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(57) ABSTRACT

The present disclosure describes systems and methods that
utilize a tracheal tube with a shaped evacuation port. An
evacuation port coupled to a suction lumen may be shaped to
reduce air channel formation within the suction lumen, which
in turn may improve the suctioning force and efficiency. The
shaped evacuation ports may be generally oval or may be
shaped to minimize a height dimension while maintaining a
suitable cross-sectional area. In particular embodiments, the
shaped evacuation ports may have cross-sectional areas that
correspond to a cross-sectional area of the suction lumen.
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SHAPED EVACUATION PORT FOR A
MULTI-LUMEN TRACHEAL TUBE

BACKGROUND

[0001] The present disclosure relates generally to medical
devices and, more particularly, to tracheal tubes that include
an evacuation lumen and an evacuation port that facilitates
suctioning of patient secretions.

[0002] This section is intended to introduce the reader to
various aspects of art that may be related to various aspects of
the present disclosure, which are described and/or claimed
below. This discussion is believed to be helpful in providing
the reader with background information to facilitate a better
understanding of the various aspects of the present disclosure.
Accordingly, it should be understood that these statements are
to be read in this light, and not as admissions of prior art.
[0003] In the course of treating a patient, a tracheal tube
(e.g., endotracheal, nasotracheal, or transtracheal device)
may be used to control the flow of gases into the trachea of'a
patient. Often, a seal between the outside of the tube and the
interior wall of the tracheal lumen is required, allowing for
generation of positive intrathoracic pressure distal to the seal.
Such seals may be formed by inflation of a balloon cuff inside
the trachea that contacts the tracheal walls.

[0004] Thetracheal seal may also prevent or reduce ingress
of solid or liquid matter into the lungs from proximal to the
seal. In particular, normal swallowing and draining activities
of'the upper respiratory tract may be disrupted by intubation.
Accordingly, secretions (e.g., mucus and saliva) formed in the
mouth may gather and pool above a shelf formed by the
inflated tracheal cuff. To reduce any migration of this material
past the seal of the cuff and into the lungs, clinicians may
manage the accumulation of secretions around the seal of the
cuff via external suctioning. For example, some tracheal
tubes include a dedicated lumen formed in the wall of the
tracheal tube that includes a port or opening configured to
access any pooled secretions. When negative pressure is
applied to the lumen, for example via a syringe, the secretions
enter the lumen through the port and are removed from the
patient.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Advantages of the disclosed techniques may
become apparent upon reading the following detailed
description and upon reference to the drawings in which:
[0006] FIG.1 is a side view of an inserted tracheal tube in
accordance with embodiments of the present disclosure;
[0007] FIG. 2 is a perspective view of a tracheal tube with
an evacuation port in accordance with embodiments of the
present disclosure;

[0008] FIG. 3 is a detail view of the evacuation port of the
tracheal tube of FIG. 2;

[0009] FIG. 4 is a cross-sectional view of the tracheal tube
of FIG. 2;

[0010] FIG. 5 is an illustration of air flow into a round
evacuation port;

[0011] FIG. 6 is plot of a ratio of mucus evacuated with
respect to time for a conventional round evacuation port;
[0012] FIG.7 is phase contour model of mucus suctionin a
conventional evacuation port;

[0013] FIG. 8 is phase contour model of an air channel
formed in a conventional evacuation port; and
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[0014] FIG. 9 is an illustration of reduced air flow into a
shaped evacuation port in accordance with embodiments of
the present disclosure.

DETAILED DESCRIPTION OF SPECIFIC
EMBODIMENTS

[0015] One or more specific embodiments of the present
techniques 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 com-
pliance with system-related and business-related constraints,
which may vary from one implementation to another. More-
over, it should be appreciated that such a development effort
might be complex and time consuming, but would neverthe-
less be a routine undertaking of design, fabrication, and
manufacture for those of ordinary skill having the benefit of
this disclosure.

[0016] Inserted airway devices, e.g., tracheal tubes, may
interfere with the normal drainage systems of the mouth and
throat. For devices that include inflatable balloon cuffs to seal
the lower airway space, the balloon cuff forms a physical
barrier to the drainage of liquid secretions that form in the
mouth, which may accumulate on top of the cuff. The accu-
mulated secretions may be suctioned away, for example via a
dedicated suction lumen formed in a wall of the device. Typi-
cally, such suctioning is intermittent, and the pool of secre-
tions is removed through an evacuation port located above the
inflated balloon cuff. Over time, a volume of secretions may
pool above the cuff such that the evacuation port is at least
partly covered by the secretions. As secretions are removed
via the evacuation port, the total volume of accumulated
secretions is reduced, which exposes the evacuation port to
more air than secretions. In such an environment, the evacu-
ation port suctions in a mix of air and secretions, which
reduces the efficiency of suctioning and increases the likeli-
hood of air channel formation. In particular, the formation of
an air channel in the suction lumen causes a nonlinear slow-
down in suctioning efficiency.

[0017] As described in detail below, embodiments of tra-
cheal tubes having shaped evacuation ports are provided
herein. In particular, the disclosed tracheal tubes include one
or more dedicated suction lumens that terminate in a shaped
evacuation port. The evacuation ports as provided improve
suctioning by reducing the incidence of air channel formation
within suctioned material. For example, such evacuation
ports may be generally shaped to minimize a height dimen-
sion, which may reduce or delay the exposure to air as the
secretion levels drop during suctioning. Such evacuation
ports may have elongated dimensions about the circumfer-
ence of the tube, which allows the size of the evacuation port
to remain large enough to pull viscous materials into the
suction lumen. In one embodiment, the evacuation ports may
be generally oval-shaped. In another embodiment, the dimen-
sions of the evacuation port may be matched to the cross-
sectional area of the suction lumen. That is, despite having
different cross-sectional shapes, the cross-sectional areas of
the evacuation port and the suction lumen may be about the
same. Such an implementation may facilitate efficient move-
ment of fluid through the evacuation port and into the suction
lumen.
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[0018] The tracheal tubes as provided herein are disposable
rather than reusable, capable of providing differential
mechanical ventilation to either or both lungs, and capable of
supporting all other functions of standard endotracheal tubes
(e.g. sealing, positive pressure generation, suctioning, irriga-
tion, drug instillation, etc). The tracheal tubes can be used in
conjunction with all acceptable auxiliary airway devices such
as (e.g. heat and humidity conservers, mechanical ventilators,
humidifiers, closed suction systems, scavengers, capnom-
eters, oxygen analyzers, mass spectrometers, PEEP/CPAP
devices, etc). Furthermore, although the embodiments of the
present disclosure illustrated and described herein are dis-
cussed in the context of tracheal tubes such as endotracheal
tubes, it should be noted that presently contemplated embodi-
ments may include a shaped evacuation port used in conjunc-
tion with other types of airway devices. For example, the
disclosed embodiments may be used in conjunction with a
single-lumen tube, tracheostomy tube, a double-lumen tube
(e.g., a Broncho-Cath™ tube), a specialty tube, or any other
airway device with a main ventilation lumen. Indeed, any
device with a suction lumen designed for use in an airway of
a patient may include an evacuation port as provided. As used
herein, the term “tracheal tube” may include an endotracheal
tube, a tracheostomy tube, a double-lumen tube, a bronchob-
locking tube, a specialty tube, or any other airway device.

[0019] Turning now to the drawings, FI1G. 1 is a perspective
view of an exemplary tracheal tube 12 with a shaped evacu-
ation port and configured to be placed in a patient’s airway in
accordance with aspects of the present disclosure. The tra-
cheal tube 12 includes a central tubular body 14 that defines a
ventilation lumen 16 that facilitates the transfer of gases to
and from the lungs, e.g., as airflow into the lungs shown by
arrow 18. The tracheal tube 12 includes an inflatable cuff 20
disposed towards a distal end 24. The distal end 24 terminates
in an opening 26. A proximal end of the tracheal tube 12 may
connect to upstream airway devices (e.g., a ventilator). A
Murphy eye 30 may be located on the tubular body 14 oppo-
site the opening 26 to prevent airway occlusion when the
tracheal tube 12 is improperly placed within the patient’s
trachea.

[0020] The cuff 20 is configured to seal the tracheal space
once inflated against the tracheal walls. The cuff 20 is typi-
cally affixed to an exterior wall 22 of the tubular body 14 via
aproximal shoulder 32 and a distal shoulder 34. As noted, the
present disclosure relates to tracheal tubes with one or more
shaped evacuation ports. For example, the tracheal tube 12
may include a suction lumen 36 that terminates in an evacu-
ation port 38 located above the proximal shoulder 32.

[0021] As shown in greater detail in perspective view in
FIG. 2, the tracheal tube 12 may include separate dedicated
lumens for cuff inflation and suction. For example, the cuff 20
may be inflated via inflation lumen 50 that emerges from the
tubular body 14 at a junction 51 and terminates at its proximal
end in an inflation tube 52 connected to an inflation pilot
balloon and valve assembly 54. The inflation lumen 50 ter-
minates in notch 56, which is in fluid communication with the
interior space 58 of the cuff 20. Additionally, it should be
noted that the cuff 20 may be any suitable cuff, such as a
tapered cuff, a non-tapered cuff, and so forth. The tracheal
tube 12 also includes a suction lumen 36 that extends along
the tracheal tube 12 and emerges from a junction 62 on the
tracheal tube 12 proximal of the vocal cords 40 (see FIG. 1) to
a suction line 64. The suction lumen 36 is in fluid communi-
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cation with the evacuation port 38 for suctioning secretions
into the suction lumen 36, and out of the tube via the suction
line 64.

[0022] The tracheal tube 12 and the cuff 20, as well as any
associated lumens, are formed from materials having suitable
mechanical properties (such as puncture resistance, pin hole
resistance, tensile strength), chemical properties (such as bio-
compatibility). In one embodiment, the walls of the cuft 20
are made of a polyurethane having suitable mechanical and
chemical properties. An example of a suitable polyurethane is
Dow Pellethane® 2363-80A. In another embodiment, the
walls of the cuff 20 are made of a suitable polyvinyl chloride
(PVC). In certain embodiments, the cuft 20 may be generally
sized and shaped as a high volume, low pressure cuffthat may
be designed to be inflated to pressures between about 15 cm
H,0 and 30 cm H,O. However, it should be understood that
the intracuff pressure may be dynamic. Accordingly, the ini-
tial inflation pressure of the cuff 20 may change over time or
may change with changes in the seal quality or the position of
the cuff 20 within the trachea. The tracheal tube 12 may be
coupled to a respiratory circuit (not shown) that allows one-
way flow of expired gases away from the patient and one-way
flow of inspired gases towards the patient. The respiratory
circuit, including the tracheal tube 12, may include standard
medical tubing made from suitable materials such as poly-
urethane, polyvinyl chloride (PVC), polyethylene teraphtha-
late (PETP), low-density polyethylene (LDPE), polypropy-
lene, silicone, neoprene, polytetrafluoroethylene (PTFE), or
polyisoprene. In addition, the tracheal tube may feature a
Magill curve. In one embodiment, the suction lumen 36 and
evacuation port 38 may be positioned on an outside surface 68
of'the curve, such that the evacuation port 38 generally faces
a dorsal side when inserted into the patient. The tracheal tube
12 may also include a connector 70 at its proximal end 72 for
connection to upstream devices via appropriate tubing. The
lumens (e.g., ventilation lumen 16, inflation lumen 50, and/or
suction lumen 36) may be formed in the tubular body 14 via
an extrusion process. In such an implementation, the lumens
run alongside the airflow path of the ventilation lumen 16
from the proximal end 72 to the distal end 24.

[0023] The evacuation port 38 may be formed in the tubular
body 14 by any suitable process, including milling, drilling,
cutting, hotwire methods, laser milling or cutting, and water
jet techniques. Further, in a specific embodiment, the evacu-
ation port 38 may be formed on the tubular body 14 after the
cuft 20 is applied such that the evacuation port 38 and the
proximal shoulder 32 of the cuff 20 are appropriately aligned.
However, in other embodiments, the evacuation port 38 may
be formed at an earlier stage in the manufacturing process,
and the cuff 20 may be applied after the evacuation port 38 has
been formed. In addition, the evacuation port 38 may be
formed relative to appropriate indicators or marks on the
tubular body 14. In one embodiment, the tube 12 may include
a marking that may be used to orient a laser or other cutting
tool.

[0024] FIG. 3 is a detailed view of one implementation of
an evacuation port 38 in which the evacuation port 38 is
generally ovoid. In specific embodiments, the evacuation port
may be an ellipse. The evacuation port includes a major
diameter 80 and a minor diameter 82. In the depicted embodi-
ment, the minor diameter 82 is generally along the flow path
of'the tracheal tube 12. The major diameter 80 form a part of
the outer circumference 86 of the tubular body 14 and is
approximately orthogonal to the minor diameter 82. How-
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ever, it should be understood that, in particular implementa-
tions, in may be advantageous to change the orientation of the
evacuation port 38. For example, the evacuation port 38 may
be slightly tilted such that the major diameter 80 is offset from
aplane orthogonal to the flow path (e.g., along axis 88) of the
tracheal tube.

[0025] Further, while the evacuation port 38 is depicted as
an oval, other shapes may achieve improved suctioning as
provided herein. In certain embodiments, the evacuation port
38 may have a rectangular shape, a slit shape, or irregular
shape that is generally elongated about the circumference 86
of the tubular body 14 relative to a dimension along the axis
88 of the flow path. In particular, in one embodiment, the
evacuation port 38 is characterized by having a shortest
dimension along the flow path 88 and a longest dimension
that is along a portion of the circumference 86. In a particular
embodiment, the shortest dimension or minor diameter 82
may be equal to or less than 4 mm, equal to or less than 3.5
mm, or equal to or less than 3 mm. As noted, the longest
dimension or major diameter 80 may be elongated relative to
the shortest dimension or minor diameter 82. For example, for
a shortest dimension of less than 3 mm, the longest dimension
may be at least 5 mm. Accordingly, the area of the evacuation
port 38 that is exposed to air as the secretion levels drop
during suctioning is reduced relative to a round shape. In
certain embodiments, the longest dimension (e.g., the major
diameter 80) is wider than the suction lumen 36. For example,
for a suction lumen that is 3 mm in diameter, the evacuation
port 38 may include portions 89 that extend about the circum-
ference 86 beyond the lumen.

[0026] In aspecific implementation, the evacuation port 38
is formed such that its cross-sectional area is approximately
equal to a cross-sectional area of the suction lumen 36. FIG.
4 is a cross-sectional view of the suction lumen 36, showing
an internal diameter 90. The cross-section is taken along a
plane approximately orthogonal to the flow path of the suc-
tion lumen 36 (or the tubular body 14). In certain embodi-
ments, the internal diameter of the suction lumen 36 may be
equal to or less than 5 mm or equal to or less than 3 mm. It
should be understood that the diameter of the suction lumen
36 may be selected in conjunction with an appropriate tube
size. That is, larger tracheal tubes 12 may include larger
suction lumens 36 and smaller tubes 12 may includes suction
lumens 36 with relatively smaller diameters. In one embodi-
ment, the dimensions of the evacuation port 38 may be deter-
mined using the following equation:

A=mna, b

majorOminor
[0027] The area A is the same for the suction lumen 36 and
the evacuation port 38, e.g., the cross-sectional area A of the
evacuation port 38 may be determined by setting A to the
cross-sectional area of the suction lumen 36. In turn, the
cross-sectional area of the suction lumen 36 may be calcu-
lated by using the internal diameter of the suction lumen 36.
The dimensions of the major diameter (a,,,,,,) and minor
diameter (b,,,,,,.,) may be solved for a range of possible values.
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In particular embodiments, the range for the major diameter
8,40 May be selected to maintain tube integrity. In one
embodiment, the major diameter a,,, ;. may be less than 50%
of the circumference of the evacuation lumen 36.

[0028] FIG. 5 is a schematic view of a round evacuation
port 100 partially covered by secretions 102. As the secretion
levels drop, air is suctioned into the evacuation port 100,
which reduces the suctioning efficiency. In one example of
the disclosed embodiments, a generally round evacuation
port was tested for fluid evacuation in a glass trachea. Artifi-
cial mucus solution was added to the system and suctioned
out. FIG. 6 is a plot 110 of the ratio of mucus to air over time.
As shown, over time, the amount of mucus suctioned out,
shown as line 112, falls off after 0.02 seconds. These results
are confirmed by phase contour plots taken during the testing
process. FIG. 7 is a phase contour plot 120 of the system taken
at 0.0004 seconds showing flow through a suction lumen 36
for the round evacuation port. FIG. 8 is a phase contour plot
130 of air channel formation at 0.0024 seconds for the same
system, when the amount of mucus evacuated is greatly
reduced. An air channel 132 is visible in the suction lumen 36.
The emergence of the air channel 132 corresponds with the
slowdown of suction, as shown in FIG. 6. Air channel forma-
tion, as shown with a round evacuation port design, may result
in a nonlinear slowdown or complete cessation in mucus
suctioning. Accordingly, because the evacuation port 38 as
provided herein may result in reduced air channel formation,
the incidence of such slowdowns or stoppages may also be
reduced.

[0029] FIG. 9is a schematic diagram of an evacuation port
38 as provided with an elongated shape. The configuration of
the elongated major diameter 80 and the reduced minor diam-
eter 82 results in less surface area of the evacuation port 38
exposed to air for the a particular volume of fluid relative to a
round design. For fluid flowing under Mach 1, as the cross
sectional area increases, the effective suction pressure
decreases. As provided herein, by decreasing the cross sec-
tion of the evacuation port 38, the effective pressure can be
increased. When the cross section of the evacuation port 38
opening is about equal to the cross section of the evacuation
lumen 36, the effective suction pressure will be the same.
[0030] Table 1 shows the results of experiments performed
with two different evacuation port sizes relative to a control
round shape. Design #1 refers to an evacuation port with a
shortest dimension or minor diameter of about 4 mm and
design #2 refers to an evacuation port with a shortest dimen-
sion or minor diameter of about 3.5 mm. Relative to design
#1, design #2 included a major diameter that was longer. Both
design #1 and design #2 featured evacuation ports in which
the major diameter was oriented about the circumference of
the tube and the minor diameter was approximately orthogo-
nal (e.g., was along the flow path of the tube) to the major
diameter. These designs were compared to a round evacuation
port with a diameter of 5.8 mm. Both design #1 and design #2
were elongated in the major diameter relative to the round
port design.

TABLE 1

Results of suction testing for different evacuation port designs.

Artificial mucus added to system

0.285mL  0307mL 0.679mL 0.75mL 1mL 2mL 35mL
Round port  Mucus height after No mucus No mucus No mucus 31 3.1 3.1 31
suction (mm) evacuated evacuated evacuated
Volume remaining (mL) 0.679 0.679 0.679 0.679
Volume evacuated (mL) 0.071 0.321 1.321 4.321



US 2013/0146063 Al

TABLE 1-continued
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Results of suction testing for different evacuation port designs.

Artificial mucus added to system

0.285mL  0307mL 0.679mL 0.75mL 1mL 2mL 5mL

Design #1 Mucus height after No mucus No mucus 1.4 14 1.4 14 14

suction (mm) evacuated evacuated

Volume remaining (mL) 0.307 0.307 0.307 0.307 0.307

Volume evacuated (mL) 0.372 0.443 0.443 1.693 4.693
Design #2 Mucus height after No mucus 1.3 1.3 1.3 1.3 1.3 1.3

suction (mm) evacuated

Volume remaining (mL) 0.285 0.285 0.285 0.285 0.285 0.285

Volume evacuated (mL) 0.022 0.394 0.465 0.715 1.715 4.715

Comparison Design #1 over round
port

Design #2 over round
port

Design #2 over design
#1

627%  216% 128% 109%

658%  223% 130% 109%

105% 103% 101% 100%

[0031] In the testing system, different volumes of an artifi-
cial mucus solution were added and suctioned out. The suc-
tioning efficiency was determined by the volume removed as
well as the volume remaining and the height of the fluid
remaining in the system. In the round port and for certain
volumes tested with design #1 and design #2, low fluid vol-
umes presented the greatest risk of air channel formation,
because low volumes were more likely to only partially cover
the evacuation ports tested. However, the reduced minor
diameter dimensions for designs #1 and #2 showed improved
suctioning at most fluid volumes relative to the round port. In
particular, all ofthe designs did not suction the smallest tested
volume of 0.285 mL. Both design #1 and design #2 had
improved performance for other volumes of mucus. The
results indicate that the tested designs have greater ability to
maintain suction at lower fluid volumes. Design #2 was short-
est in the dimension along the tube length. This design was
able to perform in suctioning tests for volumes down to 0.307
mL. The round port and design #1 were not able to suction at
this volume. The results show that design #1 and design #2
may improve suctioning efficiency several-fold relative to a
round design.

[0032] While the disclosure 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 under-
stood that the embodiments provided herein are not intended
to be limited to the particular forms disclosed. Rather, the
various embodiments may cover all modifications, equiva-
lents, and alternatives falling within the spirit and scope of the
disclosure as defined by the following appended claims. Fur-
ther, it should be understood that elements of the disclosed
embodiments may be combined or exchanged with one
another.

What is claimed is:

1. A tracheal tube, comprising:

a conduit defining a passageway for delivering gas to a
patient’s lungs comprising a proximal end and a distal
end;

an inflatable balloon cuff coupled to a wall of the conduit;

a suction lumen formed in the wall of the conduit; and

an evacuation port formed in the wall of conduit and
coupled to the suction lumen, wherein a cross-sectional

area of the evacuation port is approximately equal to a
cross-sectional area of the suction lumen.

2. The tracheal tube of claim 1, wherein the evacuation port
comprises an oval shape.

3. The tracheal tube of claim 1, wherein the evacuation port
comprises a longest dimension along a circumference of the
tracheal tube.

4. The tracheal tube of claim 1, wherein the cross-sectional
area of the evacuation port is approximately 12 mm or less.

5. The tracheal tube of claim 1, wherein the suction lumen
is positioned on the tracheal tube such that the evacuation port
opens to a dorsal side of the patient when the tracheal tube is
inserted.

6. The tracheal tube of claim 1, wherein the suction lumen
has an internal diameter of approximately 5 mm or less.

7. The tracheal tube of claim 1, wherein the cross-sectional
area of the evacuation port is determined using the equation:

A=mna, b

majorOminor

wherein A is the cross-sectional area of the evacuation port,
a,,4j0- 15 a length of the major diameter of the evacuation port,
andb,,;,., 1s a length of the minor diameter of the evacuation
port, and wherein A is set to an area of a circular cross-section
formed in the suction lumen.

8. The tracheal tube of claim 7, wherein the circular cross-
section formed in the suction lumen is orthogonal to a flow
path of the suction lumen.

9. A tracheal tube, comprising:

a conduit defining a passageway for delivering gas to a
patient’s lungs comprising a proximal end and a distal
end;

an inflatable balloon cuff coupled to a wall of the conduit;

a suction lumen formed in the wall of the conduit; and

an evacuation port formed in the wall of conduit and
coupled to the suction lumen, wherein the evacuation
port comprises an oval and wherein a major diameter of
the oval is less than 50% of a circumference of the
suction lumen.

10. The tracheal tube of claim 9, wherein the evacuation

port comprises an ellipse.

11. The tracheal tube of claim 9, wherein the suction lumen
has an internal diameter of approximately 5 mm or less.
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12. The tracheal tube of claim 9, wherein the suction lumen
has an internal diameter of approximately 3 mm or less.

13. The tracheal tube of claim 9, wherein the evacuation
port comprises a minor diameter of approximately 3.5 mm or
less.

14. The tracheal tube of claim 9, wherein the evacuation
port comprises a minor diameter of approximately 4 mm or
less.

15. A tracheal tube, comprising:

a conduit defining a passageway for delivering gas to a
patient’s lungs comprising a proximal end and a distal
end;

an inflatable balloon cuff coupled to a wall of the conduit;

a suction lumen formed in the wall of the conduit; and

an evacuation port formed in the wall of conduit and
coupled to the suction lumen, wherein the evacuation
port comprises a longest dimension approximately
orthogonal to a flow path of the suction lumen and a
shortest dimension approximately parallel to a flow path
of the suction lumen.

16. The tracheal tube of claim 15, wherein the tracheal tube

comprises an endotracheal tube.

17. The tracheal tube of claim 15, wherein the tracheal tube
comprises a tracheostomy tube.

18. The tracheal tube of claim 15, wherein the shortest
dimension is approximately 4 mm or less.

19. The tracheal tube of claim 15, wherein the shortest
dimension is approximately 3.5 mm or less.

20. The tracheal tube of claim 15, wherein the evacuation
port comprises a rectangle.

#* #* #* #* #*
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