AN ENDOTRACHEAL TUBE VWHI CH PERM TS ACCURATE DETERM NATI ON OF MJCOSAL
PRESSURE The present invention relates to an endotracheal tube. More
specifically, the present invention relates to an endotracheal tube, which
permts accurate determ nation of the pressure exerted by the endotracheal
tube's sealing cuff against the tracheal wall. Figure I A shows a prior art
endotracheal tube (ETT) 1. Figure 1B shows a nagnified sectional view of
ETT 1 taken along line 1B-1B as shown in Figure IA ETT 1 includes a
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until the outer wall_ of balloon 2 forns a seal with the inper nucosal
lining of the trat#uhlO thiosm an airtight space within the balloon. ETT 1 further includes
a 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 la.
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 1la, 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 operatlon the distal end 6 of ETT 1 is inserted 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
(IPPV) 2 to the patient. During |IPPV, nedical gasses supplied to the
proximal end 4 of ETT 1 by the ventilator effectively forces the gasses

t hnough airway lunen Ib and into the patient's lungs. However, if a seal
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to expansion of tHeegithple, AlringSlon B Pldetncdt oP Bl ETROhOWinkles, or micro-
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 rarely 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 attends 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;
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. 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
nmeasure the intra-cuff pressure, it is not easy to know how nuch each of 30
the three above factors contribute to that pressure. Cinically, it is of
vittal 3 inportance to prevent the outer wall of the cuff from applying
excessive pressure against the delicate iqper l'ini ng of the tracheal wall.
For conveni ence of exposition, the term "nucosal pressure” will be used
herein to refer .to the pg@ssur of the inflated
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15 when a sheet of either material is stretched, a point is reached after 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 pressure. 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 pressure

i ncreases from zero to value A However, once an intra-cuff pressure of A
is achieved, 30 further inflation increaseyythe volune of the expanded
cuff, at least to the value D, 'wthout raising the intra-cuff pressure.
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inflated cuff redwehverg thesbplleansgné the trachea (i.e. by the tracheal wall resisting
15 additional expansion of the 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 plateau). 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 trachea 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 volunme value T after which additional increases in intra-cuff
pressure are 25 attributable to the inner lining of the trachea resisting
further expansion of the cuff. Once circunferential contact is achieved,
additional inflation of the cuff causes the intra-cuff pressure to
increase fromvalue Ato value B along the generally linear
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relatively small ﬁge. gg " frorp al%out 1.5 to about 2.5 centineters in an
adult), it is geddsulths digmeferfjthe indlated cuff corresponding to volume D should be
15 sufficiently larger than the largest 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 plateau
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 plateau 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 wuse as a cuff material. For exanple, one way to
reduce the dianeter of a latex cuff at which the pressure plateau is
reached, and thereby attenpt to ensure 25 tdat the pressure plateau is
reached prior to achieving circunferential contact between the cuff and
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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 prior to circumferentially contacting the wall of
the trachea. If a 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 aneter. Because the tube 20 has a |arger outer dianeter, it is nore
difficult to have a cuff attached to the tube reach its pressure pl ateau
prior to circunferentially contacting the Il of the trachea. If a
silicone tube with thinner wall -thickness i's used, the tube tends to
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second zone. The material use ormthe cu e pre-stretched before
it is attached to the tubular member. For example, the cuff may be formed from a

15 tube of elastic 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 dianeter is the dianeter when
the cuff is in an un-stretched condition). The cuff may be configured so
that its un-stretched dianeter is smaller than the dianmeter of the portion
of the tubular nenber to which the cuff ig attached, such that when the
cuff is nmounted to 20 the tubul ar nenber, the cuff is circunferentially

stretched even when ful deflated. . I n other t he, cuf.f materi al
ey have a Snor o ik oepd fat Geatieb distakg t il PG T TS By o
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t he tubul ar nenber, or t%e zone of 25 reducCed gl aneter, may al so define a

textured outer suuifeade whithghe distalead of hetEEFT bmmtlw@eanOttalkﬁé oneefor gach of
grooves, e.d., gl ral or linear, cut into the outer surface. In addition
to ETTs, the pre Y i nvention can be applied to tracheostony tubes which
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present invention umen endot I'n which

the distal end ofwhehetheTchffoisadicftsed.i i shrinkowtaph@aulug neayf s u@aain exthenn@t 51n
anot her aspect, instead of being made fromsilicone, the tubular nmenber
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m ni mzes the P g g
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.

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 3A 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 altermative 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 dianmeter part of the tubular nmenber, which
thus tends to hold it in place. Mireover, the relatively | ow pressures to
which the cuff is 15 inflated al so ensures that the shrink wap materi al

mai ntains the cuff secured to the tubular grenber. These and other features
of the invention will be apparent upon review ng the detailed description
of the invention when_tread with the

conpanyi n | | ustr t|on 20 Figure
1A is a drawing of a pre®F SdFPSEGF*Pna]F‘?l LYW g"l’l‘?ﬁ/\%rcél%‘bfa Tl‘llct? %‘E‘?tf’ronal
view of the ETT taken iadiera odifiesurfabe ulﬁnbtﬁelaﬁnéﬁ&tm difibddiSbhtCorl dh HITOUT €S
2a and 2b show prior art Pressure vs. Volune diagrans. Figure 3A shows an

ETT constructed &@@%mtﬁgm@@dtﬂgéomﬂﬂemntm 25 Fi gure 3Bis a magnified
sectional side view s i on, of i amet er

construct ed accordi ng tl rF%eIQSrS 1on¢l ﬁlgﬁ,glﬁﬁ g‘ﬁwmﬁ e Qifre@ucggéié%{mrt%al

side view siHoW Ngn ansgi aler@htiveedbednRhEBE LB ETY IhndricR®idNiRbrig: /e i n an
alternative enbodi ment of an ETT constructed according to the present

invention. 9 Fi deation,iin whishdhe ewlis gitarheditevthe hibwi awiside P& deoregim pleduced
dianeter with a %&gltc &ggm%%er surface in another alternative enbodi nent of
an ETT construc according to the invention. Figure 6 is a sectional

side view showi ng a r &ygoes ofA-T€diiedatdi ampéthod decordirgned hes iavdneionast ve
enbodi nent of an_ ETT constructed accordi n%@to the invention, in which the

cuff is attachedengiidimally pee-sipichingcuf mefsial while Attashing aenitiorn Bhet er .
Figures 7A- 170C 11 ustraya,agnety aasCeEH&?nggi t\ﬁe&/r?)‘? oh@\é&{t}ﬁﬁ%n?%f ETT

| ongi tudinally pre- strecmg cuff materi e attaching a to 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 a sectional side view of a tube of elastic material

used to form a cuff for the tube shown in Figure 8A, 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
according 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, 19é 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 silicone. The Durometer (or hardness) of the
silicone used to fabricate hollow tube 19a 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



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 a secti onal
side view of a tube of elastic material wused to forma cuff for the tube
shown in Figure 8A, the elastic material being 15 circunferentially
stretched while formng the cuff. Figure 9;ghows a sectional side view,
taken in the direction of line 9-9 as shown in Figure 3B, of an

alternative enbodjnent. of an ETT copstr d _ agcording to the invention
having an eccent S*‘%%BfIPWaV%? u@@nandF u‘?"g{:gﬁ Ah Stgﬂ LT %@aé‘@ﬂggml&tl%d
according to the prGMﬁ@hh@ﬂqua?eOaiﬁaﬁE)pi@td tﬁ@bh’t‘i@ﬁ’sé}ur{gﬁdu@MgtIEPV,anQrsotab“@d“ ar
menber, 19a and a cuff, or balloon, 20 nounted near the distal end of tube

19a. Al'so, in ETHngge Haotl bw cuffe 200geachpd itufpresorearplatbat hbeferge rosking
si | 1cone. The DUrQNRLSL 0N BALANESS ncdhnd Minsdd he RGeS Sehb i AP AL ©

hol | ow tube 19a Ay be about e e source o icone for

fabricating $§ube 1PgcilgaleoundBuringt o¥ it amebosASpibsuld @ad, fuetherV¥aeKRites
Silicone in Germany, Tube 19a may be about 30-40 cm in_|length for adult

sizes. Use of a AVPid@BereoLemaesaive nulcaw RFssies uSlve 5k 8k theaslicang cubls 2

above, silicone Jierqi e ciat ed. wi t.h t ex,
and silicone hasrg g\%ﬁ%ﬁngfgp F@\égl %J&Fsl ]‘}L ell ﬁ%nqﬁag{léeaxghaé%iﬁ g?es?ﬁn\g(l)etﬁe#(ﬁbe
19a facilitates INicadleadkshwmpiataf withifel®fic toffs.he tube 19a since net hods of

adhering silicone to siligone are || known in the art. Al so, as
di scussed bel ow, di mer®i%hk 18 thf(FUfmlsh@P'i“HW tubellov QubsntPa iR regrom. 99 are

adj usted soj@s t oﬂé‘,@“&ﬁg@@éﬁgﬂm&éﬁﬁlﬁ?isﬂhé ot ﬁleadu'fexsdf%?été{r $fQubdre

patient's lungs during PPV and so as to 1Insufe that the cu 20 reaches
its pressure platBaus bafuoed asradanpgred ovithcthefoates mtidradtercgnitbert poniierts dfttebé nner
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pressures. Al so, ASehdn,thE ofiler IEARGCHf fegﬂﬂ 32, OD1, is reduced from the outer
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 hollow tube 19a. As a
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 diameter).
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).



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
nounted to hollow tube 19a in a region, or 10 zone, 32 of reduced
dianeter. That is, in region 32, the outer dianmeter of tube 19a is reduced
as conpared with the outer dianeter at other portions of tube 19a. Figure
3B shows a nmagnified view of the region 3219f reduced dianeter. As shown,
the outer dianeter of region 32,7 OD1, is reduced fromthe outer dianeter

of the rest of hollow {.ube rast... the i di a 15 1D
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26 (i.e., locatichamear QP of hallew fapen é¥nincrepseshidiej difftonity 198 inweingelB#t # egi on
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an adult size ET stance betvveen ocat rons
i s about three taifchnderemtini comtaet :wnmthsaomnar fi@ingt oﬁ/eﬁeytrsmat Howetkr, to
ext ensi on tube 36 extends fromi nsig(g | umen 30, throu h cuff nounting
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such as a syringe, coupled to the proximal en atl on 1 unen
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Accordingly, for ccGm¥&Bntid)"&ntatt a0Rh &he ihkdr lil@g of the trachea and thereby
facilitates insuring that cuff 20 reaches its pressure plateau 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 diameter (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 is about thirty

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



outer diameter OD2 of hollow tube 19a is greater than the outer dianeter
that 5 would be required if hollow tube 19a were nmade of PVC. The |arger
outer dianeter OD2 of hollow tube 19a increases the difficulty of insuring
that a cuff attached to tube 19a will reach. its pressure plateau prior to
making circunferential contact wwth the inner lining of the trachea.
However, to conpensate for the increased tipbe outer dianeter, which is a
consequence of 10 using silicone to fabricate tube 19a, the tube 19a is
provided with region, 32 of reduced di.a At t chln cuf othe
region 32 of redﬁ%e hgn é%f‘s?lﬁsf]ﬁ’éﬁeégg i téacgﬁ%} gy \gﬁ#c f

expands before it]l.sektneteisy.cunferential contact with the inner I| ni ng of
the trachea and thereb facilitates insuring that cuff 20 reaches its
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than about 1.5 centineters 5 In yet another exappl e enbodi rrent of an
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thin, the intra-cuff pressure of cuff 20 (which is circumferentially applied to

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 centimeters 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 alternative 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. Reinforcing wire 42 provides radial strength to the



| ess than the small est expected adult tracheal dianmeter (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 dianeter). The
presence of inflation lumen 30 in the wall of hollow tube 19a is one aspect
of the ETT 19 that limts the tube's mninfgqumwall thickness.

Advant ageously, the lunmen 30 does not exten beyond the regi on 32 of
reduced di aneter, e.g.. t | upen extends from near the proximal end of
the tube 19a to tl}?ilog'eﬂ’ﬁeggaﬁpgeﬁ%qr@s%@ﬁm%s§§1.Sﬁﬁtrf0gthépép?t\ﬂéll’%/1%3n?{#11
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cuff with such a hardness allows the pressure plateau to occur as |ow as
thirty to thirty ff JebricsHng faberPaosuciathet it angludessipinforging i #2. Kot harm
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Figure 4, a spira
second 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 tube 19a may be
fabricated such that inflation Jumen 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 portion of the tube to expose 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 13 hollow tube 19a and increases the tube's crush strength so that
tube 19a will not coll apse when the cuff 20 is inflated. Preferably,

reinforcing wwre 42 is |ocated near the inside surface of hollow tube 19a.
Providing a reinforcing wire at such a Io<|1:4ation facilitates all ow ng both
the reinforcing wire 42 and 5 the air supp y | unen 30 to exist in the sane
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material away fr &R ‘%Ssn f]g’ wgla&wru@ Lt“lﬁanPdE%atl@u‘éfh

manuf act uripg t eclp Ry @@%ralB‘f‘e yéc%gse 1 ceh A FRES &Gfo%aé&l 0f a 184 YgRd

di aneter regardl ess of er areinforfcing”wre Is 1ncorporated 1nto the
tube. Referring agtimal seal Withulhetr&Bea.it can be seen that tube 19a may be

fabricated such that inflati nIu n 30 injtiall ds.from the proxi mal
end 55 of tube 10a t dhANE BETToSFIAEIRERYT (e Kt DS diforh & g eady
Using a lathe or sttht%r(e%eVisCﬁ tﬁ@rthx‘é&ttstéﬂwsd}@«bﬁﬁhﬁéorﬁﬁﬁ%sfdn@rBr%nd}@rsbirﬂn of

tube 19a so as to
grooves cut into the outer surface of tube 19a. In one embodiment, 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 Iumen 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 comprise 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 [umen 30 to the interior
vol une of cuff 20 as discussed above. 14 Figure 5 shows a magnified
sectional view of region 32 of reduced diapeter, when cuff 20 is defl ated,
of anot her enbodi ment of ETT 19° constructed according to the invention. As
shown, the outer surface of tube .19a in the region 32 of reduced dianeter
is characterized eﬁ]y’oémﬁeé‘ktluldgr%‘?ﬂ 1y (F1ghrs dﬂ@h&?i P§d o osAABYG Wikt thee 50
advant ageously rediiGes ufsQ@ t$'f1§13ﬁ 'c,lﬂﬁo%? ti§1§¥e-st¥éa@fleeuatsf di€Cis¥éd kn %%d siseﬁa? the
tube 19a. It is generally not desirable for any portion of cu { 20 (ot her
than at | ocationbel. 26, where cuff 20 is bonded to tube 19a) to stick to

the outer surface of tube 19a because such.sti cki eneral l.y causes the
cUTT Lo Tt at o mon- ull FBY HySeSRENE api PR IF R (Pl LA TkpesY

undesi rabl e sbe_cagéﬁsim& pResfsalfl the heeU] daSadjibehP I RIGiAN Do HrbAdS ridearva
optimal seal with the trachea. In one preferred enbodi nent, the texture 50

has the form of avithheeaimth sudadease ag ¢o gninimizei hritatien tthrtbedrtiont’ maggalew)
and conprises one. or re spiral . groaves cuf i e guter surface of
Cbe’ 20m 1n one uNByALFER Rupfictod GRSt ok TR 1A Pon Efaieutean
0.2 mllinmeters de@pdindde BLQANSAS iNEBigue6 Ctte, ofitef At ©f EBT N® andyi gh
speed | athe. One advantage of having texture 50 be a spiral groove, is
that this texturéreaseglighthet lecasiony 24 36 thasehyedistughing,i aitprevdBg® fstemn | umen
30 to the ire.j r K t e r.pyi des. for
uniformi m?]l at i oﬁﬁ’g#lg? ;?g‘{:%%‘?? lrﬂ%t% c&{%?/\rleg\;lgfra‘?éjlg{ tuvt\)nglqlga'btg%%&tgé%@etg%a% dltt hat

textures 50 ot hefndylterdespatlako ghtoressnmdlypditon o€ theasiterslitface dfaubexoal e,
texture 50 can conprise_ | ongitudi nal rather than spiral grooves

. : or. a
random or pseudo19@HERM+ Shgietirhyherrei P8 15atky hetd the erignsuriage ol FLH 19of
region 32 of redycef, (iR TRECfoes not include a stepped surface at locations 24, 26.

Similarly, in the embodiments 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 using 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 plateau. 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 | ocated where the
outer diameter of the tube 19a is ODl). However, as shown in Figure 6, the
| ocations 24, 26 nay be |ocated outside OI6region 32 (i.e., locations 24,
26 may be | ocated 30 where the outer dianeter of tube 19a is OD2). In this

enmbodi nrent, the sem - rigid tube extensjon_ 36 (shown, e.qg.,.in _Figure 3B
may be elininated PfFﬁtéetilged @Hb‘BHFkFTéh‘F CP#fI Widk P%‘E%aqu t?ie&gﬂd ® s BEerusezj

for exanpl e when gl e erdBARL. AMoHRSE, (CaddpidRal Biff nfferlad iPhRd $br @k cOBEEAS
di scussed in nore detaill elow. It may be desirable to tailor the region

32 of reduced di #metthe ,cudfdnays bpowsé lable porexpant tofthe Fapprapbiete] Srmet§rac ent

to region 32, to provide tube 19 ith a th surfac 0 as to mnimze
irritation to thégﬁcg’f’fegﬁfomwtﬁa?’ Cgll afﬁ%ﬁﬁ%‘g}ﬁ%&?%@?ﬁ??yoﬁﬁi%%ﬁa%‘& noval
of ETT 19. Fpr e??é@&ﬁtfy chriteivhe, tRMRAENIBREchihh Uritaledor e Tufilik &ebrednne
outer diameter of ETT 19 may 1ncrease slightly at |ocations 24, 26 thereby

di sturbing, or pPBvindi he0 perosnep Theo is,nif 3 Hecwttimatett dineshimgth ohtcaff urf ace

of tube 19a. To e]im e this,.st It e desirable.to smal |
portion of the oﬁ{r%tf: ershﬁltl?a eceB?HFg&Egé %areg{ﬁ( aql%o%tée?(fshor%ouécg,bCZéwge\f?%g't when
cuff 20 is attaclmdlou%m@tracﬁiﬁ iStledrBcdeshblE Tekcd S stiefehifonh editd tistogelMot
include a stepped surface at locations 24, 26. Simlarly, in_the

embodi nent's il | udife af ke FHIFiArpoedingp, oue skiled dn the agrayillyecagizgetdiat Hi1 e to
taper the opfer . t j L egi : i de a
oot hl y chiingt ng G el o ek B 25Elin 1RGN gyt b LR o

inclusion of regiig 32 increases the anmount that cuff 20 will expand, and

thereby increases the_likelihood that cuff 20 wl] have reached its
pressure plateau, pri&® °ng Iﬁeék‘?ch@féir‘?tﬁlﬁﬂgé?eeﬁ?{fweﬂnoédﬂffyﬁ@{ MRURHRS R EHE i nner

lining of the traghepn 0eeq Gk Yieck B lelRliOhatdrid &8hP Be Irounlfed Sy @t

19a in an unstretched manner and then inflated. The inflated cuff is then

15 pulled 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 7A-7C briefly illustrate 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 cuff 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



di aneter 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 procedure
di scussed above in connection with Figure 2B. Another nethod of increasing
25 the likelihood that cuff 20 will have reached its pressure plateau prior
to meking circunferential contact with thgyinner lining of the trachea is
to pre- stretch the cuff 20 prior to nounting it to tube 19a, so that the

cuff material is  4n tyetched state (i..e.,.beyond its natural resting
di mensi ons) even Wﬁéﬂ%%éﬁe Eggt_f elﬁ_ds‘)fﬁfﬁ F‘é)gf(%altérr ﬁén.taﬁﬁlgﬁ ?F? iyzbl‘?f IRgatien
prestretching, reducese tripdt *ddidfi O AP RARAURL theR aktadRe UhE tbS9sthf et ch
before reaching the pressure plateau. There is a limt to how nuch
prestretchi ng shdetaiiopeldapplhisetesulés irhall oufff matetial hetwegh flodagions 24 and 26
prestretched too ch cuff. wi.l L., not bl et 0o expand to. .t:he proper

di aneters safel y.br% gbé@f?c,t’ fléfl g%l\é%{u%l}y&rglsprgtﬁﬁ ?A‘ n‘g?re?cfna mlegceué)feli}u?t&%ophe

cuff so thas thehergiondyobraors dbetet B X PERWI IOFighfes FRRTOPHWEWRY, it
di aneters, attachpment points which affix the cuff to the tube may be too

far apart. As 5 prilldermppyecided bl dg steppdlysipted hersinraays pryfarmstsaigs & f or
the cuff is bet . . i i{ a 3 centineters |inear
| engt h of cuff Y@g&éttlﬁgagﬁgéﬁ$%%gggoﬁcgfeﬁevg;g?ﬁs,rég?%neﬁr'esuI tant stretch would
be 100 percent. Al t hdllghmsthoédederibed hlsovelir @ohnectes withliiiguree X A€BS results
stretching can reduce the shelf life of the cuff. Accordingly, one skilled
inthe art will rBOBgHIZERGHE Ct“ﬁfem&tﬁr‘%ldflia&ﬁﬁlgl%’ﬁﬁﬁ@“@)@%‘tﬂr@g‘hm‘ﬂ;}n‘inl‘*g a .
design inclygles Gp0ghd90ab/@H; Pa. L AE 2R MfbMatild 1o #Rucﬁﬁﬂ_s‘?i‘é{cﬂﬂng, e cuff
stretching the cuff prior to final nounting, a pr , ich may be a

t ubul ar pi ece of mitasdlimayralse be atretched) cib@inmforentiallly privotot mbentingSaff 20 &n

unstret ched nmanner, a then inflated. The inflated cuff is then 15 pulled
axially along t hgulgeugga.l S Eﬁﬁ@l B rLilusttare s ‘EIWémgﬁrFFmﬂrPrF'tSEEﬁCPi%go t hat

part of the cuff pisure BWRhEFs WPsectidht® sRR! {ie®f oft fa8e AVh fort MAETT ScodORl&H- up
is then secured to the tube. Thus the cuff is nmounted on the tube 19a in a
according to the invention, the side view being taken in the general direction

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
periphery 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 Figure 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 is 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
is achieved before the cuff makes circunferential contact wth the inner
lining 20 of the trachea. Pre-stretching the cuff also reduces the

i kel i hood that the cuff wll stick to the tube. Figures 7A-7C briefly
illustrate this nethod of pre-stretching the cuff 20. As shown in Figure
7A, cuff material 20 is initially attachedgo 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 of the cuff is attached to the tube 193 .at.|ocation
21. As shown in Fi gur &'8PE g‘ﬁr?g(’}?ﬁfﬂ?e HEVERBISHRA qt%gllagﬁéﬁr["%d’fa}ﬁgl Fyﬁfjc?st he
right so as to ?%iﬁ%t 8&&%€%Wf108%8@r%h§ tbs 8dep fowelELt ghihg tee cuff

material by pulling it to € right may be acconplished for exanple

manual |'y. Pul | i ngdvahegeousf fo foomt the aiivgdyt pasagehewthat it 15 epgertrieBly bateds i n

all of the cuff material .to the 3 ight of the attachnent point. at

| ocation 21 becoﬁ‘ilthjd‘ tuﬁSd%f"e&&ﬁlﬁassh@gsi@Fﬁ?{lp tozciu‘f PGP IC?@ .lotcﬁtfdcuff
is then squeezedairRy@ilgthyn.t ORI &3ehthiBity CREHIAS thel @Be SWat fdaberddNiofd eddilyend of
the cuff material contacts the tube 19a, at |ocation 24. The right énd of

the cuff materi ahlopg thportigntadghetibeowithéhe utsecasghthigknessocgbe eerepyicityhi s
results in all cuff teri al,.bet ween | ocati.o 4 .and 26 ..bej 1ol N .ef fect,
uolB B e TSR, ARl 1 R FloRR g, ok P 0 f

| ongi tudi nal |y p?aél- Ien at1on, t R regi on

32 of reduced di presd.ensivatBiguBAYTol Bofvegithes off MludtcatidhOwRMVigflatidnt lumshl | be
appreciated that the steps illustrated therein nmay be perforned so as to
result in havi ng3@ Bt shewnpmn Figemt%®d within regi on 32. The nethod descri bed

above in cannection wit hy:El Qlurse, - r i o i ng: cuf f
materi al i (rjlllaa | ongi tuéltsn(gguggléfl e%%oizlén&lé)}re i %r%q% Eﬁ%ftﬁlﬁp{)ﬁagng té&\?ﬁgﬁ gg %’Hgo to
tube 19a. As an Howeveratdtee rhatetialdgnbydenadedsis ektihi hg patticelae,uftfmaptber i al

may al so be stretched circunferentially prior to pounti cuff 20.to tube
19a. Figures SA ah@nigepyy tostormy woe Jof fé?m@uma@“éﬂﬁlaéllsg ek thag higang.

Fi gure 8A shows a;&%%t#@@.absébﬁshxag%aten hh9®vef aifdtshd oGRPafafiégdred

according to the invention, the side view being taken in the general

di rection OD1 of the tube 19a outside the region 32 to be reduced as compared with
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 tube 19a. When shrink wrap material 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 example, referring to Figure 3B, at location 24 the cuff
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 32 of reduced diameter, is that any such rolling or sliding 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 represents
the outer periphery of the region 32 of reduced dianeter of tube 19a (the
outer diameter of which is ODl); and the circle interior to 32, the
diameter of which is 20 |labeled ID, represggts the interior |unmen, or

ai rway passage, which extends fromthe proxinmal end to the distal end of
hol | ow t ube 19a. fl.n Fi gu.re 8B, th(f: ci.r.cl.e | ahel ed. 20.repyesents a tube of
el astic material MigkRESS; i can Pp yised L pinigyize prglipinals 3 h%elga?femb‘g &P at
direction as the (g QERtiSE O ir@GoR32R AN R of Ade 192l | AcRRdMERA it @nl ¥ M
cuff 20. For convenience of iTlustration, the inflation luneR 25 30 i s not
shown in Fi gure Sdvamageshsfipr, logitaamst2e 26 (¢ beraittey exirenis ends ¢firsgionatusal

So. placi ng t he atitribhdBPay vt SRS Tn bR oL P il T MobEiHioRs 32

advant ageouss y I &hbiwhSini Figie! 6 UfTcai aRbi t hdlvaﬂfa?e@dsrﬁirqbédﬁ@nﬁ hpa, 6fto be
material. It wll be a&grem ated that the cuftf material may al so be

pre-stretched botdtsidpolgegion?e rAliarnatively, drigialse pgssibleitmbaveone g loqatigny e 8A
A fho o . . SO )
comeent 1ol ) AR Rl PhELCLMNAD SR BRI 2 e 1

concentrically |oca In ver, y

formthe airway passada aslditionabr hd an slteaaaenrt ko asd dfyshHrimkavagd maedidlj othetibe

19a. Figure 9 shows an exanple of such an eccentrically | ocated 5 airwa
B

|umen. The eccent™§iRpdsy SEehBY dasex MEldiRg dICao¥ Ctdinsh H PSR 2dbadY iy Ml Bhg t he
portion of ige tules Wi frakhifie AR ARRELLIIN GIR2A. HARVREGRBIE LGN wrgfn

hel p reduce the pressure appri to the trachea when the ETT 19 is i
pl ace. As wi t h Fimategal8Aprefaredcionudirrimgassilidone lchiffad mdtV©mbet helead bthtr on

lumen 30 is not sh in Figure 9. 10 As. di scuss above,. .t ube ais
preferably fabri d‘é?tgggsf SR §?IVY ding. are GiETE ,t%f)taﬁg‘?m}ga?eﬁql%ﬂ@ ‘ﬁé\tg 'Be? used
as well. In parti@tlaattudet My be advantageous to formtube 19a froma

material that is harder than silicone
The above description is intended to provide 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 tubular 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
CD | of the tube 19a outside the region 32 to be reduced as conpared with
15 that of a silicone tube. In one enbodiment, a region 32 of reduced
dianeter is formed in a PVC tube 19a by reducing the external dianeter by
10% over the |ength of the tube onto which the cuff is nounted. As

di scussed above, adhering a silicone cuff #p to a PVC tube 19a is nore
difficult than adhering a silicone cuff to a silicone tube. However, 20
shrink wap materjal .m sed to attach.a silicone cuff 20 to .a . PVC tube
Ton "The ahrink RaEPmen rLr Fay RSl ety 15 Byl oods erfedd o
annul ar ring, whirGhfokding Witehk RMEebf tdRcéI\BiatRtR hading Sex@sed Sutbodifdche cuff
20 to the tube 19a. \Wen shrink wrap material is used to hold cuff 20 to
tube 19a, the candapE-siegchedsdffio roll or slide in a | ongitudinal
direction when the 25 cuff is inflated. For exanple, referring to Figure
3B, at location 24 the cuff 20 may tend to roll or slide to the left
(towards the proxinmal end of the ETT 19) upon inflation. One advantage of
pl acing |l 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 material adds 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 material, other
met hods, such as | aser welding, 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 above description is intended to
provide a representative exanple 15 of the device defined in the clains.
Changes nay be nmade in the apparatus discjpsed above wi thout departing
fromthe scope of the inventionrecited in the clains. Al the description

cont ai ned above wn in the drawing shall be interpreted in an
illustrative and alimting 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 menbers used lt o fAmedinetidevate d8y¢emvpridegording to the invention
need not be perfect tubes having unif ross_sect.ions alopg their entire
‘ength. Rather. the hioufonehBerierEl fihisa BEouplga Yt go -

angl es (as isn thﬁlrﬁé}ﬁ@kt&fdl @ﬂgg,emehwmbeml@ﬁ)the/ﬂr@ﬁmataﬁimhealschleﬂ@ter of
t he 25 tubul ar nenbers nee not constant within the zone of reduced

di amet er or out Hlegrember defiging a Asshaore (32) pad gseeanddiongeatdeaspp paftianegfst a

portion of the fang.pfoleped, Hanghel gillbler 65T Al YoRRIYIRL hiinL han L he

outer diameter a portion ] acen one of
reduced di anet er secoAll SRterwWidheas(GPLE it fitht ol didmai@t hatls sanltershanitheur es

have been di scussed 30 individually (e.g., textured outer surface,

rei nf orci ng rrenbé‘“rconﬁroéu%tqd@t’%tﬁi’ r’fb? firstjZongbeingasiagspt Bxthstsseondnzanetandy may

be used al oge or s LouhY Rakha r%oncﬁ)f)edtﬁg co %{fpc# Sor Alerfidd 1&8%&5&1’1%5 of

according to the rnvention may I n orcing wre, zone 0O

reduced d|aneterhhmmnpgmantamuured outer surface, and a pre- stretched
cuff. 21 CLAIMS: 1. . maa%‘ 1?1 ata %\é:luﬁe@&) at%acﬁe(:) I;ll,ZSé) rt]()C"t'he tubular member, the

cuff extending over at least a portion of the first zone.

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

cuff is characterized by a hardness of about ten Shore A.

20
4. A medical device according to any one of claims 1 to 3, wherein
the cuff is characterized by an unstretched diameter smaller than the first
diameter.
25 5. A medical device according to any one of claims 1 to 4, wherein

the cuff upon inflation reaches a pressure plateau when a diameter of the cuff

is less than about 1.5 cm.

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

30 the tubular member comprises silicone.



A. a tubul ar nmenber (19a) having a proximal end, a distal end and a 5

| umen extendi ng through the nmenber fromthe proximl end to the distal end,
t he nenber defining a first zone (32) and a second zone, at |east a portion
of the first zone having a first outer dianeter (ODl1l), the second zone
having a second outer dianeter (0D2), the first outer dianeter being
smal l er than the second outer dianeter, t first zone being adjacent to

t he second zone and 10 the first and second zones being configured for

insertion into a traghea of . human patient; and B. inflatable cuff
(20) attached (24, 26)t o AMREADGFUFC REHBURE 9 ARY OB, oF Capchf oV BRFER at
lleast a portion efe thb@laf inkffbe” &EpristepdlyvittylBElbad. device according to

claim1l1, wherein the inflatable 'cuff conprises silicone. 3. A nedical
device according to claim1 or claim2, wherein the cuff is characterized

by a hardness of aboy tep Shore A. 20 4. ..A nedical device accordjing. to any
one of ol aime 1 to 3-uhesdiaied devigtprcorng St Bhs PESARS, P IE Tukhdi Ched
di ameter sme | er tidwast 141 dotripises 4 Gtk turedSuBface(sRAi cal ~ devi ce accor di ng
to any one of clains 1 to 4, wherein the cuff upon Inflation reaches a

pressure plateau when a dianeter of the cuff 1is less than about 1.5 cm 6.
A nedi cal device accgdin any ; Qr -aj : , i tihe :
t ubul ar nenber conpri(yées ‘gi lfnl&(i:lg%eqag% Q%C.O%ﬁ%ggi %gwggv‘?%%gggégrtﬁﬁﬁgdt 0 any

one of clainms 1 terface cohgrigedionen® matbupirdl gi®sveer conpri ses
pol yvi nyl -chl oride. 8. A nedical device according to any one of clains 1 to
7, wherein 5 the first zone conprises an outer textured surface (50). 9. A

medi cal devjice accor digng Aom%i%lnhgﬂice\’\’g&ro?&ﬂ g tiec1higX t8‘,J "Pbrein the textured

surface comprises one Or more grooves.

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

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

15
12. A medical device according to any one of claims 1 to 11, wherein
the lumen is eccentrically located within the tubular member.
13. A medical device according to any one of claims 1 to 12, wherein
20 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.

14. A medical device according to claim 13, further including an
extension tube (36) extending from the inflation lumen to the interior of the

25 inflatable cuff.

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

30

16. A medical device according to any one of claims 1 to 15, wherein



surface conprises one or nore spiral grooves. 10 10. A nedical device
according to claim@8, wherein the textured surface conprises one or nore
grooves. 11. A nedical device according to any one of clains 1 to 10,
wherein a center of the lumen is offset froma center of the tubular
menber. 15 12. A nedi cal device according to any one of clainms 1 to 11,
wherein the lunen is eccentrically |ocated,within the tubular nenber. 13.
A nmedi cal device according to any one of clains 1 to 12, wherein 20 a wall
of the tubul ar nmenpber_ defines an inflation |lunen, the inflation lumen (30)
being in fluid cdh?rﬁ‘ﬂﬁfééﬁep%OWﬁW%?f‘?ﬁ{SéF?% of the inflatable cuff. 14. A
nmedi cal device according to claim 13, further including an extension tube
(36) extending fromthe inflation lunen to the interior of the 25
inflatable cuff. 15. W.ned medicaalevice aawditngitqngny onawofyclaimes bfo 1A, aibeeid t o
14, further incI din iral relnfo n e 4 ext endi ng al ong at
| east a portion HBFCY QX?HE%‘I’W ki?e‘?%‘é‘? 6%%&@85@ f?}b%‘-‘&@‘g&%‘}ﬁ dlgng
to any one of clains 1 to 15, wherein 23 the cuff extends over the entire
first zone. 17. A nedical device according to any one of clains 1 to 15,
wherein the cuff ext b&dsAomethdhéf@nitciitirga‘mcéipalzdﬂv@eamnmsin&ast part of

t he second zone. A metcﬂ gb abr i atl ng,ﬁz’a rTEdlf devi ce,
conprising: A prOV| rngp%lovl1 frat r%eé’? 285 Ge ?‘Aﬁiéa mcll ’aim 1; B.
providing an el astic pat ep@hmﬂgﬁn Biabtic ateRPASH likg b dbhdrally BIBARE shape, a
circunference of the elastic material being smaller than a circunference of

10 the first zoneishmierengeypitherelpsiepapteriplebeing smallesthan ansir@migrengg of n an

10 the first zone of the tubular member when the elastic material is in an
unstretched condition;
C. 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
15 stretched elastic material;
E. sealing portions of the elastic material to the tubular member so
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.

20
19. A method according to claim 18, wherein the step of providing a
tubular member comprising removing material from the tubular member to
define the first zone.
25 20. A method according to claim 18 or claim 19, further comprising

providing the first zone with a textured surface.

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

30 more spiral grooves.



unstretched condition; C. stretching the elastic material until the
circunference of the elastic material is greater than the circunference of
the first zone; D. disposing at |east a portion of the tubular nenber
within the 15 stretched elastic material; E. sealing portions of the
elastic material to the tubular nenber so that the elastic materi al
defines an inflatable cuff that encloses ajsleast part of the first zone,
a circunference of the cuff when defl ated being greater than the

circunference of the_ ynstyetched elastic material..20.19. t hqod
according to claim lga r@?tﬁoghaém%r%&? & aB?’oQ}}edPgﬁpaémst{?gﬁg‘;rl’ %ﬂ%eér
conpri si ng renmovicgapABhe bididihg o8 tiRezdnebriting (oRmRe Suffice dhiprRehgtdie dri I st
zone. 25 20. A nmethod according to claim18 or claim 19, further conprising
provi ding the fi mxregwaeesni th a textured surface. 21. A nethod according to
any one of clainms 18 to 20, further conprising providing the first zone
wth a textured surface conprising one or 30 nore spiral grooves. 24 22.
A met hod acgordi ng t @3anyA onehedl fkaidife 18 ah9 ik, of WIdifer18 Gon@3 Funler
providing the first zone with a textured surface conprising one or nore
grooves. 5 23. ACHBPAHES arvéHeg AGPird reinforeing myrmber 4} e tatylargmersbers ¢ t her
conprising providing a spiral reinforcing nenber in the tubular nenber.



