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(90 Myrtle St., North Quincy, Mass, 02171) 

Fied Oct. 18, 1965, Ser. No. 497,211 
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ABSTRACT GF THE DISCLCSURE 
A heart-lung resuscitator having a shoulder lift with a 10 

lung ventilating unit and a cardiac compressor unit con 
nected to the lift. A pneumatic control circuit is dis 
posed in the lift so that when the lift is connected to a 
source of compressed gas, the gas is used to ventilate the 
lungs of a patient and apply cardiac compression to the patient. 

laseaux inno 

This invention comprises a new and improved heart 
and lung resuscitator, and this application is a continua 
tion in part of co-pending application Serial No. 277,169, 
filed May 1, 1963 entitled Heart and Lung Resuscitator, 
now Patent No. 3,307,541 dated March 7, 1967. In that 
earlier application a portable unit is disclosed, and in ac 
cordance with the present invention the pneumatic circuits 
of the unit are improved, the unit is rendered more easily 
portable, and an improved valve is incorporated into one 
of the pneumatic circuits for directing ventilating gas to 
the lungs in a prescribed manner. - 
The unit shown in the earlier application includes a 

shoulder lift and a separate control case in which the 
pneumatic circuits are housed. While the unit is portable, 
there is some inconvenience involved in moving a patient 
from one location to another while he receives treatment 
from the unit because of the several different parts which 
make up the assembly. The pneumatic circuit disclosed in 
the earlier application is very basic and does not, for ex 
ample, precisely control the rate at which the pressure 
increases as the lungs are ventilated. Further, the means 
for producing a pneumatic pulse to control cardiac com 
pression is not refined to a point where the intervals be 
tween pulses are precisely the same. These and other parts 
of the unit shown in the earlier application have been the 
Subject of continued research, and several improvements 
have matured from this research, which are the subject matter of the present application. 
One important object of this invention is to provide a 

pneumatic control circuit for the assembly which may be 
mounted wholly within the shoulder lift so as to eliminate 
one large component of the system as disclosed in the 
earlier application. 
Another important object of this invention is to pro 

vide a pulse circuit as part of the pneumatic system 
which has a high degree of dependability, is relatively 
inexpensive to manufacture, and which may be very 
precisely controlled. 

Another important object of this invention is to pro 
vide a valve in the lung ventilation system of a resusci 
tation unit, which precisely controls the rate of increase 
of volume of the ventilating gas as it is introduced into the lungs. 
To accomplish these and other objects, the rescue unit 

of this invention includes a piston and cylinder for ap 
plying cardiac compression, a fixture for introducing ven 
tilating gas into the lungs, and a pneumatic control cir 
cuit connected to both the piston and cylinder and the 
fixture so as to coordinate the cardiac compression with 
the lung ventilation. The control circuit is mounted with 
in a shoulder lift ordinarily placed beneath the shoulders 
and upper back of a patient. A pulse circuit, forming 
part of the pneumatic control circuit, at very precise in 
tervals actuates the piston and cylinder so as to apply 
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cardiac compression of a selected pressure for a prescribed 
duration at reguluar intervals. A valve forming part of the 
pneumatic control circuit in the shoulder lift gradually 
increases the volume of the ventilating gas introduced into 
the lungs rather than allow a very sudden and rapid in 
crease of volume to occur. 
These and other objects and features of this invention 

along with its incident advantages will be better under 
stood and appreciated from the following detailed de 
scription of several embodiments thereof, selected for 
purposes of illustration and shown in the accompanying 
drawing, in which: 

FIG. 1 is a perspective view of a heart-lung resusci 
tator constructed in accordance with this invention; 

FIG. 2 shows the unit of FIG. 1 in use on a patient; 
FIG. 3 is a diagrammatic view of a pneumatic control 

circuit mounted in the shoulder lift shown in FIG. 1; 
FIG. 4 is a diagrammatic view of a pulse circuit form 

ing one component of the pneumatic control circuit shown 
in FIG. 3; 

FIG. 5 is a diagrammatic view of a pneumatically con 
trolled valve forming part of a pneumatic control cir 
cuit shown in FIG. 3; 

FIG. 6 is a graph illustrating the time relationship be 
tween presure applied to the chest of a patient through 
the ventilator and the cardiac compressor; and 

FIGS. 7-11 are diagrammatic views of other embodi 
ments of a pulse circuit. 
The resuscitator unit shown in FIG. 1 includes a shoul 

der lift 0, a cardiac compressor unit 12, a lung ventilat 
ing unit 4 and straps 6 for retaining the compressor 
unit 12 in proper position on the chest of a patient. In 
FIG. 2, the assembly is shown in use on a patient with 
the units 12 and 14 in place, and an oxygen tank 18 is 
shown connected to the case 22 of the shoulder lift. The 
case 22 is shown in FIG. 1 to carry a pair of oxygen con 
nectors 24 and 26, one on each side, a lung volume gage 
28, a control knob 3G for varying the volume of venti 
lating gas directed to the lungs, a gage 32 for measuring 
the thrust of the cardiac compressor unit 12, a control 
knob 34 for varying the thrust, and an on-off switch 36. 
A handle 38 for carrying the case 22 is provided with a 
shallow recess 40 in its upper face that forms a comfort 
able head rest for the patient. 
The pneumatic circuit shown in FIG. 3 is mounted 

within the case 22 of the shoulder lift 10. The circuit 
shown includes the inlets 24 and 26 which are com 
bined at a double check-valve 42. Ordinarily one of the 
inlets is connected to the oxygen tank, and when the tank 
gets low a second tank may be connected to the other inlet. 
As oxygen is ordinarily used, the specification will refer 
to it as the gas in the system, but it is to be understood 
that other gases may be used. From the check valve 
oxygen in the circuit passes through a filter 44, and an on 
off valve 46, and then divides into a pair of lines 48 and 
50. A pressure regulating valve 52 is disposed in the line 
48 and produces a constant pressure at its outlet. 
A pneumatically controlled valve 54 is connected to the 

end of the line 48 and serves to distribute the compressed 
oxygen to a pulse circuit 56, a tank 58 and the pilot side 
of a pneumatically controlled ventilation valve 60. The 
pulse circuit 56 in turn has its output connected to the 
pilot of another pneumatically controlled valve 62 and 
valve and counter 64. The valve and counter 64 lies in a 
pilot line 66 which controls the operation of the first pneu 
matically controlled valve 54. 
The line 50 beyond the on-off valve 46 directs oxygen 

through the pneumatically controlled valve 62 whose pilot 
line 68 is connected to the outlet 78 of the pulse circuit 
56. In FIG. 3 the mask 14 and the cardiac compressor 
12 are shown connected to the outputs of the pneumati 
cally controlled ventilating valve 60 and the pneumatically 
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controlled valve 62, respectively. As shown in FIG. 1, 
these parts lie outside the case 22 and are connected to 
the case by hoses 69 and 70. 

Before describing in detail the control circuit shown in 
FIG. 3, the relationship between the operation of the 
lung ventilating unit and the cardiac compressing unit will 
be described. The most effective rate for external cardiac 
compression to maintain a high average blood pressure 
has been determined to be approximately 60 compressions 
per minute; the most effective rate of lung ventilation has 
been determined to be approximately 12 ventilations per 
minute. A heart-lung resuscitator to be effective should 
duplicate this relationship. Therefore, pressure is applied 
to the chest by the compressor unit 2 five times for each 
time the lungs are ventilated by directing oxygen into thern 
through the unit 14. It is also important that the oxygen 
be directed into the lungs between the applications Cf 
pressure on the chest exerted by the unit 2. That is, the 
pressure applied externally to the chest should not be di 
rectly opposed by oxygen under pressure within the lungs. 
These relationships are shown in the graph of FIG. 6 
where time is plotted against pressure exerted by the re 
suscitator. In the graph the peaks T represent four thrusts 
exerted against the chest by the unit 12. The peak V rep 
resents the volume of oxygen introduced into the lungs 
through the ventilator unit 4. It will be noted in the 
graph that on the down side of the peak V, that is, when 
the volume of oxygen in the lungs is being relieved, the 
thrust T is exerted. Thus, while the lungs are expelling 
the oxygen, the fifth thrust T is applied to the chest, and 
the height of the peak T’ represents the cumulative pres 
sure of the thrust exerted by the unit 2 and the residual 
pressure in the lungs following the peak of ventilation. 

It may also be noted in FIG. 6 that the volume of ven 
tilating gas does not increase on a straight line but rather 
the increase is gradual, particularly in the beginning of the 
ventilation. Oxygen is initially introduced at a low rate 
into the lungs and then the volume increases at a faster 
rate until maximum volume is achieved. This character 
istic is represented by the curved section of the graph 
circled in FIG. 6. This gradual introduction of oxygen 
into the lungs is achieved by the special ventilating valve 
60. 

Returning now to the circuit shown in FIG. 3 it is ap 
parent that an oxygen tank can be connected to either One 
of the inlets 24 or 26, and the double check valve 42 di 
rects the oxygen through the filter 44. The on-off valve 46 
controlled by the button 36 on the case 22 is used to shut 
off or turn on the system. The outlet of valve 46 directed 
into line 48 is controlled by pressure regulating valve 52 
which causes a pressure reduction in the system in all 
lines which receive oxygen from that point. Typically, the 
oxygen tank through which the system is Supplied is reg 
ulated at 90 p.s. i., and the pressure regulating valve 52 
may reduce the pressure in the line 48 to 50 p.s. i. Thus, 
in the line 48 and the system controlled by it, the pressure 
does not exceed the 50 p.s.i., while in the line 50 the pres 
sure is at 90 p.s. i. 
The pneumatically controlled distributing valve 54 ulti 

mately connects the line 48 to either one of the two lines. 
70 and 72. Under normal conditions, that is, in the biased 
position, the valve 54 connects the line 48 with the line 
70, and only when the pilot line 66 is pressurized does 
the condition of valve 54 change to connect the line 43 
to the line 72. The lines 7 and 72 when not connected to 
the line 48 are connected to the atmosphere through bleeds 
74 and 76, respectively. 
When the line 70 is connected to the 50 p.s. i. source 

through the distributing valve 54, the pulse circuit 56 is 
energized and emits at its outlet 78 sixty pulses per minute 
or some other selected approved rate. (The pulse circuit, 
shown in FEG. 4, is described in detail below.) At the 
same time the pulse circuit 56 is energized, the tank 53 
which lies within the case 22 is filled through the line 30 

5 

10. 

15 

20 

25 

30 

40 

45 

50 

55 

4. 
set by the knob 30 shown in FIG. 1 to control the volume 
of oxygen stored in the tank 58. 
The ventilating valve 60 which is normally closed, pre 

vents the oxygen in the tank 58 from discharging to the 
ventilating unit 14. However, the ventilating valve 60 
which is also described in detail below in connection with 
FIG. 5, opens when the line 72 (which serves as a pilot for 
that valve) receives oxygen from the distributing valve 
54; that is, when the distributing valve 54 changes its con 
dition so that the line 48 is connected to the pilot line 
72, the tank 58 no longer receives oxygen from the line, 
but the contents of the tank 58 are discharged through 
the valve 60 to the ventilating unit 14. The condition of 
valve 54 is controlled by the pilot line 66 which is con 
nected in turn to the outlet 78 of the pulse circuit 56. The 
counter and valve 64 which per se forms no part of this 
invention, counts each of the pulses emitted by the pulse 
circuit 56, and when a given number of pulses are re 
corded, the valve of counter 64 allows a pulse to pass 
through the pilot line 66 to change the condition of the 
valve 54. The pulse through the line 66, as stated above, 
changes the condition of the valve 54 so that it no longer 
connects the lines 48 and 70 but rather connects the lines 
48 and 72. 
The outlet 78 of the pulse circuit 56 is also connected 

through pilot line 68 to the pneumatic valve 62. Each 
pulse emitted by the circuit 56 opens the pneumatic valve 
62 and allows the line 50 to direct oxygen under pressure 
to the cardiac compressor unit 12. A pressure regulator 
82 in the line 50 is controlled by the control knob 34 
on the case 22 so that the thrust exerted by the piston and 
cylinder unit of the cardiac compressor may be varied. 
The counter 64 will be recognized from the foregoing 

description to establish the basic frequency relationship 
between the lung ventilator 14 and the cardiac compressor 
12. While the pulse circuit 56 opens the valve 62 with 
each pulse of the circuit 56, the counter 64 in the pilot 
circuit 66 allows the distributing valve 54 to change its 
condition but once every five pulses of the circuit 56. 
The pulse circuit 56 is shown in detail in FIG. 4. It will 

be noted that the extent of the pulse circuit shown in FIG. 
4 is limited by the line 70 (pulse inlet) and the outlet of 
the pulse circuit 78. For purposes of this description it will 
be assumed that the line 70 is constantly connected to a 
pressurized oxygen source. A distributing valve 86 which 
is pneumatically controlled by pilot line 88 is biased to a 
condition wherein its inlet 90 is connected to the pulse 
outlet 78. That is, unless the condition of distributing valve 
86 is changed, the line 70 would be continuously con 
nected to the pulse outlet 78 through valve 86. 
The pilot line 88 is controlled by a pneumatic valve 92. 

The normally closed pneumatic valve 92 when opened 
allows compressed air to flow through the pilot line 88 so 
as to change the condition of the distributing valve 86 so 
as to connect in turn the inlet 90 to the line 94 and inter 
rupt the connection between the inlet 90 and the pulse out 
let 78. A delay in the form of a resistance 96 is provided 
in the pilot line 88 to delay the change in condition of the 

60 
distributing valve 86 after the valve 92 opens. In the ab 
sence of the resistance 96, immediately upon opening 
valve 92 the valve 86 would open. The need for this delay 
will become apparent upon completion of the description 
of the pulse circuit. 
A Second flow resistance 98 is provided in the circuit in 

the pilot line 100 which connects the line 70 to the pilot 
of the normally closed pneumatic valve 92. Therefore, 
the pressure in the line 70 does not instantaneously open 
the valve 92, but rather, there is a delay in the opening of 
the valve 92 after the line 500 receives pressurized oxygen 
from the line 78. The pressure buildup in the line 100 to 
open the valve 92 is in turn controlled by a pneumatic 
valve 102 which, when opened, opens the bleed 64 to 
allow the pressure within the line 100 to bleed through 
the valve to the exhaust 166. When the valve 182 is closed, 

and pressure regulator 82. The valve 82 may be manually 75 the bleed 104 is closed and the pressure in the line 169 
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builds up to open the valve 92. The pneumatic valve 102 
is in turn controlled by a pilot line 108 which contains a 
flow resistance 110. The function of the resistance 110 
will be apparent from the following description of the 
operation of the pulse circuit. 
When the line 70 is connected to a pressure source, such 

as an oxygen tank, oxygen flows from the line 70 through 
the line 87 to the inlet 90 of the distributing valve 86 and 
exhausts through the pulse outlet 78. Simultaneously the 
pressure builds up in the pilot line 100 and after a delay 
period the pneumatic valve 92 opens. When the valve 92 
in the pilot line 88 opens, after a delay, the condition of 
valve 86 changes so that the pulse outlet 78 is shut off 
and the distributing valve 86 directs oxygen through the 
pilot 108. The valve 92, however, remains open until the 
line 108 fills and applies a pressure of a specific magnitude 
to the second pneumatic valve 102. The resistance 1i0 
and the volume as determined by the length of the line 
108 control the length of the time delay between the open 
ing of distributing valve 86 to line 94 and the opening of 
the valve 102. When the valve 102 opens, the pressure in 
the pilot 100 immediately is relieved through the bleed 
104, and the pneumatic valve 92 closes. The closing of 
valve 92 immediately changes the condition of distributing 
valve 86 to place once again the inlet line 70 in communi 
cation with the pulse outlet 78 through the line 87, inlet 
90 and the distributing valve. The cycle is then repeated 
continuously until the line 70 is disconnected from the 
pressure source. 

It will be noted in FIG. 4 that a check valve 107 forms 
a bypass about the resistance 1i0 in a direction from line 
108 toward the distributing valve 86. The check valve 107 
allows the pressure in line 108 to instantaneously dissipate 
so as to allow the valve 102 to close. In the absence of the 
check valve, a delay would occur in the recycling of valve 
92 because the resistance 110 would retard the depressur 
ization of the line 108 to permit the bleed valve 02 to 
close. 
The volume of the line 108 and the magnitude of the 

restriction or resistance 10 directly effects the ratio of 
“on” and “off” time of the pulses. If the magnitude of the 
resistance 1i0 increases, and/or the volume of the pilot 
line 108 increases, alonger period will be required to open 
the normally closed valve 102 to cause the valve 92 to 
close. In this manner, the ratio of “on” and "off" pulse 
time may be varied. The restriction 98 and the length of 
line 100 also control the ratio between the “on” and "off" 
periods of each cycle. If the resistance 98 and the volume 
of line 100 increases, the length of the time required to 
open the valve 92 increases, which in turn lengthens the 
period during which a pulse is emitted from the distribut 
ing valve 86. These parts also indirectly effect the fre 
quency of the pulses but more directly control the ratio be 
tween the “on” and “off” periods. To directly change the 
frequency of the pulses the duct 109 may be changed. If 
that duct is replaced with a duct of greater capacity, the 
time required for the distributing valve 86 to change con 
ditions will be increased so as to directly enlarge the time 
required for each cycie. 
The very simple pulse circuit shown in FIG. 4 Serves 

to control the opening of valve 62 which in turn controls 
the cardiac compression unit 12 and also serves to operate 
the valve and counter 64 which, with the pilot line 66, 
controls the condition of distributing valve 54. It will also 
be recognized from the foregoing that when the line 72 
is connected to the line 48 through the distributing valve 
54, so that oxygen is directed to the ventilating unit 14, 
the pulse circuit 70 is temporarily inactive. 

In FIG. 3 yet another pneumatically controlled valve 
111 is shown disposed in the pilot line 66, and the pilot 
line 113 which controls the condition of pneumatic valve 
111 is connected to the tank 58. The pneumatic valve 111 
is normally maintained in the open condition as the pres 
sure in the tank 58 serves as pilot pressure to fill the pilot 
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6 
ine 113. However, when the pressure in the tank 58 is re 
lieved, as when its contents are discharged through venti 
lating valve 60, the pressure in the line 113 diminishes 
and the valve 111 is closed. Therefore, when the line 72 is 
connected to the oxygen source and opens the ventilating 
Valve 60 and the contents of tank 58 are discharged, the 
valve 111 in the pilot 66 closes to again change the con 
dition of the distributing valve 54 so that the lines 48 and 
70 are in communication with one another and pilot line 
72 bleeds through exhaust 76. In this manner the cycle 
of distributing valve 54 is completed. 
The ventilating valve 60 shown in FIG. 5, as indicated 

above, controls the rate at which volume is discharged 
to the ventilating unit 14 and specifically produces the 
curve in the graph of FIG. 6 circled at the beginning of 
the ventilating pulse. The valve includes an inlet duct. 112 
connected in FIG. 3 to the line 114 which directs a vol 
ume of oxygen from the tank 58 to the valve. The duct 
112 empties into a cylindrical chamber 116 within the 
valve housing, and a spool 118 is movable back and forth 
within the chamber 116. In the position shown, the spool 
i8 interrupts the connection between the inlet duct 12 
and the passage 129 which in turn is connected through a 
Subvalve assembly 122 to the discharge duct 24. - 
The position of the spool 118 in the chamber 116 is 

controlled by a pilot duct 126 formed in the housing (not 
shown) and which is adapted to be connected to the pilot 
line 72 shown in FIG. 3. The pilot duct 126 through 
passage 128 is connected to the right side chamber 117, 
and the pilot through a second duct 130 is connected to 
the Subvalve assembly 122. Pilot pressure introduced into 
the chamber to the right of the spool 118 from the line 
126 moves the spool to the left. This motion of the spool 
118 in the chamber 116 is retarded however, by the ex 
haust passage 132 connected between the left end of the 
chamber 116 and the inlet duct 112, and which con 
tains resistance 134. The restricted orifice or resistance 
134 in the exhaust duct 132 limits the speed with which 
the spool 118 may move to the left under the influence 
of the pilot pressure in the line 128. As the spool 118 
moves to the left, a first small circular groove 136 in the 
spool 118 aligns itself with the inlet duct. 112 and the 
passage 120 and serves to place the two in communica 
tion with one another. Thus, a limited flow occurs from 
the duct 112 to the passage 120. Further movement of 
the spool to the left places the larger groove 138 in align 
ment with the duct 112 and passage 120 to allow a greater 
volume of oxygen to pass between them so as to increase 
the volume of oxygen flowing into the passage 120. Be 
cause the pressure in the tank 58 which is a function of 
its volume, was set at 15 p.s. i. and diminishes as the tank 
empties, whereas the pressure in the pilot line 126 (con 
nected to line 72) is normally 50 p.s. i., the spool 118 
will move to the left. However, when the pilot pressure 
in line 72 is vented through the bleed 76 in the distribut 
ing valve 54, pressure builds up in the tank 58 and con 
Sequently increases in the chamber 116 through the pas 
sage 132 and retriction 134 so as to return the spool to the position shown in FIG. 5. 
The discharge from the passage 120 is controlled by 

the subvalve assembly 122. The pilot pressure in the line 
i26 which moves the spool 118 to the left as viewed in 
FIG. 5 also serves to open the subvalve assembly 122 
to connect the passage 120 with the discharge duct 124. 

In FIG. 5 yet another valve 125 is shown connected 
between the passage 120 and mask 14. The valve 125 
allows spontaneous breathing through the mask. The valve 
125 normally connects the mask 14 to the atmosphere 
through its passage (not shown). However, when the pilot 
line 127 parallel to lines 128 and 130 is pressurized, the 
valve 125 temporarily connects the passage 124 to the 
mask so that the volume of oxygen in the tank 58 may 
be introduced into the lungs. 

It will also be appreciated that the rate at which the 
volumetric flow increases may be changed by making 
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changes in the configuration of the spool. 118. By changes 
in the configuration of the spool the unit may be made to 
produce any wave form representing the volume of 
ventilating gas desired. 
From the foregoing description it will be recognized 

that when the pilot line 72 in the control circuit of FIG. 3 
is connected to the pilot duct 126 of the ventilating 
valve, the pressure in the line 72 causes the spool 118 to 
move to the left as viewed in the drawing so that first 
a small quantity of oxygen flows from the duct 112 to 
passage 120 across the groove 136 and through the Sub 
assembly valves 122 and 125 to the line 129. Continued 
movement of the spool 118 causes the deeper annular 
groove 138 in the spool to align itself with the passage 
120 and duct 12, and consequently a greater volume of 
air is permitted to flow through the valves from the line 
112 to the outlet 129. When the contents of the tank 58 
are discharged or when the pressure in the tank 58 falls 
below a set value, the pneumatic valve 111 in the pilot 
line 66 closes so as to alter the condition of distributing 
valve 54. The change in condition of the valve 54 re 
lieves the pressure in the pilot line 72, and the spool 118 
in the ventilating valve returns to the position shown in 
the drawing as the pressure again builds up in the tank. 
From the foregoing description those skilled in the art 

will appreciate that modifications may be made of the 
invention without departing from its spirit. For example, 
in FIGS. 7-11 five alternative pulse circuits are shown 
which may be suitable for use in the control circuit of 
F.G. 3. 

In FIG. 7 a pulse circuit 150 is shown having an inlet 
152, an outlet 154, and two pneumatically controlled 
valves 156 and 158. Pneumatically controlled valve 156 
is normally open so that inlet 152 and outlet 154 are in 
communication with one another. The pilot line 160 con 
trolling valve 156 includes a restriction 162 and an ex 
haust 164, and the exhaust 164 is controlled by the sec 
ond pneumatic valve 158. The valve 158 is normally 
open to open the exhaust passage 164, but pressure in 
the pilot line 166 for controling the valve 158 changes 
the condition of that valve. 

In operation the pulse circuit of FIG. 7 functions as 
follows: initially when the inlet 52 is connected to a 
pressure source, a pulse is emitted at the outlet 154, for 
the valve 156 is open. At the same time, pilot line 160 is 
pressurized through its restriction 162. However, that 
pressure cannot be applied to the valve 156 to change its 
condition because the bleed 164 is open. When pressure 
builds up in the line 166 through the restriction 168, the 
valve 158 is closed to shut off the bleed 164. Consequently, 
pressure builds up in the bleed 160 and ultimately the 
condition of valve 156 changes and it closes. When the 
valve 156 is closed, the pressure in the pilot line 166 is 
relieved which causes the valve 158 to open and connect 
the bleed 164 to the atmosphere. This condition in turn 
causes the pressure in the pilot line 168 to be relieved, 
and the valve 156 again opens. The capacity of the pilot 
lines 160 and 166 control the ratio of the “on” and "off" 
portions of the cycle and control the frequency of the 
cycle. The larger the capacity of pilot line 166, the longer 
the time required to change the condition of valve 156, 
and consequently the frequency is lessened. The capacity 
of line 60 directly affects the relationship between the 
“on” and “off” period and indirectly affects the frequency 
of the pulses. 
A very basic pulse circuit 170 is shown in FIG. 8. 

The pulse circuit 170 includes an inlet 172, an outlet 174 
and a normally open pneumatically controlled valve 176. 
A pilot line 178 which includes a restriction 180 con 
trols the condition of pneumatic valve 176. When the line 
172 is connected to a pressure source, the normally open 
pneumatic valve 176 causes a pulse to be emitted from 
the outlet 174. This same pulse charges the pilot line 
178 which ultimately causes valve 176 to close. When 
the valve 176 closes the pressure is relieved in the pilot 
178, and the valve 176 once again opens. The capacity of 
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3 
the pilot line 178 particularly between the valve 176 and 
the restriction 180 determines the frequency of the 
pulses. The greater the capacity of the pilot line 178, the 
lower the frequency of change. 
The pulse circuit 192 shown in FIG. 9 includes an inlet 

A93, an outlet 194, a pneumatic valve 96 which is nor 
mally closed, a second pneumatic valve 198 which is 
normally open, and two pilot lines 200 and 202. The 
valve 196 is normally closed so as to interrupt commu 
nication between the inlet and the outlet. The pneumatic 
valve 98 is normally open to allow the pilot line 202 to 
charge and therefore change the condition of the pneumat 
ic valve 96. The restrictions 264 and 236 in the pilots per 
form the same delay functions as the restrictions in the 
other pulse circuits. 

in operation, when the line 192 is connected to a pres 
sure source, initially no oxygen is emitted at the outlet 194. 
However, the pilot line 22 charges, and when the capacity 
of the line is reached, the valve 196 opens so as to emit 
a pulse at the outlet. Simultaneously, the pilot line 200 is 
charged, and when the pressure builds up in that line a 
selected amount, the condition of valve 98 changes, and 
it closes. When the valve 98 closes, pressure in the pilot 
line 202 is relieved, which causes the main pneumatic con 
trol valve 96 to again close. When it closes the pulse at 
the outlet ceases and the pilot line 260 is relieved so as 
to again open the valve i98. 
The pulse circuit 203 shown in FIG. 10 employs two 

normally closed pneumatic valves 210 and 252. The cir 
cuit also includes an inlet 254, an outlet 216 and a pair 
of pilot lines 218 and 220. The pilot line 220 is relieved 
through bleed 222. 

In operation, when the inlet 284 is connected to a pres 
sure source, the closed valve 20 prevents a pulse from 
being discharged at the outlet 26. However, pressure in 
the pilot line 220 builds up as the bleed 222 is closed by 
the valve 22. When the pressure in line 220 reaches a 
selected value, the valve 20 opens, and the circuit emits 
a pulse. Simultaneously, the pilot line 218 is charged to 
change the condition of valve 212. When the valve 212 
opens, the bleed 222 is opened to the atmosphere, and the 
pilot line 220 is relieved to cause the valve 210 to close. 
In this manner the pulse ceases. The restrictions 224 and 
226 in the pilot lines 218 and 220 cause the same time 
delay produced by the similar restrictions in the other pulse 
circuits, and the capacity of each of the pilot lines 218 and 
222 controls the frequency of the pulses and the relative 
"on' and “off” periods of each cycle. 
The pulse circuit 228 shown in FIG. 11 includes an 

inlet 239, an outlet 232, a four-way pneumatic valve 234 
and a normally closed pneumatic valve 236. The four 
way valve 234 is controlled by pilot line 238, and the 
valve 236 is controlled by pilot line 240. 
The pneumatic valve 234 is normally in a condition 

wherein the inlet 230 and outlet 232 are connected to 
gether. Consequently, when the input 230 is connected to 
a pressure source, a pulse is emitted at the outlet 232. 
Simultaneously, pressure builds up in the pilot line 238 as 
its bleed 242 is closed by the valve 236. Therefore, after a 
period of time determined by the capacity of the line 238 
and the restriction 244, the valve 234 changes its condi 
tion to discontinue communication with the outlet 232, 
and places the input 230 in communication with the pilot 
249. After a period determined by the capacity of the 
pilot 240 and the restriction 246, the normally closed valve 
236 changes its condition to place the bleed 242 in com 
munication with the atmosphere. This relieves the pres 
sure in the pilot 238, and the valve 234 again moves to 
the biased condition, wherein the iniet 236 and outlet 
232 are in communication with one another. 

in Selecting pneumatic valves in the system, it is im 
portant that the operating pressure of each valve be in 
dependent of and not affect the pressure of the medium 
fiowing through that valve. In the circuit of FIG. 3 it will 
be noted that the control pressure of the pneumatic valves 
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62 and 1 is appreciably less than the pressure of the 
medium flowing through those valves. Because the flow 
through the lines in many cases is required to be essen 
tially constant, and because marked changes in pressure 
could lead to most serious consequences, the flow through 
the valves should be independent of the controlling pres 
Sle, 

Because numerous modifications may be made of this in 
vention without departing from its spirit, it is not intended 
that the breadth of this invention be limited to the specific 
embodiments illustrated and described. Rather, it is in 
tended that the scope of this invention be determined by 
the appended claims and their equivalents. 
What is claimed is: - 
1. A heart lung resuscitator comprising 
a Source of compressed gas, 
a pneumatically controlled valve having an inlet con 

nected to the source of compressed gas and having 
a pulse and second outlet, 

means biasing the valve to a first condition wherein the 
inlet is connected to the pulse outlet to allow the 
compressed gas to discharge through said pulse out 
let, 

a pilot line connected from the source to the pneumatic 
valve and when open placing the valve in a second 
condition wherein the inlet is connected to the sec 
ond outlet and is disconnected from the pulse out let, 

means connected to the pilot line operated in response 
to the second outlet being connected to the inlet for 
closing the pilot line, 

a cylinder having a piston biased to a retracted posi 
tion within the cylinder, 

a passage connecting the pulse outlet to the cylinder 
for moving the piston to an extended position when 
compressed gas is discharged from said outlet, 

a pad carried by the end of the piston for applying com 
pressive forces to the chest of a patient when the pis 
ton is in the extended position, 

a pneumatic counter connected to the pulse outlet and 
actuated with each discharge from the pulse outlet, 

a tank for storing lung ventilating gas, 
a fitting for introducing the gas to the lungs of a patient, 
means including a valve connecting the tank to the fitting, 
and control means for opening the last named valve in 

response to selected actuations of the counter. 
2. A combination as described in claim 1 further char 

acterized by 

O 
the last-named valve being a second pneumatic valve, 

said control means including a second pilot line for 
controlling the second pneumatic valve and opened in 
response to actuation of the counter. 

5 3. A heart-lung resuscitator comprising, 
a shoulder lift, 
a lung ventilating unit connected to the lift, 
a cardiac compressor unit connected to the lift, 
means for connecting a source of compressed gas to the 

lift, 
and a pneumatic control circuit disposed within the 

lift for distributing pulses of gas to the ventilating unit 
and the cardiac compression unit. 

4. A heart-lung resuscitator as defined in claim 3 fur 
15 ther characterized by, 

said circuit including a storage tank within the lift, 
and timing means forming part of said circuit for dis 

charging the tank contents into the lung ventilating 
unit in timed relationship to the distribution of gas to 
the compressor unit. 

5. A heart-lung resuscitator as defined in claim 4 fur 
ther characterized by, - . 

a pulse circuit forming part of the control circuit, said 
pulse circuit including a pneumatic valve having an 
outlet operatively connected to the cardiac compres 
Sor unit for rendering said unit operative with each 
pulse of the circuit and said timing means being con 
nected to the outlet of the pulse circuit for discharg 
ing the contents of the tank at selected pulses of the pulse circuit. 

6. A heart-lung resuscitator as defined in claim 5 fur ther characterized by, 
another pneumatic valve disposed in the control circuit 
and controlling flow of gas through the lung ventilat 
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35 ing unit, 
and means forming part of said valve for causing a grad 

ual increase in the pressure of the gas discharging 
through the ventilating unit. 
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