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(57) ABSTRACT

There is disclosed an endotracheal tube which has a minimal
cross-sectional profile for easy viewing of anatomical fea-
tures during intubation. After the tube is placed into the
trachea, the tube is adapted to increase the diameter. In this
manner the tube diameter may be expanded to allow for
decreased Work of Breathing (WOB) for patient, while not
having so large a diameter as to cause tracheal discomfort.
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SELF-SIZING ADJUSTABLE
ENDOTRACHEAL TUBE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to medical devices,
and more particularly, to airway devices, such as tracheal
tubes.

[0003] 2. Description of the Related Art

[0004] This section is intended to introduce the reader to
various aspects of art that may be related to the present
invention which is described and/or claimed below. This
discussion is believed to be helpful in providing the reader
with background information to facilitate a better under-
standing of the various aspects of the present invention.
Accordingly, it should be understood that these statements
are to be read in this light, and not as admissions of prior art.
[0005] In the course of treating a patient, a tube or other
medical device may be used to control the flow of air, food,
fluids, or other substances into and/or out of the patient. For
example, medical devices, such as tracheal tubes, may be
used to control the flow of one or more substances into or out
of a patient. In many instances, it is desirable to provide a
seal between the outside of the tube or device and the
interior of the passage in which the tube or device is inserted.
In this way, substances can only flow through the passage
via the tube or other medical device, allowing a medical
practitioner to maintain control over the type and amount of
substances flowing into and out of the patient.

[0006] Tracheal tubes may be used to control the flow of
air or other gases through a patient’s trachea. Such tracheal
tubes may include endotracheal tubes and tracheostomy
tubes. To seal these types of tracheal tubes, inflatable cuffs
are sometimes associated with these tubes. When inflated,
these cuffs generally expand into the surrounding trachea to
seal the tracheal passage around the circumference of the
tube. A high-quality seal against the tracheal passageway
allows a ventilator to perform efficiently.

[0007] Generally, endotracheal tubes are available in a
subset of sizes from which doctors may select the closest
approximate size for a particular patient. The difference in
tube sizes may generally reflect both differences in the
length of the tube as well as different tube diameters. In
particular, doctors may wish to select an endotracheal tube
with an appropriate diameter in order to allow the tube to be
easily inserted into the patient while providing the largest
possible airway path for respiratory gases. For example, an
endotracheal tube with too small a tube diameter may be
associated with an increased work of breathing for the
patient. Conversely, an endotracheal tube with too large a
tube diameter presents certain disadvantages. For example,
if the outer diameter of the endotracheal tube is too large, it
can become difficult to navigate through the larynx and
trachea. Thus, too large an endotracheal tube may increase
the time it takes to intubate the patient. Also, a large
endotracheal tube can prove somewhat uncomfortable for
the patient. For instance, irritation of the tracheal walls can
result from increased contact with the endotracheal tube.

SUMMARY

[0008] Certain aspects commensurate in scope with the
originally claimed invention are set forth below. It should be
understood that these aspects are presented merely to pro-
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vide the reader with a brief summary of certain forms the
invention might take and that these aspects are not intended
to limit the scope of the invention. Indeed, the invention may
encompass a variety of aspects that may not be set forth
below.

[0009] There is provided a tracheal tube that includes a
distal end portion; an intermediate portion connected to the
distal end portion; and a proximal end portion connected to
the intermediate portion, wherein the intermediate portion is
adapted to change its diameter.

[0010] There is also provided a method for sealing a
patient’s trachea that includes inserting an tracheal tube into
a patient’s trachea; and expanding a portion of the tracheal
tube to conform to the contours of the tracheal walls.

[0011] There is also provided a method of manufacturing
a tracheal tube that includes providing a distal end portion;
providing an intermediate portion connected to the distal end
portion; and providing a proximal end portion connected to
the intermediate portion; wherein the intermediate portion is
adapted to change its diameter.

[0012] There s also provided a tracheal tube that includes:
a distal end portion; an intermediate portion comprising an
inner layer and an outer layer connected to the distal end
portion; and a proximal end portion connected to the inter-
mediate portion, wherein the intermediate portion adapted to
change its diameter by expanding a gap between the inner
layer and the outer layer.

[0013] There is also provided a method for sealing a
patient’s trachea that includes: inserting a tracheal tube into
a patient’s trachea, wherein the tracheal tube comprises an
inner layer and an outer layer along at least a portion of the
tube; and expanding a gap between the inner layer and the
outer layer of the tracheal tube so that the outer layer of the
tube substantially conforms to the tracheal walls.

[0014] There is also provided a method of manufacturing
a tracheal tube that includes: providing a distal end portion
of a tube; providing an intermediate portion comprising an
inner layer and an outer layer connected to the distal end
portion; and providing a proximal end portion connected to
the intermediate portion, wherein the intermediate portion
adapted to change its diameter by expanding a gap between
the inner layer and the outer layer.

[0015] There is also provided a method for sealing a
patient’s trachea that includes: inserting a tracheal tube into
a patient’s trachea; expanding a portion of the tracheal tube
to substantially conform to the contours of the tracheal walls
during a period of patient expiration; and contracting a
portion of the tracheal tube so that the tracheal tube has an
outer diameter that is less than the diameter of the tracheal
walls during a period of patient inspiration.

[0016] There is also provided a system that includes: a
tracheal tube comprising a lumen adapted to pneumatically
expand or contract a diameter of at least a portion of the
tracheal tube; and a medical monitor adapted to be opera-
tively coupled to a tracheal tube, the medical monitor
comprising instructions for: increasing pressure to the lumen
to expand a portion of the tracheal tube to substantially
conform to the contours of the tracheal walls during a period
of patient expiration; and decreasing pressure to the lumen
to contract a portion of the tracheal tube so that at least a
portion of the tracheal tube has an outer diameter that is less
than the diameter of the tracheal walls during a period of
patient inspiration.
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[0017] There is also provided a computer readable
medium that includes: code for increasing pressure to the
lumen of an expandable-diameter tracheal tube to expand a
portion of a tracheal tube to substantially conform to the
contours of the tracheal walls during a period of patient
expiration; and code for decreasing pressure to the lumen of
an expandable-diameter tracheal tube to contract a portion of
the tracheal tube so that at least a portion of the tracheal tube
has an outer diameter that is less than the diameter of the
tracheal walls during a period of patient inspiration.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Advantages of the invention may become apparent
upon reading the following detailed description and upon
reference to the drawings in which:

[0019] FIG. 1 illustrates an endotracheal tube with an
expandable intermediate portion in accordance with aspects
of the present invention;

[0020] FIG. 2 illustrates an endotracheal tube with an
expandable intermediate portion inserted into a patient’s
trachea;

[0021] FIG. 3 illustrates an endotracheal tube with a
ribbed expandable intermediate portion in accordance with
aspects of the present invention

[0022] FIG. 4 illustrates a tracheal tube with an expand-
able backbone in its non-expanded state;

[0023] FIG. 5 illustrates the tracheal tube with an expand-
able backbone of FIG. 4 in its expanded state;

[0024] FIG. 6 illustrates an endotracheal tube with an
expandable intermediate portion as well as an inflatable
balloon cuff;

[0025] FIG. 7 illustrates an endotracheal tube with a
concentric expandable intermediate portion in accordance
with aspects of the present invention;

[0026] FIG. 8 illustrates an endotracheal tube with an
alternative embodiment of a concentric expandable interme-
diate portion in accordance with aspects of the present
invention;

[0027] FIG. 9 illustrates a contracted tracheal tube with a
concentric expandable intermediate portion that is con-
tracted around a stylet in accordance with aspects of the
present invention; and

[0028] FIG. 10 illustrates an expanded tracheal tube with
a concentric expandable intermediate portion and the sylet in
accordance with aspects of the present invention.

DETAILED DESCRIPTION OF SPECIFIC
EMBODIMENTS

[0029] One or more specific embodiments of the present
invention will be described below. In an effort to provide a
concise description of these embodiments, not all features of
an actual implementation are described in the specification.
It should be appreciated that in the development of any such
actual implementation, as in any engineering or design
project, numerous implementation-specific decisions must
be made to achieve the developers’ specific goals, such as
compliance with system-related and business-related con-
straints, which may vary from one implementation to
another. Moreover, it should be appreciated that such a
development effort might be complex and time consuming,
but would nevertheless be a routine undertaking of design,
fabrication, and manufacture for those of ordinary skill
having the benefit of this disclosure.
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[0030] Provided herein are adjustable-diameter medical
devices that may assume a relatively small outer diameter
for easy viewing of anatomical features during insertion,
making insertion of these devices easier for the clinician.
Further, such devices may decrease patient discomfort dur-
ing insertion as their relatively smaller cross-sectional pro-
files, as compared to a typical endotracheal tube, may not
irritate the patient’s internal passageways. For example,
once the endotracheal tube has been inserted into the tra-
chea, both the inner diameter and the outer diameter of the
endotracheal tube may be increased in order to seal the tube
against the trachea and to increase the total volume of air
that may pass through the tube. An endotracheal tube having
a large enough inner diameter may allow a patient to expend
less energy during exhalation, as respiratory gases may flow
more easily in and out of a larger diameter tube. In certain
embodiments, the tube outer diameter may be increased to
equal the diameter of the trachea. In such an embodiment,
the endotracheal tube may provide an enhanced seal against
the tracheal walls. As the endotracheal tube outer walls may
contact the trachea over its length, the length of the seal may
be increased relative to a standard cuffed tube, and a longer
seal may be associated with improved sealing.

[0031] The adjustable-diameter tubes as provided herein
may be used in conjunction with any suitable medical
device. In certain embodiments, the tubes as provided herein
may be used in conjunction with a catheter, a stent, a rib or
batten, a feeding tube, an intravenous tube, an endotracheal
tube, a tracheostomy tube, a circuit, an airway accessory, a
connector, an adapter, a filter, a humidifier, a nebulizer, or a
prosthetic, in various embodiments.

[0032] An example of such a device is an endotracheal
tube 10, as depicted in FIG. 1. The endotracheal tube 10
includes a distal end portion 12 for intubation into a patient,
an intermediate portion 14, and a proximal end portion 16
for connection to other medical systems, such as a ventilator
(not shown). The distal end portion 12 may be shaped and
sized as in typical endotracheal tubes. Whereas the interme-
diate portion 14 may be made of a structure capable of
expanding, discussed in more detail below, the distal end
portion 12 may be made of any suitable material that is
suitably rigid. For example, the distal end portion 12 may be
polyvinyl chloride with a hardness of 84-90 Shore A. The
relative rigidity of the distal end portion 12 facilitates
guiding the endotracheal tube 10 through the patient’s
larynx and trachea. As such, the distal end portion 12 may
generally be more rigid than the intermediate portion 14 to
facilitate guidance through these narrow passageways. Suit-
able materials for the distal end portion 12 may also include
silicone, rubber, or polyurethane. Generally, the distal end
portion 12 may be attached to the intermediate portion 14 by
any suitable means, such as by adhesives or heat sealing,
solvent bonding, RF sealing, ultrasonic welding. Alterna-
tively, the endotracheal tube 10 may be extruded as a single
tube and the intermediate portion may be blow-molded to
have relatively thinner walls than the distal end portion 12
or the proximal end portion 16. In a specific embodiment,
the outer diameter of the distal end portion 12 may be
approximately 1-14 millimeters, which may vary depending
on whether the patient is a pediatric patient or an adult
patient. The distal end portion 12 may be any suitable length.
For example, in certain embodiments, the distal end portion
12 may be 10-50 millimeters. In addition, the distal end
portion 12 of the endotracheal tube 10 may include an
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opening 17 (see FIG. 2) in the side wall of the distal end
portion 12 near the distal opening 18. This opening 17 is
often called a “Murphy eye” and may serve as an alternate
flow path in the event that the distal opening 18 becomes
blocked. Also, the distal opening 18 may be beveled to allow
for smoother insertion through the larynx and trachea.

[0033] As with the distal end portion 12, the proximal end
portion 16 may be formed from conventional plastics or
polymers, including medical grade polyvinyl chloride. Gen-
erally, the proximal end portion 16 may be attached to the
intermediate portion 14 by any suitable means, such as by
adhesives or heat sealing. The proximal end portion 16 may
be capable of being attached and detached from other
medical systems, including a ventilator. As such, the proxi-
mal end portion 16 may terminate with a coupling, such as
a quick-disconnect coupling (not shown) or a standard 15
mm outer diameter coupling. In a specific embodiment, the
outer diameter of the proximal end portion 16 may be
approximately 2-11 millimeters, which may vary depending
on whether the patient is a pediatric patient or an adult
patient. The proximal end portion 16 may be any suitable
length. For example, in certain embodiments, the proximal
end portion 16 may be 0.1-50 or more centimeters. Further,
as the proximal end may be manipulated by healthcare
workers during tube insertion and connection, in certain
embodiments it may be advantageous for the proximal end
portion 16 to be relatively rigid, with a hardness in the range
of 84-90 Shore A. In a specific embodiment, at least a
portion of the outer diameter of the proximal end portion 16
may be about 15-16 millimeters. Such a diameter may allow
direct connection of the proximal end portion 16 to the
ventilator tubing, which may eliminate a connection piece,
providing cost and convenience advantages.

[0034] The endotracheal tube 10 may also include any
suitable number of lumens (not shown) that may be appro-
priately sized and shaped for inflation, deflation, or suction.
In one embodiment, a lumen may be operatively connected
to the intermediate portion 14 to assist inflation or deflation.
In another embodiment, a lumen may be disposed on the
tube 10 and may terminate in notch or hole in the proximal
portion 16 placed directly above the shoulder of the inter-
mediate portion 14 that allows suction of any secretions that
may build up on the top shoulder of the intermediate portion.

[0035] The intermediate portion 14 of the endotracheal
tube 10 includes a structure capable of expanding in diam-
eter. As depicted in FIG. 1, the intermediate portion 14 is in
a partially expanded state. The intermediate portion 14 may
contract such that its inner diameter is relatively smaller than
the inner diameter of the proximal end portion 16 or the
distal end portion 12. It should be understood that inner
diameter of the endotracheal tube 10 may generally be
measured from interior wall to interior wall of the tube, and
the outer diameter may be measured from the exterior wall
to exterior wall. Further, a maximum expandable outer
diameter of the intermediate portion may be measured prior
to insertion into a patient, as an intermediate portion 14 may
assume a diameter larger than a tracheal diameter when fully
expanded but not inserted into a patient. After insertion into
a patient, the maximum outer diameter of the intermediate
portion 14 may generally conform to the tracheal diameter,
because the outer diameter can only expand as much as the
trachea will allow. In certain embodiments, the intermediate
portion 14 may have a range of maximum possible inner or
outer diameters that may range from two times the size of an
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average trachea to half the size of the average trachea or
smaller. Further, the portion 14 may taper or vary in diameter
along its length. It should be understood that an average
trachea size may be an adult male or female average size that
is based on height and weight, or a child average size. For
example, an adult trachea may range in size from 14 mm to
27 mm, with the average being around 20 mm. In one
embodiment, the maximum expanded inner diameter of the
intermediate portion 14 may be only slightly smaller than
the outer diameter, and may range from 10 mm to slightly
less than 60 mm. However, any suitable inner diameter/outer
diameter combination is contemplated, and may depend on
the size of the patient and the use of the device (e.g.
veterinary use).

[0036] The intermediate portion 14 may also contract to
have minimum inner and outer diameters that are suitably
small to allow the intermediate portion 14 to be easily
inserted into the trachea. In certain embodiments, the con-
tracted inner or outer diameter may be 1-10 mm. However,
any suitable contracted inner diameter/outer diameter com-
bination is contemplated.

[0037] The intermediate portion 14 may be formed from
materials having suitable mechanical properties (such as
puncture resistance, pin hole resistance, tensile strength),
chemical properties, and biocompatibility. In one embodi-
ment, the walls of the intermediate portion 14 are made of
polyurethane having suitable mechanical and chemical
properties. An example of a suitable polyurethane is Dow
Pellethane® 2363-80A or 80AE. In another embodiment,
the walls of the intermediate portion 14 are made of a
suitable PVC. Suitable materials may also include polyeth-
ylene teraphthalate (PET), low-density polyethylene
(LDPE), polypropylene, silicone, neoprene, or polyisoprene.
[0038] In certain embodiments, the intermediate portion
14 may have relatively thinner tube walls than the proximal
end portion 16 and the distal end portion 12. For example,
an intermediate portion 14 may have tube walls that are
sufficiently thin to fold in on themselves in order to conform
to a patient tracheal diameter. The intermediate portion 14
tube walls may be between 5 microns 10 microns and 3
millimeters in thickness. In certain embodiments, the inter-
mediate portion 14 walls are between 0.2 mils (where mils
are thousandths of an inch) and 3 mils. Further, in certain
embodiments, the intermediate portion 14 may be such that
it may assume a slightly curved shape when expanded inside
the trachea. A slightly curved design may reduce kinking in
the endotracheal tube 10 that may result from outside forces
acting on the device.

[0039] In certain embodiments, the proximal end portion
16, the distal end portion 12, and intermediate portion 14
may be formed from the same material in an extrusion
manufacturing process. In such an embodiment, in order to
obtain the varying wall thicknesses of the different sections
of the endotracheal tube 10, a programmable parasin may be
used to vary the wall thickness along the extruded portion.
Further, after extrusion of a suitable length of tube contain-
ing all three portions, the intermediate portion 14 may be
subjected to a blow-molding process in order to achieve
decreased tube wall thickness and increased tube wall flex-
ibility. For example, the endotracheal tube 10 may also be
made by using preextruded tubing and applying heat and
pressure appropriately within a molding cavity to achieve
the desired shape (blow molding).
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[0040] These endotracheal tubes 10 can also be formed by
extrusion blow-molding, wherein an extruder fed polymer
pellets melts the polymer and feeds the molten polymer
through a die to form a tube shape. This still molten polymer
is then captured in a mold and air pressure is applied to
expand the tube out to the walls of the mold, thus achieving
the desired shape. In the extrusion blow molding process, a
core or mandrel of the extruder has apertures to admit a gas
such as pressurized air or an inert gas like nitrogen, into the
medical device. After a length of medical device has been
extruded, a mold clamps the medical device around the
mandrel. As gas is admitted to the intermediate portion 14
area through the mandrel, the intermediate portion 14
expands against the mold.

[0041] In the alternative, the intermediate portion 14 wall
may be expanded in a second discrete expansion process
following an extrusion or molding process, such as with a
shuttle blow molding process. This process results in the
area of the tube with larger diameters having thinner walls
because the same amount of material is stretched over a
larger area. The variable wall thickness, along the length of
the endotracheal tube 10 may also be specified in the blow
molding process by using a programmable parasin on the
extruder. A programmable parasin allows the wall thickness
being extruded to be controlled as a function of length.
Therefore, the extruded section may have walls of varying
thickness.

[0042] FIG. 3 depicts a specific embodiment in which the
intermediate portion 14 of an endotracheal tube 10 may
include expandable regions 22 separated by ribs 20. The ribs
20 are relatively rigid compared to the expandable regions
22. As depicted, the intermediate portion is in a partially
expanded state. However, when fully collapsed, the ribs 20
may be touching or almost touching while the expandable
regions 22 may fold in on themselves, allowing the inter-
mediate portion 14 to substantially decrease its inner and
outer diameters. Upon application of an expanding force or
apparatus, such as those described herein, the flexible
expandable regions 22 may unwrinkle and assume their full
size, allowing the inner diameter of the intermediate portion
14 to increase. For example, the intermediate portion 14 may
be expanded by positive pressure provided by a downstream
medical device, such as a ventilator. In other embodiments,
the intermediate portion 14 may be expanded by a remov-
able stent-like apparatus that may be removed prior to
removal of the endotrahceal tube 10.

[0043] The ribs 20 provide the advantage of added stabil-
ity to the intermediate portion, which may ease insertion of
the endotracheal tube 10 into the trachea. In specific embodi-
ments, it is envisioned that the ribs 20 may be as hard as the
proximal end 16 or distal end 12 (e.g. 84-90 Shore A or 70
shore A). Further, the ribs 20 may be extruded with the
expandable regions 22 as part of a single mold by varying
the thickness of the mold to accommodate the ribs 20.

[0044] In an alternative embodiment depicted in FIGS. 4
and 5, the intermediate portion 14 may include an expand-
able backbone 24. The expandable backbone 24 may be
formed from a mesh structure that may be made from any
suitable material such as a metal or a polymer. Such an
embodiment may provide the advantage of increased rigidity
to the flexible intermediate portion 14 during intubation. In
addition, the expandable backbone 24 may help maintain the
shape of the intermediate portion 14 while the intermediate
portion 14 is in its expanded state. In certain embodiments,
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the expandable backbone 24 may be located on the interior
of the intermediate portion 14, or it may be embedded in the
intermediate portion 14. In such an embodiment, the walls of
the intermediate portion 14 may be sufficiently elastic to
allow the expandable backbone 24 to expand fully.

[0045] An expandable backbone 24 is shown in its non-
expanded state in FIG. 4 and its expanded state in FIG. 5.
The cellular design of the expandable backbone 24 is meant
to be illustrative, and it should be understood that other
configurations and designs, such as coil, mesh or zigzag
designs, may be appropriate. Any suitable expandable
design may be used for the expandable backbone 24 of the
present invention. In certain embodiments, the cells may be
appropriately shaped as to maintain sufficient contact with
the tracheal walls such that a seal may be sustained.)
[0046] As mentioned above, the expandable backbone 24
should generally have sufficient elasticity, flexibility, and
rigidity to be navigated through the larynx and trachea so
that it does not abrade the patient’s airway. Further, the
expandable backbone 24 may be formed in a slightly curved
configuration that may improve insertion into the trachea.
Accordingly, stainless steel and other common alloys may
be used for the expandable backbone 24. These materials are
useful since their flexibility and high mechanical stability
ensure they will be expandable and collapsible while at the
same time capable of holding their form while in an
expanded state to form a seal against the trachea. The
material from which the expandable backbone 24 is formed
may have sufficient flexibility to allow for flexing and
movements of the trachea. However, one consideration is
that the expandable backbone 24 not be so rigid as to be
abrasive or to apply undue pressure against the tracheal
walls. Additionally, the expandable backbone 24 may be
formed from polymeric materials such as polyethylene
terephthalate (PETP), polyurethane and various acrylate
compositions.

[0047] In certain embodiments, the expandable backbone
24 may be formed from a shape memory material such as
nitinol. In such embodiments, the expandable backbone 24
may be substantially stable in both the expanded conforma-
tion and the collapsed conformation. Mechanical force, such
as force applied from an expanding apparatus, may be
sufficient to trigger the change from the collapsed state to the
expanded state. The expanded state may be also collapsed by
the application of force along at least a portion of the
intermediate portion 14. In other embodiments, the expand-
able backbone 24 may be mechanically “locked” into an
expanded conformation range by mechanical features in the
backbone design. For example, a diamond-shaped mesh
design may include joints at its points that lock into one
more possible expanded diameters.

[0048] Regardless of the materials used, the expandable
backbone 24 may not only support the flexible intermediate
portion 14 of the endotracheal tube 10 but may also be
physically attached to the intermediate portion 14 by any
suitable method, such as with adhesives, mechanical con-
nections, or heat bonding. One advantage of having the
expandable backbone 24 physically attached to the interme-
diate portion 14 is that it would prevent the two from axially
sliding relative to each other. In addition, before extubation,
both the expandable backbone 24 and the intermediate
portion 14 may be collapsed from their expanded states.
Having the two physically attached would assist during the
collapsing process. However, due to the expandable nature
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of the intermediate portion 14, it may be useful to restrict
physical attachment of the expandable backbone 24 and
intermediate portion 14 to certain strategic locations, allow-
ing the intermediate portion 14 more freedom of motion
during expansion and collapse. As mentioned above, an
important consideration is that the expandable backbone 24
and intermediate portion 14 may move in unison during the
collapsing process prior to extubation.

[0049] In certain embodiments, an inflatable balloon cuff
30 as depicted in FIG. 6 may be used in conjunction with the
endotracheal tube 10. In this embodiment, the inflatable
balloon cuft 30, instead of the intermediate portion 14, forms
the seal against the trachea walls. Typically, the inflatable
balloon cuft 30 is disposed, adhesively or otherwise, towards
the distal end of the endotracheal tube 10 below the vocal
cords. The inflatable balloon cuff 30 may be inflated and
deflated via a lumen 32 in communication with the inflatable
balloon cuff 30, typically through a hole or a notch in the
endotracheal tube 10. Further, a lumen (not shown) may be
disposed on the tube in order to suction off any secretions
that may build up on the cuff 30.

[0050] The inflatable balloon cuff 30 may be formed from
materials having suitable mechanical properties (such as
puncture resistance, pin hole resistance, tensile strength),
chemical properties (such as forming a suitable bond to the
endotracheal tube 10), and biocompatibility. In one embodi-
ment, the walls of the inflatable balloon cuff 30 are made of
polyurethane having suitable mechanical and chemical
properties. An example of a suitable polyurethane is Dow
Pellethane® 2363-90A or 90AE. In another embodiment,
the walls of the inflatable balloon cuff 30 are made of a
suitable polyvinyl chloride (PVC). Suitable materials may
also include polyethylene teraphthalate (PET), polyethylene
(PE), polypropylene, silicone, neoprene, or polyisoprene.

[0051] The intermediate portion 14 may also include a
double-layered structure in order to facilitate expansion and
collapse. As shown in FIGS. 7 and 8, such a double-layered
structure may include an inflatable gap between the two
layers that may allow the outer diameter of the intermediate
portion 14 to expand towards the tracheal walls while
simultaneously increasing its inner diameter. FIG. 7 shows
an exemplary intermediate portion 14 that includes a con-
centric outer layer 31 and inner layer 36 that are attached to
one another by connecting members 38. It is envisioned that
the gap between the inner layer 36 and the outer layer 31
may be filled with air or any suitable fluid via a lumen or
other inflation device (not shown) in order to expand the
inner diameter of the intermediate portion. The connecting
members 38 may include holes to allow a single lumen to
inflate the gap between the inner layer 36 and the outer layer
31. Alternatively, several lumens may be used such that each
isolated gap may be filled with air. As the outer layer 31
expands towards the tracheal walls, inner layer 36 may be
pulled along with it by the connecting members 38 in order
to increase the inner diameter of the intermediate portion 14.
The connecting members 38 may be polymeric, and they
may be flexible or rigid. In an alternative embodiment, an
exemplary double-layered intermediate portion is depicted
in FIG. 8 which an inner layer 40 is attached to an outer layer
44 at several attachment points 42 along the intermediate
portion. As the inner layer 40 is coupled to the outer layer
44, when the outer layer 44 expands towards the tracheal
walls, the inner layer is pulled along, expanding the inner
and outer diameters of the intermediate portion 14. The inner
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layer 40 and the outer layer 44 may be spot welded together
at only a few attachment points 42 to leave a generally open
space between them, such that the space between them may
be inflated by a single inflation lumen.

[0052] The tracheal tube may also be inserted into the
trachea with the aid of a stylet, in order to facilitate insertion,
as well as expansion and collapse. As shown in FIGS. 9 and
10, a double-layered structure may be inserted in the col-
lapsed state, depicted in FIG. 9, where the intermediate
portion 14 is collapsed to closely conform to the diameter of
a stylet 46. Both the inner layer 40 and the outer layer 38
may be generally draped, or furled, around the stylet 46.
After insertion, the inner 40 and outer layer 44 may expand
towards the tracheal walls, as shown in FIG. 10, and the
inner layer 40 may pulled along with the outer layer 44,
expanding the inner and outer diameters of the intermediate
portion 14. After successful insertion and inflation, the stylet
46 may be removed, or, in an alternate embodiment, may
remain substantially attached to the intermediate portion 14.

[0053] Generally, after the endotracheal tube 10 is inserted
into a patient’s trachea, the diameter of the intermediate
portion 14 may be expanded to conform to the tracheal
walls, as depicted in FIG. 2. The intermediate portion 14
may inflated to form a seal against the tracheal walls and
may prevent secretions or other detritus from passing
through the trachea into the lungs. The intermediate portion
may be inflated inside the patient’s trachea such that its
pressure against the tracheal walls is approximately 20-30
cm H,O. The intermediate portion 14 may also include a
safety mechanism or other feature designed to prevent the
pressure from exceeding a predetermined pressure, such as
50 cm H,O. For example, the intermediate portion 14 may
include a pressure valve to allow rapid deflation of the
intermediate portion 14. Alternatively, the intermediate por-
tion 14 may include a pop-oft section, which is designed to
rip or tear at excessive pressures. Such a portion may be
made from generally more fragile or thinner material than
the rest of the intermediate portion 14.

[0054] Possible methods of expansion include mechani-
cal, pneumatic, and/or thermal methods. In one embodiment,
radial expansion of the intermediate portion 14 may be
accomplished by a mechanical method. Under this method,
a mechanical expanding apparatus may be inserted within
the interior of the intermediate portion 14 before intubation.
After intubation, this mechanical expanding apparatus may
be used to radially expand the intermediate portion 14 until
the intermediate portion 14 contacts the tracheal walls. After
radial expansion of the intermediate portion 14, the
mechanical expanding apparatus may be collapsed to its
original configuration and removed from within the endot-
racheal tube 10. In certain embodiments, the intermediate
portion 14 may be constructed from materials with shape
memory, such as Nitinol, having a bi-stable configuration. In
such embodiments, the expanded state of the intermediate
portion 14 may have sufficient rigidity to maintain its
general shape after the expanding apparatus has been
removed. The mechanical expanding apparatus may also
serve the secondary function of a stylet, which is typically
used to guide an endotracheal tube into place within the
trachea. Use of a stylet may also be advantageous in
embodiments in which the intermediate portion 14 walls are
soft and thin, as the stylet may provide additional rigidity or
column strength to allow easier insertion of the endotracheal
tube 10.
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[0055] In another embodiment, radial expansion of the
intermediate portion 14 may be accomplished by a pneu-
matic method. In this embodiment, an inflatable balloon may
be inserted within the interior of the intermediate portion 14
before intubation. After intubation, the inflatable balloon
may be inflated, radially expanding the intermediate portion
14 until it contacts the tracheal walls. After radial expansion
of the intermediate portion 14, the inflatable balloon may be
deflated and removed from within the endotracheal tube 10.
[0056] In an alternative pneumatic expansion, the distal
end of the intermediate portion 14 may terminate with a
pneumatic cap which is designed to yield at a certain
pressure range. After intubation, radial expansion of the
intermediate portion 14 may be accomplished by applying
positive pressure within the endotracheal tube 10 from the
proximal end of the endotracheal tube 10. The entire endot-
racheal tube 10 device may be designed such that the
positive pressure would radially expand the intermediate
portion 14 before the pneumatic cap yields to the pressure,
at which point the airway of the endotracheal tube 10 may
become opened. In another embodiment, the intermediate
portion 14 may be inflated and deflated via a lumen in
communication with the intermediate portion 14, typically
through a hole or a notch in the endotracheal tube 10. In
certain embodiments, the intermediate portion 14 may be
operatively connected to a ventilator via the lumen to
maintain a substantially constant pressure within the inter-
mediate portion 14.

[0057] Inyetanother embodiment, radial expansion of the
intermediate portion 14 may be accomplished by a thermal
method. Under this method, the inherent physical properties
of the material used for the intermediate portion 14 would
allow the intermediate portion 14 to radially expand based
merely on temperature differences. For instance, the material
for the intermediate portion 14 may be selected such that its
glass transition temperature would allow a collapsed state at
room temperature and an expanded state at body tempera-
ture. In one embodiment, the intermediate portion 14 may
include a shape-memory Nitinol, with a shape transition
temperature close to body temperature. In such an embodi-
ment, the shape-memory Nitinol expands when inserted into
the body. Retraction may be accomplished by transferring
cooled air through the intermediate portion 14.

[0058] Regardless of the method used to radially expand
the intermediate portion 14, another method may be required
to radially collapse the intermediate portion 14 before extu-
bation. In one embodiment, radial collapsing of the inter-
mediate portion 14 may be accomplished by a mechanical
collapsing apparatus, converse to the mechanical expanding
apparatus mentioned above. Before extubation, the
mechanical collapsing apparatus may be inserted within the
endotracheal tube 10 and physically attached to the inter-
mediate portion 14. Any number of methods for physically
attaching the mechanical collapsing apparatus may be used.
However, one illustrative method is the use of a magnetized
mechanical collapsing apparatus such that the expandable
backbone 24, discussed below, is magnetically attracted to it.
This method may be useful in embodiments in which
stainless steel or other common alloy is used as the material
for the expandable backbone 24. In another embodiment,
radial collapsing of the intermediate portion 14 may be
accomplished through suction.

[0059] Because the intermediate portion 14 may contact
the tracheal walls during patient intubation, it is also envi-
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sioned that it may be advantageous for the intermediate
portion 14 to have a gel coating on its outer diameter in order
to place a soft, water-containing layer against the tracheal
mucosa, instead of a harder plastic material. This gel coating
may include biologically active agents, for example agents
adapted to promote cell growth or cilia growth. In such an
embodiment, therapeutic agents, such as growth factors,
may be included on the tissue-contacting surface of the
intermediate portion 14 as provided herein. Such agents may
include therapeutically beneficial amounts of biologically
active substances such as FGF (fibroblast growth factor),
EGF (epidermal growth factor), PDGF (platelet-derived
growth factor), IGF (insulin-like growth factor), TGF-p 1
through 3, cytokines, interferons, interleukins; hormones,
insulin, growth hormone-releasing factor, calcitonin, and/or
vitamins such as vitamin C, vitamin E, vitamin A or retinoic
acid (e.g. trans-retinoic acid, 13-cis-retinoic acid, 9-cis-
retinoic acid, other retinoids and mixtures thereof).

[0060] In a specific embodiment, the gel coating as pro-
vided herein may include a therapeutic quantity of a retinoic
acid in order to promote cilia regeneration. A therapeutic
agent such as a retinoic acid may be incorporated into a
mucoadhesive layer disposed on the intermediate portion 14.
In certain embodiments, the mucoadhesive layer includes at
least 0.01% retinoic acid. It should be understood that in
other embodiments, the retinoic acid or other therapeutic
agent may also be incorporated on the surface of the
intermediate portion 14 when a mucoadhesive layer is not
present.

[0061] In other embodiments, it may be advantageous to
provide that the gel coating include a therapeutic agent or a
combination of therapeutic agents with a wide variety of
biological activities. For example, the agent may include
anti-inflammatory, anti-scarification, anticoagulant, antibi-
otic, antiallergic and antioxidant compounds. Examples of
such anticoagulants include sodium heparin, low molecular
weight heparins, heparinoids, hirudin, argatroban, forskolin,
vapiprost, prostacyclin and prostacyclin analogues, dextran,
D-phe-pro-arg-chloromethylketone (synthetic antithrom-
bin), dipyridamole, glycoprotein IIb/Ila platelet membrane
receptor antagonist antibody, recombinant hirudin, and
thrombin inhibitors such as Angiomax (Biogen, Inc., of
Cambridge, Mass.). An example of an antiallergic agent is
permirolast potassium. Other therapeutic substances or
agents which may be appropriate include alpha-interferon,
genetically engineered epithelial cells, rapamycin, dexam-
ethasone, and functional analogs and structural derivatives
thereof. The therapeutic agent may include peptides or
proteins (such as enzymes, growth factors, hormones, and
antibodies), small molecule compounds, nucleic acids, lip-
ids, carbohydrates, steroids, glycoproteins, peptidomimet-
ics, and/or oligodynamic metals.

[0062] The therapeutic agent may be applied to the surface
of the intermediate portion 14 by techniques such as spray-
ing, dipping, covalently bonding, extrusion blow-molding,
or cross-linking the agent to the polymeric material of the
intermediate portion 14. For example, the intermediate por-
tion 14 may be dip-coated by dipping the intermediate
portion 14 in a solution containing the compound for a
sufficient period of time (such as, for example, five minutes)
and then drying the coated intermediate portion 14, such as
by means of air drying for a sufficient period of time. The
agent may be chemically attached to the surface of the
intermediate portion 14 through a two-step process surface
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activation through energy activation (e.g. plasma, pulsed
plasma, flow discharge reactive chemistry (FDRC), corona
discharge) or chemical activation, and subsequently chemi-
cally coupling the agent to the activated surface. Such
coupling of the agent to the intermediate portion 14 may be
accomplished through carbodiimide chemistry, reductive
amination, malemide-thiol reactions, etc. Further, the thera-
peutic agent may be compounded with a polymer compo-
sition and extruded or molded onto the surface of the
intermediate portion 14 as an outer layer, or it may be
compounded into the intermediate portion 14 material itself.

[0063] In particular, the nature of the therapeutic agent
may dictate its method of attachment to the intermediate
portion 14. For example, retinoic acids tend to be relatively
hydrophobic, and thus generally insoluble in water. In order
to incorporate a retinoic acid onto a relatively hydrophilic
surface, it may be advantageous to encapsulate the retinoic
acid in amphipathic microspheres that shield the hydropho-
bicity of the retinoic acid from the hydrophilic polymer on
the intermediate portion 14 walls. Such microspheres may
enhance delivery of the retinoic acid to the mucosa. Proteins
such as growth factors may also be encapsulated in micro-
spheres to be applied to the surface of the intermediate
portion 14. Nanoparticles may also be used to encapsulate or
assist in attachment of therapeutic agents to the intermediate
portion 14. Fullerenes, micelles or liposheres can all be
functionalized to attach to specific surfaces and provide
controlled-release of hydrophilic or hydrophobic molecules.
Alternatively, dendromers can be assembled to contain spe-
cific binding sites or adhesion properties and allow for a high
concentration of surface groups which may include one or
more therapeutic agents.

[0064] The therapeutically beneficial agent may be
adapted to be released from the intermediate portion 14 over
time. For example, the therapeutic agents may be incorpo-
rated into a mucoadhesive layer that is adapted to degrade
over time, which may allow release of the therapeutic agent.
In other embodiments, a therapeutic agent such as an anti-
microbial agent may be adapted to be released over time via
a water-soluble glass. In such an embodiment, the interme-
diate portion 14 may include a metal with antimicrobial
properties such as silver in a phosphorus-based glass mate-
rial that dissolves in water at a rate that may be a function
of its particular formulation. In one embodiment, a silver
calcium phosphorus-based glass may be part of a polymer
layer that is made up of about 5-10% by weight, e.g. about
7.5% silver calcium phosphorus-based glass by weight.
Such a phosphorus-based glass is available from Giltech
Limited, 12 North Harbour Industrial Estate, Ayr, Scotland,
Great Britain KA8 8BN.

[0065] The endotracheal tube 10 of the present invention
may be incorporated into systems that facilitate positive
pressure ventilation of a patient, such as a ventilator. These
systems may include connective tubing, a gas source, a
monitor, and/or a controller. The controller may be a digital
controller, a computer, an electromechanical programmable
controller, or any other control system. In certain embodi-
ments, the controller may vary the amount of pressure
applied to an intermediate portion 14 in order to vary the
inner diameter of the endotracheal tube 10. The variation
may occur breath-to-breath in order to move the endotra-
cheal tube 10 away from the patient’s tracheal walls and
reduce any discomfort associated with constant pressure of
the intermediate portion 14 against the tracheal walls. For
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example, as the work of breathing by the patient is experi-
enced during exhalation, it would be advantageous to have
a larger diameter intermediate portion 14 to decrease the
work of exhalation for the patient. However, as inspiration
is facilitated by the pressure of the ventilator, the patient is
generally passive during this step. Thus, decreasing the
diameter of the endotracheal tube 10 may not substantially
affect the patient’s work of breathing. Therefore, the con-
troller on the ventilator may regularly decrease the pressure
associated with the intermediate portion 14 inflation during
inspiration. For example, if the intermediate portion 14 is
designed to contact the tracheal walls at pressures of 20-30
cm H,O, a controller may decrease the intratube pressure to
10-15 ecm H,O. In such an embodiment, it may be advan-
tageous to provide a cuffed endotracheal tube 10 in order to
maintain positive pressure during such intervals in which
intermediate portion 14 of the endotracheal tube is not
sealed against the tracheal walls.

[0066] While the invention may be susceptible to various
modifications and alternative forms, specific embodiments
have been shown by way of example in the drawings and
have been described in detail herein. However, it should be
understood that the invention is not intended to be limited to
the particular forms disclosed. Rather, the invention is to
cover all modifications, equivalents, and alternatives falling
within the spirit and scope of the invention as defined by the
following appended claims.

What is claimed is:

1. A system comprising:

a tracheal tube comprising a lumen adapted to pneumati-
cally expand or contract a diameter of at least a portion
of the tracheal tube; and

a medical monitor adapted to be operatively coupled to a
tracheal tube, the medical monitor comprising instruc-
tions for:

increasing pressure to the lumen to expand a portion of
the tracheal tube to substantially conform to the
contours of the tracheal walls during a period of
patient expiration; and

decreasing pressure to the lumen to contract a portion
of the tracheal tube so that at least a portion of the
tracheal tube has an outer diameter that is less than
the diameter of the tracheal walls during a period of
patient inspiration.

2. The system, as set forth in claim 1, wherein the tracheal
tube comprises an expandable backbone.

3. The system, as set forth in claim 2, wherein the
expandable backbone comprises stainless steel or a metal
alloy.

4. The system, as set forth in claim 2, wherein the
expandable backbone comprises polyethylene terephthalate
(PETP), polyurethane or an acrylate composition.

5. The system, as set forth in claim 2, wherein the
expandable backbone is physically attached to the interme-
diate portion of the endotracheal tube.

6. The system, as set forth in claim 1, wherein the tracheal
tube comprises an endotracheal tube or a tracheostomy tube.

7. The system, as set forth in claim 1, comprising a
ventilator to which the endotracheal tube is operatively
connected at its proximal end.
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8. A method for sealing a patient’s trachea comprising:
inserting a tracheal tube into a patient’s trachea;
expanding a portion of the tracheal tube to substantially
conform to the contours of the tracheal walls during a
period of patient expiration; and
contracting a portion of the tracheal tube so that the
tracheal tube has an outer diameter that is less than the
diameter of the tracheal walls during a period of patient
inspiration.
9. The method, as set forth in claim 8, wherein the
expanding comprises a mechanical method.
10. The method, as set forth in claim 8, wherein the
expanding comprises a pneumatic method.
11. The method, as set forth in claim 8, wherein the
expanding comprises a temperature method.
12. The method, as set forth in claim 8, wherein the
expanding comprises expanding an expandable backbone.
13. The method, as set forth in claim 8, wherein the
expanding comprises applying pressure through a lumen.
14. The method, as set forth in claim 8, wherein the
contracting comprises a mechanical method.
15. The method, as set forth in claim 8, wherein the
contracting comprises a pneumatic method.
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16. The method, as set forth in claim 8, wherein the
contracting comprises a temperature method.

17. The method, as set forth in claim 8, wherein the
contracting comprises contracting an expandable backbone.

18. The method, as set forth in claim 8, wherein the
contracting comprises decreasing pressure through a lumen.

19. A computer readable medium comprising:

code for increasing pressure to the lumen of an expand-

able-diameter tracheal tube to expand a portion of a
tracheal tube to substantially conform to the contours of
the tracheal walls during a period of patient expiration;
and

code for decreasing pressure to the lumen of an expand-

able-diameter tracheal tube to contract a portion of the
tracheal tube so that at least a portion of the tracheal
tube has an outer diameter that is less than the diameter
of the tracheal walls during a period of patient inspi-
ration.

20. The computer readable medium, as set forth in claim
15, wherein increasing pressure to the lumen comprises
increasing the pressure so that the pressure of the tracheal
tube against the tracheal walls is at least 20 cm H,O.
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