MEDI CAL DEVI CE AND TECHNI QUE FOR USI NG THE SAME BACKGROUND The present

di sclosure relates to nedical devices, and nore particularly, to airway

pr oduct s,weueotv/ms28tir acheal tubes and cuffs. This secti orCraScommertesi t o

i ntroduce the reader to various aspects of art that may be related to

vari ous aspects of the present disclosure, which are described and/or

clai med bel ow. This discussion is believed to be hel pful in providing the
reader with back¥IODRCALMIIOYKEE iAND (MECANI QUERF@RAVSING aH I SAMEt andi ng of
t he various aspects of the present disclosure. Accordingly, it should be
understood that these statenents are to be read in this light, and not as
adm ssions of prior art. In the course of treating a patient, a tube or

ot her nedi cal device may be used t e flow of air, food, fluids,
or other substances into the patient. For exanple, nedical devices such as
t racheal 5t ubes mdhelpeesastatisdlasurantateslio tedichl dewce$, aodercwe parbedaduivst ances
into or out of a patient. In many instances it is desirable to provide a
seal between;ihe pAusisdRicRhs rldhehtbBes@ihddens.ce and the interior of the
passage in which'the tube or device is inserted. In this way, substances
can only flow through the passage via the tube or other nmedical device,
allowi ng a nedical practitioner to maintain control over the type and
anount of substances flow ng into and out of the patient.For ex | e,
tracheal tubes neiipEcliary 1{lt5n£egﬁ? igrodusrathe resdetde V&%"Pusoar‘;p%‘it%@fa‘@gg s
through a patient's trachea. Such tracheal tubes may include endotrachea
(ET) may be related to various aspects of the present disclosure, which are described and/or

10 claimed below. This discussion is believed to be helpful in providing the reader with
background information to facilitate a better understanding of the various aspects of
the present disclosure. Accordingly, it should be understood that these statements are

to be read in this light, and not as admissions of prior art.

15 In the course of treating a patient, a tube or other medical device may be used
to control the flow of air, food, fluids, or other substances into the patient. For
example, medical devices such as tracheal tubes may be used to control the flow of
one or more substances into or out of a patient. In many instances it is desirable to
provide a seal between the outside of the tube or device and the interior of the passage

20  in which the tube or device is inserted. In this way, substances can only flow through
the passage via the tube or other medical device, allowing a medical practitioner to

maintain control over the type and amount of substances flowing into and out of the

patient.



tubes, tracheostony tubes, or transtracheal tubes. To seal these types of
tracheal tubes, an inflatable cuff nay be associated with these tubes. Wen
i nfl at ed,wOhelomsgf81general | y expands i nto the surroundi rgTiUSa€h®22289 seal
the tracheal passage around the tube. Typically, cuffs are attached to
tracheal tubes via an adhesive or by a_ heat bondi process. Because the
cuffs are generalﬁoyeﬁ%ﬂéesftﬁ@h?aéwfbﬂWV@?@PWdttHicﬁn'ﬁﬂghﬁfﬁ%‘%io PEORRYEY i al , the
cuffs may be distorted during the attachment process. For exanple, the
cuffs may beatasiteioegh abaigt’s recteri Sudf tradhealttuliys narydneltdeaeidetiachealt (d) t ube in
a twisted position. Atwisted cuff may have an irregular inflation shape

that may | eaghdsOuAaesLaneivesdt iiktabhdabivBBE YT Pécabiheid9piasadchaari dence of
wri nkling, whereby the winkles may create a "corkscrew' effect, hi

addition, a cuff o rgslﬁe &ﬂ?ﬁs f..#he tube
bef ore bei néuctgeéazfnel ?%Elteﬁg% e, a\%%ol%lci: té&rr‘é’tgﬁ ﬁ%g%hﬁ%éggw (}:1%‘? gtthlggﬂtf

i nproperly placed relative to the tube anpd that ave decreased sealing
per f or maAce .ge%'?l%fk@ﬁ"ﬁﬂ%lﬁmaﬁ"? sirsqung g, fragheado sp J@%‘T&eﬁé’?“ﬁ&%@ OWb‘f@e
pronounced winkles, which may serve as | eak paths into the |lungs for
secretions tila format the top of the cuff. Arelatively conpressed cuff

may have too nmuch cuff material which will formmany winkles when inflated
and, therefore, nmay provide a decreased seal quality and al so i ncreases the
risk that secretions will |eak past the cuff into the lungs. Such

secretions often @@[&ﬁf},’lm@s %{eodﬁgglg&a% %ﬁﬁ}aetambes URAR @RRLE g} Pyﬁg%l the

patient, can resu Irn-'conplicatl ons. re remalnS a nee e art for

ani nproved cuff and nmeans of nountjing the cuff tq a tracheal tubg that ma
enhgﬁce bonding process. Because the cuf%s age genera?ly made Trom a re atﬂregr thlIn and y

10 flexible material, the cuffs may be distorted during the attachment process. For
example, the cuffs may be twisted along the axis of the tube and attached to the tube
in a twisted position. A twisted cuff may have an irregular inflation shape that may
lead to decreased sealing efficiency or an increased incidence of wrinkling, whereby
the wrinkles may create a “corkscrew” effect. In addition, a cuff may be compressed

15 or stretched along the axis of the tube before being sealed to the tube, which may lead
to a cuff that is improperly placed relative to the tube and that may have decreased
sealing performance. For example, a relatively siretched cuff may have more
pronounced wrinkles, which may serve as leak paths into the Iungs for secretions that
form at the top of the cuff. A relatively compressed cuff may have too much cuff

20  material which will form many wrinkles when inflated and, therefore, may provide a
decreased seal quality and also increases the risk that secretions will leak past the cuff
into the lungs. Such secretions often contain micro-organisms that, upon aspiration by

the patient, can result in complications. There remains a need in the art for an



seal ing performance and inhibit aspiration of secretions. BRTEF DESCRI PTI ON
OF THE DRAW NGS Advant ages of the disclosure may becone apparent upon

readi ng twe 2holdsexsiing det ai |l ed description and upon ref @eCeruseoom212he
drawings in which: Fig. 1 illustrates an endotracheal tube with an

i nflatable balloon cuff wth indicators on distal and proximal_ collar
regions in titraved cuff andsarscfmeunging thesrwbigaiatashanl tybedhat may|enhaiceat es an
exenpl ary balloon cuff in a twisted conformation prior to being correctly
adhered to aetlifpgpetfonnat agd inhitdrdspittiendfeec®iigns. 3A il lustrates the balloon
cuff of Fig. 2 with the indicators aligned along an X-ray line on the tube;
Fig. 3B is a cross-sectional view of the cuff and tube of Fig. 3A; Fig. 4
illustrates an exenplary balloon cuff in a conpressed conformation prior to
being correctly adhered L0 Yipr36s g.! O b %g@gents;_ﬁ g. 5
illustrates an exenpl ar i ccat o et ng al i gned agai nst
a mandrel inserted through the interior of the tube accordin & .

enbodi nedt s; Fi g. @Wanﬁaaﬁtqfé]ﬂ%@m‘éﬂsué@(%PWWP‘@%“R?WF"‘%&‘%‘e' ‘ﬁlﬂ“@% ors
bei ng al i gned agai nst corresponding protrusions on the tube; Fig. 7 depicts
an enbodi nentetaited dedesipti@pmdonoh refctencs toabe drapingsiusihiohs; Fig. 8 depicts an
enbodi nent of a balloon cuff with nmultiple protrusions on the proximal and
di stal opening regions respectively;

Fig. | illustrates an endotracheal tube with an inflatable balloon cuff with
indicators on distal and proximal collar regions in the cuff in accordance with

10  embodiments;

Fig. 2 illustrates an exemplary balloon cuff in a twisted conformation prior to

being correctly adhered to a tube according to embodiments;

15 Fig. 3A illustrates the balloon cuff of Fig. 2 with the indicators aligned along

an X-ray line on the tube;

Fig. 3B is a cross-sectional view of the cuff and tube of Fig. 3A;

20 Fig. 4 illustrates an exemplary balloon cuff in a compressed conformation

prior to being correctly adhered to a conduit according to embodiments;

Fig. 5 illustrates an exemplary balloon cuff with indicators being aligned

against a mandrel inserted through the interior of the tube according to embodiments;

3



Fig. 9 illustrates an enbodi nent of a balloon cuff associated wth a
conduit adapted to suction secretions fromthe top of the cuff; and Fig. 10
depi cts awmoexsmstmiy nol d for form ng protrusions on thecChaiscaon2ous f .

DETAI LED DESCRI PTI ON One or nore specific enbodi nents of the present

di sclosure wll be described below. In an effort to provide a concise
description of these enbodi nents, not all features of an actual

i npl enentation are described in the specification. It should be appreciated
that in the develfgpwaitstafesanyexsmplarydedloah cuffplitbriedicaoisdringadighad any

engi neering or design project, nunmerous inplenentation-specific decisions
must be madei: i ; . ! ecific goals, such as conpliance
W th systen%gﬁggggﬁgﬁﬁﬁg%gﬁﬁgggg&gPg?ggu%%nstraints, whi ch nmay vary from
one inplenmentation to another. Moreover, it should be appreciated that such
a devel opnment effort m ght be conplex and time consum ng, but would

neverthel ess be a_ routine undertaking ofdesign, fabrication, .and
manuf act 8re for timdelepictsomampadimentiof p bﬁlgiﬂﬂrf@ﬁi‘f@‘ B@ﬁ%‘# protg§Iong; g

disclosure. It is desirable to provide a nedical balloon, such as an
endotracheal cuff or other nedical balloon, that may efficiently seal the
passage in which the cuff is inserted so that nechanical ventilation can be

used to introduce;aigdepRVGEiaboihan 09aseSoonufiedh Saliasrotationddie | ungs.
Provi ded herein are baFIoon cuffs with features that allow an operator or

automatic quality. syst L Ogn _a. 1 iipst a tracheal tube to
mnimze st #@?{ P:lﬁ%éWb%f a%%%fagggnﬁfg}e?%ﬁg{ef%%%% *out of specification axial

10 Fig. 9 illustrates an embodiment of a balloon cuff associated with a conduit

adapted to suction secretions from the top of the cuff; and
Fig. 10 depicts an exemplary mold for forming protrusions on the balloon cuff.

15 DETAILED DESCRIPTION

One or more specific embodiments of the present disclosure will be described
below. In an effort to provide a concise description of these embodiments, not all
features of an actual implementation are described in the specification. It should be
appreciated that in the development of any such actual implementation, as in any

20  engineering or design project, numerous implementation-specific decisions must be
made to achieve the developers® specific goals, such as compliance with system-
related and business-related constraints, which may vary from one implementation to
another. Moreover, it should be appreciated that such a development effort might be

complex and time consuming, but would nevertheless be a routine undertaking of

4



pl acement of the cuff relative to the tube. Such cuffs may include raised
protrusions or other markers on the wall of the cuff that nay serve as

al i gnmentwordioossssns for aligning the cuff against the wPabas2Medr2as8 cuffs
as provided herein may be used in conjunction with any suitable nedical
device. Preferably, the nedical cuffs as provided herein nay be used in
conj unct i on dakigh, fabricatidotand erreafactunbfor those pheidinssy gl hevinethedbepelitadi t | an
ai rway accessory, a connector, an adapter, a filter, a humdifier, a

nebul i zer, qrisd@iPloaskheti c. Medi cal cuffs as provided herein may include
those as disclosed in "MeEDI CAL DEVI CE AND TECHNI QUE FOR USI NG THE SAME, " by
Macan, et al., filed on January 29, 2009, which is incorporated by
reference herein inits entirety for all purposes. Provided herein is an

exenpl ary cuffed endotracheal tube 10, depicted.in Fig. .l .The ffed
endot racheal tubét# gle?ll"?g’fetfﬂé’éové?l{:e ¢ WF&’Q?MBOWH?]’C% ance%fi?tr@eqq ﬁﬁﬁ%ﬁay
beinflated to forma seal against the trachea wall. The medical cuff 12 is
di sposed Son odlrer aredistat balleen) thetuney affciengty saal the passegmiguvhich Higreuftds sui t abl y
sized and shaped to be inserted into a patient and all ow t he passage of air

t hr ough t he jaderte@yo fat meclanidabveatithtion aahbalsctl ub mttbduceTainiorpdenyothethe cuff is
di sposed, adhesively or otherw se, towards the distal end 17 of the

endot r acheal,,{4ubg, 1 6iicHags R e HingsUPlovided TRYein bR bafS BB wiligfentthésat ed and
defl at ed V|§a fumen 14 1 n comunication wth the nedical cuff 12,

typically thyough a hole or notch.15 in the endotracheal tube. The
nedi cal cuf BﬁﬁtfﬂPW@Pﬁ’g@t(’é op PELTAHF dwality QYP?%‘& agllgnf(? “ﬁ?&aﬁa&oﬁ %%’gf“alcol | ar
region 22 forned in the ) ) o . . ,
tube to minimize stretching, compressing, twisting, or out of specification axial
10 placement of the cuff relative to the tube. Such cuffs may include raised protrusions

or other markers on the wall of the cuff that may serve as alignment indicators for

aligning the cuff against the tube.

Medical cuffs as provided herein may be used in conjunction with any suitable
15  medical device. Preferably, the medical cuffs as provided herein may be used in
conjunction with an endotracheal tube, a tracheostomy tube, a circuit, an airway
accessory, a connector, an adapter, a filter, a humidifier, a nebulizer, or a prosthetic.
Medical cuffs as provided herein may include those as disclosed in “MEDICAL
DEVICE AND TECHNIQUE FOR USING THE SAME,” by Macan, et al., filed on
20 January 29, 2009, which is incorporated by reference herein in its entirety for all

purposes.

Provided herein is an exemplary cuffed endotracheal tube 10, depicted in Fig.

1. The cuffed endotracheal tube 10 includes an inflatable medical cuff 12 that may be

5



cuff walls and sized to accommpdate the endotracheal tube 16. The proxi nal
collar 20, located closer to the "nmachine end" of the tube 16, and a distal
col I ar 22yolowaAsesicl oser to the "patient end" of the tnbe/Use)10A2248
typically used to nount the cuff 12 to the tube 16. The collar regions 20
and 22 flank an inflatable region 24, which is in fluid conmunication with
| umen 14. | infetbidi foem e scal agang the etheswell. Themedicdl cuff 12dy disposgd € apo
position the cuff 12 relative to other features on the tube {e.g., tube

tip, Mirphy 8@ achddd Qi0eaE] GRichGad EonkiditAkey ideithblyEdd hiidshaped ®ytieal s havi ng
sui t abl e mechani cal properties (such as puncture resistance, pin hole

resi st ance, . i 1 | LNg a

i tabi o bortPoRey e Pl e R e et the
wal s of the inflatable cuff 12 are e of a polyurethane having suitable
nmechani cal &H@Pt&ﬁg‘?ﬁ &the 16, dyaicpilpdhe &%P’éﬂ%?eéi’ 64%53‘@?1’ if ﬁﬁ\ebmﬁ%l yur et hane
is Dow Pel | ethane(r) 2363-90A. In another enbodinment, the walls of the

i nfl atabbe ¢odvirdd theakistalrendd? of the caddtrachead tyws! Ky i Thg|masidabewifié2 ppydoer O her
suitable materials includepol ypropyl ene, polyethyl ene teraphthal ate (PETP),

| ow-densi ty RehYR! ByinGRRd ahdREatedvih b ¢@Ne 1NRQREEMEGIcatioh Withahe aiedicalor
pol yur et hane ( . The cuff 12 also may include alignnent indicia or

i ndi cators 26 d I 1 nd 16 M6d HdiiRg text,
g, i ni, cafad SR HrgsIRNeLOf AR ERhe eitionAfial HBP1g, T HELDD
indicia 26 and 28 are shown, it should be understood that sujtaple
nunber of alPfideReudesd R?%‘EIWLC‘HE‘& Iqgeo (b%“g]rﬁ ‘ﬁSt?{ﬁ"{i}lﬂ'e\ﬁ?szggﬁ%’m Bator,
e.g., 26 and/or 28, may include nmultiple markings or nembers. For

cuff walls and sized to accommodate the endotracheal tube 16. The proximal collar

10 20, located closer to the “machine end” of the tube 16, and a distal collar 22, located

closer to the “patient end” of the tube 16, are typically used to mount the cuff 12 to the

tube 16. The collar regions 20 and 22 flank an inflatable region 24, which is in fluid

communication with lumen 14. Tn embodiments, the cut edges of the cuff 12 may be

used to position the cuff 12 relative to other features on the tube (e.g., tube tip,

15  Murphy eye).

The medical cuff 12 may be formed from materials having suitable mechanical
propetties (such as puncture resistance, pin hole resistance, tensile strength), chemical
properties (such as forming a suitable bond to the tube 16), and biocompatibility. In

20  one embodiment, the walls of the inflatable cuff 12 are made of a polyurethane having
suitable mechanical and chemical properties. An example of a snitable polyurethane
is Dow Pellethane” 2363-90A. In another embodiment, the walls of the inflatable cuff

12 are made of a suitable polyvinyl chloride (PVC). Other suitable materials include



exanpl e, an alignnent indicator may include a group of dots. As shown,

i ndi cator 26 and indicator 28 are associated wth the proximl collar 26
and t he dwetalo/ssdsiar 28, respectively. In an enbodi nenPCTiuseo1aloppasrent
indicia 26 and 28 nay be raised protrusions. The indicia 26 and 28 may be
part of the cuff wall material and may be forned in_ the proximl_collar 20

and di stal @olypeapyeemsdictidenederaplthalpte (WET R taw-ensity Rplvethaiens (dPRE): t he
indicia 26 and 28 nay be adhesively or otherw se attached to the cuff

mat eri al af tsficoms sesiitie, pblyisopreasifor pdaBurcthbne (Pidi ci a 26 and 28 may be sized
and shaped in any suitable configuration that does not substantially
prevent the proximal collar region 20 and the distal collar region 22 from
adequately sealing to the tube 16. hi enbodi nents, the indicia my be

raised rel ative th utf wall t least. enough .for an rnakor, tn feel
themwith a fi ngé[%{elc ﬁl'?é‘isgéﬁaﬁlﬁglﬁﬁw]f@n?nh écég %Vg&g?t%ﬁsn eagld%gvr‘ﬁhl‘rcﬁcati on
(e.g., illumnated nmagnification), or for a machine to sense themoptically
or by ot Aer maydwlindiaiers ofane FpednelEding lext.Hmaghdls icaergical, priogegraplat at i ve to
the proximal collar 20 or distal collar 22 at |east about 0.1 nm at | east
about 0. 125nmarkat. Fedst, sMbotgh élpimdicialé hieb28 aralbawn, inshoukitbel mdaistoahout

2mm or at |east about 3mm In addition, the indicia my be raised on the

exterior sur itaba el of Aldnflh inkiicBiors hilEhd feherl Rimeknggsur face. 1 n
addi tion, tﬁ%ﬁgﬁ%%ﬁagn%ly geor aiésec? rlgl tgt io\r/Se %5? tﬂe i nt erli or, f e., the

curt 12 1o pricteetiodb et Of AL et E il R PR S RRRE Ry 2'oo be-
pushed agai nst the tube 16 when the cuff 12 is adhered to the tube 16. In
an enbodi mesxamplecy) Aimmenhiadieatpr PRy insdeflera rewr oh dois. 48 shoxpn ingfcatgs 26
10  and indicator 28 are associated with the proximal collar 26 and the distal collar 28,
respectively. In an embodiment, the alignment indicia 26 and 28 may be raised
profrusions. The indicia 26 and 28 may be part of the cuff wall material and may be
formed in the proximal collar 20 and distal collar 22 regions formed in the cuff wall.
Alternatively, the indicia 26 and 28 may be adhesively or otherwise attached to the
15 cuff material after assembly of the cuff 12, The indicia 26 and 28 may be sized and
shaped in any suitable configuration that does not substantially prevent the proximal
collar region 20 and the distal collar region 22 from adequately sealing to the tube 16.
In embodiments, the indicia may be raised relative to the cuff walls at least enough for
an operator to feel them with a fingertip, to see them with a naked eye or under
20  magnification (e.g., illuminated magnification), or for a machine to sense them
optically or by other modalities. In embodiments, the indicia are raised relative to the
proximal collar 20 or distal collar 22 at [east about 0.1 mm, at least about 0.125mm, at
least about 0.5mm, at least about Tmm, at least about 2mm, or at least about 3mm. In

addition, the indicia may be raised on the exterior surface of the cuff collars, i.e., the

7



al i gnnment indicator or to enphasize the features of a protrusion agai nst
the cuff 12. In other enbodi nents, chem cal tags may be used to formthe

al i gnnmentwpndioomssn. For exanple, a UV |light nay be use#Craseéismaizige
alignment indicators that include UV or fluorescent paints. The alignnent
indicators (e.g., .indicators 26 .and 28) tay be used tg check, cuff.|ength
and cuff tvm'(né‘Pg%chE}ga?lf e'tSIB agwgogﬁﬁ%?nfl&ﬁ%& Bﬁkaésefjﬁga%%esﬁoﬁ %Wien(?f > the
proximal collar 20 and distal collar 22 regions do not change substantially
with the infileatheonbsadicsionsurfise of tifefcuffzollags; fmsuchrembadingaisopben therylse
regions may be used to check cuff application quality in both inflated and
uni nfl at ed qafi§ pressopaghihitald uye 10abaised phbekas apgnisodepagicdngaidf thnd 22 my
be substantially adhered to the tube 16, during an inflation spot check the
protrusions i i '%Hﬁh i ligsergontact with the exterior
surface (i.é@?:?fggﬁﬁéﬁg%gﬁ?‘ ac%%gtggﬁﬁaceffof the tube 16. Accordingly,

i ndi cators 26 and 28, such as protrusions, nmay be nore easily aligned

agai nst frarkers on the tube 16 than any marker in the inflated region 24,
which is generally not in close proximty to the surface of the tube

16. Fig. 2 shows émaemhpdlamt@@ﬂlgl‘eﬁznhawibédw%wafom%léOllzaff@franan inflation
spotcheck prior to final adhesion of the cuff 12 to the tube 16. As shown,
the cuff 12 glignhwhtshdicatotsido amphasiderthd foatuadsadlagirot?Gi@ngathssthakuffdi dat or
28, depicted as protrusions, are not aligned along an imaginary axis 30

ext endi ng t 2&}%‘1’9 bg&\}/ﬁleﬁﬁs, ﬁkgzbf{%%gg?]ﬁ terustPlo BXAMR fignfXhENGicHe:.f Fam

indicator 26 as s . , running along the | ength of the tube
16. The tw Seg{g'\rglpl%?g W H@‘& In?a?f b%fusé({1 t% Vclzsuufa{ize]'a%ignn%np {ng%gt%}s tilﬁltl il’lcludeUV or

10 fluorescent paints.

The alignment indicators (e.g., indicators 26 and 28) may be used to check cuff
length and cuff twisting relative to the tube 16. Because the positions of the proximal
collar 20 and distal collar 22 regions do not change substantially with the inflation

15  state of the cuff 12, alignment indicators in these regions may be used to check cuff
application quality in both inflated and uninflated cuffs. Specifically, because these
opening regions 20 and 22 may be substantially adhered to the tube 16, during an
inflation spot check the protrusions in these regions maintain close contact with the
exterior surface (i.e., tracheal wall-facing surface) of the tube 16. Accordingly,

20  indicators 26 and 28, such as protrusions, may be more easily aligned against markers
on the tube 16 than any marker in the inflated region 24, which is generally not in

close proximity to the surface of the tube 16.



inflation of the cuff 12 within the trachea, which nmay lead to inefficient
sealing. In addition, the twi sted conformati on may increase the formation
of wrinklwe 280/a88es8the cuff 12, which may in turn increa®eTiuseolawaiigbility
of leak paths fromthe top of the cuff into the lungs. Accordingly, the
rotation of the cuff 12 relative to the tube 16 may need to_be altered
prior to adheri ngigHeshowfsfan Bemflay eufEE) anphind a2 wbe il dorcatisfafionspghd 28 may
be spotted by an operator manually applying the cuff 12 to the tube 16.

Al ternat i velgheckt fiordd Bhbltadhesidit sfthe GEIY 1Deo hendber e dsshownhe buffd2dapabl e of
sensing a thickness in the cuff material or a visual marker at the site of

each | ndicatgr(€,94 » plohHFhALRAc2Es ﬁﬂlddigt@i diogt J.eﬁg,!@l%%icféh%ﬁ bdigistoh
f P ATy ali

operator to the msalfgnnent or autonatic gning the indicators al ong
the tube I ength based aon the sepnsed cu material thickness. l.n.an .
enbodi nent , aREoY,ahgnedaloREARASINEY ﬁa%g‘;ewﬁ%%&w%? Oﬁﬁ?ﬁ@l ‘is'}ﬁﬁ%i&’ % a
machine to assist in locating the indicators on the cuff 12 prior to

al i gnnents. Fommpleaaytbmling fremnadikaps2 rasshowelin Big. dodnshrunring elosg tha uor escent
mar kers, or ultraviolet light-visible markers, that, when inmaged, nay be

manual |y or 1ayRaBiHeGad 16. I'dRAistddadbntRmanioy blite anf D eiaygirévent full cuf f
al i gnnent and/or placenent. In another enbodinent, turning to Fig. 3A the

Cube To. 1 DRERurBR WEEIE S houbdfa Wtk KRy g% IBFGGRNLIRR, B | 0°
he. I engt h oRditemethe GvisseoRormy o HAY fyroseihe dntaop oy MaEkR oL st fon of
the location of the tube 16 during X-ray visualization. In an enbodi nent,
the X-ray | iousf B5 wikch mhsin tpmduirdasettheavaiiabifigofueakmgtisdiam thedep pbihet he
10 cuffinto the lungs. Accordingly, the rotation of the cuff 12 relative to the tube 16 may
need to be altered prior to adhering the cuff 12. The misalignment of indicators 26
and 28 may be spotted by an operator manually applying the cuff 12 {o the tube 16.
Alternatively, the quality control may be performed by a machine capable of sensing a
thickness in the cuff material or a visual marker at the site of each indicator (e.g.,
15  indicators 26 and 28) and either alerting the operator to the misalignment or
automatically aligning the indicators along the tube length based on the sensed cuff
material thickness. In an embodiment, the indicators may include a marker that may
be imaged by a machine to assist in locating the indicators on the cuff 12 prior to
alignment. For example, the markers may include color markers, fluorescent markers,

20  or ultraviolet light-visible markers, that, when imaged, may be manually or

automatically identified to provide an indication of cuff alignment and/or placement.

In another embodiment, turning to Fig. 3A, the cuff 12 may be aligned relative
to the tube 16 by other features on the tube 16. In one embodiment, the feature may

9



rotational alignnent. For exanple, the manufacturing tol erance may be that
both indicators 26 and 28 nust be touching the X-ray line 36. In such
enbodi mrerwe,20ts8sfif ecti ve nmanufacturing tol erance is tRreTRiSdalo/oef248 he
X-ray line 36. For exanple, in an enbodi nent, the manufacturing tol erance
may be equal to or less than a certain angle offset of the indicators. Such
an of f set arbglae X3syrting J6dhatds merkied ot theytubs Hovifpn ergmiplfebiad fagirRnaausf

i ndicators 26 and 28 as viewed through a cross-section of the tube 16, as

shown in Fi golo3Bindhiingilghg BBlenghdifGaticorés T Xanal 2@ ranescrauolpragdd de Xr ay
line 32 and are, thus, wthin a manufacturing tol erance. The of fset angle

33 may be, iiﬁ?i@ﬁ%%%}f%ﬁ%?&ﬁioﬁ gﬁe tf]ﬁ)e W %ﬂl‘ﬁlﬁs}(—%}?ﬂs&ﬁmﬁﬂﬂq{‘l 2h0 or less than

30, or equal 10 or Tess an n addi tion, e offset angle 33 tol erance

may be different, dependin n e size or .shape of .the cuff 12..1n other
erbod ment s AR RaCdY TG 38 SrErkR el Th S B e GRnEat Bsbe. by
addi tional alignnment nmarkers. For exanple, in one enbodinent, a dedicated
al i gnment | iroetiomed hgnraendi Forexemplop theorsnsrctining/toleragreimgy badint bolB X-r ay
line 36 may be marked on the tube 16. In an enbodi ment, the line may be a

di fferent cqohgifats3a6 ahhas ¥ufsaye foutidndthe X-edy laxaep|ie sudhenbédimgntd, ithiee 36 may
be marked in blue while the alignnment |line nmay be pink or green. In

addi tion to #ﬁ&t%eirﬁ%ﬁ{f%@é&t%ggﬁﬁnae & iﬁ?ﬁd’tﬂgf %K—pﬁll ¢l 33N ed; WhdnthiE g5 PECt O

its length along ustrates alloon cuff that is in
an incorrect conpressed conf%;nation rior t beiqg adggr d tomi.conduit.
P8t &

When appl yi rig eaopgineeat themenyisciping joleraneg mayoe egy WAy gn the
proximal collar 20 to a | ocation on the tube 16 directly above notch 15 so
that the i nfangleatifset af kg wdicatprs. SStich an offset angle 33 may be determined by
10 examining the alignment of indicators 26 and 28 as viewed through a cross-section of
the tube 16, as shown in Fig, 3B. In Fig, 3B, indicators 26 and 28 are touching the X-
ray line 32 and are, thus, within a manufacturing tolerance. The offset angle 33 may
be, in embodiments, equal to or less than 37°, equal to or less than 30°, or equal to or
less than 27°, In addition, the offset angle 33 tolerance may be different depending on
15  the size or shape of the cuff 12. In other embodiments, the manufactuting tolerance
may be indicated on the tube by additional alignment markers. For example, in one
embodiment, a dedicated alignment line having a different placement and/or width
than the X-ray line 36 may be marked on the tube 16. In an embodiment, the line may

be a different color than the X-ray line 36, for example, the X-ray line 36 may be

20  marked in bluc while the alignment line may be pink or green.

In addition to rotational alignment, a cuff 12 may be aligned with respect to its
length along the tube 16. Fig. 4 illustrates a balloon cuff that is in an incorrect
compressed conformation prior to being adhered to a conduit. When applying a

10



fluid conmmunication with the |unen 14. However, the distal collar 22 may
then be applied to the tube 16 intuitively by the operator. That is, the
oper at or weesipsssonal experi ence to guess at a correct PCuftiS2010/0g12h8 Thi s
may lead to variability in the cuff length based on the experience |evel of
the operator. Accordingly, using this nethod, a higher nunber of cuffs 12
may be out sitgecafeufl 12u6 thel tabryth amanerfitee mayiakign thsinsexmebcoller 30 to mpout 2. 1

i nches to about 2.3 inches or about 53mmto about 58.4mm which nay lead to
waste as thas@tiehbh et ibbes daedtlydbseaidlan o that the iflaadsrepion RHds in

manuf acturing process. In addition, quality checking procedures may include

a direct ne : i t I LG, A8 hen b

ti rre-consumf’%?lug‘§ g@éﬂ%{nﬂéﬁ%{ﬂﬁgﬁg%gﬁ& Sﬁﬁ{}#htgégbswbﬁ% 1anén heel}t uebe 16 are
relatively trapsparent and, may be difficult t ifferentjate fromgne
anot her at ﬁﬁéh%ﬁﬁég?ﬁﬁeﬂéﬁﬁ dﬁpyﬂﬁénﬁﬁﬁ@"i@@gﬁnhﬁﬁﬂﬂﬁkﬁﬁﬁF§?“?ﬂ$fs 12 as
provi ded may be easily checked for relative Ienqth agai nst the tube 16.

Fig. 5 iBl uskpaiemse o guehs athrobrestroyifdbieticedhis onaylleasdge yatgbililyiig Hiergfivar ker s
on the cuff 12 with markers on an alignnent rod 40 (e.g., a mandrel)

inserted thﬂ&yﬂﬂbéﬁ@ oh kiexpatihcofeveLibfahd Bperdibe  Acsbrdifglypysingiblsunshed,i gnment
lines 42 and 44 that nay be aligned with 1 ndicators 26 and 28 as shown.

ALLonrent | nagnct Rl AR ey B Ndon ok el Gufaghfibedutap d spot

checks of the i gnnen ines 4 may be set to
reflect the manyfacturing cuff | t oal, wth a tol ce bei. bui | t
into the w dt$ %’Puﬁ fqié@ § Wé%’?utﬁ 9@%%%%911“4}@1113? %‘?”éﬂﬁégg’ﬂﬁ%} "ﬁ‘é&%@f"’ i f
both indicators 26 and 28 are at |east touching their respective |ines 42
lead to waste as these cuffed tubes are discarded at later stages in the manufacturing
10 process. In addition, quality checking procedures may include a direct measurement
of cuff length with a ruler, which may be time-consuming and challenging because

both the cuff 12 and the tube 16 are relatively transparent and may be difficult to

differentiate from one another at the adhesion regions of the cuff 12.

15 In embodiments, cuffs 12 as provided may be casily checked for relative
length against the tube 16. Fig. 5 illustrates a cuff 12 being checked for length by
aligning markers on the cuff 12 with markers on an alignment rod 40 (e.g., a mandrel)
inserted through the flow path of tube 16. The rod 40 may include alignment lines 42
and 44 that may be aligned with indicators 26 and 28 as shown. Alignment lines 42

20  and 44 may be brightly colored to facilitate rapid spot checks of the cuff length. The
alignment lines 42 and 44 may be set to reflect the manufacturing cuff length goal,
with a tolerance being built into the width of these lines. For example, the tolerance
may be met if both indicat;)rs 26 and 28 are at least touching their respective lines 42
and 44, Tn an embodiment, the cuff rotational alignment may be performed

1



and 44. n an enbodi nent, the cuff rotational alignnment may be

per formedsi mul taneously with the cuff length alignment while the rod 40 is
i nserted Wo 20toésgasihe 16. I n enbodi ments in which the ro@CEUS2E&10/022248
substantially rigid, the slightly curved tube 16 nay be strai ghtened upon
insertion of the rod 40, which nmay allow operators to npre easily perform
fine rotati chatltakouhneih thefoufidigthelbgnmet whilp therad d8 ioinsgBdan ikdubhe

| ength of tube 16. In other enbodinents, the cuff Iength nay be verified

with a rul eryg, an e@bbdi8lents@f widGhOROM ig sutgentiMbi ligidojhe shglolyurey tebepl oy
al i gnment accessories, such as rod 40, in assisting with length alignnent
of the cuff

features that Zﬂﬁ@;[@egsgta@geg %i@g&g?/ Paéﬁﬂ?ﬁgpﬁg# ‘?Hait%%vv}&it ey ARG BfiGatbfidbeal or's or

y e cu respect  to length in
addition to rotational  alignnment 9., the.X-ray Line depicted i,n Fig. 3).
For exanpl e, metecaily PEOHR{E ngﬁtéﬂi’éf ?lgﬁﬂ“i“@%ﬁ %@‘Edlf’%é’t 5@%6@%@@%&"% th
mar kers on the cuff 12. As shown in Fig. 6, a tube 16 may incl ude proxinal
prot rusi 6n 5he kngthdif Stbel16p dodthasérobodimenthi thincwfhiensth i bpnewificd withoki mal
i ndi cator 26 and distal indicator 28, shown here as protrusions. Such

shaped or vilﬁuﬁla@h?apmo/ﬁ@g@gé@&. on both the tube 16 and the cuff 12 may
be aligned by both Teel and/or sight by the operator, which may inprove the

ease and accuracy of the alignnent. In enbodinents, a cuff 12 may be
bi-directional, i.e., the cuff 12 may be generally symretric along an axis
perpendi cular to an axis through proxinmal collar .20 and di l. collar 22 at
the mi dpoi nt of twgﬂ%ﬁﬁqa@éﬁ@ﬂ?@ﬁ%alﬁw HisEsSeBes: P?Fhs%éﬂgéﬁﬂgdi nents, the
distal collar 20 nay be applied to the proximal adhesion point of

assisting with length alignment of the cuff 12, the tube 16 may, in embodiments, also

10 include indicators or features that may be used to align the cuff 12 with respect to
length in addition to rotational alignment (e.g., the X-ray line depicted in Fig. 3). For
example, a tube 16 may include indicators that may be aligned with markers on the
cuff 12. As shown in Fig, 6, a tube 16 may include proximal protrusion 50 and distal
protrusion 52 which may be aligned to proximal indicator 26 and distal indicator 28,

15  shown here as protrusions. Such shaped or visual alignment features on both the tube
16 and the cuff 12 may be aligned by both feel and/or sight by the operator, which

may improve the ease and accuracy of the alignment.

In embodiments, a cuff 12 may be bi-directional, i.e., the cuff 12 may be
20 generally symmetric along an axis perpendicular to an axis through proximal collar 20
and distal collar 22 at the midpoint of the cuff length along the tube 16. In such
embodiments, the distal collar 20 may be applied to the proximal adhesion point of
the tube and vice versa. However, in certain embodiments, a cuff 12 may be

unidirectional and may have a specified orientation along the tube. For example, Fig.

12



the tube and vice versa. However, in certain enbodinents, a cuff 12 may be
uni di rectional and nmay have a specified orientation along the tube. For
exanpl e, Wogoiv/degsiict s an enbodi nent of an endot racheal PCwhES2ew0i0k22as8 t aper ed
bal | oon cuff 63 in which the w dest dianeter is |ocated towards the
proxi mal end of the cuff 63. Because cuffs 12 may be applied to the tube 16
prior to infldepictran ambodiyersef an eidogiacheat wbewi®erpprecdpllonn ewWd 0340  he
tapered cuff 63 is the proximal collar 20 while the cuff 63 is in the

uni nfl at ed sfiadiehbesddssdiatnber i Ibendd owank thdyerokimpd endrafthaotffibd. evi dent when
the tapered cuff 63 is uninflated. As provided herein, a tapered cuff 63

el ud . P : - ker 62
may 1 nCl ude goRILXhFRly %g%g?%@g&dtt@% thl?ethH %ﬁ&rtsmﬂahg%pf Mafbs idhicdtRoker

that may faci ate tion of t roxi nmal ar" 20 to the

et or mne. | Aetnen o e heseteit B3 i piot B8 R e S FEHEER i ng

shaped proximal marker 60, which as shown, may be in a "+" shape, versus
shaped dBst a$ inrthe keinflee] swiei hehausahebireciiorpofithe tapppay nohy cyidentaphen
conbi nati on of shaped protrusion or colored markers may be used. For

exanpl e, prqxd @APpredBEK 68 iSthinBited) eAgpreeiicihére, digpendl cnfffddenaytiaciidya be red
and so forth. In other enbodi nents, a conbination of shaped protrusions and

col ors may gjgoﬂélggfpa&éi SPua i enmgat had Ashohsiese PVt iRiei MRy be

used by an era in manually applying cuffs 12 to tubes 16, it is
TR RGN € S Sk T AT A R
enbodi ment of a balloon cuff with nultiple indicators, depicted as

pr ot r usi ons,16orn drergserorineasilndetentiine il whigl diregjiondhg gHE6Dehoaktbe 2
respectively.

10 oriented by observing shaped proximal marker 60, which as shown, may be in a “+”
shape, versus shaped distal matker 62, which may be in a “-” shape. Any suitable
combination of shaped protrusion or colored markers may be used. For example,
proximal marker 60 may be green while distal marker 62 may be red and so forth. In
other embodiments, a combination of shaped protrusions and colors may be used.

15

While alignment indicators as provided herein may be used by an operator in
manually applying cuffs 12 to tubes 16, it is envisioned that the present embodiments
may also be used with automatic alignment as performed by a machine or assembly
system. Fig. 8 is an embodiment of a balloon cuff with multiple indicators, depicted

20 as protrusions, on the proximal and distal opening regions 20 and 22, respectively,
For example, such an embodiment may be advantageous for use with an assembly
machine that may provide attachment arms 70 with pincer grips 72 that may grip the
cuff 12 at indicators 26a and 26b on the proximal end of the cuff 12 and at 28a and

28b at the distal end of the cuff 12. The location of the indicators 26a, 26b and 28a,

13



For exanpl e, such an enbodi nent nmay be advantageous for use with an
assenbly machi ne that may provide attachnment arns 70 with pincer grips 72
t hat may woizpiovass2seuf f 12 at i ndicators 26a and 26b on Phe/yseaxionzzhs end of
the cuff 12 and at 28a and 28b at the distal end of the cuff 12. The
location of the indicators 26a, 26b and 28a,28b nmay facilitate proper

gri ppi ng of 28henmufhéililze pyppertpippagatithecufithbnie peieoblyt wadinepisie, e. g.,
the indicators 26a, 26b and 28a, 28b may provide attachment or gripping
posi tions at;iphieit, é.?gtﬁyiﬂaaeétogrzisﬁ,szsmr@rzsaamtemtappiwidé atthéhnaant &r 12, 1 n
such an enbodinment, the alignnent may then be perfornmed by aligning the

arnms relative, t ”» . . {0N. i

e_nvihsi ongdI ?t/gr%%)f; ?igﬁ)g’g%ﬁﬁf%{}ﬁ{l %}gﬁp?hﬁspé gzo%?%g%n%gé%%l |nr¥rl (E:%Cr}l]j! ancti on
with an t | .tube. Fig. ill . i .

bal | oon’ cuf :‘anaﬁﬂﬁeé{‘%?%’gdﬁg\ﬁlﬂgtﬁg@%{ g ﬂ@ﬁﬁ’eltpﬁ' 8?1’8?5{t : tftﬁ’(g%?@qg%%gisggl%ﬁgéugt i on

secretions fromthe top of the cuff. The endotracheal tube 80 includes a
secreti ol | umenndher dighe pragerdergth enddotatiosat ed above ("proximal to") the
proxi mal shoul der of cuff 12. The proximal collar 20 nay be sealed to the
tube 16 in a manner designed to nove the hole 84 relative to the proxinal
collar 20 of the cuff 12 to facilitate aspiration of secretions that build
up on this shoul deis chegionsd thahihe balieon auds 12isk eravidddehdy. bewsed & certain cuffs
12 may be aligned in an inflated state, and then adhered the tube 16, cuffs

12 for use V@ohlﬁngﬁ%ﬁh ARF S labRArab TR TUbER Y i S Dudt@ited ah gRBEdinEnast 4ini nf | at ed
state, as describe erei’n, prior to applying the specialized seal of the

proxi el ol [ 600, 200k QISR ok ke P AR shAfnRERUSR! collar

10 from the top of the cuff. The endotracheal tube 80 includes a secretion lumen 82 that
has a hole 84 located above (“proximal to”) the proximal shoulder of cuff 12, The
proximal collar 20 may be sealed to the tube 16 in a manner designed to move the
hole 84 relative to the proximal collar 20 of the cuff 12 to facilitate aspiration of
secretions that build up on this shoulder region, which may act like a shelf. While

15  certain cuffs 12 may be aligned in an inflated state, and then adhered the tube 16, cuffs
12 for use with such a secretion lumen may also be aligned in an uninflated state, as
described herein, prior to applying the specialized seal of the proximal collar region
20 to the tube 16, For example, the proximal collar region 20 may be shortened,
either by initial design or by folding the collar region itself or the cuff wall material to

20  decrease the distance between the cuff 12 and hole 84.

The cuffs 12 as provided may be manufactured by any suitable process, such
as by blow molding. Tn one example, a tube, such as an extruded polyurethane tube, is

loaded into a blowing machine or mold assembly, such as a cross-section of a mold
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either by initial design or by folding the collar region itself or the cuff
wal | material to decrease the distance between the cuff 12 and hole 84. The
cuffs 12 we 2proosszsed nay be manufactured by any suitabl eCpruse@ss22288ich as
by bl ow nol ding. In one exanple, a tube, such as an extruded pol yuret hane

tube, is loaded into a blow n chi ne .or | d, assenbl S . a
cross-sect i @ﬁseﬁfbl%@walﬁ%egéﬁ?%{ qu?a"dgﬁfl@?s%“ieﬁ qiiSE?Peié? a?‘ﬁg{nqatﬁﬁl udes
dowel s or shapes 92 and 94 in the nold corresponding to the desired shape
of the al i gnmeEdtcotrenpoodingtesth Besired sR&e of the qligpmntriugiic@tngs, 26e9r28s88ens, I n
an enbodi ment, shapes 92 and 94 may include injection orifices for the

i nj ection ofyGalRiidpRi:kiBhs ManCRHFHHANt sBGRks DD aAG 94 Slayiinclvdcsiupbiiat i on of
the alignnment indicators. In one enbodinent, the nold assenbly 90 is

manuf act ur eq %fcgﬁr?og\;ﬁl{e\ggfeicﬁgﬂ &2 gﬁéq %Q&e%ﬂ%kﬂ%ﬁ%aﬁtg?%ﬁroia%ﬂ&ﬁg:\zilsﬁggiiaﬁ?ﬁ n the

assenbly 90 ¥ eni ng an osin asse n an

enbodi nent, the npld assenbly 90 may .i ncl ude. mat i i cal pi t hat
ol ose todet fRériic Aigames) iadssetint et aaaeld RsEEPRORE gui e pi e to.

prevent msalignnent of the two nold halves. In one enbodi nent, the
end- por t i onanafufemrekfromdedyliubeoppratng insjudes a benizontad aplithie thegisseralile
constrained to the shape and thickness of the original extruded tube by

non- heat tr apshefbwdbenit ast ¢16siROLLBE Sl adsbRbEHIS [0hn tiBodialeds, tHen one
enbodi ment, the blow nol ders are nodel 2219H LP bl ow nol di ng machi nes,

aval 1201 e 1o PO iy DAL ATLIGHLEA, AR, e 1.2 bars

of gas pressrﬂ? S1n e | I cators I cators

26 or 28) may conprise_ shaped t ' L L i
al | owi ng) e Xt%@ldfagsgg}bly 920 ma39 ?nclu%re?ntggia{e?lréixde p?l% tg [i)?év%gtsrlnggggn%a%t QF thfe ormed by

10 two mold halves. In one embodiment, the end-portions of an extruded tube that
project out from the mold are constrained to the shape and thickness of the original
extruded tube by non-heat transferrable plastic holders at the ends of the mold. In one
embodiment, the blow molders are model 2219H-LP blow molding machines,
available from Interface Associates, that are configured to run at 1-2 bars of gas

15  pressure. Inembodiments in which the indicators (e.g., indicators 26 or 28) may
comprise shaped protrusions, the protrusions may be formed by allowing extra flash

along the mold 90 parting line.

Once loaded, the mold assembly 90 is closed, and the tube is clamped at each
20  end. The mold 99 may then be heated. The tube may be stretched and ait is blown
into the tube via an air conduit, such as an air hose or nozzle, connected to a source of
pressurized air, such as an air pump or pre-pressurized source, to achieve a desired
positive pressure within the tube and to blow out the cuff walls to the shape of the
mold assembly 90. Additional heat may be applied to the tube, such as via heating

15



along the nold 90 parting line. Once | oaded, the nold assenbly 90 is

cl osed, and the tube is clanped at each end. The nold 90 may t hen be

heat ed. TWe 20188288y be stretched and air is bl own intoPChAScabA2224® an air
conduit, such as an air hose or nozzle, connected to a source of

pressurized air, such n aik _pu [ pre-pre (4 oy .achi eve
a desired p&il?”ﬁ%ﬂf?ﬁbaﬁ%&s ¢ ﬁ%ﬁ%h’gotggtﬁge %H’Bg? g{ |C§&V12U'I[A Sﬁ ﬁeehééigfsf wal | s
to the shape of the nold assenbly 90. Additional heat nmy be applied to the
tube, such awplisdatieeteichgérhetibe i relaxesipndithe ¢ pisssuppdhiadiebP ¥ t o set the
shape of the cuff 12. As the heat is applied, the stretch of the tube is

rel axed and ihdreasad.r Opceths degdredittrhperatiiteds taableed i isimaineasd dor ddriokervahel desi r ed
tenperature is reached it is maintained for an interval of tine. Afterward,

the tenperatiyhe Rfierlsfd, MR EmPSREADYhE Shold AQURBIyPalllivAR t8drdSorast i vel y
cooled. A vacuumis applied wthin the tube, which now includes the bl own

cuff, to.release th ube and cuff..from. be and
cuf f are5rer?86‘ée§y f?og?‘fi't‘Rgamlsfgglé??{f@&gﬁerﬂgéfg”n}%ﬁ&w%%%Lﬁfggtehtﬁg}go| hent, a
comrercially avail abl e _extrusi on_of Dow Pel |l et hane(r). 2363-90AE_havi ng an

i nner di anetesfl Brelgasegbe tube@pd cplf Egasthe G!O@#%emglg’f?# thenfbe ayl PEGRE

t hi ckness of 0.0 15mm 0.007 nmnay be blown to forma cuff 12 suitable for
use with a Zeflnovat fierh eéenablddissemtler (I D) endotracheal tube. The extruded
tube may be cooled to roomtenperature and, when set, inserted into the

nol d assenbly 90 automatically or by hand. Once | oaded, the nold may be
fitted into a sleeve of a bl ow nol ding machi ne. The sl eeve nay be heat ed,

such as by a ser iP%% e)?z]:mple, in one embodiment, a commercially available extrusion of Dow

10 Pellethane® 2363-90AE having an inner diameter of 0.239 + 0.005 inches (6.0706 +
0.127 mm) and a wall thickness of 0.015 mm + 0.007 mm may be blown to form a
cuff 12 suitable for use with a 7.5 mm internal diameter (ID) endotracheal tube. The
extruded tube may be cooled to room temperature and, when set, inserted into the
mold assembly 90 automatically or by hand. Once loaded, the mold may be fitted into

15  asleeve of a blow-molding machine. The sleeve may be heated, such as by a series of
ten electrical cartridges surrounding the steeve, thereby heating the mold. In this
embodiment, the mold may be heated to approximately 50° C prior to stretching or

blowing the extruded tube.

20 An air chuck locks on to one end of the extruded tube while the other end of
the extruded tube if sealed by a clamp to create an airtight seal. The extruded tube is
stretched by pulling on both ends of the tube and, while stretching, nitrogen or another
suitable gas or gas mixture is into the extruded tube via the air chuck to pressurize the

tube to between about 1 to about 3 bars. In one embodiment, the balloon will form in
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ten electrical cartridges surrounding the sleeve, thereby heating the nold.
In this enbodinent, the nold nay be heated to approxinmately 50 C prior to
st ret chi nyoan10aiss2siing t he extruded tube. An air chuck | @ckaisesone22ehe end
of the extruded tube while the other end of the extruded tube if seal ed by

a clanp to create an_ airtight seal,,K The extruded tube is stretched by

pul Iing on Bk peripyel e t‘%‘ﬁ’éﬂfli‘fﬁgw hﬂl,tnmql‘izwgﬁg‘? “rigfpa Stuflg‘éré]ﬁesé}‘reanot her
suitable gas or gas mxture is into the extruded tube via the air chuck to
pressuri ze tthenakebentaa vidtttheareraovtlls b the mpldut 3 bars. In one enbodi nent,
the balloon will forminthe portion of the tube situated within the nold
when t he tube expands under pressure to make contact wth the internal
wal I s of the nold. Wien the cuff is fully bl own against the inner walls of

the nmold, the nol é]ﬁé{, ‘ i 199 thB R HEOMBRH £

sl eeve) to bet wee‘gha oﬁ?ﬁff&e)ﬁggg% a F@ﬁrg@f@%ﬁ% tﬁfs t enper at ur e %yay be
mai nt ai ned for betwee out .10 to about. 30 se ds. After 5 plication
of heat, ot hé’erlf‘ﬁf“ﬁé ﬁ%‘&ﬂﬁggigﬁpéﬂﬂleéugﬁb? %% ‘E@W’n‘%%”@ atsbﬁ'd%lt@s punpi ng
refrigerated water at approxinmately 13 C around the nold, to set the cuff.
A vacuum i s abpyl i568iCtand this temiethsere aseyrheghaintaied fenltietweeangoutHd tegboulsi on and
cuff are renoved fromthe nold assenbly. The indicators, e.g., protrusions

s on the waljp seordbe Agief the apMicaes 6f Bt ght Blek! hey beetolddrty aparokincudlfy 12
during the manufacturing process. For exanple, after the cuff 12 is forned

[ bl |6l oL D6 f
L onger. ext radet Tnee By PatPRer PEE RS R | S R e " o

that when a to set the cuff. A vacuum is applied to the molded extrusion and cuff, and the

10  extrusion and cuff are removed from the mold assembly.

The indicators, e.g., protrusions, on the wall of the cuff may serve as guides
for cutting each cuff 12 during the manufacturing process. For example, after the cuff
12 is formed in a blow molding apparatus, the cuff 12 may be ready to be cut out from
15  alonger extruded tube by a laser cutting machine. The laser may be set so that when a
guide is focused on the protrusions, the cut is made at an appropriate distance from a
proximal indicator 26 and a distal indicator 28. By using the indicators as guides,

each cuff 12 may be a more uniform length.

20 The cuff 12 may be applied to the tube 16, which may be, for example, an
extruded PVC conduit, by any suitable process. In one embodiment, the tube 16 may
be inserted onto a rotating mandrel, and an operator may insert a gluing needle under
the surface of the proximal collar 20 and the distal collar 22 of the cuff 12 to dispense
the glue evenly.
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guide is focused on the protrusions, the cut is made at an appropriate

di stance froma proximal indicator 26 and a distal indicator 28. By using
t he i ndi csibanr/@s28gui des, each cuff 12 nay be a nore uniPCoruseéiesgizhs The
cuff 12 may be applied to the tube 16, which may be, for exanple, an
extruded PVC conduit, by any suitable process. In one enbodi nent, the tube
16 may be inserted onto a rotating nmandrel, and an operator nmay insert a
gl ui ng needl e under the surface of the proximl col]ar 20 eﬁnd t he distal

col lar 22 of the gitracheal pyflpidhepeacnt frehpriues YL YoatRetafeddpINsSTlcuyf f s of

the present techniques may be incorporated into systens that facilitate
positive prahsiunalirvenidsitiat ipomsswoé ventpatidneofta, patiethsuab asa ventilatont Buch Such
systens may typically include connective tubing, a gas source, a nonitor,

and/ or a con ek flay (JREUGMIHE dBhed®¥ tlEnd a@hgidudde, & MUnitol, laBd/or &
conputer, an”el ectronechani cal programmabl e controller, or any other

I Leal | v, f ' d withi
pati ont & ¢+ SNRRHE TR e B REY BRF B FtcRe B EohBHCEAEL Uit ety 20- 25

cm H2O. Endotracheal cuffs utilizing i nif | ati on pressures significantly
gr eat er tharﬁl%ﬁgowmnﬁahﬁ@gﬁ@m@ﬁ"e?@é@i Pl ORIt SPRLQ WSy f s, whil e
cuffs that are able to effectively seal the trachea at pressures |ess than
30 cmH O nmay be considered | ow pressure cuffs. In certain enbodi nents,
intra cuff inflation pressures of 10-30 cmH O nay be used with the nedical

cuffs of the preskmicatlpemdpisarbeat cwifp pis inflgedimvitbingaadieainpisaphabsitch thity be
susceptible to various nodifications
the intra cuff pressure is approximately 20-25 cm H,O. Endotracheal cuffs utilizing
inflation pressures significantly greater than 25 cm Hy0O may be referred to as high-
10 pressure cuffs, while cuffs that are able to effectively seal the trachea at pressures less
than 30 cm H,0 may be considered low-pressure cuffs. In certain embodiments, intra

cuff inflation pressures of 10-30 cm HzO may be used with the medical cuffs of the

present techniques.

15 While the disclosed embodiments may be susceptible to various modifications
and alternative forms, specific embodiments have been shown by way of example in
the drawings and have been described in detail herein. However, it should be
understood that the disclosure is not intended to be limited to the particular forms
disclosed. Rather, the disclosure is to cover all modifications, equivalents, and

20  alternatives falling within the spirit and scope of the disclosed embodiments as

defined by the following appended claims.
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and alternative forns, specific enbodi nents have been shown by way of
exanple in the drawi ngs and have been described in detail herein. However,
it shoul owbeouwdersst ood that the disclosure is not intemrdeaSta@ooe2248 it ed
to the particular forns disclosed. Rather, the disclosure is to cover al
nodi fications, equivalents, and alternatives falling within the spirit and
scope of the disclosed enbodi nents as d&LidMSpy the fol | owi ng appended
clainms. CLAIMS What is clainmed is: 1. A tracheal tube conprising: a conduit;
and a bal | oowhatud flaimsegdei ated with the conduit, the balloon cuff
conprising: a proximal collar region in a wall of the balloon cuff capable
of being attached to the conduit, the proximal collar region conprising a
first indicator; an inflatable region; and a distal collar region in the

wal | of the ballqon cuff_capable of being attached to the conduit, the

di stal collar reai'on &hﬁﬁegﬁﬁ%e %Onépei?sgn 1 indicator, wherein the first

i ndi cator and the second indicator are substantially in-line with one
anot her &l ong an aiwa@wﬁaW axis substantially through the first indicator

and the second indicator along the I ength of the conduit.
a balloon cuff associated with the conduit, the balloon cuff comprising:

a proximal collar region in a wall of the balloon cuff capable of being
attached to the conduit, the proximal collar region comprising a first
indicator;

10 an inflatable region; and
a distal collar region in the wall of the balloon cuff capable of being
attached to the conduit, the distal collar region comprising a second
indicator, wherein the first indicator and the second indicator are
substantially in-line with one another along an imaginary axis

15 substantially through the first indicator and the second indicator along

the length of the conduit.

2. The tracheal tube of claim 1, wherein the balloon cuff comprises
polyethylene teraphthalate (PETP), low-density polyethylene (LDPE), polyvinyl
20 chloride (PVC), silicone, neoprene, polyisoprene, polypropylene, or polyurethane

(PU).

3. The tracheal tube of claim 1, wherein the tracheal tube is operatively

connected o a ventilator.
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2. The tracheal tube of claim1, wherein the balloon cuff conprises

pol yet hyl ene teraphthal ate (PETP), |ow density pol yethyl ene (LDPE),

pol yvi nylwohbuoyvasszs1 ( PVC), silicone, neoprene, polyisopreag/uspaoppaepyl ene,
or pol yurethane (PU). 3. The tracheal tube of claim1l1, wherein the tracheal
tube is operatively connected to a ventilator.4, The tracheal tube of claim
1, wherein at |east one of the first indicator or the second indicator

conprises a protrusion_or depressiqgn. 5. The tracheal tuhe of cl.aim 4,
wherei n the prot rdusi onlh§riraghesy E§§i°gﬁlal‘§ lrwhetgin 3 eaﬁé%’?t"?g%e it indictar at i on

to the balloon cuff. 6. The tracheal tube of claiml1l, wherein at |east one
of the fir storitheliecandindmator benprses agrotngionat depressipr.i ses a col orineti ¢ or
chem cal marker. 7. The tracheal tube of claim1, wherein the conduit
conprises one or nore X-ray lines that ran along at |east a portion of the
| ength of the conduit and wherein the first indicator and the second

i ndi cat or, are subst antfal.] ;.1 i A, £ 0 . . :lines. 8.
The tracf?eal tubte)ss‘ of cTh%itlr#E%aﬁ]\?\%grog?ﬁﬁﬁtﬁé%%lﬁgﬂﬁ {D 1?21%%1;}{?21:%18%%%{6&& nor e

al i gnment markers and wherein at |eas ne of .the first indicator or the
second i ndi cl'a’tsﬁﬁaté\?@Qd%?w}a&PPF%Fitbﬁﬁ‘éﬂl%fgh at | east one of said

alignnent markers. 9, The tracheal tube of claim@8, wherein the conduit
conpri ses one or nore protrusions.

6. The tracheal tube of claim 1, wherein at least one of the first indicator
or the second indicator comprises a colorimetric or chemical marker.
10
7. The fracheal tube of claim 1, wherein the conduit comprises one or
more X-ray lines that run along at least a portion of the length of the conduit and
wherein the first indicator and the second indicator are substantially in alignment with
at least one of the lines.
15
8. The tracheal tube of claim 1, wherein the conduit comprises one or
more alignment markets and wherein at least one of the first indicator or the second

indicator are substantially aligned with at least one of said alignment markers.

20 9. The tracheal tube of claim 8, wherein the conduit comprises one or

more protrusions.

10,  The tracheal tube of claim 8, wherein the conduit comprises a first

alignment marker and a second alignment marker, and wherein when the first

20



10. The tracheal tube of claim8, wherein the conduit conprises a first

al i gnnent marker and a second al i gnnent narker, and wherein when the
firstindiweatoro/msmit he second i ndicator are aligned w tRCTHS2610/021248

al i gnment marker and the second alignnment marker respectively, the balloon
cuff is aligned wt espect.to a cuff. |l e | ong & ondui The
tracheal tug]é‘ﬁf)&ftmcaf itgﬁ fgo ]élfigfl ! ?Weahgg%c{(}%l}tﬁ th%of?%gt?alhggjglegt xﬁ%#%%anéi gat%%bl e of
aspirating fluids froma region proximal to the balloon cuff when the

bal | oon cuf fseeendiatignmentnarker respectively. Hicdmlleoneylf sahspsst Witk grsperd & #n
conjunction wth a nedical device conprising: a proximal collar in a wall
of the bal | ecoff lengfli aloagéielcenddit.bei ng attached to the nedical device, the
proxi mal collar conprising a first indicator; and a distal collar in the
wal | of the balloon cuff capable of being attached to the nedical device,
the distal collar conprising a second indicator. 13. The inflatable ball oon

cuff of ¢laim12,,,whergin. | . f , i :hyl

Cor oot hal at o (pithey <P s RALARL bPARLEY GNP, ARIPAMBEN LI | o
(PVC), silicone, neoprene,_ polyisoprene, polypraopyl ene, o ol yur et hane
(PU). 14. Tisapablg PRI IO Adrgion praxfaglip %g,bﬂﬁﬁ‘é‘? gt [ st

i ndicator and the second indicator are not identical.15. The infl atabl e

bal | oon cuf fhaBborcedl midftedaherein at | east one of the fust indicator or the
second i ndi cator conprises a protrusion or depression.

12.  An inflatable balloon cuff for use in conjunction with a medical device
10 comprising:
a proximal collar in a wall of the balloon cuff capable of being attached to the
medical device, the proximal collar comprising a first indicator; and
a distal collar in the wall of the balloon cuff capable of being attached

to the medical device, the distal collar comprising a second indicator.

15
13.  The inflatable balloon cuff of claim 12, wherein the batloon cuff
comprises polyethylene teraphthalate (PETP), low-density polyethylene (LDPE),
polyvinyl chloride (PVC), silicone, neoprene, polyisoprene, polypropylene, or
polyurethane (PU).
20

14. The inflatable balloon cuff of claim 12, wherein the first indicator and

the second indicator are not identical.
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16. The inflatable balloon cuff of claim12, wherein at |east one of the
first indicator or the second indicator conprises text or an inage. 17. The
i nfl at ablwokaldissasicuf f of claim 12, wherein the ball oorczufstoioonpng ses a
tapered cuff. 18. A nedical device conprising: a conduit with an associ ated

bal ['oon cuf, 1hesbal bgen, fildic GARYIGHIRY clafn 75 Whdth o Rhlidho blud sl | of
np ng a frrst prot e

t he ball oon cuff "Conprisi rusion or pression; and a dista
collar in the wall of the balloon cuff conprising second protrusion or
depr essi on, e ¢t %%ﬁcf)ﬁl‘?g‘ldmﬁ%tc?lﬁg’iiﬁﬁ ag"tﬁ@&ne‘ggleﬁlﬁssé% t he second
protrusion or depression are touching or substantially within a 30 dianeter
cross-section of the conduit, wherein the cross-section is substantially
perpendicular to a flow path of the conduit, 19. The nedical device of

claim 18, wher ei ngt he 13 ifllaamé Billodvachiten clafm i hewkasid i teabtont ddikedlirad by a
mar ker on the conduit. 20. The inflatable balloon cuff of claim19, wherein

the marker GOMPibSShésdobAPinatAR) 30hbALs Yo BE A Irflgel © the flow path of the

condui t .

17. The inflatable balloon cuff of claim 12, wherein the balloon cuff

comprises a tapered cuff.

10 18. A medical device comprising:
a conduit with an associated balloon cuff, the balloon cuff comprising:
a proximal collar in a wall of the balloon cuff comprising a first
protrusion or depression; and
a distal collar in the wall of the balloon cuff comprising a second
15 protrusion or depression, wherein the first protrusion or depression and
the second protrusion or depression are touching or substantially within
a 30° diameter cross-section of the conduit, wherein the cross-section is

substantially perpendicular to a flow path of the conduit.

20 19. The medical device of claim 18, wherein the 30° diameter section of

the conduit is indicated by a marker on the conduit.

20.  The inflatable balloon cuff of claim 19, wherein the marker comprises

a line substantially parallel to the flow path of the conduit.
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