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The present invention relates to resuscitator apparatus, 
and more particularly to pneumatic resuscitator apparatus 
for ventilation of a victim’s lungs which is adapted for use 
in conjunction with heart resuscitation as effected by a 
pneumatically~operated chest-compressing cylinder de 
vice. 

In cardiac arrest, both heart beat and breathing are 
' suspended. The heart can be caused to pump arti?cially by 
operation of a pneumatic-cylinder-operated plunger to ex 
ert rhythmic downward force on the breastbone of a heart 
arrest victim to alternately compress and release the vic 
tim’s heart and thereby cause it to pump blood. Such a 
cylinder~operated plunger for closed-chest heart resuscita 
tion together with pneumatic controls therefor is exempli 
?ed in my copending patent application, Ser. No. 274,092, 
?led Apr. 19, 1963 now US. Patent No. 3,209,748 and 
assigned to the assignee of the present application. Such 
exempli?ed cylinder apparatus is adaptedfor operation 
from a source of compressed gas, such as an oxygen bot 
tle. 

Since it is also necessary to arti?cially respirate a heart 
arrest victim, it becomes a prime object of the present 
invention to provide improved apparatus for so doing in 
conjunction with use of a pneumatically-operated‘ chest 
compressing heart resuscitator. 

It is another object of the present invention to pro 
vide a lung resuscitator apparatus which utilizes the pneu 
matic exhaust from a chest-compressor cylinder of a heart 
resuscitator. 

It is another object of the present invention to provide 
a combined lung and heart resuscitator apparatus operated 
from a bottled oxygen source which minimizes use of such 
oxygen. 

It is yet another object of the present invention to pro 
vide a lung resuscitator apparatus for use in conjunction 
with a pneumatic chest-compressor cylinder which may 
be employed successfully with minimal experience and 
maximum safety. 

In general, one exempli?cation of the present invention 
employs pressure-regulated accumulator means to store 
pulses of exhaust air or oxygen from the chest-compressing 
cylinder of a heart resuscitator, together with a manually 
operable valve means to control admission of such air or 
oxygen from the accumulator means to the victim via the 
usual face mask covering the victim’s mouth and nose. 
Other exempli?ed extensions and variants of the present 
invention as set forth herein, relate to an alternate version 
of the accumulator means; an arrangement for automating 
admission of the stored air or oxygen pulses to the victim’s 
lungs, and arrangements for adding atmospheric air and/ or 
oxygen from a bottled source to the chest-compressor 
cylinder exhaust for supply to the victim’s lungs. 

Other features, objects, and advantages of the inven 
tion will become apparent from the following detailed 
description, when taken in connection with the accompany 
ing drawings, in which: ' 

FIGURE 1 is a schematic representation in simpli?ed 
form, partly in section and partly in outline, of the novel 
resuscitator apparatus in ai‘?liation with a chest-compres 
sor cylinder; 
' FIG. 2 is an alternate pressure-regulating and exhaust 
pulse accumulator means such as may be employed in the 
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apparatus of FIG. 1 in lieu of the simpli?ed form shown 
therein; 

FIG. 3 is a schematic representation of an illustrative 
resuscitator apparatus as embodying means for auto 
matically regulating supply of stored chest—compressor 
cylinder exhaust air or oxygen to the victim’s lungs; 

FIG. 4 is a schematic representation, predominately in 
cross section, of a pneumatic-pulse-counter timing valve 
means employed in the apparatus of FIG. 3; and 

FIG. 5 is a schematic representation in outline, showing 
a resuscitator system including an arrangement for supply 
of oxygen to the victim’s lungs in addition to that available 
from exhaust from a heart resuscitator chest-compressing 
cylinder. 

Referring to FIG. 1, the invention is af?liated with a 
chest compressor cylinder 2 which is shown, together with 
its control valve device 1, both as described in the afore 
mentioned copending patent application, Ser. No. 274,092, 
and each bears the same reference numerals used therein. 
Brie?y, compressed air or oxygen is alternately supplied to 
the chest compressing cylinder 2 by pulsed operation of the 
valve device 1 to cause the plunger pad 33 to compress 
and release a heart victi'm’s chest. The supply is available 
from such as an oxygen bottle (not shown) via a fluid 
pressure supply conduit means 21, the chamber 18 in 
valve device 1, and a communication 22 to the chamber 
31 atop piston 30 in the cylinder 2 to cause such piston to 
actuate plunger pad 33 ‘downwardly. Alternately, release 
of oxygen or air from the top of piston 30 occurs by way 
of the communication 22, chamber 18 and vent port 24 
in valve device 1 while its valve 26 is held in an upper po 
sition by spring 19 upon venting of its chamber 16. Since 
the cylinder 2 is operated reciprocably by such alternate 
supply and release of air or oxygen thereto, at a rate of 
sixty shoves per minute, for example, it will be seen that 
the exhaust of air or oxygen from the cylinder will be in 
form of short, intermittent pulses. Also, since the piston 
stroke is not very great, the volume of any individual ex 
haust pulse is less than the average lung inhalation, which 
may be of the order of three hundred cubic centimeters, 
whereas such exhaust pulse at slightly above atmospheric 
pressure will be perhaps about one hundred cubic centi 
meters. 

In accord with features of the invention, during opera 
tion of chest-compressing cylinder 2 the exhaust pulses of 
air, or oxygen, according to the compressed gaseous ?uid 
medium used for operation of the cylinder 2, is fed from 
the exhaust port 24 of the cylinder control valve device 1, 
to a combined accumulator and pressure regulator 40 
which includes a cylindrical enclosure 41 and an abut 
ment 4-2 movable by exhaust pulse admission to a chamber 
43 against a light bias spring 44 until a release port 45 
is uncovered at a time when piston 42 assumes the posi 
tion indicated in phantom outline 46. At this time, chamber 
43 has expanded to store a number of chest-compressor 
cylinder exhaust pulses, two, three, four, for example, at 
a low gauge pressure of one-half pound per square inch, 
for example; a volume and pressure sufficient and safe 
for causing in?ation of the victim’s lungs. After such ex 
haust pulse storage within chamber ‘43, a manually-oper 
able valve device may be actuated by depression of a stem 
48 to cause a valve ‘49 to open the chamber 43 to a face 
mask 50 over the victim’s mouth or/ and nose, while such 
valve also closes a vent port 51 normally open to such 
face mask. The accumulated cylinder exhaust air or 
oxygen, under in?uence of bias spring 44 will be displaced 
from chamber 43 by downward movement of piston 42 
and will ?ow into the victi-m’s lungs by way of communica 
tion 24, to ?ll same with such air or oxygen. At this time, 
the piston 42 may have assumed its bottom position as 
indicated by the phantom outline 52. After this, the op 
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>rator will release pressure on plunger 48 to allow the 
'alve 49 to be reseated upwardly by a compression spring 
53 and thereby open the vent port 51 to permit the vic 
im’s lungs to de?ate via the face mask 50 and such port. 
3y periodic manual operation of the valve device 47, in 
lation and de?ation of the victim’s lungs with chest 
:ompressor cylinder exhaust air or oxygen can thus be 
:ffected and controlled as desired. It will be noted, how 
:ver, that should the valve 49‘ be held depressed even for 
an undue length of time, no damaging pressure can be 
311111: up in the victim’s lungs, since exhaust pulses from 
:he cylinder 2 will act to displace the piston 42 upwardly 
against the light spring 44 until vent port 45 is uncovered. 

10 

Also, it is doubtful that face mask 50, which usually Will - 
be of resilient material, can be held so secure on the vic 
tim’s face that leakage therepast would not dissipate undue 
lung pressure. 

Referring now to FIG. 2, a more re?ned accumulator 
pressure regulator device 55 is shown, which in the sys 
tem of FIG. 1, would replace the device 40 as to function. 
Wherein the parts are functionally identical, they bear the 
same reference numerals and their description is not re 
peated. In the FIG. 2. version, the piston 42 is replaced by 
a bellows-type long-travel diaphragm 56 of resilient ma 
terial clamped at its open-mouth annular end 57 between 
enclosure portions 40a and 40b to permit expansion of 
chamber 43‘ against the light bias spring 44. The vent 
port means 45, however, is located in a fold of the di 
aphragm and becomes uncovered upon arrival at the de 
sired degree of chamber 43 expansion. This bellows-di 
aphragm arrangement gives friction-free expansion as 
against the sliding-piston-type movement of FIG. 1. To 
control the diaphragm expansion, it has an annular ?ange 
or piston portion 59 which is clamped between annular 
diaphragm follower members 60 and 61, one of which 
acts as a seat for one end of the spring 44, and both of 
which act to couple thrust forces between spring and di 
aphragm. The follower member 60 is in turn secured to 
one end of a central sleeve member 64 which is slida-bly 
guided by washer member 65 and 66 on a guide rod 67 
extending coaxially within the cylindrical enclosure from 
one end to the other. This prevents cocking of the di 
aphragm. To prevent uncontrollable escape of air or 
oxygen from the chamber 43 via a central opening 68 in the 
piston portion 59, through which guide rod 67 extends, a 
resilient annular seal 70 is ?t inside sleeve member 64, 
seated against washer member 66, and in slidable sealing 
cooperation with the outer surface of such guide rod 67. 
While the air or oxygen stored in chamber 43 is used 
for in?ation of the victim‘s lungs, the bellows diaphragm 
56 will fold around a cylindrical portion 72 of the follower 
member 60‘. ‘Initial movement in that direction will cause 
the vent ports 45 in such diphragm to ‘be closed by the 
outer surface of follower portion 72 tuitil the assemblage 
again returns to such chamber~?lled postion with vent 
ports 45 again becoming open, whereupon further increase 
in pressure in chamber 43 ceases, the diaphragm becomes 
fully extended, and the assemblage is at rest. 

Referring now to FIGS. 3 and 4, the resuscitator appa 
ratus embodies a combined accumulator and pump device 
75 which comprises a long—travel bellows diaphragm 76 
with its central piston portion clamped to a follower as 
semblage 77 urged by a compression spring 78 in a di 
rection for expansion of accumulator storage chamber 
43. Spring 78 assists the exhaust pressure from the chest 
compressor cylinder arriving from ?uid pressure com 
munication 24 and causes a suction in chamber 43 and 
in an atmospheric air inlet communication 80 which in 
cludes a check valve 81 and needle valve 82 for allow 
ing a regulated amount of atmospheric air to be drawn 
into chamber 43 for mixture with such as the oxygen 
exhaust from the chest compressor cylinder. This en 
ables the rate ‘of filling of chamber 43 with a suit 
able lung supply media to be adjusted independently of 
the rate of discharge from the chest compressor cylinder. 
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As in the previous arrangements of FIGS. 1 and 2, ex 
pansion of chamber 43 ceases during ?lling, when a re 
stricted vent of such chamber becomes established. In 
the present arrangement this is established by unseating 
of a vent valve 84 which occurs as a result of movement 
of the diaphragm follower 77 which contains the seat for 
such valve. The valve 84 is held against chamber-expan 
sion movement of the follower 77 (leftward as viewed 
in the drawing) by a stem 83 which includes an annular 
shoulder 84a and which shoulder abuts the end of a 
lung in?ation pumping cylinder 85. A bias compression 
spring 86 encircling the stem 83 is interposed between an 
other shoulder 87 and the follower 77 which tends to ac 
tuate such follower and the piston portion of the dia 
phragm toward chamber 43 against the action of spring 
78. Pumping cylinder 85 includes a piston 89 attached to 
the valve-opposite end of the stem 83. When supply pres 
sure from a regulator valve 90 is admitted to a piston 
chamber 91, the piston 89 operates to drive the stem 
83 and valve 84 toward chamber 43. Through the medium 
of its shoulder 87 and the spring 86, the follower mem 
ber 77 and piston portion of the diaphraghm 76 is caused 
to move against the spring 78 and displace the air and 
oxygen stored in chamber 43 into the victim’s lungs by 
way of a spring-biased shuttle valve 93 and face mask 
94. A compression bias spring 95, acting on shuttle valve 
93 against access of mask 94 to chamber 43 and in favor 
of venting mask 94 to a vent port 96, is of such value 
relative to that of spring 86‘, that only the required slight 
gauge pressure, one-half p.s.i. for example, can be ad 
mitted to mask 94. Any excess above this will cause the 
valve 84 to unseat to vent excess pressure in chamber 43 
to the atmosphere. Upon release of pressure from cham 
ber 91, chamber 43 will again re-expand as spring 95 
shifts shuttle valve 93 to open the vent port 96 to permit 
de?ation of the victim’s lungs. 
As a further feature of the FIG. 3 arrangement, a 

pulse-counting valve device 100' is employed to automate 
pressurization and de-pressurization of lung in?ation 
pump piston chamber 91 and thereby automate in?ation 
and de?ation of the victim’s lungs. This is accomplished 
by an arrangement which counts a prescribed number of 
strokes made by the chest compressor cylinder 2 (FIG. 1) 
and operates a valve to connect chamber 91 to regulator 
valve 90 via a regulator output conduit 90a, which in turn 
is available of bottled air or oxygen from the same source 
3s that used for operation of the heart compressor cylin 
er. 

Referring to FIG. 4, device 100 can be made to count 
the chest compressor cylinder strokes by responding to 
pressure pulses admitted to a ?uid pressure control con 
duit 101 (FIG. 1) to which the chest cylinder control 
valve device 1 responds. Each time a positive cylinder 
operating pulse appears in line 101, a piston 102 operates 
a pawl 103 to give a valve-actuating earn 104 a partial 
turn via an attached ratchet wheel 105 operated by such 
pawl. Once the required number of cylinder strokes oc 
curs, a high part 106 of the cam actuates a slide valve 
107 against a spring 108 via a stem 109 to establish 
selective connection, via a valve passage 110, between 
regulator valve 90' and the lung-in?ation pump chamber 
91. The valve 107 will remain in such position long 
enough for the victim’s lungs to become in?ated, after 
which the low part of the cam 104 is presented to stem 
109 to permit spring 108 to move the valve 107 to its 
lower position for connecting chamber 91 to the cylinder 
exhaust communication 24. The cam will remain so posi~ 
tioned for the required number of cylinder strokes while 
lung supply chamber 43 again re?lls, whereupon the pro 
cedure automatically repeats. 
With any of the preceding arrangements, it is possible 

to synchronize admission of lung in?ation air to the vic~ 
tim according to the stroke of the chest compressor cyl 
11251161‘, such as during an upstroke, should this be desir 
a e. 
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In FIG. 5, there is shown a lung ventilation system 

which utilizes no accumuator for the exhaust pulses in 
exhaust communication 24 from the chest-compressor cyl 
inder 2 of a portable cardiac resuscitator apparatus 114, 
but rather provides for su?icient volume of oxygen to the 
face mask 50‘ for lung ventilation by makeup from the 
bottle ‘oxygen source 115 which supplies apparatus 114. 
This is accomplished by way of a supply line 116 from 
source 115, a regulator valve device 117 which limits de 
livery to the in?ation control valve 47 via a ?uid pressure 
delivery conduit 118‘ to a safe value of such as one-half 
p.s.i. By way of an arrangement of check valves 119 and 
120 connected to a common delivery line 121 to the valve 
device 47, admission to the victim’s lungs via valve device 
47 and face mask 50 will occur from exhaust communi 
cation 24 and/or from the conduit 1187 

While there have been shown and described illustrative 
embodiments of the invention, modi?cations thereto 
may readily occur to those skilled in the art. It is not 
desired, therefore, that the invention necessarily be limited 
to the speci?c arrangements shown and described and it is 
intended to cover in the appended claims all such modi? 
cations as fall within the true spirit and scope of the in 
vention. 

I claim as my invention: 
1. In a heat resuscitation apparatus including a chest 

compressor cylinder having a piston means for alternate 
compression and release of a heart victim’s chest, means 
for intermittently supplying and releasing pulses of com 
pressed gas suitable for life-supporting breathing to and 
from said cylinder for operating such piston means, the 
combination therewith of accumulator means for storing 
such pulsed quantities of gas released from said cylinder, 
valve means operable to effect supply of such stored gas 
from said accumulator means to a heart arrest victim’s 

_ lungs, and pressure~regulating means for limiting the pres 
sure of such gas as so supplied to the victim. 

2. Resuscitation apparatus as set forth in claim 1, 
wherein said accumulator means is so constructed and 
arranged as to constitute also said pressure-regulating 
means. 

3. Resuscitation apparatus as set forth in claim 2, where 
in such combined accumulator and pressure-‘regulator 
means comprises a rigid enclosure having a movable abut 
ment disposed therein to provide expandability of an ex 
pansion chamber for storage of such pulsed quantities of 
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gas, such movable abutment ‘being subject to a light pres~ 
sure~de?ning bias against its chamber-expanding move 
ment and operable to establish a pressure relief vent upon 
movement to a position commensurate with attainment 
of the desired volume of stored gas within the expansion 
chamber. 

4. Resuscitation apparatus as set forth in claim 1, 
wherein said accumulator means is constructed and ar 
ranged to cause suction of atmospheric air thereinto con 
currently with receipt of pulsed quantities of gas from the 
chest-compressor cylinder discharge. 

5. In a combined heart and lung resuscitation apparatus 
including a chest-compressor cylinder having a piston 
means for alternate compression and release of a heart 
victim’s chest, means for effecting in successive stroke 
cycles of such piston means by‘ alternate admission of 
compressed oxygen to said cylinder and release of such 
oxygen therefrom, the combination therewith of accumu 
lator means for storing oxygen released from said cylinder 
and control means for automatically eifecting periodic 
discharge of oxygen from said accumulator means to a 
victim’s lungs. 

6. Resuscitator apparatus as set forth in claim 5, where 
in such periodic discharge from said control means is a 
function of numbers of strokes made by said piston 
means. 

7. In a combined heart and lung resuscitator apparatus 
including a ?uid-pressure-controlled chest-compressor cyl 
inder having piston means which is operated in successive 
strokes by periodic supply of oxygen thereto and release 
therefrom in accord with corresponding control pulses of 
pressurized oxygen, the combination therewith of accumu 
lator means for storing quantities of oxygen successively 
released from said cylinder, and means including pulse 
counter means responsive to numbers of said control pulses 
to automatically periodically release oxygen from said 
accumulator means to a victim’s lungs. 
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