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Abstract

A system or a method in which an air delivery lumen of an endotracheal tube, a
laryngeal mask, or other airway device is configured to optionally provide a
suction effect for removing blood or bodily secretions located in a throat region.
The suction system comprises an elongate tubular body extending between a
distal portion and a proximal end port, the distal portion adapted for suctioning
bodily fluids disposed in a patient's throat region and an airway adapter device
comprising a body including a first fitting at a first end and a second fitting at a
second end, the first fitting including a female fitting that comprises a cylindrical
exterior and a tapered lumen adapted for receiving and sealingly mating with the
proximal end port of the tube, and the second fitting including a male fitting that
comprises a tapered exterior configured for insertion in a female type connector
of a vacuum line to define at least a portion of a suction path for removing bodily
fluids disposed in the patient’s throat region.
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SYSTEMS AND METHODS FOR TREATING AN AIRWAY

TECHNICAL FIELD

[0001] This document relates to systems and methods for treating a patient’s airway,
including for example, a system or method in which an endotracheal tube, a laryngeal
mask, or other airway device is configured to optionally provide a suction effect (e.g.,
to aid in removal of blood and/or secretions in a patient’s throat region) when the

endotracheal tube, the laryngeal mask, or the other airway device is removed.

BACKGROUND

[0002] Certain medical procedures, for example, an anesthetic procedure, require
establishing and maintaining a patient’s airway. During such procedures, a patient
may be intubated with an endotracheal tube, or have a laryngeal mask placed into his
or her mouth cavity to cover the laryngeal inlet for lung ventilation or delivery of
other gaseous flow. In some cases, a patient undergoes an endotracheal intubation
procedure in which an endotracheal tube is placed into and advanced through the
patient’s mouth and into the trachea. The endotracheal tube can be inserted under
direct vision, by use of a laryngoscope, to provide visual confirmation of the
endotracheal tube position within the trachea, minimizing potential trauma to
surrounding tissues and anatomical structures. In other cases, the laryngeal mask can
be used to ventilate a patient’s lung by placing an elliptical mask into the patient’s
mouth, positioning the elliptical mask over the supraglottic structures within the
hypopharynx region, and deploying the elliptical mask using a cuff connector to

create an airtight seal over the glottis.

[0003] In some traditional practices, at the end of the anesthetic procedure or other
medical procedure that involves an endotracheal tube or a laryngeal mask, a separate
suction tool or catheter, such as a Yankauer suction tip, which is sized differently from
the endotracheal tube or laryngeal mask, is advanced into the patient’s throat region in
an attempt to remove accumulated secretions and/or blood from the pharynx and
posterior pharynx prior to the removal of the endotracheal tube or the laryngeal mask.

In such circumstances, the practitioner may not be able to visualize or otherwise
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confirm that the suction tool or catheter is sufficiently removing secretions in the

pharynx and posterior pharynx.

SUMMARY
[0004] Some embodiments described herein may include a system configured to
provide a suction effect to an air delivery lumen of an endotracheal tube, a laryngeal
mask, or other airway device. Such a configuration can be useful, for example, to aid
in removal of blood and/or secretions in a patient’s throat region (including the
pharynx, posterior pharynx, or both) during the removal of the intubation tubing or
other airway instrument that was previously inserted into the patient’s throat as part of
the anesthetic procedure or other medical procedure. In particular implementations in
which an endotracheal tube or a laryngeal mask was used during an anesthetic
procedure or other procedure that involved delivery of gaseous flow into a patient, the
system described herein may optionally include at least an airway adapter device that
is shaped and structurally configured to sealably connect with the endotracheal tube or
laryngeal mask with a direct suction line (e.g., wall suction tube connectable to a wall
suction port of a medical facility, or another vacuum source line). In particular, the
system may be assembled by sealably connecting the airway device with the
endotracheal tube or laryngeal mask immediately before removing the endotracheal
tube or laryngeal mask, such that suctioning can occur through a distal end of the
endotracheal tube or laryngeal mask while the device is exiting from the patient’s
airway. In some implementations, the distal end of the endotracheal tube or the
laryngeal mask can be optionally rotated (e.g., rotated from about 30 degrees to about
180 degrees) during device removal to allow for circumferential suctioning, for
example, at the posterior pharynx where secretions can accumulate. The airway
adapter device may have, in particular examples described below, a generally tubular
body with two fitting structures: a first fitting at one end and a second fitting at an
opposite end. In some embodiments, the first fitting may be in the form of a male
fitting mateable with a lumen of the wall suction tube to provide a sealed connection.
Also, the second fitting may be in the form of a female fitting having a tapered lumen
for connecting to the endotracheal tube or the laryngeal mask. Accordingly, in some
implementations, the system or method provided herein can facilitate sealably
connecting the endotracheal tube or the laryngeal mask airway to the wall suction
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tube to aid removal of blood and/or secretions in a patient’s posterior pharynx or other
portions of the patient’s airway during a medical procedure (including, optionally,
during the removal of the endotracheal tube, laryngeal mask, or other instrument that
was previously inserted into the patient’s throat as part of the anesthetic procedure or

other medical procedure).

[0005] Various embodiments described herein may include a method for removing
blood or bodily secretions located in a throat region. For example, the method may
include disconnecting a proximal connector port of an airway device from a gas
supply source in which a distal tube portion of the airway device is inserted through a
patient's mouth and positioned in a patient's trachea or posterior pharynx. The method
may also include releasably connecting a first end of an adapter device to the
proximal connector port of the airway device by inserting the proximal connector port
into a tapered lumen of the first end of the adapter device. The method may further
include releasably connecting a second end of the adapter device to a vacuum source
so that at least the adapter device and the distal tube portion of the airway device

define a suction path to remove blood or bodily secretions located in the throat region.

[0006] In one implementation, an airway adapter device includes an elongate body
defining a lumen. The body of the adapter can include a first fitting defining a tapered
luminal region adapted for receiving and releasably connecting to a male type
connector, and a second fitting comprising a tapered exterior configured for inserting

into and releasably connecting to a female type connector.

[0007] Some embodiments of the devices provided herein include an endotracheal
suction system that includes an endotracheal tube and an airway adapter device. In
particular, the endotracheal tube can include an elongate tubular body extending
between a distal tube portion and a proximal end port and defining a longitudinal axis.
The endotracheal tube can also include a distal tube portion adapted for suctioning
bodily fluids disposed in a patient's throat region. The endotracheal suction system
may further include an airway adapter device. The airway adapter device can include
a body having a first fitting at a first end and a second fitting at a second end. The
first fitting can include a female fitting that has a cylindrical exterior and a tapered

lumen adapted for receiving and sealingly mating with the proximal end port of an
3
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airway device, such as an endotracheal tube or a laryngeal mask. The second fitting
can include a male fitting that includes a tapered exterior configured for insertion in a

female type connector of a vacuum line.

[0008] In certain implementations, the devices provided herein include a laryngeal
suction system that includes a laryngeal mask and an airway adapter device. The
laryngeal mask can include an elongate tube extending between a distal elliptical
mask and a proximal end port in which the elliptical mask can be configured to
deploy over a patient's glottis in a posterior pharynx region. The airway adapter
device can include a body including a first fitting at a first end and a second fitting at
asecond end. The first fitting may include a female fitting that has a cylindrical
exterior, and a tapered lumen adapted for receiving and sealingly mating with the
proximal end port. The second fitting may include a male fitting that has a tapered
exterior and interior configured for insertion in a distal connector region of a wall
suction hose. In various embodiments, the airway adapter device and the laryngeal
mask are mateable together, defining at least a portion of a suction flow path for

suctioning of bodily fluids disposed in a patient's throat region.

[0009] Particular embodiments of the subject matter described in this document can
be implemented to optionally provide one or more of the following advantages. First,
some embodiments herein may be configured to provide an efficiently connectable
device for establishing a supplemental suction lumen in airway-related procedures,
such as an endotracheal extubation procedure, for efficiently removing secretions
and/or blood in the posterior pharynx or areas adjacent thereto immediately during the
extubation procedure. Because the device can remove the excessive secretions
present in the supraglottic region following an airway procedure, the use of the device
can reduce the likelihood of the excessive secretions being subsequently inhaled and

the consequential health complications, such as aspiration and aspiration pneumonia.

[0010] Second, some embodiments provided herein may reduce the likelihood of
tissue trauma by reducing the procedure time needed to use a separate suction device
(e.g., a Yankauer suction device) to remove secretions in the proximity of the larynx
during an airway-related medical procedure. For example, the type of tissue trauma

that may be reduced would be in regions in the mouth (e.g., the tissue of the soft or
4
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hard palate such as the palatine uvula) or pharynx (e.g., the posterior pharyngeal soft
tissue). As such, in these particular implementations, the risk of tissue irritation or
damagecan be reduced by using airway adapter devices provided herein to provide
supplemental suctioning in the throat region. Also, because the devices described
herein can (in some embodiments) reduce risk of tissue irritation or damage,
subsequent complications may be likewise reduced, such as larynogospasm, which is
a condition of uncontrolled involuntary muscular contractions of the laryngeal cords
that can lead to a blocked airway. Some embodiments of the devices described herein
can minimize risk of other types of complications such as aspiration, which is the
inhalation of foreign material into the lungs, for example, the inhalation of

oropharyngeal or gastric contents into the lower airways.

[0011] Fourth, some implementations of the airway adapter devices provided herein
can be compatible with many different airway instruments and hose connectors. For
example, the airway adapted device provided herein can include a femalefitting sized
to fit a universal connector extending from any of a multitude of airway devices. In
another example, some embodiments of the airway adapter device can include a male
fitting having a tapered profile for connecting to a desired range of lumen sizes or
tailored to various desired sizes of a hose, or other connector. Accordingly, the airway
adapter device provided herein is designed for promoting compatibility and
convenience of use regardless of the brand and/or size of the airway instruments and

accessories being selected for use by particular practitioners or clinics.

[0012] The details of one or more embodiments of the invention are set forth in the
accompanying drawings and the description below. Other features, objects, and
advantages of the invention will be apparent from the description and drawings, and

from the claims.

DESCRIPTION OF DRAWINGS
[0013] The accompanying drawings are included to provide a further understanding
of the disclosure and are incorporated in and constitute a part of this specification,
illustrate embodiments of the disclosure, and together with the description, serve to

explain the principles of the disclosure, wherein;
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[0014] FIGS. 1-2 are side views of an endotracheal suction system that is shown in an
expanded state and an assembled state, respectively, in which the assembled suction
system is shown being disconnected from a gas source and attached to a vacuum

source.

[0015] FIG. 3 is a cross-sectional side view of the endotracheal suction system of

FIGS. 1-2 connected to a vacuum source.
[0016] FIG. 4 is a side view of an airway adapter device of FIGS. 1-3.
[0017] FIG. 5 is a cross-sectional side view of the airway adapter device of FIG. 4.

[0018] FIGS. 6 and 7 are side views of a laryngeal mask suction system that is shown
in an expanded state and an assembled state, respectively, in which the assembled
suction system is shown being disconnected from a gas source and being attached to a

vacuum source.

[0019] FIG. 8 is a side view of a second exemplary airway adapter device.

[0020] FIG. 9 is a cross-sectional side view of the airway adapter device of FIG. 8.
[0021] FIG. 10 is a side view of a third exemplary airway adapter device.

[0022] FIG. 11 is a cross-sectional side view of the airway adapter device of FIG. 10.

[0023] Like reference symbols in the various drawings may indicate like elements. It
should also be noted that the accompanying drawing figures referred to herein are not
all drawn to scale and may be exaggerated to illustrate various aspects of the present

disclosure, and in that regard, the drawing figures should not be construed as limiting.

DETAILED DESCRIPTION

[0024] Referring to FIGS. 1-3, some embodiments of a system 100 can provide a
suction effect to a lumen of an airway device (e.g., an endotracheal tube 110 in the

depicted embodiment). The endotracheal tube 110 may be used, for example, in an
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anesthetic procedure or other medical procedure in which a distal tube portion 112
was inserted within a trachea 102 to deliver air or other gaseous flow, such as oxygen,
to a patient. For instance, the endotracheal tube 110 may have been connected to a
hose attached to an anesthesia machine or system 116 to deliver an anesthesia gas to
the patient. In this embodiment, the system 100 is configured to convert the distal
tube portion 112 of the endotracheal tube 110 into a suction device that effectively
removes blood or other deposits of bodily secretions that gathered in the throat region
(including the pharynx, posterior pharynx, or both) during withdrawal of the distal
tube portion 112 from the trachea 102. For example, the system 100 may be provided
in the form of an endotracheal suction system 100, which comprises in the depicted
embodiment at least the endotracheal tube 110 and an airway adapter device 120
configured to mate with a vacuum source (e.g., a wall suction hose 150 in the depicted
embodiment, which is connectable to a wall suction port 154 of a medical facility). In
some implementations, the system 100 may optionally include a wall suction hose

150 adapted for vacuum source connection.

[0025] The airway adapter device 120 provided herein can create suction capabilities
in airway devices used for various medical procedures that normally establish and
maintain patency of a patient’s airway for ensuring sufficient exchange of oxygen and
carbon dioxide. Exemplary medical procedures in which the airway adapter device
120 provided herein can be applied include medical procedures requiring mechanical
ventilation, emergency medicine and general anesthesia, such as surgical procedures
including gynecologic, orthopedic, urologic surgeries and the like. In some
implementations, airway adapter devices 120 provided herein can be applied to
various airway devices such as infraglottic airway devices (e.g., an endotracheal tube
used for endotracheal intubation) and extraglottic airway devices (e.g., a laryngeal
mask airway). Infraglottic airway devices are devices that pass through the glottis
(i.e., enter the trachea 102) while extraglottic airway devices are devices that remain
in the pharynx above the glottis and therefore do not enter the glottis. These airway
devices are typically used during a medical procedure to deliver a gas having a higher
concentration of oxygen as compared to air, or to administer other gases (such as

helium, nitric oxide, nitrous oxide, xenon), anesthetic agents (such as desflurane,

PCT/US2016/039305
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isoflurane or sevoflurane), and/or medicaments (such as salbutamol, atropine,

epinephrine, ipratropium, lidocaine).

[0026] In the particular embodiment depicted in FIGS. 1-3, the airway adapter device
120 has an elongate body 122 that extends along a longitudinal axis 125 and between
a first fitting 130 and a second fitting 140. Optionally, the first fitting 130 may be
configured in the form of a female fitting at one end (e.g., a first end 124) of the
elongate body 122, and the second fitting 140 may be configured in the form of a
male fitting at the other end (e.g., a second end 126) of the body 122. As described
further below, the female fitting can mechanically couple the airway adapter device
120 to the proximal end port 114 of the endotracheal tube 110. More specifically, the
female fitting can be adapted for receiving and sealingly mating with a male universal
fitting (e.g., the proximal end port 114 in the depicted embodiment) of the
endotracheal tube 110 that is normally connected to a gas delivery tube 128 (as shown
in FIG. 1) in fluid communication with the anesthesia system 116 during an anesthetic
procedure or other medical procedure. At the other end of the airway adapter device
120, the male fitting (e.g., the second fitting 140) can be inserted into and mated with
a distal connector region 152 of the wall suction hose 150. Accordingly, after the gas
delivery tube 128 is detached from the proximal end port 114 of the endotracheal tube
110, the airway adapter device 120 can be connected to the proximal end port 114 to
act as an intermediary member that defines a suction flow path from the endotracheal
tube 110 to the wall suction hose 150 for removing excess bodily fluids at the
periphery of the distal tube portion 112—including optionally from the patient’s

posterior pharynx as the distal tube portion 112 is withdrawn from the patient’s throat.

[0027] In various implementations, the airway adapter device 120 can be sized and
shaped to provide a press-fit design for coupling each end of the airway adapter
device 120 to an airway device and/or a connector of an ancillary device or system.
For instance, the airway adapter device 120 can be configured to form a press-fit
connection with the depicted endotracheal tube 110 at the first end 124 and a vacuum
source (e.g., distal connector region 152 of the wall suction hose 150) at the second
end 126. In the depicted embodiment, the female fitting (e.g., the first fitting 130) of

the airway adapter device 120 may be coupled to the male universal fitting (e.g., the
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proximal end port 114) of the endotracheal tube 110 by inserting the universal fitting
into the female fitting of the airway adapter device 120 and manually pressing the two
devices together. For instance, in some embodiments, a healthcare worker can
connect the airway adapter device 120 to the endotracheal tube 110 by physically
generating an axial compression force that causes the proximal end port 114 of the
endotracheal tube 110 to be pressed into a lumen of the female fitting. The coupling
of the male fitting (e.g., the second fitting 140) of the airway adapter device 120 can
also take place by inserting the male fitting into a vacuum source connector (e.g., the
distal connector region 152 of the wall suction hose 150) and pressing together the
airway adapter device 120 and wall suction hose 150 using manually generated axial
compression. The system 100 can be disassembled by an application of a tensile force
that pulls the airway adapter device 120 away from the proximal end port 114 and
optionally disconnecting the airway adapter device 120 from the distal connector
region 152 of the wall suction hose 150. As such, the system 100 provided herein can
be adapted for quick assembly and disassembly and, in certain implementations,

optional reassembly.

[0028] Referring to FIGS. 4 and 5, the airway adapter device 120 can include a first
end portion 142, a second end portion 144, and a mid-portion 146 therebetween. In
the depicted embodiment, the first end portion 142 of the airway adapter device 120 is
formed into the first fitting 130 (e.g., a female fitting), a second end portion is formed
into the second fitting 140 (e.g., a male fitting), and the mid-portion 146 has a tubular
body extending between the first and second fittings 130, 140. The mid-portion 146
and end portions 142, 144 can be dimensioned, as desired, for example, to elongate
the airway adapter device 120 to a suitable ergonomic length. In certain
implementations, a suitable length of the mid-portion, as well as the length of the first
and second end portions 142, 144, can be set based on aesthetic and/or packaging
purposes. The mid-portion 146, in some embodiments, can be shaped to a suitable
ergonomic cross-sectional shape that can include, but is not limited to, a curvilinear
transverse cross-section such as a cylindrical or an elliptical cross-section, or a

polygonal cross-section such as a rectangular cross-section.
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[0029] In various implementations, the airway adapter device 120 provided herein
can include distinct types of fittings on each end portion. For example, the depicted
embodiment provided herein includes the first end portion 142 including the female
fitting and the second end portion 144 including the male fitting. In other
implementations, however, the airway adapter device 120 may include similar or
identical fittings on each end. For instance, the first and second end portions 142, 144
of the airway adapter device 120 can both be formed into male fittings or,
alternatively, the first and second end portions 142, 144 can both be formed into

female fittings.

[0030] The airway adapter device 120 provided herein can define at least one lumen
134. In some embodiments, the lumen 134 can include luminal regions having a
constant inner diameter, for example, the depicted mid-portion 146 of the airway
adapter device 120 as shown in FIG. 5. At least a portion of the lumen 134 can also
include a tapered lumen region 136, for example, the depicted first and second end
portions 142, 144 of the airway adapter device 120. Some implementations of the
lumen 134 of the airway adapter device 120 may include multiple tapered lumen
regions 136, for example, two, three, four, five, or more than five tapered regions.
The depicted tapered regions 136 each include an inner diameter that can transition
from a larger inner diameter to a smaller, inner diameter such that the lumen decreases
along at least a portion of the airway adapter device 120 in an axial direction (for
example, the lumen 134 along the first end portion 142 in a proximal direction, which
is depicted by an arrow in FIG. 5). The tapered lumen region 136 at one end (e.g., the
first end portion 142) of the airway adapter device 120 can be a coupling surface
adapted for creating a friction fit between the airway adapter device 120 and an

airway device, for example, the depicted endotracheal tube 110 of FIGS. 1-3.

[0031] Still referring to FIG. 5, this depicted embodiment of the airway adapter
device 120 includes the female fitting (e.g., the first fitting 130) having a generally
cylindrical exterior surface 132 and a lumen 134 extending therethrough. The lumen
134 may optionally be a tapered lumen having a tapered inner diameter that gradually
decreases in size as the lumen extends away from the first end 124 of the airway

adapter device 120 towards the mid-portion 146 of the body 122. As such, the tapered
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lumen 134 can be configured to matingly receive the proximal end port 114 of an
endotracheal tube (e.g., the endotracheal tube 110 of FIGS. 1-3) in a releasable
friction fit engagement that provides a sealed air flow path. For example, in some
embodiments, the airway adapter device 120 can include a female fitting at the first
end portion 142 that can be adapted for engaging a connector of an airway device,

such as the proximal end port 114 of the endotracheal tube.

[0032] To facilitate a press-fit engagement mechanism, in some embodiments, the
female fitting (e.g., the first fitting 130) can have structural features that create a
sealed connection when pressed together with a connector of an airway device (e.g.,
the proximal end port 114). Certain embodiments of the airway adapter device 120
provided herein include at least one female fitting having a tapered luminal surface
adapted to receive a standard universal fitting for airway devices, e.g., a male fitting
having an outer diameter of about 15 millimeters. For instance, the female fitting at
the first end portion 142 of the airway adapter device 120 can be sized to include a
tapered inner surface 136 configured for receiving and connecting to a male fitting
(e.g., the proximal end port of an endotracheal tube, laryngeal mask or other airway
device). As best seen in FIG. 5, in the depicted embodiment, the first end portion 142
has a tapered inner surface 136 shaped in the form of a frustoconical surface. The
tapered inner surface 136 has a larger inner diameter at the first end 124 of the airway
adapter device 120 that transitions to a smaller inner diameter as the lumen 134
extends proximally towards a mid-portion 146 of the body 122. At least a portion of
the tapered inner surface 136 of the female fitting (e.g., the first fitting 130) of the
airway adapter device can come into contact with the male universal fitting (e.g., the
proximal end port 114 of the depicted endotracheal tube 110 of FIGS. 1-3) to create
an interference fit between the airway adapter device 120 and the endotracheal tube.
In particular, the female fitting and the endotracheal tube can become fastened to one
another by pushing the male universal fitting into a lumen of the female fitting with
sufficient compressional force to generate high frictional forces between an engaging
outer surface of the universal fitting and the luminal walls of the airway adapter

device 120.

11
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[0033] In some implementations, the tapered inner surface 136 of the depicted female
fitting (e.g., the first fitting 130 of the adapter device) is defined by an inner wall
inclined at an angle “A1” relative to the longitudinal axis 125 of the airway adapter
device 120. The angle A1 of the inner wall can be set to a suitable value for
producing a frictional fit between the tapered inner surface 136 of the airway adapter
120 and an outer diameter of an airway device connector (e.g., the proximal end port
114 of the endotracheal tube). In some embodiments, the angle of the tapered inner
surface 136 relative to the longitudinal axis 125 can range from about 0.5 degrees to
about 60 degrees, and including all values and ranges therebetween. For instance, in
certain embodiments, the angle of the tapered inner wall 136 with respect to the
longitudinal axis 125 can be about 0.5 degrees, 1 degrees, 2 degrees, 3 degrees, 4
degrees, 5 degrees, 10 degrees, 15 degrees, 20 degrees, 30 degrees, 40 degrees, 60

degrees, or greater than 60 degrees.

[0034] Still referring to FIGS. 4 and 5, the depicted embodiment of the airway
adapter device 120 can include the second end portion 144 having the second fitting
adapted for sealingly connecting to a connector or a flexible hose being in fluid
communication with a vacuum source (e.g., the distal connector region 152 of the
wall suction hose 150 shown in FIGS. 1-3). For instance, in some embodiments, the
second fitting 140 can be in the form of the male fitting, which is configured for
insertion into a lumen of the distal connector region such that a friction fit is created
between a luminal surface of the distal connector region 152 of a wall suction hose
150 and the exterior surface 132 of the second end portion 144, In some
embodiments, the male fitting (e.g., the second fitting 140) may have generally

frustoconical interior and exterior surfaces.

[0035] Certain implementations of the airway adapter device 120 include the male
fitting (e.g., the second fitting 140) having surface features adapted for enhancing
mechanical coupling between the airway adapter device 120 and a vacuum source
connector, e.g., the distal connector region 152 of the wall suction hose 150 of FIGS.
1-3. Optionally, in some embodiments, the male fitting of the airway adapter device
120 can include one or more barbed elements along the exterior of the body 122 for

securing the airway adapter device 120 to the wall suction hose 150. In some
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embodiments, the airway adapter device 120 can include one, two, three, four, five, or
more than five barbed elements 148. Multiple barbed elements 148 may be
positioned along the frustoconical exterior surface such that each barb 148 optionally
has a different maximum outer diameter, allowing the airway adapter device 120 to be
compatible with a range of different connector (or tubing) sizes. Certain
implementations of the male fitting (e.g., the second fitting 140) include barbed
elements having maximum outer diameters that can range from about 5 mm to about
11 mm (or about 3/16 inches to about 7/16 inches). For example, the depicted second
end portion 144 of the airway adapter device 120 can optionally include at least five
barbed elements having a maximum outer diameter of about 3/16 inches, 3/8 inches,
7/16 inches, 1/2 inches and 9/16 inches. In some implementations, the male fitting
can have a textured or irregular exterior surface, such as a roughened surface or a
threaded or knurled surface. In other embodiments, as will be discussed with FIGS. 8
and 9, the male fitting portion (e.g., the second end portion 144) does not include a

textured surface.

[0036] The airway adapter devices 120 provided herein are scalable to a range of
sizes. Certain embodiments of the airway adapter device 120 include dimensions
(such as length, diameter, or width) adapted for providing a user, such as a healthcare
worker, with an ergonomic gripping area. The overall length “L” of the airway
adapter device 120 can be optionally sized for inclusion within product packaging that
includes both the airway adapter device 120 and a compatible airway product (e.g.,
the endotracheal tube 110 or a laryngeal mask) or, alternatively, only the airway
adapter device 120. In some implementations, the adapter device 120 can include an
overall length that can range from about 30 mm to about 100 mm, including all values
and ranges therebetween. For example, embodiments of the adapter device 120 may
include an overall length L of about 30 mm, 35 mm, 40 mm, 45 mm, 50 mm, 55 mm,
60 mm, 65 mm, 70 mm, 75 mm, 80 mm, 90 mm, 100 mm, 110 mm, 120 mm, 130
mm, 140 mm, 150 mm, 160 mm, 170 mm, 180 mm, 190 mm, 200 mm, or greater than
200 mm. Some embodiments of the adapter device 120 include an outer diameter
"OD" that can range between about 6 mm and about 20 mm (e.g., a minimum outer
diameter of about 6 mm and a maximum outer diameter of about 20 mm). A suitable
outer diameter OD can range from about 2 mm to about 30 mm, about 5 mm to about
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25 mm, about 10 mm to about 20 mm, about 2 mm to about 25 mm, about 2 mm to
about 20 mm, about 5 mm to about 30 mm, about 5 mm to about 20 mm, about 10
mm to about 30 mm, about 10 mm to about 25 mm, about 10 mm to about 20mm,
about 20 mm to about 25 mm, about 25 mm to about 30 mm, about 20 mm to about
30 mm, about 30 mm to about 40 mm, about 40 mm to about 50 mm, or about 50 mm
to about 60 mm. The adapter device 120 provided herein can include an inner
diameter “ID” that can range from about 2 mm to about 25 mm, including all values
and ranges therebetween. For example, in some cases, the adapter device 120 can
have a minimum inner diameter of about 6 mm and a maximum outer diameter of
about 20 mm. A suitable inner diameter ID can range from about 3 mm to about 25
mm, about 5 mm to about 20 mm, about 7 mm to about 16 mm, about 3 mm to about
20 mm, about 3 mm to about 16 mm, about 5 mm to about 25 mm, about 5 mm to
about 16 mm, about 7 mm to about 25 mm, about 7 mm to about 20 mm, about 16

mm to about 20 mm, or about 20 mm to about 25 mm, in some embodiments.

[0037] In some implementations, the female fitting can have a maximum inner
diameter that ranges from about 15.0 mm to about 16.0 mm and a minimum inner
diameter that ranges from about 14.5 to about 15.5. Some embodiments of the airway
adapter device 120 can include a female fitting (e.g., the first fitting 130) having an
inner diameter that tapers from about 15.5 mm to about 15.0 mm (i.e., the maximum
diameter of the female fitting is about 15.5 mm and the minimum diameter is about

15.0 mm).

[0038] The airway adapter device 120 provided herein can be made of various
materials, including polymer, metal and/or ceramic materials. In some embodiments,
the airway adapter device 120 is composed of a polymeric material, such as a
thermoplastic or a thermoset polymer. Suitable polymers for forming the airway
adapter device 120 can include, but are not limited to, polycarbonate, polyethylene,
polypropylene, polyvinylchloride, polyethylene terephthalate, polyether ether ketone,
polyvinylchloride, nylon, polytetrafluoroethylene, polyurethane, silicone and

combinations thereof.

[0039] Some embodiments of the airway adapter device 120 can include a single-

piece body. In other embodiments, airway adapter devices 120 can be assembled
14
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from multiple components. Various processing methods can be used to fabricate the
airway adapter devices provided herein. For example, the body 122 of the airway
adapter device 120 may be fabricated using a thermoplastic processing technique such
as, but not limited to, injection molding, extrusion, dip coating, spraying and the like.
In certain implementations, multi-component bodies can be made by joining together
two or more components by applying a joining technique, such as, but not limited to,
adhesive bonding, heat bonding, laser bonding, press-fitting, and the like, as well as

combinations thereof.

[0040] Referring to FIGS. 6 and 7, another embodiment of a system 200 can provide
a suction effect to an elliptical mask 211 of a depicted laryngeal mask 210. The
laryngeal mask 210 may be applicable, for example, in an anesthetic procedure or
other medical procedure in which the elliptical mask 211 at a distal end portion 212 of
the laryngeal mask 210 was inserted through the patient’s mouth and deployed over
the glottis in the posterior pharynx region 202. Following deployment, the laryngeal
mask 210 delivered air or other gaseous flow, such as anesthesia gas, air, or oxygen,
to a patient through an airway tube 218 and the elliptical mask 211. The laryngeal
mask 210 may have been connected to a hose 128 attached to a gas source, such as an
anesthesia system 116 or a gas supply (e.g., oxygen supply tank), to deliver gaseous
flow to the patient. In the depicted embodiment, the system 200 is configured to
convert the elliptical mask 211 of the laryngeal mask 210 into a suction device that
effectively removes blood or other deposits of bodily secretions that gathered in the
throat region (including the pharynx, posterior pharynx 202, or both) prior to and
upon withdrawing the laryngeal mask 210 from the patient’s throat.

[0041] In some embodiments, the system 200 can include a laryngeal mask suction
system that can be assembled after an airway procedure and before the removal of the
airway devices, such as the laryngeal mask 210. Prior to assembling the system 200,
the laryngeal mask 210 can be optionally disconnected from a gas source (e.g., the
anesthesia system 116) and connecting the laryngeal mask 210 to an adapter 120 that
is releasably couplable to a vacuum source (e.g., wall suction port 154). For example,
a proximal end port 214 of the laryngeal mask 210 may be disconnected from the gas
source (e.g., the anesthesia system 116). The proximal end port 214 of the laryngeal
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mask 210 can subsequently be connected to one end (e.g., a first end 124) of the
airway adapter device 120, which can optionally be fastened at the other end (e.g., the
second end 126) to the vacuum source, such as a wall suction port 154. The
exemplary system 200 may be provided in the form of a laryngeal mask system 200,
which comprises in the depicted embodiment at least the laryngeal mask 210 and the
airway adapter device 120 configured to mate with the vacuum source (e.g., a wall

suction hose 150 in the depicted embodiment).

[0042] Referring to FIGS. 8 and 9, a second exemplary airway adapter device 320 has
an elongate body 322 that extends along a longitudinal axis 325 between a first end
324 and a second end 326 and defines a lumen 334 extending therethrough. The
airway adapter device 320 also includes a first end portion 342 that has a first fitting
330, and a second end portion 344 that has a second fitting 340. In some
embodiments, the first and second fittings 330, 340 of the airway adapter device 320
can be formed into female and male fittings, respectively. The depicted embodiment
includes a male fitting formed in the second end portion 344 that has a smooth tapered
outer profile 360 for facilitating a sealing connection between the airway adapter
device 320 and a wall suction hose (e.g., the wall suction hose 150 of FIGS. 1-3). The
tapered outer profile 360 is adapted to facilitate releasable attachment of the airway
adapter device 320 to connectors having a range of various inner diameters. Unlike
the airway adapter device 120 of FIGS. 1-7, the depicted airway adapted device 320
does not have barbed features (e.g., barbed elements 148 of FIGS. 4 and 5) along an
exterior surface 362. Instead, the tapered outer profile 360 can be adapted by its size
and shape to releasably attach through an interference fit to a flexible connector (e.g.,
a distal connector region 152 of a wall suction hose 150 of FIGS. 1-3) that connects to
a vacuum source, such as a wall suction port (e.g., the wall suction port 154 of FIGS.
1-3, 6 and 7). For instance, in some cases, the tapered outer profile 360 of the male
fitting can be defined by at least a portion of the exterior surface 362 being oriented at
an angle “A2” relative to the longitudinal axis 325. In some embodiments, the angle
A2 of the exterior surface relative to the longitudinal axis 325 can range from about
0.5 degrees to about 60 degrees, and including all values and ranges therebetween.
For instance, in certain embodiments, the angle A2 of the exterior surface 362 may be
about 0.5 degrees, 1 degrees, 2 degrees, 3 degrees, 4 degrees, 5 degrees, 10 degrees,
16
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15 degrees, 20 degrees, 30 degrees, 40 degrees, 60 degrees, or greater than 60

degrees.

[0043] Referring to FIGS. 10 and 11, a third exemplary airway adapter device 420 has
a body 422 that extends along a longitudinal axis 425 between a first fitting 430 and a
second fitting 440. The depicted first fitting 430 is formed into a female fitting at a
first end portion 442 of the body 422, and the second fitting 440 is formed into a male
fitting at the second end portion 444 of the body 422. The airway adapter device 420
is similar to the previous airway adapter devices 120, 320 with exception of the male

fitting design (e.g., the second fitting 440).

[0044] At the second end 426 of the airway adapter device 420, the male fitting (e.g.,
the second fitting 440) can be inserted into and mated to a connector, such as the
distal connector region 152 of the wall suction hose 150 of FIGS. 1-3. In some
embodiments, the exterior surface 462 of the second fitting 440 has a stepped profile
464 that includes a stepped outer diameter region in which the outer diameter
significantly reduces from a larger outer diameter to a smaller outer diameter. In
certain implementations, the stepped profile 464 can adjust an outer profile of the
second fitting to facilitate securement with a connector lumen. In some embodiments,
the outer profile of the male fitting (e.g., the second fitting 440) at the second end 426
of the body can be a tubular end portion 460 adapted for forming a friction-fit
connection with a specific diameter hose. As such, the tubular end portion 460 can be
press fitted into a lumen of a connector (e.g., the distal connector region 152 of the
wall suction hose 150 of FIGS. 1-3). In some implementations, the tubular end
portion 460 can provide for an improved secured attachment between the airway
adapter device 420 and a connector that allows for a fluid connection with a vacuum

source.

[0045] Still referring to FIGS. 10 and 11, the female fitting (e.g., the first fitting 430)
of the depicted airway adapter device 420 can mechanically couple the airway adapter
device 420 to another airway device, such as the endotracheal tube 110 of FIGS. 1-3,
similar to previously discussed female fittings (e.g., the first fittings 130, 330)
provided herein. As such, the airway adapted device 420 at the first end portion 442

can be adapted for receiving and sealingly mating with a male universal fitting (e.g.,
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the proximal end port 114 as shown in FIGS. 1-3) of the other airway device, such as

the endotracheal tube 110 or the laryngeal mask.

[0046] A number of embodiments of the invention have been described.
Nevertheless, it will be understood that various modifications may be made without
departing from the scope of the invention. Accordingly, other embodiments are

within the scope of the following claims.
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CLAIMS

1. An endotracheal suction system comprising:

an endotracheal tube comprising an elongate tubular body extending between a distal tube
portion and a proximal end port and defining a longitudinal axis, the distal tube portion adapted
for suctioning bodily fluids disposed in a patient’s throat region; and

an airway adapter device comprising a body defining a lumen extending between a first end of
the body and a second end of the body along the longitudinal axis, the body including a mid-
portion defining a constant inner-diameter luminal region,

a first end portion formed between the first end and the mid-portion as a first fitting defining a
first tapered luminal region which extends over the first end portion and is adapted for receiving
and releasably connecting to a male type connector, wherein the first fitting includes a female
fitting that comprises a cylindrical exterior surface, and the first tapered luminal region is a
tapered region of the lumen adapted for receiving and sealingly mating with the proximal end port

of the endotracheal tube, and

a second end portion formed between the mid-portion and the second end as a second
fitting comprising a tapered exterior surface configured for inserting into and releasably
connecting to a female type connector, wherein the second fitting defines a second tapered
luminal region which extends over a length of the second end portion along the longitudinal
axis wherein the second fitting includes a male fitting, and the tapered exterior surface is

configured for insertion in a female type connector of a vacuum line;

wherein the airway adapter device is configured to provide a sealed passage between the
first end and the second end of the airway adapter device upon coupling the first end to the

endotracheal tube and the second end to a suction hose.

2. The endotracheal suction system of claim 1, wherein the airway adapter device and the
endotracheal tube are mateable together to define at least a portion of a suction flow path from

the endotracheal tube to the vacuum line.

3. The endotracheal suction system of claim 1 or 2, wherein the female fitting includes a
tapered lumen that is configured to receive the proximal end port of the endotracheal tube in a
releasable friction fit engagement that provides a sealed air flow path between the airway

adapter device and the endotracheal tube.
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4. The endotracheal suction system of claim 43, wherein the tapered lumen has a tapered
inner surface defined by an inner wall inclined at an angle relative to the longitudinal axis of

the airway adapter device.

5. The endotracheal suction system of claim 4, wherein the angle of the tapered inner

surface relative to the longitudinal axis ranges from 0.5 degrees to 5 degrees.

6. The endotracheal suction system of claim 5, wherein the angle of the inner wall is
adapted for producing a frictional fit between the tapered inner surface of the airway adapter

device and an outer diameter of the proximal end port of the endotracheal tube.

7. The endotracheal suction system of any one of claims 1 to 6, wherein the male fitting
of the airway adapter device includes one or more barbed elements extending outwardly from
the tapered exterior surface of the body for securing the airway adapter device to a distal

connector region of a wall suction hose.

8. The endotracheal suction system of claim 7, wherein the one or more barbed elements
are positioned along the tapered exterior surface of the body, each barb having a different
maximum outer diameter for allowing the airway adapter device to be compatible with a range

of different female connector sizes.

9. The endotracheal suction system of claim 1, wherein the airway adapter device has a

maximum inner diameter ranging from 15.0 mm to 15.5 mm.

10. The endotracheal suction system of claim 1, wherein the airway adapter device has an

overall length of 70 mm.

11. The endotracheal suction system of claim 1, further comprising a wall suction hose to

connect with a wall vacuum source, the wall suction hose providing a female type connector.

12. The endotracheal suction system of claim 1, wherein the tapered exterior surface of the

male fitting extends over the second end portion of the airway adapter device.

13. The endotracheal suction system of claim 12, wherein the tapered exterior surface of

the male fitting forms a distal tip of the airway adapter device.

14. The endotracheal suction system of claim 1, wherein the tapered exterior surface of the
male fitting defines a tapered region having an inner diameter that transitions from a larger
inner diameter to a smaller, inner diameter such that the lumen of the body decreases along at

least a portion of the airway adapter device in an axial direction along the second end portion.
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