17 March 2006 AN ENDOTRACHEAL TUBE WHI CH PERM TS ACCURATE DETERM NATI ON OF
MJUCOSAL PRESSURE The present invention relates to an endotracheal tube.
More specifically, the present invention relates to an endotracheal tube,
which pernits accurate determination of the pressure exertéed Ygrehgraoo
endotracheal tube's sealing cuff against the tracheal wall. Figure IA
shows a prior art endotracheal tube (ETT) 1. Figure IB shows a magnified

sectional view of ETT 1 AmkeuDalactieng. TeRBasicghewryMITy Figure 1A ETT
1 includes a sem 'ri&éllmi’ﬂ‘ﬁ’ﬁﬁ'l'ﬂlgvﬂHQAm' KxLe F@@S oxi mal end
4 to a distal end 6. Tube la is made from po y-v?nyl- CE orlge %PVC). ETT 1
further includes an inflatable balloon, or cuff, 2 nounted near distal end
6. Balloon 2 is sealHst tyredent | mwehtide rehtedt tb oamt éralosrabheah diubd, t dvibes m an

airtight space within the balloon, ETT 1 further includes a central airway

lumen | b, whi ci¥Pesifieailis tFopEcssd iBveRtionarelalss g 4 epfeirachedl; Bibeo Nigh of

hol | ow t ube | a. e urt:her ' ' I i n 12,
whi ch ext ends t%?g%%%wg%ﬂg&mg%tﬁ%ﬁ ﬁﬁ%ﬁog\?\/ﬁ% g%%.%&?lty’t %n&{dgﬁg%ﬂe

provi des an opdnbaigsdBingeaff agamsdilettedcheniovall. t hin the interior volune of
the balloon 2. At lagation, 5, near the proxi mal, end . of | ] ow.tube | a, the
inflation lumen 12 i gE’.(‘?nﬂ‘@csg’Qa’lst%Pﬁlﬂr Fﬁfqngppﬁﬂ“’lafﬁib,e (ﬁlhﬁttbié}g‘ﬁ.lBAn air
syringe 16, or éﬁb%%xﬁbﬁ%ﬁiﬁ@& @ec@io&:aﬁﬂ@ﬁ'df’E’PPﬁQﬂQéneﬂoﬁ%liB@‘iB_-m qXkHB¥n end of

inflation line 14 selectively controls inflation and deflation of balloon

2. Figure 1A shiovSgial 1480nEPT i hirmtudesfa semaierigid ddillomotubel Ia, opeclaekends t he
distal end 6 of _ETT 1 is inse dinto th th of.an .upconsci ous

pati ont . ¢ hr ougFOR PSRl Es e Rl &7 Gy ukn(4 i< ARG HOG: BaREte
extends into thgigdd @VCy. tREEhEFurildicinluaks F8! inBRkbie bENGIN) Droside the
patient. Balloon 2 is in a deflated condition while distal end 6 is being
i nserted into timeunged nean distaf ensd 6diBallapn drisl s&lerhty hdlow pasi kaj asdecatians hi n

% reohee eLursd s bRl Bvinlts HEHRECHTR) RbbL e o
trachea. Once j central airway lumen 1b, which extends from the proximal end 4 to the
distal end 6 of hollow tube la. Hollow tube la further defines a small
inflation lumen 12, which extends through the wall of hollow tube 1a.
Inflation lumen 12 provides an opening 18 near its distal end within the
interior volume of the balloon 2. At location 5, near the proximal end of
hollow tube 1a, the inflation lumen 12 is connected to an inflation line, or
tube, 14. An air syringe 16, or other suitable air supply, connected to the
proximal end of inflation line 14 selectively controls inflation and deflation of
balloon 2. Figure 1A shows balloon 2 in an inflated condition.
In ;opcration, the distal end 6 of ETT 1is insertéd into‘ the mouth of an
unconscious patient, through the patient’s natural airway, until the distal end 6
extends into the patient’s trachea. The proximal end 4 remains outside the
patient. Balloon 2 is in a deflated condition while distal end 6 is being
inserted into the patient. - After distal end 6 has been positioned within the
trachea, balloon 2 is inflated (e.g., by syringe 16) until the outer wall of
balloon 2 forms a seal with the inner mucosal lining of the trachea. Once
such a seal has been established, a ventilator coupled to the proximal end 4 of

ETT 1 may be used to apply intermittent positive-pressure ventilation (IPPV)



such a seal has been established, a ventilator coupled to the proxi mal end
4 of ETT 1 may be used to apply intermttent positive-pressure ventilation
(I'PPV) 17 March 2006 2 to the patient. During |IPPV, nedical gasses supplied
to the proximal end 4 of ETT 1 by the ventil ator effectiveﬂabﬂﬁFhégmfhe
gasses through airway lunmen Ib and into the patient's lungs. However, if a
seal is not established between balloon 27and the interior lining of the

trachea, gas forced out of distal end 6 5 sinply escapes through the space
bet ween bal | oon % Ba@aterd. rde IBPY), medicg! g9ssey supplied ¢k praxigmaberd droft he

patient's nout h, pidast be : | L ept' | I oon
2 is often constFE?fl e@ﬁﬁegnﬁngg‘irtgﬁgeg#égﬁg fél)r'%%fztiﬁse:],o?eagse%a grﬁi’%ﬁ,ﬁvgyg"&,ﬁ e C.
Such inel astic bald onoghe patiéretiy hingé.| dHoekvennidid seah iy actedsyatflished betvigeacheal
10 di aneter exactly. FEor anple, if.a ient's trachea,is snaller than

t he expanded si zéa%nt%yigqe{gg&ﬂortlﬁg%‘gﬁhﬁmch%r%és rF‘Fﬁ(P‘étSOfa@St%%“é 6
interface ofy th m?ﬁ} Loan.amdod b Baakd LACHE &11]@-]'5'] in an
I mper f ect seJaI. ﬁF r exaﬁ%l e, o%ﬁhngﬁ%%ng teerﬂ%{oggeztnent o?m:téﬁe fgg:!tfhe
wri nkl es, or mni cthe-tdohaksandpetnod the|patienttnohontt)ensteat of beihg tforcpd dstobibween

the inflated cuff an he 15 inner lining of the trachea and into the.
lungs. 1f, on thB25PhE U HEnd, the expanded-balloon is too small for the

tracheal diameter, NOBHgBbn Wit bfbf coRERY SbR SRRy 1 RABIANE ot he
inner lining of the trachea. Hence, in practice, sinCe the tracheal

di amet er is rar ePYCknSueh inelestic baljoons firetheiti infleted condidion sarglyntythe dttacheat t o
be | arger than the-largest .expgcted tracheal dianeter 20 Mcro-leaks with
such i nel aslt%i c cglfa'fne%ﬁt %’fE\CQY's_ E?reefﬂ]é?lg‘f tb}f%-ﬁaﬁ’@% i ;@F@?a R ?I@Fﬁ e'ihaBr bl em
attends the use efp:nHed sPleasttthe Halldok thé Ballésn FaRCwrilMesy'at'i@ Bierfice dfn
G132324735. Wen the cuff is inflated within a patient, the pressure

within the cuff, therballeen"andt theg-ionérf will of she racheaareswiing dm@ni inpsrfest: seal.
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leaks, permit fluid and other material to pass between the inflated cuff and the

15 inner lining of the trachea and into the lungs. If, on the other hand, the
expanded balloon is too small for the tracheal diameter, no seal will be
achieved between the balloon and the inner lining of the trachea. Hence, in
practice, since the tracheal diameter is rarély known precisely, the balloon
size is always chosen to be larger than the largest expected tracheal diameter.

20 Micro-leaks with such inelastic cuff materials are therefore inevitable.

A further problem atter;ﬁs the use of such plastic ETT cuffs, as noted
by Young et al. in GB2324735. When the cuff is inflated within a patient, the
pressure within the cuff, or the “intra-cuff pressure”, can be functions of:

1. resistance of the cuff material to stretching;

b
L3
1~

. resistance of the tracheal wall to expansion of the cuff; or
3. a mixture of both factors.

The intra~cuff pressure may be easily measured by, for example, a
pressure gauge coupled to the inflation line 14. However, although it is easy
to measure the intra-cuff pressure, it is not easy to know how much each of

30 the three above factors contribute to that pressure. Clinically, it is of vital



The intra-cuff pressure may be easily nmeasured by, for exanple, a pressure
gauge coupled to the inflation |ine 14. However, although it is easy to
neasure the intra-duff pressure, it is not easy to know how much each of 30
the three above factors contribute to that pressure. O inicdi/INfarcheglfs of
vital 17 March 2006 3 inportance to prevent the outer wall of the cuff from
appl yi ng excessive pressure against the delicate inner lining of the

tracheal wall. ' Lyf t erm” 0S .essure"
will be used heirggﬂ{"ﬁtaﬁgé“&?g#g&%? 59% r?gég(r)‘g@a??gh%pp i%’d’“b?PP gog’%"é"g Wal | of
the inflated cufressuee tdpainsonge Belicand ngnal lohey tofache aradhball Realimuc Baal

pressure is too high, the trachea may becone dilated and/or circulation
may be cut of f SORVEWENGS of G3pasitign; the teray “mycasal pressyae’r will ke Biedihiseein fasue.

I n general, the 'ﬁi‘%}’ | -of thirty
centineters of ﬁa@ggstﬂ&%ég%?\%ﬁwc sg{é %&%ﬁ%ﬁ 8f'9%a1§§3%d%§‘}ﬁ§\§/’;¢gflﬁfef ation
of the cuff canlimiegudftthe firdcher. e If thenmuémal pesssurt Gs tdie high, thé Bachcanmapout
the intra-cuff pressute. Additiopally, even if the,intra-cuff pressure is
known, the nuco3&E én‘_éf@ﬁ&r%‘?lﬁ ”r%rl??sc‘ﬁrﬂl}gme frachsagwhichgnay er cone
this problem ¥auiin@lodh of i SR neral ARE thuchl] pieudshbulditeligpde of
a nore elastic material such as latex ©or silicone:. An I nportant

characteri sti c lflowlapicssrewf dhiitylcensmetersasf wattex Excessiviei mocmsal presdnag 15

when a sheet of either materjal i tretched, oint is reached after
W ch the. . mat PSR BY St e B anit e erid B i RERK 8CER ng.
When a baljhoon cificiah fadboh© (e thefal QI ?l‘éiﬁrb.c H&&iﬁbhﬂly,sé%ﬁ_i?%é Hex o F

silicone is inflated, the intra-cuff pressure initially increases as the
vol ume of the iplbwreis knotn, teronessgkpressHmganerallywismhingsomkhowed i nf | ati on

the cuff material eventual 20 reaches the int at .whi ' ffers no
further resistance t g’%@%k%ﬂm{@?mﬁ & Pro WEQBB'?%%MC%{}BRE%@%% qaﬁl?i on of
the cuff causestikuist bR cARNANE GMa ford &lstieUihhterinl dubR Wk 1Re£ 6F §iBSARNUARNY
increase in infra-cuff gressure. I n other words, when such an elastic cuff

is inflated, th&upaitanh coumrienpies ol clasiinamaserials sl o3 datey opsiliconhénthagaches
a plateau ,1_5and t;vﬂéﬁ Q%ﬁeét%ffle%élp ﬂafepigf ﬁ%?r%&:h&&ea ﬁéﬂlfc issrea\x/c(flleH rzriﬁer which the

material provides no further resistance to further stretching. When a balloon

or cuff formed from elastic material such as latex or silicone is inflated, the
intra-cuff pressure initially increases as the volume of the inflated cuff
increases. However, with continued inflation the cuff material eventually
20 reaches the point at which it offers no further resistance to stretching. After
this point, continued inflation of the cuff causes further expansion of the cuff
without a corresponding increase in intra-cuff pressure, In other words, when
such an elastic cuff is inflated, the intra-cuff pressure increases initially but
then reaches a plateau, and further inflation increases the cuff’s volume
25 without causing the intra-cuff pressure to exceed the pressure plateau.

Figure 2A graphically illustrates the inflation characteristics of an
elastic cuff made of latex or silicone. As the volume of gas introduced into
the cuff increases from zero to value C, the intra-cuff pressure increases from -
zero to value A. However, once an intra-cuff pressure of A is achieved,

30 further inflation increases the volume of the expanded cuff, at least to the

value D, without raising the intra-cuff preséure. Accordingly, the level A is a



25 without causing the intra-cuff pressure to exceed the pressure plateau.
Figure 2A graphically illustrates the inflation characteristics of an

el astic cuff made of |latex or silicone. As the volunme of gas _introduced
into the cuff increases fromzero to value C, the intra-cuff Mrek<iie

I ncreases from zero to value A However, ohce an intra-cuff pressure of A
I s achi eved, 30 further ianation increases the volune of the expanded
cuff, at |east t al S| ' - e.
Accordi ngly, the | S aQiof\Ml{}gél @lﬁﬁf%@%ﬁ%@@@ﬂé&% at egﬁﬂoga%ﬁdﬁued
inflation to exp&aybrtdweramal mmnayf evereudlly caase adtrﬁ;ioml ingraasesDimentra-cuff

eventual |y cause additi onaI eases .in Jj - ressure an a f i nal
bursting of the BESPESHnd g}ur fﬂi‘ee@él 8- gf ?&E PF?‘“HBtP ded
uhen Lhe vol U iiSndihabbitich HI0R REVURAR iy Bl e Sarfectiflvdin viNIQUENED, al - 11

GB 2324735 teach constructing the cuff of an such that it reaches its
pressure pl & eau bef ordotug d:taai m@rdémﬁjf feamh emsuyacumg the cuffidffeaneBTal | vy
contact the trache wal | s ' anded uf L Ci tIy to
ouse. cont act | beiabial Rreacies i HrewiE BiFat DROR figes Ppmeclpifdiaihiie) ng

the entire circunderRRGeniiyt 'E!Snthétaﬁﬁeﬁ'hcheﬁl REAst Q. PheRsdIrie hhd dxpaiau for
the cuff is a known constant, when the balloon is inflated to the ressure

pl at eau bef ore i tsufficiensiyf tor em!SﬁaNryaQtdntmtheh@lff raad Hbal inner liningngf the

ddi ti onal i inthe intra-cuff iLp the.
pressure withi n IEREEE APPeubE AR RepReeatr o ps et | SFREbe e
contact bejgeen diead fdrl tﬁ@'&uﬁﬂig d kovid aedieae,(Whén tHeYbdllvent i defeed torel

resisting 15 additi onal expansi on of the ball oon) Thus, the nucosal
pressure can be m@@ump@te,aud@qferemtr@tr:um,ferguml}yaéwtacﬁs (the dracheph gwall, 1 298s e

conditions, the sal ressure,equal n t rrent
intra cuff press@é@q lﬁeeasﬁrlgsgﬁ é‘ ol a thg egg‘ﬁ%)gigr%%n %\gﬁ%ﬂe rﬂi‘gSSGIlé

moni toring, of t hﬁmaucgleabufpr&‘yaﬁa &the géRS pRAUYlanie tf cankd iy abhtgct
damagi ng nmucosal pressures. 20 Figure 2B graphically illustrates

measur ement of t Hetwersoskd beHeew nd theokadheraiex byute. rrksd evalb resifiigs t he
intlated culf reaghifg,] %ﬁpfﬂ{s?o%s Yf She balloon). Thus, the mucosal pressure can be

accurately determined by subtraction (i.e., under these conditions, the mucosal

pressure equals the difference between the current intra-cuff pressure and the
pressure platean), Determination, or monitoring, of the mucosal pressure
enables avoidance of potentially damaging mucosal pressures.

20 Figure 2B graphically illustrates measurement of the mucosal pressure
for a latex cuff. Figure 2B shows the inflated cuff reaching its pressure
plateau A before the volume of the inflated cuff is sufficiently large to cause
circumferential contact with the trachea. Circumferential contact is achieved

" at volume value T after which additional increases in intra-cuff pressure are

25 attributable to the inner lining of the irachea resisting further expansion of the
cuff. Once circumferential contact is achieved, additional inflation of the cuff
causes the intra—cuff pressure to increase from value A to value B along the
generally linear pressure;volume curve X. The pressure-volume curve w,
generated by subtracting the value A of the pressure plateau from curve X,

30 represents the mucosal pressure. It should be noted that the mucosal pressure



pl ateau A before the volune of the inflated cuff is sufficiently large to
cause circunferential contact with the trachea. Crcunferential contact is
achieved at volune value T after which additional increases _in intra-cuff
pressure are 25 attributable to the inner lining of the tradfé4daBel& ing
further expansion of the cuff. Once circgnferential contact is achieved,
additional inflation of the cuff causes the intra-cuff pressure to

i ncrease from val o.value B.al on e eneral Ly |inear ..

pressur e- vol unégg%&?vﬁgmg.m%é'%ﬁ‘"étsl i %@Fa%gg[}ﬁ?,gu and fhe; dnner diging of
subtracti ng t hehyahdteads @fhidéded. pressure plateau fromcurve x, 30 represents
the mucosal pressure. It should be noted that the nucosal pressure 17 March
2006 5 is zero unti|The relwper axisi showwnimadrighes: idbncarld sligrhatively the i nner

lining of the ' ' i . val i own in Figure 2B
clou : dgal t er nat |%%]?§&E€d i“f‘é"g’?‘g Iso ?r@%@%%%ﬁn@%%%ciﬁaﬁ& @Pla@yqisﬁ ihe
inflated cuff. above-descaibby meskod fr méasaliny thedRmcodad peesiie e dulf sHRR&BUT | Ng

t he mucosal pressure, the cuff should have the follow ng characteristics.
The di anet er oft¥fethenfollavaias c haracterstices pokii féarpesex, sifuthe afdaterd | efbe

smaller than tRESERHES! (CXRREAEE shodiNEAsmliIETREE' ulel Hhsuds S¥pased hat
the cuff reaches iIt's pressure plateau prior to making circunferentr al
contact with t teacherieliatheter Gihisoihstibe that slehewff readheoits Poesktue plataarepeor of t he

i nfl ated cuff corrﬁs ondi ng_to vol une D shquld be_|arger. than the |argest

expected trachédi™ i FrREaFteuth Higrinperlining %ﬁf@d“@@ﬂo- HfRes
circunfergpti aly,eanabls 4 i iﬁﬁﬁe? E&ﬁ%&eﬂﬂn@%‘% Y E'I%éﬁ&hl& BEhakLpn of

the cuff could cause the intra-cuff pressure exceed t pressur
pl at eau). Al schan the ldigestee¢xpecefl trdvbeal iidra¢ter (thisf ihsures thexs ploniiftagedt auff ol une

D should be 15 sufficiently lLarger than the | argest expected trachea
di aneter to pegﬂﬁes&&ppm%rg?@pgpwhwgﬁgm F@%?‘%egﬂr‘?ﬁ s Qhaﬁb‘i"ég ure of

30 centineters tgé Wit @uld Whidd the NBrh RLGStsshrePRFEEded rtﬁ&BFésﬁ%'&%teﬁlﬁ. |

reaching volume D. Since the inner dianeter of the human“trachéa i1s
rel atively snalAlspethg diametenaf theowflatedufcatasponding te antumeDeshsuldban
adul t), | 15 's 9GE 1cri91|1t13>/ laggigrftgla%utlh% lgr%est expected tracheal diameter to permit cuff 2
' to form a seal (e.g., with a mucosal pressure of 30 centimeters of water) with
the largest expected trachea prior to reaching volume D.
Since the inner diameter of the human trachea is relatively small (e.g.,
from about 1.5 to about 2.5 centimeters in an adult), it is generally difficult to
20 construct the cuff of an ETT such that its diameter, when the pressure plateaun
is initially reached, is reliably smaller than the smallest expected tracheal
diameter. Latex however has several advantageous features that suggest its
use as a cuff material. For example, one way to reduce the diameter of a latex
cuff at which the pressure platean is reached, and thereby attempt to ensure
25 that the pressure plateau is reached prior to achieving circumferential contact
between the cuff and the inner lining of the trachea, is to longitudinally pre-
stretch the latex cuff prior to attaching it to the ETT as taught in Young et al.
in GB 2324735. Additionally, latex has been shown to provide a superior seal
against the trachea as compared with conventional more inelastic materials
30 since no longitudinal wrinkles are formed in the cuff material that would

allow foreign matter to pass through the cuff seal and thereby enter the lungs.



20 construct the cuff of an ETT such that its dianeter, when the pressure
plateau is initially reached, is reliably snmaller than the small est
expected tracheal dianmeter. Latex however has several advantageous
features that suggest its use as a cuff material. For exampi’ela5he%%ay to
reduce the dianeter of a latex cuff at V\/niéqr:]h the pressure plateau is
reached, and thereby attenpt to ensure 25 that the pressure plateau is
reached prior to achieving circunferential contact between the cuff and
the inner |ining of tHOwevgsHba, useitlatex dngnedigdlenvirpnmests andr fr ghedipd

| atex cuff prior t i ls : 1T .as:t.a Ln. Yo t.al._in
GB 2324735. Addi f‘%“‘gﬁa #%%Q@%%%égb‘@ﬁS‘EH%?&??’&’%@%@i”&%“y£e§ﬁ%ee§‘P%ﬁe%°§a|
agai nst the trachealiggic esaRaoedo Motk nederi@ N THENBotefiit] Galleftd adction @ah &kl al s
30 since no longitudinal winkles are formed in the cuff material that

woul d  al | ow f or Sifer semRlicaed by-be possibilightheh the patiens aagy benen eesPiI#Otent er
the lungs. 1./ M 1%5& gﬁ . €% 4.4: ' .
envi ronmenti5 andlé?@)r negllbgaﬁoa\épew%nei agl%gjelg%in%gt%hg&rded{%clmﬁg '@g.}seérnllﬁt?%?lzed,
because nmany peomdnes ex degrade egore anpidlyl thag iother edeticad @ride inatefixl. M"8hey, iivds. The
potential allergi¢ reaction can be further conplicated_by the possibility
that the patient aﬁwta}ggoah to, Tk gpotheromatsrigh POssesHBE Sipilgl pharagferistics to

| muno- conprom s 181 ' 9‘?@‘1‘! &4 tends to degrade
nore rapidly thagg%%h%rlgﬁké‘ﬁggg%ﬂg a lé}s(r)mt?tk1 g%l%ldmﬁ%ds,gdellftﬁ?’s advant ageous
to find anot her mat er iSilicorpobase bsemguggentiet aas 8 haniableecuf$ trhargrislofor| BTEx, but

| acking its alle e.nic%%&iniial- nd limted Eelf- I fe. Silicone has been
suggested ol a sERENFG BUKF It shicape figs 1or patere sk iAE RIS PA Aia ox,
silcone does nobuglaepycnelrbr bOIANNSIS RLGS! BT TRhEAd Blifg o SYCTBS afY G For

at least this reason, ETTs made using a PVC tube and a i 1'i cone bal | oon
have not been usétlicone bltoquhiave nat been®sed sothatprionaits t o make both the cuff

and the tube out of silicone. However, .this has_di sadvant ages that have
not been overcone in {1 prHEM™ é??‘:’.’emakg qf’[’}? %&%gla@, rﬂ,’ée g’PT Ptﬁﬁ'&o’r‘% | ess
stiff t_han for E&R{%v%r,%,h@dﬁahvm&%sQlﬁai‘%{r@%@@éentd%?coh%'tﬁéﬁﬂér s eater
wal | thickness than a tube nade of

15 For example, since silicone is less stiff than for example PVC, a silicone

endotracheal tube requires a greater wall thickness than a tube made of
another material. Since the inner diameter of the tube is generally determined
by the desired airflow characteristics of the tube, the larger wall thickness has
the disadvantage of necessitating a larger outer diameter. Because the tube
20 has a larger outer diameter, it is more difficult to have a cuff attached to the
tube reach its pressure plateau érior to circurnferentially contacting the wall of
 the &achea. Ifa silicone tube with thinner wall thickness is used, the tube
tends to collapse in either the tubular portion proximal the cuff or at the cuff
itself. In either case, if the tube collapses, there is a possibility that the patient
25  will not receive the medical gasses from the ventilator.

Accordingly, there remains a need for an ETT having a cuff with the
advantageous features of latex (e.g.. providing ability to measure mucosal
pressure and providing superior seal) without the disadvantages of latex (e.g.,
allergic potential and limited shelf life). |

30 These and other objects are provided by an improved ETT. In one

embodiment, the ETT includes a silicone tubular member and an inflatable



another material. Since the inner diameter of the tube is generally
determ ned by the desired airflow characteristics of the tube, the |arger
wal I thickness has the disadvantage of necessitating a | arger. outer

di ameter. Because the tube 20 has a | arger outer diameter, it/ Yachgf®s
difficult to have a cuff attached to the 4tube reach its pressure plateau
prior to circunferentially contacting the wall of the trachea. If a
silicone tube w.t.h thi t hi.ckness i tube tends to

col | apse in ei tﬂb?or{eh‘é‘%'u% ooﬁlor"t’}fl'gth 15,34 It°ttH€ tl'lﬁ ghember gar gy 1
itself. In eithgiutase Upbn iﬁfpmwb@le%ﬂicbﬁ@a@%e&chsg Rs ?l%sﬁlré)gﬁaﬁa'ag'blef&ré( t hat

the patient 25 will not receive the medical gasses omthe ventilator.
Accordi ngly, théecutfisdrige eaongbatp togke inciETErdTial ngltactcmﬂtlﬁ thei inhert lfireing
advant ageous feat yr | at ex r ovi din bi asure cosal
pressure and pr ttl'ill!1 |Sﬁ[§a(ﬁf§f1t Olrp‘gll ?)ﬁa%‘?ah‘g V%th r%e'és Sf At ex

(e.g., alergiexapgileNin ad adiid side[ tiiccelifB Medy rdath 8tk pré r%ogﬂélgﬁﬁeaan@ha{ her

obj ects are provi ded by an |rrproved ETT. In one di ment
i ncludes a sili é@ﬁ@tqruﬁ)éﬁsarth%mfean%aaléﬁemmmpm%mee less tham 5 Ob6The

i stalend Unoffor Pt i) et L ASICH Lot PotoRl ARG SRR o

before the cufforeshdigg georsofigidut«al ditinetes, sueh ihR Haute disapenst atiedsh t he
inner lining of the srral | est normal. human trachea with which the ETT wil|

be used. For 5 & PaFrAneot the Gt aens i lessAban apougarrdiameter ok Hishsecord E‘P@ssure
pl at eau n e.

pl at eau whgn | e U ERP bel sl il B &@%&ﬂsr it N o e BBl Yol -

adj acent secondomrat leatsha pforﬂidit of ﬂxerﬁrslbmneg 'HmmeEnmﬁr dx@ﬂmc@sérmaaémirer

such that an ou% "ﬁ‘E{ st a portion of the first zone is

| ess than an ou Zﬂ’il“-‘a Fﬁ%c &8Pt zone. 10 The cuff may be attached
to the tubul ar nenbe f _ tion
of the first zone. ThLe iilpilech 16 ol mEXENSy DEHRE BbehaPBOR BY |
part of the secmmdmthe‘ltbbulann:embai: Baegk atmplé, cherctifenaulbd formpd fm a

re-stretched before.if |
P cl@ tube of efasuc material, which is characterized by a natural, resting, un-

stretched diameter (i.e., the un-stretched diameter is the diameter when the
cuff is in an un-stretched condition). The cuff may be configured so that its
un-stretched diameter is smaller than the diameter of the portion of the tubular
member to which the cuff is attached, such that when the cuff is mounted to

20 the tubular member, the cuff is circumferentially stretched even when fully
deflated.

In other aspects, the cuff material may have a Shore A hardness of
about 10. Also, the tubular member may be reinforced with a spiral wire, or
reinforcing member. The first zone of the tubular member, or the zone of

25 reduced diameter, may also define a textured outer surface. The textured
outer surface may take the form of grooves, e.g., spiral or linear, cut into the
outer surface.

In addition to ETTs, the present invention can be applied to
tracheostomy tubes which are inserted into a patient’s airway via a

30 tracheostomy — a hole cut into the front of the neck, opening into the trachea.

The length of a tracheostomy tube is substantially shorter than an ETT but the



attached to the tubul ar nmenber. For exanple, the cuff may be forned froma
15 tube of elastic material, which is characterized by a natural, resting,
un stretched dianeter (i.e., the un-stretched dianmeter is the dianeter when
the cuff is in an un-stretched condition). The cuff may be }WAMEhaP®Y so
that its un-stretched dianeter is smaller than the dianmeter of the portion
of the tubular nenber to which the cuff is®attached, such that when the
cuff is nounted to 20 the tubular nenber, the cuff is circunferentially
stretched even wsame f néddy forledehlibe dbetiveerntther caff paed sthet bactef is rpresant.al
menber may be
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against the larger diameter part of the tubular member, which thus tends to

hold it in place. Moreover, the relatively low pressures to which the cuff is

15 inflated also ensures that the shrink wrap material maintains the cuff secured

to the tubular member. '

These and other features of the invention will be apparent upon
reviewing the detailed description of the invention when read with the
accompanying illustrations.

20 Figure 1A is a drawing of a prior art ETT. 7

Figure 1B shows a magnified sectional view of the ETT taken along
the line 1B-1B as shown in Figure 1 A.

Figures 2a and 2b show prior art Pressure vs. Volume diagrams.

Figure 3-A shows an ETT constructed according to the invention.

25 | Figure 3B is a magnified sectional side view showing a region of
reduced diameter in an ETT constructed according to the present invention.

Figure 4 is a sectional side view showing a region of reduced diameter
with a reinforced tube in an alternative embodiment of an ETT constructed

according to the present invention.



possibility that the shrink-wap material will be forced to slide off the
ends of the cuff as it expands, since it wll be prevented from doi ng so
by abutting against the |arger diameter part of the tubul ar _nmenber, which
thus tends to hold it in place. Mreover, the relatively IMMP@E%@Q%S to
which the cuff is 15 inflated al so ensureg that the shrink wap naterial

mai ntai ns the cuff secured to the tubular nenber. These and other features

of the invention wll]. be arent upon [review. t he d aile escription
of the invention wh ﬁfﬁiﬂpﬁé ‘é‘SWp%‘HW?éangI“EPS? ?f%s‘gm?e *Fi gure

A is a draw ngyh aateﬂlfdr&!l otdr sfface i %tﬁerlﬁte"}ﬂﬁi% @mﬂ@cgﬂieht 8¢l a8 @2f onal

view of the ETT taken along the line IB-IB as shown in Figure 1A FiIgures
2a and 2b show qonigacted acoording e thevsyemdohune di agrams. Figure 3A shows an

ETT constructed accogding,to, th venti.on. . 25.Figure 3B.i§ a nified
sectional side view egﬁés %5¢¢ giﬁpglrf‘g vie eﬁ‘i’ﬁ@’é%ﬁ%ﬁ%‘r‘éﬂ %’?reaﬂ QQIE%?
construct ed accaraiofigert dltechRivier @8B6Hime 6 ah ETT thﬁchf‘ed‘laée‘énﬁn%%tthenal

si de view showi ng a region of reduced dianeter with a reinforced tube in an

alternative enﬁamm B fwhieh theTcwid as eitaghed do the sthedouigide of tthe regies efit
I nventi on. % Qzﬁet%r':' gure 5 is a sectional side view show ng a
regi on of reduce Ia "with a textured outer surface in another

al ternative enbodi meRigunds dA-HJ Tillustedtstd uaétBed areerditis o the tinGedtibAEBE ON.
Figure 6 is a sectional_side view showi ng a I‘gﬁl on of reduced dianeter 5

in anot her al tépﬂaf#d;eﬂbfmcﬁmmnwufawam g aftarkingie eeff e M BgTi o t he
i nvention;gi n which f;{éﬁrézgj\fshb%i%gﬁ%ﬁs{d% \Hgﬁ otf%gghglg}oainqgntg)ff rifrf egi on

of reduced dianeter | gures rate accor t he
i nventi on of constructed according to the invention, the view being taken in the general

direction of line 9-9 as shown in Figure 3A.

Figure 8B shows a sectional side view of a tube of elastic material

used to form a cuff for the tube shown in Figure 84, the elastic material being
15 circumferentially stretched while forming the cuff,

Figure 9 shows a sectional side view, taken in the direction of line 9-9
as shown in Figure 3B, of an alternative embodiment of an ETT constructed
acéording to the invention having an eccentric airway lumen.

Figure 3A shows an ETT 19 constructed according to the invention.

20 ETT 19 includes a hollow tube, or tubular member, 192 and a cuff, or balloon,
20 mounted near the distal end of tube 19a. Also, in ETT 19, hollow tube 19a
and cuff 20 are both made of silico;:le. The Durometer (or hardness) of the
silicone used to fabricate hollow tube 192 may be about 80 Shore A. A
suitable source of silicone for fabricating tube 19a is Dow Corning, Midland,

25 Michigan, or Wacker Silicone in Germany. Tube 19a may be about 30-40 cm
in length for adult sizes.

Use of a silicone cuff 20 is advantageous because, as discussed above,
silicone does not have the allergic ‘effects associated with latex, and silicone
has a longer shelf life than latex. Use of a silicone tube 19a facilitates

30 attachment of cuff 20 to the tube 19a since methods of adhering silicone to

silicone are well known in the art. Also, as discussed below, dimensions of



| ongitudinally pre-stretching cuff material while attaching a cuff to an
ETT. 10 Figure 8A shows a sectional side view of one enbodi nent of an ETT
constructed according to the invention, the view being taken_in the general
direction of line 9-9 as shown in Figure 3A. Figure 8B shows’aMagkePEhal
side view of a tube of elastic material usgd to forma cuff for the tube
shown in Figure 8A, the elastic material béing 15 circunferentially
stretched while formng the cuff. Figure % shows, a sectional side view,
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hol | ow tube 19a may be about 80 Shore A. A suitable source of silicone for
fabricating tube avoianee Ghexc@ssing mycosdl pressaies.2 Alks,atse gdithe silicvie kefif 20

Silicone in Germany... Tube 19a.may.be about 30-40 c in,l ength.faar adult
Sizes. Use of a dPPYIEehHATBITRdoseals Wit it STshER Bocavdds e wrivklss ang
above, silicone {RagedkelsdtriRed FRhahdItgicaffsef f ects associated wi th | atex,
and silicone has a longer shelf life than |atex. Use of a silicone tube

19a facilitates 30 attlndéheAP, e endf 20 20mpunted do thoHewitobe dPadea megipmder of

adhering silicone to iIlicon re wel nown in t rt.. AL,sQ . as
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cuff 20 are adj usfoads sared b cagpariagige sl outerddiovetde afbthee paidhe oflinibe
supply to the patient's lungs during |IPPV and so as to__insure that the

cuff 20 reaches i%%. pigiye dBshowstaamagnibiedyievnefithe gegien 32 affeduess diametesnt act
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nmeasur enent of th coS essu aci
diameter of the rest of hollow tube 19a, OD2. In contrast, the inner diameter

15 ID of hollow tube 19a (or the diameter of the airway lumen) is substantially
constant from the proximal end to the distal end of héllow tube 192, Asa
result of the differing outer diameters, the thickness T1 of the wall of hollow
tube 19a in region 32 is less than the thickness T2 of the wall of the remainder
of hollow tube 19a. An inflation lumen 30 is defined in the wall of hollow

20 tube 19a in the regions where the wall thickness is T2 (i.e., in regions outside
the zone 32 of reduced diamet:lr).

As shown, cuff 20 is mounted to tube 19a at extreme ends of region 32
at locations 24 and 26 (i.e., locations 24 and 26 are adjacent to the junctions
between region 32 and other portions of the tube outside of region 32).

25 Typically, for an adult size ETT, the distance between the mounting locations
24 and 26 is about three to five centimeters. Also, a relatively short rigid
extension tube 36 extends from inside lumen 30, through cuff mounting
location 24, and into the interior volume of cuff 20. Accordingly, inflation
and deflation of cuff 20 can be controlled by an air supply, such as a syringe,

30 coupled to the proximal end of inflation lumen 30 (near the proximal end of
hollow tube 19a).



avoi dance of excessive nucosal pressures. Al so, use of the silicone cuff 20
provi des inproved seals with the trachea and avoids the winkles and

m crol eaks associated with inelastic cuffs. In ETT 19, the cuff 20 is
mounted to hollow tube 19a in a region, or 10 zone, 32 of rdddash2006
dianeter. That is, in region 32, the outefjdianmeter of tube 19a is reduced
as conpared with the outer dianeter at other portions of tube 19a. Figure

3B shows a magni fi edqyvi f t ion 32.of reduce i .anet er As. shown,
the outer di aneter o%l\ﬁﬁgélf}@%wigse E%'%S W%d%rfé?fﬁég&op?’tﬁ??wg%f of the bt et or
of the rest of gl ITovist gtbged Bfn WHEId Beregitéd Athe thbBE wWedd Shaddi FNEhLR)re 15 1D
of hollow tube 19a (or the dianeter of the airway lunen) is substantially

const ant from tHhgdgnasiigeiuch g8 BVC+ decendingly, fona gitenhisntodiamgtss, BBdbe As a

result of the di - 'aﬁ@; h ' sg Ti_.of..th | | of
hol | ow tube 19‘%‘Iti£‘ﬁ&‘?‘§g$cgﬁj%°?§ esgﬁ%h%%“? I%(Ea%e%h@%h souf?dé%‘mﬁ%ﬁ}ﬂﬁll of
the remai nfler wbulddld mauiredéf hSRow Atbd 19d AkicOmalia!GEPVAY, Thedefgenedtek N t he
wal | of hollow 20 tube 19a in the regjons where the wall thickness is T2

(i.e., in regi oHemsit e ofthollox, agncreayes by diffignity of yinsuningshainh, cuf f
20 i ted t ' ] ocat 24 and
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26 (i.e., locations 2 re betvveengregion
32 and ot her poritduorferenfialt benthetbwithuhs iideerofining gifothe 3@3ched5 HAyweeal by, for
an adult size ETT, the distance between the nmounting_locations 24 and 26

i s about three §BREGIGYC Jon eyBrgpied tpe gutes diappeter, Which s eenspqypnge of
 apol e _ ST o .
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| ocation 24, a nt o e interior v cuf f ccor
inflation and wtdtdesdt diometdr. cAfthclifg caff 2k ta tet regidred? of raducedrdismpiery,

(near the. pr oxi Fefeaita 07 2RBRPEPY BieBosde. asiF \EFEFBOBBOM. I ERhol | ow
tube 19a is madgrdunteientihl ¢6ARct With th GHReSEniRE dfthe WaBhed'ahd thereby
greater than would be required if the tube were made of a nore
facilitates insuring that cuff 20 reaches its pressure platean prior to making
15 such circumferential contact.
| In one example embodiment of an adult size ETT, the inner diameter
ID of tube 19a is about seven millimeters, the wall thickness T2 is about
1.625 millimeters, the wall thickness T1 in region 32 is about 1.0 millimeters,
the outer diameter OD1 of the tube 19a in region 32 is about nine millimeters,
20 and the outer diameter OD2 of the majority of tube 19a is about 10.25
millimeters. The pressure plateau of cuff 20 is about thirty to thirty five
centimeters of water and is reached when the cuff diameter is less than the
smallest expected adult tracheal diamieter (e.g., less than about 1.5
centimeters).
25 In yet another example embodiment of an adult size ETT, the inner
diameter ID of tube 19a is about eight millimeters, the wall thickness T2 is
about 1.625 millimeters, the wall thickness T1 in region 32 is about 1.125
millimeters, the outer diameter OD1 of the tube 19a in region 32 is about
10.25 millimeters, and the outer diameter OD2 of the majority of tube 19a is
30 about 11.25 millimeters. Again, the pressure plateau of cuff 20 js about thirty

to thirty five centimeters of water and is reached when the cuff diameter is



rigid material such as PVC. Accordingly, for a given inner dianeter, |D,
the outer dianeter OD2 of hollow tube 19a is greater than the outer
dianeter that 5 would be required if hollow tube 19a were nade of PVC. The
| arger outer dianeter OD2 of hol | ow tube 19a increases the di¥frRaPq of
insuring that a cuff attached to tube 19agM |1 reach.its pressure plateau
prior to making circunferential contact with the inner lining of the

trachea. However, t compensate for the increased tube outer dianeter,
whieh (s n concelten BF STalat exgedes POuhBAES Soeiot e Bl B TORb ¢ ube
19a is provided yistBné@glepd). 32 of reduced diameter. Attaching cuff 20 to
the region 32 of reduced dianmeter increases the anount by which the cuff
expands before it nakés natéd shovee idlationl lnmentkcis deifinkd tindhé madlrof hollawg of

t he trachea and er.eb facilitates lnsuri t hat. cuff. 20 reaches i.ts
bressure pi at eaulBFiOR 1 HietErions Whete Gyt BkHRRS % G i T GHASHR O one
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thickness Ti in region 32 is about 1.125 mllineters, the outer dianeter
ODL of the tube SUBRMUBIGAHER Befween fumernd( and thy intsrips of GufEiQyr s and the outer
di aneter OD2 of the nyg QL : 94 | O bl .
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15 the outer wall of region 32, and in effect squeezes region 32 inwards), may be

sufficient to cause the region 32 of reduced diameter to collapse. Such
collapse of any portion of hollow tube 19a is of course not desired since it
may occlude the airway lumen provided by the ETT thereby preventing
adequate ventilation of the lungs. One method of preventing such collapse is

20 to fabricate the cuff 20 from silicone having a durometer of about 10 Shore A.
Use of a silicone cuff with such a hardness allows the pressure plateau to
occur as low as thirty to thirty ﬁve ceﬂtimeters of water, a pressure which will
not harm the tracheal mucosa or allow the tube to collapse under normal
operating conditions. ’

25 Figure 4 illustrates another method of preventing collapse of hollow
tube 19a, and in particular, of preventing collapse of region 32 of reduced
diameter. Figure 4 shows a magnified sectional view of region 32, when cuff
20 is deflated, of an altemnative embodiment of ETT 19 constructed according
to the invention. In the embodiment illustrated in Figure 4, a spiral

30 reinforcing wire, or other stiffening element, 42 is incorporated into the wall

of hollow tube 19a. Reiﬁforcing wire 42 prbvides radial strength to the



12 less than the smal |l est expected adult tracheal dianeter (e.g., less than
about 1.5 centineters). As noted above, inflation lunen 30 is defined in
the wall of hollow tube 19a in the regions where the wall thickness is T2
(i.e., inregions outside 5 the region 32 of reduced dlaneﬂgﬁﬁm“&ﬁ@m
presence of inflation [umen 30 in the mal* of hollow tube 19a i s one aspect
of the ETT 19 that limts the tube's mnimumwall thickness.

Advant ageousl vy, e |lumen 30 does not extend beyond the reg&on 32 of
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Figure 4, a spigedbnd tube may then be applied, or extruded over the reduced diameter tube
15 and the wire. The second, or outer, tube may be heated and bonded with the
reduced diameter tube to create a single tube 19a. The region 32 of reduced
diameter may then be formed by removing material from a portion of the
outer surface of the tube. For example, the region 32 may be formed by
placing the tube 19a on a lathe and cutting material away from a portion of the
20 outer surface of the tube. Such manufacturing techniques may be used to
form the region 32 of reduced diameter regardless of whether a reinforcing
wire is incorporated into the tube.
Referring again to Figure 3B, it ¢an be seen that tﬁbe 192 may be
fabricated such that inflation lumen 30 initially extends from the proximal end
25 of tube 19a to a location 30d near the distal end of tube 19a. Using a lathe or
other device for cutting material away from a portion of tube 19a so as to
form region 32 of reduced diameter automatically connects inflation lumen 30
to the region 32, at location 30e, as long as enough material is removed from
the outer inortion of the tube to ekpose lumen 30. Rigid tube 36 may be used
30 to thereafter couple inflation lumen 30 to the interior volume of cuff 20 as

discussed above.



30 reinforcing wire, or other stiffening elenent, 42 is incorporated into

the wall of hollow tube 19a. Reinforcing wire 42 provides radial strength
to the 17 March 2006 13 hol |l ow tube 19a and increases the tube's crush
strength so that tube 19a will not collapse when the cuff 20 Yarchaf¥ot ed.

Preferably, reinforcing wire 42 is Iocateﬁlﬂ near the inside surface of
hol | ow tube 19a. Providing a reinforcing re at such a location

facilitates allowi ng both the reinforcing wire 42 and 5 the air supply
| umen 30 to exist i n Ftwr%érﬁlmb@mmﬁeﬂeﬂenﬁmadmnngfrregwn 32raf reducehd
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tube 19a such that it includes reinforcing wwire 42. For 10 exanple, a
reduced di anet er 19aBdhe region 33@@@@@@1%@@ icharectedzesnbst @ textume SQuat 2 t 0

t he desiredgi nne e n out t he
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wire 42 may be dﬁﬁmmfedoamuttt&komt&e tGbe fiage Ipis EdiRrdllibRot desiralste GBfl ahybe
may then be applied, or extruded over the reduced dianmeter tube 15 and the

wire. The secondPorjpn Gfiicaft 2 (asherthgn pelopriinns $4aR6, Woerecying® ks handed teduced
di aneter tube t Onﬁée@%\&tﬁeﬁicggﬁetﬁeu&ﬁeggﬁf c-ghgf | pal %gca?lg gﬁqugﬁéiﬁ%

di aneter may then r emovi ng et er a rom a or

out er surface of gém&]]wmsesFme effrpin€atel - @raily. SNdma;mflﬁnf aflagen by
placingth tube goqnalathe and cutting materjal away froma portion of

the 20 out & P surf % updesiablecbecaysert ganaalle raspithip t@@t@ﬁpa@ég lessthee used
to formthe regj 'gi?slewftﬁ' gdndi ameter regardl ess of whether a
reinforcing wire |ncorporate Into the tube. Referring again to Figure
3B, it can be seen t hkt onaprefetfd embyodimentf tibnextatect0 sasahe fdrat ofl anthteaiedn
| unen 30 initiall‘}/ ext.ends froHtth c{)uchlnal end, 25 of tube 19a to.a
| ocation 30d neartfatE (BiSst510 G WyFadsutier 198Y) eRd ROTATIFLH 9 o metendiralievi ce
for cutting mategiodles?WaY it Wik ould furfile At ROk 1f VnfSerhBodiment, the

15 grooves are 0.5 millimeters wide and 0.2 millimeters deep. The grooves may

be cut, for example, using a high speed lathe. One advantage of having
texture 50 be a spiral groove, is that this texture rapidly and evenly distributes
air introduced from lumen 30 to the entire interior surface of the cuff, and
thereby provides for uniform inflation of the cuff 20. However, it will be
20 appreciated that textures 50 other than spiral grooves may be used as well.
For example, texture 50 can cotnprise longitudinal rather than spiral grooves,
or arandom or pseudo random roughening.
Figure 6 shows a magnified view of region 32 of reduced diameter,
when cuff 20 is deflated, of yet another embodiment of ETT 19 constructed
25 according to the invention. In previously discussed embodiments, the
locations 24, 26, where cuff 20 is attached to tube 19a, are in the region 32 of
reduced diameter (i.e., locations 24, 26 were located where the outer diameter
of the tube 19a is OD1). However, as shown in Figure 6, the locations 24, 26
may be located outside of region 32 (i.e., locations 24, 26 may be located
30 where the outer diameter of tube 19a is OD2). In this embodiment, the semi-

rigid tube extension 36 (shown, e.g., in Figure 3B) may be eliminated. The



formregion 32 of reduced dianeter automatically connects inflation |unen
30 to the region 32, at |ocation 30e, as |long as enough material is
renoved from the outer portion of the tube to expose lunmen 30. Rigid tube
36 may be used 30 to thereafter couple inflation |unen 30 tol7t1\f4ér°hr%r9(e6ri or
volume of cuff 20 as discussed above. 17%4Varch 2006 14 Figure 5 shows a
magni fi ed sectional view of region 32 of reduced di aneter, when cuff 20 is
defl ated, of anoth t errb gﬁman .of ETT ? stru d accordi to the

i nvention. As fed STy Figuze “E‘ of PHIRlegYRRR &2 of
reduced di anet %atbﬁalcﬁk'éﬁafbt Rtz 86k 0 B fs;ez@us&&leéoas &’i'écr.%séi i W6 Rt
Providing texture 50 advantageously reduces the likelihood that the cuff
20 will stick thelawhe tube 19a. It is generally not deS| rabl e for an

portion of cuff 20( t her. t han 0 s 24 re ff 20 bonded
to tube 19a) to sti Iimlob? &Sl ﬁ k g’ﬁ#"fgﬁ b‘ﬂﬁg éﬁ‘?@g Syt
sticking gener sélu?ﬁgcsfaeﬁsbh&e%ﬂb& 19a ddjdceat & fé@ibwmft@rﬁfbﬁde%ﬁkmform
inflation of 1 i s undesirabl e because it generally results in
formati on of a Wils® smapthopifasel sosanto wiinkmizecirtitation da. the rpadiget’ rrraélﬂelr red
enbodi nent, the a r f surf as in
t he threads of aé}‘@ rgl\ilrv? gig%tr d@ﬁ%&‘?s%@ rrdqﬁlg’ 0 0%@613%1 r Pr eé g@vein into

the outer surf aggbodimémtblukBated! i @i@r«erﬁzombnembr didifetdb e@rmewmo 5
mllimeters wide and Q0.2 mllinmeters dee The grooves may _be cut, for

exanpl e, usi ng HBCERGrslighEx Rt Il%ﬁaﬁ@ﬂs el theagby A tueing, o Prgvidingc ister’50 be a
spiral grogve, 1h3th%*1ﬁﬁr§8ﬁ esr{r rsﬁ&h&l ¥ Aid 19&9"1‘0%1%1@% tﬂﬁts‘% T
i ntroduced from' tunen e en |re I nt erior ‘surface and

t her eby provi desa¥ be desitably w refifolva tai samullgfortibie of thiefoudd:. sul-hwuﬁﬁube Iwa‘dt Il be
20 appreciated that textures 50 ot her ,than SFI ral [%aooves may be used as
't

vel | . For exarlgfations gy %‘ﬁ’e‘ioébatc‘ﬁ?fﬂb%?@ sseattaghe ithgipwisr surfack oF BRI spir al
grooves, —or a %Oﬁnéjgﬁgg ucegb d&”s%x?y@ﬂ NGrrfdl M BcBA0YR, 36.

magni f i ed vi ew ‘of regiron 3
Similarly, in the embodlments illustrated in Figures 3B, 4, and 6, it may be

15 desirable to taper the outer surface of tube 19a adjacent region 32 so as to
provide a smoothly changing outer diameter rather than a step.

As discussed above, inclusion of region 32 increases the amount that
cuff 20 will expand, and thereby increases the likelihood that cuff 20 will
have reached its pressure plateau, prior to making circumferential contact with

20 the inner lining of the trachea. Accordingly, inclusion of region 32 of reduced
diameter facilitates measurement of the mucosal pressure and further
facilitates avoidance of excessive mucosal pressures, since the mucosal
pressure generated by a silicone cuff may be measured usinlg the procedure
discussed above in connection with Figure 2B. Another method of increasing

25 the likelihood that cuff 20 will have reached its pressure plateau prior to
making circumferential contact with the inner lining of the trachea is to pre-
stretch the cuff 20 prior to mounting it to tube 19a, so that the cuff material is
in a stretched state (i.e., beyond its natural resting dimensions) even when the
cuff is fully deflated. Such stretching, or prestretching, reduces the additional
30 amount that the cuff must stretch before reaching the pressure platean. There

is a limit to how much prestretching should be applied to the cuff. If the cuff



when cuff 20 is deflated, of yet another enbodi ment of ETT 19 constructed
25 according to the invention. In previously discussed enbodi nents, the

| ocations 24, 26, where cuff 20 is attached to tube 19a, are _in the region
32 of reduced dianmeter (i.e., locations 24, 26 were | ocat ed & 2P
outer dianeter of the tube 19a is 0131). fpwever, as shown in Figure 6,
the locations 24, 26 may be | ocated outside of region 32 (i.e., |ocations

24, 26 be | t t t di t f tube 1 is 0D2).
hi s embodi ment e astoned B grycE B8 <alt WL S Baablestooaipand g e PRPTEF gur e
313) may be el i mipaicnds sdisy. Moheh iPRNGiHAL eaRORERALs ubdi Y Gty 58

Figure 6 may be used for exanple when the material used to formcuff 20 is
pre-stretched asthat $beisudtl may fecemelcabld [to exphundy.to| thenagpropriate stismabtess, t o

tailor the regio f.r ced. di ter -5 _Rossi b ortions of the
tube 19a adj acen%haggm %35?%%%3‘?31‘%0%%?55? ﬁléi%{lgﬁge f‘g)g R :I?gég%tﬁ"i‘fo"}%ns ace
SO as to M §i N zZpresdntiyt @nceived OtHeNserdgbat is&é&:hin?&!édﬁﬁﬂe for edfel W bétdreen
i ntroduction and_removal of ETT 19. For exanple, in the enbodinent .
illustrated in FPgwnd E00 pREceplit efhagiianit &P eentimetersolingay length rofaeuff is

. e of her wi o&Tand: 10 of o UBlERY  ed il yolin MSMRTLICD BBl o)

it may be desir Altheuglostreaching ivclsah} despable] exvesd stidichiny bl reduéd @eghelf t ube
19a at |ocationg 24,.26, so that when cuff 20 is attacT1ed, the outer
surface of ETT 1Bfe plsthenenff-n Agsordingly. ars skied jadhe ag wilh sgognize shat the

| ocations 34, 26 ﬁé%_] ' Vof dtf) i: hds! dsids i ' s 3B,
4, and 6, it mayo%e 5 glgrli roabﬁtfekt%l-gﬁ% ggg(rag%lggq%%gg%s sur#dggagiggf&ttg%gﬂilga
adj acent region Bf&.so as to provide a snoothly changing outer dianeter

rat her than a step. di scusse bove, . i ngl usi on of region 32 increases
the anount that cuff anmqtﬁ%‘gﬁgﬁﬁ?m@ﬁa t{c“l’]@Pngqurfé’r UOYriimg} Plé%‘ﬁﬁhood

L e 20, A BB S sy i G
Accor di ngly, i nclh®¥simanoinstretghed mBdnef and dhepeihflated. The inflated cuff is then
15 puiled axially along the tube 19a to invaginate part of the cuff on itself so that
part of the cuff is *doubled-up.” The part of the cuff that is doubled-up is
then secured to the tube. Thus the cuff is mounted on the tube 19a in a
stretched manner. This increases the likelihood that the pressure plateau is
achieved before the cuff makes circumferential contact with the inner lining
20 of the trachea. Pre-stretching the cuff also reduces the likelihood that the cuff
' will stick to the tube. ‘
Figures 7TA-7C briefly iilustrate this method of pre-stretching the cuff
20. As shown in Figure 7A, cuff material 20 is initially attached to tube 19a
and inflated. At this point, the left end of the cuff is attached to tube 19a at
25 location 26 and the right end of the cuiff is attached to the tube 19a at location
21. As shown in Figure 7B, the cuff is then pulled longitudinally to the right
so as to stretch the cuff material. This step of stretching the cuff material by
pulling it to the right may be accomplished for example manually. Pulling the
cuff to the right as shown in Figure 7B results in all of the cuff material to the
30 right of the attachment point at location 21 becoming “doubled-up”. As

illustrated in Figure 7C, the cuff is then squeezed inwardly towards the tube



dianeter facilitates neasurenent of the nmucosal pressure and further
facilitates avoi dance of excessive nucosal pressures, since the nucosal
pressure generated by a silicone cuff nay be neasured using the pracedure
di scussed above in connection with Figure 2B. Another nethod’oflaicheP¥ising
25 the likelihood that cuff 20 will have fpeached its pressure plateau prior
to making circunferential contact with the inner lining of the trachea is

t - stretch, th ff 20 [ t it .t 1 that th
Lot P et er o 119288 64 the FRRRRAGOE R R RAE dondchs b Roc 9 PR | | 0
di mensi ons) evem WIBR AR engubf theScifbmarer@@fik ah@f att2hed toithettehd 19a apr

prestretching, reduces the additional 30 anount that the cuff nust stretch
bef or e reachi ngotai®np2es sihie resudis daall qwié eaterial betveen doqagionh @A mndh26

< r st 1 ot chedb i HGrC: RstReALY B Siiags Eon Bnillisncs or BRERRER ) 0

di anet ers saf el the rddiéie 93 f rediced difintdt@if hocsiowmint Kigu@h 7ias70sksvéwer, it he
cuff so that the cuff nay becone able _to expand to the appropriate

di aneters, at t Withberrpresinisd shatikhe siepy Mlugirated theggin may seperfrped #8\WS R t oo

far apart. As 5re91{1?§ﬁ%ﬁ%’%®8%8§iQbeigcatéci‘%itﬁﬁh%ﬁl&:-ﬁztrEtChi ng desirable for

the cuff is between percent. That-is,  if a 3 centineters |linear
l ength of cuff is sThehehed dacbadeatioventd esmectitrewithdigiren?AsTC edsahis woul d
be 100 percent., Although stretching,is chear_l ﬁ}ngfal rapl e, . excess .
stretching can inguers@cichimedhe Py matsrial & 2 {opgitutinal disection Arigy g MOYRENG ki | | ed
in the artjgw | | ng(}j ol alﬁfﬁ'}l&t ABRLRLdiRE] ek Oodp 2
desi gn inéPudesth%%%si e?og?lltbgflfggf r]ﬁﬁelps e fmgltlof gﬁﬁﬁldlgnesgﬁeﬁ%gkofc
stretchi ng t he mafefiapriagraldoobd strathedmirctinfgrendalyuprior towndettingegufH20 do
tubul ar piece of elastigc materjal, be nmounted onto tube 19a in an
unstret ched manibf 1&Ad flﬁgﬁsiééla&flﬁ ¥lll"r§é"*1§‘3n*°1‘qc t%ue}fFanPgl ?rﬁéﬁe@%l | ed
axi al ly al ong thg b &gﬁvtg bNAY] SRE SieRdr dbe 108 FUH EIT ddns@lifegO that
part of the 0t i Bg SR ip." The part of the cuff that is doubl ed-up
IS then secur eacconlingéo thebinvedtinms thehside wiew beingtakendd tha getesaliditastio®a in a

15 of line 9-9 as shown in Figure 3B. In Figure 8A, the circle labeled 19a

represents the outer periphery of the majority of hollow tube 19a (the outer
diameter of which is OD2); the dashed circle labeled 32 represents the outer
peﬁphery of the region 32 of reduced diameter of tube 19a (the outer diameter
of which is OD1); and the circle interior to 32, the diameter of which is
20 labeled ID, represents the interior lumen, or airway passage, which extends |
from the proximal end to the distal end of hollow tube 19a. In Figure 8B, the
circle labeled 20 represents a tube of elastic material, seen in a cross section
taken in the same general direction as the cross section of Fighre 8A, that will
be used to form cuff 20. For convenience of illustration, the inflation lumen
25 30 is not shown in Figure 8A. As shown, when the cuff material is in its
' natural resting (unstretched) state, its diameter ié less than that of region 32.
So, placing the cuff material over tube 19a and locating it in region 32
advantageously results in circumferentially pre-stretching the cuff material. It
will be appreciated that the cuff material may also be pre-stretched both
30 circumferentially and longitudinally.



stretched manner. This increases the likelihood that the pressure pl ateau
I's achieved before the cuff makes circunferential contact with the inner
lining 20 of the trachea. Pre-stretching the cuff also reduces the
likelihood that the cuff wll stick to the tube. Figures 7A/7¢5R2849 y
illustrate this nethod of pre-stretching the cuff 20. As shown in Figure
7A, cuff material 20 is initially attached® o tube 19a and inflated. At
this point, the left end of the cuff is attached to tube 19a at 25 | ocation
26 and the right end Eifguteh®A chbows itle airwayr hasdageo(thdrdiameoe diSshiah i3 3Rss on

21. As shown in Figure 7B, .t uff 1s then | longitudinally to the
right so as to & %tWCF’PfECQBT fcloﬁaé? rWéPB‘.n 'I‘ﬁg% géjaep OWRVEEL é%i‘ﬁ@’thFe cuf f
material by pullg | t r ¢ I"E,-n,p%y issk :

manual l'y. Pul |i ngv?%ggéocﬁgﬁf @gmtﬂt?g rg tpgga%g&m@p‘%tﬁggg%{egﬁ%%ﬁ g@%ﬁ%?ds in
all of the cuff wibierthbt 199 Flgargd shoghtn ekample aftsuck hnentenpridally latated

| ocation 21_beconing ;doubled-up". As. illuystrated ipn Figure, 7C, the cuff
is then squaezedeﬂgdapﬁﬁp'tg[gaﬁr&e‘ftﬂﬁlti’lfﬂgbliis/t%hpgﬁ g%ﬁ%%‘lé%\"@ﬁ”‘?%t t he
right end of theyepd the"Bérfibh Af tRO ARCH A e idddORed Mckiths.! AtRldceshtridfy The
right end of the cuff material is then attached to the tube 19a at

| ocati on 24. Thicanrhelpireduderthe|pressutef appied itp dhe echesewhew ¢he Edds124s imd 26
being, in effect,, | ongitudinall re-stretched. .Eor. conveni e 0

CFl st rati on, -6 BTy i BRuist R0 SR RRRE e ARk e SRR hepeg o
7A-7C, however, 30 is not khoweirdPighRd.ated that the steps illustrated therein
may be perfornmed soe as to result in having the cuff 20 | ocated within

regi on 32. 1fhe net hodAdedisqusssddabsyey Bibent %eds mseferably Fbrisatedgiip@ssitipongc

S e S s e by b0 AR, e o
| ongi t udi nal st r givahiaggoust feefoel fubsedar freth driatetias ehdieis Habddrahad silicone
circunferentially prior to nounting cuff 20 to tube 19a. Figures 8A and 8B

i Ilustrate such BichasATEr-eNee af a prigles magsriahsued as B (g allews fesotdtigdigmeter
sectional side Lot & ke Be %gé‘tog é%“thEEIoisﬁ@szt{oU8~{ E%uc@&%E%B&e&%&ﬁ‘e

I nvention, the srde view I'n the genera rection
15 that of a silicone tube. In one embodiment, a region 32 of reduced diameter is

formed in a PVC tube 19a by reducing the external diameter by 10% over the
length of the tube onto which the cuff is mounted.
As discussed above, adhering a silicone cuff 20 to a PVC tube 19a is
more difficult than adhering a silicone cuff to a silicone tube. However,
20 shrink wrap material may be used to attach a silicone cuff 20 to a PVC tube
19a. The shrink wrap material may be configured for example as a tube or
annular ring, which is shrunk over the two materials so as to hold the cuff 20
'~ to the tubé 19a. When shrink wrap material is used to hold cuff 20 to tube
1§a, the cuff 20 may tend to roll or slide in a longitudinal direction when the
25 cuff is inflated. For example, referring to Figure 3B, at location 24 the cuiff
20 may tend to roll or slide to the left (towards the proximal end of the ETT
19) upon inflation. One advantage of placing locations 24, 26 within the
region 32A of reduced diameter, is that any such rolling or slidirig will cause
the shrink wrap material to abut into the thicker part of the tube 19a (i.e.,
30 where the wall thickness is T2) and this abutment tends to hold the shrink
wrap material in place. Additionally, since shrink wrap material adds



15 of line 9-9 as shown in Figure 3B. In Figure 8A, the circle | abeled 19a
represents the outer periphery of the majority of hollow tube 19a (the
outer dianeter of which is OD2); the dashed circle | abeled 32 reﬁresents
the outer periphery of the region 32 of reduced di aneter of 7t peh 2630 (the
outer dianmeter of whichis OD); and the;gircle interior to 32, the

di aneter of which is 20 |labeled ID, represents the interior |unen, or

ai rway passage, ich extends fromthe.proximal end, o the di f}t al end of

hol I ow t ube 19athifkRess, dlran Ba ¥sed fo-minimize F ¢lUBmate 2 S8ieP’s F EUERPOL A ube of

el astic materia | | {g) t
direction as t htahecfrﬁgggbdsgf(‘:??%ﬂpgfg @%Eﬁ%&bﬁ{&ﬁdﬁ 1gv:'}'l Ih%c%gﬂ%é}ggpte %ﬁF gr m

cuff 20. For coadvaniagaows for locdtions 24t 2019 be e theEktatine endsinbreghm 30 sps not

h in Fi 8A, h h ff mat | is ip i t ur al
oot ng (unet v ot ToeRBSH 24, A2 Bl A Biier TR B ahBs 1o’ BoweREh G5 50,
So, placing theskdifd inatigiread iO¥&Al alstiR dBAnBREohOER! IoBSidds 24) Ty 8 32

advant ageously results in circunferential I_yggre-st.retchl ng the cuff
material. It wohisidsefapgire dkat’diemativelys Kds slsp fpossiblertp Ahverane efl loeatinms

pre-stretched b 30 circunfergnti.glly.and | ongi,tudinal ly. .17 rch 2006
18 Figure 8A shg%shq%eewm&og Sag&}ax%ﬂlg.og?egr%&géaf ogplé\l%?férﬁgﬁog 3 D) as
bei ng concentrical | yIh egditiefl, ¥ iamalkéth@ivkDto ukdovEMink wiapMiteH8l, other
advant ageous to formthe airway passage so that it is eccentrically |ocated

within tube 19amethagsr such anlaser welding Msplewsidingcor wse elcadhiesives anty beocat ed

5 airway lunen. 11 Gl RV b 0. he sily
al ong the 1l[‘)!)ort [ B%Jﬁgﬁo?%ﬁg%%ghéfm %Cﬁ{&flﬁaell% ?"n@ﬁgaltggdq?%‘?%f?tﬁ’e%%&%ﬁgﬁﬁ%ﬁg
eccentricity cafatdiiil is pretiied fobhadipriag awtléconp Ruffad d BVChebd, vaehas odien t he
ETT 19 is in place. As with Fiqure 8A, for convenience of illustration,
the inflation Im?éthSSWCﬁsaﬁwd‘felglﬁévﬂﬁeiIHefFFS@r@f qdhenga gilicenes suf Woave,
tube 19a is pregﬁilqzﬁltgé %ﬁb[aabri cated fromsilicone. However, other materials
may be used as well. I'n particular, it may be advantageous to formtube
19a froma material (Ihatabose Hegctigtiot ixintetidbd copovide a representative example

15 of the device defined in the claims. Changes may be made in the apparatus
disclosed above without departing from. the scope of the invention recited in
the claims. All the description contained above and shown in the drawing
shall be interpreted in an illustrative and not in a limiting sense. For example,
while ETTs have been discussed in detail, it will be appreciated that the

20 invention may be applied to tracheostomy tubes as well. As such, the hollow
tubes or tubular members used to form medical devices according to the
invention need not be perfect tubes having uniform cross sections along their
entire length. Rather, the tubular members may include pre—formed bends, or
angles (as in the case of a tracheostomy tube). Also, the outer diameter of the

25  tubular members need not be constant within the zone of reduced diameter or
outside that zone. However, the outer diameter of at least a portion of the
zone of reduced diameter will generally be smaller than the outer diameter of
a portion of the tﬁbular member adjacent to the zone of reduced diameter.
Also, whereas several different methods and structures have been discussed

30 individually (e.g., textured outer surface, reinforcing member, pre;stretching),

it will be appreciated that they may be used alone or in combination. For



such as PVC. Use of a harder material such as PVC allows the outer dianeter
OD1 of the tube 19a outside the region 32 to be reduced as conpared with 15
that of a silicone tube. In one enbodi ment, a region 32 of reduced di aneter
is formed in a PVC tube 19a by reduci ng the external dianeﬂgﬁdﬁﬁhf@@%over
the length of the tube onto which the cuff is nmounted. As discussed above,
adhering a silicone cuff 20 to a PVC tube ais nore difficult than
adhering a silicone cuff to a silicone tube. However, 20 shrink wap

- material may be exsmgle, cam BT feoastgictéde aerprdmgf top thet dnvenBC mahdnalgde aThe
shrink wap material,. may. be configured .for exampl.e as a tube or nnul ar
oL whi oh 15 SRRTRRRIrG Hr, haomub b rottl TR I e Rt PPy 71
the tube 19a. WigQ ashieistkichédBuffBt erial is used to hold cuff 20 to tube
19a, the cuff 20 may tend to roll or slide in a |longitudinal direction when
the 25 cuff is inflated. For exanple, referring to Figure 3B, at |ocation
24 the cuff 20 nmay tend to roll or slide to the left (towards the proxinal
end of the ETT 19) upon inflation. One advantage of placing |ocations 24,
26 within the region 32 of reduced dianeter, is that any such rolling or
sliding will cause the shrink wap material to abut into the thicker part
of the tube 19a (i.e., 30 where the wall thickness is T2) and this abutnent
tends to hold the shrink wap material in place. Additionally, since
shrink wap nmaterial adds 17 March 2006 19 thickness, it can be used to
mnimze or elimnate a "step” or rough spot, at the junction of region 32
with the rest of tube 19a. Accordingly, it can be advantageous for

| ocations 24, 26 to be at the extrene ends of region 32 so that the

| ocations 24, 26 abut the thicker part of the tube 19a.” However, as 5 shown
in Figure 6 it can al so be advantageous for |ocations 24, 26 to be outside
of region 32. Alternatively, it is also possible to have one of |ocations
24, 26 be within region 32 and have the. other one be outside of region 32.
In addition, or as an alternative, to use of shrink wap nmaterial, other
met hods, such as | aser wel ding, heat welding, or use of adhesives, may be



10 used for attaching cuff 20 to holl ow tube 19a. However, use of shrink
wap material is preferred for adhering a silicone cuff to a PVC tube,
whereas other nethods such as welding are preferred for adhering a
silicone cuff to a silicone tube. The abgve description i s i/nlanbedOt o
provide a representative exanple 15 of the device defined in the clains.
Changes may be made in the apparatus disclosed above w thout departing
fromthe scope of the invention recited in the clains. Al the description
cont ai ned above and shown in the drawing shall be interpreted in an
illustrative an&lfdM3$:n a liniting sense. For exanple, while ETTs have
been discussed in detail, it will be appreciated that the 20 invention may
be applied to tracheostony tubes as well. As such, the hollow tubes or
tubul ar nenbers used.to Aeisdicabdiviad (ldpmimemesigccording to the invention
need not be perfect tubes having uniformcross sections along their entire
|l ength. Rather, the Aubtit BPulspAsELST Ghip) h%mméroeﬁréalfe@ﬂn%dm@gﬁ@%an b

angles (as i t neter of
the 25 tubul ar nEnpESSeflnfekARRIRORLAT: Enthe pAhiin o B Flu e

di amet er or outls dembéradefininpea fikidwene(3?2) tinka settoad zdhg relaast Dporéibn IoEast a

portion of the e of reduced dianeter w || erally be smaller than the
outer dianeter E}?e P’ﬁ U gee hayingt f’fﬁé’#%@éﬂ“&‘?“ﬂ@#ﬁg @ﬁeﬁ%@ﬁ‘mﬁe HE Fone of
reduced di amet ekecondlofer &M}ﬁét@xa@ﬁﬂv ﬁ{eaﬁrsfjbﬁtte@ﬂﬁﬂfeteﬁr%k ds?na@l@ tRhtHet ur es
have been di scussed 30 individually (e.g., textured out r surface,

rei nforcing mensesond puger stiametetitheg Jiyst ZDne weihg adpcapppdbé atcedd tzont andhey may
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zone of reducedhding ﬂgmgﬁuthlng a textured outer surface, and a

pre-stretched cuff. 21 CLAIMS: 17 March 2006
an inflatable cuff (20) attached (24,26) to the tubular member, the

cuff extending over at least a portion of the first zone, wherein the cuff is
_ characterised by an unstretched diameter smaller than the first diameter.
15
2. A medical device according to claim 1, wherein the inflatable

cuff comprises silicone.

3. A medical device according to claim 1 or claim 2, wherein the

20  cullis characterized by a hardness of about ten Shore A.

4, A medical device according to any one of claims 1 to 3, wherein
the cuff upon inflation reaches a pressure platean when a diameter of the cuff
is less than about 1.5 cm.

25
5. A medical device according to any one of claims 1 to 4, wherein

the tubular member comprises silicone.

6. A medical device according to any one of claims 1 to 4, wherein

30  the tubular member comprises polyvinyl-chloride.



1. A nedical device (19) conprising: A a tubular nmenber (19a) having a :
proxi mal end, a distal end and a 5 lunen extending through the nenber from
the proximal end to the distal end, the nenber defining a first zaone (32)
and a second zone, at least a portion of oothe first zone hai/MdaghPPP%:
outer dianmeter (ODl), the second zone having a second outer dianeter

(OD2), the first outer dianeter being smaller than the second outer
dianeter, the first zone being adjacent to the second zone and 10 the first
and second zones being configured for insertion into a trachea of a hunman
patient; and | B. af. i nfA medishledeyidefacc@dingdptany inad of 2ies) te 6, wheretnubul ar
menber, the cuff t endi ng over at.|east rti of the first zone,
wherein the cuf&wﬁgéj?ﬁg?%%?%¥?388“%§E§ﬁﬂﬁn%€ﬁ%?gﬁgd di aneter snaller than
the first dianmeter. 15 2. A nedical device according to claim1, wherein
the inflatable cuff conprises silicone. 3. A nedical device according to
claim!l or claim 2, Swheremiedigsb deyige ageerding hglalie t or vheainphesterdifhess of
about ten Shore . i cal i ing to any one of clains | to
3, wherein hescﬁ?écﬂp ﬁggﬁ®?g¥ﬁ§#£$§gc%%§6%Lpressure pl at eau when a

di ameter of the cuff is less than about 1.5 cm 25 5. A nedical device
according to any one of claips | to 4, erein _{he tuﬁular menber

conpri ses silicone. 76. A r%?ﬁlii‘&?éldel‘i’éﬁa&é‘?r E’(SOT’OdFH{jl_lt% k:t Ve’é‘ngleo‘ie"%‘lr%ﬂ m | to
4, wherein 30 &Pﬁﬁgggﬂgﬁgﬁggggfﬁgﬁf%gghges pol yvi nyl -chl oride. 22 17 March

2006 7. A nedical devic any one of clains | to 6, wherein
the first zone conprises an outer textured surface (50). 8. A nedical

device acco{éj 'ng to 18.' aIAmmzsHic\e,wgerv%enacgcbrﬁirfget)étalrjlg(%(rjle of claims 1 to 9, wherein

4 center of the lumen is offset from a center of the tubular member.

11. A medical device according to any one of claims 1 to 10, wherein

the lumen is eccentrically located within the tubular member.

15
12. A medical device according to any one of claims 1 to 11, wherein
a wall of the tubular member defines an inflation lumen, the inflation lumen
(30) being in fluid communication with an interior of the inflatable cuff.
20 13. A medical device according to claim 12, further including an

extension tube (36) extending from the inflation lumen to the interior of the

inflatable cuff.

14. A medical device according to any one of claims 1 to 13, further
25  including a spiral reinforcing member (42) extending along at least a portion

of the tubular member.

15. A medical device according to any one of claims 1 to 14, wherein
the cuff extends over the entire first zone.

30



5 surface conprises one or nore spiral grooves. 9. A nedical device
according to claim7, wherein the textured surface conprises one or nore
grooves. 10 10. A nedical device according to any one of clainms 1 to 9,
wherein a center of the lumen is offset,froma center of t Hd MashEgpo
menber. 11. A nedical device according to anyone of clains 1 to 10, wherein
the lumen is eccentrically located within the tubular nenber. 15 12. A

nmedi cal device according to any one of clains 1 to 11, wherein a wall of
the tubul ar nenber defines an inflation lunen, the inflation [umen (30)
being in fluid comii cdtinedicalideticaactondiag toanyotne dfeldims (1de dB] wheraif . 20
13. A nmedical dgvice according to.claim212, further includin ext ensi on
Cube (36) ext entibhgrientis pe i orsfs Bt bornan et e sk ohfngg
inflatable cuff. 14. A nedical device according to any one of clains | to
13, further 25 including a spiral reinforcing nepnber (42) extending al ong
at least a portion 18f thaecthgdef Sbricaliises medisal dgviee foSHITISHEYi ce accor di ng

to any one cl ai 1 ' over the entire
first zone.%f?;o 23 1 .Na}ag%v}é%wéﬁ’drﬁae%l%?ggﬁaﬁ%%f&gﬁg@clbr ding to any one
of clains 1 to 14, ®Bher gtavidihfen elaftic exteanldd:fmuey a pdreradiyttubdaf shapé, azone and

at |least part of the second zone., 17. A nethod of fabricating a ned| cal
devi ce, conpri sFifgmiensnge OgFl"@v"rq%ﬁ“r‘igmjéte‘_ﬂﬂblEﬂ“é% S‘ﬁ%ﬁ%éﬁa‘bé FEPMREESCOle| ai m 1;

B. providing an}h@{ﬁé izlsnéf%Ff%E Alibeef r %&%nlﬁalfeaahéﬁct whh Bl ishars a

circunference o elastic material being smaller than a circunference of
the first zone ufstietvbed cimdition; renber when the elastic material is in an
unstret Chedl Ocondi ti &n stretching the elastic material until the circumference of the
elastic material is greater than the circumference of the first zone;
D. disposing at least a portion of the tubular member within the
stretched elastic material;
E. sealing portions of the clastic material to the tubular member so
15  that the elastic material defines an inflatable cuff that encloses at least part of
the first zone, a circumference of the cuff when deflated being greater than the

circumference of the unstretched elastic material.

18. A method according to ¢laim 17, wherein the step of providing a
20  tubular member comprising removing material from the tubular member to

define the first zone.

19. A method according to claim 17 or claim 18, further comprising
providing the first zone with a textured surface.
25
20. A method according to any one of claims 17 to 19, further
comprising providing the first zone with a textured surface comprising one or

more spiral grooves.



10 C. stretching the elastic material until the circunference of the
elastic material is greater than the circunference of the first zone; D.

di sposing at least a portion of the tubular menber within the = stretched
elastic material; E sealing portions of jhhe elastic materi a7 Mareh ggoo

tubul ar nenber so 15 that the elastic material defines an inflatable cuff
that encl oses at |east part of the first zone, a circunference of the cuff
when defl ated being greater than the circunference of the unstretched
elastic material. 18. A nethod according to claim17, wherein the step of
providing a 20 t ub@lar Anemﬂﬁeqd @m@pdlnsltngamfemqug:lmsei? ab 30, ofurthére

t ubul ar nenber (t;(%n rdeI1;| ne ilefgt zaone. tx{[A egle Iﬁ according to claim
17 or claim 18, qul?fsﬁegrpc%‘r%[}% 9 ZBP%W%‘lanS TIPS CUBRE NG P F
textured surfacgore?dodéss. A method according to any one of clains 17 to 19,
further conmprising providing the first zone with a textured surface
conprising one or nore spiral grooves. 24 17 March 2006 21. A nethod
accordi ng ta; any ong,of 4cl risi r ng the
iret zone i ih a t ok ufod iR Medigfdo, ddlf bRE L GRHRTLTLBREAIAEY 290¢
met hod accor di ngprbmisarpypronieingf a slial fﬁrlﬁ%mgm%beﬁlnﬁlﬁdﬁmbulaﬁ@ﬁmbbﬁI ng
providing a spiral reinforcing nmenber in the tubul ar nenber.



