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 aii-way
pr oduct s,weuetv/ms28sr acheal tubes and cuffs. This secti orCraSeommptéd to

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 backyMEPRUALMEVIEEIAND TECANIQUFFORUSNG aHESAMEt 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. Tn the course of treating a patient, a tube or

ot her nedical device may be used t BAXISGROUNBe f|ow of air, food, fluids,
or other substances into the patient. For exanple, nedical devices such as
tracheal tubes nHhebhpeesestalisd@umonlatelito edichl duwicos, andencoe paricdadybst ances
into or out of a patient. In many instances it is desirable to provide a
seal betye 3% ﬁp ghdﬁwﬁgsﬁggwmqgﬁﬁ%hdgﬁﬁgCe and the interior of the
passage I n e 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
amount of substances flowi ng into and out of the patient.For exa

tracheal tubes rréfynwcty@w iptgndegrie isTodueathe resleigte varipuspsperthelar

through a patient's trachea. Such tracheal tubes may include endotracheal
(ET) may be related to various aspects of the present disclosure, which are described and/or

claimed below. This discussion is believed to be helpful in providing the reader with
10 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.

Int the course of treating a patient, a tube or other medical device may be used
15  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
in which the tube or device is inserted. In this way, substances can only flow through
20  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,wohelomsgfssgeneral | y expands i nto the surroundi rgTiUS2€h@22260 Sseal
the tracheal passage around the tube. Typically, cuffs are attached to
tracheal tubes via an adhesive or by a heat bondi ng process. Because the
cuffs are gener alHoy cxanisic firaohead tubes atay be byedtthicontarldhd flewiobhie onether i al , t he
cuffs may be distorted during the attachnment process. For exanple, the

cuffs may b ggééﬁitﬁhﬁ& @?%t t Agcix] Sus tridhgalittiRe ndydnatdeatiedadteal (BE)t ube in

a tw sted position wisted cuff may have an irregular inflation shape
that may le to d ase seal ing.ef y ﬂ&ﬁ i dence of
wri nkl i ng, 3){\% %ﬁ? 3% mtlaglﬁegg{u%géz IOS%CF re &80??8 Cﬁéa{: hi
addition, a cuff ma be conpressed or siretched the xi s of e tube
before bei ndubssedreig %ﬂ@b]lef?é%{)”ﬁﬂi’é?e agpRcatehwirh fsagt "‘S ct,‘E‘i‘ anﬂgf‘?gt the gu "

i nproperly placed relative to the tube and t hat may have decreased sealing
per f or mance.gehanllexguptieintathe shiatindiigitrasheasto sha dhetdcheatapssags aronind e
pronounced winkles, which may serve as | eak paths into the |lungs for
secretions tfggt 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

ati ont . can T oSUDPGIRHCHRF A IPHEALPEHER AL A RsEdt PRAORE art for
ani nproved cuff and means of nounting the cuff to a tracheal tube that may
enhance bonding process. Because the cuffs are generally made from a relatively thin and
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 stretched cuff may have more
pronounced wrinkles, which may serve as leak paths into the ungs 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. BRI EF DESCRI PTI ON
QF THE DRAW NGS Advant ages of the disclosure may becone apparent upon

readi ng twe 2holdsexssng det ai l ed description and upon ref eCeruseowm212te
drawings in which: Fig. 1 illustrates an endotracheal tube with an
inflatable balloon cuff with indicators on distal and proximal_ collar
regions in timpraved buflf andcarsdymewiniing theewfdaiaviaphesl tubp ghat may epance at es an
exenpl ary balloon cuff in a twisted conformation prior to being correctly
adhered to0 gedllpgeaoftande agd inhitérdspiaticandfsecrtlians. 3A il lustrates the bal |l oon
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

bei ng correctly adhered gt;ﬂﬁﬁﬁ;iﬁé#iﬁ¥§ﬂ2ﬂ§%1 nts; Fig, 5
illustrates an exenpl ar lggﬁﬁﬁﬁﬁiﬁ ﬂ' Eﬁﬁg al i gned agai nst
a mandrel inserted through the interior_ of the tube accordin % .

enbodi neft s; Fi g. P@Vﬂmlawqféh%@sﬁ@ﬁ“é@(@ﬁiﬁPWWPWBWH—‘P@HF?MW&%G"ﬁlﬂ“ﬁ%ﬁ ors
bei ng al i gned agai nst corresponding protrusions on the tube; Fig. 7 depicts
an enbodi nentetadltd deoeipfi@amdapbh refetehcstoapedrapimpsimshizhs; Fig. 8 depicts an
enbodi nent of a balloon cuff with nmultiple protrusions on the proximal and
di stal opening regions respectively;

Fig. 1 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 ct s awmoexsmstmsy nol d for form ng protrusions on thecChalscaon2as f .

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

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

i npl enentation are described in the specification. It should be appreciated
that in the develFpgetitstatesanyexauplarndedloa caffiplithriedicatisdaingabighed any

engi neering or design project, nunerous inplenentation-specific decisions

must be madg %iﬁst%ﬁ-%\bﬁdih@%r&ﬁl\éﬂng)Bﬁﬂfe‘tu&ﬁeci fic goal's, such as conpliance
W th systemg ated and buSiness-rel ated constraints, which nay vaiy 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 tidJelepictsangmhadymentof p bﬂ]g‘?ﬂnrf(}fﬁwgl ﬁ@ﬁ%‘iﬁ PHOUYpIORg;; o
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;gigdepRXYAEsbadimedt o8 abaSoonVufweith fattimsotisiond die | ungs.
Provi ded herein are baPIoon cuffs with features that allow an operator or

automatic quality. L On..a: - f iiost a tracheal tube to
mnimze st #@?%lﬁ%éwga?{%%%gn}ﬁ’{ragg@%%%legﬁﬁg{?%%%@%l >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 cuft.

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 gnmentwordioosszsss for aligning the cuff against the walbas2Medr2ad cuffs
as provided herein may be used in conjunction with any sui tabl e nedi cal
device. Pref er.abI% the nmedical cuffs as provided herein may b e d |n
conj unct i on dekigh, fabricatigatand erraafactugnor thpse phewdame sy heupeticpens téﬁ

ai rway accessory, a connector, an adapter, a filter, a humdifier, a

nebul i zer, akisdisploesieheti c. Medi cal cuffs as pr ovi ded herein may i ncl ude
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 in its entirety for all purposes. Provi ded herein is an
exenpl ary cuffed. e

endot r acheal tubétlfg %gg)léovibe : 13%1&1?’108& %g P?&?El&p ff%ffrfagd

beinflated to form a seal %al nst the trachea vvaII di Cﬁ] cuff 12 is
di sposed Son ot arpdisat balleen) thetyney affcicpghy seal the Péssé%’@lﬂ’ fic Ssuitably

sized and shaped to be inserted into a patient and all ow t he passage of air
t hr ough t he iadestadyo that medfanicabventithbibn astnbabisetl ub attb@uceRpiospdanyothethe cuff is
di sposed, adhesively or otherw se, towards the distal end 17 of the

endot r achealg b l4bg: A&icaBs MRGtHngU PloidedRYein bR baB¥ GBI, witlefdatirésat ed and
defl at ed V|a a lunmen 14 in comunication with the nedical cuff 12,

typically tﬁﬁaﬁuagwgp['?g,l&am t%ﬁlgtz%éuélﬁ gﬁ&&&dﬁ{%@g& Hea ko fica J{The

nmedi cal cuff XI na regl o Istal collar

region 22 fornmed in the . . .
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 inctude 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



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 22yolowmAsesscl oser to the "patient end" of the twbe/use)1082254
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 comunication wth
|l umen 14, | inaterbidifoemnascal npeing the argexwall. Themedical cpfl Iy disgossd o ano
position the cuff 12 relative to other features on the tube {e.g., tube

tip, Mirphy cay6edachddentwad] walchduf torkiRitneyt ibeithblysiedd indshaped rbeal s havi ng
sui t abl e mechani cal properties (such as puncture resistance, pin hole

resistance, iensh irﬁoe %tgeg@%{%t% anogﬁ@@g;ﬁes'ag@am@ﬂﬂ-{%@ﬁ thSHRaydsmid Ot ng a

suitable bond tot ioconpatibilrty. In one enbodi nent, the

wal I's of the inflatable cuff 12 ar e of a pol.yuret hang having suitable
mechani cal &R8°% E?ﬁ?g‘(‘he l%r J&Q’rcf“lfégﬁe &ﬁggfg%feéi’ %4%3“’% i% g&eglg%l yur et hane
is Dow Pellethane(r) 2363-90A. In another enbodi nent, the walls of the

i nfl at abBe dovirdg theakissalondd 7 of the endotracheal tuhs A6y i Thpimedigabppldd2 ppydor ot her
suitable materials includepol ypropyl ene, polyethyl ene teraphthal ate (PETP),

| ow- densi ty RemyrR hyindlaed chdBEatediikadonen Ihpaphanaicatioh yithohe erdicalbor
pol yur et hane (PE). The cuff 12 also nmay include alignnent indicia or

I ndi cators %@E@%gﬁﬁallﬁﬂr@%r?%l@ﬁr A $RARS eRfon@Mkal HBE16.] TaE HAHRY T ext,

i mge, ink, ographic markers. Further, although only

indicia 26 and. 28 are shown, it should nder st ood t hat Sujtable
nunber of alqugfﬁééﬁfalu&ﬁcﬁ Hf%’fllﬂﬁlc y I%O“pf(ggﬁrﬂ (ﬁStﬁt(foﬁ)lﬂ]eﬂ'e,glogaz?% ’il?f(‘ﬁ 183 r,
e.g., 26 and/or 28, may include nultiple markings or menbers. 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, In 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
properties (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 suitable 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/ssissar 28, respectively. In an enbodi nenPCTiuseo1aloppanent
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 proxinml collar 20

and di stal qoljpaspyRkaerpgycinderfeseraplthpintet(RETRL dew-dansity palyeBwivae (MaPE). t he

indicia 26 and 28 nay be adhesively or otherw se attached to the cuff

mat eri al  af t@icons sROPkNe, @blyiddereaufdr pbRurcli@ei(Pd).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. In enbodinents, the indicia my be

raised relative tQ th utf walls at least enough faor an er.afor feel
themwith a fing icﬁff 1?&1%8% ‘l’i‘@lr‘r‘lae\f]lﬂgpnéenﬁH@écdggvgalﬁﬁgtﬁ@g?’nd%gﬁﬁﬁﬁc ation
(e.g., illumnated magnification), or for a machine to sense them optically
or by ot her maykd indicaters afang fipedinplading texthimagndnlsichentical palopegrapdLat i ve to
the proximal collar 20 or distal collar 22 at |east about 0.1 nm at | east

about 0. 125mmarkék. Fedsdr, Athoush Oalbimdiciake hed38 aglhotvn |itshoukt bd welststaaldout
2mm or at |east about 3mm 1In addition, the indicia my be raised on the

ext or | o - sur A Ofihiniid: of QidBicht idicitors hAPbE BRBGR! FiAGGRUr face. In

addition, the indicia may be rai ative to the interior, i.e., the
cur 12 s pREUGY CagAnetlot AE PpLESHEE M TR R AT BRE ) Al S0 be-
pushed agai nst the tube 16 when the cuff 12 is adhered to the tube 16. In
an enbodi merxpmaleca dignhanhindivaior prydsdude ogroup af dots. Ap shagyn, inskicalgy 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
protrusions. 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. Tn embodiments, the indicia are raised relative to the
proximal collar 29 or distal collar 22 at least about 0.1 mrh, at least about 0.125mm, at
least about 0.5mm, at least about 1mm, 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 gnnentwpndioossss. For exanple, a UV |light nay be use#Craseéismaizsse
alignment indicators that include UV or fluorescent paints. The alignnent
indicators (e.g., indicators 26 and 28) may be used to check cuff |ength
and cuff t witethealfacaizgauifaes. tlp addigon.dheindiia may beigdsed pelathesip dhoinierior t he
proxi mal collar 20 and distal collar 22 regions do not change substantially
wi th the infilkaticaabsidiesonkurfite of thefcuffZollalsi Gmnsmehtembodineatspivhen thetchéfse
regions may be used to check cuff application quality in both inflated and

uni nfl at ed (iﬁfi{ émgsgﬁggéggéﬁﬁéllu e Igggiﬁ%gdbgﬂﬁﬁs% RisBD ;pﬁﬁieﬁ@@aigg tRhd 22 may

be substantial to the during an |n$ at1on spot check the
protrusions in these regi .maintgin_ claose contact with the exterior
surface (i.&b ki%ﬁ%@é?gwﬁﬁfﬂggﬁﬁﬁ “%G?ﬁ@%éyfof the tube 16. Accordingly,

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

agai nst farkers 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 amag¥@bpdiakyt, &dbloreidniapplyibe dsdédtodotnubié odfaf @fanan i nfl ation
spotcheck prior to final adhesion of the cuff 12 to the tube 16. As shown,

the cuff 12 3hgm£¥ﬂt§%cﬁ9atom% BmpPhACTRY fe%{ﬁgésgﬁ‘fa%ot%@i&%aﬁ&%ﬁh@Euf'fﬂd.! ﬁﬁggr

28, depicte S protrusions, are not aligned al'ong an I'magi nary axis
extendi ng through one of the.indicators, f xanpl e, extendi ng from
i ndi cat or 2618 g’%’ﬁB@W‘mﬁ’ ﬁ}e&waﬁagém?yrq?ﬁﬁ?cﬁ@ fﬁ%”&ﬁge @Iggmlelétr}ﬁ&ﬁ%g]f' ]'E(ﬂe t ube
16. The tw sted conformation of the cuff 12 nay prevent full

example, a UV light may be used to visualize alignment indicators that include UV 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/a8828she cuff 12, which may in turn increa®eTiuseolawaizbability
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 ndig.Reshows fin eemnipg wffsﬁﬂpgh%maf@be 16 8readefiadiongreind 28 may
be spotted by an operator manually applying the cuff 12 to the tube 16.

Al t er nat i velgfieckt fitor @diethiltadhesui 6fahe ey 1D® the ndfteriée dsjiown the bufiié2 tapabl e of
sensing a thickness in the cuff material or a visual marker at the site of

each indi Catt%stéde atstt FfoQﬂﬁﬁ%cﬁEa?mZﬁS zﬂﬂ%&@nﬂ ?Ieiﬁ hegicll 8§ plodsibhe

operator to the m saltgnnment or autonati cal Aing the 1ndicatdrs al ong

t he tube | ength bas n the sensed cu

embodi ment , G a%%ﬁm&awglnﬂm@i ity &FOH%&F%S‘?%%&%& a
machine to assist in locating the indicators on the cuff 12 prior to

al i gnment. Rsampleasnitraling fremredikaes2asshpye inbig. doindrumingelesg thel uor escent
mar kers, or ultraviolet light-visible markers, that, when inmaged, nay be

manual |y or |ausiofRhi Gl 16, MTbemiistidedntoampti@voltie artt indiagatvent ofl cuf f
al i gnnent and/or placenent. In another enbodinent, turning to Fig. 3A the

cuff 12 may ;bg..al r% "?I%: cu&iei t%% t@@tz%éﬁ@a tih ﬂ'lgy p%g(% Hefr cﬁ&"f‘géé'hﬁé R ap the

tube 16. In one e eat uré na e an ray i ne is

mar ked on the fube 16 le by a rad| ar ns al ong
the | ength @fd F@Bé?iﬁNBW éo&éPE 197 1R ﬁ%§m§ﬁﬁ9§Png 86WH@65§£?HHF%atlon of
the location of the tube 16 during X-ray visualization. In an enbodi nent,

the X-ray | icnéf 126whivh redysio typmdndrehse thveavadahiiied lgak mgths dlogr taded ¢idhe t 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 to 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 cuif
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,20t88m6f ect i ve nmanufacturing tol erance is tRreTRiSdalo/oef254 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 arhglas X38yrting Ichatds markied od thetubs hévifan ergmphebias ragimensauof

i ndicators 26 and 28 as viewed through a cross-section of the tube 16, as
shown in Fi Golo3Bindlrindiléng BBlernigfitbfaabore e andy 2& aaesdauoprogdd re Xray
line 32 and are, thus, within a nanufacturing t ol er ance. The of fset angle

33 may be, 19(%182[{1?)91%}%55 z}_tllo?l%gg{et Be ﬂf Wﬂs&% ah© or less than

30, or equal 10 or n ad |t|on set angle 33 tol erance

may be differ depe he size or e of .t ff 12 other
enbodi nent s enﬁ%‘? Wﬁ&ﬁ%g?lg}fﬁ%g? Bl ASA P ov&i@t%ggquﬁﬁlp@é‘pggolgﬁnﬁfgr be by
addi tional alignnment markers. For exanple, in one enbodi nent, a dedicated
al i gnmenb | iroletitieal phignraendi Forrxemple Fecasnsifactuing/tolerancelmay bhat boid X- r ay
line 36 may be marked on the tube 16. In an enbodi ment, the line may be a

di fferent cghditatb’3an shfe8 ¥uustle toubigndthe X-ady 1axBoplie sudhf@l%dirﬁt)hti, ithee 36 may
be marked in blue while the alignnment |line nmay be pink or green. In

L0, 1 St ARl AR Bnce B G [ack B ARG Bl 096 Webig G PeCL 10

its length a ustrates aIIo t’hat is in
an incorrect conpressed, confo natlon rior t be| Eg d to .condui t.
When appl yi i egopgingsst. tE‘?J]F”Fn geipging jpleranes gnay ee&Ha i) a’tlrﬁ)9e flgn t he

proximal collar 20 to a | ocation on the tube 16 di rectly above notch 15 so
t hat the i nfangleatiset afdly iodicaiors. 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 ot less than 37°, equal to or less than 30°, or equal to or
less than 27°, Tn addition, the offset angle 33 tolerance may be different depending on

15 the size or shape of the cuff 12. In other embodiments, the manufacturing 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 blue 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 weesi1psssonal experi ence to guess at a correct PCuftiS201e/0g4284 Thi s
may lead to variability in the cuff length based on the experience |evel of
t he operator. Accordingly, using this nmethod, a higher nunber of cuffs 12
may be out sitpmcabicuff 12ué fhel tabmjt G amaneriige av ialign the|psexdmakcollar Y to mpout 2. 1
i nches to about 2.3 inches or about 53mmto about 58.4mm which nay lead to

wast e as t hesatishbh e tibbes didgctly dbseaiodedl Sdo thatths irlhabkscgion RHéds in
manuf acturi ng process, hi addition, quality checking procedures may include

a direct meggyy @Jﬁﬂgwg% iU e neha, M.t 8{@@5&" thé dis}’é@ EQe BB YnY8hen be

ti me-consumng a engi ng because the cu 12 and the tube 16 are

relatively trapnsparent and.nmay. he difficult ifferentjate fromgne

anot her at taﬁgﬂeéﬁtﬁégfi Whe ;g&tgﬁgggﬂ)yglpfeop&ﬁt@r. ri@‘?‘gl]lsﬁt 888%}8%%?&‘-‘@?“85%5 12 as
provi ded may be easily checked for relative | ength against the tube 16.
Fig. 5 ibBl uskpeiasse to guess at hizotesteyfidenatic eThis arayllesdde Nawgpilityiig Hiesyitvar ker s
on the cuff 12 with markers on an alignnent rod 40 (e.g., a mandrel)

inserted thﬂé&%ﬁbésh@ofl kievexpatidhce leveudfahd 6perdibe  Aadrdifiglppysingthisunkahad,i gnmrent
lines 42 and 44 that nay be aligned with I ndicators 26 and 28 as shown.

Al t ol 4 ' bihf; id spot
I gnmen 'ar}ﬁglbe]; u@g%gﬁyﬁ%%%h‘glpf.tﬁ'é'ogmde)’of%%hﬁf l@t%ﬂtiﬁl %bﬁr}rg{}@ foferi@R] 0 SPO

checks of the ignnent [ines 42 a be set to
reflect the manyfacturi cuf f |engt oa i,th a tol nce bei bui | t
| mto the wi dih dout bty Haboud %B&%‘ﬂl%ﬁ’m\t’gﬁ&mﬂ i %@&ﬁé@“% Whichta® | ¢
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 easily 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 indicators 26 and 28 are at least touching their respective lines 42
and 44. In an embodiment, the cuff rotational alignment may be performed

11



and 44. In 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 20to88288e 16. I n enbodi ments in which the ro@CEUS2E&10/022254
substantially rigid, the slightly curved tube 16 nay be strai ghtened upon
insertion of the rod 40, which may allow operators to npre easily perform
fine rotati chmbltakpghhwith thefcufflgnghabgnmaet whilp therad dd dvinsapdin gdubhe

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

with a rul erg, an edbbdiBlentsan whichahadg igautgeniiviiy figidpthe shginlysuneed tebepl oy
al i gnnment accessories, such as rod 40, in assisting with length alignnent

of the cuff 1%%%?; &gsgta@geéé(t@ 8@?}5&{10% Hpmg;ugﬂagl‘[jz SvhidH B8y hiNGk BpBatbRdbcat ors or

features that n the cu Wi th respect"to length in

addition to rotational_ ali.gnment 0., the.Xsray line, depict iin Fig. 3).
For exanpl e, McEaply PpEoY @gf’ H@Ptﬂfﬁ%??}?ﬁﬂ“@&? gf d‘fz%é‘[ ﬁ@i}h%&éﬁ%ﬁ’rﬁeﬁdo% th
markers on the cuff 12. As shown in Fig. 6, a tube 16 may include proxinal
protrusi 6n 5be kngthdif etbel 16p o dtheserobodmenih the cuiblensih may beificd Withoki nal

i ndi cator 26 and distal indicator 28, shown here as protrusions. Such

shaped or vigkdla @libgnsEndo/hepd ghags. on both the tube 16 and the cuff 12 may
be aligned by both feel 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

Phe m dpoi nt of - CRBIEORF PR AUDHATBRg e tise ode Fds T 4B ment s. t he
distal collar 20 may be applied to the proxi mal 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.

Tn 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/d8s5ct s an enbodi nent of an endot racheal PCwhES2ew0i0k2284 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 i nflldepicorn dntbodirgertiof ai tfdotratheal obeleitbrarthprsedbrllonn ewd 634n t he
tapered cuff 63 is the proximal collar 20 while the cuff 63 is in the

uni nfl at ed SHAHENDGG@4E iatlaRy O 1b&E&d eWarks thdyerokiame endrafthaonifiéd. evi dent when
the tapered cuff 63 is uninflated. As provided herein, a tapered cuff 63

ey il ude 1 RoXLRY FRLKEL, BR40a 5 £ MSHE DAY AuflhebBholpiker 62

t hat may facFFig &t on of roxi mal collar” 20 to the

i mal ff adhesi int of th . 16. . '
et or mne. | AcRER YUTE B wasie i 68 o bt B8 BT e B FEBHLER vi ng

shaped proxi mal marker 60, which as shown, nay be in a "+" shape, versus
shaped dfst at innthe keinfl&2d statei hehausa ghetstirectioraofthe tapppay notrby exidentaghen
conbi nati on of shaped protrusion or colored markers may be used, For

exanpl e, prod {pdredBifk 68 iSehinMyed) A gproeRchbkR, diglak drtfiddenaytidcimyabe red
and so forth. In other enbodi nents, a conbination of shaped protrusions and

colors may be u \Whj j 0t 4 ndj & i ' b
Fnanf} 6! %g}%@%&@% SSHORSESePAVhAPH el My be

used by an 5%@?a in manua _ I'ng cu _

1 nment  agPpksetioh AR B U TRLENRRED B heBesBNy Eyben oty WBR | ©
enbodi ment of a balloon cuff with nultiple indicators, depicted as

pr ot r usi ons 16001 dpergiemonaynedsilpdetentiise &l whipk dirediondlg a6 ehoaktbe 2,
respectively.

10 oriented by observing shaped proximal marker 60, which as shown, may be in a “+”
shape, versus shaped distal marker 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 woizpiovass2ssuf f 12 at i ndicators 26a and 26b on wPhe/yseaxiorzess end of
the cuff 12 and at 28a and 28b at the distal end of the cuff 12. The

| ocation of the indicators 26a, 26b and 28a,28b may facilitate proper

gri ppi ng of 28henasufbtilitete prppetasipaingstivhe cutiabhbnibe geseablt vaclingpriasie | e. g.
the indicators 26a, 26b and 28a 28b may provide attachnent or gripping

posi tions atalipfineft, &.5e teriadicatgrsiZzes, 26b axie8all8h may heliictahtectodnt o42. | n such
an enbodi nent, the alignnment may then be perfornmed by aligning the ains

relative to : ] : r t i i vi si oned
that the baIE’I(P{)&‘glnn%rLb(ll}%1 gﬁﬁgt%ﬁéagtrhg I E{jgﬁ ;ﬂ b%e %@g(tjd iﬁ)ﬂa?:}})ﬁﬁlﬁfnic%i éﬁsﬁﬁt h any
suitable tracheal tube. Fig. 9 illustrates an odi ment, of a bal.l oon cuff
associ at ed Vit dF’FeA’g=HE%?}93W§![ By ?ﬁ‘?&{%eip rfﬁ%%tr%'aaq]%mgﬁl& i rglg Y&t ons
fromthe top of the cuff. The endotracheal tube 80 includes a secretion

| unen 825t hameasther 4 dheeprgperlenssh eyl 1ald9e. (" proxi mal to") the proxi mal

shoul der of cuff 12. The proximal collar 20 may be sealed to the tube 16 in
a manner designed to nove the hole 84 relative to the proximal collar 20 of
the cuff 12 to facilitate aspiration of secretions that build up on this
shoul der region, Itdsicohisivayd thet the bkldoca wiffs(12 as Wividedoeayttgivsedinf fs 12 may be
aligned in an inflated state, and then adhered the tube 16, cuffs 12 for

use W th suchnfinSis! Rith 8fy dEBIR 1ABlcabh®e. P, alillghatts ki cABodifenf dfaf ed state,
as described herein, prior to applying the specialized seal of the proxinal

o b g Mg Sitr 3GeibdR iich % trd5REa SRR Rt il Afip A% bilon SO RIns" €91 O 20

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 colar 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. In 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 2proosszséd nay be manufactured by any suitabl ecpruse@ss222such as
by bl ow nol ding. In one exanple, a tube, such as an extruded pol yuret hane
tube, is |loaded into a blow ng machi ne or nold assenbl such as a
cr oss- sect i anseotblndhulepigicd énbig 18ghatdagndasalgvicls OFisb"%Peiﬁ? aﬁi‘t .| udes
dowel s or shapes 92 and 94 in the nold corresponding to the desired shape

of the ali gnr@dtoir@gbedih@tosthd Gesired sBihe of tlg: slignmentrindicatns, 26dedi28ssgons. I n
an enbodi ment, shapes 92 and 94 may include injection orifices for the

I nj ection O&]tr& sgfng,dd Ssiﬁ@iliss 10%n ChBRlG RNt SRsRs h@ aﬁé?g ﬁiayiirﬁbhk’dieﬁﬁﬁbﬂi@ﬁt ion of

the alignne ndi cat or n one enbodi nent,” the no assenmbly 90 is

manuf actured fromberyllium er.and incl udes hor.i zont.al . jf: i n the
assembly 90 0(“6{089! % edﬁ‘&ﬁti‘%‘gocfoiﬁ red g ’ggoéfcg?lﬁgaﬁ'ﬁgsamgg%%ﬁgquf’a@ga&I?\ an
enbodi ment, the nold assenbly 90 may include mating symretrical pieces that
cl ose to§et mdthe afigement iddigatersndsl gnegmbedimenidhe meld #seiblNO8ds gui de pins to
prevent m salignnent of the two nold hal ves. In one enbodinent, the

end- por t i onsmafufRurexfromded/ i uheopatndirojuges a borizohtad aplithe thecissknzhle
constrained to the shape and thickness of the original extruded tube by

non- heat ¢ S0 abhefl A% HGsRPLARE Sl bR 19k biSoMect:, tlen one

enbodi ment, the ers are nodel 2219H LP bl ow nol di ng nachi nes,

of “gae. pr es SUNE e TR AB TS PR SHOTISE A hrea o eors [elr B 21 Or o726
or 28) mmy conprise shaped protrusions, the protrusions may be forned by
al | owi ng extmeldfabsgathly 90 may include integrated guide pins to prevent misalignment of the
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 2219T1-LP blow molding machines,
available from Interface Associates, that are configured to run at 1-2 bars of gas
15  pressure. In embodiments 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 90 may then be heated. The tube may be stretched and air 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 201188288y be stretched and air is bl own intoPChaScabm22256 an air
conduit, such as an air hose or nozzle, connected to a source of

pressur i zed it SUER, A%, A0 oRURAL B 6 BLBS SIESANSAUTSane hty 8N eve a

desired positive pressure wWithin t ube an ow out the cu walls to

t he shape of the nold assenbly 90, Addjtional, heat may, be, applied to the
t ube, such @@PWdath?e“’&{efci@élﬂé’r%?ﬁ%Sf?lﬁ}f‘ﬁégar"‘gltﬁ?i‘ir??‘?és% h‘é‘s@%ﬁ‘@?? to set the

shape of the cuff 12. As the heat is applied, the stretch of the tube is
rel axed and ihdreasai.r Opceths desreditethparatubrais resohed it isimainainsd dor aprigeriahef desi red
tenperature is reached it is maintained for an interval of tine. Afterward,
the tenperatiy#he Afiedaed, MR E@mPsaRADLYhE nodd havablytioalthven ordrdsordet i vel y

cooled. A vacuumis applied within the tube, which now includes the bl own
cuff, toerel u . : RSP ARG 8oy be and
cuf f aresre%ﬁey%&g%}'t'ﬁgam d&;ééélé%‘?&uh%ﬁgégvnpﬁg, in one enbo(()ji ment, a
commerci ally avail abl e extrusion,.of w Pel | et hane(r,), 2363- 90AE. havi ng an
i nner di amet® ﬂ@f“%ﬁ%@et ?@Béc?ﬁglﬁggt%?@? Bge yf%‘?‘ ﬂ?ﬁr‘}‘g‘%\ AP
t hi ckness of 0.015 mm 0.007 nmnay be blown to forma cuff 12 suitable for
use with a ZeBoved froméhamblddissemtitler ( TD) 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 ol ding machine. The sleeve may be heated,
such as by a serigg eQEImple, 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 4: 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 sleeve, 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 nyoan10aiss2ssng t he extruded tube. An air chuck | @eckaisesone226he end
of the extruded tube while the other end of the extruded tube if seal ed by

I i rtigh |, s '
pul 1 ng on 085 R BABer B e BT Vnir AL AR AP e e BB B o e

suitable gas or gas mxture is into {he extruded tube via the air chuck to
pressurize tthaakgsented i the éeraplovallspfthe mpldut 3 bars. I'n one enmbodi 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 nold, the nolwnhébihe REIFHEALIEBIvEHERAIRBHR NN alIDBF the ehc3dl REOMBRI Mgy
sl eeve) to between about 100 Cto about 150 C and this tenperature nmay be

mai nt ai ned f,ar, . 0 : p@g f e plication
of heat, %t heb%#g?t%&ﬁ%?ﬂggggfg%ﬁnég t eosugllé%!g%gg %ﬁ‘?‘%ﬁ@ W%f% %bgg#dgs (%9 punpi ng
refrigerated water at approximately 13 C aground the nold, to set the cuff.
A vacuum i s 2Rp# 580 Crapd s tomeardere @y sy Rtatls f@mef‘?’ea&r?@o’t‘tﬂé) t@2beYisi on and
cuff are renoved fromthe nold assenbly. The indicators, e.g., protrusions,
on the wal | 36fsctdnelscdfffer theypplératien aShatitikesmofdomay e ¢dolegl teapprosimeftely 2 duri ng
t he manufacturing process. For exanple, after the cuff 12 is fornmed in a

bl ow nol di ngisappaichtad by phm?ir@%ﬁ-igé&tdaayataeat BeRdYinidelh @300 hraaull tHy asda
| onger extruded tube by a [aser cutting machine. The | aser may be set so

that when a ., o the cuff, A vacuumis 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 csibanw/mws28gui des, each cuff 12 nay be a nore uniPCoruseéienegi2ids 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 uing needl e under th urface of the proxinmal collar 20 and the distal
Qo1 a0 55 of “t he Birtrachest ¢l oSS pesseht HEDGE ot o mE el RaireBh f o of
the present techniques may be incorporated into systens that facilitate
posi tive pr dbstfaalitatermositive ipoesswe ventpatidrerfia paiethsush aga vemilptont Such Such
systens may typically include connective tubing, a gas source, a nonitor,

and/ or a congyktemk lay tiieallgandlidd dohedtBy titeng aGagidiade, 6 @rdntitot, lagd/or A
conputer, an el ectromechani cal programmable controller, or any other

contr ol %ystc%gh‘oﬂ-éfpﬁ‘ﬁﬁlc{nﬁr({ll%{']ﬂigﬁﬁ)@ﬁ@?@‘!ab?c#fnfoﬁelaﬁ%ofnﬂmeﬁtaﬁd within a

patient's trachea suc a intra c predsure |Is approximtely 20-25

cmH O Endotracheal cuffs utilizing inflation pressures significantly
oreater tharfisgopeimpsthapermafs e, Shath B atUR sl r s, ot 1 5
cuffs that are able to effectively seal the trachea at pressures |ess than

30 cm H20 may be considered | ow pressure cuffs. In certain enbodi nents,
intra cuff inflation Bressures of 10-30 cm H2O may be used with the nedical

cuffs of the presomtcailbemdpigashsal opffs pe inidedpithingyuticntibrbapiicd thaty be
susceptible to various nodifications
the infra cuff pressure is approximately 20-25 em H,O. Endotracheal cuffs utilizing
inflation pressures significantly greater than 25 cm HpO 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 HyO may be considered low-pressure cuffs. In certain embodiments, intra

cuff inflation pressures of 10-30 cm H20 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 dowbeouwdeasst ood that the disclosure is not intemrdeaSta@oloe2254 i ted
to the particular forns disclosed. Rather, the disclosure is to cover al
modi fications, equivalents, and alternatdiygpéal ling within the spirit and
scope of the disclosed enbodi nrents as déftned by the foll ow ng appended
cIains.CLAIN?BWhaH.is clainmed is: 1, A nold assenbly for an inflatable
bal | oon cuff ﬁﬁ%??@#ﬂd% a proximl collar portion for formng a proxinal
collar of an inflatable balloon cuff a distal collar portion for formng a
distal collar of the inflatable balloon cuff; a first protrusion or
depression in the proximal collar portion and a second protrusion or
depression in thd.di stAamobbissanblydet dnonflatable belloont duf doinmsisings ot r usi on or
depression and the second protrusion or depression are substantially
in-line with one gnethal calleRerRA hieahRgpbradingl sk badd inflklayletbanestgh t he
first protrusion or depression and the second protrusion or depression

al ong the | ength of thefnnld assenbly. 2, The nold assenbly of claim1,
wherein the nold asseﬁ%?y is part of an extrusion bl ow nolding system 3.

The mold assembl ya d%gtalcgoﬁgt%o%%io%o? rfgrimr}né Q ﬁis{g? lcglla?% ﬁl%?kﬂatgﬁggglioso%scufﬁ
a first protrusion or depression in the proximal collar portion and a second
protrusion or depression in the distal collar portion, wherein the first
10 protrusion or depression and the second protrusion or depression are
substantially in-line with one another along an imaginary axis
substantially through the first protrusion or depression and the second

profrusion or depression along the length of the mold assembly.

15 2, The mold assembly of claim 1, wherein the mold assembly is part of an

extrusion blow molding system.

3. The mold assembly of claim 1, wherein the mold assembly comprises
beryllium copper.
20
4, The mold assembly of claim 1, wherein at least one of the proximal

collar portion or the distal collar portion comprises a dowel or recess adapted to form

the first or second protrusion or depression.
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beryllium copper. 4. The nold assenbly of claim 1, wherein at |east one of
the proximal collar portion or the distal collar portion conprises a dowel
or recesswadammssesso formthe first or second protrusi orCoUSA@EPNEZRSS ON. 5.
The nol d assenbly of claim 1, wherein the first protrusion or depression

and the second prﬁtrg_ﬁlg}ﬁ%(ﬁﬂa%@ﬁ'bﬁ@@c@ﬂmair Svididid Bk ehltpYormlipped or col ored

from each ot her d asse y of claim1, wherein the nold assenbly

conprises t S hal ves 7. The aim,1. wherein
Che ol a. as<BRBFCL B secng htigsion st demivi SRRty S%%Dﬁfi.obﬁ?lsaﬁdt 0 pply
a chemcal or colorinetric marker to the inflatable balloon cuff. 8 A

nmet hod of appmyee#dy @keri nfl at abl e bal l oon cuff to a conduit conpri SI ng:

passi ng a conduit through a proximal collar and a distal collar in a wall

of the balloon cuff; and aligning a first indicator on the proximal collar
with a second indicator on the distal collar wherein the alignment is

substantisal |y al gng anmxhdid g3kl Jfg:leﬁll?‘-rlo%gm'&érhﬁlefrﬁdl&Essbﬁ@ly%hﬁihs@ﬁd the

second indicator along the Iength of the conduit. 9. The nmethod of claimS8,
conpri sing s[eglslylgjgleg Ca?gﬁgésl ng the ball oon cuff
7. The mold assembly of claim 1, wherein the mold assembly comprises

one or mote injection sites configured to apply a chemical or colorimetric marker to

10 the inflatable balloon cuff.

8. A method of applying an inflatable balloon cuff to a conduit
comprising:
passing a conduit through a proximal collar and a distal collar in a wall of the
15 balloon cuff; and
aligning a first indicator on the proximal collar with a second indicator on the
distal collar wherein the alignment is substantially along an axis
extending through the first indicator and the second indicator along the
length of the conduit.
20
9. The method of claim 8, comprising sealing or adhering the balloon cuff

to the conduit.
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to the conduit.10. The nethod of claim8, conprising aligning the first

i ndi cator and the second indicator along a set length of the conduit. 11.
The net howloahioaissism 10, wherein aligning the first indi earars2ang2126¢ second
i ndi cator along the set Iength of the conduit conprises inserting a rod

t hrough the conduint, r.ej . L : at: . i t

mar ker correspong:ohg }tpﬂglgtnﬁéém“fcfé}?gglﬁlﬁd?%g?%érﬁ%@lﬁ%é @g?gsﬁ%ﬂ?%%élcagg gi%“.n 12.
The met hod of claim 10, wherein al,igning the first indicator and the second
i ndi cator alS6HRydt C%%&”?%%@?ﬁﬂ%€$qﬁﬂh%gﬁﬁﬂﬁt conprises aligning the first

i ndi cator or the second indicator to a mark or feature on the conduit. 13.
A nmet hod of manufacturing an inflatable balloon cuff conprising: providing
a proximal collar and a distal collar in a wall of the balloon cuff;

provi di ng a firstiii ndithahesthainoftdgmpliowhemin adignlrgrthe Andindicawirdihdithea second
i ndicator on the distal collar. 14. The nethod of claim 13, conprising

providing a sEEcﬂlﬁqﬁcﬁl:at&t??gnEtﬁé ?ﬁg@ﬁ i offhb Poﬂcﬂ@c c@ﬁiph@&’lnéé‘ﬂtfng% a WaghRuPh t he

tracheal tube passes t oxi mal collar "and the stal collar of

t he balloon guff. 15.. The nethod of. claim.213 erei.n ovi ding the first

i ndi cat or oﬂﬁ‘? T TR ameQPS?SF?gie%tcO&ﬁﬁ15%?"55?%&%3“?%9& IS
collar conprises nmolding a first protrusion or a second protrusion into the
wal | of the thafitsbizdiceton br the secrmd indiedierd of cl ai m 15, wherein nol ding the
first protrusion or the second protrusion into the wall of the balloon cuff
conprises allowing extra flash in a

12.  The method of claim 10, wherein aligning the first indicator and the
10 second indicator along the set length of the conduit comprises aligning the first

indicator or the second indicator to a mark or feature on the conduit.

13. A method of manufacturing an inflatable balloon cuff comprising:
providing a proximal collar and a distal collar in a wall of the balloon cuff;
15 providing a first indicator on the proximal collar; and

providing a second indicator on the distal colar.

14.  The method of claim 13, comprising providing a tracheal tube
associated with the balloon cuff, wherein the tracheal tube passes through the

20  proximal collar and the distal collar of the balloon cuff.

15. . The method of claim 13, wherein providing the first indicator on the
proximal collar or the second indicator on the distal collar comprises molding a first

protrusion or a second protrusion into the wall of the balloon cuff.
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nmol d assenbly. 17. The nethod of claim 13, conprising cutting the cuff from
a |l onger tube using the first indicator and the second indicator as a
cutting gudDaelo/BssThe nmet hod of claim 17, wherein cuttiPog/ush@omef2s4 f r om
the | onger tube conprises optically sensing the first indicator and the
second indicator. 19. The nethod of claim 17, wherein cutting the cuff from
the I onger tube conprises viewing the first indicator and the second

i ndi cator under a fluorescent light or an ultraviolet light. 20. The nethod
of claim 17, wherein cutting the cuff fromthe | onger tube conprises | aser

cutting.
J 16.  The method of claim 15, wherein molding the first protrusion or the

second protfrusion into the wall of the balloon cuff comprises allowing extra flashin a

5  mold assembly.

17.  The method of claim 13, comprising cutting the cuff from a longer tube

using the first indicator and the second indicator as a cutting guide.

10 18.  The method of claim 17, wherein cutting the cuff from the longer tube

comprises optically sensing the first indicator and the second indicator.

19.  The method of claim 17, wherein cutting the cuff from the longer tube
comprises viewing the first indicator and the second indicator under a fluorescent light

15  oran ultraviolet light.

20.  The method of claim 17, wherein cutting the cuff from the longer tube

comprises laser cutting.

22



