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FIG. 1A

(57) Abstract: Devices for providing respiratory therapy to a patient are disclosed. One device includes first and second elongated
lumens and a nosepiece. The elongated lumens each have a constant internal diameter. The nosepiece portion has a third lumen and a
fourth lumen. The third and fourth lumens have constant internal diameters equal to those of the first and second lumens. The third
and fourth lumens have inlet ends adapted to be connected to the outlet ends of the first and second lumens without constricting the
internal diameter of the first and second lumens. The third and fourth lumens are configured to receive first and second flows of
breathing gas from the first and second lumens and deliver the flows of breathing gas to outlets end of the third and fourth lumens.
The second tlow of breathing gas is maintained separate from the first flow of breathing gas within the nosepiece portion.
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QUIET NASAL CANNULA
FIELD OF THE INVENTION

The present invention relates generally to respiratory therapy, and more
particularly to devices for use in providing respiratory therapy.

BACKGROUND OF THE INVENTION

Patients with respiratory ailments may be administered a supplemental
flow of breathing gases, such as oxygen, for example, to aid in respiration. These
breathing gases are typically provided from a breathing gas supply, such as an oxygen
tank, to a patient interface. The patient interface may be coupled to the breathing gas
supply and in communication with a patient’s nasal passages for delivery of the flow of
breathing gas to the patient for nasal or oral inhalation. The flow of breathing gas
provided to the patient may be selected based on the patient’s inspiratory rate and the

patient’s respiratory ailment.

One common patient interface is a nasal cannula. A nasal cannula
typically includes one or more nasal prongs, with each prong inserted into a respective
nostril during use. The nasal cannula may optionally be retained during use by looping
tubing attached to the cannula over the user’s ears and drawing the tubing tight under
the user’s chin, or may be secured to the user by some other means. A conventional
nasal cannula is described in U.S. Patent Application Publication No. US 2008/0121230
Al.

Improved devices for respiratory therapy are desired.
SUMMARY OF THE INVENTION

Aspects of the present invention are directed to devices for providing
respiratory therapy to a patient. In accordance with one aspect of the present
invention, a device for providing respiratory therapy to a patient comprises a pair of
elongated lumens and a nosepiece. The first elongated lumen has a constant internal
diameter. The first lumen has an inlet end and an outlet end. The second elongated
lumen has a constant internal diameter. The second lumen has an inlet end and an
outlet end. The nosepiece portion is configured to be connected to the outlet ends of
the first and second lumens. The nosepiece portion has a third lumen and a fourth
lumen. The third lumen has a constant internal diameter equal to the constant internal
diameter of the first lumen. The third lumen has an inlet end adapted to be connected
to the outlet end of the first lumen without constricting the internal diameter of the first
lumen. The third lumen is configured to receive a first flow of breathing gas from the

first lumen and deliver the first flow of breathing gas to an outlet end of the third
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lumen. The fourth lumen has a constant internal diameter equal to the constant
internal diameter of the second lumen. The fourth lumen has an inlet end adapted to
be connected to the outlet end of the second lumen without constricting the internal
diameter of the second lumen. The fourth lumen is configured to receive a second flow
of breathing gas from the second lumen and deliver the second flow of breathing gas to
an outlet end of the fourth lumen. The second flow of breathing gas is maintained

separate from the first flow of breathing gas within the nosepiece portion.
BRIEF DESCRIPTION OF THE DRAWINGS

The invention is best understood from the following detailed description
when read in connection with the accompanying drawings, with like elements having
the same reference numerals. When a plurality of similar elements are present, a
single reference numeral may be assigned to the plurality of similar elements with a
small letter designation referring to specific elements. When referring to the elements
collectively or to a non-specific one or more of the elements, the small letter
designation may be dropped. According to common practice, the various features of
the drawings are not drawn to scale, unless otherwise indicated. To the contrary, the
dimensions of the various features may be expanded or reduced for clarity. Included in

the drawings are the following figures:

FIG. 1A is an image illustrating an exemplary device for providing

respiratory therapy to a patient in accordance with aspects of the present invention;

FIG. 1B is an enlarged image illustrating a nosepiece portion of the
exemplary device of FIG. 1A; and

FIG. 1C is a cross-sectional view of the nosepiece portion of FIG. 1B.
DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the present invention are directed to devices for
providing respiratory therapy to a patient. These exemplary embodiments are
particularly suitable to provide high flows of breathing gas to a patient while minimizing
noise created during breathing gas delivery. The disclosed embodiments may thereby

achieve quieter breathing gas delivery than convention nasal cannulas.

As a general overview, the disclosed embodiments of the present
invention minimize noise creation during breathing gas delivery by preventing
disruptions (e.g. eddies) in breathing gas flow. The disclosed embodiments also
prevent other disruptions in the flow of breathing gas, including decreasing loss of heat
from the breathing gas, decreasing liquid formation/liquid spray to patient, and

decreasing excess water dripping. These disruptions in breathing gas flow may be



10

20

25

30

35

WO 2014/070833 PCT/US2013/067407

prevented with a number of different features encompassed by the present invention,
including, for example, (i) providing a channel for breathing gas flow that maintains a
substantially constant internal diameter; (ii) preventing separate breathing gas flows
from mixing with each other; and/or (iii) preventing sharp changes in direction of

breathing gas flow.

Referring now to the drawings, FIGS. 1A-1C illustrate an exemplary
device 100 for providing respiratory therapy to a patient in accordance with aspects of
the present invention. Generally, device 100 includes a pair of elongated lumens 110
and a nosepiece portion 130. Additional details of device 100 will be described herein.

Lumens 110 provide flow paths for providing breathing gas to the
patient. As shown in FIG. 1A, each lumen 110 has an inlet end 112 for receiving the

flow of breathing gas and an outlet end 114 for transmitting the flow of breathing gas.

- In an exemplary embodiment, lumens 110 are elongated flexible tubes. Suitable tubes

for use as lumens 110 will be known to one of ordinary skill in the art from the

description herein.

Fach illustrated lumen 110 has a constant internal diameter, i.e., an
internal diameter that is substantially constant along the entire length of the lumen
110. The constant internal diameter of one lumen 110 may be approximately equal to
or different from the constant internal diameter of the other lumen 110. In an
exemplary embodiment, each lumen 110 has a constant internal diameter dependent
on its intend use: for infants, approximately 0.055 inches; for pediatric patients,
approximately 0.075 inches; for adults, approximately 0.125 inches. Lumens 110 may
also have the approximately equal lengths, or may have different lengths. In an
exemplary embodiment, lumens 110 each have a length of between approximately 10-

18 inches.

While lumens 110 may in an exemplary embodiment comprise flexible
tubing, it may be desirable that the flexibility of lumens 110 be limited, e.g., in order to
prevent sharp changes in direction of the flow of breathing gas within lumens 110. The
flexibility of lumens 110 may be limited, for example, based on the materials and
thicknesses selected for the walls of lumen 110, as would be understood by one of
ordinary skill in the art from the description herein. In an exemplary embodiment,
lumens 110 have a minimum radius of curvature of approximately one half inch along

their respective lengths.

Nosepiece portion 130 receives the breathing gas from lumens 110.
Nosepiece portion 130 is configured to be connected to the outlet ends 114 of lumens

110. As shown in FIGS. 1A and 1B, nosepiece portion 130 includes a pair of lumens
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132. Each lumen 132 has an inlet end 134 for receiving the flow of breathing gas from
lumen 110, and an outlet end 136 for delivering the flow of breathing gas to the
patient. As will be described in greater detail below, inlet end 134 of lumen 132 is
adapted to be connected to outlet end 114 of lumen 110. Outlet end 136 of lumen 132
is adapted to be positioned within the nare of the patient, for inhalation of the
breathing gas by the patient. Thus, outlet ends 136 function as nasal prongs of
nosepiece portion 130. As shown in FIG. 1A, each lumen 132 maintains its respective

flow of breathing gas separate from the flow of breathing gas in the other lumen 132.

Each illustrated lumen 132 has a constant internal diameter. The
constant internal diameter of one lumen 132 may be approximately equal to or
different from the constant internal diameter of the other lumen 132. However, the
constant internal diameter of each lumen 132 is equal to the constant internal diameter

of the respective lumen 110 to which it is coupled.

As set forth above, each lumen 132 is adapted to be connected with a
respective lumen 110. When connected, each pair of lumens 110 and 132 defines a
substantially constant diameter flow path for a flow of breathing gas, extending from
the inlet 112 of lumen 110 to the outlet 136 of lumen 132. In order to maintain a
substantially constant diameter flow path, lumen 132 is connected to lumen 110
without constricting the internal diameter of lumen 110. The invention is not limited to
any particular mechanism for connecting lumen 110 with lumen 132. An exemplary

embodiment is provided herein for the purposes of illustration.

FIG. 1B illustrates an exemplary mechanism for coupling outlet end 114
of lumen 110 to inlet end 134 of lumen 132. As shown in FIG. 1B, inlet end 134 of
lumen 132 comprises an enlarged portion 138. Enlarged portion 138 has a larger
internal diameter than the rest of lumen 132, Specifically, enlarged portion 138 has an
internal diameter substantially equal to an external diameter of outlet end 114 of
jumen 110. Accordingly, outlet end 114 of lumen 110 can be slidably positioned within
enlarged portion 138 in a friction fitting. In this position, the constant internal
diameter of lumen 110 transitions with minimal interruption into the equal constant
internal diameter of lumen 132, thereby maintaining a substantially constant diameter
flow path for the flow of breathing gas, as shown in FIG. 1C. While FIGS. 1B and 1C
illustrate nosepiece portion 130 as including the enlarged portion, it will be understood
that it is not so limited. The enlarged portion may be located on either nosepiece

portion 130 or on lumen 110.

In an exemplary embodiment, nosepiece portion 130 is formed from a

flexible material, e.g., silicone rubber. Accordingly, lumens 132 may desirably be
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shaped to prevent sharp changes in direction of the flow of breathing gas within lumens
132, as described above with respect to lumens 110. In an exemplary embodiment,
lumens 132 have a minimum radius of curvature of approximately one quarter inch

along their respective lengths,

Device 100 is not limited to the above components, but may include -
alternative or additional components, as would be understood by one of ordinary skill in

the art from the description herein.

Device 100 may further include a connector 140. Connector 140 is
adapted to be connected to inlet ends 112 of lumens 110. Connector 140 defines an
inlet port 142 and is configured to be connected to a delivery tube from a source of
breathing gas. Connector 140 is desirably connected to lumens 110 without
constricting the constant internal diameters of lumens 110, as described above with
respect to nosepiece portion 130. Accordingly, connector 140 may include similar

coupling mechanism(s) to those used by nosepiece portion 130.

Device 100 may further include a source of breathing gas for inhalation
by the patient. In an exemplary embodiment, the source generates heated and
humidified breathing gas for delivery to the patient. The source may be configured to
provide breathing gas at flow rates between 1 and 8 liters per minute (Ipm) for infants,
between 5 and 20 Ipm for pediatric patients, or up to 40 Ipm for adults. Suitable
sources of heated and humidified gas will be known to one of ordinary skill in the art.
For example, the source may be the Vapotherm Flowrest System, Vapotherm Careflow
System, Precision Flow unit, or the Vapotherm 2000i, all of which are provided by
Vapotherm, Inc. of Stevensville, Maryland, USA. Other suitable sources of breathing

gas will be known to one of ordinary skill in the art from the description herein.

Although the invention is illustrated and described herein with reference
to specific embodiments, the invention is not intended to be limited to the details
shown. Rather, various modifications may be made in the details within the scope and

range of equivalents of the claims and without departing from the invention.
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What is Claimed:
1. . A device for providing respiratory therapy to a patient comprising:

a first elongated lumen having a constant internal diameter, the first

lumen having an inlet end and an outlet end;

a second elongated lumen having a constant internal diameter, the

second lumen having an inlet end and an outlet end; and

a nosepiece portion configured to be connected to the outlet ends of the

first and second lumens, the nosepiece portion having:

a third lumen having a constant internal diameter equal to the
constant internal diameter of the first lumen, the third lumen having an
inlet end adapted to be connected to the outlet end of the first fumen
without constricting the internal diameter of the first lumen, the third
lumen configured to receive a first flow of breathing gas from the first
lumen and deliver the first flow of breathing gas to an outlet end of the

third lumen; and

a fourth lumen having a constant internal diameter equal to the
constant interna! diameter of the second lumen, the fourth lumen having
an inlet end adapted to be connected to the outlet end of the second
lumen without constricting the internal diameter of the second lumen,
the fourth lumen configured to receive a second flow of breathing gas
from the second lumen and deliver the second flow of breathing gas to an
outlet end of the fourth lumen, the second flow of breathing gas |
maintained separate from the first flow of breathing gas within the

nosepiece portion.
2. The device of claim 1, wherein

the first lumen and the nosepiece portion define a substantially constant
diameter flow path for the first flow of breathing gas from the inlet end of the first

jumen to the outlet end of the third lumen, and

the second lumen and the nosepiece portion define a substantially
constant diameter flow path for the second flow of breathing gas from the inlet end of

the second lumen to the outlet end of the fourth lumen.
3. The device of claim 1, wherein

one of the inlet end of the third lumen and the outlet end of the first

lumen comprises an enlarged portion, the enlarged portion having an internal diameter
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substantially equal to an external diameter of the other one of the inlet end of the third

lumen and the outlet end of the first lumen, and

one of the inlet end of the fourth lumen and the outlet end of the second
lumen comprises an enlarged portion, the enlarged portion having an internal diameter
substantially equal to an external diameter of the other one of the inlet end of the

fourth lumen and the outlet end of the second lumen.

4, The device of claim 1, wherein the third and fourth lumens of the
nosepiece portion are formed from a flexible material.

5. The device of claim 4, wherein the third and fourth lumens of the
nosepiece portion have a minimum radius of curvature of approximately one quarter

inch along their respective lengths.

6. The device of claim 1, wherein the first and second lumens have a
minimum radius of curvature of approximately one half inch along their respective

lengths.

7. The device of claim 1, wherein the first and second lumens have
approximately equal lengths.

8. The device of claim 1, wherein the constant internal diameter of

the first lumen is equal to the constant internal diameter of the second lumen.
. The device of claim 1, further comprising:

a connector adapted to be connected to the inlet ends of the first and
second lumens without constricting the internal diameters of the first and second

lumens.
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