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ABSTRACT OF THE DISCLOSURE 
Apparatus for the ventilation of a patient having a res 

pirator, a patient adapter and a pneumatic belt all of 
which are under the control of the respirator. 

mammonwimum 

... This invention relates to an apparatus for the mechani 
cal ventilation of a patient and more particularly to such 
an apparatus which includes a respirator, and a pneumatic 
belt which is particularly useful for intensive care and 
for the administration of topical pulmonary chemother 
apy. 

In the past, respirators such as the respirator disclosed 
in U.S. Letters Patent 3,191,596 have been utilized for 
the mechanical ventilation of a patient. However, it has 
been found that in certain applications, as for example, 
in intensive care and in the administration of topical 
pulmonary chemotherapy, it is desirable or necessary to 
enhance the mechanical ventilation particularly in the 
lower part of the lungs which normally is obtained by the , 
respirator. There is, therefore, a need for a new and im 
proved apparatus for the mechanical ventilation of a 
patient. 

In general, it is an object of the present invention to 
provide apparatus for the mechanical ventilation of a 
patient which enhances the ventilation of the lungs of 
the patient. 

Another object of the invention is to provide apparatus 
of the above character which includes a respirator and 
a pneumatic belt utilized in combination to increase the 
ventilation to the patient. 
Another object of the invention is to provide apparatus 

of the above character to reduce functional residual ca 
pacity during intermittent or continuous mechanical ven 
tilation of the patient with obstructive pulmonary dis 
eaSe. 

Another object of the invention is to provide apparatus 
of the above character which increases the tendency for 
venous return during the continuous mechanical ventila 
tion of the patient with circulatory hypovolemia. 

Another object of the invention is to provide apparaus 
of the above character in which the pneumatic belt can 
not be over-inflated. 
Another object of the invention is to provide apparatus 

of the above character which enhances topical pulmonary 
chemotherapy. 

Another object of the invention is to provide apparatus 
of the above character which functions both during the 
inspiratory and expiratory pattern of the patient. 

Another object of the inventon is to provide apparatus 
of the above character in which cardiopulmonary treat 
ment is enhanced. 
Another object of the invention is to provide apparatus 

of the above character which can be readily placed upon 
and removed from the patient. 

Additional objects and features of the invention will 
appear from the following description in which the pre 
ferred embodiments are set forth in detail in conjunction 
with the accompanying drawings. 

Referring to the drawings: 
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2 
FIGURE 1 is an elevational view of apparatus incor 

porating the present invention for the mechanical ven 
tilation of a patient for intensive care. 
FIGURE 2 is an elevational view of apparatus incor 

porating the present invention for mechanically ventilat 
ing a patient for use in topical pulmonary chemotherapy. 
FIGURE 3 is a perspective view of the pneumatic belt 

which is used in the apparatus shown in FIGURES 1 
and 2. 
FIGURE 4 is an enlarged detail view of a portion of 

the pneumatic belt shown in FIGURE 3. 
FIGURE 5 is an illustration showing the manner in 

which the pneumatic belt is normally positioned on the 
patient. 

In general, the apparatus for mechanically ventilating 
a patient consists of a respirator which has an inhalation 
phase and an exhalation phase in its operative cycle. The 
respirator also includes a controller having an inlet which 
is adapted to be connected to a supply of gas under pres 
sure and an outlet. It also includes a main control valve 
means which is disposed in the controller and is mova 
ble between open and closed positions to control the flow 
of gas from the inlet to the outlet with the main control 
valve means being in an open position during the inhala 
tion phase of the respirator and in a closed position dur 
ing the exhalation phase of the respirator. The respirator 
also includes a main conduit having a passage therein and 
is adapted to be connected to a patient adapter and also 
to the outlet of the controller. A pneumatic belt is posi 
tioned on the patient and is provided with at least one 
expandable bladder. Means is provided for connecting the 
expandable bladder to the controller so that the bladder 
is expanded and contracted in phase with the respirator. 
More in particular, as shown in FIGURE 1 of the 

drawings, the apparatus for mechanically ventilating a 
patient consists of a respirator 11 and a pneumatic belt 
assembly 12. The respirator 11 is connected to an in-line 
nebulizer 13 and a micro nebulizer 14. It is also con 
nected to a water trap 16, an exhaust valve assembly 17 
and a patient adapter 18. The respirator can be of any 
suitable type, as for example, the positive-negative phase 
respirator which is shown in U.S. Letters Patent 3,191,- 
596 and marketed under the trademark Mark 8 by the 
Bird Corporation of Palm Springs, Calif. As disclosed 
in said U.S. Letters Patent, such a resiprator is of a type 
which has an inhalation phase and an exhalation phase 
in its operative cycle. It includes a controller 21 having 
an inlet 22 which is adapted to be connected to a supply 
of gas under pressure. The controller also has a main 
outlet 23. It includes main control valve means (not 
shown) disposed in the controller movable between open 
and closed positions to control the flow of gas from the 
inlet to the outlet.The main control valve means is in an 
open position during the inhalation phase of the respira 
tor and is in a closed position during the exhalation phase 
of the respirator. The respirator is also provided with an 
additional outlet 26 which is supplied with positive pres 
sure during the expiratory phase of the respirator and an 
outlet 27 which is provided with positive pressure dur 
ing the inspiratory phase of the respirator. 
The main outlet 23 is connected by a large tube 28 to 

an inlet 29 of the in-line nebulizer 13. The in-line nebulizer 
13 can be of a type described in copending application 
Ser. No. 447,852, filed Apr. 13, 1965, now Patent No. 
3,353,536. The in-line nebulizer is provided with an out 
let 31 which has the micro nebulizer 14 mounted thereon. 
The micro nebulizer can be of the type described in U.S. 
Letters Patent 3,172,406. The micro nebulizer is provided 
with an inlet 32 which is closed with a stopper 33. It is 
also provided with an outlet 34 which is connected by a 
large tube 36 to one end of the oval shaped water trap 
16. The other end of the water trap is connected to a large 

  



3,454,000 
tube 37 which is connected to a patient adapted 18 which 
in the form shown in FIGURE 1 is of the endotracheal 
type. The water trap 16 is a type well known to those 
skilled in the art and is provided with a drain tube 39. The 
outlet 27 is connected by a small tube 41 to a T 42 
mounted on the in-line nebulizer 13. A small tube 43 is 
also connected to the T 42 and is connected to the ex 
halation valve assembly 17. The exhalation valve assembly 
17 is also connected to the patient adapter 18 by a large 
fube 44. 
The outlet 26 is connected by a small tube 46 to the in 

let 47 of a venturi assembly 48. The venturi assembly 48 
is provided with a pair of outlets 51 and 52 (see FIG 
URE 4) which are connected to the pneumatic belt as 
sembly 12 as hereinafter described. 
The pneumatic belt.assembly 12 consists of an elongate 

belt 56 which is formed of a suitable flexible material 
such as cloth or canvas. Since the belt is to be utilized on 
a patient, it is desirable that the belt be relatively porous. 
As can be seen, the belt 56 is of a substantially uniform 
width and is of sufficient length so that it can encircle the 
body of the patient. The belt 56 is formed with a pair of 
pockets 57 and 58 which extend in opposite directions 
from the center of the belt. As can be seen from FIGURE 
3, the pockets have substantially the same width as the 
belt and have a length such that the two pockets substan 
tially cover the patient's chest. Suitable means is provided 
for opening and closing the pockets and consists of a 
Zipper closure 59 for each of the pockets. 
Each of the pockets is adapted to receive a bladder 61 

of a suitable type, as for example, a rubber bladder which 
has a substantially rectangular configuration which is 
adapted to fit in each of the pockets 57 and 58 as shown. 
Each of the bladders is provided with a tube 62 formed 
integral therewith through which the bladder can be in 
flated and deflated. Each of the bladders is also provided 
with a fitting 63 which is closed with a plug 64. The 
bladders 61 can be readily inserted through the zippered 
closure 59 provided on the pockets 57 and 58. 

Suitable means is provided for securing the belt about 
the patient which is also adjustable. As shown in the 
drawings, such means consists of “Velcro"-type fastening 
means in which a strip 66 of “Velcro eyes is mounted 
on the inside of one side of the belt 56 and a strip. 67 
carrying "Velcro” hooks is mounted on the outside of 
the other end of the belt. By engaging the two strips the 
belt can be comfortably fastened about the chest of the patient. 
The venturiassembly 48 consists of a body 71 which is 

provided with a venturi-like flow passage 72 extending 
therethrough and having an outwardly flared inlet end 
73. The body 71 is provided with an enlarged outwardly 
flared portion 71a which accommodates the enlarged in 
let end 73 for the passage 72. The other end of the body 
is provided with a bifurcated portion 71b which has the 
nipples 51 and 52. A removable body 76 in the form of a 
cap is threaded onto the end portion 71a and which in 
cludes the inlet fitting 47. A flow passage 77 with a re 
ducing taper is provided in the inlet fitting 47 and has 
its outlet forming a jet nozzle 78 in axial alignment with 
the passage 72 in the body 71 so that gases jetting through 
the passage 77 and out the nozzle 78 will cause a venturi 
effect in the passage 72 to aspirate the chamber 79 in the 
cap 76. The body or cap 76 is provided with at least one 
hole 80 to permit atmospheric air to enter the chamber 
79 and the venturi-like passageway 72. 
Means is provided for supporting the main tubes 36 

and 37 and the water trap 16 and consists of a radial 
rod 81 carried by a fitting 82 which is mounted upon the 
inlet pipe and support stand 22 and is secured thereto by 
set screw 83. 
As indicated previously, the apparatus shown in FIG 

URE 1 is particularly intended for intensive care. The 
apparatus shown in FIGURE 2 is very similar to that 
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4. 
ularly intended for topical pulmonary chemotherapy. As 
also shown in FIGURE 2, the apparatus has been simpli 
fied in that the nebulizer 13 and the micro nebulizer 14 
have been omitted as well as has been the water trap 16. 
A breathing head 86 which is provided with a patient 
adapter 87 has been substituted for the exhalation valve 
assembly 17 and the patient adapter 18. The micro neb 
ulizer 14 has been mounted directly upon the breathing 
head 86. The breathing head 86 can be of a type described 
in U.S. Letters Patent 3, 191596. 

Operation and use of the apparatus for the mechanical 
ventilation of a patient may now be briefly described. Let 
it be assumed that the apparatus shown in FIGURE 1 is to 
be utilized for the intensive care of a patient. The pneu 
matic belt assembly 2 is generally fitted snugly around 
the patient's chest approximately 2-3 inches below the 
Xiphoid process (V of the rib cage) so that the bladders 
61 of the belt are just below the leaves of the diaphragm 
as shown in FIGURE 5. As shown in FIGURE 5, the 
tube 46 leading to the venturi assembly 48 should be 
down (away from the patient's head) and the Y formed 
by the body 71 and the bifurcated portion 71b should be 
facing upwardly toward the patient's head. 
As explained previously, the tube 46 is connected to 

the respirator 11. The nebulizers 13 and 14 are filled in 
the proper manner. Thereafter, the respirator 11 is placed 
in operation and passes through the inhalation phase and 
the exhalation phase in its operative cycle in a manner well 
known to those skilled in the art. During the inspiratory 
phase, air under positive pressure is supplied through the 
main large tube 28, through the nebulizer 13 and through 
the micro nebulizer 14 to the patient adapter 18 which is 
in the form of a tracheotomy fitting, and thence to the 
trachea and lungs of the patient. At the same time, air 
under positive pressure is supplied through the line 27 
to the exhalation valve 17 to keep the exhalation valve 17 
in a closed position during the inspiratory phase. During 
this time, no air under pressure is supplied to the small 
tube 46 to the pneumatic belt assembly 12. 
Upon initiation of the expiratory phase by the respira 

tor 11, the positive pressure in the line 27 is removed and 
the exhalation valve assembly 17 is permitted to open to 
thereby permit the patient to exhale through the exhala 
tion Valve. At the same time, positive pressure is applied 
through the line 46 which causes a jet of air to pass from 
the nozzle 78 and into the venturi-like passage 72 to 
Create a positive pressure in both of the bladders 61 of the 
pneumatic belt assembly. The jet of air passing through 
the venturi-like passage 72 serves to aspirate atmospheric 
air through opening 80 into the passage 72 to inflate the 
bladders 61. During the exhalation phase, the bladders 61 
are always inflated to a safe pressure by this feature and 
are never over-inflated because the aspiration of atmos 
pheric air through the opening 78 into the passage will 
continue until a predetermined positive pressure is reached 
in the bladders 61. Over-pressures are eliminated because 
only a certain pressure will be produced by the jet of air 
passing through the venturi-like passage 72. In this way, 
it can be seen that a molecular barrier of gas is provided 
which builds up against the chest of the patient. 
Thus, at the start of expiration, intra-abdominal pres 

Sures are gradually increased by the inflation of the blad 
ders 61 to a preselected value by external pressures ap 
plied against the upper abdomen. The increased intra 
abdominal pressure during the expiratory phase serves to 
increase tendencies for venous return while concomitantly 
causing an upward force against the diaphragm. The 
upward force against the diaphragm elevates intra-thor 
acic pressure, increasing air flow from the lung, thus 
serving to reduce functional residual gases within the lung. 
As Soon as the expiratory phase has been completed, pres 
Sure is removed from the tube 46 and the venturi-like as 
Sembly is deactivated and the bladders 61 are emptied 
through the ports or openings 78 provided in the venturi 

shown in FIGURE 1 with the exception that it is partic- 75 assembly 48 to contract the bladders, The gases are again 
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supplied under positive pressure by the respirator to the 
patient adapter 18 to increase intra-thoracic pressures by 
the gas flowing into the lung under positive pressure. Upon 
completion of the inspiratory phase and initiation of the 
expiratory phase, the same sequence takes place. 
From the foregoing, it can be seen that the apparatus is 

under the control of the respirator and passes through the 
inhalation phase and exhalation phase under the control 
of the respirator. The pneumatic belt assembly 12 operat 
ing in conjunction with the respirator 11 serves to in 
crease the ventilation of the lung of the patient and is 
particularly suitable for intensive care. The operation of 
the embodiment shown in FIGURE 2 is substantially iden 
tical to that described in conjunction with FIGURE 1 and 
differs only in that it is provided with a breathing head 
assembly which is particularly adapted for topical pull 
monary chemotherapy. In all other respects, the mode of 
operation is substantially identical to that shown in FIG 
URE 1. 
The apparatus can be used for reducing functional 

residual capacity during the intermittent or continuous 
mechanical ventilation of a patient with obstructive pull 
monary disease. It also can be used for increasing the 
tendency for venous return during the continuous me 
chanical ventilation of a patient with circulatory hypo 
volemia. 

Although the apparatus has been described in con 
junction with a respirator of the positive-negative phase 
type, the pneumatic belt assembly can be utilized in con 
junction with a positive phase respirator. When such a 
respirator is used, it is desirable to utilize a parallel 
booster such as the type described in FIGURE 1 of appli 
cation Ser. No. 476,508, filed Aug. 2, 1965. Such a parallel 
booster could be utilized in conjunction with a respirator 
of the type described in U.S. Letters Patent 3,068,856. 
When such a respirator is used, the parallel cartridge de 
livers gas to create negativity during expiration. This gas, 
which is delivered to the negative venturi, is actually posi 
tive pressure gas and could be utilized for pressurizing the 
pneumatic belt assembly 12 during the expiratory phase 
of the respirator. 

It is apparent from the foregoing that we have pro 
vided an apparatus for mechanical ventilation of a pa 
tient which enhances the ventilation of the patient. The 
pneumatic belt assembly which is utilized is one that can 
be readily attached to the patient. 
We claim: 
1. In apparatus for mechanically ventilating a patient, 

a respirator having an inhalation phase and an exhalation 
phase in its operative cycle, said respirator including a 
controller having an inlet which is adapted to be con 
nected to a supply of gas under pressure, said controller 
also having a main outlet and first and second additional 
outlets, main control valve means disposed in said con 
troller and movable between open and closed positions 
to control the flow of gas from said inlet to said main 
outlet, said main control valve means being in an open 
position during the inhalation phase of the respirator and 
in a closed position during the exhalation phase of the 
respirator, said respirator including means whereby gas 
is supplied under positive pressure to said first additional 
outlet during the inhalation phase and to the second 
additional outlet during the exhalation phase, a patient 
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6 
adapter, a main conduit having a passage therethrough 
and connecting the patient adapter to the main outlet of 
the controller, an exhalation valve assembly connected to 
the patient adapter, means connecting said first additional 
outlet to said exhalation valve assembly for closing said 
exhalation valve during the inhalation phase, a pneumatic 
belt adapted to be positioned about the chest of the 
patient, said pneumatic belt having at least one expand 
able bladder, and means connecting the expandable 
bladder to the second additional outlet so that the bladder 
is expanded under the control of the respirator during 
the exhalation phase and contracts during the inhalation 
phase of the respirator. 

2. Apparatus as in claim 1 wherein said means con 
necting the expandable bladder to the second additional 
outlet includes a venturi assembly, said venturi assembly 
having a venturi-like passage therein means forming a 
nozzle for directing a stream of gas through the venturi 
like passage, and means permitting atmospheric air to 
be introduced into the venturi-like passage in addition to 
the gas being introduced through the nozzle. 

3. Apparatus as in claim 2 wherein said means per 
mitting atmospheric air to be introduced into the venturi 
like pasage comprises a cap-like body having at least one 
opening therein which opens to the atmosphere, said 
nozzle being mounted in said body. 

4. Apparatus as in claim 1 wherein said pneumatic 
belt is formed with a pair of pockets therein and wherein 
an expandable bladder is disposed in each of said pockets 
and wherein both of said bladders are connected to said 
second additional outlet. 

5. Apparatus as in claim 1 wherein said means con 
necting said expandable bladder to the second additional 
outlet includes means for preventing overinflation of the 
bladder. 

6. Apparatus as in claim 1 wherein said belt is formed 
of a flexible material having a pair of pockets disposed 
intermediate the ends of the belt, an inflatable bladder 
disposed in each of said pockets, said belt also including 
means for detachably placing the belt on the patient and 
wherein said means connecting said inflatable bladder 
to said second additional outlet includes means for con 
necting both of said bladders to said controller so that 
both of said bladders are expanded and contracted simul 
taneously. 
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