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(54) Title: TRACHEOSTOMY DEVICE

(57) Abstract

A tracheostomy device comprising a tube (19) adapted to be at least
partially received in a patient’s trachea and having a passage extending :‘ \‘z

through the tube. The passage has an inlet (23) adapted to be exposed to

ambient air and an outlet (27) adapted to be received in the patient’s tra-
chea so that the tube can conduct ambient air to the trachea. A one-way Ry
valve (17) is carried by the tube for permitting air flow through the passage z
from the inlet to the outlet. The one-way valve blocks air flow through the

passage from the outlet to the inlet.
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TRACHEOSTOMY DEVICE

BACKGROUND OF THE INVENTION

In a tracheotomy, an opening is formed in the lower
region of the patient's neck into the trachea. When this is
done, ambient air can flow directly from the atmosphere to
the lungs.

After a tracheotomy, a tracheostomy device is
commonly employed to conduct ambient air through the opening
in the neck to the trachea. A tracheostomy device typically
includes a tube releasably attached at its outer end to the
patient and extending through the opening in the neck into
the trachea. The tube may be used alone for this purpose, or
the tube may be an inner cannula which is received within an
outer cannula.

A patient with a tracheotomy tends to inhale and
exhale through the tracheostomy device. The larynx or voice
box is located above the tracheostomy device and so, when the
patient exhales through the device, air flow through the
larynx is minimal. Without air flow through the larynx and
out through the mouth, speech is difficult or impossible. To
aid speech, the patient may place his finger over the opening
in the tracheostomy device whenever he wishes to speak so
that he will then exhale through the larynx and mouth to make
speech possible. This technique is inconvenient because it
requires manual manipulation to close off the tracheostomy
device during exhalation to enable speech and opening the
device to enable inhalation. This requires the patient to
coordinate manual and breathing functions and cannot be done
if the patient does not have adequate.use of at least one arm
and hand.
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SUMMARY OF THE INVENTION

This invention solves these problems by providing a
one-way valve carried by a tracheos£omy tube. The valve
automatically permits the patient to inhale through the tube
and substantially reduces or blocks exhalation through the
tube. Accordingly, the patient is automatically caused to
exhale over the larynx and through the mouth to enable
speech. This eliminates the manual manipulation and
coordination tasks necessary heretofore and permits speech by
a patient who does not have adequate use of his arms.

The tracheostomy tube has a passage with an inlet
adapted to be exposed to ambient or atmospheric air and an
outlet adapted to be in the patient's trachea so that the
tube can conduct ambient air to the trachea. The one-way
valve permits air flow through the passage from the inlet to
the outlet and reduces air flow through the passage from the
outlet through the inlet to the atmosphere sufficiently to
cause adequate air flow along a path which includes the
larynx and the nose or mouth to materially facilitate speech.
Although it is only necessary for the one-way valve to
provide adequate exhalation air to materially facilitate
speech, preferably the one-way valve substantially blocks the
flow of exhalation air from the outlet of the tube through
the inlet. .

The tube has opposite ends, and the inlet is
preferably substantially at one of the ends. Although the
one-way valve can be carried at different locations by the
tube, preferably, the one-way valve is mounted on the inlet
end of the tube. 1In a preferred construction, the mounting

L
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means removably mounts the one-way valve on the inlet end of
the tube. Consequently, the valve can be removed by the
patient or an attendant if it is desired to exhale through
the tube. ' '

The tracheostomy tube can be an inner cannula
adapted to be removably received in an outer cannula.
Alternatively, the tracheostomy tube may be an outer cannula
which may or may not have an inner cannula.

The invention, together with additional features
and advantages thereof, may best be understood by reference
to the following description taken in connection with the
accompanying illustrative drawing.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an exploded isometric view of a portion
of one form of tracheostomy device constructed in accordance
with the teachings of this invention.

Fig. 2 is a view taken generally along line 2-2 of
Fig. 1.

Fig. 3 is a sectional view taken generally along
line 3-3 of Fig. 2 with the components of the tracheostomy
device assembled.

Fig. 4 is an exploded isometric view of a second
form of tracheostomy device constructed in accordance with
the teachings of this invention.

Fig. 5 is a somewhat schematic view illustrating
one way in which the tracheostomy device can be used.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figs. 1-3 and 5 show a tracheostomy device 11 which
generally comprises a tracheostomy tube in the form of an
inner cannula 13, an outer cannula 15 (Fig. 5) and a one-way
valve 17. The cannulas 13 and 15 may be conventional. As
such, the inner cannula 13 includes a plastic tube 19 and a
coupling 21 rotatably mounted on one end of the tube 19. The
inner cannula 13 has a passage 23 extending completely
through it from an inlet 25 to an outlet 27.

The outer cannula 15 is also in the form of a tube
which is sized to receive the tube 19 of the inner cannula 13
therein. The outer cannula 15 has a fixed coupling 29 at its
inlet end for at least partially receiving and cooperatively
locking with the coupling 21 to lock the inner cannula 13 to
the outer cannula 15 in a conventional manner.

Although the one-way valve 17 can be of various
different constructions, in the embodiment illustrated, it
includes a tubular valve housing 31 having a coupling section
33 which is adapted to slidably receive at least a portion of
the coupling 21 with an interference fit so that the one-way
valve is retained on the inner cannula 13 by friction. One
or both of the engaging surfaces of the coupling 21 and the
coupling section 33 can be tapered to facilitate such a
friction fit, if desired.

- The end of the housing 31 remote from the
coupling section 33 terminates in an opening 35. A
transverse wall 37 extends across the housing 31
intermediate the opening 35 and the coﬁpling section 33. The
wall 37 has a plurality of ports 39 extending through the

5
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wall, and a flexible resilient valve element 41 is suitably
attached to a central region of the transverse wall 37 and
extends radially outwardly to fully cover each of the ports
39. The valve 17 may be conventional.

This invention is particularly adapted for use with
a patient having a larynx 43 (Fig. 5) and a tracheotomy which
leaves an opening 45 in the patient's neck extending from the
atmosphere to the trachea 47. The outer cannula is inserted
through the opening 45 to the trachea 47 and is retained on
the patient's neck in any suitable manner, such as by
wrapping a cord or flexible element (not shown) about the
neck and affixing it to a cuff 49 which is carried by, and
forms a portion of, the outer cannula 15. The inner cannula
13 is inserted into the outer cannula 15 and is affixed
thereto in a conventional manner by rotation of the coupling
21 to attach the coupling 21 to the coupling 29. When
affixed in this fashion, the outlet 27 terminates within the
outer cannula 15 as shown in Fig. 5,

The one-way valve 17 is removably mounted on the
inlet end of the inner cannula 13 by virtue of the friction
fit between the coupling section 33 and the coupling 21 as
shown in Fig. 3. When installed in this fashion, the one-way
valve 17 permits air flow through the passage 23 from the
atmosphere to the trachea, and it substantially completely
blocks air flow through the passage from the trachea through
the passage 23 to the atmosphere. Accordingly, when the
patient inhales, ambient or atmospheric air is supplied
through the one-way valve 17 and the passage 23 to the
trachea 47. However, when the patient exhales, there is
essentially no air flow through the passage 23 to the
atmosphere. Rather, exhalation air is forced along a path
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which includes the larynx 43 and the nose 51 and/or the mouth
53 to the atmosphere. Because the exhalation air flows over
the larynx 43 and out the mouth 53, the patient is
automatically enabled to speak. The one-way valve 17 can be
manually removed from the inner cannula 13 when desired.

Fig. 4 shows the use of a one-way valve 1l7a with a
trachestomy tube in the form of an outer cannula 15a.
Portions of the embodiment of Fig. 4 corresponding with
portions of the embodiment of Figs. 1-3 and 5 are designated
by corresponding reference numerals followed by the letter
ng . m

The outer cannula l1l5a is of the type which does not
utilize an inner cannula. Thus, the outer cannula 15a has a
péssage 101 extending through it from an inlet 103 to an
outlet 105. The outer cannula 1l5a also has a cuff 49a for
use in removably attaching the outer cannula 15a to the neck
of a patient. The outer cannula 15a also includes a tube 107
and an enlarged head 109.

 The one-way valve 17a may be identical to the
one-way valve 17, except that the coupling section 33a is
sized to frictionally receive the head 109 to removably mount
the one-way valve on the outer cannula 15a. The embodiment
of Fig. 4 may be used in the same manner as described above.

The one-way valves 17 and 17a can be used with many
different tracheostomy tubes, and the tracheostomy tubes
described herein are merely illustrative. Also, the one-way
valve can be of various different constructions which will
carry out the basic functions described herein.

Although exemplary embodiments of the invention
have been shown and described, many changes, modifications
and substitutions may be made by one having ordinary skill in

6
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the art without necessarily departing from the spirit and
scope of this invention.
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o 8
CLAIMS

1. A tracheostomy speaking device comprising:

a tracheostomy tube having an outer end portion adapted
to be at least partially received in a patient's trachea, said
tracheostomy tube having a passage extending therethrough;

said passage having an inlet at said outer end portion
adapted to be exposed to ambient air and an outlet adapted to be
in the patient's trachea whereby the tube can conduct ambient air
to the patient's trachea;

a one-way valve including a tubular valve housing slidably
cooperable with the outer end portion of the tube to form a friction
fit therewith to removably mount the valve housing on the outer end
portion of the tube with said friction fit whereby the valve hous-
ing can be installed on and removed from the outer end portion of
the tube; and

said one~way valve including a valve carried by said
tubular valve housing for permitting air flow through said passage
from said inlet to said outlet and for blocking air flow through
said passage from said outlet through said inlet to the atmosphere
sufficiently to cause adequate air flow along a path which in-
cludes the larynx and the nose or mouth to materially facilitate
speech by the patient.

2. A device as defined in claim 1 including an outer
cannula adapted to extend from ambient air into the patient's
trachea and said tube is an inner cannula removably received
within the outer cannula.

3. A device as defined in claim 1 wherein the valve
housing and the outer end of the tube have engaging surfaces and
at least one of the engaging surfaces is tapered.

el
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4. A device as defined in claim 1 wherein said valve
includes a transverse wall extending across the valve housing
intermediate the ends thereof whereby the transverse wall is
recessed inwardly from both ends of the valve housing, said
transverse wall having a port therein and the valve includes a

flexible resilient valve element coupled to the transverse wall.

5. A device as defined in claim 1 wherein said inner
end of said tube includes a coupling and said valve housing in-
cludes a coupling section which slidably receives said coupling
with said friction fit.

6. A device as defined in claim 1 wherein the valve
housing and the outer end of the tube have engaging surfaces and
at least one of the-engaging surfaces is tapered, said valve
includes a transverse wall extending across the valve housing
intermediate the ends thereof whereby the transverse wall is
recessed inwardly from both ends of the valve housing, said trans-
verse wall having a port therein and the valve includes a flexible
resilient valve element coupled to the transverse wall.

7. A one-way valve removably attachable to an outer
end of a tracheostomy tube for use in allowing a patient to inhale
through the one-way valve and to exhale along a path which includes
the larynx and nose or mouth to materially facilitate speech by
the patient, said one-way valve comprising:

a tubular valve housing slidably cooperable with the
outer end portion of the tracheostomy tube to form a friction fit
therewith to removably mount the valve housing on the outer end
portion of the tracheostomy tube with said friction fit whereby
the valve housing can be installed on and removed from the outer
end portion_of the tracheostomy tube; and
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a valve carried by the tubular valve housing for permit-
ting air flow through the valve housing in one direction so that
the patient can inhale when the tubular valve housing is mounted
on the tracheostomy tube and for substantially blocking air flow
through the tubular valve housing in the other direction so that
the patient can exhale along a path which includes the larynx
and nose or mouth to materially facilitate speech by the patient
when the tubular valve housing is mounted on the tracheostomy tube.

8. A valve as defined in claim 7 wherein the valve
housing has a tapered engaging surface for engaging the outer end
portion of the tube and forming said friction fit.

9. A valve as defined in claim 7 including a trans-
verse wall extending across the valve housing intermediate the
ends thereof whereby the transverse wall is recessed inwardly from
both ends of the valve housing, said transverse wall having a port
therein and the valve includes a flexible resilient valve element
coupled to the transverse wall.

10. A valve as defined in claim 9 wherein the valve
housing has a tapered engaging surface forengaging the outer end
portion of the tube and forming said frictiomn fit.

11. A method of facilitating speech by a patient having
a larynx and a tracheostomy tube with an outer end portion and
wherein the tube extends through an opening in a patient's neck
into the trachea to supply ambient air from the atmosphere to the
patient's trachea, said method comprising:

“»
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providing a one-way valve which includes a tubular valve
housing sized to fit over the outer end portion of the tube with
a friction fit and a valve carried by the housing;

sliding the valve housing over the outer end portion of
the tube to removably attach the valve housing to the tube with
a friction fit so that the patient can inhale through the one-way
valve and exhale along a path which includes the larynx and the
nose or mouth to materially facilitate speech; and

overcoming said friction fit to remove the valve housing
from the outer end of the tube.
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' AMENDED CLAIMS
[received by the International Bureau on 08 July 1986 (08.07.36);
original claims 111 replaced by amended claims 12—28 (9 pages)]

12. 1In a tracheostomy tube valve assembly for use
with a tracheostomy tube inserted into the throat of a

person, said assembly including:

a hollow housing-having

a longitudinal axis in approximately the di-
rection of air flow through said assem-
bly,

an inlet and an outlet that are longitudinally
spaced from one another, and

inner walls that enclose a generally convex
transverse cross-sectional shape between
said inlet and said outlet;

a closure system for permitting air to enter said hous-
ing via“said inlet and for obstructing air from
exiting said housing via said inlet, said closure
system being

located within said housing between said inlet
and said outlet,

adapted to obstruct air flow through said
inlet when pressure at said outlet is
greater than at'said inlet, and

~
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adapted not to prevent airflow through said
inlet when pressure at said inlet is
greater than at said outlet; and
means for mounting said housing at its outlet to said
tracheostomy tube,

whereby said outlet is connected to said tracheostomy
tube; air is permitted to enter said tracheostomy tube
from said housing when said person inhales or pressure
at said inlet greater than at said outlet is otherwise
provided; and air is obstructed from exiting said tra-
cheostomy tube via said housing when said person exhales
or pressure at said outlet greater than at said inlet is
otherwise provided;

the improvement comprising:

a first closure means for permitting air to enter said
housing via said inlet and for preventing air from
exiting said housing via said inlet, said first
closure means including a disk shaped member

located in a plane transverse to said longi-
tudinal axis:;

fabricated from thin, flat, flexible material;
and

having radial planar dimensions smaller than
those of said transverse cross-sectional
shape but otherwise being approximately
congruent to said transverse cross-
sectional shape;

a support means for supporting said first closure means,
said support means .

mounted to said housing;

adapted to contact and support said first
closure means at an interior location in
said disk shaped member; and
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1.

adapted to permit said disk shapéd member to
bend concavely toward said outlet and
around said support means when pressure -
lower at said outlet than at said inlet
is provided; and
a second closure means for cooperating with said first
closure means in permitting air to enter said hous-
ing via said inlet and preventing air from exiting
said housing via said inlet, said disk shaped mem-
ber being located within said housing between said
second closure means and said outlet, and said sec-
ond closure means including a barrier means
having an outer.lateral surface that contacts
said ‘inner walls of said housing,
having a flat, transverse surface immediately
adjacent to said disk shaped member, ex-
tending inwardly from said inner walls of
said housing to a sufficient extent as to
come wholly within the longitudinal pro-
jection of the perimeter of said disk
shaped member,
having a longitudinal port located wholly
within said longitudinal projection of
said perimete:, and 7
thereby both preventing air flow past said
disk shaped member from said outlet
toward said inlet when pressure is not
greater at said inlet than at said out-
let, and permitting air flow from said
- inlet toward said outlet when pressure igs %
greater at said inlet than at said
outlet.

13. The assembly of claim 12 wherein
said generally convex transverse cross-—sec-
tional shape is a circle;
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disk shaped member

is a circular disk, and
at approximately its center contacts
said supporting member;
barrier means includes a circular ring
with
an outer diameter substantially
equal to said circle, and
an inner diameter less than the
diameter of said disk; and
circle, said disk, and said ring are ap-
proximately concentric.

The assembly of claim 13 wherein the ratio of
the diameter of said circular disk to the thickness of

said circular disk is greater than approximately 40.

15,

The assembly of claim 14 wherein the ratio of

the diameter of said circular disk to the thickness of

said circular disk is approximately 50.

18,

17.

The assembly of claim 13 wherein

said

said

said

said

ring is affiked to and is approximately
coplanar with said support member,
circular disk is mounted between said
support member and a supporting disk,
supporting disk has a diameter smaller
than the diameter of circular disk, and
supporting disk is the only physical
obstruction to said circular disk's

.bending concavely toward said outlet.

The assembly of claim 16 wherein said support-

ing disk has a diameter less than approximately 35% of

the diameter of said circular disk.
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18, The assembly of claim 17 wherein said support-
ing disk has a diameter approximately 27% of the diame-
ter of said circular disk.

19. The assembly of claim 16 wherein said support
member includes a plurality of radial members joined at
the center of said ring and extending therefrom to its
periphery, whereby motion of said circular disk away
from said transverse plane and toward said inlet is
" prevented. |

20. The assembly of claim 19 wherein a riveting
means is mounted to said radial members at the junction
thereof, is disposed longitudinally within said'housing,
passes through the center of said circular disk, is
fastened to the center of said supporting disk, and
thereby sandwiches said circular disk between Said
radial members and said supporting disk.

21. The assembly of claim 19 wherein there are
four radial members spaced at approximately right
angles.

22. The assembly of claim 12 wherein said disk
shaped member is longitudinally spaced from said outlet,
and a tube receiving means

is located within said housing between said outlet

e

and said disk shaped member,

has a longitudinal axis in approximately the same

L0

direction as the longitudinal axis of said
housing, '

has an outer portion affixed to and integral with
said inner walls of said housing, and

has a longitudinally tapered inner surface with a
circular transverse section, said taper being
such that said circular transverse section has
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a greater diameter at the end of said tube
receiving means that is closer to said outlet;
and
said inner surface extends longitudinally toward said
disk shaped member from said outlet to an inside edge of
said inner surface, said inside edge being longitudi-
nally spaced from the maximum point to which said disk
shape member bends toward said outlet.

23. A method of facilitating the speech of a
person having a larynx and a tracheosctomy tube,
comprising providing said tube with the improved
tracheosctomy tube valve assembly of claim 12.

24. A method of promoting the evaporation, and
decreasing the accumulation, of oral and nasal secre-
tions in a person having a tracheosctomy tube, com-
prising providing said tube with the improved tra-
cheosctomy tube valve assembly of claim 12.

Z5 . A method of increasing olfactory sensations in
a person having a tracheosctomy tube, comprising provid-
ing said tube with the improved tracheosctomy tube valve
assembly of claim 12. '

26 « A method of improving pulmonary ventilation in
a person having a tracheosctomy tube, comprising provid-
ing said tube with the improved tracheosctomy tube valve
assembly of claim 12.

27 . A method of lessening resistance to air flow
in a tracheostomy tube valve assembly that includes a
hollow housing having a longitudinal axis in approxi-
mately the direction of éir flow through said assembly,
an inlet and an outlet that are longitudinally spaced
from one another, and inner walls that enclose a gener-
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ally convex transverse cross-—-sectional shape between

U

said inlet and said outlet; a closure system for per-
mitting air to enter said housing via said inlet and for -
preventing air from exiting said housing via said inlet,
said closure system being located within said housing
between said inlet and said outlet, adapted to obstruct
air flow through said inlet when pressure at said outlet
is greater than at said inlet, and adapted not to pre-
vent airflow through said inlet when pressure at said
inlet is greater than at said outlet; and means for
mounting said housing to said tracheostomy tube; whereby
said outlet is connected to said tracheostomy tube, air
is permitted to enter said tracheostomy tube from said
housing when said person inhales or pressure at said
inlet greater than at said outlet is otherwise provided,
and air is obstructed from exiting said tracheostomy
tube via said housing when said person exhales or pres-
sure at said outlet greater than at said inlet is other-

wise provided; said method comprising providing said

assembly with:

a first closure means for permitting air to enter said
housing via said inlet and for préventing air from
exiting said housing via said inlet, said first
closure means including a disk shaped member

located in a plane transverse to said longitu-
dinal axis;
fabricated from thin, flat, flexible material;

-y

and

<>

having radial planar dimensions smaller than
those of said transverse cross-sectional
shape but otherwise being approximately
congruent to said transverse cross-sec-

tional shape;
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a support means for supporting said first closure means,
said support means
mounted to said housing;
adapted to contact and support said first
closure means at an interior location in
said disk shaped member; and
adapted to permit said disk shaped member to
bend concavely toward said outlet and
around said support means when pressure
lower at said outlet than at said inlet
is provided; and
a second closure means for cobperating with said first
closure means in permitting air to enter said hous-
ing via said inlet and preventing air from exiting
said housing via said inlet, said disk shaped mem-
ber being located within said housing between said
second closure means and said outlet, and said sec-
ond closure means including a barrier means
having an outer lateral surface that contacts
said iqner walls of said housing,
having a flat, transverse surface immediately
- adjacent to said disk shaped member, ex-
tending inwardly from said inner walls of
said housing to a sufficient extent as to
come wholly within the longitudinal pro-
jection of the perimeter of said disk
shaped member, .
having a longitudinal port located wholly
- within said longitudinal projection of
said perimeter,
thereby both preventing air flow past said
disk shaped member from said outlet to-
ward said inlet when pressure is not
greater at said inlet than at said out-
let, and permitting air flow from said
inlet toward said outlet when pressure is
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greater at said inlet than at said
outlet.

28 . A method of making a tracheostomy tube valve
assembly resistant to the accumulation of body secre-
tions comprising providing said assembly with the im=-
proved apparatus described in claim 12.

i, I
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