t han
the holl ow tube. 53. The apfpar_at us for rapid intubation of the trachea of
cl ai m 51, atigpbmentpeinkor the friction lock e atcaplsi aftachment point neai e distek i s at
the proximal face of the friction |lock and the cabl e passes through the
apert ur e eodafthefiexiblepodianeat vhich tabletisratiachzal su théat movirgethprfdetiomal  si de of
the friction lock. 54. The apparatus for rapid intubation of the trachea of
cl ai m 50, locR2Zxially towards the proximal end of the hollow tube creates the bend in the

flexible portion.

52. The apparatus for rapid intubation of the trachea of claim 51,
wherein the aperture has a circular shape and is slightly larger in diameter than

the hollow tube.

53. . The apparatus for rapid intubation of the frachea of claim 51,
- wherein the cable attachment point on the friction lock is at the proximal face of
the friction lock and the cable passes through the aperture fo attach to the cable

' 'attaéhment point from the proximal side of the friction lock.

54. The apparatus for rapid intubation of the trachea of claim 50,
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19 APR 2006 wherein the friction lock is positioned substantially

perpendi cular to the [|ongitudinal axis of the hollow tube whep.t I
is to be noved to bend or straighten the flexible portion andjpgé&lgﬁpg\%@?

to be tilted by the tension of the cable to substantially maintain a
particul ar amount of bend in the flexible portion. 55. An apparatus for
rapid i ntubation of the trachea, conprising: a hollow tube formng a distal
end configured for insertion into the trachea and an opposite proximal
end; a flexible portion of the tube near the distal end and nore flexible

h ' : 1 f , A | i f hed
he tube arsPr 8 Pictiof o pbatohiy ynSeBiath et BE o "port 1 on
f the t , d | ' ' f t i mal d
of "the t S UReLERE R oo iuBR W e sBbis ado b meVah BReRior ho i ot a

d of th , | I, f |1 f h I 1
mechani smetpiadian e sible Rfiopndds aliwed e Bl by e ensRaat i por (1 on o

bend.
cable to substantially maintain a particular amount of bend in the flexible portion.

55.  An apparatus for rapid intubation of the trachea, comprising:
a hollow tube forming a distal end configured for insertion into the
trachea and an opposite proximal end;
a flexible portion of the tube near the distal end and more flexible
than surrounding portions of the tube;
a plurality of membranes attached to the tube cm)ering the flexible -
portion to separate the flexible portion from the trachea; and
| a pulling mechanism extc_anding from the proximal end of the tube
- - and extending between the membranes fo éttach near the distal eﬁd of the tube;
whereby application of a pulling force to the pulling mechanism

from the proximal end of the tube causes the flexible portion to bend.
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