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[57] ABSTRACT 
A breathing device for use by a postoperative patient 
to prevent pneumonia comprises: a closed elongated 
tube having a volume of about 800 cc to about 1,500 
cc; a mouthpiece at one end of the tube; air openings 
at the other end of the tube for admitting air when air 
is inhaled from the tube and for expelling air when air 
is exhaled into the tube; a valve associated with the air 
openings and adapted to admit air readily into the 
tube when air is inhaled therefrom but to restrict the 
flow of exhaled air out of the tube. The tube can be 
provided with a second valve which prevents exhaled 
air from being expelled from the tube until after the 
pressure of the exhaled air in the tube has built up to 
an amount substantially greater than atmosphericv 
pressure. 

19 Claims, 6_Drawing Figures 
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BREATHING DEVICE 

CROSS-REFERENCE TO RELATED APPLICATION 

This application is a continuation-in-part of my co 
pending US. Pat. application Ser. No. 166,904, ?led 
July 28, 1971, now abandoned. 

FIELD OF THE INVENTION 

This invention relates to a breathing device for use by 
a postoperative patient for the purpose of preventing 
the development of pneumonia in the patient. 

It is known that a postoperative patient who suffers 
pain when breathing as a result of the operational 
wound has a tendency to take shallow breaths to allevi 
ate such pain. The lungs of an individual who takes 
shallow breaths are not expanded fully. When the lungs 
are not expanded fully, there is a tendency for atelecta 
sis to develop in the basilar portions of the lungs (par 
tial collapse of the lungs). This can lead to poor gas ex 
change and may result also in pneumonia. 

REPORTED DEVELOPMENTS 

It is known that the development of atelectasis in a 
postoperative patient can be prevented by encouraging 
the postoperative patient to take deep breaths or by en 
couraging the patient to exhale against a pressure 
greater than atmospheric pressure. 
Various devices have been developed for this pur 

pose. 
One such device consists of an open-ended elongated 

tube that has a mouthpiece through which the patient 
inhales and exhales air. The volume of air in the open~ 
ended tube increases the patient’s “dead space,” that 
is, the space between the gas-exchange portion of the 
lungs and the atmosphere. The, increase in dead space 
encourages the patient to take deeper breaths because 
of the accumulation of carbon dioxide in the dead 
space. However, a patient utilizing this device expires 
at approximately atmospheric pressure, and thus, he 
does not bene?t from the expiratory phase of respira 
tion. 
A “blow bottle” is a device that is used for the pur 

pose of encouraging a postoperative patient to exhale 
with a relatively large force. This device consists of a 
bottle partially ?led with water and a tube, one end‘ of 
which is below the water level-of the bottle. The pa~ 
tient, after taking a breath, exhales into the tube and 
the exhaled air exits from the tube through the end 
thereof which is below the water level of the bottle. The 
air which is expelled into the bottle is allowed to escape 
through an opening in the bottle which is above the 
water level of the bottle. A patient using this device 
must expire with a force which exceeds the pressure 
barrier of the water. However, it should be noted that 
the patient’s inspiratory phase of respiration is not ben 
efitted by the use of this device. 
Another device which performs the same function as 

the above-described blow bottle, but which, it is be 
lieved has never been used- medically, is disclosed in 
US. Pat. No. 652,987. This device resembles a cigar 
and consists of a tube having a mouthpiece at one end 
through which the patient inhales and exhalesand per 
forations at the other end through which air is admitted 
into the tube. Upon expiring into the tube, the perfora 
tions are closed-off by a valve and the expired air es 
capes from the tube through apertures of a smaller size 
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2 
than the perforations. Thus, the individual is encour 
aged to exhale with a greater than normal force to 
expel the exhaled air from the tube. 
A disadvantage of the blow bottle and the device de 

scribed in the aforementioned patent is that they are 
incapable of encouraging the patient to breathe in 
deeply. Another disadvantage of the blow bottle is that 
it is relatively cumbersome to use. 
Another device used in this ?eld is an intermittent 

positive pressure breathing apparatus. This device uses 
compressed air as a source of energy. By appropriate 
triggering of valves at the start of inhalation, air at a 
predetermined increased pressure is forced through a 
mouthpiece. The ?ow of air is terminated when a pre 
determined pressure is reached at the mouthpiece. 
Thus, exhalation is passive and unaffected by the use of 
this device. Other disadvantages of this device are that 
it is relatively costly to purchase and also to use be 
cause it requires the attention of an operator. This re 
sults in the devices not being readily available to the pa 
tient. In practice, the patient rarely receives treatment 
more than once every 3 hours. Furthermore, in using 
the device, care must be exercised to avoid the forcing 
of air into the patient’s stomach. If this occurs, not only 
is the patient made uncomfortable, but also it is more 
dif?cult for the patient to expand his lungs both during 
the treatment and for several hours after treatment. 
Also, since the device is used by many patients, care 
must be exercised to prevent the spread of infectuous 
disease. In addition, care must be exercised in the use 
of the machine to prevent pneumothorax (blow-out of 
the lungs). 

In view of the above, it is an object of this invention 
to provide improved means for promoting better aera 
tion of the lungsv 

It is another object of this invention to provide im 
proved means for preventing the'development of pneu 
monia in a postoperative patient. 

BRIEF DESCRIPTION OF THE INVENTION 

In accordance with this invention, there is provided 
a breathing device for use by a postoperative patient 
which encourages the patient to take deep breaths and 
to exhale against a pressure substantially greater than 
atmospheric pressure. the breathing device comprises 
a closed container having a volume of at least about 
500 cc for receiving and holding air, passageway 
means, preferably including a mouthpiece, through 
which air can be inhaled from the container and ex 
haled into the container by the patient, air passage 
means through which air is admitted into the container 
when the patient inhales through the mouthpiece and 
through which air is expelled from the container when 
the patient exhales through the mouthpiece into the 
container and means for increasing the exhalation 
force needed to expel air from the container relative to 
the exhalation force needed to exhale air directly into 
the atmosphere. 

In its preferred form, the breathing device comprises 
a closed elongated tube having a volume within the 
range of about 800 cc to about 1,500 cc, a mouthpiece 
at one end of the tube having an opening into the tube, 
the other end of the tube having air passage means for 
admitting‘ air into the tube when air is inhaled there 
from by the patient through said mouthpiece and 
through which air is expelled from the tube when the 
patient exhales through the mouthpiece into the tube, 
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a valve associated with the air passage means and 
adapted to admit air into the tube when air is inhaled 
therefrom through the mouthpiece and to restrict the 
flow of air when air is exhaled through the mouthpiece 
into the tube. 
As will be explained more fully below, the breathing 

device can include also design features which prevent 
exhaled air in the tube from being expelled therefrom 
until after the pressure of the exhaled air in the tube is 
substantially greater than atmospheric pressure. 
The breathing device of this invention has a number 

of advantages over heretofore available devices which 
have been used in efforts to prevent the development 
of atelectasis or pneumonia in postoperative patients. 
The breathing device is capable of functioning in a 
manner such that it encourages the postoperative pa 
tient to both breathe deeply and expire with a greater 
than normal force. Heretofore available breathing de 
vices do not so function. In addition, the breathing de 
vice of this invention is relatively simple in structure, 
requires little or no maintenance and can be con 
structed from relatively inexpensive materials and as 
sembled easily. Because the device is simple to use, a 
patient can be instructed how to use it in a very short 
time. In its preferred use as a disposable item, the risk 
of spreading an infectuous disease, such as tuberculo 
sis, is mimimal. . 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a breathing device in 
accordance with the.- invention. 
FIG. 2 is an enlarged broken-out longitudinal sec 

tional view of the breathing device as taken on the line 
2—2 of FIG. 3, and shows the valve of the device in its 
closed position. 
FIG. 3 is a cross-sectional view taken on the line 3-—3 

of FIG. 2. 
FIG. 4 is a longitudinal sectional view similar to FIG. 

2, but taken on the ‘line 4-4 of FIG. 5 and shows the 
valve of the breathing device in its open position. 
FIG. 5 is a cross-sectional view taken on the line 5—5 

of FIG. 4 with the valve shown in its openposition in 
dot and dash lines. 
FIG. 6 shows a modification that can be made to the 

breathing device shown in FIGS. l--5. 

DETAILED DESCRIPTION OF THE INVENTION 

A preferred form of the breathing device of this in 
vention is shown in FIGS. 1 to 5 of the drawing. The de 
vice comprises an elongated tube 2 having a circular 
cross section of constant diameter for receiving and 
holding air. The tube is composed preferably ofa mate 
rial which is substantially in?exible, that is a material 
which will not distort under the pressure or force cre 
ated by an individual inhaling air from and exhaling air 
into the tube. Cardboard and relatively rigid plastics 
are examples of suitable materials which can be used. 
One end of the tube 2 is closed with an end cap 4 

which snuggly ?ts the tube. The end cap 4, which may 
be made of metal, has an opening 6 into which there is 
?tted tightly a tube 8 of smaller diameter than the tube 
2 and through which air can be inhaled from the tube 
2 and exhaled into the tube 2 by the individual. To ac 
complish this, the individual can place the tube 8 be 
tween his lips and breathe in and out through it. To re 
duce or avoid the passage of air between the lips di 
rectly from or into the atmosphere, the tube 8 can be 

10 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
?tted with an appropriate mouthpiece. Similarly, to re 
duce or avoid the passage of air-through the nostrils di 
rectly into or from the atmosphere, the tube 8 can be 
?tted with an appropriate face-mask which forms an 
airtight seal over the nose and mouth. Also, a noseclip 
can be used when breathing through the device. In ad 
dition, the tube 8 can be connected to a tracheotomy 
tube or an endotracheal tube when the condition of the 
individual makes this appropriate. The tube 8 can be 
made of any suitable material such as. for example, 
?exible polyethylene or other suitable plastic. 
The other end of the tube 2 is closed also with an end 

cap 10 having openings l2, l4, l4’ and 14". The inside 
surface of the end cap 10, which ?ts the tube snuggly 
and can be removed therefrom, has‘ a ?exible flap I6 
attached thereto by a piece of tape 18. The ?ap 16, 
which can be made of a thin sheet of polyethylene or 
other suitable material, is associated with the openings 
14, 14' and '14" and functions as a valve which allows 
air to be admitted into the tube 2 through said open 
ings, but prevents air from being expelled from the tube 
through said openings as will be explained more fully 
below. Thus,'air can be expelled from the tube 2 only 
through opening 12 which is a relatively small hole cre 
ating a large pressure differential at high ?ow rates. 
For the purpose of illustration, thereare set forthv 

below exemplary dimensions of a breathing device of 
the type shown in FIGS. l-5: 

length of tube 2 (?lled kraft) l3 inches 
inside diameter of tube 2 2.75 do. 
thickness of wall of tube 2 0.05 inch 
volume of tube 1 I50 cc 
length of tube 8 (polyethylene tube) 4 inches 
inside diameter of tube 8 0.375 inch 
thickness of tube 8 0.062 do. 
diameter of opening l2 0.125 do. 
diameter of openings l4, l4’ 8!. 14" 0.25 do. 

_ ing a thickness of I15 mils. 

In utilizing the breathing device, the'patient inserts a 
mouthpiece, preferably ?tted on the end of tube 8, in 
side his lips and partially into the mouth. Upon inhaling 
through the mouthpiece, the patient draws air from the 
tube into the lungs. Upon such inhalation, air enters the 
tube through the air passages provided by the openings 
12,14, 14' and 14". (See FIG. 4.) It should be appreci 
ated that upon inhalation, there is created in the tube 
a slight vacuum, the force of which lifts the ?ap 16 
away from the air passage openings 14, 14' and 14" 
thereby permitting air to enter the tube through said 
openings. After inhaling and while maintaining the 
mouthpiece between the lips, the patient exhales there 
through into the tube 2. The exhaled air is expelled 
from the tube through the unrestricted, but small open 
ing 12. On the other hand, the openings 14, 14’ and 
14" are not available for the expulsion of air from the 
tube because the ?ap 16, in the absence of the vacuum 
created by inhalation and under the pressure of the ex 
haled air, returns to its normal position in which it cov 
ers the air passage openings 14, 14' and 14". By re 
stricting the flow of air which is expelled from the tube, 
the patient is forced to exhale against a pressure sub 
stantially greater than atmospheric pressure. This in 
creases his force of exhalation and the intra-alveolar 
pressure which results in more complete dilation of the 
distal alveoli thereby preventing or even reversing par 
tial collapse of the lungs. 
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As mentioned hereinabove, the breathing device of 
this invention functions also to increase the depth of 
respiration as a result of increased dead space. The vol 
ume of the breathing device is critical for accomplish 
ing this. The volume must be large enough to accom~ 
modate a sufficient amount of exhaled air, which is car 
bon dioxide rich, so that when the patient inhales the 
carbon dioxide-rich air from the device, his system will 
immediately sense this. Through re?ex action, the pa 
tient will breathe more deeply in an effort to blow-off 
or dilute the relatively high levels of carbon dioxide. It 
should be appreciated that if the volume of the breath 
ing device is not sufficiently large, the patient will not 
be encouraged to take deep breaths because upon inha 
lation, he will not be elevating the partial pressure of 
carbon dioxide in his lungs and blood. It should be ap 
preciated also that the positional relationship of the 
means through which air is inhaled from and exhaled 
into the tube 2 and the means through which air enters 
into and exits from the tube 2 is such that at the end of 
expiration, the tube 2 is filled predominately with ex 
pired air (for example about 85 percent or more) 
which is inhaled by the patient prior to his inhaling 
fresh air which enters the tube 2 during inhalation. 
The appropriate volume of the devicev will tend to 

vary because of the difference of respiratory parame 
ters of different sized individuals. For example, the vol 
ume of the lungs and air passage ways of an average 
150 lb. male is about 6,000 cc; the dead space of such 
an individual is about 150 cc and the volume of his nor 
mal breaths is about 500 cc. Therefore, with each 
breath he ventilates the gas exchange portion of his 
lungs with about 350 cc of air. It should be noted that 
about 2,000 cc of gas remains in the lungs at the end 
of a normal expiration. Thus, the individual has about 
2,500 cc of gas in his lungs at the end of inspiration, 
much less than the 6,000 cc that his lungs will accom 
modate. A function of the breathing device of the pres 
ent invention is to cause the patient to increase signifi 
cantly- the amount of air in his lungs at the end of inspi 
ration. It is a fair approximation to say that when the 
patient's dead space is increased by about 500 cc, the 
volume of his normal breath will be increased from 
about 500 to about 1,000-cc. He therefore will have 
about 3,000 cc of air in his lungs at the end of inspira 
tion. Thus, by increasing the dead space by 500 cc, the 
patient increases the amount of air in his lungs by 20 
percent. A greater increase would be more helpful. 
However, it should be appreciated that the above pa 
rameters can be somewhat smaller for smaller sized in 
dividuals, and therefore, the 500 cc volume can be 
somewhat smaller also. However, in general, the mini 
mum volume should be in the range of about 500 cc. 

ln general, the volume of the breathing device should 
not be so great as to make it greater than the maximum 
volume of gas a patient can move in one breath; this is 
in the range of about 3,500 cc. 

In its preferred form, the breathing device should 
provide for substantially laminar flow of air into the 
lungs. The reason for this is the increased dead space 
provided by the device will function most effectively if 
there is minimum mixing of trapped expired air and in 
spired atmospheric air. The device shown in FIGS. 1-5 
provides for substantially laminar ?ow of air into the 
lungs as a result of the relationship of the openings 
through which air enters the device from the atmo 
sphere and the mouthpiece through which air is inhaled 
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6 
from the device and as a result of the device being void 
of any material which would cause turbulance of the air 
?owing therethrough. 
Considering a complete breathing cycle to be an in 

halation of air from the breathing device and an exhala 
tion of air into the device, the number of cycles for 
which the patient should use the device will depend on 
how rapidly carbon dioxide builds-up in the blood, as 
well as how badly the lungs need the increased expan 
sion. About ‘A to about 6 consecutive minutes utilizing 
the device and repeating this every 30 to 60 minutes 
are exemplary conditions of use. As the device is used, 
it is believed that a new respiratory equilibrium with 
higher levels of alveolar CO-yis attained and’the in 
creased partial pressure of the CO, in the blood contin 
ues to trigger the re?ex action which causes the patient 
to breathe in more deeply. It should be noted that the 
slightly reduced levels of oxygen in the inspired air, as 
well as, possibly the increased expiratory pressure will 
accentuate the effects of elevated carbon dioxide in the 
alveoli. 
A modification of the device which can result in in 

creased effectiveness is shown in FIG. 6, which is a 
view similar to the left hand portion of FIG. 2. The 
modi?cation includes a design feature which will result 
in a build-up of expiratory pressure in the device before 
air escapes therefrom. 
With reference to FIG. 6, the outside surface of the 

endcap 11 is provided with the threshold flap 19 which 
covers the opening 13. During inhalation, air is admit 
ted into thetube 3 through the openings 15, 15' and 
15" as the ?ap 17 is opened by the vacuum in the tube 
3 created by the force of inhalation; during inhalation, 
threshold ?ap 19 covers the opening 13. Uponiexhala~ 
tion, the ?ap 17 covers the openings 15, 15' and 15" 
and the threshold ?ap 19 remains in its closed position 
covering opening 13 until suf?cient pressure has built 
up in the tube 3 from the exhaled air to cause the 
threshold ?ap 19 to release and allow air to be expelled 
from the tube to the atmosphere. Thus, threshold flap 
19 is mounted to provide a resistive force which must 
be overcome by the patient’s exhalation force before 
air will be expelled through the opening 13. The thresh 
old ?ap 19, which functions as a valve, can be made of 
any suitable material such as for example, flexible or 
spring steel, which can be attached to the endcap 11, 
for example, by epoxy glue. 
The threshold ?ap 19 should not open until the pres 

sure of the exhaled air in the tube 3 is substantially 
greater than atmospheric pressure. The greater the 
pressure of the exhaled air in the tube 3, the better the 
areation of the lungs as the patient exhales against the 
pressure. Significant improvements in aeration can be 
realized when the pressure in the tube is at least about 
5 cm of water above atmospheric pressure. Thus, the 
?ap 19 should remain closed until the pressure in the 
tube reaches about 5 cm of water above atmospheric 
pressure. When the pressure reaches this ?gure, the 
?ap should open and remain open as long as the pres 
sure in the tube is maintained at at least about 5 cm of 
water above atmospheric pressure by the patient’s ex 
halation. The patient is prevented from expelling air 
through the tube by the closing of the ?ap. This occurs 
when the pressure in the tube falls below the valve that 
is required to maintain the ?ap in its open position. 
The patient should not be required to exhale against 

a pressure which makes expiration too difficult or un 
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comfortable. Such pressure can tend to vary from pa 
tient to patient. Generally speaking, it is recommended 
that the patient not be required to exhale against a 
pressure greater than about 40 cm of water above at 
mospheric pressure. Significantly increased aeration of 5 
the lungs and comfortable expiration can be realized by 
providing a ?ap 19 which opens when the pressure in 
the tube 3 is within the preferred range of about 8 to 
about 20 cm of water above atmospheric pressure. 
The modi?cation shown in FIG. 6 results in increased 

effectiveness respecting alveolar dilation and, with 
proper choice of pop-open pressure, peak instanta~ 
neous effect, because high intra-alveolar pressures will 
be attained with the largest amount of air in the lungs. 
It should be appreciated that the use of the device 
shown in FIG. 6 results in the patient’s expiring 
throughout expiration, including at the end of expira 

‘ tion, against a pressure greater than atmospheric pres 
sure. This functions to increase the functional residual 
capacity of air in the lungs and to maintain said capac 
ity at substantially greater than normal volume. Also, 
it has been found from tests using a device as shown in 
FIG. 6, that the increase in tidal volume was greater 
than what would have been expected from the dead 
space alone. The mechanism causing this increase is 
not understood presently because the partial pressure 
of carbon dioxide in the blood actually decreased. 
By way of speci?c example, there is set forth below 

dimensions of an exemplary breathing device of the 
type shown in FIG. 6, but differing therefrom in that 
the tube 3 is provided with a single air intake opening 
instead of the 3 openings, 15, 15’ and 15": 

length of tube [2.5 inches 
inside diameter of tube 2.5 do. 
thickness of tube wall 0.06 inch 
volume of tube 950 cc 
diameter of single air intake 0. inch 
0 ening 
diameter of opening 13 0.25 do. 
flap 17 l” X 1.25" polyethylene ?lm ' 

having a thickness of 0.7 mil 
steel spring welded to endcap 
and designed to open and remain 
open when the pressure in the 
tube 3 is at least about 12 cm 
of water above atmospheric pressure. 

threshold ?ap 19 

The above breathing device can be also fitted with a 0.5 
inch diameter (i.d.) polyethylene tube about 2 inches 
long equipped with a mouthpiece through which the 
patient inhales and exhales. 
Various modifications in the use or design of the 

breathing device of the present invention can be ef 
fected. For example, the device can be used to adminis 
ter medication to the patient by feeding the medication 
into the container in vaporized or atomized form. Also, 
medication can be administered to the patient by plac 
ing in the container a material which contains the medi 
cation, for example, a material saturated with the medi 
cation. A container incorporating such a material must 
have a “free volume” of at least about 500 cc. By free 
volume is meant that the container has suf?cient space 
for accommodating the required amount of air. 

In summary, it can be said that the present invention 
provides a relatively simple, but very effective device 
for greatly expanding the lungs thereby preventing the 
development of atelectasis and pneumonia in postoper 
ative patients. It should be appreciated that the breath 
ing device of this invention can be used also by individ 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
uals who for one reason or another are confined to'bed 
or who are otherwise relatively inactive. 

I claim: 
1. A breathing device through which an individual 

can repeat both the inhaling and exhaling phases of res 
piration comprising: (A) a closed container having a 
free volume of at least about 500 cc; (B) passageway 
means through which aircan be inhaled from said con 
tainer and exhaled into said container by the individual; 
(C) air passage means communicating with an air sup 
ply at about atmospheric pressure through which air is 
admitted into said container and into and through said 
passageway means when air is inhaled from said con 
tainer through said passageway means and through 
which air is expelled from said container when air is ex 
haled through said passageway means into said con 
tainer; (D) means responsive to the individual‘s respi 
ration for increasing the exhalation force needed to 
expel air from said container relative to the inspiratory 
force needed to inhale air into the container; and (E) 
means responsive to the individual’s respiration for in 
creasing the exhalation force needed to expel air from 
said container relative to the exhalation force that 
would be needed to expel air directly into the atmo 
sphere; wherein the positional relationship of said pas 
sageway means and said air passage means is such that 
at the end of exhalation the container is ?lled predomi 
nately with exhaled air which upon inhalation is first 
inhaled from said container through said passageway 
means. , 

2. A breathing device according to claim 1 wherein 
said (D) and (E) means for increasing the exhalation 
force comprises means for restricting the flow of air 
which is expelled from said container through said air 

' passage means. 

3. A breathing device according to claim 1 including 
(F) means for preventing exhaled air from being ex 
pelled from said container until after the pressure of ' 
said exhaled air in said container is substantially greater 
than atmospheric pressure. 

4. A breathing device according to claim 3 wherein 
said (F) means is responsive to the indivvidual’s respira 
tion and permits air to be expelled from said container 
when the pressure therein is within the range of about 
5 to about 40 cm of water above atmospheric pressure. 

5. A breathing device according to claim 4 wherein 
said (F) means permits air to be expelled from said 
container when the pressure therein is within the range 
of about 8 to about 20 cm of water above atmospheric 
pressure. 1 

6. A breathing device according to claim 1 wherein 
said container is' an elongated tube, wherein said pas 
sageway means is positioned at one end of the tube and 
includes a mouthpiece, wherein said air passage means 
is positioned at the other end of said tube, wherein said 
(D) and (E) means comprises a valve associated with 
said air passage means and adapted to admit air into 
said tube when air is inhaled therefrom through said 
mouthpiece and to restrict the flow of air through said 
air passage means when air is exhaled through said 
mouthpiece into said tube. ‘ 

7. A breathing device according to claim 6 wherein 
said air passage means comprise a plurality of openings 
and wherein said valve is associated with at least one of, 
but less than all of said openings. 
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8. A breathing device according to claim 1 wherein 
said volume of said device is within the range of about 
800 to about 1500 cc. 

9. A breathing device through which an individual 
can repeat both the inhaling and exhaling phases of res 
piration comprising: (A) a closed container having a 
free volume of at least about 500 cc; (B) passageway 
means through which air can be inhaled from said con 
tainer and exhaled into said container by the individual; 
(C) air passage means communicating with an air sup 
ply at about atmospheric pressure and through which 
air is admitted into said container when air is inhaled 
from said container through said passageway means 
and through which air is expelled from said container 
when air is exhaled through said passageway means; 
and (D) means for preventing exhaled air from being 
expelled from said container until after the pressure of 
said exhaled air in said container is substantially greater 
than atmospheric pressure. 

10. A breathing device according to claim 9 wherein 
said (D) means is responsive to the individual’s respira 
tion and wherein said volume is no greater than about 
3,500 cc. 

11. A breathing device according to claim 10 
wherein said (D) means permits air to be expelled from 
said container when the pressure therein is within the 
range of about 5 to about 40 cm of water above atmo 
spheric pressure. 

12. A breathing device according to claim 10 
wherein said (D) means permits air to be expelled from 
said container when the pressure therein is within the 
range of about 8 to about 20 cm of water above atmo 
spheric pressure. 

13. A breathing device according to claim 10 
wherein said container is cylindrical in shape, wherein 
said passageway means includes a tube, one end of 
which opens into one end of the container and the 
other end of which communicates with the atmosphere, 
wherein said air passage means comprises a ?rst and 
second opening in the other end of the container, a 
valve associated with said ?rst opening adapted to 
admit air into the container when air is inhaled there 
from by the individual through said tube and to prevent 
air from being expelled from said container when air is 
exhaled therein by the individual through said tube and 
a second valve associated with said second opening 
adapted to prevent air from entering the container 
when air is inhaled from said container through said 
tube and to allow air to be expelled from said container 
when the pressure of the air in the container is within 
the range of about 5 to about 40 cm of water above at 
mospheric pressure. 

14. A breathing device according to claim 13 
wherein said second valve allows air to be expelled 
from the container when the pressure of the air therein 
is within the range of about 8 to about 20 cm of water 
above atmospheric pressure. 

15. A breathing device according to claim 13 
wherein said volume of said device is within the range 
of about 800 to about 1,500 cc. 

16. A breathing device through which an individual 
can repeat both the inhaling and exhaling phases of res 
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piration comprising: (A) a closed container having a 
free volume within the range of about 800 cc to about 
1,500 cc; (B) passageway means through which air can 
be inhaled from said container and exhaled into said 
container by the individual; (C) air passage means 
communicating with an air supply at about atmospheric 
pressure and through which air is admitted into said 
container when air is inhaled from said container 
through said passageway means and through which air 
is expelled from said container when air is exhaled 
through said passageway means; and (D) means for 
preventing exhaled air from being expelled from said 
container until after the pressure of said exhaled air in 
said container is substantially greater than atmospheric 
pressure. 

17. A breathing device according to claim 16 
wherein said (D) means permits air to be expelled from 
said container when the pressure therein is within the 
range of about 5 to about 40 cm of water above atmo 
spheric pressure, and wherein said (D) means is re 
sponsive to the individual’s respiration. ' 

18. A breathing device according to claim 17 
wherein said (D) means permits air to be expelled from 
said container when the pressure therein is within the 
range of about 8 to about 20 cm of water above atmo 
spheric pressure. 

19. A breathing device through'which an individual 
can repeat both the inhaling and exhaling phases of res~ 
piration comprising: (A) a closed elongated tube hav 
ing a free volume within the range of about 800 cc to 
about 1,500 cc; (B) passageway means positioned at 
one end of the tube and having a mouthpiece through 
which air can be inhaled from said container and ex 
haled into said container by the individual; (C) air pas 
sage means at the other'end of the tube communicating 
with the atmosphere through which air is admitted into 
said container and into and through said passageway 
means when air is inhaled from said container through 
said passageway means and through which air is ex— 
pelled from said container when air is exhaled through 
said passageway means into said container; (D) means 
responsive to the individual’s respiration for increasing 
the exhalation force needed to expel air from said con 
tainer relative to the inspiratory force needed to inhale 
air into the container; and (E) means responsive to the 
individual’s respiration for increasing the exhalation 
force needed to expel air from said container relative 
to the exhalation force that would be needed to expel 
air directly into the atmosphere; wherein the positional 
relationship of said passageway means and said air pas 
sage means is such that at the end of exhalation the 
container is filled predominately with exhaled air which 
upon inhalation is ?rst inhaled from said container 
through said passageway means; and wherein said (D) 
and (E) means comprises a valve associated with said 
air passage means-and adapted to admit air into said 
tube when air is inhaled therefrom through said mouth 
piece and to restrict the flow of air through said air pas 
sage means when air is exhaled through said mouth 
piece into said tube. 

* * * * * 


