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11 .Claims.

My invention relates to tracheal instruments
or appliances; devices, that is.to: say, which are
adapted to assist in respiration, or speech or both
respiration and speech.,

Persons suffering from goiter or other morbid

throat or nasal conditions frequently reach a
state of abnormality in which natural respiration
is no longer possible. - Surgery affords the rem-
edy. The surgeon makes-an incision in the wall
of the patient’s throat, below the lower jaw, and

establishes communication with the wind-pipe or

trachea. Thus, an abnormal but effective re-

.. spiration is made possible.
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Ordinarily, in cases of this kind an instrument

known as a tracheal tube is introduced through.

the incision into the trachea, to facilitate the
passage of air during breathing. In some cases
the patient is able to exhale through the throat
and nasal passages, and in such cases it is cus-
tomary to provide ab the outer end of the tube
a valve which, standing' in open position during

‘inhalation, moves into closed position during ex-

halation.. When the tube is thus closed to out-
ward flow, the air exhaled from the hings passes
upward, between the wall of the trachea and the
tube, into the throat and nasal passages. - Thus it
is that, during respiration, inhaled air enters
through the instrument, and exhaled air exits
through the natural throat and nasal passages,
permitting the patient to speak at: will.  This
assumes, of course, that the patient’s larynx has
not been removed and remains eﬁectlve for the
production of sound. :

It has been found that a tube 50 arranged in
the trachea substantially increases the resist-
ance to air flow during exhalation, with the con-
sequence and effect that respiration  becomes
laborious. Indeed,” some patients have com-
plained that this increased resistance to exhala-
tion produces muscular -exhaustion and condi-
tions of painful irritation in the chest. An object
of my invention is to 0bv1ate this ob,]ectlonable
- circumstance.,

More particularly, the. 1nvent10n consxsts in a
tracheal tube provided with- an aerodynamically
operated valve which, normally standing in opén
position, closes when the user speaks. Under
normal conditions of respiration, when'the flow
of air is at relatively low velocity, the valve re-
mains open, and the user inhales and. exhales
through the tube. Thé physical effort required

. for such artificial respiration is no greater, and,

indeed, may be less, than that expended by a

perfectly normal person. “When the used begins

to-speak and the exhaled air flows ab relatively

(CL. 3—1).

high velocity, ‘the valve closes; then and only
then is the flow through the fube interrupted

and the exhaled air diverted to the throat and -

nasal passages of the user. As in the course of
respiration the user inhales, the valve immedi-
ately reopens, and remains in open position until
air is again exhaled at speakihg intensity. By
virtue of such improvement in trachedl instru-
ments, the above-mentioned objection is-elimi-
nated.

The invention embraces other reﬁnements and
elaborations.

In cerfain cases the larynx of the afflicted per-
son is removed, or is so far affected, that natural
speech is impossible. Artificial larynges have
been provided, and through the use of such de-
vices speaklng has been made possible. - So far
as I am aware, most, if not all, of the artificial
larynx structures hitherto known have consisted
in a sound-producing device that is externally
connected - to the tracheal tube, by means of a
length of rubbker tubing, or other flexible conduit.
A tubular bit is provided on such sound-producing
device, and the user, desiring to speak, inserts
the bit in his mouth and exhales through the in-
strument. This flow of air, at speaking intensity,
actuates the sound-producing device, and the
sound thus generated becomes effective in vowel
chamber of the mouth and enables the user to
speak. . While artificial larynges of this sort have
proved of great value to persons who otherwise
would be mute, I have found need for improve-
ment. - Specifically, the instruments are too large
and heavy; they are unsightly, and cumbersome to
manipulate.

In accordance with the invention, I provide

"an artificial larynx which is light in weight and of

compact construction, and which is arranged in
particularly effective organization within or at
the outer end of the tracheal tube.

In the accompanying drawing I illustrate
several embodiments of the invention.  The in-
strument shown in Figs. I and II is primarily. de-
signed to assist breathing, and in exemplary way
the tube portion of the instrument is shown as. a
double tube, a tube within a tube, adapted to be
inserted in the trachea; the outer end of the
external tube is flared outward to shield the in-
cision in the neck of the user, while the outer
end of the inner tube is enlarged and equipped
with a cover, to provide a housing for the valve al~
luded to in the introduction to the specification.
Fig. I.is a view of the instrument partly in side
elevation and partly in section, and Fig. II is a
fragmentary view, showing in'elevation, and to
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larger scale, the enlarged mouth of the inner
tube, with the cover thrown open.

Fig. IIT is a fragmentary view, partly in side
elevation and partly in section, of a modified and
elaborated  form of the instrument, -including
structure by virtue of which the tracheal tube is
serviceable as an artificial larynx; and Fig. IV is
a view in end elevation of the enlarged end of
the inner tube, with its cover removed and shown
in plan from within.

F1g V.is a view, comparable ‘with Fig, III,il-

ustrating certain modification in the structure
and organization of the tracheal tube and ar-
tificial larynx; and Fig. VI is a fragmentary view
of such assembly, as seen from the Fight iof Fig.
V, with the cover removed from the end of the
inner tube. Figs. IIT to VI are, das’in the ¢ase of
Fig. IT, shown on larger scale than that-én which
the instruments are actually built for service.

Referring to Fig. I of the drawing, the tracheal
instrument -or appliance ‘consists in.a tubular
body { terminating:at -one end in.a head:portion
18. “In service the tubular body is inserted:in the

‘trachea.-of the user, with the head portion 18 po-~

sitioned over and-closing the-incision in the user’s
neck. The tubular body | is curved in its-extent,
as shown,-and includes an inner tube ¢ snugly
fitted within, -but removable from, an. outer tube
{b. - The instrument ‘is constructed of nickel, or
stainless steel, or silver, or a more noble metal,

‘that-is resistant to corrosion and chemically neu-

tral to the moisture and glandular secretions
present inthe human throat.

The ‘outer end -§ of the inner tube ¢ is en-
larged -in ‘diameter and provided with a hinged

cover 2, forming a housing for a valve 4 which

controls a port -39 in the housing and adapts the
instrument-to alternate conditions of service, as
presently -will' appear. The outer tube 1b termi-

‘nates-in-a flange or basal portion ic that serves

in-double capacity: (1) it provides a shield that
overlies  and. protects the :incision in the throat
of the:user; (2) itprovides-means upon which the
housing -3 may seat, to retain-the:inner tube in

proper position within the outer tube,

‘In’ Letters ‘Patent of the ‘United States No.
2,039,142, granted to me -April 28, 1936, I illus-
trate and idescribe how a -neeck-encompassing
band :or necklace, connected -to.-the flange or
basal. portion 'tc-of the outer tube, may be used
tosecure the instrument in position .of service,
and gdditionally I-disclose -in ‘such patent how

the otherwiseexposed:ends:of:the:two tubes may -

be:screened -within a.cover, preferably an orna-
mental cover that blends artistically with the
necklace or:band. ‘While my present improve-

- ‘ments- are ‘not immediately -concerned with the
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inventien claimed in the patent, I show in Fig.

T a cover'd which:is arranged to screen the parts

which, when the instrument is in place in a hu-
man throat, otherwise present an unpleasant ap-
pearance. . ‘The cover 5 may.be. plain, or it may
be:of ornamental filigree design. .In-this case T
show the cover to be hinged, as at 6, to the upper

.edge of the basal portion-i¢, and secured to the
“lower edge of such basal :portion, by means of

a-disengageable catch 1.

The wall of the housing 3 carries a. cyllndrlcal
‘iange 30a which, encompassing -the.port:30, ex-
tends an interval into the:housing, as:shown in

‘Fig, II, The valve 4 is ‘mounted for:movement

to and from position of. closure:on the inner pe-
ripheral edge .of .such :flange. Advantageously,
the valve consists 'in a frusto-conical body to
which the reference :numeral 4 is immediately

cial-larynx.
ducing :device; ordinarily, and as.shown 'in this ;
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applied in Fig. II, and such body carries an in-

tegral sleeve portion 48. The mounting for the

valve consists in a stem 9 borne rigidly by a sup-
porting block i cn the wall of the housing. The
stem 9 extends on the axis of, and normal to the
plane of, the orifice or port 38, and the valve 4,
48 is.slidable on the stem 9 between the full-line
position (Fig, II), in which the port 38 is open,
and the broken-line position, in which the port
is closed.- It is to be further noted that the valve
is arranged with its axis extending athwart the
line of air flow from the tracheal tube: that is,
the axis of the valve extends transversely to the

‘outlet {d that opens from the tube i{a into the

valve<housing 3. The conical side surface of the
valve is exposed to the stream of air that, during
exhalation, flows outward through the tube, and
manifestly, under the influence of this exhaled
stream of air, the valve tends to move from open
to closed position. - (The friction between the
valve -and :the stem is utilized to oppose .such
tendency.) The-weight-of the valve and the pro-
portions of the parts -are so determined that the
valve (in open position) is unresponsive to the
flow of air at normal breathing intensity; alter-
nately, when air is exhaled .at the higher .inten-

sity incident to speaking, the valve is.immediate-

ly shifted into closed position. The outer end of
the tracheal tube is thus closed to-the exhalation
of air at speaking. 1nten51ty, and ‘the -stream of
air entering the open inner end of the tube i .is
diverted through an auxiliary .port or secondary
opening 8 in the double side walls. of :such tube
into the upper tracheal and oral. passages:-of the
user. - The user is.able to speak. -As'in the course
of respiration the user inhales, the valve is imme-
digtely restored fc .open .position, and air flows
from the outer atmosphere, through the port 30
and tube {,
user. The valve continues in open position dur-
ing normal conditions-of respiration;-that. is, the
valve remains-open until the user-again expels
air at:speaking intensity. - Thus, advantages of
the nature indicated-are realized.

In -case the afflicted person’s iarynx and the
upper:-portion-of his. trachea-are removed, or are

50 :far affected that no sound:can -be. naturally

produced, -I:provide -in my. instrument an -artifi-
The. artificial-larynx.is a sound.pro-

case, -it- consists in'a -reed #2 adapted ‘to-be vi-
brated by thestream-of air exhaled through the
tube I at speaking intensity. More. specifically,
the reed 12 consists in-an:elengate,.thin-leaf of

resilient -metal -secured at:one-end, by -means of ;

rivets .14, to the wall portion :3c:-of the housing 3%
at the.outer-end-of the-tube-l. (Note Figs. III

window {3,-and"the reed :{2-extends: adjacent - to
and-in approximate parallelism -with - such win-
dow. The form of the housing:3bis . modified, as
a-comparison with the structure - of ‘Fig. I and II
will reveal, and the valve 4a is, conveniently,-ar-
ranged-to move vertically:rather than horizon-
tally. Indeed, the valve 4a.is modified:in specific
details of shape, but it is operable:to.control: the
port 306 in the same:general . manner that:the
valve 4 controls the port 30. ~Whereas, in: the
structure -first- described, :thesstream:  of .air- di-
verted by the" closing -of -the .valve -4, passes
through an opening 8in the tube-1:into.the upper
trachea’ of -the user, in the-structure of Figs, IIT

and IV, the:stream:of rair at-spéaking- intensity
isidiverted through ‘the sound~preducing device

(12,:13) into a:flexible tube-15. -More.particular-

‘into.the trachea-and ‘Tungs .of the .
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1y, a cover 16 is secured over the reed assembly,
and such cover includes a port or passage 8a that
communicates with the tube 15.

During normal conditions of respiration, the
valve fa stands in open position, and air enters
and leaves the instrument by way of the port 300,
When the user desires to speak, he places the
distal end of the tube {5 in his'mouth and exhales
air 4t speaking intensity. Immediately, the valve
fie is shifted into closed position; the exhaled
stream of air is diverted and flows through the
window {3, outlet 8a, and tube 1§ into the vowel
chamber of the user’s mouth. Such flow of air
through the window {3 causes the reed 12 to
vibrate and produce sound, which is transmitted
through the tube $o the user’'s mouth. In known
way the user may speak.

While the valve 4a, the sound-producing device
{2, the cover {6 and the tube 15 are shown as

‘parts assembled with the walls of chamber 30
integral on the outer end of the inner tube fa, it .

is to be understood that these elements may- be
assembled in a unit that may be mounted on the
outer end of the tube and removed at will, where-
by the user may carry the unit hidden from view,
say in his coat pocket, until such times as he
desires: to talk. E

In Figs. V and VI, T show a structure in which
the flexible tube {5 is eliminated, and the sound
produced by the artificial larynx is carried into
the mouth of the user through the upper portion
of the user’s trachea. This structure is par-
ticularly serviceable in those cases in which; with
the larynx removed or ineffective, the. frachea
still affords communication with the mouth. The
principal modification in the structure -consists
in the provision of a double passage within the
tracheal tube I, although it will be noted that
certain other changes in detail are illustrated and
perfectly intelligible in the drawing.

As shown in Fig. V, the inner tube lg is ta-
pered towards its outer end, in such manner that
a- secondary passage 890 is provided within the
tube assembly. The housing 3d is integral with
the inner tube {a, and is horizontally partitioned,
ag indicated at 3e, providing two chambers a and
b that severally communicate with the two pas-
sages within' double tube .. A valve 4 is arranged
in the chamber a o control the inlet and outlet
port 3%, and a reed i2¢ is arranged before a port
or window 8¢ which, together with the space 8b
within cover 08¢, establishes communication be-

‘tween the two chambers a and b. During nor-

mal respiration, the valve 4 stands in open posi-
tion and air flows alternately in and out through
the bore of the inner tube la and the port 30.
When, from time to time, air at speaking intensity
is exhaled through the tube, the valve 4 moves
into port-closing position, and the stream of air
is diverted through the sound-producing device
i2a, 130, the passage 8b, the secondary chamber
b, the secondary passage 89, and the auxiliary or
secondary outlet 8, into the upper trachea of the
user. Such flow of air energizes the reed 12¢,
and the sound thereby produced is conducted
through said course of flow into the vowel cham-
ber of the user’s mouth. Thus, the user may
speak. 'The artificial larynx is entirely enclosed
within the confines of the relatively small housing
2d, and is adapted to be hidden from view within
or below the collar of the user’s shirt or dress.
Whether or not a cover, such as the cover 5 of
Fig. I, be used is a matter of choice. Indeed, no
such covers are shown for the structures of Fig.
IIT to VI.

(Note Fig. IV.) -

3
T claim as my invention:
1..An instrument of ‘the ‘class described com-
prising a ftube adapted to be inserted in the

trachea of the user and provided at its outer end
with a chamber, a port establishing communica-~

“tion between said tube and the ouber atmosphere,

an aerodynamically operated valve movable be-
tween alternate port-controlling positions, and a
wind-operated, sound-producing device arranged
in said chamber and adapted to be energized
when said valve is in one of its alternate posi-
tions. o ‘ ‘

2. Tn a tracheal tube including a port and a
valve at its outer end; the refinement herein de-
seribed in which said valve consists in an aero-
dynamically operated valve including a body
mounted on and. movable longitudinally of an
axis extending angularly to the plane of opening

10

15

of said port in response to the flow of air through

the tube at .speaking: intensity.

3. In a tracheal tube including a port and a
valve at one end; therefinement herein described
in which said valve consists in an aerodynamical-
1y operated valve including a conical member ar-
ranged with its axis athwart the line of air flow

from the mouth of said tube and movable under.

the influence of air pressure to and from port-
closing position.

4. In an instrument of the class described in-
cluding a tube adapited to be inserted in the
trachea of the user, a port providing an inlet and
an outlet for air, a valve controlling such port,
and an: guxiliary port providing an outlet for air
when the valve is in position of closure on the
port: first mentioned; the refinement herein de-
seribed in which said valve is mounted for move-

ment under inhalation from position of closure

on: said port to open position and adapted to
continue in . open position under normal condi-
tions of respiration, said valve provided with a
surface exposed to the stream of air exhaled
through the tube and so arranged that the force
of the stream tends to shift the valve from open
to closed position, the parts being so proportioned
that the stream flow of less intensity (incident to
normal exhalation) is insufficient and the stream
flow -of greater intensity (incident to speaking
exhalation) is sufficient to shift the valve into
closed position and to divert the flow of exhaled
air through said auxiliary port.

5., The structure of the next-preceding claim,
together with a sound-producing element ar-
ranged in the line of flow to said auxiliary port.

6. An instrument of the class described in-
cluding a chamber, a passage for establishing
communication between said chamber and the
trachea of the user, a port communicating with
the outer atmosphere and providing an inlet and
an outlet for said chamber, an aerodynamically
operated valve adapted to close such port during
speaking exhalation through said passage;, and
an auxiliary port for delivering exhaled air fo
the larynx of the user when the port first men-
tioned is closed by said valve.

7. An instrument of the class described includ-
ing a chamber, a passage for establishing com-
munication between said chamber and the
trachea of the user, a port communicating with
the outer atmosphere and providing an inlet and
an outlet for said chamber, an aerodynamically
operated valve adapted to close such port during
speaking exhalation through said passage, an
auxiliary port providing for the delivery of a
speaking stream of air when the port first men-
tioned is closed by said valve, and a wind-oper-
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ated sound-producing device arranged in the as-
sembly in the line of flow between said passage
and said auxiliary port.

8. In an instrument of the class described in-

cluding -a tube adapted to be inserted in the

trachea of the user, a chamber ‘provided at the
outer end of said -tube;, a port establishing com-
munication between such .chamber and the outer
atmosphere, -and a valve controlling -said port;
the refinement herein described in. which said
tube is previded with two tracheal openings and
includes two passages severally establishing com-
munication  between said .openings’ and said
chamber, said valve being mounted for move-
ment under- inhalation from position of closure
on said port.and adapted to continue in open
positionn when, under normal conditions of res-
piration, the inhaled and exhaled streams of
air flow through one of said passages, said valve
being exposed to .the stream of air exhaled
through said last passage and so arranged and

proportioned that a stréam flow of speaking in- .

tensity shifts said valve into closed position,
whereby said speaking flow of air is diverted to
the second passage in said tube and: redehvered
to the trachea of the user.

9. In an instrument of the class described in-

cluding a tube adapted to be inserted in the

trachea of the user, a chamber provided at the
outer end of said tube, a port establishing com-
munication between such chamber and the outer
atmosphere, and a valve controlling said .port;
the refinement herein described in. which said
tube is provided with two tracheal openings and
includes two passages severally establishing com-
munication between ‘said openings and  said
chamber, said valve being mounted for move-
ment under inhalation from position of closure
on said port and adapted to continue in open

9,108,241

position ‘when, under normal conditions of res-
piration, the inhaled and exhaled streams of
airflow through one of said passages, said valve
being - exposed to the stream of air exhaled
through said last passage and so arranged and
proportioned that a stream flow of. speaking in-

tensity ‘shifts said valve into closed position,

whereby said speaking flow of air is diverted to
the second passage in said tube and redelivered
to the trachea of the user, and a sound- -produc-
ing device arranged in the line of flow of such
diverted stream of air.

10. A tracheal tube including two outlet open-
ings, and an aercdynamically operated valve ar-
ranged in cooperative relation with respect to
one of said openings, said valve standing in one
position with the flow of air in the tube at nor-
mal .respiration intensity and movable into al-
ternate position when the flow of air rises to
speaking intensity.

11. In a tracheal tube including an air passage
and a valve mounted for movement between al-
ternate passage-controlling positions; the refine-
ment herein- described in which said valve com-=
prises an aerodynamically operated’ valve in-
cluding a body resting in one of said positions
when air flows through said. tube .at normal
respiration intensity, said valve body having a
surface extending angtularly to the line of air
fiow, the flowing air (impringing on such sur-
face) tending to shift said valve from such posi-
tion of rest to its alternate position, the area of
such surface being so proporticned that when
the flow of air rises to speaking intensity the
aerodynamic force acting on said area becomes
effective to shift the valve into its said alternate
position. .

WILLIAM F. BREITM.
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