MEDICAL DEVICE AND TECHNIQUE FOR USING THE SAME BACKGROUND 5The present
disclosure relates to medical devices, and more particularly, to airway products, such as tracheal tubes

and cuffs.  Ihis section is intended to introduce the reader to various ggpgiisRf@kkigat 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 the NEREERMEVAEE A ND redINIQVEJH RS R 3 ons of prior art.
15In 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 @AMKERMEENCes 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 20in whicHTthetetset disdlevive igirsdrtaddildiyigey andipstaneeiselaniofty flow through
the passage via the tube or other medical device, allowing a medical practitioner to maintain control
over the type andiamppnediksubathactacheaingeitadaniout of the patient. For example, tracheal
tubes may be used to control the flow of air or other gases through a patient's trachea. Such tracheal
tubes may include endotracheal (El') tubes, tracheostomy tubes, or transtracheal tubes. To seal these

types of tracheal tubes, an inflatable cuff may be associated with these tubes, When, inflated, the cuff
This section is intended to introduce the reader to various aspects of art that

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 mote substances into or out of a patient. In many instances it is desitable 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.



5generally expands into the surrounding trachea to seal the tracheal passage around the tube.
Typically, cuffs are attached to tracheal tubes via an adhesive or by a heat bonding process. Because

the cuffs are gepgraliysnade from a relatively thin and 10flexible materiap thg eaffsonaysbe 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 i r%?u ar inflation shape that may
lead to decreased sealiffj %‘Fﬁ%@ﬁcﬁ%h“é‘ﬁtﬂ?ﬁéﬁ%ﬁeiﬁﬁ@&%@BPM find \Wﬁ@f’é‘ﬁ%‘f%he wrinkles may
create a "corkscrew" effect. In addition, a cuff m?‘;be com ressed.lSlor strefche %dig the axis of the
tube before beingSexEa48NtASAEYE SWRTEFPNIF LR IE? éf?ﬂ%’tlirécl}'lﬁlﬁr%lperlly prac lelative to the
tube and that may have decreased sealing perform . Far example,.a relatively stretched cuff may
have more pron&ﬁh@@&%ﬁ%f@&%ﬂ%% h 3%% gé Skéeaaqg Tesk %tﬁ@ﬁ%sfh%pﬁn&g?%%gécretions that form

at the top of the eyif, A seiafiyaly. compressed cullmay AdKe Loyt AQnaieralowhich wil form

many wrinkles when ifftated an erefore, may provi ecreased seal quality and also increases

the risk that secretions il lsak A3t he. Uit inin e Jungs «Sieh seerelions:alien santain

micro-organismsg[%at, on aspiration by the patient, can result in complications. There remains a
need in the art for an improved cuff and means of mounting the cuff to a tracheal tube that may
enhance sealing performance mid inhibit aspiration of secretions. BRIEF DESCRIPTION OF THE
DRAWINGS

Typically, cuffs are attached to tracheal tubes via an adhesive or by a heat

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 lungs 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



Advantages of the disclosure may become apparent upon reading the following detailed description
and upon reference to the drawings in which: Fig. 1 illustrates an endotracheal tube with an

inflatable ballgon, cHff,with indicators on distal and proximal collar regionspinriie,gHfhimgccordance 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; 15Fig. 3A illustrates the balloon cuff of
Fig. 2 with the indiepieve atigiaed arsng eiioeuatiiike SRk adBeherl Jbsai 28680886 tional view of
the cuff and tube of Fig. 3A; 20Fig. 4 illustrates an exemplary balloon cuff in a compressed
conformation pricesbamEneiphibiit 4R &esd 57588 ding 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; Fig. 6 illustrates an exemplary balloon cuff with

indicators being aligned against cQrr ' [ L{;pﬁ'u ig. 7 depicts an embodiment
of a balloon cuff with shaped pro ‘ @5}%8&%%?8{%%&%?}&,& &Y
5 Advantages of the disclosure may become apparent upon reading the following

detailed description and upon reference to the drawings in which:

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. 8 depicts an embodiment of a balloon cuff with multiple protrusions on the proximal and distal
opening regions respectively; 10Fig. 9 illustrates an embodiment of a balloon cuff associated with a

conduit adap%%l%%%g'% secretions from thc top of the cuff; and Fig. 10ngm§£§19/@2§mmplary mold
for forming protrusions on the balloon cuff. 15DETAILED 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 of BesigMBAERER, WM@%MM%W%@&W&%&@%% must be made to
achieve the developers' specific goals, such as compliance with system-related and business-related
constraints, whicRSHES} SEFSSRUESHR TSR AR another. Moreover, it should be appreciated
that such a development effort might be complex and time consuming, but would nevertheless he a
routine undertaking of 4 design, fabrication, and manufacture for those of ordinary skill having the

benefitof thigdisclosure, It js desirable. R RERuide A Redisrliplanuaeh s amsadotacheal cuff or

Fig. 8 depicts an embodiment of a balloon cuff with multiple protrusions on

the proximal and distal opening regions respectively;

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 batloon 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



5other medical balloon, that may efficiently seal the passage in which the cuff is inserted so that
mechanical ventilation can be used to introduce air, oxygen, other gases, or medications into the
lungs. Providgd higsegsaie balloon cuffs with features that allow an operatamgszeustormatic quality
system to align a cuff against a tracheal tube to minimize stretching, compressing, twisting, or out of
specification axial 10 placement of the cuff relagé/ﬁf{ﬁ the, tube. SUEHI%UUI% may. mch#{jgfralsed

protrusions or otffSiehAFREFats AR\ IR ERTRES 5t PhA LRSS HigHnEht iRdicators for aligning

the cuff against the tube. Medical cuffs as provided herein may be used in conjunction with any

-

suitable 15 medi Y&IRE 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 thoge,as flaglosed InMEDIG AL BRVICEANDT EGHMALIEQR USING THE
al., tfile

SAME," by Macan, et on 20 January 29, 2009, which is incorporated by reference herein in its

entirety for all puposes RIpKiged N aIRIMIS angxayRlarmeyisd sndaasheabiabe 10, depicted in Fig.

inflated to form a seal against the trachea wall, The medical cuff 12 is disposed on an endotrachcal

tube 16, which iga£eadyitthatdsnsHitablvsizsdpnd shapaddmbedraaticdnienpopatient and allow the
passage of air through the airway path of the cndotracheal tube 16. Typically, the cuff is disposed,

adhesively or othgewisg re-temasds ihe distalgndbvigddherdndedtathentuibevit fHaneenedical cuff 12
may, for example, be inflated and deflated via a lumen 14 in communication with the medical cuff 12,

typically throughtashglewwemeteruits én dixerendapralitycas b do kbigh heutiegiost eufidahcludes a
proximal collar region 20 and a distal collar region 22 formed in the cuff walls and sized to
accommodate thetenclnfrachesadtteiobids cdnprmdngniaitolgapr out of specification axial

10 placement of the cuff relative to the tube. Such cuffs may include raised protrusions

or other matkers 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



19 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 flupk 35 ipflgdgple region 24, which is in fluid communication with{idaaesodshadn
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 .Murgqhy eye). The medical cuff 12 may be formed from
materials havingisflstedle forsthasrtagapresbetissieivn asTBamedicd FelidedicisnsirhoictPesistance,

tensile strength), chemical properties (such as forming a suitable béi?f‘? t thedtuqe 16), and
biocompatibility. idocrehnsleris dinbish i sRpdtdhahis AR AR P HE AL

e of a polyurethane

having suitable mechanical and chemical properties. Ag ex mﬁlﬁ ?}%a,suitabl%p%l%lérethane is Dow
Pellethane(r) 2383509ANS ARBHTEHBHBIBTHIETETREIARE BEHEMTAABR Bif 12"4re made of a

suitable polyvinyl chloride PVC@Other\s itaple matetials include .polypropylene, polyethylene
tcraphthalate (PE“’ﬁﬁﬁfaﬁﬁﬁg@ﬁgi 'ngﬁ?é‘ﬁ'KXe S‘i’lri?gﬁéfpﬁ?éﬁ(gfeﬁg@ r%n%%%ﬁ%oprene, or

polyurethane (PL). The ulf 12 also naincluc algnmenh pcia et 26,40 28, which Smay

be indicators of_t%‘ﬁv ext, Image, 1nk; chemical, or topographic markets. Further,

although only indicia qulgzy%%% %gt&[%nt%h#ﬁ%&t \%QQ&E%Qg_mﬂ%ﬁm%mﬂémmm@%i@ﬁmbef of

alignment indicatdre e presen er, each indicator, e.g., 26 and/or 28, may include multiple

markings or membets, £t SIaRle, 70 lIOBMEN: A G MRHBRKSR SoROk Al As shown,
or

indicator 26 10afid indic are associated with the proximal collar 26 and the distal collar 28,

respectively. In a7 SpAAMMENt. ING AllgoMsnndicid 2&aniaR.aaY LasaiEEtharal usings, 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 foeme.in.the s walb Alisinativelnidiedagiciasdd anche grnaydhedidhesively or

otherwise attached to the 15cuff material after assembly of the cuff 12. The indicia 26 and 28 may be
sized and 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



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 raisgd rela{géezé%&%z%lff walls at Ieast‘ gnoggh for an opgrator to feel mﬂ%% /@%mgertip, tq 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 indiela are raised relative to the
proximal collar 2@cdydistrkog fmiy2thetiedstlibute®, (PRI, i vedesiboobothdem b Etibast about
0.5mm, at least about Imm, at least about 2mm, or at least about 3nim. In addition, the indicia may be
raised on the exteHorrsurizapecos. e EutPeotarsPrEueheny¥l2010/088281PCl/US21110/022248
tracheal-facing surface. In addition, the indicia may be raised relative to the interior, i.e., the tube
adhesion surface of the cuff collars. In such embodiments, when the cuff 12 is pressed against the
tube 16, the raised portions may also he pushed against the tube 16 when the fg 12 js adhered to
the tube 16.5 In an%ﬂgﬁﬁ/%éﬁﬁ A g e e R RN S ]ﬁlfzglarb%% of aif alignment
indicator or to emphasize the featﬁ%es of a protrusion against the %Uff 12 In Pther,emgodiments,

chemical tagé m&ABEULEHAS P h TR BirgRFHsa gt ARSI B e amp & VIR May be used to
visualize alignment indicators that jnclyde UV or 1Qfluorescent paints, lignr indicators
(e.g., indicators 2‘%35%’ 32%1@59 %@‘%@do t clﬁglccka%uf??é{ar?gtﬁeasnﬁ Ut fsv}\ll%;:il?\ge?{é atelir\gte‘8 tgé the tube 16.
Because the posijtions of t roximal collar 20 and.di I ioF not change substantially
with the inflation %&ng’e%’?%’]% %ﬁ%rgﬁ?g?ll%%ngﬁtlfﬁ%%%r%%%%ﬁ%é%%@%%@%a%&ge used to check

cut application ety byt e anupiRGated el SpRslicabnecaysenese opening

regions 20 and Zglmay stantia ered to the tube 16, during an inflation spot check the

protrusions n thesg,fsgiofs, AN, RS CANARMIL B PHS SHEaGE: i ndiaghonl wal-facing
r

surface) of the tube 16. Accordingly,
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. In embodiments, the indicia are raised relative to the
proximal collar 20 or distal collar 22 at least about 0.1 mm, 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



20indicators 26 and 28, such as protrusions, may he 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, w&&%&g&z&PCI/U820101022248 Fig. 2 shows anpexanlany:euif 12 applied to
a tube 16 for an inflation spot-check prior to final adhesion of the cuff 12 to the tube 16. As shown, the

cuff 12 is twisted, and a proximal indicatqr,.26 and distal indicator.28, depicted 'gtrggysions, are not
aligned along an“i?ﬁ%ﬁij’?ﬁ%ﬂlﬁf@ Ef"ei? 8%“&?#8&% lcbannéag]zbt%g'fgr? iéﬁgé,??orﬁ%slefamble, extending

from indicator 26 as shown in Fig. 2, and running along the length of the tibe 16, The twisted
conformation of tHe Eﬁfﬁ? L}%r&éfi?%?es\ygir%?u%?ﬁ %igﬁoo t 'e%égﬁ 2 within the trachea, Svhich may lead

o nefiientsealyg, I adilen, 11 Wiled SONGERAIOR MANInEreASa NG oEmAIPROf wrinkes 32 r
|

the cuff 12, whic in turir ncrease the availability of leak paths from the top of the 10 cuff into the

lungs. ACCOVdin%bft% Iotation ofidhe cuffl2.relative 16,y tube 16 may need to be altered prior to

adhering the cu he misalignment of indicators 26 and 28 may be spotted by an operator
manually apglying 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., 1.5indicgiQrs.2Hande28).anthrithex algrisasieepenator dophedahisalignment or

automatically aligning the indicators along the tube length based on the sensed cuff material thickness.
In an embodimeny; thecindicaiaes say nphideampaskerdhet meayhe imagéstbieaufizchibe to assist in

locating the indicators on the cuff 12 prior to alignment. For example, the markers may include color
markers, fluorescgmdratkeiSents, chemical tags may be used to form the alignment indicator, For
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.



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 h&aligned relative to the tube 16 by other features gi-thgstidhgifdn one
embodiment, the feature may 9 be an X-ray line 36 that is marked on the tube 16, for example by a

radio opaque color, and runs along the length of tube 16. The X-ray line may serve to provide an
indication of the locatioRimRtbeothen 6 g Sk vrnlisniaronbed SR LbdiRHePYRe X-ray line 36
may also provide the manufacturing tolerance for the 5 rotational aligrunent. For example, the
manufacturing tolbeeinedoriayipe ﬁﬁ%ﬁ%‘é"éfﬁ’fﬁ‘ﬁé&fﬁ@ 5By ussl fn f8F 19 ik ﬁé X-ray line 36. In
such embodiments, the effective manufacturing tolerance is the width of the X-ray line 36. For
example, in an emm%ﬁ,ﬂﬁﬁﬁlﬁé‘ﬁﬂfjé%ﬁﬁg%ﬁé’r‘éﬁ&@?ﬁ%ﬁ}%@eéﬁf &f Pé%%ﬁ%%rhs’a certain angle
offset of the indicators. Such an offset angle 33 ma}i be d terr%iane béﬁlof xal%lngg{%ghg alignment of
indicators 26 and S8 A RGHEH WA GRS LRSS LatliBHDF the T BE 1 8758 shown in Fig. 3B. in Fig.
313, indicators 26 and 28 are ,ouc‘ing.rt?ae X-ray ling 32 and.are, thus, within a manufacturing
tolerance. The oﬁ§%‘?&lﬁg‘f§t?§f% B artﬁb%ﬁ%%n%v? e“(ﬁ%ré%'t%’ 3?%%%%%@% fae{(%ual to or less than
30, or equal to or less than 27. In ition, the offset angle 33 to| ifferent depending on
15 the size or shgﬁg%f’ i%éeéﬁlff? 1 :?ﬁl& Wé#%‘?ﬁ%%%ﬁ%ﬁ%oﬁee&ﬁﬁ?ﬁ%ﬁé@g@%ﬁce may be

indicated on the tube,by adgitongl A9AMSH! MAKke SuFALSHAMALS MAneaTbagnent, a dedicated

alignment line having a Fent placement an ari the X-ray line 36 may he marked on the

tube 16. In an em%%%g%%rﬁgﬁgé%éﬁﬁ%o%mm different co'ak handhs, Srrading 38 uferexample, the

X-ray line 36 maf} In blue while the"alignment line may be pink or green. In addition to

rotational alignmenty &, cyff, 12, may hg-alignedwiliaapsatiofizdepati avnmiheubed 6. Fig. 4
illustrates a balloon cuff that is i an incorrect compressed conformation prior to being adhered to a
conduit. When applying, #he 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 cuff

material thickness. Tn 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



typical cuff 12 to the tube 16, an operator may align the proximal collar 20 to a location on the tube 16
directly above notch 15 so that the inflatable region 24 is in fluid communication with the lumen 14.

However, thegisialGaldag;22 may then be applied to thc tube 16 intuitively Qythggpsrator- Thatis, the
operator uses personal 5experience to guess at a correct cuff length. This may lead to variability in the

cuff length based on the experience level of the operator. Accordingly, using this method, a higher
number of cuffs b2 andybe wdihsisnaierkemtheiha dfadtn frynlircsacadie gPadisout 2.1 inches to
about 2,3 inches or about 53mm to about 58.4mm, which may lead to waste as these cuffed tubes are
discarded at latesdgags inpalonasheiaghing bhl6cdds X GHif SrYGERIfPAREUs P procedures may
include a direct measurement of cuff length with a ruler, which may. be time-consuming and

challenging becafiSisasemoRBCloreonH ANHE e bR ELs & FER LR RSB &t and may be difficult to
differentiate from one another at the ion regions m tI'be cuff 12. 15In einbodi ents, cuffs 12 as
BiAREe SRV

dhe ‘
provided may beemm&%%ﬁaryr%i’ﬁ IR RERIBE T 8 BTG

illistrates a cuff 12 being

checked for lengégf%}é a%%%) ma}r g{fﬁ%%ﬁ%ﬂ% 1\{%[0 r@f%ﬁ@aﬁ@e%@ @ngﬂ%%ttﬁod 40 (e.g., a

mandrel) insdrte ero may Include alignment lines 42 and 44

that may be aligne% ggé%%ggé%:n%‘?gs ZuGS t%r%%gﬂ%sq %‘e%?&#ﬁ%%’?@.eﬂ{[ 4&%%1%@0%9&9@,%may be brightly

colored to facilitaté rap ecks of the cuffiengt alignment lines 42 and 44 may be set to

reflect the manufaetung, euffienaih QoRlNINAHOIBRNGR BeRGDYILiBE the adegfghese lines. For

i
example, the tolerance may be rrint if both indicators 26 and 28 are at least touching their respective

ines 42 and 44. |n an emhodiment, heufhiotasonAl AlgPRL MY RS RIS An Simultaneously

with the cuff length alignment while the rod 40 is inserted in the tube 16. In embodiments in which the

rod 40 is substantially Jigid e SHIRUNRUINYech PSTAE Mgl be spighiaesldéaey insertion of the rod

40, which may allow operators to more easily perform fine rotational alignment of indicator 26 with
indicator 28:3longy,mining 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 embediments, 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



5the length of tube 16. In other embodiments, the cuff length may be verified with a ruler, a caliper, or
a go/no-go gauge. While operators may employ alignment accessories, such as rod 40, in assisting

with length aligamentahthe cuff 12, the tube 16 may, in embodiments, alserhinghiis.ipdicators 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 Iine‘depicted in Fig. 3). For example, a tube 16 may include indicators that may be
aligned with markepisadruifd Zisrtheuisl 6nvarsrrigne) digidiersorayinelsadirkimal protrusion 50
and distal protrusion 52 which may be aligned to proximal indicator 26 and distal indicator 28,
15shown here aé%?éwa%ﬁ@.@lfc]ff;%5%@5?%%&%@%5%%@%@3%%5 fibe 16 and the
cuff 12 may be aligned by both feel and/or sight by the operator, whijch imprgve the ease and
accuracy of the d?@ﬁrﬁéﬁ@%%‘%ﬂ?o‘ﬁ%@ﬁ&%%d#l%%ﬁ?ﬁé%ﬁigb‘i W g’t%g cuff 12 may be 20

generally symmetric along an axis perpendicular to an axis through proximal collar 20 and distal collar
22 at the midpoirfsf Oglhﬁ'?@?ffg‘[fﬂﬁ% é’ﬁ[}eéofgl.aitﬁls té?h%lgpé‘l?ﬁlean SUTREP S 3€}collar 20 may

be applied to the proximal adhesi int of the tub i . i i
embociments, 3 CHPT ) BE AT AFCETE A G ey T s Shon b etl

: ional an y have a’specifie ntation along the tube.
which the widest TS L ToLae mEr Ho S SRR ity Rifpsienateon o510
a higher number of cuffs 12 may be outside of a cuff length manufacturing tolerance,
e.g., about 2.1 inches to about 2.3 inches or about 53mm to about 58.4mm, which may
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 meastrement
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 4¢ (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 indicatérs 26 and 28 are at least touching their respective lines 42
and 44. In an embodiment, the cuff rotational alignment may be performed

11



Because cuffs 12 may be applied to the tube 16 prior to inflation, it may be difficult to determine which
end of the tapered cuff 63 is the proximal collar 20 while the cuff 63 5is in the uninflated state because

the direction Q;‘Ot(?@l&%ﬁ%{nay not be evident when the tapered cuff 63 isggipiiaiassAsprovided
herein, a tapered cuff 63 may include a proximal marker 60 that is different than a distal marker 62 that

may facilitate the application of the proximal collar 20 to the proximal cuff adhesion point of the tube
16. An operator niayleasils derihtinsuff iohith disapwshthiecisred s itgeredsd Brdi¥ed by observing
shaped proximal marker 60, which as shown, may be in a shape, versus shaped distal marker 62,
which may be in 6" Insinzedimans sunarse %ﬁﬂﬂiﬂyﬁﬁ%ﬁ%‘@ﬁﬁ LAY BHisEY Y harkers may
be used. For example, proximal marker 60 may be green while distal marker 62 may be red and so
forth. In other enffoasnesrtsaighsenebiraRdAseron &) %%é}f&@% ROISr SRR Beused. 15

While alignment indicators as provided herein may be used by an.gperator.in m; lly applying cuffs
12 to tubes 16, itni@%%mg’jfﬁﬁliﬁégfﬁ%%f‘légﬂ%ﬂﬁﬁféﬂ%yﬁoéf%@% lgdﬁcsae(&?/iv#ﬁ(g{&tomatic

alignment as performed by a, machine or assembly system. Eig. S is an.e QI i f a balloon cuff
with muItipleﬁndi%w}aﬁﬁﬁ%&%&&f@%tm&é%g,}éﬁ#t 8%%0)1(%‘%1 and }&?gaﬂc%rm%ggregions 20 and
22, respectively. F r‘exagﬁpl‘e, such/an embodiment may be advantageous for use with an assembly
machine that mall ot e st aAReRt Ante #0 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, WO 2010/088281PCT/US2010/022248 28b
may facliate proper oiRging gl e, Culk) 2 b RssemA masine Bl iasakggnent e.0. the
a, 28

indicators 26a, 26b and may provide attachment or gripping positions at which the pincer

grips 72 are able fo:hold fhe cuffid 2nB-suen AREmRadime v e alignmenbamydherike performed by

aligning the arms relative to
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, 7., 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. Tn 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



50ne anoth_er at t_he proper length and rotation. It is envisioned that the balloon cuffs 12 as provided
may be ed in conjunction with any suitable tracheal tube. Fig. 9 illustrates an embodiment of a balloon

cuff associatggwith,adsapheal tube 80 that is adapted to suction secretigps, 4@fsamhgstop of the cuff,
The endotracheal tube 80 includes a secretion lumen 82 that has a hole 84 located above ("proximal

to") _the proximal shoylder of cuff 12. The proximal collar 20 may be sealed to the tupe 16 in a manner
designed to movidtpistsslecaibediaive abahendntiasheal BORAFTPIMmMAELHAS fytiitate aspiration of

secretions that build up on this shoulder region, which may act like a shelf. iJle 15certain cuffs 12
may be aligned iribigh fifatidess dimadsidrsAiainurads the RERTE ¢ %ﬁgﬁiezc\f%l&ie with such a

secretion lumen may also be aligned in an uninflated stat [ i [ i
y g SﬁiB?' as deﬁcrlbed her magg&rﬁt%applylng the

decializbed sheal%q%@eﬂfgﬁ%Pﬁﬁlfﬁ%}%@élel OB EOP bR The proximal collar region
may be shortened, either by initial design or by folding the collar region itself.or t ff wall
material to 20 dé@ﬁ@é&@%@l&ﬁ&ﬂ&étﬂ}%&?&‘ﬁfﬁ égﬂs ﬁg ghd %ﬁgcggf?gw%% s éll‘% as provided
may be manufactured by any suitable process, such as by blow moldi ple, a tube, such
as an extrgd%d 66?%?‘83%5?%%&%@%&(%1 (Se%la’r?toug ; o%?}gi]%%%%iﬁlgjg{r%é%%@gﬁ%%, such as a
cross-section Oft er?a?plgrec\{\{:gﬂz&l 103/9r§1§§z§t§ac -ﬂy &g\g&gd]i&)e%giﬁf'gtapered cuff 63 may include a

proximal marker 60 that is different than a distal marker 62 that may facilitate the
application of the proximal collar 20 to the proximal cuff adhesion point of the tube
16. An operator may easily determine in which direction the cuff 65 should be

10 oriented by observing shaped proximal marker 60, which as shown, may be ina“+”
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 284 and
28k at the distal end of the cuff 12. The location of the indicators 26a, 26b and 28a,

13



assembly 90, depicted inFig. 10, that includes dowels or shapes 92 and 94 in the mold corresponding
to the desired shape of the alignment indicators 26 and 28, e.g., protrusions, depressions. In an

embodimentﬁg%)ﬁ%%sqnd 94 may include injection orifices for the injegtippof fpiosgd markers or
chemical tags to assist In visualization pof the alignment indicators. In one embodiment, the mold
assembly 90 is manufactured from beryllium copper and includes a horizontal split in the assembly 90
to allow opening2échelpéniiattpepiiprse aiithe 9l &b Geseemplzmathinsmsier &sembly 90 may
include mating symmetrical pieces that close together. The mold assembly 90 may include integrated
guide pins to preslenmmisatignihe mdifataes i@ﬁt\%@’rﬁ@i@%l%‘émﬁyﬁ‘év@ﬁﬁ%ﬂhﬁéﬁft?fhe end-portions
ohm extruded tube that project out from the mold are constrained to the shape and thickness of the
original extrudedaigrngypegHoneat WaRshe Ripte: SERL CHBRARS N BrEEDIthe IS In one
embodiment, the blow molders are model 2219H-LP blow molj;n machines, avai{ ble from Interface
Associates, that BreBBAfigiFdhS Fienme DS PyREPESPS ﬁé%ﬁ’ﬁ%‘%%%&ﬁ%%ﬁ ' Which the
indicators (e.g., indicators 26 or 28) may comprise shaped protrusions, the protrusions may be formed
by allowing c%ctr‘é‘tnﬁé’é‘ﬁ%%ﬁb%ﬁé’rﬁ?&j%@?bﬁﬁh%tqfhoé‘.’ 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, suchiag afaibRidRIARIEIPFR SR 28 spurtd:dmachiaweddrdesired positive
pressure within the tube and to blow out the cuff walls to the shape of the mold assembly 90.
Additional heat mayjhe-appliet tofheifiersibell asviafipatiigstate an embodiment of a
20t01055251PCT/US2010/022248 elements integral to the mold assembly to set the shape of the cuff
12. As the heat i$appliaffhssstisteivitftheduivel imbe Rkt anaitrtehie predyuseciolibit the tube is
increased. Once the desired temperature is reached it is maintained for an interval of lime, Afterward,
the temperatare dfothehmoin citbenutbly Theadtulveethoaditalps 8 igicludes 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. 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

14



5actively cooled. A vacuum is applied within the tube, which now includes the blown cuff, to release
the tube and cuff front the mold assembly and the tube and cuff are removed from the mold assembly.

For example jn gne emhodiment, a commercially available extrusion of Rewi4gRalethane(r)
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 suitgble for use with a 7.5 mm internal
diameter (I0) endé%?&&%égptéﬁé?tﬁ’élgﬁr&&eﬁ%ﬁ‘@‘ﬁ#&? e‘ﬁ % o and B4 e

BEHBISHES o6/ temperature and, when

set, inserted into the mold assembly 90 aytom ticalléé)r qy han 1;%?%‘? l;%i%%%ﬁ ernold may be fitted
into 15 a sleeve BTSRRI HiR AR TFEPa 8Lt A HE MRS 568K as by & series of ten

electrical cartridges surrounding the sleeve, thereby heatin e In,tni 'i nt, the mold
may be heated t@@ﬁﬁ?&ﬁ?ﬂ%ﬁ@'gf%@% or é}, ({a“?(%:/?%Q &8?%% Yl pac}? hog

Y0 e Ing lowing the extruded tube. 20An air chuck

locks on to one end of the extiuded tube whle (i Qiber sadefhecsidadiyhadfasaled by a clamp

to create an airtigfﬁ S84 ThE 'BXiFuded tdbe is stretched y pulling on both ends of the tube and, while

stetching, mijtoog,or gneiher sifiable o7, r GaSMHATEIS i@ e e tube via the ai chuck (o
elo

pressurize the tub een about 1 to about 3 bars.. In one embodiment, the balloon will form in

the portion of the {beyiyaied i ain iRk ol die uhs srRARAS snderRiessHie (0 make contact
with the internal walls o

s of the mold. When the cuff is fully blown against the inner walls of the mold, the

mold may 5 be hggtgd fsuchasuheating besyreundinaisiceve)iahaiveimalaté 100 C to about
150 C and this temperature may be maintained for between about 10 to about 30 seconds. After the

application of heaf,ig8apisyayhe seirdieiapryextsatalp #beCthaticlsasdaytermipiag refrigerated
water at approximately 13 C around the mold, to set the cult A vacuum is applied to the molded
extrusion and cuff, adsdemuP wdEusissaRdnisifese getipreddevéheniolgassembiye
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 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 ait, 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



Thg 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

appar.atus, th §uffdgsmay be ready to be cut out from 15a longer extrudgdiHbg R¥Aaser cutting
machine. The laser may be set so that when a guide is focused on the protrusions, the cut is lade at

an appropriate distance from a proximal indicator 26 and a distal indicator 28, By using the indicators
as guides, each &ﬁ@i@%@@% o C’k‘i&nal%? ﬁ@ﬁ%fﬁt. HTHE %ﬁj;rﬂl {PlZ LU

e201r1nay bé applied to the tube 16,

which may be, for example, an extruded, PVC conduit any. sujtable. pr In.one embodiment,
the tube 16 may %%jllﬁgé %é“ Sqr?tﬁooé%é%ﬁgﬁ)ﬁg&rﬁ%%x rei',n gn gﬁ)%ssesl%t%}?ﬁ%%ﬁiﬁéﬁp éi gluing needle under

the surtace of the proximal collar 20.and i isialoly:R216! 15,442 18 diRgass e lue evenly

C e
The tracheal cuffé of the present techniques may be incorporated into systems that facilitate positive

pressure ventiaigg of & RRUEALSHER A ANEDHAIGHSUSR Syarmvay il clude connective

tubing, a gas source, a monitor, and/or a 5controller. The controller may be a digital controller, a

computer, anselegtiemechanical RiegEaMMBpIR cantalles s annRIhaTCanttaksystemw»n  Typically,
endotraeheal cuffs are’inflated within a patient's trachea such that the intra cuff pressure is

approximately 20:2f netdaf tEeel ashear erfis tidilzinDaitiatiprapiass wessigaificaatly greater than
25 cm 1420 may he referred to as high-

removed from the mold assembly.

For example, in one embodiment, a commercially available extrusion of Dow
10 Pellethanc® 2363-90AF 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 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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10pressure cuffs, _while cuffs that are able to effectively seal the trachea at pressures less than 30 cm
H20 may be considered low-pressure cuffs. in certain embodiments, intra cuff inflationpressures of

10-30 cm 1420 may,Re.¥sed with the medical cuffs of the present technigugg<a¥ihigshe disclosed
embodiments may he 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 shouft? Betinitelrtie Gthesitaed Hﬁg%l%glﬁg’?ign% Tht 5‘%%& fé@@cﬁlsrﬁﬂ%e% P& particular
forms disclosed. Rather, the disclosure is tg coyer all modifications, equivalents, and 20alternatives
falling within the@M%ﬁ@%&ﬁéﬁlbﬁmgﬁf%ﬁ&qéa & !beda?r]ﬁgénts as defined by the following appended
claims, WO 2010/088281PCT/US20101022248 CLAIMS What is claimed is: 1. A tracheal tube
comprising: 5a conduit; and :

When the cuff is fully blown against the inner walls of the mold, the mold may
5  be heated (such as by heating the surrounding sleeve) to between about 100° C to
about 150° C and this temperature may be maintained for between about 10 to about
30 seconds. After the application of heat, the mold may be cooled to approximately
45° C, such as by pumping refrigerated water at approximately 13° C around the mold,
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 & 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.

17



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. indicat%') %Qﬁ%@&table_ region;_ and a distal qollar regiqn in the wall-pfthe hadlogn cuff capable
of being attached to the conduit, the distal collar region comprising a second indicator, wherein the first

indicator ar}d the second indicator am substantially in-line with one another along an imaginary axis
15substantially through the first indicator and the second indicator along the length of the conduit.

2. The tracheal tube Ofﬂali_&]ﬁﬁ , \é\{k&gfgigfﬁ% é)r%llg% Eg}cé%{b%gggggéﬁ%s&%%%g%@ﬂﬁotgﬁ%gwalate (PETP),

low-density polyethylene f , polyviny one, heoprene, polyisoprene,

polypropylene, of gOUeInANG (kiR y ST achEalbe,of daitideraiaine tracheal tube is
operatively connecte {0 a ventilator. WO 5010 088281PCIV1552010/022248 4.The tracheal tube of

claim 1, wherein gt least ane of the fashindigalanee e:seeaRd ddicatonsamRgeRsprotrusion or

depression.
5  controller. The controller may be a digital controller, a computer, an

electromechanical programmable controller, or any other control system.

Typically, endotracheal cuffs are inflated within a patient’s trachea such that
the intra cuff pressure is approximately 20-25 em HO. Endotracheal cuffs utilizing
inflation pressures significantly greater than 25 cm HyO 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,0O may be considered low-pressure cuffs. In certain embodiments, intra
cuff inflation pressures of 10-30 cm HyO 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, Howéver, 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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55.T_he tracheal tube of claim 4, wherein the protrusion or depression is raked at least 0.1mmd L P
relation to the balloon cuff. 6.The tracheal tube of claim 1, wherein at least one of the first indicator or

the second m&g B%/&&%E)rises a calorimetric or chemical marker. 7, éﬁ[}g%}aggzt&be of claim 1,

wherein the con(?wt 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. 8, The tracheal tube of claigliAl¥Eerein the conduit comprises one or more
alignment markers and wherein at least one of the first indicator or the second indicator arc
substantially aligNeriiathlemrdast one of said alignment markers. 209.The tracheal tube of claim 8,
wherein the conduit comprises one or more protrusions, 10."Me tracheal tube of claim 8, wherein the

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

20
1. A tracheal tube comprising:

5 a conduit; and
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
polyethylenc teraphthalate (PETP), low-density polyethylene (LDPE), polyvinyl
20  chloride (PVC), silicone, neoprene, polyisoprene, polypropylene, ot polyurethane

(PU).

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

connected to a ventilator,
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WO 2010/088281PCTTUS2010/022248 indicator and the second indicator are aligned with thecfist p
alignment marker and the second alignment marker respectively, the balloon cuff is aligned with

respect to a cyff 5%9@5989%57

comprises a lumen capa

balloon cuff is inflated,

e

ng the conduit. 511.The tracheal tube of c:IaimP]C

f@?ﬁ?&%z 8conduit
of aspirating fluids from a region proximal to the halloo cuff when the
12. An inflatable balloon cuff for use in conjunction with a medical device

10cpmprising: a proximal collar in a wall of the balloon cuff capable of being attached to the medical
device, the proximal collar comprising.a frst indigator: and a,distal.eoler inhe all gt the balloon cuf

capable of being attached to t

Con

€ medical device, the distal collar comprising a second Indicator. 15

13. The inflatable b Ilo%n C f{ngfcglgli,r?%éﬁweg%rg&%t%%p?ﬁ(%gékl,&g{&gomprises polyethylene

teraphthalate (PEOf ?f’o

w-density poly

ylene olyvinyl chloride (PVC), silicone, neoprene,

polyisoprene, polypropylene, or polyurethane (VG). 20 14. The inflatable balloon cuff of claim 12,
wherein the first indicator and the second indicator are not identical.

5 3.

The tracheal tube of claim 4, wherein the protrusion or depression is

raised at least 0.1mm in relation to the balloon cudT,

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 tracheal 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 alipnment with

at least one of the lines.

15

8.

The tracheal tube of claim 1, wherein the conduit comprises one or

more alignment markers 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.

1

0.

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



_15._The inflatable balloon cuff of claim 12, wherein at least one of the first indicator or the segargl.L.#
indicator comprises a protrusion or depression. 16. The inflatable balloon cuff of claim 12,

Wherein at leggt s ek4he first Sindicator or the second indicator comprisesdexi0haRHNage. 17.
The inflatable balloon cuff of claim 12, wherein the balloon cuff comprises a tapered cuff. 1018.A

medical device compycing, s condyl it an assacieled feleon ot Rallaen exfigomprisng: a

proximal collar iﬁngl\%gﬁé he palioon Cutt compris irst protrusion or depression; and a distal

collar in the wall of the ballaon cHfficomgising.d. seeandbokSRTaEAN Yideaipssien, wherein the first

protru.sion or depressmnlgglrllncf e second protrusion or depression are touching or substantially within a
300 diameter cr%ﬁﬁj&%@ﬁ)&&{ %g&Wt Whe_rein the c_ross-section is substantially perpendicular to a
flow pgth (_)f the conduit: 2019.The medical device of claim 18, wherein the 30" diameter section of the
conduit is indicated by a marker on the conduit. 20.The medical device of claim 19, wherein the marker
comprises a line

5 11.  The tracheal tube of claim 1, wherein the conduit comprises a lumen

capable of aspirating fluids from a region proximal to the balloon cuff when the

balloon cuff is inflated.

12.  Aninflatable 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 & second indicator.

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

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

the second indicator are not identical.

21



substantially parallel to the flow path of the conduit. MCSLLP

15. The inflatable balloon cuff of claim 12, wherein at least one of the first

indicator or the second indicator comprises a protrusion or depression.

16. The inflatable balloon cuff of claim 12, wherein at least one of the first

5  indicator or the second indicator comprises text or an image.

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 medical device of claim 19, wherein the marker comprises a line

substantially parallel to the flow path of the conduit.
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