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ABSTRACT OF THE DISCLOSURE 

Apparatus for providing controlled assistance to ex— 
halation for a person suffering from certain lung disorders, 
comprising a nonreturn inlet valve for air that imposes 
little resistance to inhalation, in combination with two 
outlet valves for exhaled air. One of the outlet valves is 
adjustably spring loaded, while the other outlet valve is of 
the set-screw type, so that rotation of the set screw adjusts 
the ori?ce of said other outlet valve. 

It is known that pulmonary diseases such as asthma and 
emphysema cause dif?culties in breathing, particularly due 
to resistance to expiration. It has been elucidated that the 
basic pathophysiological mechanisms are based partly on 
simple physical phenomena. Thus, a locking mechanism 
which makes expiration more difficult arises as the patient 
while expiring has to overcome the air flow resistance 
which is present due to pathological changes of the res— 
piratory tract. However, it has been found that patients 
suffering from the above mentioned diseases may be con 
siderably releived of the breathing di?iculties if the pa 
tient by his mouth causes a suitable resistance to the ?ow 
of air in expiration by pressing his lips together. 
The present invention relates to an apparatus which 

facilitates the technical accomplishment of resistance 
breathing in the diseases referred to above. It provides an 
accurately adjustable expiration resistance adapted to in 
dividual requirements without any risk for an unfavour 
able increase of the lung volume (the functional residual 
capacity) at passive expiration and does not tax the pa 
tient by an additional resistance to inhalation. The ap 
paratus enables particularly favourable distribution in 
the lungs of medicines distributed by inhalation. The ap 
paratus can easily be operated by the patient himself, it 
operates automatically as the patient breathes, it may 
be made so small that it can be carried conveniently in 
the patient’s pocket to be ready for use, e.g. at an attack 
of asthma or in case an emphysematic person needs an 
augmented ventilation of the lungs in connection with a 
prestation of muscles. Alternatively, the apparatus may 
be provided with a mouthpiece for breathing through the 
mouth or with a breathing mask for breathing through 
the mouth and nose simultaneously. 
The invention comprises an apparatus for the purpose 

referred to, which is substantially characterized by a 
preferably tubular housing having an opening to be con 
nected to the sick person’s mouth, an inlet means for 
inhaled air, and outlet means for exhaled air, one of said 
outlet means comprising a preferably spring-loaded or 
elastic expiration valve and another of said outlet means 
including an expiration valve having a manually adjust 
able passage area for exhaled air. The spring-load or 
elasticity of said yieldable expiration valve may also be 
adjustable. Said expiration valves have resistance charac 
teristics differing one from the other. The spring-loaded 
or elastic valve has a static resistance characteristic allow 
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ing escape of a large quantity of exhaled air and being 
capable of keeping the desired resistance to expiration con 
stant as long as the pressure in the lungs is maintained 
and which in this connection acts indepedently of the 
magnitude of the gas ?ow. The adjustable expiration 
valve or leakage valve acts as a dynamic resistance and 
has a relatively low capacity of flow during the greater 
part of the expiration phase as compared with the static 
resistance valve. The combination of the two types of 
resistance enables contracted air pipes in the lungs to be 
opened, but provides that an increase of the functional 
residual capacity may be avoided. The latter effect results 
from by the fact that the last part of the expiration (as 
the gas ?ow is beginning to be reduced and the static 
resistance valve is closed) escapes by way of the dynamic 
resistance which decreases with a decreasing flow. (It is 
to be noted that a dynamic resistance alone would not 
be su?icient since its magnitude ‘would vary to a high 
degree as the gas flow varied which would result in that 
a dynamic resistance adapted to breathing at rest would 
place too much strain on the patient during heavy breath~ 
ing.) Furthermore, it is to be noted that the inhalation 
valve is easily operable and has a great flow capacity. 
The invention will be more particularly explained by 

description of embodiments thereof as illustrated in the 
accompanying drawing, in which FIG. I is a diagrammatic 
longitudinal section of a model illustrating the function 
of the resistance and the locking mechanism of the ex 
piratory tracts, FIG. II shows a longitudinal section of 
the apparatus proper and FIG. -III is an elevation of a 
modi?cation of the apparatus. 
The function of the locking mechanism is illustrated 

in the diagrammatic FIG. I in which 1 is a bladder cor 
responding to lung parts containing air, 2 is an air pipe 
which has a restriction 3 in its end opening in the interior 
of the bladder said restriction corresponding to the path 
ological change. The other free end is carried out through 
the wall of the bladder and has its mouth outside the free 
end 4. The tube 2 consists of an elastic material having 
qualities corresponding to those of the respiratory tracts 
of the lungs. 
As the bladder 1 is to be exhausted (expiration) this 

is effected by applying pressure by way of its walls to the 
gas therein (corresponding to the action of the expiratory 
constrictors or the elastic force of the bladder). It may 
then occur that the applied pressure compresses the tube 
2 as indicated by the dotted lines 5 so that the exhaustion 
is dif?cult or impossible. 
The locking action at 5 in FIG. I may be reduced if 

a resistance ‘6 of a suitable shape is arranged at the end 
4 of tube 2. As a result, the resistance to the gas passage 
at 6 when it is suf?ciently large as compared with the re 
sistance at 3 generated by the sickness prevents further 
restriction of tube 2. However, a method which presumes 
that the patient himself shall positively generate the de 
scribed eifect necessitates that he has been paricularly 
instructed and trained in the breathing technique, and this 
is di?icult to apply with the necessary accuracy if he 
suffers from orthopnaea. 
From reasons to be developed more in detail herein 

after, the resistance at 6 in FIG. I should be of a constant 
character (static). However, this type of resistance has 
an unfavourable effect in one respect. The respiratory 
members can be compared with an elastic bag which is 
expanded during inhalation through forces (from the in 
halation muscles) actuating its walls outwardly. If during 
expiration no muscular members are made active the ex— 
piration takes place by the fact that the activity of the 
inhalation muscles ceases and the bag contracts due to its 
elasticity. If there is a resistance of a character inde 
pendent of the flow (static resistance) against the respira 
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tion, the latter is interrupted as the volume of the bag 
has been reduced to such an extent that a balance has 
arisen between the elastic force therein and the resistance. 
Thus, in case of exterior static resistance against breathing 
there is an acting mechanism which in itself prevents 
complete emptying of the lung. The functional residual 
capacity of the lung thus increases which is unfavourable 
to the e?iciency of ventilation. 

In certain pathological conditions of lungs it is cus~ 
tomary to supply medicines in a spray form or as vapor 
carried by inhaled air. Thus, for instance, in case of 
bronchial asthma bronchodilating means such as adren 
aline is supplied. The intention by such treatment is to 
actuate the contracted‘air pipes by the substance directly 
and locally. In this connection there is a dii?culty connect 
ed with the condition indicated hereinbefore, viz., that the 
lung parts which are supplied by way of the contracted air 
pipes become more dif?cult to exhaust due to the locking 
mechanism so that these lung parts also to a less extent 
receive inhaled air and the active substances which are 
distributed and which they need. 
FIG. II illustrates an embodiment of the invention in 

which a housing or tube 1’ has one end thereof provided 
with a mouthpiece 2’ and its other end with an inhalation 
valve comprising a ?ap valve 3’ consisting of a diaphragm 
of rubber centrally secured to a spider member 4' and 
arranged so that the flow of air may pass thereinto from 
the end 5’ toward the mouthpiece. Further, the tube 1’ has 
an expiration valve 13 at a lateral ori?ce 6' with a valve 
seat 7 surrounded by a valve housing 8 at both sides pro 
vided with gas ports 9. Resting on the valve seat is a 
rigid valve disc 10 which is actuated from above by a 
pressure spring 11 having its upper end actuated by a 
set screw 12 which is rotatably inserted in the top of 
the valve housing 8 and on rotation is displaced along its 
axis of rotation. The pressure of opening of the expira 
tion valve 13 is adjustable from 0 to about 40 cm. (15.7") 
of water. 

. There is a dynamic resistance valve in the wall of tube 
1' at an ori?ce 14, the rim of which serves as a valve 
seat for a set screw 15 having screw engagement with a 
screwthread in the tube 16 and thus enabling variation of 
passage area of the valve ori?ce. Air passage of varying 
rate through the lateral hole 17 on the tube 16 may thus 
be obtained. 

Alternatively, the mouthpiece 2’ may be replaced by a 
breathing mask of conventional type (18 in FIG. III) 
which has a close ?t around mouth and nose. 

In operation of the apparatus the patient seizes the 
mouthpiece 2' by his lips (alternatively he applies the 
mask 18), whereupon the dynamic resistance or leakage 
valve 14 is closed and he breathes in and out through the 
apparatus and experimentally adjusts the spring pressure 
on the valve disc 10 upwards or downwards by the set 
screw 12 until the maximum of relief is obtained during 
expiration. After this the valve 14 is opened as much as 
possible with a continuing feeling of relief during breath< 
ing. Inhalation occurs by way of the inhalation valve 3' 
without any particular resistance. 
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FIG. III illustrates an embodiment of the invention in 

which the previously described pneumatic bronchodilator 
is provided with a connection member 19 beyond the in 
halation valve and/or a similar connection member 20 
inside the inhalation valve adapted to be connected to 
the inhalation tube of a spray device or the like which 
is employed to supply medical substances to the lungs 
in inhaled air. 

In operating the apparatus one breathes in the bron 
chial dilator before or during supply of e?ective means 
and thus ensures that the lung parts which are expanded 
by the locking mechanism in the manner previously de 
scribed are exhausted by the expirations and receive a 
greater part of the active substance than would otherwise 
be the case. If the spray device or the like, due to its con 
struction, is provided with its own expiration resistance 
(non-return valve action or the like) it should be suitably 
connected according to the alternative 20 or otherwise 
according to 19. 

If in the alternative 20 the bronchial dilator is used 
without the spray apparatus or the like, the connection 
20 should be closed by a plug of rubber or the like. 
What we claim is: 
1. Apparatus for providing controlled resistance to 

exhalation for persons su?ering from lung disorders, com 
prising a main housing having an opening to be connected 
to a person’s mouth, nonreturn inlet valve means for 
admitting inhaled air, and outlet valve means for ex 
pelling exhaled air, said outlet valve means imposing 
substantially more resistance to exhalation than said inlet 
valve means opposes to inhalation, said outlet valve 
means comprising a pair of valves, a valve housing on 
the side of said main housing, one of said valves being 
disposed in said valve housing, a coil compression spring 
that urges said one valve closed to separate said valve 
housing from said main housing, said one valve opening 
under pressure of exhaled air against the action of said 
coil compression spring, said valve housing having out 
let ports through the walls thereof, a screw that passes 
through a screw-threaded opening through one wall of 
said valve housing and that bears adjustably on said coil 
compression spring to adjust the magnitude of force with 
which said one valve opposes exhalation, the other of said 
valves comprising a tube that opens into said main hous 
ing through a passage disposed axially of the tube, said 
tube having a lateral outlet for expelled air, a set screw 
screw-threadedly disposed axially in said tube, said set 
screw having an inner end that is movable axially in said 
tube to vary the size of the passageway between the main 
housing and said lateral outlet. 
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