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(57) ABSTRACT 

There is provided a medical tube lumen plug, comprising: a 
plug, comprising: a body configured to be mechanically 
coupled to a lumen of a medical tube; and a protrusion con 
figured to extend external to the medical tube, wherein the 
protrusion is configured to prevent occlusion of an aperture, 
wherein the aperture is configured to provide a pathway 
between the lumen and a region external to the medical tube. 
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METHOD AND APPARATUS FOR 
PREVENTING OCCLUSION OFA 

TRACHEALTUBE SUCTION LUMEN 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 1 1/595.223, filed Nov. 10, 2006, the 
specification of which is incorporated by reference in its 
entirety herein for all purposes. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to medical devices 
and, more particularly, to airway products, such as tracheal 
tubes and medical devices inserted into the trachea of a 
patient to facilitate mechanical ventilation of a patient's 
lungs. 
0004 2. Description of the Related Art 
0005. This section is intended to introduce the reader to 
various aspects of art that may be related to aspects of the 
present invention, 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 invention. 
Accordingly, it should be understood that these statements are 
to be read in this light, and not as admissions of prior art. 
0006. During the course of medical care, a tube or other 
medical device may be used to control the flow of air, fluids 
and foods into a patient. For example, medical devices, such 
as tracheal tubes, are often inserted into the trachea of a 
patient to provide a pathway for transferring air, oxygen, 
drugs, oranesthetic gases into the lungs. Other devices may 
be inserted into the body to transfer liquid, food or other 
substances into and out of a patient. While the tube is inserted 
into the patient, a seal may be formed between the tube and 
the tracheal wall to control the flow of substances. For 
example, an inflatable cuff may surround a portion of the 
tracheal tube, and the cuff may be inflated after the tracheal 
tube has been inserted into the trachea of a patient. Once 
inflated, the cuffmay provide a seal between the tracheal tube 
and the tracheal wall. The seal may prevent secretions above 
the tracheal tube from leaking past the tube and into the lungs 
of the patient, as well as, prevent air that is introduced into the 
lungs through the tracheal tube from escaping via the trachea. 
In this configuration, the flow of Substances through the tra 
chea may be limited to the flow in the tube or other medical 
device. This may allow a medical practitioner to maintain 
control over the type and amount of Substances flowing into 
and out of the patient's trachea. 
0007 Although these techniques are beneficial, some 
challenges remain. For example, secretions tend to flow down 
the trachea and settle just above the seal location. To remove 
and limit the build up of these secretions, various methods 
have been developed. For example, some tracheal tubes may 
include a fluid removal lumen that runs the length of the tube 
and that terminates at an aperture located just above the 
inflatable cuff. In such a configuration, the fluid build up may 
be periodically or continuously evacuated via a vacuum 
attached to the fluid removal lumen, where the vacuum pro 
vides suction at the aperture of the tracheal tube. Although the 
evacuation process may provide for removal of Secretions, it 
may be possible for the aperture to be come occluded. For 
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example, during evacuation, the aperture may come in con 
tact with the wall of the trachea. When this happens, the 
Suction may pull the tracheal wall against the aperture, 
occluding the aperture and preventing removal of the secre 
tions. 
0008 Accordingly, it is desirable that a medical device, 
Such as a tracheal tube, include a component that is designed 
to prevent occlusion of the evacuation pathway. 

SUMMARY 

0009 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 provide 
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. 
0010. In accordance with one exemplary embodiment, a 
medical tube lumen plug, comprising: a plug comprising: a 
body configured to be mechanically coupled to a lumen of a 
medical tube proximate an aperture in the tube; and a protru 
sion configured to extend external to the medical tube to 
prevent occlusion of the aperture, wherein the aperture is 
configured to provide a pathway between the lumen and a 
region external to the medical tube. 
0011. There is also provided a medical tube comprising: 
an elongated tube comprising: a tubular body: a lumen that 
extends along the tubular body to provide a passageway for 
the removal of fluids and gases; a sealing member on the 
tubular body that is configured to provide a seal between the 
tubular body and a body cavity wall; and an aperture in an 
exterior wall of the tubular body, wherein the aperture is 
configured to provide a pathway between the lumen and a 
region external to the tubular body; and a plug mechanically 
coupled to the tubular body, wherein the plug comprises a 
protrusion that extends external to the tubular body proximate 
the aperture, wherein the protrusion is configured to prevent 
occlusion of the aperture. 
0012. In another embodiment there is provided a medical 
tube comprising: an elongated tube comprising: a tubular 
body; a lumen that extends along the tubular body to provide 
a passageway for the removal of fluids and gases; a sealing 
member on the tubular body that is configured to provide a 
seal between the tubular body and a body cavity wall; and an 
aperture in an exterior wall of the tubular body, wherein the 
aperture is configured to provide a pathway between the 
lumen and a region external to the tubular body; and a plug 
coupled to the lumen, wherein the plug comprises a protru 
sion that extends external to the tubular body proximate the 
aperture, wherein the protrusion is configured to prevent 
occlusion of the aperture. 
0013 There is also provided a method of manufacturing a 
medical tube, comprising: providing a medical tube compris 
ing: an elongated tubular body; and a lumen that extends 
along the tubular body and that is configured to provide a 
passageway for the removal of fluids and gases, the lumen 
having an aperture, in an external wall of the tubular body, 
wherein the aperture is configured to provide a pathway 
between the lumen and a region external to the tubular body; 
providing a plug comprising: a body; and a protrusion con 
figured to extend external to the tubular body, wherein the 
protrusion is configured to prevent occlusion of the aperture; 
and mechanically coupling the plug to the medical tube. 
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0014. In yet another embodiment, there is also provided a 
medical tube comprising: an elongated tubular body; a lumen 
that extends along the tubular body and that is configured to 
provide a passageway for the removal of fluids and gases; an 
aperture in the wall of the tubular body, wherein the aperture 
is configured to provide a pathway between the lumen and a 
region external to the tubular body; and an inflatable sealing 
member comprising: a seal region configured to provide a 
seal between the elongated tubular body and a body cavity 
wall when the inflatable sealing member is inflated; and a slot 
region configured to prevent occlusion of the aperture, 
wherein the slot region is formed about the exterior of the 
sealing member, wherein the slot region provides an inden 
tation in the sealing member, wherein the slot region Sur 
rounds at least a portion of the aperture, wherein the slot 
region provides a passage from the region external to the 
tubular body to the aperture, and wherein the slot region is 
configured to prevent contact of the aperture to a cavity wall 
of a patient. 

BRIEF DESCRIPTION OF THE DRAWINGS 

00.15 Advantages of the invention may become apparent 
upon reading the following detailed description and upon 
reference to the drawings in which: 
0016 FIG. 1 illustrates an exemplary endotracheal tube 
with a cuff and plug in accordance with aspects of the present 
technique; 
0017 FIG. 2 illustrates the endotracheal tube of FIG. 1 
inserted into a patient's trachea in accordance with aspects of 
the present technique; 
0018 FIG.3 illustrates a perspective view of an exemplary 
plug in accordance with aspects of the present technique; 
0019 FIG. 4 illustrates a detailed side view of the endot 
racheal tube of FIG. 1 using the plug of FIG.3 in accordance 
with aspects of the present technique; 
0020 FIG.5 illustrates a cross sectional view of the endot 
racheal tube of FIG. 4 taken along line 5-5 of FIG. 4; 
0021 FIG. 6 illustrates a cross sectional view of the endot 
racheal tube of FIG. 4 taken along 6-6 of FIG. 4; 
0022 FIG. 7 illustrates a perspective view of an alternate 
plug configuration in accordance with aspects of the present 
technique; 
0023 FIG. 8 illustrates a detailed side view of the endot 
racheal tube of FIG. 1 using the plug of FIG. 7 in accordance 
with aspects of the present technique; 
0024 FIG.9 illustrates a cross sectional view of the endot 
racheal tube of FIG. 8 taken along line 9-9 of FIG. 8: 
0025 FIG. 10 illustrates a cross sectional view of the 
endotracheal tube of FIG.8 taken along line 10-10 of FIG. 8: 
0026 FIG. 11 illustrates a perspective view of another 
alternate plug configuration in accordance with aspects of the 
present technique; 
0027 FIG. 12 illustrates a detailed side view of the endot 
racheal tube of FIG. 1 using the plug of FIG. 11 in accordance 
with aspects of the present technique; 
0028 FIG. 13 illustrates a cross sectional view of the 
endotracheal tube of FIG. 12 taken along line 13-13 of FIG. 
12: 
0029 FIG. 14 illustrates a cross sectional view of the 
endotracheal tube of FIG. 12 taken along line 14-14 of FIG. 
12: 
0030 FIG. 15 illustrates a perspective view of yet another 
alternate plug configuration in accordance with aspects of the 
present technique; 
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0031 FIG. 16 illustrates a detailed side view of the endot 
racheal tube of FIG. 1 using the plug of FIG. 15 in accordance 
with aspects of the present technique; 
0032 FIG. 17 illustrates a cross sectional view of the 
endotracheal tube of FIG. 16 taken along line 17-17 of FIG. 
16: 
0033 FIG. 18 illustrates a cross sectional view of the 
endotracheal tube of FIG. 16 taken along line 18-18 of FIG. 
16: 
0034 FIG. 19 illustrates an endotracheal tube with a slot 
ted inflatable cuff in accordance with aspects of the present 
technique. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

0035. 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 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. 
0036) A variety of medical devices are designed to be 
inserted with the cavities or passages of the human body. 
Examples of Such medical devices include catheters, Stents, 
feeding tubes, intravenous tubes, breathing tubes, and so 
forth. The endotracheal tube 10, illustrated in FIG. 1, is an 
example of Such a medical device. As depicted, the endotra 
cheal tube 10 may include a primary tube 12 with a proximal 
end 14 and distal end 16. The body of the primary tube 12 may 
define a primary passageway 18 for the transfer of gases or 
other substances. Further, the proximal end 14 of the primary 
tube 12 may include a connector 19 that may provide for 
connection of the endotracheal tube 10 to another medical 
device. Such as a mechanical ventilator used to inject oxygen 
or other gases into a patient's lungs. 
0037. An inflatable cuff20 may be provided near the distal 
end 16 of the primary tube 12. During insertion of the endot 
racheal tube 10 into the trachea of the patient, the cuff 20 may 
remain uninflated. However, once the endotracheal tube 10 is 
properly in place, the cuff 20 may be inflated via a syringe 
(not shown) connected to a proximal end 27 of an inflation 
lumen 25. Once inflated, the cuff 20 may expand in the 
trachea 22 of the patient, providing a seal 23 between the 
endotracheal tube 10 and the tracheal wall 24 (see FIG. 2). 
The seal 23 created by the cuff 20 in an inflated state may be 
desirable to prevent gases that are being pumped into the 
patient from escaping through the trachea 22. 
0038. Although the seal 23 between the inflated cuff 20 
and the tracheal wall 24 may be beneficial to prevent gases 
and other Substances from escaping through the trachea 22. 
the seal 23 may also retain secretions of the patient. For 
example, once the endotracheal tube 10 is inserted into the 
trachea 22 of the patient and the cuff 20 is inflated, secretions 
from above the seal 23 may flow down the trachea 22 and 
settle in a region 21 just above the inflated cuff 20 (see FIG.2). 
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The build up of secretions may provide a location for patho 
gens or other infectious Substances to form. This potential 
may be decreased by evacuating the settled secretions and 
other Substances. 

0.039 Evacuation of the secretions which settle above the 
cuff 20 may be accomplished by providing a vacuum to 
suction out the settled secretions. As depicted in FIG. 1, the 
primary tube 12 of the endotracheal tube 10 may include a 
fluid removal lumen 28 that extends along the length of the 
primary tube 12. The fluid removal lumen 28 may terminate at 
an aperture 26 in the side of the primary tube 12 just above the 
cuff 20. In one embodiment, a lower fluid removal lumen 29 
may continue between the aperture 26 and the distal end 16 of 
the primary tube 12. If the lower fluid removal lumen 29 is 
present, it is generally occluded just below the aperture 26 or 
near the distal end 16 to provide a suction path though the 
fluid removal lumen 28 and the aperture 26. Accordingly, 
when the endotracheal tube 10 is inserted into the trachea 22 
of the patient with the cuff 20 inflated, the secretions above 
the cuff 20 may be removed by providing suction in the fluid 
removal lumen 28. For example, a practitioner may occasion 
ally connect a vacuum to an external fluid removal tube 30 to 
evacuate the secretions via the fluid removal lumen 28 and the 
aperture 26. 
0040 Although this configuration may generally provide 
for trouble-free removal of the secretions, difficulty may arise 
if the aperture 26 becomes occluded. For example, if the 
aperture 26 nears or contacts the tracheal wall 22, the suction 
provided by the vacuum through the fluid removal lumen 28 
may draw in the tracheal wall 22 to the aperture 26, causing 
the tissue of the trachea 22 to occlude the aperture 26 and 
thereby prevent removal of the secretions. 
0041 Although the cuff 20 may act to center the primary 
tube 12 and prevent contact between the tracheal wall 24 and 
the aperture 26, it has been discovered that in many instances 
endotracheal tubes 10 do not center about the inflated cuff 20. 
In light of these realizations, to prevent the tracheal wall 22 
from contacting and/or occluding the aperture 26, a bump or 
protrusion may be provided on the exterior of the primary 
tube 12 to maintain spacing between the aperture 26 and the 
tracheal wall 22, thereby preventing occlusion of the aperture 
26 during the evacuation process. Manufacturing of Such an 
endotracheal tube 10 may include aligning the bump relative 
to the aperture, and affixing the bump to the endotracheal tube 
10 via an adhesive or other bonding method. This process is 
often time consuming and labor intensive. Accordingly, it is 
desirable to provide a raised area, bump or protrusion near the 
aperture 26 in a manner that does not require bonding of the 
bump to the endotracheal tube 10 and in a manner that may be 
easily incorporated into the current manufacturing process. 
0042. As shown in FIGS. 1 and 2, this issue may be 
addressed by utilizing a plug 36 that may mechanically and/or 
adhesively couple to the endotracheal tube 10 to provide a 
protrusion near the aperture 26. Turning now to FIG.3, in one 
embodiment, a plug 36A may include a body 38A and a 
protrusion 40A. The body 38A may provide for mechanically 
coupling the plug 36A to the endotracheal tube 10, and the 
protrusion 40A may provide for separation of the aperture 26 
from the tracheal wall 22. For example, as depicted in FIG.3, 
the body 38A of the plug 36A may be shaped to provide for 
mating of the body 38A into the lower fluid removal lumen 29 
of the endotracheal tube 10. As depicted in FIGS. 5, 6 and 7. 
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the body 38A may be inserted into the lower fluid removal 
lumen 29 such that the body 38A occludes the lower fluid 
removal lumen 29. 

0043. In one embodiment, the plug 36A may be secured to 
the lower fluid removal lumen 29 via an interference fit 
between the body 38A and the walls of the lower fluid 
removal lumen 29. For example, as depicted in FIGS. 3, 4, 5 
and 6, the body 38A of the plug 36A may take on the general 
shape of the respective lumen where it is inserted (i.e., the 
shape of the fluid removal lumen 28 or the lowerfluid removal 
lumen 29). As depicted, the body 38A has a similar oval shape 
as the oval shape of the fluid removal lumen 28 and the lower 
fluid removal lumen29. In another embodiment, the plug36A 
may be secured to the lower fluid removal lumen 29 by 
applying an adhesive or solvent bonding agent between the 
plug36A and the wall of the lowerfluid removal lumen 29. As 
will be appreciated by a person of ordinary skill in the art, the 
plug 36A may be secured to the endotracheal tube 10 by any 
means which properly seats the plug 36A relative to the 
aperture 26. For example, the gap between the body 38A and 
the protrusion 40 may be small enough such that the plug36A 
may be clipped about the external surface of the primary tube 
12 and the wall of the lower fluid removal lumen 29. In such 
a configuration, the plug 36A is secured by an interference fit 
that may be aided by the application of an adhesive or a 
solvent. Other methods to secure the plug 36A to the endot 
racheal tube 10 may include ultrasonic welding or thermal 
bonding. 
0044. In addition to securing the plug 36A, inserting the 
body 38A of the plug 36A into the lower fluid removal lumen 
29 may provide for occluding the lower fluid removal lumen 
29. For example, in one embodiment, the fluid removal lumen 
28 and the lower fluid removal lumen 29 may extend the 
entire length of the primary tube 12. Therefore, if the lower 
fluid removal lumen 29 is not occluded, a vacuum provided 
through the fluid removal lumen28, via external fluid removal 
tube 30, may result in suction through both the aperture 26 
and the distal end of the lower fluid removal lumen 29. By 
configuring the plug 36A such that it occludes the lower fluid 
removal lumen 29, the suction provided by the vacuum may 
be limited to the opening of the aperture 26. As will be 
appreciated by a person of ordinary skill in the art, the plug 
36A will occlude the lower fluid removal lumen 29 because it 
completely fills the cavity of the lower fluid removal lumen 
29. 

0045. To provide for separation of the aperture 26 from the 
tracheal wall 22, the plug 36A may include a protrusion 40 
that extends outwardly from the exterior of the primary tube 
12. In the embodiment depicted in FIGS. 3-6, when the body 
38A of the plug 36A is inserted into the lower fluid removal 
lumen 29, the protrusion 40A extends external to the primary 
tube 12 at or near the aperture 26. The protrusion 40A may 
vary in size and shape to provide a sufficient separation 
between the aperture 26 and the tracheal wall 24, while main 
taining a low enough profile to allow the tracheal tube 10 to be 
comfortably inserted into the trachea 22 of the patient. For 
example, the protrusion 40A may include only a raised area 
extending out of the aperture 26, and may not include the clip 
41 which extends external to the tube in a direction parallel to 
a longitudinal axis of the primary tube 12. 
0046. In another embodiment, a plug 36B may also be 
secured to the fluid removal lumen 28 instead of the lower 
fluid removal lumen 29 as discussed above. For example, as 
depicted in FIGS. 7,8,9 and 10, the plug36B, may be inserted 
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into the fluid removal lumen 28 wherein the protrusion 40B is 
located on the edge of the aperture 26 opposite the cuff 20, 
i.e., the upper edge of the aperture 26. In such a configuration, 
the plug 36B may also include a passage 42 to provide a 
pathway for secretions near the aperture 26 to be drawn 
through the fluid removal lumen 28. For example, when a 
vacuum is applied to the fluid removal lumen 28 via the 
external fluid removal tube 30, secretions may travel through 
the aperture 26 and through the passage 42 of the plug 36Bas 
shown in FIG. 9. As depicted, the passage 42 may take the 
form of a hole extending the length of the body 38B. As will 
be appreciated by a person of ordinary skill in the art, the size, 
shape and orientation of the passage 42 may be varied to 
accommodate various applications. For example, the size of 
the passage 42 may be increased in an embodiment where the 
body 38B is not used to provide radial support to the sur 
rounding walls of the fluid removal lumen 28. In another 
embodiment, the body 38B of the plug 36B may not substan 
tially fill the cross-section of the fluid removal lumen 28. For 
example, the body 38B may include a semi-circular region 
that provides for occluding only half of the cross-section of 
the fluid removal lumen 28. In such an embodiment, the plug 
36B may be secured to the top of the aperture 26 with an 
interference fit between the body 38B and the protrusion 40B, 
as well as by adhesives. 
0047 Turning now to FIG. 11, another embodiment of a 
plug 36C is depicted. To prevent occlusion and to integrate 
with manufacturing, the protrusion 40C may include an arch 
that extends across the aperture 26. For example, as depicted 
in FIG. 11, the body 38C of the plug. 36C may include a first 
body portion38C, a second body portion38C" to support the 
arch shaped protrusion 40C. The first body portion38C" of the 
plug 36C may be inserted into the lower fluid removal lumen 
29, and the second body portion38C" of the plug36C may be 
inserted into the fluid removal lumen 28, as depicted in FIGS. 
12 and 13. As will be appreciated by a person of ordinary skill 
in the art, the body 38C may be modified to accommodate 
various requirements and may include the features of the 
body 38A or 38B described above. For example, the diam 
eters and shapes of the first body portion 38C and/or the 
second body portion 38C" may be modified to provide an 
interference fit, fluid flow, or occlusion of the lower fluid 
removal lumen 29. 

0048. In one embodiment, the arch-shaped protrusion 40C 
may span the region between the first body portion 38C and 
the second body portion 38C" as depicted in FIG. 11. The 
plug 36C may include a single arch-shaped protrusion 40C 
with a semi-circular shape to provide for patient comfort 
during insertion and removal of the endotracheal tube 10. 
When the lower body and upper body protrusions of the plug 
36C are properly seated, the arch-shaped protrusion 40C may 
extend external to the primary tube 12. The arch-shaped pro 
trusion 40C may provide for spacing between the aperture 26 
and the tracheal wall 24 and thereby prevent occlusion across 
the aperture 26. As will be appreciated by a person of ordinary 
skill in the art, the configuration of the plug 36C and arch 
shaped protrusion 40C may be modified to accommodate 
various requirements. For example, the plug36C may include 
multiple arch-shaped protrusions 40C. 
0049. To accommodate the insertion of the first body por 
tion 38C of the plug36C depicted in FIG. 11, the aperture 26 
may take differentforms. For example, as depicted in FIG. 12, 
the aperture 26 may take an oblong slot as opposed to a 
generally circular shape. In an embodiment, the aperture 26 
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may allow for the first body portion 38C and the second body 
portion 38C" to be inserted into the slot 52 portion of aperture 
26 and subsequently slide them into their respective locations 
in the lower fluid removal lumen 29 and fluid removal lumen 
28 (see FIG. 13). For example, assembling the plug36C to the 
endotracheal tube 10 may include depressing the first body 
portion 38C and the second body portion 38C" to resist the 
biasing force of the arch-shaped protrusion 40C. Then the 
first body portion 38C and the second body portion38C" may 
be placed into the fluid removal lumen 28, via the aperture 26. 
Once in the fluid removal lumen 28, the first body portion 
38C and the second body portion 38C" may be released, 
allowing the biasing force of the arch-shaped protrusion 40C 
to seat the first body portion 38C in the lower fluid removal 
lumen 29 and the second body portion 38C" in the fluid 
removal lumen 28. As will be appreciated by a person of 
ordinary skill in the art, the configuration of the aperture may 
be modified to accommodate the insertion of the plug36C and 
the desired fluid flow. For example, the aperture may include 
a segment of wider diameter to for insertion of the first and 
second body portions 38C and 38C", while maintaining a slot 
shaped top and bottom to allow the arch-shaped protrusion 
40C to expand in either direction, while substantially enclos 
ing the first and second body 38C and 38C" in the lumens 28 
and 29. 

0050. In addition to the previous embodiment, another 
embodiment may provide for a protrusion that Surrounds a 
majority of aperture 26. Turning now to FIG. 15, the plug36D 
may prevent occlusion of the aperture 26 with an annular 
protrusion 40D that extends about the periphery of the aper 
ture 26. For example, as depicted in FIG. 17, an embodiment 
of the plug36D may include an annular protrusion 40D that is 
raised from the surface of the primary tube 12, while also 
including channels 56 that allow for the passage of fluids. As 
will be appreciated by a person of ordinary skill in the art, the 
design of the annular protrusion 40D may be varied. For 
example, the number, size and shape of the channels 56 may 
be modified for various applications (e.g., the number of 
channels may be increased to eight, or the channels may 
include though holes in the side of the ring 54). Additionally, 
the design of the annular protrusion 40D may include features 
to increase patient comfort (e.g., a lower profile or Smoothed 
edges). 
0051. Further, in one embodiment, the annular protrusion 
40D may be secured to the primary tube 12 via a body 38D 
that includes first body portion 38D' and a second body por 
tion 38D". For example, the first body portion 38D' may be 
inserted into the lower fluid removal lumen 29 (see FIGS. 17 
and 18) and secured via an interference fit and adhesives, in a 
manner similar to the embodiments described above. The 
second body portion 38D" may provide for attachment of the 
plug 36D to the primary tube 12 via insertion of the second 
body portion 38D" into the lower fluid removal lumen 29 in a 
manner similar to the embodiments described previously. For 
example, FIG. 17 depicts the second body portion 38D" as a 
lip that may be extended into the fluid removal lumen 28 and 
secure itself to the wall of the fluid removal lumen 28. As will 
be appreciated by a person of ordinary skill in the art, securing 
the plug 36D with the annular protrusion 40D may be varied 
to accommodate various applications. For example, the plug 
36D may be secured to the lumens 28 and 29 by either one of 
or both of the first body portion 38D' and/or the second body 
portion 38D". Further, the first body portion 38D and the 
second body portion 38D" may be modified to accommodate 
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features discussed previously (e.g., a hole in the second body 
portion 38D" to allow fluid flow). 
0052 To accommodate the required mechanical design 
constraints, as well as the comfort of the patient, various 
materials may be used to form the various embodiments of the 
plug. 36. In one embodiment, a thermoplastic may be used to 
form the plug. 36. For example, the plug 36 may be formed 
from polyvinyl chloride (which may be plasticized and/or 
filled with radioopaque material), polypropylene, polyethyl 
ene, polyurethane, thermoplastic elastomers, rubbers, sili 
cones, ABS, or nylon. One embodiment may include a mate 
rial with a durometer of less than Shore A 90, typically less 
than 80. In another embodiment, multiple materials may be 
used to form the plug. 36. For example, the a rigid material 
may be used to form the body 38 while a material with a lower 
durometer rating may be used to form the protrusion 40 in 
order to increase patient comfort. To form the plug. 36, any 
Suitable forming techniques may be used, such as injection 
molding and casting. In addition, the materials used for the 
plug may include additives incorporated into the mixture to 
provide additional features, such as radioopacity, anti-micro 
bial properties, low friction, or other desired properties. 
0053 Indeed, any suitable manufacturing process may be 
used to manufacture a medical device that includes a plug. 36. 
For example an endotracheal tube 10 that includes a fluid 
removal lumen 28 extending longitudinally along the exterior 
wall of the primary tube 12 may be manufactured or other 
wise provided or obtained. As will be appreciated by a person 
of ordinary skill in the art, providing a tube with a lumen 28 
may not be limited to endotracheal tubes 10, but may include 
other tubes or medical devices which include a pathway for 
the evacuation of Secretions, fluids, or gasses. For example, a 
tube with a fluid removal lumen may include catheters, stents, 
feeding tubes, intravenous tubes, breathing tubes, as 
described previously. The fluid removal lumen 28 includes an 
aperture 36 that provides a contiguous pathway from the fluid 
removal lumen 28 (or other evacuation path) into the region 
21 where secretions may collect. For example, the aperture 26 
may be provided by cutting or otherwise forming a hole in the 
exterior of the primary tube 12, wherein the hole is configured 
to terminate into the fluid removal lumen 28. A plug 36 is also 
manufactured or otherwise provided or obtained. The plug 36 
may then be coupled to a lumen of the tube 10. For example, 
coupling the plug 36 to a lumen 28 and/or 29 may include 
inserting the body 38 of the plug 36 to the appropriate fluid 
removal lumen(s) 28 and/or 29 to provide mechanical, sol 
vent and/or adhesive coupling. 
0054. In another embodiment, it may also be desirable that 
the inflatable cuff 20 be configured to prevent occlusion of the 
aperture 26. For example, as depicted in FIG. 19, the cuff 20A 
may beformed to include a cuffslot 64 to provide a protrusion 
surrounding the aperture 26. In one embodiment, the cuff 20A 
may be secured about the primary tube 12, such that the slot 
opening 66 is oriented to provide for secretions of the trachea 
22 above the cuff 20A to collect in the slot 64 and access the 
aperture 26. The cuff 20A may also maintain a separation 
between the tracheal wall 24 and the aperture 26. As will be 
appreciated by a person of ordinary skill in the art, the size 
shape and configuration of the cuff 20A may be varied to 
accommodate various applications (e.g., the slot 64 in the cuff 
may be varied in width, length, and shape). For example, the 
slot may include an "L' shape to provide added support about 
the aperture 26. 
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0055. The cuff 20A and slot 64 may provide for the col 
lection of secretions. As depicted in FIG. 20, the cuff 20A 
may inflate and expand to create a seal against the tracheal 
wall 22 (see FIG. 2) allowing the slot 64 to collect secretions 
and funnel them toward the aperture 26. As will be appreci 
ated by a person of ordinary skill in the art, the slot 64 and the 
opening 66 may be modified to accommodate various 
requirements. For example, the slot opening 66 may be Sub 
stantially wider in size with the slot 64 narrowing about the 
aperture 26. 
0056 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 under 
stood that the invention is not intended to be limited to the 
particular forms disclosed. Rather, the invention is to coverall 
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 tracheal tube comprising: 
a gas-conveying tube: 
alumen that extends along the gas-conveying tube and that 

terminates at a passageway for removal of fluids and 
gases from outside of the gas-conveying tube; 

an inflatable cuff disposed on the gas-conveying tube that is 
configured to provide a seal against a tracheal wall; and 

a protrusion coupled to the gas-conveying tube, wherein 
the protrusion extends externally from the gas-convey 
ing tube, and wherein the protrusion is configured to 
hold the passageway away from the tracheal wall to 
prevent occlusion of the passageway by the tracheal 
wall, and wherein the plug is positioned relative to the 
passageway Such that a flow path through the passage 
way in a direction generally perpendicular to a path of 
the lumen is unobstructed. 

2. The tracheal tube of claim 1, wherein the protrusion 
comprises a bump. 

3. The tracheal tube of claim 1, wherein the protrusion 
comprises an arch configured to span the passageway. 

4. The tracheal tube of claim 1, wherein the protrusion 
comprises a ring, wherein the ring is configured to at least 
partially surround a periphery of the passageway, and 
wherein the ring comprises a channel configured to provide a 
pathway between the passageway and the region external to 
the medical tube. 

5. The tracheal tube of claim 1, wherein the protrusion 
comprises polyvinyl chloride, polypropylene, polyethylene, 
polyurethane, thermoplastic elastomers, rubbers, silicones, 
acrylonitrile butadiene styrene, or nylon. 

6. The tracheal tube of claim 1, wherein the passageway 
comprises a circular or elliptical hole. 

7. The tracheal tube of claim 1, wherein the passageway 
comprises a slot. 

8. The tracheal tube of claim 1, wherein the protrusion is 
configured to be mechanically coupled to the gas-conveying 
tube. 

9. The tracheal tube of claim 1, wherein the protrusion is 
configured to be mechanically coupled to the lumen. 

10. The tracheal tube of claim 1, wherein the tracheal tube 
is operatively connected to a ventilator. 
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11. A tracheal tube comprising: 
a tubular body; 
a lumen that extends along the tubular body and that ter 

minates at a passageway for removal of fluids and gases 
from outside of the tubular body; 

a sealing member on the tubular body that is configured to 
provide a seal against a tracheal wall; and 

a protrusion configured to extend externally from the tubu 
lar body to hold the passageway away from the tracheal 
wall to prevent occlusion of the passageway, wherein the 
protrusion covers only a portion of the passageway. 

12. The tracheal tube of claim 11, wherein the protrusion is 
configured to be disposed only in an upper portion of the 
passageway. 

13. The tracheal tube of claim 11, wherein the protrusion 
comprises a bump. 

14. The tracheal tube of claim 11, wherein the protrusion 
comprises an arch configured to span the passageway. 

15. The tracheal tube of claim 11, wherein the protrusion 
comprises a ring, wherein the ring is configured to at least 
partially surround a periphery of the passageway, and 
wherein the ring comprises a channel configured to provide a 
pathway between the passageway and the region external to 
the medical tube. 

16. The tracheal tube of claim 11, wherein the passageway 
comprises a circular or elliptical hole. 
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17. A method of manufacturing a medical tube, compris 
1ng: 

providing: 
a tubular body; 
an inflatable cuff mounted on the tubular body; and 
a lumen that extends along the tubular body and that ter 

minates at a passageway for removal of fluids and gases 
from outside of the tubular body; and 

coupling a protrusion to the tubular body, wherein the 
protrusion is configured to extend externally from the 
tubular body such that the protrusion is configured to 
prevent occlusion of the passageway, and wherein the 
protrusion covers only a portion of the passageway. 

18. The method of manufacturing the medical tube of claim 
17, wherein coupling the protrusion to the tubular body com 
prises a mechanical coupling. 

19. The method of manufacturing the medical tube of claim 
17, wherein coupling the protrusion to the tubular body com 
prises an adhesive coupling. 

20. The method of manufacturing the medical tube of claim 
17, wherein coupling the protrusion to the tubular body com 
prises Substantially Surrounding the passageway with the 
protrusion. 


