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57) ABSTRACT 

A positive pressure breathing circuit for operation in 
conjunction with a positive pressure ventilator includ 
ing a concentrically oriented inhalation/exhalation cir 
cuit having an inner inhalation tube and an outer ex 
halation tube, the tubes being positioned in concentric 
and spaced orientation, the inhalation tube being fur 
ther provided with an inhalation unidirectional valve 
means for providing unidirectional gas flow through 
the inhalation tube, the exhalation tube being pro 
vided with an exhalation unidirectional valve means 
associated therewith for providing unidirectional gas 
flow through the exhalation tube, and an inflatable oc 
clusion means interposed between the inner and outer 
tubes in fluid communication with a source of pressur 
ized fluid, such that the inflatable occlusion means is 
alternatively inflatable and deflatable in response to 
fluid pressure from the source thereof, the gas flow in 
the inhalation tube being countercurrent with respect 
to the gas flow in the exhalation tube, and the circuit 
further being provided with disengagably mountable 
nebulizer means in cartridge form and in fluid commu 
nication with the inhalation tube, such that atomized 
medicinal fluids may be introduced into the inhalation 
tube during the respiratory therapy. 

34 Claims, 14 Drawing Figures 
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3,865,106 
POSITIVE PRESSURE BREATHING CIRCUIT 

BACKGROUND OF THE INVENTION 
The concept of respiratory therapy is well known in 

the art field, and a wide variety of respiratory diseases 
are treated by use of a positive pressure respiratory sys 
tem. The positive pressure incident to such systems is 
generated by devices commonly referrred to as ventila 
tors, respirators or other such positive pressure ma 
chines. Generally, the concept is to provide a breath 
able gas mixture under pressure to the patient to facili 
tate the respiratory cycle of the patient. 

Usually, such breathable gases consist of a composi 
tion of air and oxygen which is delivered to the patient 
under controlled conditions of pressure, temperature, 
water content and gas composition. 

In the typical system, the gas is conducted from the 
ventilator to the patient by means of a tubing conduit, 
generally consisting of an inhalation tube and exhaled 
gases exhausted through an exhalation tube. Further 
more, it is generally accepted that in such systems, the 
inhalation and exhalation tubes respectively, are sepa 
rate tubes separately interconnecting the ventilator 
with the patient face mask in order to complete the cir 
cuit as between the ventilator and the patient. The dif 
ferences existing between the variety of systems avail 
able generally involve mainly materials of construction 
rather than in the make-up of the system. The tubing 
conduit is usually formed of a flexible material, which 
is chemically inert and fabricated into a cylindrical 
configuration, whether corrugated or otherwise, and 
reinforced in order to prevent kinking and collapse. 
The tubes or conduits are interconnected to the venti 
lator and to the patient by any suitable devices, al 
though usually slip-type friction fittings are employed 
especially for connection of the ventilator to the valv 
ing mechanism which is external to the patient. In addi 
tion, many of the current respiratory breathing circuits 
also incorporate a gas powered nebulizer, usually 
mounted to the housing of the valving mechanism, the 
nebulizer functioning to create a mist of a variety of liq 
uid medications, which are then administered in con 
junction with the positive gas pressure introduced 
through the inhalation tube. 
Another feature of a respiratory circuit and system 

includes the provision of a heated humidifier which is 
interposed in the circuit between the ventilator and the 
inhalation tube. The purpose of the heated humidifier 
is to raise the temperature of the gas as well as to hu 
midify the same prior to inhalation by the patient. In 
the usual system, the heater raises the liquid tempera 
ture of approximately 120F. - 140°F, which results in 
a gas temperature of approximately 110F. - 130F. 
upon exit from the nebulizer or humidifier. 

Insofar as the presently existing systems are con 
cerned, a variety of problems have been encountered 
and it is the purpose of the present invention to over 
come these difficulties which are inherent in the pres 
ent systems. For example, the valving mechanism inci 
dent to systems presently available are generally extra 
neous to the system and the circuit, and hence, a great 
deal of dead space is usually present in the system. The 
dead space results in the patient generally breathing in 
previously exhaled gases during the inhalation cycle 
since any gas existing in the dead space will tend to be 
drawn back into the patient during the inhalation cycle. 
In the event that any bacterial growth develops in the 
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2 
dead space, it is obvious that the patient is exposed to 
the danger of inhaling contaminated gas. 

In addition, CO, is a respiratory stimulant and can 
cause hyper-ventilation with attendant unfavorable 
complications. Hence, it is deemed desirable not only 
to have the valving mechanism associated with circuit 
per se, but also to position the valving mechanism 
closely adjacent to the patient to minimize the dead 
space. 

Insofar as humidification and heating is concerned, it 
has been found that since the humidifier is generally 
positioned in the circuit in a position removed from the 
patient, that even though the gas may be heated and 
humidified, the gas will give off both heat and humidity 
as it travels through the tubing to the patient. For ex 
ample, when the heat-saturated gas leaves the humidi 
fier through the tubing circuit, it will release heat by 
contact with the thin wall of the tubing conduit, which 
in turn is exposed to room air temperature, i.e., 
70-75°F. Hence, it is frequently found that the inlet 
gas temperature just prior to entering the patient is ap 
proximately 85F. thereby accounting for a tempera 
ture drop of approximately 25°F or more. As a result 
of the heat given up by the gas, condensation will occur 
in the tubing circuit resulting in a pool of liquid collect 
ing in the tubing. It is apparent that the pooling of liq 
uid in the tubing circuit is not desirable since such pool 
ing actually reduces the lumen opening of the tubing at 
the point of pooling, which in turn may cause prema 
ture cycling of a pressure-cycled wentilator, since the 
reduced lumen presents a pressure gradient which the 
ventilator senses as a pressure increase. If the pressure 
equals the shut-off pressure of the ventilator, the venti 
lator will cycle off and the patient will not have re 
ceived the proper pressure from the ventilator system. 
In a volume-cycled ventilator, the reduction in lumen 
at the point of pooling reduces the volume of gas deliv 
ered to the patient since the gas between the ventilator 
and the pool is compressed and hence, the patient does 
not receive the proper volume of gas. Furthermore, the 
compression of the gas is reflected in tubing compli 
ance, or the distention of the tubing as a result of inter 
nal pressure and is an important factor in determining 
the setting of volume-cycled ventilators and is generally 
compensated for in making the initial settings of the 
ventilators. The change in volume produced by pool 
ing, however, is not predictable and consequently, can 
not be compensated for in the ventilator setting. In 
presently existing systems, this situation is compen 
sated for by draining the tubing at frequent intervals in 
order to relieve the pooling problems. It is hence 
deemed desirable to reduce the amount of condensa 
tion in the tubing and one of the purposes of the pres 
ent invention is to greatly reduce this problem. 
Another problem incident to the heat loss of the 

gases as they travel through the tubing conduit from the 
humidifier to the patient is that if the temperature of 
the inhaled gas is below body temperature, there is a 
tendency of the body of the patient to give up heat to 
the gas. The heat given up by the patient is energy re 
leased as a result of the work by the patient's metabolic 
system and the continued demand for heat release re 
quires a metabolic system to work harder and this work 
can become a significant factor in treating a critically 
ill patient. Additionally, as the temperature of the in 
haled gas is raised, through heat loss by the patient, its 
relative humidity decreases. A humidity deficit in the 
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gas is then created and since the gas can carry addi 
tional moisture as water vapor, the tendency is for the 
mucosal membranes in the respiratory system of the 
patient's body to give up water until the inhaled gas is 
saturated. This surrender of water vapor from the pa 
tient's mucosal membranes can cause complications 
since the mucous on those membranes will become 
drier and more viscous, making it more difficult to re 
move by cillial action. The accummulation of mucous 
inhibits adequate ventilation and can cause alveolar 
collapse infection, changes in blood gas levels, and 
other complications of a serious nature. 
The present systems have attempted to alleviate this 

problem by increasing the moisture and temperature of 
the gas upon leaving the humidifier. However, it is ap 
parent that where the gas is heated above body temper 
ature in order to ensure a temperature close to body 
temperature upon delivery to the patient, the gas will 
pick up additional quantities of moisture in the humidi 
fier and will lose the same through "rail out' during its 
travel through the tubing conduit. Hence, more fre 
quent draining of the tubing conduit has been neces 
sary where humidification is employed. 

It is therefore deemed desirable to minimize the 
amount of extra heat generated in a humidifier which 
at the same time preventing and retarding heat loss in 
the tubing conduit since one is thereby more assured of 
the proper humidity and temperature level of the gas 
inhalation by the patient. It is another feature of this in 
vention to provide a system which accomplishes this 
end. 
Another difficulty which has been inherent in pres 

ently available systems relates to the nebulizer utilizer 
to introduce atomized medications into the inhalation 
line. Present systems generally require that an operator 
manually fill the nebulizer prior to the respiratory ther 
apy for the patient, and this operation is both time con 
suming and subject to human error. Furthermore, addi 
tional problems with sterility are introduced when an 
operator handles the nebulizer, especially where the 
nebulizer is intended to be in fluid communication with 
the tubing circuit for delivery of medicinal fluids to the 
patient. While the present nubulizers are relatively ef 
fective in creating atomization of the medicinal liquids 
therein, such nebulizers are affected in different de 
grees by the position of the nebulizer assembly with re 
spect to the vertical-horizontal axis. For example, if the 
bottom of the capillary tube within the nebulizer is im 
properly positioned within the housing, no liquid will 
be aspirated in the capillary tubing. The present inven 
tion overcomes this difficulty by providing an improved 
and more simplified nebulizer including a capillary 
tube system which is designed to flotate on the surface 
of the medicinal fluid contained in the nebulizer and 
ensure that atomization of the medicinal fluid therein 
will occur during the inhalation therapy. 

OBJECTS AND ADVANTAGES 

It is therefore the principal object of the invention 
described herein to provide a positive pressure breath 
ing circuit which is compact in structure while at the 
same time minimizes heat loss of the gas during travel 
through the tubing circuit while maintaining a rela 
tively stable level of humidification of the gas prior to 
inhalation by the patient. 

In connection with the foregoing object, it is yet a 
further object of this invention to provide a system 
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4. 
which retains the heat of the inhaled gas throughout the 
path of travel through the tubing circuit without at the 
same time employing any extraneous heat source, this 
goal being accomplished by providing a heat exchanger 
system utilizing both the inhaled gases as well as the in 
haled gases to provide such a heat exchanger system. 

Still another object of the invention is to provide a 
positive pressure breathing circuit which includes both 
inhalation and exhalation unidirectional valve means, 
thereby to ensure unidirectional gas flow through the 
inhalation line, as well as through the exhalation line, 
and thereby preventing any cross-contamination of the 
gases in the circuit. 

In connection with the foregoing object, it is another 
object to provide a positive pressure breathing circuit 
of the type described which also includes inflatable oc 
clusion means in fluid communication with a source of 
pressurized fluid which is designed to inflate during the 
inhalation cycle thereby to occlude the space between 
the inhalation tube and the exhalation tube and func 
tion as a resistance to any back pressure created as well 
as to absolutely prevent any cross contamination of ex 
haled gases with inhaled gases during both the inhala 
tion and exhalation cycles of the patient. 
Yet a further object of the invention is to provide an 

improved positive breathing circuit which is provided 
with a disengagably mountable nebulizer cartridge 
which may be prefilled under sterile conditions and 
easily mounted on the tubing circuit, thereby to estab 
lish fluid communication as between the nebulizer and 
the inhalation tube while at the same time minimizing 
handling by the operator, as well as simplifying installa 
tion of the nebulizer to the circuit. 

In connection with the foregoing object it is yet an 
other object of the invention to provide an improved 
nebulizer wherein the capillary tube system has been 
improved such that the capillary tube causing the atom 
ization of the medicinal fluids therein is designed to 
float on the surface of the liquid level within the nebu 
lizer and thereby ensure complete atomization of the 
medicinal fluids contained therein and minimize im 
proper positioning of the capillary tube system therein. 
A further object of the invention is to provide a posi 

tive pressure breathing circuit wherein the inhalation 
tube and exhalation tube are positioned in concentric 
double tubular orientation, with the inhalation line 
being positioned interiorly of the exhalation line such 
as to create a heat exchanger system whereby the heat 
of the exhaled gases will simultaneously warm the in 
haled gases and retard heat loss of the inhaled gas 
throughout the course of travel through the system, 
thereby ensuring that the inhaled gases will maintain 
both heat and humidity until inhaled by the patient, 
while at the same time providing a system which is 
compact in construction and efficient in operation, and 
also incorporating the valving mechanisms for both the 
inhalation tube and exhalation tube within the tubing 
circuit and immediately adjacent to the patient, and 
further permitting the inflatable occlusion means to be 
positioned within the tubing circuit, again adjacent to 
the patient receiving terminal end thereof, 

in connection with the foregoing object, it is yet a 
further object to provide a positive pressure breathing 
circuit of the type described wherein the nebulizer 
means may be easily positioned and mounting onto the 
exhalation tube and readily establish fluid communica 
tion between the nebulizer means and the inhalation 
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tube, while at the same time avoiding the possibility of 
interfering with the sterile condition of the nebulizer or 
its contents. 

Still another feature of the present invention is the 
provision of an improved humidifier which is provided 
with an outer jacket surrounding the water chamber 
and constructed to be in fluid communication with the 
exhaled gases at the terminal end of the exhalation 
tube, such that the heat from the exhaled gases may be 
used to maintain the temperature of the water within 
the humidifier hence permitting the utilization of the 
gases within the system, thereby to permit the greatest 
amount of energy conservation. 
Further features of the invention pertain to the par 

ticular arrangement of the elements and parts whereby 
the above outlined and additional operating features 
thereof are attained. 
The invention both as to its organization and method 

of operation, together with further objects and advan 
tages thereof, will best be understood by reference to 
the following specification, taken in connection with 
the accompanying drawings in which: 
FIG. 1 is a side elevational cross sectional view of the 

positive pressure breathing system, showing the double 
tubular concentric orientation of the inhalation and ex 
halation lines and the valving system for the circuit, in 
cluding the inflatable occlusion means and the novel 
nebulizer means for the invention; 
FIG. 2 is a side elevational view, partly in cross sec 

tion, showing the operation of the inflatable occlusion 
means incident to the present invention; 
FIG. 3 is a side elevational view, partly in cross sec 

tion, showing the capillary tube system of the nebulizer 
incident to the present invention; 
FIG. 4 is a perspective exploded view showing the pa 

tient receiving terminal end of the tubing circuit and 
the positioning of the nebulizer cartridge with respect 
to the exhalation tube thereof, 
FIG. 5 is a bottom view showing the shuttering sys 

tem formed as part of the outer wall of the exhalation 
tube and showing the shutter in the open position; 
FIG. 6 is a bottom view of the tubing circuit, and spe 

cifically the outer wall of the exhalation tube, showing 
the slide mounting means for the nebulizer with the 
shutter in the closed position occluding the port in fluid 
communication with the inhalation tube; 
FIG. 7 is a top view of the nebulizer cartridge show 

ing the shutter in the open position; 
FIG. 8 is a top view of the nebulizer cartridge show 

ing the shutter in the closed position; 
FIG. 9 is a side elevational cross-sectional view show 

ing the exhalation tube with the nebulizer cartridge po 
sitioned therein in disengageably mounted relationship; 
FIG. 10 is a side elevational cross-sectional view 

showing the gas source end of the circuit and the inter 
connection thereof with the humidifier for the system; 
FIG. 11 is a side elevational cross-sectional view 

showing one embodiment of the tubing useful in the 
present invention; 
FIG. 12 is a side elevational cross-sectional view 

showing a smooth walled tubing configuration useful 
within the purview of the present invention, wherein 
the interior tube includes a helical wire wound there 
about, 
FIG. 3 is a side elevational cross-sectional view 

showing an embodiment of the invention wherein 
smooth walled tubing is utilized; and 
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6 
FIG. 14 is a perspective view of the system employing 

the circuit of the present invention and the intercon 
nection thereof with a patient face mask at the patient 
receiving terminal end and connected to the humidifier 
at the opposing end of the circuit. 
With specific reference to FIG. 1 of the drawings, the 

details of construction of the double tubular concentri 
cally oriented positive pressure breathing circuit of the 
present invention is illustrated. The circuit, which is 
generally referred to by the numeral 10 is shown to 
consist of an outer exhalation tube 12 and an inner in 
halation tube 14. The outer tube 12 is shown to be of 
smooth walled construction, both along the exterior 
surface as well as the interior surface, and as illustrated 
in the preferred embodiment shown in FIG. 1 of the 
drawings, it is provided with an atomizing channel 16, 
formed by an outer peripheral wall 17, which together 
with a portion of the interior wall of the outer tube 12, 
forms the atomizing channel 16. The outer exhalation 
tube 12 terminates at a patient terminal end 18 which 
slip-fits over the exhalation housing member 20. The 
exhalation housing member 20 is shown to be formed 
by an outer tube member 2 and an inner tube member 
22, the outer exhalation tube 12 slip-fitting over the 
terminal end of the outer tube member 21, as shown in 
FIG. of the drawings. Where it is contemplated that 
the circuit of the present invention is to be formulated 
for disposable use, the fitting between the outer exhala 
tion tube 12 and the outer tube member 21 of the hous 
ing member 20 may be bonded by any suitable means. 
Where the circuit is intended for reuseable use, the fit 
ting between these two elements may be by way of a 
friction slip-fit or the like. The atomizing channel 16 
extends the entire length of the outer exhalation tube 
12 and interconnects with a source of pressurized fluid 
at the opposed end thereof, the source of pressurized 
fluid being either extraneous to the system, or forming 
a separate port in the ventilator. 
The inner inhalation tube 14 is similarly shown to be 

of smooth walled construction and is also shown to 
have an inflation channel 24 formed by an outer pe 
ripheral wall 25, which together with a portion of the 
interior surface of the wall of the inner inhalation tube 
14 forms the inflation channel 24. The inner inhalation 
tube 14 terminates at a patient terminal end 26 and 
seals with the inner tube member 22 of the housing 
member 20. Once again, the inflation channel 24 ex 
tends throughout the entire length of the inner inhala 
tion tube 14, and connects at its opposed end with a 
separate port in the ventilator for providing a source of 
pressurized fluid for a purpose to be more fully defined 
hereinafter. 
With respect to the exhalation housing member 20, 

as previously indicated, the member 20 is formed by 
the outer tube member 21 and the inner tube member 
22. The outer tube member 21 also incorporates an 
housing atomizing channel 28 formed integrally there 
with and constructed to matingly engage the atomizing 
channel 16 of the outer exhalation tube 12 again as de 
picted in FIG. 1 of the drawings. The housing atomizing 
channel 28 extends for a distance along the length of 
the housing member 20 and is turned 90° terminating 
in an outer peripheral neck 29 to accommodate a tube 
fitting thereabout. The housing member 20 is shown to 
be open at its inner end 30 and at the opposed end 31 
it is closed by an end wall 32. Finally, the construction 
of the outer tube member 21 is completed by a circum 
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ferential groove 33 accommodating a circumferential 
shoulder 34 which forms a valve seat as will be more 
fully explained hereinafter. 
The inner tube member 22 is shown to be provided 

with a housing inflation channel 36, which is con 
structed to mate with the inflation channel 24 of the 
inner inhalation tube 14. The housing inflation channel 
36 is formed integrally with the inner tube member 22 
and terminates in a port 37 which, in turn, establishes 
fluid communication with an inflation cuff 38, mounted 
circumferentially about the inner tube member 22. The 
outer peripheral ends of the cuff 38 are fixedly secured 
to the outer wall of the inner tube member 22, forming 
a fluid tight seal such that fluid cannot leak through the 
seal formed by the outer peripheral ends of the cuff 38. 
It is apparent that once the circuit is interconnected 
such that the housing inflation channel 36 is mated with 
the inflation channel 24 of the inner inhalation tube 14, 
a fluid flow path is established therethrough, through 
port 37, such that the inflatable cuff 38 may be inflated 
by the introduction therein of a fluid under pressure. 
The inner end 40 of the inner tube member 22 is shown 
to be open such that open fluid communication is es 
tablished with the inner inhalation tube 14 when inter 
connected, and the outer opposed end 41 is shown to 
extend through an aperture provided in the end wall 32 
of the housing 20 and provides a circumferential neck 
42 for connection to a patient's face mask or mouth 
piece M, as more clearly shown in FIG. 14 of the draw 
1ngS. 

It will also be observed that the inner tube member 
22 is provided with a plurality of apertures 44 function 
ing for a purpose to be more fully described hereinaf 
ter. It will further be observed that the inner tube mem 
ber 22 includes a downwardly depending neck 46 ter 
minating in an atomizing port 47. The lower end of the 
neck 46 is fixedly secured to the inner surface of the 
outer tube member 21 in the same manner that the 
inner tube 22 is fixedly secured through the aperture 
provided in the end wall 32. Hence, it will be appreci 
ated that the housing member 20 is formed as an inte 
gral unit, having the inner tube 22 fixedly secured 
within the outer tube member 21. 

It will further be observed that a portion of the outer 
tube member 21 is provided with a U-shaped channel 
48 (more precisely shown in FIGS. 5 and 6 of the draw 
ings) which functions as the mounting means for 
mounting the nebulizer onto the outer tube member 
2. 

Insofar as the valving mechanisms are concerned it 
will be observed that the inner tube member 22 is pro 
vided with a flexible membrane 50 positioned there 
about, the membrane 50 being circumferentially posi 
tioned about the inner tube member 22. The mem 
brane 50 forms a valve which seats against the circum 
ferential shoulder 34 such that during the inhalation 
cycle by the patient negative pressure is created, forc 
ing the membrane 50 against the shoulder 34 in fluid 
tight relationship. When posiive pressure is exerted 
against the membrane 50, the membrane 50 will move 
away from the shoulder 34 and unseat, thereby permit 
ting exhaled gases to flow therethrough. 

Insofar as the inner tube member 22 is concerned, an 
inhalation valve 52 is provided formed by a circumfer 
ential ring 53 supporting a frusto-conical central rib 
member 54 centrally therein. The rib member 54 sup 
ports the flexible membrane 55, which is constructed 
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8 
to seat against the inner edges of the ring 53. Hence, 
when the flexible membrane 55 is seated against the 
inner edges of the ring 53, the valve member 52 is in 
the closed position. When gas is passed through the 
inner inhalation tube 14 and through the inner tube 
member 22 in the direction of the arrows 56, the flexi 
ble membrane 55 unseats from the peripheral edges of 
the ring 53, thereby permitting the gases to flow 
through the valve member 52, and on through the inner 
tube member 22, through the patient face mask M and 
hence to the patient. 

It will be clear from the above description that the 
valve member 52 and the flexible membrane 50 func 
tion as an inhalation valve and an exhalation valve re 
spectively. In other words, as gas is passed through the 
inner inhalation tube 14, in the direction of the arrows 
56, the inhalation valve member 52 opens to permit the 
inhaled gases through to the patient. Simultaneously, 
negative pressure is created between the inner tube 
member 22 and the outer tube member 21, such that 
the flexible membrane 50 seats against the circumfer 
ential shoulder 34, in effect closing the exhalation valve 
while the inhalation valve member 52 is open. During 
the exhalation cycle, gases will pass initially into the 
inner tube member 22, but as the exhaled gases strike 
against the surface of the flexible membrane 55, the 
flexible membrane 55 will seat against the outer edges 
of the ring 53, closing the inhalation valve member 52. 
As the gases back up, they will flow through the aper 
tures 44 and create positive pressure against the flexi 
ble membrane 50. This will then cause the flexible 
membrane 50 to open, thereby permitting gases to flow 
through the spacing between the inner tube member 22 
and the outer tube member 21. In this manner, unidi 
rectional valve members are established for both the 
inhalation tube 144 and the exhalation tube 12. 

It should be noted that substantially the same effect 
produced by valve member 52 and membrane 50 may 
be achieved by location at any point along the exhaled 
gas path, such as port 107 in FIG. 10, and that the loca 
tion of valve member 52 and membrane 50 as shown 
in FIG. 2 is only a preferred location for creating unidi 
rectional flow in the exhalation tube portion of the cir 
cuit. 
With regard to the inflatable cuff 38, as has been pre 

viously described, the inner tube member 22, is pro 
vided with the housing inflation channel 36 while the 
inner inhalation tube 14 is provided with the inflation 
channel 24. This channel 24 is in turn in fluid commu 
nication with a source of pressurized fluid, such as the 
ventilator provides and during the inhalation cycle 
when the ventilator cycles on, gases are introduced into 
the inhalation tube 14, and hence simultaneously down 
the inflation channel 24. The positive pressure created 
by the gas through the inflation channel 24 will inflate 
the cuff 38, thereby assuming the posture shown in 
FIG. 2 of the drawings. When fully inflated, the cuff 
will occlude the space between the inner tube 22 and 
the outer tube 21, and prevent the flow of gas in either 
direction. Hence, during the inhalation cycle, once the 
ventilator cycles on and the gas is simultaneously 
forced down the inhalation tube 14, gas also is forced 
down the inflation channel 24 to inflate the cuff 38. 
During this cycle, as previously described, the inflation 
valve member is open to permit incoming gas to flow 
to the patient, while the flexible membrane 50 is seated 
against the shoulder 34, closing the exhalation valve. It 
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will be apparent that the purpose of the inflatable cuff 
38 is to further ensure that there is no crosscontamina 
tion of the inhaled gases with exhaled gases, as well as 
to function as a positive resistance against any back 
pressure caused by the gases introduced into the system 
under pressure by the ventilator. It will further be clear 
that once the ventilator cycles off, such that gases are 
no longer being introduced under pressure through the 
inner inhalation tube 14, gas will also simultaneously 
cease to flow through the inflation channel 24, and 
hence, the inflatable cuff 38 will deflate and assume the 
posture as shown in FIG. of the drawings. Therefore, 
during the exhalation cycle, when the ventilator is cy 
cled off, it is clear that the flexible membrane 55 will 
be seated against the ring 53, thereby closing the inha 
lation tube 14 while simultaneously, the flexible mem 
brane 50 will assume the open position as shown in the 
dotted lines in FIG. 1 while simultaneously, the inflat 
able cuff 38 deflates to assume the position as shown 
in FIG. 1, such that gases are permitted to flow down 
the exhalation tube 12. 
With reference to the details shown in FIGS. 1, 3, and 

5 through 9 of the drawings, the construction of the 
outer tube member 21 and the relationship thereof, 
with the nebulizer is illustrated. As particularly shown 
in the exploded view in FIG. 4, the nebulizer 6 is 
formed as a separate cartridge and is constructed to be 
easily insertable and mountable on the outer tube 
member 21. As previously indicated the outer tube 
member 21 is provided with a U-shaped channel 48 
which surrounds the atomizing port 47. Positioned 
within the channel 48 is a slidable shutter 62, which 
slides along the outer surface of the outer tube member 
21 such that the shutter 62 may alternately open and 
close the atomizing port 47. The shutter is permitted to 
slide laterally until it meets the stop boss 63 as depicted 
in FIG. 6 of the drawings. Further, the outer tube mem 
ber 21 is shown to be provided with a longitudinal slot 
64, while the slidable shutter 62 is provided with a simi 
lar door slot 65. 
The nebulizer cartridge 60 is shown to be semi 

elliptical in configuration and includes a pair of end 
rails 66 which are designed to slidably engage within 
the U-shaped channel 48 in order to mount the car 
tridge onto the outer tube member 2. As shown in 
FIGS. 7 and 8 of the drawings, the top portion of the 
cartridge 60 is closed by a top wall 67, having an outlet 
port 68 positioned therein. The positioning of the out 
let port 68 with respect to the top wall 67 is constructed 
such that when mounted on the outer tube member 21, 
the outlet port 68 is in registry with the atomizing port 
47 of the housing member 20. It will further be ob 
served that the outlet port 68 may be alternately 
opened and closed by means of a sliding door 70 
mounted on the top wall 67 of the cartridge 60. The top 
wall 67 also includes a cartridge flange 71, while the 
sliding door 70 includes a door flange 72, the cartridge 
flange 71 and door flange 72, being in upstanding rela 
tionship with respect to the top wall 67 thereof. It now 
becomes apparent by viewing FIGS. 5 through 8 of the 
drawings, that in order to slidably mount the nebulizer 
cartridge 60 onto the outer tube member 21, the opera 
tor positions the cartridge 60 such that the cartridge 
flange 71 is inserted within the door slot 65 while the 
door flange 72 is positioned within the longitudinal slot 
64. In addition, the cartridge 60 is positioned such that 
the end rails 66 mate with the U-shaped channel of 48. 
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Hence, as the operator then pushes the cartridge 60 
forward, the cartridge flange 71 will cause the slidable 
shutter 62 to move from the closed position as shown 
in FIG. 6 of the drawings, to the open position as shown 
in FIG. 5 of the drawings, while simultaneously, the 
longitudinal slot 64 will retain the door flange 72, 
thereby slidably moving the sliding door 70 opening the 
outlet port 68 as the atomizing port 47 is being similarly 
opened. Once the cartridge 60 has been fully inserted 
within the U-shaped channel 48, the atomizing port 47 
will be in vertical registry with the outlet port 68 such 
that fluid communication is established between the 
nebulizer cartridge 60 and the inner tube member 22. 
The relationship described is clearly illustrated in FIG. 
9 of the drawings. 

It will be apparent in view of the above description 
that the provision of a cartridge style nebulizer in con 
junction with an outer tube member, both of which are 
provided with slidable doors, or shutters, permits an 
operator to handle a prefilled sterile nebulizer without 
violating the sterile conditions established therein while 
at the same time permitting ease of handling and quick 
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installation and mounting of the nebulizer onto the re 
spiratory circuit. Insofar as the interior portion of the 
nebulizer is concerned, the detailed features of the at 
omizing head are shown in FIGS. 1 and 3 of the draw 
ings. It will be observed that the present invention pro 
vides an improved atomizing system according to the 
following description. 
As shown in the details of FIG. 3 of the drawings, the 

atomizer 75 is illustrated. It will be noted that the atom 
izer 75 is formed by flotation head 77, provided with a 
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fluid channel 79, extending through the center portion 
thereof. The floatation head 77 is further provided with 
a gas pressure channel 81, which meets with and is in 
fluid communication with the fluid channel 79 at its 
inner end and extends outwardly from the floatation 
head 77 to form a connecting neck 82, externally of the 
floatation head 77. The atomizer 75 is completed by an 
atomizing head 83, carried on the top portion of the 
floatation head 77, by means of support struts 84. The 
atomizing head 83 is positioned to be immediately 
above the fluid channel 79 and functions to fracture the 
fluid as the same is aspirated up the fluid channel 79 
into striking engagement with atomizing head 83. 
The flotation head 77 functions to float on the sur 

face of the fluid contained within the nebulizer 60 and 
interconnects with the outer portion of the nebulizer 60 
by means of a pressure transmission tube 85. It will be 
observed that the nebulizer cartridge 60 is provided 
with a longitudinal connector 86, having an inner con 
necting port 87 and an outer connecting port 88, with 
a gas channel 89 traversing therethrough. Fluid com 
munication is completed by a second gas transmission 
tube 90, which interconnects between the outer con 
necting port 88 and the peripheral neck 29, all as illus 
trated in FIG. 1 of the drawings. It will therefore be ap 
preciated that fluid communication is established 
through the atomizing channel 16, the housing atomiz 
ing channel 28, through the peripheral neck 29, second 
gas transmission tube 90, and hence through the longi 
tudinal connector 86 and via the gas transmission tube 
85, whereby gas is caused to enter through the flotation 
head 77 via the gas pressure channel 81. In operation 
as the gas source is cycled on and gas enters through 
the atomizing channel 16, the gas will enter into the 
floatation head 77, via the gas pressure channel 81 and 
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cause negative pressure in the fluid channel 79, causing 
fluid to rise up through the fluid channel 79, under 
pressure, and fracture when striking the atomizing head 
83. In this manner a fine mist of the fluid contained 
within the nebulizer cartridge 60 is obtained which is 
then permitted to enter through the outlet port 68 of 
the cartidge 60, and thence through the atomizing port 
47 and into the inner tube member 22 for inhalation by 
the patient. Obviously, atomizing of fluids within the 
nebulizer cartridge 60 will only occur during the inha 
lation cycle such that when the ventilator is cycled on 
and positive gas pressure is established through the 
inner inhalation tube 14, the source of the gas pressure 
for the atomizing channel 16 also cycles on, such that 
the nebulizer cartridge 60 will function to produce an 
atomized spray of medicinal fluids into the inner tube 
member 22, for inhalation by the patient. 

It now becomes apparent from the above description 
relative to the atomizing head that a novel and simpli 
fied atomizing system has been provided which ensures 
complete atomization of the medicinal fluids contained 
within the nebulizer cartridge 60. By providing a floata 
tion type atomizer, the device will function properly re 
gardless of the liquid level within the nebulizer car 
tridge. Furthermore, even should the circuit, as a 
whole, become cocked for whatever reason the floata 
tion head 77 of the atomizer 75 will continue to ride on 
the surface of the fluid and will continue to supply at 
omized medicinal fluids into the inhalation tube for in 
halation by the patient. 

Insofar as the nebulizer cartridge 60 itself is con 
cerned, it is also apparent that the number of compo 
nents have been reduced and simplified, while at the 
same time permitting refilling of the nebulizer under 
sterile conditions which will be maintained intact dur 
ing shipment, installation, and removal. 
With regard to FIGS. 10 and 14 of the drawings, the 

opposed end of the respiratory breathing circuit of the 
present invention is illustrated. With specific reference 
to FIG. 10 of the drawings, it will be observed that the 
opposed end of the circuit 10 is provided with a tail 
piece 100 formed by an outer sleeve 101, and an inner 
sleeve 102. It will be appreciated that the outer sleeve 
101 is open at its inner end and is closed at its outer end 
by an end wall 103, having the inner sleeve 102 extend 
ing outwardly through an aperture provided in the end 
wall 103. Furthermore, the lower portion of the outer 
sleeve 101 is shown to have a T-shaped arm 104 ex 
tending downwardly therefrom, but formed integrally 
therewith, the lower portion of the arm 104 having a 
collection port 105 formed therein which may be con 
veniently occluded by stopper member 106. The inner 
portion of the outer sleeve 101 is further shown to be 
provided with a gas atomizing channel 108, terminating 
in a port 109 which serves as the connection point to 
the atomizer gas source at the ventilator. As is shown 
in FIG. 10 of the drawings, the outer exhalation tube 12 
is fitted over the inner end of the outer sleeve 101 such 
that the atomizing channel 16 of the tube 12 fits over 
the gas atomizing channel 108 thereby establishing 
fluid communication between the gas atomizing chan 
nel 108 and the atomizing channel 16. 
The inner sleeve 102 is fixedly held in concentric ori 

entation with respect to the outer sleeve 101 since the 
inner sleeve 102 is fixedly secured through the aperture 
provided in the end wall 103 of the outer sleeve 101. 
Again, the inner sleeve 102 is designed to fit within the 
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12 
inner inhalation tube. 14 at its inner end and having the 
opposed end extending outwardly from the end wall 
103 for a short distance. With respect to the inner end 
of the inner sleeve 102, it will be observed that the 
inner sleeve 102 is provided with a gas inflation chan 
nel 110 formed integrally therewith and terminates in 
an outer port 12 adapted for interconnected with a 
source of fluid under pressure at the ventilator. As 
shown in FIG. 10, once the inner inhalation tube 14 is 
mounted on the inner end of the inner sleeve 102, the 
inflation channel 24 of the inner inhalation tube 14 is 
in fluid communication with the gas inflation channel 
110 of the inner sleeve 102. Hence, once the outer port 
12 is connected to a source of pressurized fluid, such 

as a separate port of the ventilator (not shown) pressur 
ized fluid travelling through the gas inflation channel 
110 ultimately is introduced into the inflatable cuff 38, 
thereby to inflate the same and occlude the space be 
tween the inner inhalation tube 14 and the outer exha 
lation tube 12, as more clearly shown in FIGS. 1 and 2 
of the drawings. The outer end of the inner sleeve 102, 
extends outwardly from the end wall 103, for a short 
distance and it is designed as a connection point for 
tubing 1 13, which interconnects the inhalation tube 14 
with the humidifier 115. The details of the improved 
novel form of the humidifier 115 provided by this in 
vention will be discussed hereinafter. 

Insofar as the interconnections between the outer ex 
halation tube 12 and the outer sleeve 101 are con 
cerned, as well as the interconnection between the 
inner inhalation tube 14, and the inner sleeve 102, 
these fittings may be of the friction-fit slip-type fittings 
or may be fixedly secured by any suitable adhesive or 
bonding means. The use of the respectively different 
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fittings is dependent primarily upon whether the circuit 
as a whole is designed as a disposable circuit, or as a re 
usable circuit. 
FIG. 10 of the drawings also illustrates an improved 

form of a huumidifier 1 15, provided by this invention. 
It will be observed that this humidifier 113 is provided 
with an outer wall 117 which accommodates an outlet 
port 1 18 as positioned in the top wall thereof. A water 
chamber 120 is provided in the interior portion of the 
humidifier 115 and separated from the outer wall 15 by 
an inner wall 121, which is spaced from the outer wall 
117 along the sides and bottom of the humidifier 115. 
It will further be observed that adjacent the bottom 
portion of the humidifier 115 the outer wall 117 is pro 
vided with an inlet port 123 which is in fluid communi 
cation with the heating chamber 119 formed by the 
space between the inner wall 121 and the outer wall 
117 of the humidifier 115. Opposite to the inlet port 
123, and located adjacent the top portion of the humid 
ifier 115, is an exhaust port 125. The humidifier 15 is 
completed by a gas tube 127, which extends down 
wardly through the top wall of the humidifier 115 to a 
point adjacent the lower portion of the water chamber 
120. The outer end of the gas tube 127 functions as a 
connector neck 128, and accommodates a slip-fit fric 
tion fitted tube thereabout. 

It will now be appreciated that as an additional fea 
ture of the present invention, the novel humidifier pro 
vided in this invention permits a more complete utiliza 
tion of the heat present in the exhaled gases to render 
the system energy conservative. It will be observed that 
an exhalation gas tube 130 interconnects the exhaled 
gas port 107 of the T-shaped arm 104 with the inlet 
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port 123, such that exhaled gases flowing down the 
outer exhalation tube 12 and through the outer sleeve 
101 of the tailpiece 100, will be exhausted through the 
T-shaped arm 104 and enter into the heating chamber 
119 of the humidifier 15, via the inlet port 123. Since 
the exhaled gases are generally of a temperature 
slightly less than body temperature at the time the gases 
enter the heating chamber 119 of the humidifier 115, 
the heat incident to such exhaled gases may then be uti 
lized to heat the water contained in the water chamber 
120 of the humidifier 115. Additionally, it should be 
noted that additional devices to remove heat from the 
exhaled gas, such as fins or heat conductive materials 
such as metallic wools, may be located in the chamber 
19, and the inclusion of such should be considered as 

within the scope of this novel system. A constant flow 
of exhaled gases is permitted entering into the heating 
chamber 119 through the inlet port 123 and exhausting 
through the exhaust port 125. The gas for inhalation is 
routed from the ventilator through the gas tube 127 
and bubbled through the water in the humidifier 115. 
The gases will rise through the water and exit from the 
humidifier through the outlet port 118 and hence into 
the inner sleeve 102 of the tailpiece 100, through the 
tubing 13. As has been previously indicated, the sys 
tem contemplated by this invention is a positive pres 
sure breathing circuit and since the gas from the venti 
lator is under positive pressure, the gas will be forced 
through the system in the manner indicated. Once gas 
is introduced into the inner sleeve 102, of the tailpiece 
100, the gas will flow on through the inner inhalation 
tube 14 and ultimately to the patient. The overall sys 
tem is clearly shown in FIG. 14 of the drawings, which 
shows the forward end of the system accommodated 
with a face mask M which is positioned over the pa 
tient's mouth and nose. 
With reference to FIG. 14 of the drawings, wherein 

the overall system is illustrated, with the exception that 
the ventilator is not shown. It is now apparent the man 
ner in which the circuit 10 of the present invention op 
erates. As previously indicated, the humidifier is in 
fluid communication with the ventilator through the 
ventilator tubing 132, wherein gases from the ventilator 
under positve pressure enter into the humidifier 
through the gas tube 127, thereby to be bubbled 
through the water in the humidifier. 115. Once the gases 
are bubbled through the water, the gases will enter into 
the circuit 10 through the tubing 113 and hence, be 
forced through the inner sleeve 102 of the tailpiece 100 
and on into the inner inhalation tube 14 of the circuit 
10. The gases will then be forced through the face mask 
M and permit respiration by the patient. With refer 
ence to FIG. 1 of the drawings, unidirectional gas flow 
in the direction of the arrows 56 is established by 
means of the unidirectional inhalation valve 52 during 
the inhalation cycle. Simultaneously, the gas inflation 
channel 110 as well as the inflation channel 24 of the 
inner inhalation tube 14 is in fluid communication with 
a separate port on the ventilator through the outer port 
112. The gas source is synchronized with the ventilator 
such that when the ventilator cycles on, not only will 
gas be forced through the humidifier 15 and into the 
inner inhalation tube 14, but gas under pressure will 
also be forced through the port 112 into the gas infla 
tion channel 110 and on into the inflation channel 24, 
which is in turn, in fluid communication with the inflat 
able cuff 38. Hence, during the inhalation cycle, the in 
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4. 
flatable cuff 38 will be caused to inflate, thereby oc 
cluding the space between the inner inhalation tube 14 
and the outer exhalation tube 2. The cuff then func 
tions as a resistance to any back pressure incident to 
the circuit 10 during the inhalation cycle and prevents 
any cross-contamination of inhaled gases with exhaled 
gases, as well as to ensure the operation of the circuit 
10 as a positive pressure breathing device. 
Also on a simultaneous basis, gas under pressure is 

fed into the atomizing gas channel 108, through the 
port 109, which as shown in FIG. 14 of the drawings, 
is in fluid communication again, with the gas under 
pressure. This gas is then directed to the nebulizer car 
tridge 60, via the atomizing channel 16 and through the 
appropriate channels provided in the housing member 
20, and through the first and second gas transmission 
tubes 85 and 90 respectively. This gas will then enter 
into the floatation head 77 through the gas pressure 
channel 81 and create negative pressure in the fluid 
channel 79. This negative pressure will then draw the 
fluid in the nebulizer cartridge 60 up through the fluid 
channel 79 and will be fractured when striking against 
the atomizing head 83. In this manner, a fine mist of 
medicinal fluids is created and will be forced up into 
the inhalation tube 14, through the atomizing port 47, 
provided therein. Hence, it will be appreciated that 
once positive pressure is established for the circuit 10, 
postive gas pressure is established for the inner inhala 
tion tube 14, as well as into the inflation channel 24, 
and the atomizing channel 16. 
During the exhalation cycle, the ventilator cycles off, 

such that gases will cease flowing through the inhala 
tion tube 14, and will further cease flowing through the 
atomizing channel 16, and further, will cease flowing 
through the inflation channel 24. Hence, during the ex 
halation cycle, the atomizing of the medicinal fluids 
ceases and the inflatable cuff 38 deflates and as the pa 
tient exhales, the unidirectional inflation valve 52, will 
close while the flexible membrane 50 will be forced to 
the open position, and as the exhaled gases then enter 
into the inner tube member 22, the gas will be forced 
through the apertures 44 and enter into the outer exha 
lation tube 12. The pressure of the exhaled gases, of 
course forces the flexible membrane 50 into the open 
position and since the inflatable cuff 38 has now de 
flated, the exhaled gases are permitted to pass down the 
outer exhalation tube 12, and ultimately through the 
outer sleeve 101 of the tailpiece 100. 
From a view of FIG. 10 of the drawings, it will be ap 

preciated that the exhaled gases may be directed to the 
heating chamber 119 of the humidifier 115 through the 
exhalation gas tube 130 and will enter into the chamber 
119, through the inlet port 123. Again, as indicated 
previously, the exhaled gases are in a heated condition 
and this heat may then be utilized to heat the water 
contained in the water chamber 120, of the humidifier 
115. The exhaled gases will travel through the heating 

, chamber 19 and exhaust through the exhaust port 
60 
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125, usually to atmosphere, or to a device to measure 
the volume of gas exhaled by the patient. 
As has been indicated previously, one of the difficul 

ties which has been encountered is the condensation of 
moisture in the circuit from the gases which have been 
heated and humidified. As has been indicated, the 
gases tend to cool during the travel from the humidifier 
to the patient, and as the gases cool, a rain-out of mois 
ture does occur. It is apparent from the present inven 
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tion that by providing a double tubular concentrically 
oriented configuration for the inhalation tube 14 and 
the exhalation tube 12, a heat exchanger effect has 
been created and the exhaled gases passing through the 
exhalation tube 12 maintain the elevated temperature 
of the gases passing from the inhalation tube 14, with 
out any extraneous source of heat. In this manner, the 
amount of rain-out of moisture of the heated gases 
passing to the patient is not completely eliminated but 
at least minimized such that the gases will remain at an 
elevated temperature and completely humidify on en 
tering the patient. To the extent that any rain-out does 
occur, the inhalation tubing may be drained as is the 
present practice. Should any condensation occur in the 
exhalation tube it may be removed through the collec 
tion port 105 which is shown occluded by stopper 
member 106 in FIG. i0. It has been found, however, 
that the amount of rain-out of moisture from the in 
haled and exhaled gases is very minimal with this novel 
system, however, it is recognized that over a long pe 
riod of continued use of this system, in respiratory ther 
apy, some rain-out may occur and drainage of this 
moisture is accommodated by incorporating the collec 
tion port 105 as indicated in FIG. 10 of the drawings. 
With reference to FIGS. 11 through 13 of the draw 

ings, various embodiments of tubing are contemplated 
within the scope of the present invention. In both respi 
ratory as well as anesthesia circuits of the type pres 
ently available, corrugated tubing of the type illustrated 
in FIG. 11 of the drawings, has been utilized. The draw 
back incident to corrugated tubing is that the corru 
gated interior surfaces present an interior surface to the 
gases which creates turbulence since the gases have a 
tendency to strike against all the various corrugated 
surfaces and hence, cause turbulence therein. The re 
sult of turbulence is the fact that the gases are more 
likely to cool and a significant amount of moisture rain 
out then occurs. In addition, the spaces incident to the 
corrugated tubing provide breeding places for bacteria 
and hence, due to the inherent difficulty of cleaning 
and sterilizing corrugated tubing, the possibility of bac 
terial infection is prevalent. However, with reference to 
FIG. of the drawings, it is contemplated that corru 
gated tubing can be utilized in connection with the 
present invention. It will be observed that there is pro 
vided an inner corrugated tube 140 which is concentri 
cally disposed with respect to an outer corrugated tube 
142. The concentric orientation may be maintained by 
providing the circuit with suitable spacer members (not 
shown) to hold the inner and outer tubes in spaced and 
concentrically oriented position. This type of structure 
is disclosed in my co-pending application Ser. No. 
437,033 entitled ANESTHESIA CIRCUIT and filed in 
the same name of Bernard Paluch on Jan. 28, 1974. 
The significance of FIG. 11 of the drawings is the fact 
that corrugated tubing of the type presently available 
may be utilized within the scope and purview of the 
present invention. 

Similarly, FIG. 12 shows another more preferred em 
bodiment wherein an inner tube 145 is provided func 
tioning as the inner inhalation tube and an outer tube 
147 is provided functioning as the exhalation tube. 
Both the inner tube. 145 and the outer tube 147 are of 
smooth walled construction, thereby minimizing the 
surfaces against which the gases strike as they flow 
through the tubing and minimizing, thereby, gas turbu 
lence. In this embodiment, it will be noted that a heli 
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16 
cally wound wire 148 is provided about the inner inha 
lation tube 145 in order to provide rigidity and stability. 
Spacer members (not shown) may similarly be used in 
order to maintain the spaced and concentric orienta 
tion of the tubes 145 and 147 respectively. 
Again, with reference to FIG. 11 of the drawings, and 

in this embodiment of the invention, the outer corru 
gated tube is shown to be provided with a loose and 
separate atomizing tube 143, while the inner corru 
gated tube 140 is similarly provided with a loose and 
separate inflation tube 144. The tubes 143 and 144 re 
spectively, function in the manner described with re 
spect to the gas atomizing channels 16 and inflation 
channel 24 with reference to FIG. 1 of the drawings. 
The embodiment in FIG, 12 of the drawings similarly 
contains an atomizing tube 149 which is loosely posi 
tioned within the outer exhalation tube 147, and infla 
tion tube 150 which is provided as a separate and loose 
fitting tube within the inner inhalation tube 145. 
FIG. 13 represent the preferred embodiment of the 

invention wherein the tubing is illustrated as being ex 
truded as smooth walled tubing having an outer exhala 
tion tube 155 of smooth walled construction and an 
inner inhalation tube 157, of similarly smooth walled 
construction. It is further contemplated that the atom 
izing channel 158 may be formed integrally with outer 
exhalation tube 155 when extruding the same, and sim 
ilarly, the inflation channel 159 may be formed inte 
grally with the inner inhalation tube 157, when extrud 
ing the same. Hence, in this embodiment of the inven 
tion there is no requirment or necessity to have sepa 
rate tubes positioned within either the outer exhalation 
tube or the inner inhalation tube in order to accommo 
date the atomizing channel and inflation channel as 
previously described. In addition, the problems inci 
dent to corrugated tubing have been eliminated, and 
further, the problems incident to gas turbulence which 
would be encountered by the embodiment illustrated in 
FIG. 12 of the drawings is similarly avoided. 

In summarizing the inventive apsects of the invention 
described herein, it is apparent tha there has been pro 
vided a positive pressure respiratory circuit, which is 
formed from a double tubular concentrically oriented 
inhalation tube and exhalation tube. This construction 
provides a heat exchanger effect, thereby to permit the 
maintenance of the heat and humidity level of the gas 
as the same travels down the inhalation line prior to in 
halation by the patient. In addition, the means for pro 
viding the resistance to back pressure has been incor 
porated into the circuit by way of an inflatable cuff 
which inflates during the inhalation cycle once the ven 
tilator is cycled on. Furthermore, the nebulizer has 
been incorporated into the system as a prefilled sterile 
and disposable cartridge which may be easily inserted 
and mounted onto the circuit, by providing an outer ex 
halation tube having a shutter occluding a port, and 
similarly providing the nebulizer cartridge with a port 
occluded by a doorway or shutter, the operator may 
easily slidably mounted the nebulizer cartridge onto the 
outer exhalation tube, causing the respective shutters 
to open and establish fluid communication between the 
nebulizer and the inhalation channel. 
With regard to the nebulizer it is further apparent 

that this invention provides a simplified and improved 
atomizing system for the nebulizer to ensure that re 
gardless of the positioning of the nebulizer, or the cir 
cuit as a whole, the medicinal fluids contained within 
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the nebulizer will become atomized during the inhala 
tion cycle. Once again, the atomizing channel in fluid 
communication with the atomizing head of the nebu 
lizer is constructed to be incorporated within the sys 
tem and in fluid communication with a source of gas 
under pressure. This source of gas is similarly cycled 
with the ventilator such that when the ventilator does 
cycle on, gas will be provided for the inhalation chan 
nel, as well as gas being provided to atomize the medic 
inal fluids in the nebulizer and the inflatable cuff will 
inflate, all simultaneously. On the other hand, during 
the exhalation cycle, the reverse occurs, since the in 
flatable cuff will be caused to deflate as the gas flow in 
the inflation channel is interrupted and similarly, the 
nebulizer will cease atomizing when the gas flow in the 
atomizing channel is similarly interrupted. Addition 
ally, by providing unidirectional or valving means for 
both the inhalation tube and exhalation tube, exhaled 
gases cannot enter the inhalation tube and therefore 
are directed and guided into the exhalation tube which 
will only permit one-way gas flow in countercurrent di 
rection with respect to the flow of gas down the inhala 
tion tube. It is this feature which provides the heat ex 
changer effect, since the exhaled gases are generally at 
body temperature and will therefore heat down the en 
tire length of the tubing circuit, 

In addition to the above, the system contemplates the 
further use of the exhaled gases to heat the water in the 
humidifier. This is accomplished by interconnecting 
the exhalation tube with the heat chamber of a humidi 
fier such that the heat of the exhaled gases may be fur 
ther utilized to the fullest extent possible in order to 
heat the water in the humidifier. 
While moisture rain-out is minimized due to the 

novel construction of the present circuit, nevertheless 
the system also permits drainage of any moisture 
should rain-out occur by providing a collection port in 
an appropriate location such that drainage of moisture 
is permitted under those conditions where the circuit is 
used for a long period of time as some moisture con 
denses within the tubing circuit. 
The provision of smooth walled tubing having both 

the inflation channels and atomizing channels inte 
grally formed therewith further resulting in improved 
features since gas turbulence is minimized and breed 
ing places for bacteria and viruses is minimized or com 
pletely eliminated. It is relevant to appreciate the fact 
that the present circuit may be utilized in connection 
with existing corrugated tubing as well as with smooth 
walled tubing and hence, the system may be employed 
in connection with existing equipment and with existing 
materials. 
While there has been described what is considered to 

be the prefered embodiment of the invention, various 
modifications may be made therein without departing 
from the true spirit and scope of the invention. All such 
obvious modifications and variations are intended to be 
covered, by the appended claims herein. 
What is claimed is: 
1. A positive pressure breathing circuit for operation 

in conjunction with a positive pressure ventilator useful 
in connection with respiratory therapy, comprising in 
combination, 
a concentrically oriented inhalation/exhalation cir 

cuit having an inner inhalation tube and an outer 
exhalation tube, said outer exhalation tube being 
spaced from and concentrically oriented with re 
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spect to said inner inhalation tube positioned 
therein, 

said inner inhalation tube having a patient receiving 
terminal at one end thereof and a gas source termi 
nal at the opposed end thereof, 

said outer exhalation tube having a patient receiving 
terminal at one end thereof and an exhaust end at 
the opposed end thereof, 

inhalation unidirectional valve means associated with 
said inhalation tube for providing unidirectional 
gas flow through said inhalation tube, 

exhalation unidirectional valve means associated 
with said exhalation tube for providing unidirec 
tional gas flow through said exhalation tube, 

inflatable occlusion means interposed between said 
inner inhalation tube and said outer exhalation 
tube adjacent said patient receiving terminal and in 
fluid communication with a source of pressurized 
fluid such that said inflatable occlusion means is 
alternatively inflatable during the inhalation phase 
and deflatable during the exhalation phase in re 
sponse to fluid pressure from the source thereof, 

the gas flow in said inhalation tube being countercur 
rent with respect to the gas flow in said exhalation 
tube thereby to stabilize and maintain the tempera 
ture of the gas within said inner inhalation tube 
without any extraneous source of heat, while at the 
same time permitting inflation of said inflatable oc 
clusion means during the inhalation cycle and 
thereby to resist any back pressure caused during 
the inhalation cycle as well as to avoid any cross 
contamination of the gases in the inhalation tube 
with the gases in the exhalation tube, 

whereby gas suitable for patient inhalation enters 
said circuit through said inner inhalation tube under 
positive pressure and through said inhalation unidirec 
tional valve means to the patient during which time said 
inflatable occlusion means is fully inflated and inter 
posed between said inner inhalation tube and said outer 
exhalation tube and prevents cross contamination of 
gases while resisting any back pressure existing in said 
circuit while exhaled gases flow through said exhalation 
unidirectional valve means in countercurrent relation 
with respect to the gas within said inner inhalation 
tube, said inflatable occlusion means being deflated 
during the exhalation cycle thereby to permit exhaled 
gases to exit from said circuit. 

2. The positive pressure breathing circuit as set forth 
in claim 1 above, wherein said inhalation unidirectional 
valve means comprises a ring fixedly mounted within 
said inner inhalation tube, said ring having an inner cir 
cumferential edge which functions as a valve seat, said 
ring further supporting a central member, said central 
member in turn supporting a flexible membrane in 
overlapping relationship with respect to the inner cir 
cumferential edge of said ring, said flexible membrane 
being seatable against said inner circumferential edge 
of said ring thereby to close said valve and being mov 
able away from the inner circumferential edge of said 
ring thereby to open said valve, whereby gas flow from 
the positive pressure ventilator will move said flexible 
membrane and unseat the same from said inner circum 
ferential edge of said ring, to permit gas to enter there 
through and travel to the patient receiving terminal end 
of said circuit, while gas flow during the exhalation 
cycle strikes against said flexible membrane, and seats 
the said membrane against said valve seat, thereby pre 
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venting exhaled gases from entering into said inner in 
halation gas tube. 

3. The positive pressure breathing circuit as set forth 
in claim 1 above wherein said exhalation unidirectional 
valve means comprises a flexible membrane interposed 
between said inner inhalation tube and said outer exha 
lation tube and surrounding said inner inhalation tube, 
said outer exhalation tube being provided with a valve 
seat for seatment of the outer portions of said flexible 
membrane thereagainst, whereby gases existing in said 
exhalation tube will strike against and seat said flexible 
membrane against said valve seat during the inhalation 
cycle while permitting exhaled gases to strike against 
the opposed surface of said flexible membrane, thereby 
to open the same and permit exhaled gases to exit from 
the circuit. 

4. The positive pressure breathing circuit as set forth 
in claim 1 above, wherein said inflatable occlusion 
means comprises an inflatable cuff fixedly secured to 
the outer surface of said inner inhalation tube, means 
for providing fluid communication between said inflat 
able cuff and a source of fluid under pressure, such that 
when pressurized, inflatable cuff will inflate and bear 
against the interior surfaces of said outer exhalation 
tube and occlude the space between said inner inhala 
tion tube and said outer exhalation tube, thereby to 
prevent any crosscontamination of gases as between 
the inner inhalation tube and outer exhalation tube as 
well as to provide a resistance against any back pres 
sure caused during ssaid inhalation cycle. 

5. The positive pressure breathing circuit as set forth 
in claim 4 above, wherein said inner inhalation tube is 
provided with a separate inflation channel positioned 
interiorly thereof and in fluid communication with said 
inflatable cuff at the inner terminal end of said channel 
and in fluid communication with a source of pressur 
ized fluid at the opposed end of said channel whereby 
the introduction of fluidized pressure into said channel 
will result in the inflation of said inflatable cuff at the 
opposed end of said channel thereby to occlude the 
space between said inner gas inhalation tube and said 
outer exhalation tube. 

6. The positive pressure breathing circuit as set forth 
in claim 5 above, wherein said inflation channel is 
formed integrally with said inner inhalation tube and 
formed as a separate channel therein. 

7. The positive pressure breathing circuit as set forth 
in claim 1 above, wherein said circuit further includes 
nebulizer means disengagably mountable upon said 
outer cxhalation tube and in fluid communication with 
said inner inhalation tube such that atomized medica 
tion may be introduced into said inner inhalation tube 
during the inhalation cycle when gas under positive 
pressure is introduced therein for inhalation by the pa 
tient. 

8. The positive pressure breathing cirucit as set forth 
in claim 7 above, wherein said nebulizer means is in 
fluid communication with a source of pressurized fluid, 
and said nebulizer means further includes atomizer 
means positioned therein and in fluid communication 
with said source of pressurized fluid whereby fluid 
under pressure entering into said nebulizer means will 
atomize the fluids existing in said nebulizer means prior 
to entry and introduction into said inner inhalation 
tube. 

9. The positive pressure breathing circuit as set forth 
in claim 8 above, wherein said atomizer means com 
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20 
prises a floatation head formed of a material to permit 
floatation of said floatation head on the surface of the 
fluid within said nebulizer means, and including a fluid 
channel traversing the length of said floatation head, a 
gas pressure channel in fluid communication with said 
fluid channel at its inner end and extending outwardly 
from said floatation head, connecting means for inter 
connecting said gas pressure channel with the source of 
pressurized fluid and gas fracturing means positioned 
on said floatation head thereby to fracture and atomize 
fluids exiting from said fluid channel, whereby when 
the source of pressurized fluid provides fluid under 
pressure in said gas pressure channel negative pressure 
is created in said fluid channel drawing fluid from said 
nebulizer means through said fluid channel and said 
fracturing means causes fracturing and atomizing of the 
fluids prior to entry into said inner inhalation tube. 

10. The positive pressure breathing circuit as set 
forth in claim 9 above, wherein said fracturing means 
comprises an atomizing head in the form of a ball 
mounted on said floatation head by means of support 
struts thereby to position said atomizing head immedi 
ately above said fluid channel whereby fluids drawn up 
through said fluid channel will strike against said atom 
izing head, fracture and atomize prior to entry into said 
inner inhalation tube. 

11. The positive pressure breathing circuit as set 
forth in claim 8 above, wherein said outer exhalation 
tube is provided with a portway adjacent the patient re 
ceiving terminal end thereof, said portway being oc 
cludable by a shutter mounted thereon in sliding rela 
tionship therewith, and said nebulizer means comprises 
a disengagably mountable cartridge provided with an 
aperture in one wall thereof said aperture being occlud 
able by a sliding door mounted on said cartridge, said 
exhalation tube further being provided with mounting 
means for mounting said cartridge thereon such that 
when said cartridge is mounted on said outer exhala 
tion tube, said port in said cartridge and said port in 
said outer exhalation tube may be brought into registry 
and as said door on said cartridge is opened and said 
shutter on said outer exhalation tube is opened, fluid 
communication between said circuit and said nebulizer 
means is established. 

12. The positive pressure breathing circuit as set 
forth in claim 11 above, wherein said atomizing chan 
nel is formed integrally with said outer exhalation tube 
and formed as a separate channel therein. 

13. The positive pressure breathing circuit as set 
forth in claim 7 above, wherein said outer exhalation 
tube is provided with an atomizing channel traversing 
the length thereof, and in fluid communication at its 
inner terminal end with said nebulizer means and with 
a source of pressurized fluid at its opposed end such 
that pressurized fluid may be introduced into said at 
omizing channel and enter into said nebulizer means 
for atomizing fluids contained therein. 

14. The positive pressure breathing circuit as set 
forth in claim 13 above, wherein said atomizing chan 
nel is formed integrally with said outer exhalation tube 
and formed as a separate channel therein. 

15. The positive pressure breathing circuit as set 
forth in claim 1 above, wherein said circuit further in 
cludes gas humidification means in fluid communica 
tion with and interposed between said inner inhalation 
tube and the gas source for said inner inhalation tube, 
said gas humidification means including a water cham 
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ber therein providing a source of humidity for gases 
which pass therethrough, said water chamber being 
surrounded by a heating chamber, and said heating 
chamber being in fluid communication with said outer 
exhalation tube, whereby gases suitable for patient in 
halation are first passed through said gas humidifi 
cation means thereby to humidify the gas prior to entry 
into said inner inhalation tube, and exhaled gases are 
passed into said heating chamber surroundig said water 
chamber, therety to utilize the heat contained in the ex 
haled gases to heat the water contained in said water 
chamber. 

16. The positive pressure breathing circuit as set 
forth in claim 15 above, wherein said gas humidifi 
cation means further includes heat sink means posi 
tioned within said heating chamber for absorbing and 
retaining heat from exhaled gases as the same traverse 
through said heating chamber. 

17. The positive pressure breathing circuit as set 
forth in claim 16 above, wherein said heat sink means 
comprises metallic wool packed within said heating 
chamber. 

18. The positive pressure breathing circuit as set 
forth in claim 17 above, wherein said heating chamber 
further includes an exhaust port for exhausting the ex 
haled gases passing through said heating chamber. 

19. The positive pressure breathing circuit as set 
forth in claim above, wherein said circuit further in 
cludes a drainage collection port in fluid communica 
tion with said outer exhalation tube, said drainage col 
lection port including movably engagable stopper 
means, whereby removal of said stopper means permits 
manual removal of any fluids collected within the cir 
cuit. 

20. A positive pressure breathing circuit for opera 
tion in conjunction with a positive pressure ventilator 
useful in connection with respiratoy therapy, compris 
ing in combination, 
a concentrically oriented inhalation/exhalation cir 

cuit, having an inner inhalation tube and an outer 
exhalation tube, said outer exhalation tube being 
spaced from and concentrically oriented with re 
spect to said inner inhalation tube positioned 
therein, 

said inner inhalation tube having a patient receiving 
terminal at one end thereof and a gas source termi 
nal at the opposed end thereof, 

said outer exhalation tube having a patient receiving 
terminal at one end therof and an exhaust end at 
the opposed end thereof, 

inhalation unidirectional valve means associated with 
said inhalation tube for providing unidirectional 
gas flow through said inhalation tube, 

exhalation unidirectional valve means associated 
with said exhalation tube for providing unidirec 
tional gas flow through said exhalation gas tube, 

inflatable occlusion means interposed between said 
inner inhalation tube and said outer exhalation 
tube adjacent said patient receiving terminal, and 
in fluid communication with a source of pressur 
ized fluid such that said inflatable occlusion means 
is alternatively inflatable during the inhalation 
phase and deflatable during the exhalation phase in 
response to fluid pressure from the source thereof, 

the gas flow in said inhalation tube being countercur 
rent with respect to the gas flow in said exhalation 
tube, thereby to stabilize and maintain the temper 
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ature of the gas within said inner inhalation tube 
without any extraneous source of heat, while at the 
same time permitting inflation of said inflatable oc 
clusion means during the inhalation cycle, and 
thereby to resist any back pressure caused during 
the inhalation cycle as well as to avoid any cross 
contamination of the gases in the inhalation tube 
with the gases in the exhalation tube, 

nebulizer means disengagably mountable upon said 
outer exhalation tube and in fluid communication 
with said inner inhalation tube in order to provide 
a source of medicinal fluids for entry into said inner 
inhalation tube during the inhalation cycle, 

whereby as suitable for the patient inhalation enters 
said circuit through said inner inhalation tube 
under positive pressure through said inhalation uni 
directional valve means, to the patient during time 
said inflatable occlusion means is fully inflated and 
interposed between said inner inhalation tube and 
said outer exhalation tube and prevents cross 
contamination of gases while resisting any back 
pressure existing in said circuit while exhaled gases 
flow through said exhalation undirectional valve 
means in countercurrent relation with respect to 
the gases within said inner inhalation tube, said in 
flatable occlusion means being deflated during the 
exhalation cycle, thereby to permit exhaled gases 
to exit from said circuit. 

21. The positive pressure breathing circuit as set 
forth in claim 20 above, wherein said inhalation unidi 
rectional valve means comprises a ring fixedly mounted 
within said inner inhalation tube, said ring having an 
inner circumferential edge which functions as a valve 
seat, said ring further supported by a central member, 
said central member in turn supporting a flexible mem 
brane in overlapping relationship with respect to the 
inner circumferential edge of said ring, said flexible 
membrane being seatable against said inner circumfer 
ential edge of said ring thereby to close said valve and 
being movable away from the inner circumferential 
edge of said ring thereby to open said valve, whereby 
gas flow from the positive pressure ventilator will move 
said flexible membrane and unseat the same from said 
inner circumferential edge of said ring, to permit gas to 
enter therethrough and travel to the patient receiving 
terminal end of said circuit, which gas flow during the 
exhalation cycle strikes against said flexible membrane, 
and seats the said membrane against said valve seat, 
thereby preventing exhaled gases from entering into 
said inner inhalation gas tube. 

22. The positive pressure breathing circuit as set 
forth in claim 20 above, wherein said exhalaton unidi 
rectional valve means comprises a flexible membrane 
interposed between said inner inhalation tube and said 
outer exhalation tube and surrounding said inner inha 
lation tube, said outer exhalation tube being provided 
with a valve seat for seatment of the outer portions of 
said flexible membrane thereagainst, whereby gases ex 
isting in said exhalation tube will strike against and seat 
said flexible membrane against said valve seat during 
the inhalation cycle while permitting exhaled gases to 
strike against the opposed surface of said flexible mem 
brane, thereby to open the same and permit exhaled 
gases to exit from the circuit. 

23. The positive pressure breathing circuit as set 
forth in claim 20 above, wherein said inflatable occlu 
sion means comprises an inflatable cuff fixedly secured 
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to said inner inhalation tube, means for providing fluid 
communication between said inflatable cuff and a 
source of fluid under pressure, such that when pressur 
ized, said inflatable cuff will inflate and bear against the 
interior surfaces of said outer exhalation tube and oc 
clude the space between said inner inhalation tube and 
said outer exhalation tube, thereby to prevent any 
cross-contamination of gases as between the inner in 
halation tube and outer exhalation tube as well as to 
provide a resistance against any back pressure caused 
during said inhalation cycle. 
24. The positive pressure breathing circuit as set 

forth in claim 20 above, wherein said inner inhalation 
tube is provided with a separate inflation channel posi 
tioned interiorly thereof and in fluid communication 
with said inflatable cuff at the inner terminal end of 
said channel and in fluid communication with a source 
of pressurized fluid at the opposed end of said channel 
whereby the introduction of fluidized pressure into said 
channel will result in the inflation of said inflatable cuff 
at the opposed end of said channel thereby to occlude 
the space between said inner gas inhalation tube and 
said outer exhalation tube. 

25. The positive pressure breathing circuit as set 
forth in claim 24 above, wherein said inflation channel 
is formed integrally with said inner inhalation tube and 
formed as a separate channel therein. 
26. The positive pressure breathing circuit as set 

forth in claim 20 above, wherein said outer exhalation 
tube includes mounting means for accomodating the 
disengagable mounting of said nebulizer means 
thereon, said outer exhalation tube being further pro 
vided with a port in exclusive fluid communication with 
said inner inhalation tube, said nebulizer means com 
prising a cartridge having mating mounting means for 
mating disengagable engagement with said mounting 
means on said outer exhalation tube, said cartridge fur 
ther including a port in fluid communication with the 
interior of said cartridge, whereby when said cartridge 
is mounted on said outer exhalation tube by mating said 
mounting means of said cartridge with said mounting 
means of said outer exhalation tube, said port in said 
outer exhalation tube and said port in said cartridge are 
brought into registry and in fluid communication, such 
that fluid communication is established between said 
cartridge and said inner inhalation tube 
27. The positive pressure breathing circuit as set 

forth in claim 26 above, wherein said port in said outer 
exhalation tube is occluded by a shutter positioned in 
sliding relationship thereon, such that said shutter slid 
ably opens and closes said port in said outer exhalation 
tube, and said cartridge is provided with a door in slid 
ing relationship with said port in said cartridge, said 
shutter and said door being simultaneously slidable as 
said cartridge is mounted on said exhalation tube, 
thereby to bring the ports in said cartridge and said 
outer exhalation tube into registry during the mounting 
operation and establish fluid communication between 
said cartridge and said inner inhalation tube. 
28. The positive pressure breathing circuit as set 

forth in claim 27 above, wherein said outer exhalation 
tube is provided with a longitudinal slot positioned 
therein, adjacent to said shutter and said shutter in 
cludes a shutter slot positioned in said shutter and adja 
cent to said longitudinal slot, and wherein said car 
tridge is provided with a cartridge flange mounted adja 
cent said cartridge door, and said cartridge door is pro 
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vided with a door flange mounted thereon adjacent to 
said cartridge flange, whereby said cartridge may be 
mounted on the said outer exhalation tube by position 
ing said cartridge flange into said shutter slot and said 
door flange into said longitudinal slot whereby the re 
spective shutter and door of said outer exhalation tube 
and cartridge respectively may be simultaneously 
opened as said cartridge is slidably mounted on said 
outer exhalation tube and provide fluid communication 
between said cartridge and said inner inhalation tube. 
29. The positive pressure breathing circuit as set 

forth in claim 20 above, wherein said outer exhalation 
tube is provided with an atomizing channel traversing 
the length thereof, and in fluid communication at its 
inner terminal end with said nebulizer means and with 
a source of pressurized fluid at its opposed end such 
that pressurized fluid may be introduced into said at 
omizing channel and enter into said nebulizer means 
for atomizing fluids contained therein. 
30. The positive pressure breathing circuit as set 

forth in claim 29 above, wherein said atomizing chan 
nel is formed integrally with said outer exhalation tube 
as a separate and distinct channel traversing the length 
thereof. 
31. The positive pressure breathing circuit as set 

forth in claim 20 above, wherein said circuit further in 
cludes gas humidification means in fluid communica 
tion with and interposed between said inner inhalation 
tube and the gas source for said inner inhalation tube, 
and said gas humidification means including a water 
chamber therein for providing a source of humidity for 
gases which pass therethrough, said water chamber 
being surrounded by a heating chamber, said heating 
chamber being in fluid communication with said outer 
exhalation tube, whereby gases suitable for patient in 
halation are first passed through said gas humidifi 
cation means thereby to humidify the gas prior to entry 
into said inner inhalation tube, and exhaled gases are 
passed into said heating chamber surrounding said 
water chamber, thereby to utilize the heat contained in 
the exhaled gases to heat the water contained in said 
water chamber. 
32. A positive pressure breathing circuit for opera 

tion in conjunction with a positive pressure ventilator 
useful in connection with respiratory therapy, compris 
ing in combination, 
a concentrically oriented inhalation/exhalation cir 

cuit, having an inner inhalation tube and an outer 
exhalation tube, said outer exhalation tube being 
spaced from and concentrically oriented with re 
spect to said inner inhalation tube positioned 
therein, 

said inner inhalation tube having a patient receiving 
terminal at one end thereof and a gas source termi 
nal at the opposed end thereof, 

said outer exhalation tube having a patient receiving 
terminal at one end and an exhaust end at the op 
posed end thereof, 

inhalation unidirectional valve means associated with 
said inhalation tube for providing unidirectional 
gas flow through said inhalation tube, 

exhalation unidirectional valve means associated 
with said exhalation tube for providing unidirec 
tional gas flow through said exhalation gas tube, 

inflatable occlusion means interposed between said 
inner inhalation tube and said outer exhalation 
tube adjacent said patient receiving terminal, and 
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in fluid communication with a source of pressur 
ized fluid such that said inflatable occlusion means 
is alternatively inflatable during the inhalation 
phase and deflatable during the exhalaion phase in 
response to fluid pressure from the source thereof, 

gas flow in said inhalation tube being countercurrent 
with respect to the gas flow in said exhalation tube, 
thereby to stabilize and maintain the temperature 
of the gas within said inner inhalation tube without 
any extraneous source of heat, while at the same 
time permitting inflation of said inflatable occlu 
sion means during the inhalation cycle, and thereby 
to resist any back pressure caused during the inha 
lation cycle as well as to avoid any cross 
contamination of the gases in the inhalation tube 
with gases in the exhalation tube, 

nebulizer means disengagably mountable upon said 
outer exhalation tube and in fluid communication 
with said inner inhalation tube in order to provide 
a source of medicinal fluids for entry into said inner 
inhalation tube during the inhalation cycle, 

said outer exhalation tube including mounting means 
for accommodating the disengagable mounting of 
said nebulizer means thereon and said exhalation 
tube being further provided with a port in exclusive 
fluid communication with said inhalation tube, 

said nebulizer means comprising a cartridge having 
mating mounting means for mating disengagable 
engagement with said mounting means on said 
outer exhalation tube, 

said cartridge further including a port in fluid com 
munication with the interior of said cartridge, and 
when mounted on said outer exhalation tube, said 
port in said cartridge and said port in said outer ex 
halation tube being in registry to permit fluid com 
munication between said cartridge and said inner 
inhalation tube, 

said inner inhalation tube being provided with a sepa 
rate inflation channel positioned interiorly thereof 
and in fluid communication with said inflatable oc 
clusion means at its inner end and with a source of 
fluid under pressure at the opposed end thereof, 

said outer exhalation tube being provided with an at 
omizing channel positioned interiorly thereof and 
traversing the length thereof and in fluid communi 
cation at its inner end with said cartridge and with 
a source of pressurized fluid at its opposed end 
thereof, 

said cartridge forming said nebulizer means having a 
floatation head contained therein and formed of a 
material permitting floatation of said floatation 
head on the surface of the fluids contained within 
said cartridge, 

said flotation head having a fluid channel traversing 
the length thereof and a gas pressure channel in 
fluid communication with said fluid channel at its 
one end and extending outwardly from said floata 
tion head at its opposed end, 

said gas pressure channel being in fluid communica 
tion with said atomizing channel positioned within 
said outer exhalation tube whereby gas under pres 
sure may be provided to said floatation head caus 
ing negative pressure in said fluid channel to cause 
fluids to rise up said fluid channel, 
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and said floatation head further being provided with 
an atomizing head positioned thereon and immedi 
ately in the path of said fluid channel such that flu 
ids drawn up through said fluid channel will strike 
against said atomizing head, fracture and atomize 
prior to entry into said inner inhalation tube, 

whereby gas suitable for patient inhalation enters 
said circuit through said inner inhalation tube 
under positive pressure through said inhalation uni 
directional valve means and is directed to the pa 
tient, during which time said inflatable occlusion 
means is fully inflated by the introduction of gas in 
said inflation channel positioned within said inner 
inhalation tube and when inflated, interposes be 
tween said inner inhalation tube and said outer ex 
halation tube to prevent cross-contamination of 
gases while at the same time resisting any back 
pressure existing in said circuit and simultaneously 
gas is introduced into said atomizing channel posi 
tioned within said outer exhalation tube and 
thereby introduced into said floatation head of said 
cartridge to cause negative pressure in said fluid 
channel drawing fluids within said nebulizer means 
up through said fluid channel into striking contact 
with the said atomizing head, thereby to fracture 
and atomize said fluid prior to entry into said inner 
inhalation tube such that during the inhalation cy 
cle, gases delivered to the patient through said 
inner inhalation tube will also pick up atomized 
medicinal fluids prior to patient inhalation, while 
exhaled gases will flow through said exhalation uni 
directional valve means in countercurrent relation 
with respect to the gases within said inner inhala 
tion tube and simultaneously during the exhalation 
cycle said inflatable occlusion means will deflate 
while simultaneous the gas source for gas in said 
atomizing channel is cycled off thereby to cease the 
functioning of the nebulizer during said exhalation 
cycle, thereby to permit exhaled gases to exit from 
said circuit. 

33. The positive pressure breathing circuit as set 
forth in claim 32 above, wherein said circuit further in 
cludes humidification means in fluid communication 
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with and interposed between said inner inhalation tube 
and the gas source for said inner inhalation tube, said 
gas humidification means including a water chamber 
therein for providing a source of humidity for gases 
which pass therethrough, said water chamber being 
surrounded by a heating chamber, said heating cham 
ber being in fluid communication with said outer exha 
lation tube, whereby gases suitable for patient inhala 
tion are first passed through said gas humidification 
means thereby to humidify the gas prior to entry into 
said inner inhalatin tube, and exhaled gases are passed 
into said heating chamber surrounding said water 
chamber of said humidification means thereby to uti 
lize the heat contained in the exhaled gases to heat the 
water contained in said water chamber. 
34. The positive pressure breathing circuit as set 

forth in claim 33 above, wherein said heating chamber 
is further provided with heat sink means for absorbing 
and retaining heat from the exhaled gases passing 
therein during the exhalation cycle. 

x k sk 
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O are hereby COrrected as shown below: 
PAGE 3 

In Column 22, line 52, delete "exhalaton" and insert exhalation 
O. In Column 25, line 4, delete "exhalaion" and insert exhalation 

In Column 26, line 36, delete "simultaneous" and insert 
simultaneously 
In Column 26, line 54, delete "inhalatin" and insert inhalation 

eigned and Sealed this 
thirtieth D ay of March 1976 

SEAL 
Attest. 

() 

RUTH C. MASON C. MARSHALL D ANN 
At testing Officer Commissioner of Patents and Trademarks 
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